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ISO 1 0431 :1 993(E)  

Foreword 

ISO (the International  Organization for Standardization)  is a worldwide 
federation of national  Standards bodies (ISO member bodies).  The work 
of preparing International  Standards is normal ly carried out through ISO 
technical  committees.  Esch member body interested in a subject for 
which a technical  committee has been establ ished has the right to be re- 
presented on that committee.  International  organizations,  governmental  
and non-governmental ,  in l iaison wi th ISO,  also take part in the work.  ISO 
col laborates closely wi th the International  Electrotechnical  Commission 
(IEC)  on al l  matters of electrotechnical  standardization.  

Draft International  Standards adopted by the technical  committees are 
ci rculated to the member bodies for voting.  Publ ication as an International  
Standard requires approval  by at least 75 % of the member bodies casting 
a vote.  

International  Standard ISO 1 0431  was prepared by the American Petro- 
leum Insti tute (API)  (as Spec 1 1  E,  1 6th edi tion)  and was adopted,  under 
a special  “fast-track procedure”,  by Technical  Committee ISO/TC 67,  Ma- 
terials,  equipment and offshore structures for Petroleum and natura1  gas 
industries,  in paral lel  wi th i ts approval  by the ISO member bodies.  

0 ISO 1 993 

Al l  rights reserved.  Unless otherwise speci fied,  no part of this publ ication may be reproduced 
or uti l ized in any form or by any means,  electronie or mechanical ,  including photocopyrng and 
microfi lm,  wi thout Permission in wri ting from the publ isher.  
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42 ISO ISO 1 0431 : 1 993(E)  

Introduction 

International  Standard ISO 1 0431 :1 993 reproduces the content of 
API  Spec 1 1  E,  1 6th  edi tion,  1 989 and i ts Supplement 1  (July 1 ,  1 991 ) .  
ISO,  i n  endorsing  this API  document,  recognizes that in  certain respects 
the latter does not comply wi th  al l  current ISO rules on  the presentation 
and content of an  International  Standard.  Therefore,  the relevant technical  
body,  wi thin  lSO/TC 67,  wi l l  review ISO 1 0431 :1 993 and reissue i t,  when  
practicable,  in  a form complying  wi th  these rules.  

This Standard is not i ntended to obviate the need for Sound engineering  
j udgement as to when  and where this Standard should be uti l i zed and 
users of this Standard should be aware that addi tional  or di ffering requi re-  
ments may be needed to meet  the needs for the particular Service in-  
tended.  

Standards referenced herein  may be replaced by other i nternational  or 
national  Standards that tan be shown to meet  or exceed the requi rements 
of the referenced Standards.  

Appendix G  to this document shal l  not be considered as requi rements.  

.  .  .  
I l l  
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INTERNATIONAL STANDARD 0 ISO ISO 1 0431 :1 993(E) .  

Petroleum and natura1  gas industries - Pumping  
uni ts - Speci fication 

1  Scope 

This International  Standard lays down speci fication covering the design and rating of pumping uni ts.  

2 Requi rements 

Requirements are speci fied in:  

“API  Speci fication 1 1  E (Spec 1 1  E) ,  Sixteenth Edi tion,  October 1 ,  1 989 - Speci fication for Pumping Uni ts”,  

which is adopted as ISO 1 0431 .  

For the purposes of internationl  standardization,  however,  modi fications shal l  apply to speci fic clauses and para- 

graphs of publ ication API  Spec 1 1  E.  These modi fications are outl ined below.  

Throughout publ ication API  Spec 1 1  E,  the conversion of Engl ish uni ts shal l  be made in accordance wi th ISO 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)  = 0,453 59237 kg (exactly)  

PRESSURE 1  pound-forte per Square inch (Ibf/in*)  = 6894,76 Pa 

VOLUME 

AREA 

VELOCITY 

TORQUE 

Page 1 1  

or 1  psi  

1  cubic inch (in3)  

1  Square inch (in*)  

1  foot per second (ft/s)  

1  inch pound-forte (inlbf)  

Information given in the POLICY is relevant to the API  

Page 64 

Appendix G 

Information relating to the use of API  monogram is rel  

= 1 6,387 064.1  O-3 dm3 (exactly)  

= 645,1 6 mm* (exactly)  

= 0,3048 m/s (exactly)  

- = 0,1 1 2985 N*m 

publ ication only.  

evant to the API  publ ication only.  
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ISO 1 0431 :1 993(E)  

Issued by 

AMERICAN PETROLEUM INSTITUTE 

Production Department 

FOR INFORMATION CONCERNING TECHNICAL CONTENT OF 

THIS PUBLICATION CONTACT THE API  PRODUCTION DEPARTMENT,  

1 201  MAIN STREET,  SUITE 2535,  DALLAS,  TX 75202-3904 - (21 4)  748-3841 .  

SEE BACK COVER FOR INFORMATION CONCERNING HOW TO OBTAIN 

ADDITIONAL COPIES OF THIS PUBLICATION.  

Users of this publ ication should become completely fami l iar wi th i ts scope 

and content,  including any provisions i t may have regarding marking of 

manufactured products.  This document i s intended to Supplement rather than 
replace individual  engineering judgment.  

OFFICIAL PUBLICATION 

REG.  U.S.  PATENT OFFICE 

Copyright @ 1 991  American Petroleum Insti tute 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



ISO 1 0431 :1 993(E)  

Foreword 

This supplement contains revisions authorized at the 
1 990 Standardization Conference as reported in Ci rc 
PS-1 920 and approved by letter bal lot.  

Page 5.  Replace Par.  2.4 and Fig.  2.1  wi th the 

fol lowing:  

2.4 Walking  Bearm The fol lowing formula shal l  be 
used for rating conventional  walking beams as shown 
in Fig.  2. 1 .  

w= febSx 
A 

Wherein:  

W = walking-beam rating in pounds of pol ished-  
rod load.  

f cb = compressive stress in bending  in pounds per 
Square inch.  See Table 2. 1  for maximum 
al lowable stress.  

s,  = section modulus in cubic i nches.  The gross 
section of the rol led beam may be used 
except that holes or welds are not permissi -  
ble on  the tension flange in the cri tical  Zone.  
See Fig.  2. 1 .  

A= distance from centerl ine of saddle bearing to 
centerl ine of wel l  in i nches.  See Fig.  2. 1 .  

C= distance from centerl ine of saddle bearing to 
centerl ine of equal izer bearing in i nches.  See 
Fig.  2. 1 .  

Page 6.  Replace the equation in  Column 4,  Row 2 of 
Table 2. 1  wi th:  

* JiyE-7 

SJ  

Delete al l  the nomenclature at the end of Table 2.1  and 

replace i t wi th:  

* Where:  

J= Torsional  constant,  in4 

l= Longest lateral ly,  unbraced length of beam,  
i nches (longer of A or C (See Fig.  2. 1 ) ) .  

E =Modulus of elastici ty;  29,000,OOO psi .  

1 ,  =Weak axis moment of inertia,  in4.  

G =Shear modulus;  1 1 , 200,OOO psi .  

b CRITICAL ZONE IN 
TENSION FLANGE 

FIG.  2. 1  
WALKING-BEAM ELEMENTS 
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ISO 1 0431 :1 993(E)  

2 American Petroleum Insti tute 
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Appl ication of Torque Factor on  Pumping Uni ts .  .  .  .  .  .  .  .  32 

(Rear Mounted Geometry Class 1  Lever Systems wi th 
Crank Counterbalance)  
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Appl ication of Torque Factor Oh Pumping Uni ts .  .  .  .  .  .  .  .  39 

(Front Mounted’Geometry Class 1 1 1  Lever Systems wi th 
Crank Counterbalance)  

Appendix D:  Recommended Practice for the Calculation and 
Appl ication of Torque Factor on Pumping  Uni ts .  .  .  .  .  .  .  .  44 

(Front Mounted Geometry Class 1 1 1  Lever System 
Air Counterbalance)  

Appendix E:  Recommended Practice for the Calculation and 
Appl ication of Torque Factor on Pumping  Uni ts .  .  .  .  .  .  .  .  48 

(Rear Mounted Geometry Class 1  Lever Systems wi th 
Phased Crank Counterbalance)  

Appendix F:  Recommended Practice for Calculation Torque Ratings 
for Pumping  Uni t Gear Reducers .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  D 54 

Appendix G:  Use of API  Monogram .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  56 

Note 

This edi tion Supersedes the fi fteenth edi tion of Spec 
1 1 E.  I t i ncludes changes adopted at the 1 988 Stand-  
ardization Conference as reported in Ci rc PS-1 858 and 
subsequently passed by letter bal lot.  

Requests for Permission to reproduce or translate al l  or 
any part of the material  publ ished herein should be 
addressed to the Di rector,  American Petroleum Insti tute,  
Production Department,  1 201  Main Street,  Sui te 2535,  
Dal las TX 7520%?90.& 
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ISO 1 0431 :1 993(E)  

Spec 1 1 E:  Pumping Uni ts 3 

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 
OF EMPLOYERS,  MANUFACTURERS OR SUP-  
PLIERS TO WARN AND PROPERLY TRAIN AND 
EQUIP THEIR EMPLOYEES,  AND OTHERS EX- 
POSED,  CONCERNING HEALTH AND SAFETY 
RISKS AND PRECAUTIONS,  NOR UNDERTAKING 
THEIR OBLIGATIONS UNDER LOCAL,  STATE,  OR 
FEDERAL LAWS.  

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

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 
AT LEAST EVERY FIVE YEARS.  SOMETIMES A 
ONE-TIME EXTENSION OF UP TO TWO YEARS 
WILL BE ADDED TO THIS REVIEW CYCLE.  THIS 
PUBLICATION WILL NO LONGER BE IN EFFECT 
FIVE YEARS AFTER ITS PUBLICATION DATE 
AS AN OPERATIVE API  STANDARD OR,  WHERE 
AN EXTENSION HAS BEEN GRANTED,  UPON 
REPUBLICATION.  STATUS OF THE PUBLICATION 
CAN BE ASCERTAINED FROM THE API  AUTHOR-  
ING DEPARTMENT (TEL.  21 4-748-3841 ).  A CATALOG 
OF API  PUBLICATIONS AND MATERIALS IS 
PUBLISHED ANNUALLY AND UPDATED QUAR-  
TERLY BY API ,  1 220 L ST. ,  N.W. ,  WASHINGTON,  
D.C.  20005.  

1 1                                                                                                                                                                  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



ISO 1 0431 :1 993(E)  

4 American Petroleum Insti tute 

API  SPECIFICATION FOR PUMPING UNITS 

Foreword 

a.  This speci fication is under the jurisdiction of 
the Committee on Standardization of Production 
Equipment.  

b.  This speci fication covers designs and ratings of 
beam-type pumping-uni t components.  I t does not 
cover Chemical  properties of materials,  nor the use 
of the equipment.  

c.  Approved forms are given in Appendix A f or 
rating of trank couuterbalances and for recor*ding 
pumping-uni t stroke and torque factors.  

d.  The fol lowing nomenzlature is Standard:  
1 .  Pumping  uni t.  
2.  Pumping-uni t structure.  

3.  Pumping-uni t gear reducer.  
4.  Pumping-uni t chain reducer.  
5.  Pumping-uni t beam counterbalance.  
6.  Pumping-uni t trank counterbalance.  

e.  Attention Users of this Publ ication:  Portions of 
this publ ication have been changed from the previous 
edi tion.  The location of changes has been marked wi th  a 
bar in the margin.  In  some cases the changes are signi f-  
i cant,  whi le in other cases the changes reflect minor 
edi torial  adjustments.  The bar notations in  the margins 
are provided as an  aid to users to identi fy those Parts of 
this publ ication that have been changed from the pre-  
vious edi tion,  but API  makes no warranty as to the 
accuracy of such bar notations.  

SECTION 1  

SCOPE 

1 . 1  This speci fication covers the design and rat-  
ing of the fol lowing:  
8.  Pumping-uni t structure.  
b.  Pumping-uni t gear reducer.  
c.  Pumping-uni t chain reducer.  

1 .2 American Petroleum Insti tute (API )  Speci fica- 
tions are publ ished as aids to the procurement of stand-  
ardized equipment and materials,  as wel l  as instruc- 
tions to manufacturers of equipment or materials 
covered by an  API  Speci fication.  These Speci fications 
are not i ntended to obviate the need for Sound engineer-  
ing,  nor to inhibi t in any way anyone from purchasing 
or producing  products to other speci fications.  

1 .3 The formulation and publ ication of API  Speci fi -  
cations and the API  monogram program is not i ntended 
in any way to inhibi t the purchase of products from 
companies not l i censed to use the API  monogram.  

1 .4 API  Speci fications may be used by anyone desi r-  
ing to do so,  and di l igent effort has been made by the 
Insti tute to assure the accuracy and rel iabi l i ty of the 
data contained therein.  However,  the Insti tute makes no 
representation,  warranty,  or guarantee in connection 
wi th  the publ ication of any API  Speci fication and hereby 
expressly disclaims any l iabi l i ty or responsibi l i ty for 
loss or darnage resul ting from thei r use,  for any viola- 
tion of any federal ,  state,  or municipal  regulation wi th  
which an API  Speci fication may confl ict,  or for the 
infringement of any patent resul ting  from the use of an  
API  Speci fication.  

1 .5 Any manufacturer producing equipment or mate-  
rials represented as conforming wi th  an API  Speci fica- 
tion is responsible for complying wi th  al l  the provisions 
of that Speci fication.  The American Petroleum Insti tute 
does not represent,  Warrant or guarantee that such prod-  
ucts do in  fact conform to the appl icable API  Standard 
or speci fication.  

1 2                                                                                                                                                                 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



ISO 1 0431 :1 993(E)  

Spec 1 1 E:  Pumping Uni ts -.  5 

SECTION 2 

PUMPING-VNIT STRUCTURES 

2.1  Scope.  This section covers:  

a.  Standardization of speci fic structure sizes in  com- 
bination wi th  establ ished reducer sizes as given in 
Section 3.  

b.  Walking  beam design,  wi th  speci fic rating 
formula.  

c.  Design loads and l imi ting working Stresses on 
other structural  components are also included.  

NOTE:  Only bads imposed on the strwtwe a.nd/oy 

guar redwer hg the pol ished rod Load are considered 

in  thia slwi ficatiou.  Additional  loads on the pwnping 

wCf imposcd h,y add-on dezices attached to the redwer,  

walking heam,  or other strwtwaI  components arc not 

part of th  is speci f i ca tion.  These wo~rld inclz~de swh 

deuks as compressors,  stroke increasera,  etc.  

2.2 No dimensional  requi rements,  other than stroke 
length,  are establ ished.  Rating methods are given only 
for pol ished-rod capaci ties;  however,  al lowable working  
Stresses of other structural  components for a given pol -  
i shed rod capaci ty are defined.  

Other design cri teria such as bearing design,  braking 
capaci ty,  etc. ,  are also establ ished.  

2.3 Standard Pumping-Uni t Series.  I t is recom- 
mended that pumping uni ts furnished to this speci fica- 
tion adhere to the gear reducer rating,  structure capac-  
i ty,  and stroke length as given in Table 2.2,  al though 
the combinations of these i tems that make up the 
pumping  uni t designation need not be identical  to those 
in the table.  The particular combinations in  the table 
are typical  but combinations other than those l isted are 
acceptable under this Standard.  

-?- 
d 

NOTE:  I t i s the spiri t and intent of above 
provision,  that any manufactuzer having au-  
thom’ty to use the API  monogram on pumping-  
uni t structures,  may not aepresent a structure 
camying  the monogram w for which the letters 
API  OT the words “Ametican Petroleum Insti -  
tute” are used in i ts description as having a 
rating of any kind or size other thun yurovided 
above.  This appl ies to sales information as wei l  
as to stnecture markings.  

2.4 Walking Beam.  The fol lowing formula shal l  
be used for rating conventional  walking beams as 
shown in Fig.  2. 1 .  

fcbS 
‘Wz-  

L 

Wherein:  

W = walking-beam rating in pounds of pol ished- 
rod load.  

L = greater of l f or 1 ,  

f& = compressive stress in bending  in  pounds per 
Square inch.  See Table 2. 1  for maximum 
al lowable stress.  

S= section modulus in cubic i nches.  The gross 
section of the rol led beam may be used 
except that holes or welds are not permissi -  
ble on  the tension flange in the cri tical  Zone.  
See Fig.  2. 1 .  

l f = distance from centerl ine of saddle bearing to 
centerl ine of wel l  in i nches.  See Fig.  2. 1 .  

1 ,  = distance from centerl ine of saddle bearing to 
centerl ine of equal izer bearing in i nches.  See 

I  Fig.  2. 1 .  

CRITICAL ZONE 
TENSION FLAN 

I  

FIG.  2. 1  
WALKINGBEAM ELEMENTS 
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TABLE 2. 1  

MAXIMUM ALLOWABLE STRESSES IN PUMPING-UNIT WALKING BEAMS 
(See Fig.  2. 1 )  

1  2 

Stress 

3 

Symbol  

4 

ASTM A36 
Structural  Steel  

1  Tensi le stress in extreme fibers in  bending,  psi .  -- - ftb 1 1 ,000 

2 Compressive stress in extreme fibers in  bending,  psi .  
*6,000,000 

f rh  Id 
(May not exceed values on l ine 3)  

J  -” 
bt 

3 Maximum compressive stress in bending,  except as 
l imi ted by equation on l ine 2,  psi .  f Cb 1 1 ,000 

1  = longest lateral ly,  unbraced length of beam,  inches (longer of 1 ,  or l f,  See Fig.  2.1 ).  
d = depth of beam section,  inches.  
b = width of compression flange,  inches.  
t = thickness of compression flange,  inches.  

NOTE:  The formula given i i2 Par.  2.4 is based 
on the conventional  beam construction Sing a 
Single rol led scction.  Wi th  unconventional  CO~-  

struction or bui l t-u.p sectz’ons,  due regard shal l  
be given to Change in loading,  to checking  
Stresses at al l  cri tical  sections,  and to the esist-  
ence of stress concentrating  factors.  

2.5 The working  stress,  fcb for the beam rating for- 
mula given in Par.  2.4,  shal l  be determined from Table 
2. 1 .  For Standard rol led beams having  Cross sections 
symmetrical  wi th  the horizontal  neutral  axis,  the cri ti -  
cal  stress wi l l  be compression in the l ower flange.  The 
maximum value of this stress,  j& is the smal ler of the 
values determined from l ines 2 and 3 of Table 2. 1 .  

2.6 Uni t Rotation.  Viewed from the side of the 
pumping  uni t wi th  the wel l  head to the right,  trank 
rotation is defined as ei ther clockwise or counter-  
clockwise.  

2.7 Design Loads for Al l  Structural  Members 
Except Walking  Beams.  For al l  pumping  uni t geome-  
tries,  and unless otherwise speci fied.  use the maximum 
load exerted on the component in  question by examin-  
ing  the loads on the component at each 1 5” trank posi -  
tion on  the upstroke of the pumping  uni t.  Use pol ished 
rod load W,  for al l  upstroke trank posi tions.  (See Par.  
2.k)  

For uni ts wi th  bi -di rectional  rotation and non-  
symmetrical  torque factors,  the di rection of rotation for 

SPEC I IE 

PUMPING-UNIT 

STRUCTURE 

PUMPING UNIT STRUCTURE i  I  

STRUCTURAL UNBALANCE (POUNDS)  i  ( 

SERIAL NUMBER 1  1  

(NAME OF MANUFACTURER)  

(ADDRESS OF MANUFACTURER)  

FIG.  2.2 
PUMPING-UNIT STRUCTURE NAME PLATE 

NOTE:  Stnwtwal  dmlaw~ is thaf . fowc,  iw po~r~d~ 
wc~~~i red at thp pol ishtd Tod to hold thc kam in  a 
hwixoi~tal  posi tion wi th thp pkwms disco~riwc~tcd afi-onl  
tho cra. i tk p ins.  This strw~twal  ~thcrlcr~~ is co~~ici -  

twd posi tive whc21  thr . fowc iwp i rd crt tl rc po1  islwr~ 
md is dowm~~aw! ,  0 d wgcrt iw wh(w qwc~ rd.  TIw 
minus (-)  sign shal l  be stumped on.  the name plate 
whmt th  is valw is wyptiw.  
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design calculations shal l  be that which resul ts in the 
highest loading on structural  components.  

Due consideration shal l  be given to the di rection of 
loading on al l  structural  bearings and on the structural  
members supporting these bearings.  

NOTE:  Al lowable streas levels are based on simple 

atreaaes withou t conaideration of stress risers.  Ade- 

quate streaa concentration factors shal l  be used when 

atresa riaers occur.  

2.8 Design Stresses for Al l  Structural  Members 
Except Walking Beam,  Bearing Shafts and Cranks.  

a.  Design Stresses for al l  structural  components shal l  
be a function of the yield strength of the material ,  
Sy,  psi .  

b.  Components subjected to simple tension or com-  
Pression and non-reversing bending shal l  have a 
l imi ting stress of .3 Sy.  I f stress risers occur in  
cri tical  zones of tension members,  the l imi ting 
stress shal l  be 25 Sy.  

c.  Components subjected to reverse bending shal l  
have a l imi ting stress of 2 Sy.  

d.  The fol lowing formula shal l  be used for al l  compo-  
nents acting as columns:  

w~~!+[I -~(y]  

Wherein:  

Wz = maximum appl ied load on column,  lbs.  

a = area of Cross section,  sq.  in.  

SY = yield strength of material ,  psi  

n  = end restraint constant (assume = 1 )  

E = modulus of elastici ty,  psi  

= unbraced length of column,  in.  

r - -  radius of gyration of section,  in.  

1  
r 

1  
shal l  be l imi ted to a maximum of 90.  Forr 
values of 30 or less,  columns may be 
assumed to be acting in simple compression 
(See Par.  28b) .  

2.9 Shafting.  Al l  bearing shafts as wel l  as other 
structural  shafting shal l  have l imi ting Stresses as out-  
l ined in Par.  3.8 in the reducer section of this 
speci fication.  

2. 1 0 Hanger.  Wi rel ines for horseheads shal l  have a 
minimum factor of safety of five when appl ied to the 
breaking strength of the wirel ine.  

For al lowable Stresses on carrier bar,  end fi ttings.  
etc. ,  see Par.  2.8b and 2.8~.  

2. 1 1  Brakes.  Pumping uni t brakes shal l  have suffi -  
cient braking capaci ty to wi thstand a torque exerted by 
the cranks at any trank Posi tion wi th  a maximum 
amount of counterbalance torque designed by the 
manufacturer for the particular uni t i nvolved.  This 
braking torque to be effective wi th  the pumping  uni t at 
rest under normal  operating condi tions wi th  the wel l  
disconnected.  

NOTE:  The pumpinq unit brake i s not intended us a .  
safety stop but i s intended for operational  stops only.  

When operations or maintenance are to be conducted 

on or around a pumping unit,  the Posi tion of the trank 

arms and counterweights should be securely fiaed in a 

stationary Posi tion by chaining or other acceptahle 

means.  

2.1 2 Horseheads.  Horseheads shal l  be ei ther hinged 
or removable to provide access for wel l  servicing.  

Horseheads shal l  be attached to the walking  beam in 
such  a manner as to prevent fal l ing off due to a high 
rod part or other sudden load changes.  

The distance from the Pivot Point of the horsehead to 
the tangent Point of the wirel ine on the horsehead shal l  
have a maximum dimensional  tolerante at any Posi tion 
of the stroke of the fol lowing values:  

+s in.  for stroke lengths to 1 00 in.  
1 5/x in.  for stroke lengths 1 00 in.  to 200 in.  
$ in.  for stroke lengths of 200 in.  and longer -  

2. 1 3 Cranks.  Al l  combined Stresses in cranks shal l  
be l imi ted to a maximum value of . 1 5 Sy.  

2. 1 4 Structural  Bearing Design.  Structural  bear-  
ing shafts may be supported in sleeve or anti -friction 
bearings.  

a.  Anti -Friction Bearings.  

For bearings subject to osci l lation or rotation use 
the bearing load ratio formula:  

R,=kC,  

w 

Where:  

R = bearing load ratio 
k = 1  for bearings rated at 33-1 /3 rpm and 500 

hours or 
k = 3.86 for bearings rated at 500 rpm and 3000 

hours 

G = bearing manufacturer’s speci fic dynamic 
rating in lbs.  

K = maximum load on bearing in lbs.  

For bearings subject to osci l lation only use an R,  
value of 2.0 or greater.  

For bearings subject to rotation use an R,  value 
of 2.25 or greater.  
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TABLE 2.2 
PUMPING UNIT SIZE RATINGS 

1  2 3 4 

Max.  
Reducer Structure Stroke 

Pumping  Uni t Rating,  Capaci ty,  Length,  
Size in . -lb Ib in.  

6.4- 32- 1 6 
6.4- 21 - 24 

lO- 32- 24 
lO- 40- 20 

1 6- 27- 30 
1 6- 53- 30 

25- 53- 30 
25-56-36 
25- 67- 36 

40- 89- 36 
4O- 76- 42 
40- 89- 42 
40- 76- 48 

57- 76- 42 
57- 89- 42 
57- 95- 48 
57-lo9- 48 
57- 76- 54 

80-HB- 48 
8o-1 33- 48 
8o-1 1 9- 54 
8o-1 33- 54 
8O-1 1 9- 64 

1 1 4-1 33- 54 
1 1 4-1 43- 64 
1 1 4-1 73- 64 
1 1 4-1 43- 74 
1 1 4-1 1 9- 86 

so-1 73- 64 
Eo-1 43- 74 
1 6o-1 73- 74 
xo-2oo- 74 
1 6o-1 73- 86 

228-1 73- 74 
228-2oo- 74 
228-21 3- 86 
228-246-86 
228-1 73-1 00 
228-21 3-1 20 

6,400 
6,400 

1 0,ooo 
1 0,ooo 

1 6,000 
1 6,000 

25,000 
25,000 
25,000 

40,ooo 
40,ooo 
40,ooo 
40,mo 

57,000 
57,000 
57,000 
57,000 
57,000 

80,000 
80,000 
80,OOO 
80,OOO 
80,ooo 

l i4,ooo 
1 1 4,000 
1 1 4,000 
1 1 4,000 
1 1 4,000 

1 60,OOO 

:s~~~~ 
1 6O;OOO 
1 6O,OOO 

228,000 
228,000 
228,ooo 
228,000 
228,000 
228,000 

3,200 
2,1 00 

3,200 
4,000 

2,700 
5,300 

5,300 
5,600 
6,700 

8,900 
7,600 
8,900 
7,600 

7,600 
8,900 
9,500 
1 0,900 
7,600 

1 0,900 
1 3,300 
1 1 ,900 
1 3,300 
1 1 ,900 

1 3,300 
1 4,300 

%z 
1 1 :9oo 

:7'E 
1 7:3oo 
20,ooo 
1 7,300 

1 7,300 
20,ooo 
21 ,300 
24,600 
1 7,300 
21 ,300 

1 6 
24 

24 
20 

30 
30 

30 
36 
36 

36 
42 
42 
48 

42 
42 
48 
48 
54 

48 
48 
54 
54 
64 

54 
64 
64 
74 
86 

64 
74 
74 
74 
86 

~~ 
Max.  

Reducer Structure Stroke 
Pumping  Uni t 

Size 
Rating,  Capaci ty,  Length,  
in  Ab Ib in.  

320-21 3- 86 
320-256-1 00 

320,OOO 

320-305-1 00 
320,OOO 

320-21 3-1 20 
320,000 
320,000 

320-256-1 20 320,OOO 
320-256-1 44 320,OOO 

21 ,300 
25,600 
30,500 
21 ,300 
25,600 
25,600 

456-256-1 20 456,000 25,600 1 20 
456-305-1 20 456,000 30,500 1 20 
456-365-1 20 456,000 36,500 1 20 
456-256-1 44 456,000 25,600 1 44 
456-305-1 44 456,000 30,500 1 44 
456-305-1 68 456,OOO 3o, ,coo 1 68 

640-305-1 20 640,000 30,500 
640-256-1 44 640,OOO 25.600 
640-305-1 44 640,OOO 30,500 
640-365-1 44 640,OOO 36,500 
640-305-1 68 640,OOO 30,500 
640-305-1 92 640,000 30,500 

1 20 
1 44 
1 44 
1 44 

:E 

91 2-427-1 44 91 2,000 
91 2-305-1 68 91 2,000 
91 2-365-1 68 91 2,000 
91 2-305-1 92 91 2,000 
91 2427-1 92 91 2,000 
91 2470-240 91 2,000 
91 2427-21 6 91 2,ooQ 

42,700 
30,500 
36,500 
30,500 
42,700 

:xE 9 

42,700 
42,700 
42,700 
47,000 
47,000 

1 44 
1 68 
1 68 
1 92 
1 92 
240 
21 6 

1 280-427-1 68 1 ,280,OOO 
1 280-427-1 92 1 ,280,ooo 
1 280-427-21 6 1 ,280,ooo 
1 280-470-240 1 ,280,ooo 
1 28O-470-300 1 ,280,OOO 

1 68 
1 92 
21 6 
240 
300 

1 824427-1 92 1 ,824,OOO 42,700 1 92 
1 824-427-21 6 1 ,824,OOO 42,700 21 6 
1 824-470-240 1 ,824,OOO 47,ooo 240 
1 824-470-300 1 ,824,OOO 47,000 300 

2560-470-240 2,560,OOO 
2560-470-300 2,56O,OOO 

47,ooo 
47,000 

47,000 
47,000 

240 
300 

3648-470-240 3,648,OOO 
3648-470-300 3,648,OOO 

240 
300 

1 6 
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b.  Sleeve Bearings.  

The design of sleeve bearings is beyond the 
scope of this speci fication.  I t shal l  be the responsi -  
bi l i ty of the pumping  uni t manufacturer to design 
sleeve bearings,  based on avai lable test data and 
field experience,  which are comparable in per-  
formante to anti -friction bearings designed for the 
Same operating loads and Speeds.  

2. 1 5 Instal lation Markings.  Clearly defined and 
readi ly usable markings shal l  be provided on the end 
Cross members of the base to indicate the vertical  pro-  
jection of the walking beam centerl ine.  The markings 
shal l  be appl ied wi th  a chisel ,  Punch,  or other sui table 
tool .  

2. 1 6 Marking. ’  Esch pumping-uni t structure shal l  
be provided wi th  a name plate substantial ly as shown 
in Fig.  2.2.  At the discretion of the manufacturer,  the 

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

2. 1 7 In  Order that the torque on a reducer may be 
determined conveniently and accurately from dyna-  
mometer test data,  manufacturers of pumping uni ts 
shal l  provide.  on  request of the purchaser,  stroke and 
torque factors for each 1 5deg Posi tion of the trank.  An 
approved form for the Submission of these data is 
shown in Appendix A.  

*Uscrs of this speci fication should note that there is no langer a 

requircment for marking a product wi th the API  monogram.  

The Amcrican Petroleum Insti tute continues to l icensc use of 

the monogram on products covered hy this speci fication but i t i s 

administered by the staff of the Insti tute separately from the 

speci fication.  The pol icy describing l icensing and use of the 

monogram is contained in  Appendix H.  herein.  Ko other use of 

the monogram is permi tted.  

SECTION 3 
PUMPING-UNIT REDUCERS 

3.1  SCOPE 

Appl icabi l i ty.  This Speci fication is appl icable to en-  
closed Speed reducers urherein the involute gear tooth 
designs include hel ical  and herringbone gearing.  This 
Speci fication is i ntended primari ly for beam-type 
pumping uni ts.  

Limi tations.  The rating methods and influences 
identi fied in this Speci fication are l imi ted to Single and 
multiple Stage designs appl ied to oi l field pumping 
uni ts,  in which the pi tch-l ine veloci ty of any Stage does 
not exceed 5000 feet per minute and the Speed of any 
shaft does not exceed 3600 revolutions per minute.  

3.2 RESPONSTBILTTY 

Gear Reducer Designers.  Professionals using  this 
Speci fication should real ize that i t i s qui te di fficul t to 
identi fy and offer solutions to al l  the influences affect-  
ing a gear reducer.  For this reason,  i t i s recommended 
that this Speci fication be used by engineers wi th  signi f-  
i cant experience in mechanical  Systems.  

Reducers rated under this Speci fication.  and properly 
appl ied.  instal led,  lubricated and maintained,  shal l  be 

capable of safely carrying the rated peak torque under 
normal  oi l field condi tions.  

Rating Factors.  The al lowable stress numbers in this 
Speci fication are maximum al lowed values.  Less con-  
servative values for other rating factors in  this Speci fi -  
cation shal l  not be used.  

Metal lurgy.  The al lowable stress numbers,  s, ,  and 
S at? i ncluded in this Speci fication are based on commer-  
cial  ferrous material  manufacturing practices.  Hard-  
ness,  tensi le strength,  and microstructure are the cri te- 
ria for al lowable stress numbers.  Reasonable levels of 
cleanl iness and metal lurgical  controls are requi red to 
permi t the use of the al lowable stress numbers con-  
tained in this Speci fication.  

Residual  Stress.  Any material  having a case-core 
relationship is l ikely to have residual  Stresses.  I f prop- 
erly managed,  these Stresses wi l l  be compressive and 
wi l l  enhance the bending strength Performance of the 
pear teeth.  Shot peening,  case carburizing,  ni triding,  
and induction hardening  are common methods of i nduc-  
ing compressive prestress in the surface of the gear 
teeth.  

1 7                                                                                                                                                                 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



IO American Petroleum Insti tute 

TABLE 3. 1  
SYMBOLS USED IN GEAR RATING EQUATIONS 

Symbol  Description Reference 

A 

GI  

CP 
G 
G 
c,  
Cs 
D 

Dm 
d  
ds 
EG 

% 
F 

HB 

hl  

1  
J  

Kn  
K ms 

KY 

Kl  

K?.  

Kl  

K,  

K5 

L 
L min 
mG 

NG 

Nr 

% 

no 

n? 

Pd 

P nd 
PN 

s,  

SC 

Sac 

Sat  

% 

Tt 

T ac 

Tat 

T,  

T asl  
T as2 

T asn 

vt 

z 

@n  

@t  

Y 

Tensi le Area of  Fastener,  i n2 
Load  Distribution Factor for Pi tting Resi stance 
Elastic Coefficient 
Pi tting  Veloci ty Number 
Pi tting  Contact Number 
Pi tting  Stress Number 
Veloci ty Factor for Pi tting Resistance 
Operati ng  Pi tch Diameter of  Gear,  in.  
Mean  Diameter of  Fastener,  in.  
Operati ng  Pi tch Diameter of  Pinion,  in.  
Shaft  Diameter,  in.  
Modulus of  Elastici ty for Gear,  psi  
Modulus of  Elastici ty for Pinion,  psi  
Net  Face Width  of Narrowest  Member,  in.  
Brinel l  Hardness 
Key Height  i n  Shaft or Hub,  in.  
Geometry Factor for Pi tting Resistance 
Geometry Factor for Bending  Strength  
Load  Distribution Factor for Bending  Strength  
Load  Distribution Factor,  Static Torque 
Y ield Strength  Factor 
Strength  Veloci ty Number 
Strength  Contact Number 
Strength  Stress Number 
Strength  Geometry Number 
Veloci ty Factor for Bending  Strength  
Length  of  Key,  in.  

,  

Minimum Total  Length  of  Li nes of  Contact in  Contact Zone 
Gear Ratio 
Number of  Teeth  in  Gear 
Threads Per I nch  of Fastener 
Number of  Teeth  in  Pinion 
Speed  of Output  Shaft,  rpm 
Pinion Speed,  rpm 
Diametral  Pi tch,  Nominal ,  i n  the Plane Rotation  (Transverse) ,  i n. -1  
Normal  Diametral  Pi tch,  i n. -1  
Normal  Base Pi tch,  in.  
Key Shear Stress,  psi  
Key Compressive Stress,  psi  
Al lowable Contact Stress Number,  psi  
Al lowable Bending  Stress Number,  psi  
Al lowable Yield Strength  Number,  psi  
Shaft  Torque Transmi tted,  I b.  in.  
Al lowable Transmi tted Torque at  Output  
Shaft  Based on  Pi tting  Resistance,  Ib.  in.  
Al lowable Transmi tted Torque at  Output  
Shaft  Based on  Bendi ng  Strength,  ib.  in.  
Al lowable Static Torque,  I b.  in.  
Al lowable Static Torque,  1 st  Reduction,  I b.  in.  
Al lowable Static Torque,  2nd  Reduction,  I b.  in.  

Al lowable Static Torque,  nth  Reducti on,  Ib.  in.  
Pi tchl ine Veloci ty,  ft/min 
Width  of  Key,  in.  
Length  of Li ne Action in  Transverse Plane,  in.  
Normal  Operati ng  Pressure Angle,  degrees 
Operati ng  Transverse Pressure Angle,  degrees 
Hel ix Angle at  Operati ng  Pi tch Diameter 

3. 8 
3. 5 
3. 5 
3. 5 
3. 5 
3. 5 
3. 5 
3. 7 
3. 8 
3. 5 
3. 8 
Table 3. 4 
Table 3. 4 
3. 5 
Fig.  3. 1  
3. 8 
3. 5 
3. 6 
3. 6 
3. 7 
3. 7 
3. 6 
3. 6 
3. 6 
3. 6 
3. 6 
3. 8 
3. 5 
3. 5 
3. 5 
3. 8 
3. 5 
3. 5 
3. 5 
3. 6 
3. 6 
3. 5 
Fig.  3. 7 
Fig.  3. 7 
3. 5 
3. 6 
3. 7 
3. 8 

3. 5 

3. 6 
3. 7 
3. 7 
3. 7 

3. 7 
3. 5 
3. 8 
3. 5 
3. 5 
3. 5 
3. 5 - -  

1 8                                                                                                                                                                 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



ISO 1 0431 :1 993(E)  

Grinding the tooth surface after heat treatment may 
reduce the residual  compressive Stresses.  Grinding the 
root fi l let area may introduce tensi le Stresses in the 
root.  Gare 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 
responsibi l i ty of the User.  This analysis wi l l  i ndicate 
whether the calculated loading on the gear reducer is 
wi thin  the design l imi ts for which i t i s offered.  A pol -  
i shed rod dynamometer tan be used to determine the 
actual  loading on the gear reducer.  

Methods of computing or of measuring  wel l  l oads are 
not wi thin the scope of this Speci fication,  however,  API  
Recommended Practice API  RPl lL tan be used to pre- 

dict approximate pol ished rod loads and gear-reducer 
torque values.  Cognizance should be taken by the user 
of the possibi l i ty of actual  loads exceeding apparent 
loads under one or more of the fol lowing condi tions:  

(1 )  Improper counterbalancing.  

(2)  Excessive fluctuation in engine power output.  

(3)  Serious cri tical  vibrations of the reducer and 
engine System.  

(4)  Poor bottom-hole pump Operation.  

(5)  Looseness in the pumping-uni t structure.  

The pumping System includes the Prime mover (electric 
motor-,  mul ti -cyl inder engine,  or Single cyl inder engine) ,  
the pumping  uni t structure including gear reducer,  the 
sucker rod string,  the bottom hole pump,  tubing,  casing 
and any other component or condi tion that i nfluences 
the loading.  

3.3 DEFINITIONS AND SYMBOLS 

Defini tions.  The terms used,  wherever appl icable,  
conform to the fol lowing Standards:  

(1 )  ANSI  Y1 0.3-1 968 “Letter Symbols for Quanti ties 
Used in Mechanics of Sol ids. ” 

(2)  AGMA 1 1 2,  “Gear Nomenclature,  Terms,  Defini -  
tions,  Symbols,  and Abbreviations. ” 

Symbols.  The Symbols used in the pi tting resistance 
and bending strength formulas are shown in Table 3. 1 .  

NOTE:  The s~ymbols and defini tions used in this 

Specification may di ffer frmn other speci fications.  

Users should assure themselves that they are using 

these Symbols and defini tions in the manner indi -  

cated herein.  

3.4 GEAR RATING TERMINOLOGY 
Peak Torque Rating.  The peak torque rating of the 

gear reducer wi l l  be the lower of the pi tting resistance 
torque rating,  bending  strength torque rating,  or static 

torque ratings as determined by the use of the appl ica- 
ble formulas l isted.  

Gear ratings as given in the formulas l isted are 
extracted from “AGMA Appl ication Standard for Hel i -  
cal  and Herringbone Speed Reducers for Oi l field Pump- 
ing  Uni ts” (AGMA 422.03) ,  wi th  the Permission of the 
publ isher,  the American Gear Manufacturers Associa-  
tion,  1 901  North Fort Myer Drive,  Sui te 1 000,  Arl ing-  
ton,  Virginia 22209.  

Standard Sizes.  The pumping uni t reducer of a 
given size shal l  have a capaci ty,  calculated as provided 
herein,  as near as practical  to,  but not less than,  the 
corresponding peak torque rating in Table 3.2.  

TABLE 3.2 
PUMPING UNIT REDUCER SIZES AND RATINGS 

Peak Torque Rating,  
Size Ib.  in.  

6.4.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  6,400 
1 0 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 0,000 
1 6 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 6,000 
25 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  25,000 
40 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  40,000 
57 .  .  .  .  .  .  .  * . . *  .  .  .  .  .  .  l  .  .  .  .  .  .  .  .  .  .  .  57,000 
80 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  80,000 

1 1 4 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 1 4,000 

1 60 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 60,000 
228 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  228,000 

320 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  320,000 
456 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  456,000 

640 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  640,000 

91 2 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  91 2,000 
1 280 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1 ,280,000 
1 824 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  1 , 824,OOO 
2560 .  .  .  .  .  .  .  .  .  .  .  .  .  .  . -.  .  .  .  .  .  .  .  .  .  .  .  .  .2,560,000 

3648 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .3,648,000 

Rating Speeds.  Gear ratings shal l  be based on a 
nominal  pumping Speed of 20 strokes per minute up to 
and including the 320 API  gear reducer size (peak 
torque rating -  320,000 pound inches) .  On  gear reduc-  
ers wi th  ratings in excess of 320,000 pound inches,  the 
ratings shal l  be based on the fol lowing nominal  pump-  
ing Speeds:  

Strokes Per Minute,  Peak Torque Rating  

no Pounds Inches 

1 6 456,000 
1 6 640,000 

1 5 91 2,000 
1 4 1 ,280,000 
1 3 1 ,824,OOO 
1 1  2,560,OOO and larger 

3.5 PITTTNG RESISTANCE TORQUE RATING 

Pitting is considered to be a fatigue phenomenon,  and 
is a function of the Stresses at the tooth surface.  
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The two kinds of pi tting,  ini tial  pi tting and destruc-  
tive pi tting,  are i l lustrated in AGMA Standard 1 1 0,  
“Nomenclature of Gear Tooth Wear and Fai lure.” 

The aim of the pi tting resistance formula is to deter-  
mine a load rating at which destructive pi tting of the 
teeth does not occur during their design l i fe.  

The fol lowing formula shal l  be used for rating the 
pi tting resistance of gears:  

T ac 

or 

T ac 

wh e re:  

T ac 

G 

nP 

d 

C.5 

C,  

Vt 

n0 

C,  

F 

cm 

- - -. -.  (Jh 1 )  

= c,  .  c-  .  c: ]  (Es.  2)  

= Al lowable transmi tted torque at output shaft,  
based on  pi tting resistance,  Ib.  in.  

= np d’  C,  pi tting veloci ty number (Eq.  3)  

2n0 

= pinion Speed,  rpm 

= operating pi tch diameter of pinion,  in.  I n  the 
equations for C, ,  and Ta,  above,  the value of d  
may be taken as the outside diameter minus 
two Standard addendums for enlarged pinions 

= veloci ty factor for pi tting resistance 

- -  78 (Eq-  4)  
78 +fi  

= (d)  (n, )  (.262),  pi tch l ine veloci ty,  ft/min.  
(DO not use enlarged pinion pi tch 
diameter)  (Eq.  5)  

= Speed of output shaft,  rpm (pumping Speed,  
strokes per minute)  

= F -  pi tting contact number 

Cm 

(Eq.  6)  

= net face width in i nches of the narrowest of 
the mating gears.  For herringbone or double 
hel ical  gearing,  the net face width is the sum 
of the face widths of each hel ix.  

= load-distribution factor for pi tting resistance 
from Fig.  3.2.  I f deflections or other sources 
of misal ignment are such that the values of 
Cm from Fig.  3.2 do not represent the actual  
maldistribution of load across the face,  then 
calculate the load distribution factor using 
AGMA 21 8,  Load Distribution Factor,  Ana-  
lytical  Method.  

NOTE:  When gears are hardened after cutting,  

and the profi les and Leads are not corrected or 

otherwise processed to insure high accuracy,  the 
tooth distortion wi l l  affect load distribution.  This 

makes i t necessary to apply a distortion factor to 

the C,  value.  The fol1 owin.g shal l  be used:  

(1 )  Mul tiply C. ,  by 0.95 when one element is 
hardened af& cutting  

(2)  Mul tiply C. ,  by 0.90 when both elements are 
hardened after cutting  

The above C. ,  factors tan only be attained wi th  wel l  
control led heat:treating processes.  I f the as-heat-treated 
accuracy is such  that the required Cm values (for above 
C2 values)  tan not be attained,  calculate Cm per AGMA 
21 8,  Load Distribution Factor,  Analytical  Method.  

G = 0.225 .  -.  k 

0 

2 pi tting stress number 

mG+l  CP 
for external  hel ical  (Eq.  7)  
gears 

S ac = al lowable contact stress number from Fig.  3. 1  or 
Table 3.3 

CP = elastic coefficient 

= 2300 for mating steel  elements.  Consul t Table 3.4 
for CF> values of materials other than steel  

mG 
N = gear ratio = R (Es-  8)  
NP 

The values of C,  determined from this equation are 
minimums for good gear design- C: ,  may be determined 
more precisely as fol lows:  

G = 1  s2 

0 

(Es.  9)  
CP 

1  = Cos @$in Qt mG Lmjn . -  . -  0%.  1 0)  
2 mG+l  F 

1  = geometry factor for pi tting resistance (wear)  

@t = operating transverse pressure angle,  degrees 

Qt = tan-i  -  tan+,  

(  )  

(Eq- 1 1 )  
cos Y 

*n = normal  operating pressure angle,  degrees 

Y = operating hel ix angle 

L min = minimum total  length of l ines of contact in  con-  
tact Zone.  For most hel ical  gears having a face 
contact ratio of 2 or more;  a conservative esti -  
mate is:  

L min = ,952 -  P (k 1 2)  
F PN 

With good gear design,  the above value of 
L min + F is acceptable for a face contact ratio of 
1 .0 to 2.0 but i s a less conservative estimate.  

Z = length of l ine of action in the transverse plane,  
i nches 

PN = normal  base pi tch,  i nches 

cos at sin  @t c: ,  = 
2 

2 (Eq.  1 3)  
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The method used in this Speci fication for determining 
the geometry factors for pi tting resistance “1 ” is simpl i -  
fied.  A more precise and detai led analysis tan be made 
using the method in AGMA 21 8.  The more precise 
method in 21 8 must be used for face contact ratios less 

than 1 .0.  When  “1 ” is determined in accordance wi th  
AGMA 21 8 and i f 2C +-  (mo + 1 )  i s not equal  to outside 
diameter minus two Standard addendums,  the operating 
pi tch diameter of the pinion in al l  of the preceding  rat-  
ing equations must be defined in AGMA 21 8.  

HELICAL AND HERRING80NE GEARS 

m 

% 

1 300- 

0 
Q)  c 1 2009 

w 

I  

1  
1 1 00-  

z 

0 

k 
i J  1 000-  

s 

s 
u  
W 900- 

P 

5 
Q 

i  8001  

I  

:  
K 
L 700- 

600-  

1 75 

1 50 

1 25 

75 

t 1  I  I  l  T ,  4 
w :  -  -  

7  

1  
I  

.  I  .  .  .  .  I  .  .  .  .  I  

-  ‘I ’  t i  i  I  I  I  l  I  
I  ,  

t i  i  i  i  i  i  i  i  T- R f F FF 

I  I  l  I  1  1  ,  

1  I  1  

4 -  [  k 1  1  1  1  1  1  .  1  1  1  1  1  1  

1 50 200 250 300 350 400 450 

BRINELL HARDNESS - HB 

FIG.  3. 1  
ALLOWABLE CONTACT FATIGUE STRESS FOR THROUGH 

HARDENED AND TEMPERED STEEL GEARS -  s, ,  
FROM AGMA 422.03 

Values are to be taken from the curve above for the minimum hardness speci fied 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 1 80 21 0 225 245 255 270 285 300 335 350 375 

Pinion 21 0 245 265 285 295 31 0 325 340 375 390 41 5 
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TABLE 3.3 
MAXIMUM ALLOWABLE CONTACT STRESS NUMBER -  G,  

(For Other Than Through Hardened and Tempered Steel  Gears)  

Material  

S teel  

AGMA Commercial  
Class Designation 

Heat 
Treatment 

Flame or 
Induction 
Hardened 2* 

Minimum 
Hardness 
at Surface 

50 HRC 
54 HRC 

sa, ,  psi  

1 70,000 

1 75,000 

Carburized 
and Case 
Hardened’ 

55 HRC 1 80,000 
60 HRC 200,000 

AIS1  41 40 Ni trided** 48 HRC 1 55,000 
AIS1  4340 Ni  trided 46 HRC 1 55,000 

Cast 20 As Cast 57,000 
I ron 30 As Cast 1 75 BHN 70,000 

40 As Cast 200 BHN 80,000 

Nodular 
(Ducti le)  
I ron 

A-7-a 60-40-1 8 
A-7-c 80-55-06 

A-7-d 1 00-70-03 

A-7-e 1 20-90-02 

Annealed 
Quenched 
& Tempered 
Quenched 
& Tempered 
Quenched 
& Tempered 

1 40 BHN 

1 80 BHN 
230 BHN 

270 BHN 

1 * 90 to 1 00% 
of Sac value 
of steel  wi th  

same hardness 

(see Fig.  3. 1 )  

-  1 20-90-02 Mod.  Quenched 300 BHN 
& Tempered 

Mal leable A-8-C 45007 -----  1 65 BHN 68,000 
I ron A-8-e 50005 -^--^ 1 80 BHN 74,000 
(Pearl -  A-8-f 53007 -----  1 95 BHN 79,000 
i  tic)  A-8-i  80002 -----  240 BHN 89,000 

*For minimum carburized case depth Per Fig.  3.5 
**For minimum nitrided case depth Per Fig.  3.6 
l *The higher al lowable stress for nodular i ron i s determined by metal lurgical  controls.  
Z*For minimum flame or induction hardened case depths and hardening Pattern,  see Fig.  3.7 

TABLE 3.4 
ELASTIC COEFFICIENT-C,  

Pinion Material  
and Modulus of 
Elastici ty EP 

Steel  
Mal l .  I ron 
Nod.  I ron 
Cast I ron 

Poisson’s ratio = 0.30 

30x1  O6 
25~1 0~ 
24~1 0~ 
22x1 06 

Steel  
30x1 06 

2300 
21 80 
21 60 
21 00 

Gear Material  & Modulus 
of Elastici ty E,  -  psi  

Mal leable Nodular 
I ron I ron 

25~1 0~ 24~1 0~ 

21 80 21 60 
2090 2070 
2070 2050 
2020 2000 

Cast I ron 
22x1 06 

21 00 
2020 
2000 
1 960 

22 
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3.6 BENDING STRENGTH TORQUE RATING 

Bending  strength  rating  is related to fracture at the 
gear tooth  root fi l let.  Fracture in  this area is considered 
to be  a fati gue phenomenon  and  is a function of the 
bending  stress in  the tooth  as a canti lever plate.  

Typical  fractures are i l l ustrated in AGMA Standard 
1 1 0,  “Nomenclature of  Gear Tooth  Wear and  Fai lure. ”  

The aim of  the bendi ng  strength  rating  formula is to 
determine a l oad rating  at  which  tooth  root fi l let frac-  
ture does not  occur duri ng  the design  l i fe of  the teeth.  

The fol lowing  formula shal l  be  used  for rating  the 
bending  strength  of hel ical  and  herri ngbone gears:  

Tat = np d  Jh  F Sat J  -. -.  . -  UN.  1 4)  
2ntl  Km Pd 

or 

Tat =  K,  .  KZ .  K: ,  .  K,  (Es.  1 5)  

where:  

Tat = al lowable transmi tted torque at output  shaft 
based  on  bendi ng  strength,  I b.  i n.  

K,  =  -  nd  K3 strength  veloci ty number (Es.  1 6)  
2n()  

% = pinion Speed,  rpm 

d  =  operati ng  pi tch diameter of pinion,  in.  

K,  =  veloci@ factor for bendi ng  strength  

K,  =  J 78 

78+& 
(Eq.  1 7)  

no = Speed  of output  shaft,  rpm (pumping  Speed,  
strokes per minute)  

vt = (d)  (n, )  ( . 262)  pi tchl ine veloci ty,  ft/min.  (Eq.  1 8)  

K,  =  -! ! -  strength  contact number 0%.  1 9)  
Kn  

F =  face width  in  i nches of  the narrowest  of  the 
mating  gears.  For herri ngbone or double hel i -  
cal  gearing  the net  face width  is the sum of the 
face width  of  each  hel ix 

K-fl  = l oad distribution factor from Fig.  3.4.  I f deflec-  
ti on  or other sources of  misal ignment are such  
that the values of  K,  from Fig.  3. 4 do  not  
represent the actual  maldistribution of l oad 
across the face,  then  calculate the l oad distri -  
buti on  factor using  AGMA 21 8,  Load  Distribu-  
ti on  Factor,  Analytical  Method.  

NOTE:  When gears are hardened after cutting,  and 

the profi les and Leads are not corrected or otherwise proc-  

essed to i nsure high accuracy,  the tooth distortion wi l l  

affect load distribution.  This makes i t necessary to apply 

a distortion factor to the K2 value.  The fol lowing shal l  

be used:  

(1 )  Mul tiply K2 by 0.95 i f one element is hardened after 

cutting.  

(2)  Mul tiply K2 by 0.90 i f both  elements are hardened 

after cutting.  

The above KZ factor tan  only be  attai ned wi th  wel l  con-  
trol led heat  treati ng  processes.  I f the as heat  treated 
accuracy is such  that the requi red K,  values (for the 
above KZ values)  tan  not  be  attained,  calculate K,  per 
AGMA 21 8,  Load  Distribution Factor,  Analytical  
Method.  

K,  =  sat strength  stress number Uk-  20)  

Sat = al lowable bending  stress number,  psi ,  from 
Fig.  3. 3 or Table 3. 5 

K,  =J  strength  geometry number (Es.  21 )  
Pd 

J  =  geometry factor for bendi ng  strength  per 
AGMA 226.  For reference,  see Appendix A 
in  AGMA 422.03.  

Pd = diametral  pi tch  in  plane of rotation,  
(transverse)  

Pd = (Pnd)  (cos v)  m.  22)  

P nd = normal  diametral  pi tch,  nominal ,  in-l  

NOTE:  The bending  strength rating must be calculated 

for both.  pinion and gear.  The lower value is the bendin,g  

strength rating of the gear set.  

3.7 STATIC TORQUE RATING 

The static torque l oads on  the gear teeth  tan  be 
caused  by resisting the torque exerted by the counter-  
balance or other non-operati ng  condi tions.  A descrip-  
tion  of the many condi tions of  i nstal lation,  maintenance,  
and  use of  pumping  uni t  reducers which  tan  Cause hi gh  
static torques to be  appl i ed is not  wi thin  the scope of  
this Speci fication.  

The static torque rating  of  the gear reducer to resist 
these l oads must be equal  to or greater than  500% of 
the reducer name plate rating.  Cer’ti in pumping  uni t 
geometries may requi re a h i gher static torque rating.  
The System analysis requi red by 3. 2 wi l l  be  used  to 
determine when  the hi gher static torque rating  is 
requi red.  

The fol lowing  formula shal l  be used  to determine 
static torque rating  of hel ical  and  herri ngbone gears:  

D  J  F T,  =  -.  - . --. s,~xK~ (Es.  23)  
2 Pd  Km 

where:  

D  =  operati ng  pi tch  diameter of  gear,  i nches 
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HELICAL AND HERRINGBONE GEARS 
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FIG.  3.3 
ALLOWABLE BENDING FATIGUE STRESS FOR THROUGH 

HARDENED AND TEMPERED STEEL GEARS -  sap 
FROM AGMA 422.03 
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TABLE 3.5 
ALLOWABLE BENDING FATIGUE STRESS NUMBER -  sat 

(For Other Than Through Hardened and Tempered Steel  Gears)  

Material  

Steel  

AGMA 
Class 

Commercial  
Designation 

Heat 
Treatment 

Flame or 
Induction 

Min.  Surface 
Hardness 5 

50-54 RC 

Hardened 2* 

Sat,  psi  

38,300 

Carburized 
& Case 
Hardened* 

55 RC 47,000 
60 RC 47,000 

AIS1  41 40 Ni trided** 48 RC 29,000 
AIS1  4340 Ni  trided 46 RC 31 ,000 

Cast 20 As Cast ----  4,200 
I ron 30 As Cast 1 75 BHN 7,200 

40 As Cast 200 BHN 1 1 ,000 

Nodular 
(Ducti le)  
I ron 

A-7-a 60-40-1 8 
A-7-c 80-55-06 

A-7-d 1 00-70-03 

A-7-e 1 20-90-02 

Annealed 
Quenched 
& Tempered 
Quenched 
& Tempered 
Quenched 
& Tempered 

1 40 BHN 

1 80 BHN 

230 BHN 

270 BHN 

1 * 90 to 1 00% 
Of Sat value 
of steel  wi th  

same hardness 

-  
Quenched 

1 20-90-02 Mod.  & Tempered 300 BHN 

Mal leable A-8-c 45007 -----  1 65 BHN 8,500 
I ron A-8-e 50005 w----  1 80 BHN 1 1 ,000 
(Pearl -  A-8-f 53007 em---  1 95 BHN 1 3,600 
i  tic)  A-8-i  80002 -----  240 BHN 1 7,900 

*For minimum carburized case depths Per Fig.  3.5 
**For minimum nitrided case depths Per Fig.  3.6 
l *The higher al lowable stress for nodular i ron i s determined by metal lurgical  controls.  
2*For minimum flame or induction hardened case depths and hardening Pattern,  see Fig.  3.7 and Fig.  3.8.  Pattern 3.8A i s l imi ted to 
approximately 5DP and finer.  Process control  i s important to the achievement of correct hardening Pattern.  Parts of this type should 
be careful ly reviewed since residual  compressive Stresses are less than wi th Pattern 3.8B.  Tooth distortion and lack of ducti l i ty may 
necessi tate a reduction of al lowable stress numbers.  

Score hardness for ni trided gears to 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,  = al lowable static torque at the gear or pinion 
being checked:  

T acl  = 1 st reduction,  

T a.s2 = 2nd reduction,  

T acn = nth  reduction 

(NOTE:  Torque on output shaft,  TasZ = T, , ,  x m@,  etc. )  

(Es.  24)  

S w = al lowable yield strength number of the gear or 
pinion material :  Fig.  3.9 for steel  and nodular 
i ron.  For case hardened (flame,  induction,  
ni trided,  carburized)  material ,  use core hard-  
ness from Manufacturers Data Sheet to deter-  
mine yield strength number 

K‘ = yield strength factor.  See Table 3.6.  

K ms = 0.01 44F + 1 .07 for F 5 1 6 mb 25)  

K ms = 1 .3 for F > 1 6” 

K ms = load distribution factor;  static torque 

Al lowable static torque rating determined using this 
formula wi l l  be conservative since the geometry factor J  
i ncludes a stress concentration factor for fatigue.  I t 
should be pointed out that some gear materials do not 
have a wei l -defined yield Point and the ul timate strength 
is approximately equal  to the yield.  For these materials,  
a much lower value of K,  must be selected.  The user of 
this speci fication should satisfy himsel f that the yield 
values selected are appropriate for the materials used.  
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MINIMUM EFFECTIVE CASE DEPTH 

FIG.  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 

PATTERN 8A PATTERN 88 

FIG.  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 - sav 

STEEL AND NODULAR IRON 
FROM AGMA 422.03 

31                                                                                                                                                                  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



ISO 1 0431 :1 993(E)  

24 American Petroleum Insti tute 

TABLE 3.6 

YIELD STRENGTH FACTOR -K,  

Material  KV 

Steel  (Through Hardened)  1 .0 
Nodular I ron 1 .0 

Steel  (Flame or Induction Hardened)  0.85 
Steel  (Case Carburized)  1 .20 
Steel  (Ni trided)  0.85 
Cast I ron 0.75 
Mal leable I ron 1 .0 

3.8 COMPONENTS 

Component Design.  Gear reducers for oi l field pump- 
ing uni ts must be designed for the unusual  external  
loads encountered in this Service.  Al l  components are 
subject to loading determined by the structural  geome-  
try and the load rating of the pumping uni t.  The data 
in this section are general  in nature and should only be 
used after careful  consideration of al l  factors which 
influence the loading.  

Housing.  The housing may be of any design,  pro-  
vided i t is sufficiently rigid to properly maintain shaft 
posi tions under maximum gear and structural  loads for 
which i t is i ntended.  

Bearings.  Shafts may be supported in sleeve or anti -  
friction bearings.  

Sleeve Bearings.  Sleeve bearings shal l  be designed 
for bearing pressures not in  excess of 750 pounds per 
Square inch of projected area,  based on actual  loading 
(internal  and external ) ,  at the rated peak torque.  

Anti friction Bearings.  Anti friction bearings shal l  be 
selected according to the bearing manufacturer’s 
recommendations based on actual  loads (internal  and 
external )  at rated peak torque and rated Speed for not 
less than 1 5,000 hours L-l0 l i fe.  

Shaft Stresses.  For steel  shafts,  the maximum stress 
due to torsion and the maximum stress due to bending 
shal l  not exceed the values shown in Fig.  3. 1 0 for the 
torque rating of the uni t.  These al lowable stress l imi ta- 
tions provide for effective stress concentrations arising 
from keyways,  shoulders;  and grooves,  etc. ,  not exceed-  
ing a value of 3.0.  Effective stress concentration (con-  
sidering notch sensi tivi ty)  exceeding  a value of 3.0,  
press fi ts,  or unusual  deflections,  require detai led 
analysis.  

Shaft Deflections.  Shaft deflections causing tooth 
misal ignment must be analyzed regardless of stress lev-  
els to insure satisfactory tooth contact as required to 
achieve the C,  and K,  values used to rate the gearing.  

Key Stresses.  The shear and compressive stress in  a 
key is calculated as fol lows:  

SS = 2Tt (Eq- 26)  
(dJ (w> U-J).  

s,  = n  (Es-  27)  
(dJ  (h, )  VJ)  

where:  

SS = shear stress of key,  psi  (see Table 3.7)  

SC = compressive stress of key,  psi  (see Table 3.7)  

Tt = transmi tted shaft torque,  ib.  in.  

dS = shaft diameter,  in.  
(for tapered shaft use mean diameter)  

W = width of key,  in.  

L = length of key,  in.  

h = height of key in the shaft or hub that bears 
against the keyway,  in.  

For designs where unequal  portions of the 
keyway are in the hub or shaft,  h,  must be the 
minimum Portion.  

Al lowable Stresses.  Maximum al lowable key Stresses 
based on peak torque rating are shown in Table 3.7.  
These stress l imi ts are based on the assumption that an 
interference fi t i s used wi th  a torque capabi l i ty equal  to 
or greater than the reducer rating at that shaft.  

Overloads.  The shaft to hub interface must be capa-  
ble of wi thstanding the overloads associated wi th  oi l -  
field pumping  uni ts.  

Fastener Stresses.  Fastener Stresses are to be de-  
termined from the forces developed at the torque rating 
of the gear reducer in addi tion to any external  structu-  
ral  loading.  

The maximum al lowable stress at the tensi le area of 
threaded fasteners (bol ts,  studs,  or capscrews)  shal l  not 
exceed the values given in Table 3.8.  The tensi le area 
(A)  is calculated as fol lows:  

2 

A 

where:  

A = tensi le area of fastener,  in.2 

D,  = major diameter of fastener,  i nches 

NT = threads per i nch of fastener 

TABLE 3.7 

ALLOWABLE KEY STRESSES* 

(Eq.  2% 

KeY 
Material  

Hardness 
BHN 

Al lowable Stress,  
psi  

Shear Camp.  

AIS1  1 01 8 None 
Speci fied 1 0,000 20,000 

AIS1  1 045 225-265 1 5,000 30,000 
265-305 20,000 40,000 

AIS1  41 40 31 0-360 30,000 60,000 

*The values tabulated assume an interference fi t wi th a torque 
capaci ty equal  to or greater than the reducer rating.  When 
other methods of attachment are used,  a detai led stress analy- 
si s must be performed.  
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1 25 

50 

25 

0 

S 
0 

.  

0 ---------t-g  I  b* 
0 

--  

0 ’  

1 60 200 240 280 320 360 400 440 

BRINELL HARDNESS 

I  I  I  1  I  1  1  I  
80 1 00 1 20 1 40 1 60 1 80 200 220 

TENSILE STRENGTH,  1 000 Ib/in2 

1  1  
1  I  1  1  

600 800 1 000 1 200 1 400 

’  TENSILE STRENGTH,  MPa 

FIG.  3. 1 0 
ALLOWABLE STRESS -  SHAFTING 

FROM AGMA 422.03 

TABLE 3.8 
MAXIMUM ALLOWABLE TENSILE STRESS,  FASTENERS 

SAE and/or 
ASTM 

Designation  
Threaded Fastener 
Diameter,  i nches 

Hardness 
BHN 

Y ield 
Strength  

Ul  timate 
Tensi le 
Strength  -  

Al lowable 
Appl ied 
Tensi le 
Stress 

psi  min.  psi  min.  psi  max.  

SAE 2  Over ${  to s incl .  1 49-241  55,000 74,000 1 1 , 000 
Over T$ to l$$ i nc1  .  1 21 -241  33,000 60,000 1 1 ,000 

SAE 5  Over 3; :  to 1  incl .  241 -302 85,000 1 20,000 20,000 

(ASTM A-449)  Over 1  to 1 % incl .  223-285 74,000 1 05,000 1 8,000 

ASTM A-449 Over 1 % to 3  incl .  1 83-235 55,000 90,000 1 3,000 

ASTM A-354 Over !< to 2% incl .  

Grade BB Over 2% to 4  incl .  am 

21 7-285 80,000 1 05,000 1 7,000 

21 7-285 75,000 1 00,000 1 7,000 

ASTM A-354 Over x to 2% incl .  255-321  1 09, 000 1 25,000 22,000 

Grade BC Over 2?4 to 4 incl .  255-32 1  99,000 1 1 5,000 22,000 

SAE 7 Over th  to 1 % incl .  277-32 1  1 05,000 1 33,000 24,600 

SAE 8 Over x to 1 % incl .  302-352 1 20,000 1 50,000 27,700 

(ASTM A-354 Grade BD)  

NOTE:  The basisfor the values in Table 3.8 i s to preglent joint opening at CI  peak rated load.  
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Tensi le Preload.  The tensi le preload in the bol t,  
stud,  or capscrew should be 70 percent of the yield 
strength of the material  as determined at the tensi le 
area of the thread.  

Special  Seals and Breathers.  I t is recognized that 
oi l field pumping uni ts operate outdoors under adverse 
atmospheric condi tions and must be equipped wi th  Seals 
and breathers designed for these condi tions.  

3.9 LUBRICATION (See API  RP 1 1 G)  

PUMPING.UNIT 

GEAR'REDUCER 

SPEC I IE 

SIZE (PEAK.TORQUE RATING IN 
THOUSANDSOF INCH.POUNDS)  

RATIO 

SERIAL NUMBER 

(NAME OF MANUFACTURER)  

(ADDRESS OP MANUFACTURER)  

~- 

I  I  

I  1  

*Substi tute VHAIN” when appropriate.  

FIG.  3. 1 1  

PUMPING-UNIT REDUCER NAME PI iATIB:  

3. 1 0 Data Sheet.  The manufacturer shal l  retain in 
his fi les,  and make avai lable to an API  surveyor upon 
request,  a completed Manufacturer’s Gear Reducer 
Data Sheet as shown in Table 3.9 for each gear reducer 
size manufactured.  

3. 1 1  MARKING’ 

Esch pumping-uni t reducer shal l  be provided wi th  a 
nameplate substantial ly as shown in Fig.  3. 1 1 .  The size 
(peak torque rating in 1 ,000 Ib.  in. )  shown on the name-  
plate shal l  be one of those l isted in Table 3.2.  No other 
rating marking shal l  be appl ied to the reducer.  The 
nameplate may,  at the Option of the manufacturer,  con-  
tain information such as model  number,  lubrication 
instructions,  etc. ,  provided such  marking does not con-  
fl ict wi th  the API  rating marking.  

NOTE:  I t i s the spi ri t and intent of the above pro- 
?+si tm that any m&xufacturer having authori ty to 
use the API  m.onogram on pumping uni t reducers 
may not represent a reducer carrying the monogram 
or for which the Letter-s API  or the words “American 
Petroleum Insti tute” are used in i ts description as 
having a rating of any kind or sixe other than pro- 
vided above.  This appl ies to sales information as 
wei l  as to reducer markings.  

*Users of this speci fication should note that there i s no longer a 
requirement for marking a product wi th the API  monogram.  
The American Petroleum Insti tute continues to l icense use of 
the monogram on products covered by this speci fication but i t i s 
administered by the staff of the Insti tute separately from the 
speci fication.  The pol icy describing l icensing and use of the 
monogram i s contained in Appendix H,  herein.  No other use of 
the monogram is permitted.  

CHAIN REDUCERS 

3. 1 2 Design.  Chain drives shal l  be ei ther Single,  
double,  or triple reduction.  

3. 1 3 Single,  or mul tiple Strand rol ler chain,  conform- 
ing to American National  Standards Insti tute (ANSI )  
B29. 1  heavy series,  shal l  be used.  Link plates mav be .  
thicker than speci fied.  Center l ink plates of mul tiple 
Strand chains sh.al l  be press-fi tted on the Pins.  

3. 1 4 Sprockets shal l  have ANSI  tooth form.  

3. 1 5 The smal l  Sprocket shal l  have not less than 
eleven teeth.  

3. 1 6 The smal l  Sprocket shal l  be of steel ,  and of 225 
minimum Brinel l  hardness.  The large Sprocket shal l  be 
of steel  or cast i ron.  

3. 1 7 The distance between Sprocket centerl ines shal l  
not be less than the sum of the pi tch ci rcle radius of the 
large Sprocket plus the pi tch ci rcle diameter of the 
smal l  Sprocket.  Chain  length shal l  be selected to obtain 
an even number of pi tches (no offset l ink).  

3. 1 8 A minimum take-up of two pi tches,  or 3 per 
cent of chain length,  whichever is less,  shal l  be 
provided.  

3. 1 9 Shafts and sprockets shal l  be al igned to provide 
proper distribution of load across the width.  Where a 
shaft is movable for take-up,  reference marks shal l  be 
provided for checking  paral lel ism.  

3.20 Rating Forumula.  Chain  and Sprocket ratings 
shal l  be based on a nominal  pumping Speed of 20 
strokes per minute.  

3.21  The peak torque rating of the fi rst reduction 
shal l  be calculated as fol lows:  

a.  For double-reduction reducers,  the peak-torque 
rating of the fi rst (high Speed)  reduction shal l  
be related to the crankshaft peak torque rating 
by mul tiplying the high Speed reduction peak 
torque by the ratio of the second (low Speed)  
reduction.  

b.  For triple reduction reducers,  the peak torque 
rating of the fi rst (high Speed)  reduction shal l  
be related to the crankshaft peak torque rating 
by mul tiplying the high Speed reduction peak 
torque by the product of the ratios of the second 
(intermediate Speed)  and thi rd (low Speed)  
reductions.  

3.22 The fol lowing formula shal l  be used for rating 
of chain:  

SxR Tz-----. -  
1 2 

Wherein  :  

Tz peak-torque rating in i nch-pounds.  

S = ANSI  ul timate tensi le strength of chain in  
pounds.  

R = pi tch radius of large Sprocket in  i nches.  
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TABLE 3.9 
MANUFACTURER’S GEAR REDUCER DATA SHEET 

27 

MANUFACTURED BY:  

NOMINAL API  REDUCER SIZE 

,  DATE SUBMITTED 

CALCULATED VALUES 

PITTING RESISTANCE TORQUE 

First Reduction ib.  in.  

Second Reduc tion Ib.  in.  

Thi rd Reduction Ib.  in.  

BENDING STRENGTH TORQUE 

First Reduction:  

Gear Ib.  in. ,  Pinion Ib.  in.  

Second Reduc tion:  
Gear Ib.  in. ,  Pinion Ib.  in.  

NOTE:  (1 )  First Reduction is high Speed reduction.  

Thi rd Reduction:  

Gear Ib.  in. ,  Pinion Ib.  in.  

STATIC TORQUE 

First Reduction:  

Gear Ib.  in. ,  Pinion Ib.  in.  

Second Reduc tion:  
Gear Ib.  in. ,  Pinion Ib.  in.  

Thi rd Reduction:  

Gear Ib.  in. ,  Pinion Ib.  in.  

(2)  Second reduction is slow Speed reduction on double reduction gear reducers and the intermediate reduction 
on triple reduction gear reducers.  

(3)  Thi rd reduction is the slow Speed reduction on triple reduction reducers and is not appl icable on double 
reduction reducers.  

CONSTRUCTION FEATURES 

TYPE OF REDUCER:  (Cross out i fnot appl idde)  

(Single)  (Double)  (Triple)  Reduction 
(Single)  (Double)  Hel ical  Gearing 

TEETH 

Number of Teeth  and Normal  Diametral  Pi tch or Transverse Diametral  Pi tch 

First Reduction,  N,  

Second Reduction,  N,  

Thi rd Reduction.  NP 

> N, -  1  ’  Pnd 

,  N,  ---  > P I  nd 

’  % \ * ‘nd 

’  Pd 

l  pd 

’  ‘d 

Center Distance and Net Face Width  

First Reduction,  -  C.D. ,  ~  F.W.  

Second Reduction,  p C.D. ,  F.W.  

Thi rd Reduction,  -C.D. ,  F.W.  

Hel ix Angle and Normal  Pressure Angle or Transverse Pressure Angle (Degrees)  

First Reduction,  H-A. ,  ~  NPA,  -  TPA 

Second Reduction,  H. 1 4. .  -  NPA,  -  TPA 

Third Reduction,  H.A. ,  ~  NPA.  -  TPA 
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TABLE 3.9 (Continued)  

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

Fi rst Reduction Geometry Factor 1  J  ’  P  J  9 G 

Second Reduction Geometry Factor 1  J  ’  P  J  ’  G 

Thi rd Reduction Geometry Factor 1  J  ’  P  J  ’  G 

MANUFACTURING METHODS 

Teeth Generated by Process Teeth Finished by 

Tooth Hardening Method 

‘GEAR & PINION MATERIALS & HARDNESS 

First Reduction:  

Gear Material  ,  Surface BHN/Rc > Core BHN§ 

Pinion Mtl .  ,  Surface BHN/Rc ,  Core BHN$ 

Second Reduction:  

Gear Material  ,  Surface BHN/Rc 9 Core BHN§ 

Pinion Mtl .  ,  Surface BHN/Rc f Core BHN§ 

Third Reduction:  

Gear Material  ,  Surface BHN/Rc 9 Core BHN§ 

Pinion Mtl .  ,  Surface BHN/Rc 9 Core BHN§ 

5 Core hardness requi red for surface hardened gears and pinions only.  

OTHER COMPONENTS 

Crankshaft Material  ,  Hardness 

Process 

Housing  Material  

Housing  Type (Check #) :  Spl i t ----  ,  One Piece -  

BEARING SIZES” 

High Speed Pinion 

**Intermediate Speed Pinion 

Low Speed Pinion 

Low Speed Gear 

*For journal  bearings indicate projected area;  for 
rol ler bearings indicate AFBMA (or equivalent)  size.  
List al l  bearings on each shaft. ’  (State i f bearings are 
mounted in carriers or di rectly in gear housing. )  

**Not appl icable on double reduction reducers.  

BEARING LOADING***  

High Speed Pinion 

**Intermediate Speed Pinion 

Low Speed Pinion 

Low Speed Gear 

***For journal  bearings l ist psi  loading on each bear-  
ing.  For rol ler bearings,  l ist L-l0 l i fe as calculated in 
3.8.  

**Not appl icable on double reduction reducers.  

36                                                                                                                                                                 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 



ISO 1 0431 :1 993(E)  

Spec 1 1 E:  Pumping  Uni ts 29 

SECTION 4 

INSPECTION AND REJECTION 

4. 1  The i nspector representi ng  the purchaser shal l  
have free entry at al l  times whi le work on  the con-  
tract of the purchaser is bei ri gg  perfurmed,  to al l  

sari ly ~5th  the qerati on  01 9  %he wsrks.  The manufac-  
turer shal l  furni sh the i nspector wi th  gages,  or other 

measuri ng  i nstruments,  the accuracy of 
I I  be  proved  %o the sati&ction of the 

i nspector.  

4.2 Material  manufactured and  rated under this 
speci fication which  proves to be defective subsequent  
to acceptance may be rejected,  and  the manufzturer 
shdl  be ndi i id 

4.3 No  rejections,  under this or any other speci fi ca-  
tion,  are to be stamped wi th  the API  monogram or Sold  
as API  material .  

44 mpHEance.  The manufacturer Es responsible 
for complying  wi th  al l  of the provisions of this speci -  
fi ca%ion The purchaser may make any i nvestigation 
necessary to satisfy himsel f of compl iance by the 
mamzfacture~  and  may reject any material  that  does 
not  comply wi th  this speci ficaticrn.  

37 
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



ISO 1 0431 :1 993(E)  

30 American Petroleum Insti tute 

APPENDIX A 
APPROVED DATA FORMS 

Al .  Rating Form for Crank Counterbalances.  An  
~ppr0ved fm f0r rating 0f pumphg-uni t cr2m.k 
counterbalances is shown in F’ig.  A-l .  Manufacturers 
arc urged to use this form when providing %he infor- 
mation indicatxA 

AZ Stroke and Torque Factors.  An  approved form 
for submission of pumping-uni t stroke and torque 
factors is shown in Fig.  A-2.  Manufacturers arc 
urged to use this ferm when supplying such  infor- 
l I l ldiO1 1 ,  

Name of Mamfacturer Designation of Uni t 

1  2 3 

Total  Maximum3 
Dt?SC1 5ptiOI1 1  Weight,  Moment about 

Ib.  Cxankshaft,  
in-Ib.  

I  I  

1 Describe Parts in use accuratiy enough to avoid any possible misunderstanding,  showing  on separate l ines 
a series of practical  combinations from minimum to maximum.  

2Equals totxJ  weig  ht (Col .  2)  times ti istance to Center of gravi ty in i ndes,  wi th  cmnk in horizontal  Posi tion.  

FIG.  A-l  

API  RATING FORM FOR CRANE COUNTERBALANCE 
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Spec 1 lE:  Pumping Uni ts 31  

Name of Manufacturer 

Designation of Uni t 

Pumping  Uni t Structural  Unbalance pounds 

1  2 
Posi tion ’  
of Crank, ’  

deg.  -  

3 4 

Posi tion of Rods2 

Length  of Strokc,  in.  

5 6 7 8 

Torque Factors 

Length of Stroke,  in.  

9 

---  -  --  
0 ----  

1 5 -  
30 

45 -. - 

60 1  

75 

90 

1 05 -  

1 20 

1 35 -- 
1 50 

1 65 

1 80 

1 95 

21 0 

225 

240 ~---  _ 
255 

279 -- 
285 

300 

31 5 

330 

345 Fl  
-  --_ 

‘For trank counterbalanced uni ts wi th  Class 1  Geometry,  the Posi tion of the trank is the angular dis-  
placement measured clockwise from the 1 2 o’clock Posi tion,  viewed wi th the wel lhead to the right.  

For trank counterbalanced uni ts wi th  Class 1 1 1  Geometry,  the Posi tion of the trank is the angular dis-  ’  
placement measured counter-clockwise from the 6 o’clock Posi tion,  viewed wi th the wel lhead to the right.  

For ai r counterbalanced uni ts wi th  Class 1 1 1  Geometry,  the Posi tion of the trank is the angular displace-  
ment measured clockwise from the 6 o’clock Posi tion,  viewed wi th the wel lhead to the right.  

2Posi tion is expreesed as a fraction of stroke above lowermost Posi tion.  

T 3Torque factor = -  where T = 
W 

torque on pumping-uni t reducer due to pol ished-rod load W.  

A .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  P 
c 
R, :: : : : : : : : : : : : : : : : : : : :  

K l  ::::::::::::::::::::  
H .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

R,;  . . . . . . . . . . . . . . . . . . . . .  1  
R,  . . . . . . . . . . . . . . . . . . . . .  G : : : : : : : : : : : : : : : : : : : : :  

NOTE:  SW Appendix B,  C,  D or Eformphol  identi ficntiou.  .  

FIG.  A-Z 
PUMPING-UNIT STROKE AND TORQUE FACTOR 
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APPENDIX B 

RECOMMENDED PRACTICE FOR THE CALCULATION AND APPLICATION OF 

TORQUE FACTOR ON PUMPING UNITS 

(Rea.r Mounted Geometry Class 1  Lever Systems wi th Crank Counterbalance)  

Defini tion 
Bl .  The torque factor for ang  given trank angle is 

that factor which,  when  multipl ied by the load in 
pounds at the pol ished rod,  gives the torque in inch-  
pounds at the crankshaft of the pumping-uni t reducer,  

Method of Calculation 
BZ.  Torque factors (as wei l  as the pol ished-rod 

Posi tion)  may be determined by a scale layout of the 
uni t geometry so that the various angles involved may 
be measured.  They may also be calculated from the 
dimensions of the pumping  uni t by mathematical  
treatment only.  The approved form for submission 
of torque factor and pol ished-rod Posi tion data are 
given in Appendix A,  Fig.  A2.  

B3.  Torque factors and pol ished-rod posi tions are 
to be fumished by pumping-uni t manufacturers for 
each 1 5-deg trank Posi tion wi th  the zero Posi tion at 
1 2 o’clock.  Other trank posi tions are determined by 
the angular displacement in a clockwise di rection 
viewed wi th the wel lhead to the right.  The pol ished-  
rod Posi tion for each trank Posi tion is expressed as a 
fraction of the stroke above the lowermost posi tion.  

B4.  Referring to Fig.  Bl ,  the fol lowing System of 
nomenclature and Symbols is adopted:  

A = Distance from the Center of the saddle bear-  
ing  to the centerl ine of the pol ished rod,  
i nches.  

c = Distance from the Center of the saddle bear-  
ing to the Center of the equal izer bearing,  
i nches.  

P = Effective length of the pi tman,  i nches,  
(from the Center of the equal izer bearing 
to the Center of the trank-pin bearing) .  

R = Radius of the trank,  i nches.  

K = Distance from the Center of the crankshaft 
to the Center of the saddle bearing,  i nches.  

H  = Height from the Center of the saddle bear-  
ing ta the bottom of the base beams,  i nches.  

1  = Horizontal  di stance between the centerl ine 
of the saddle bearing and the centerfine of 
the crankshaft,  i nches.  

G = Height from the Center of the crankshaft to 
the bottom of the base beams,  i nches.  

J  = Distance from the Center of the trank-pin 
bearing to the Center of the saddle bearing,  
i nches.  

9 = Angle between the 1 2 o’clock Posi tion and 
I  T \ 

R,  degrees;  equals tan-l  EC)  

8 = Angle of trank rotation in a clockwise di -  
rection viewed wi th the wel lhead to the 

right and wi th  zero degrees occurring at 
1 2 o’clock,  degrees.  

ß = Angle between C and P,  degrees.  

a = Angle between P and R,  degrees,  meas-  
ured clockwise from Iz to P.  

* = Angle between C and K,  degrees,  (equal j  
angle x -  angle p) .  

*t = Angle between c and k,  degrees,  at top 
(highest)  pol ished rod Posi tion.  

*b 
= Angle between c and k,  degrees,  at bot-  

tom (lowest)  pol ished rod Posi tion.  

x = Angle between C and J,  degrees.  

P = Angle between K and J,  degrees.  

TF = Torque factor for a given trank angle 8,  
i nches.  

W = Pol ished-rod load at any speci fic trank 
angle 8,  pounds.  

B = Structural  Unbalance,  pounds;  equal  to the 
forte at the pol ished rod requi red to hold 
the beam in a horizontal  Posi tion wi th  the 
pi tmans disconnected from the trank Pins.  
This forte is posi tive when acting down-  
ward and negative when acting upward.  

Wn = Net pol ished-rod load,  pounds;  equal  to 
W-B.  

T WpI 1  = Torque,  i nch-pounds,  due to the net pol-  
i shed-rod load for a given trank angle 
0,  (equals m X Wn)  .  

M = Maximum moment of the rotarg counter-  
weights,  cranks,  and trank pins about the 
crankshaft,  i nch-pounds.  

Tr = Torque,  i nch-pounds,  due to the rotary 
counterweights,  cranks,  and trank pins for 
a given trank angle 8 (equals M sin 6)  

TI i  = Net torque,  i nch-pounds,  at the crankshaft 
for a given trank angle 8 (equals ZL-T, ) .  

PR = Pol ished-rod Posi tion expressed as a fra.c-  
tion of the stroke length above the lower-  
most Posi tion for a given trank angle 6.  

B5.  By appl ication of the laws of trigonometric 
functions,  the fol lowing expressions are derived.  Al l  
angles are calculated in terms of a given trank angle 8.  

AR sin a 
TFZT -  Bin p em. . . -. --. . . .  , . -w-. --B.1  

Sin a is 
and 1 80 cr 

osi tive when the angle a is between 0 deg  
eg,  and is negative when angle a is between 

1 80 deg  and 360 deg.  Sin ß is always posi tive because 
the angle ß is always between 0 deg  and 1 80 deg.  A 
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negative torque factor (TF)  only i ndicates a Change 
in di rection of torque on the crankshaft.  

+ .  .  .  .  .  . . -.s. . . . . . . .  B.2 

This is a constant angle for any given pumping  uni t.  

The cos of (8 -  +)  i s posi tive when this angle is be-  
tween 270 deg  and 90 deg  moving clockwise,  and is 
negative from 90 deg  to 270 deg  moving  clockwise.  
When  the angle (6 -  #)  is negative,  i t should be 
subtracted from 360 deg,  and the foregoing rules 
aPPlY* 

x =cos-'  (c2+J&py .  .  .  . . .0. . .  Ei .4 

= sin-l  2 R sin @-  ‘)  P J  1  .  .  .  .  .  .  .  .  . .___ B 5 .  
The angle p i s taken as a posi tive angle when sin 
p i s posi tive.  This occurs for trank posi tions between 
(6 -  $1  = 0 deg and (6 -  $)  = 1 80 deg.  

The angle p is taken as a negative angle when sin  
p is negative.  This occurs for trank posi tions between 
(8 -  $1  = 1 80 deg and (0 -  $)  = $60 deg.  

?P=x- p ________-_-_--___-----. ---. --------------------.  B.6 

a = p + \k -  (8 -  $)  ._.__-________________ B.7 

\kb-* 
PR= a-q _.. .--------_--.---------------------------------------.  B.8 t 

J/b = cos-l  
C2+K2-(P+R)*  

2 CH  
.  .  .  . ._. . . . . . . . . . ---.___________ B.9 

‘kt = 
-1  C2+K2-  (P-R)  2 

cos 2 CK 
.  .  .  .  .  .  . . -. . . . . . . . . . . -rl --l ---  B. 1 0 

Appl ication of Torque Factors 
B6.  Torque factors are used primari ly for deter-  

mining peak crankshaft torque on operating pumping  
uni ts.  The procedure is to take a dynamometer card 
and then use torque factors,  pol ished-rod Posi tion fac-  
tors,  and counterbalance information to plot the net 
torque curve.  Points for plotting the net torque curve 
are calculated from the formula:f 

Tn = TF (W-B)  -  M sin  8 .  .  .  .  .  .  . .__. . . .____._. .  B. 1 1  

B7.  The formula for net crankshaft torque,  T, ,  
does not i nclude the Change in structural  Unbalance 
wi th  Change in trank angle;  neglects the inertia 
effects of beam,  beam weights,  equal izer,  pi tman,  
trank,  and trank counterweights;  and neglects fric-  
tion in the saddle,  tai l ,  and pi tman bearings.  For 
uni ts having  lOO-percent trank counterbalance and 
where trank-Speed Variation is not more than 1 5 
percent of average,  these factors usual ly tan he neg-  
lected without introducing errors greater than IO 
percent.  When  beam weights are used.  the inertia 
effects of the weights must be included to determine 
peak torque wi th  any degree of accuracy.  The pro-  

*This formula appl ies to pumping nni ts where maximam 
counterbalance moment i s obtained at 8 eqnals 90 deg or 
270 deg.  

cedure for including the inertia effect of beam counter-  
weights has been omi tted because of the l imi ted use 
of this type of balance.  Some non-dynamic factors 
that tan have an effect on  the determination of in-  
stantaneous net torque loadings,  and which accord-  
ingly should be recognized or considered,  are outl ined 
in Paragraphs Bl%,  Bl8. ,  and Bl9.  

BS.  Torque factors may be used to obtain the 
effect at the pol ished rod of the rotary counterbalance.  
This is done for a given trank angle by dividing the 
counterbalance moment,  &f sin  8,  by the torque fac-  
tor for the trank angle 6.  The resul t is the rotary 
counterbalance effect,  in pounds,  at the pol ished rod.  

B9.  Torque factors may also-be used to determine 
the maximum rotary counterbalance moment.  This 
i s done by placing the cranks in the 90 deg  or 270 deg  
Posi tion and tying off the pol ished rod.  Then,  wi th  
a pol ished-rod dynamometer,  the counterbalance effect 
i s measured at the pol ished rod.  Using  this method,  
the measured pol ished-rod Ioad (FV)  is the combined 
effect of the rotary counterbalance and the structural  
Unbalance.  The maximum rotarg counterbalance 
moment tan then be determined from the formula:  

M-  ?i?? (W-B)  --. . . . . . . . . . . . . -. -. . -. . . -. . . . --. . . -. ---. . . . .  B. 1 2 

To check measurements,  the maximum moment,  M,  
should be determined wi th  the cranks in both the 
90-deg and 270-deg posi tions.  Should there be a sig-  
ni ficant di fferente in the maximum moments calcu-  
lated from measurements at 90 deg  and 270 deg,  a 
recheck of pol ished-rod measurements and trank 
posi tions should be made.  However,  i f there is only 
a sl ight di fferente,  a satisfactory check is indicated 
and i t i s suggested that an ari thmetic average of the 
two maximum moments be med.  

BlO.  To i l lustrate the use of torque factors,  a sam-  
ple calculation wi l l  be made.  A dynamometer card 
taken on a 4,000-ft wel l  i s shown in Fig.  B2.  The Arst 
step in calculating the net crankshaft torque is to 
divide the dynamometer card so that the Load may 
be determined for each 1 5 deg  of trank angle 8.  
Lines are projected down from the ends of the card,  
as shown,  to determine i ts length which is propor-  
tional  to the Iength of the stroke.  

The length of the base l ine or zero l ine is then divided 
into 1 0 equal  parts and these Parts are subdivided.  
This may easi ly be done wi th a sui table scale along 
a sui table diagonal  l ine as shown? 

Bl l .  To further i l lustrate,  a calculation wi l l  be made 
considering the Point where the trank angle 8 equals 
75 deg.  From pol ished-rod stroke and torque factor 
data for the particular 64-in.  stroke 1 60-D pumping 
uni t used for this example,  i t is found that the posi -  
tion of the pol ished rod at 75 deg  is 0.397,  and that 
the torque factor m is 34.38.  A vertical  l ine is drawn 
from the 0.397 Posi tion on the scale up to the Point of 
intersection wi th  the load on the upstroke (Fig.  B2) .  
The dmamometer deffection at this Point i s read to 
he 1 . 1 6 in.  which,  wi th  a scale constant of 7,450 Ib.  per 
in. ,  makes the load,  (IV)  at that Point 8,650 Ib.  

BI2 In  a simi lar manner,  the pol ished-rod load 
may be obtained for each 1 5-deg angle of trank rota-  
tion.  The dynamometer card has been marked to show 

*Using the pol ished-rod Posi tion data,  vertical  l ines rtp- 
resenting each 1 6 deg of trank angle 8 are projected np-  
ward to i ntersect the dynamometer card.  Then the pol ished- 
rod load may be determined for each 1 5 deg of trank 
angle 6.  
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the load and Posi tion involved for each 1 5 deg  of 
trank angle.  The structural  Unbalance,  B,  for the ex-  
ample uni t equals + 650 Ib.  Therefore,  the net pol -  
i shed-rod load,  W,  at 8 = 75 deg  = W-B = 8,650 - 
(+fw = 8,000 Ib.  The torqve,  T,, ,  due to the net 
pol ished-rod load = m x FF’, ,  = 34.38 X 8,000 = 
275,000 in. -lb.  

B1 3.  To find the torque,  T,,  due to the trank 
counterbalance,  the maximum moment,  M,  must be 
determined.  This may be done ci ther from manufac-  
turers’ counterbalance tables or curves,  or as de-  
scribed in Par.  B9.  Because of the lack of manufac-  
turers’ counterbalance data in  a majori ty of the cases,  
the pol ished-rod measurement technique wi l l  be used 
more frequently in determining the maximum mo- 
.ment.  Should the manufacturers’ counterbalance data 
be used,  i t is suggested that a check be made using a 
pol ished-rod measurement technique.  

Bl4.  The horizontal  dotted l ine drawn across the 
dynamometer card in Fig.  B2 is the counterbalance 
effect measured wi th  the dynamomehr at the 90-deg 
trank angle and is 6,250 Ib.  The maximum moment 
tan then be calculated as fol lows,  using formula B. 1 2 :  

M = m (W-B)  

= 32.76 x (6,250 -  650)  

= 1 83,000 in. -lb 

(The torque factor of 32.76 is the value at the 900deg 
trank Posi tion for the example uni t. )  

Al though not shown,  the measured counterbalance 
effect for the 2’?0-deg trank Posi tion was 6,41 0 Ib.  
Using  the torque factor of 32.04 at the 2’70-deg trank 
Posi tion for the example uni t,  the maximum moment 
iS:  

M-  32.04 x (6,41 0 -  650)  

= 1 85,000 k-ib 

The Maximum moments determined at the 90-deg and 
2700deg trank posi tions arc in good agreement,  and 
the average maximum moment of 1 84,000 in. -lb wi l l  
be used.  

B1 5.  The torque,  T,,  due to the counterbalance at 
the 75deg trank Posi tion would therefore be equal  
to 1 84,000 X sin 75-deg = 1 84,000 x 0.966 = 1 78,000 
in. -lb.  The net torque at the crankshaft for the 75.deg 
wank Posi tion would then be calculated from formula 
B. 1 1  as fol lows:  

TXl  = TF (W-B)  -  M sin  6 

= 34.38 x (8,650 -  650)  -  1 84,000 x 0.966 

= 275,000 -  1 78,000 = 97,000 in. -lb 

These values may be calculated for other trank angle 
posi tions in the Same manner as outl ined above.  Shown 
in Fig.  B3 is a plot of torque vs.  trank angle which 
includes the net pol ished-rod load torque curve,  the 
counterbalance torque curve,  and the net crankshaft 
torque curve.  

Bl6.  The foregoing Sample i l lustration on  the use 
of torque factors has been based on the pumping dt 
operating wi th  the cranks rotating toward the wel l  
from top dead Center.  I f the pumping uni t is operat-  
ing wi th  the cranks rotating away from the wel l  from 
top dead Center,  the calculation technique is changed 
only in the use of the torque factor in pol ished-rod 
Posi tion data form.  (Fig.  A2,  Appendix A,  Std 1 1 E. )  
The Posi tion of trank,  degrees,  (Col .  1 )  is reversed,  
startmg from the bottom wi th 1 5 deg  and counting 
up in 1 5-deg increments to 360 deg.  

B1 7.  The foregoing technique is general ly accepted.  
Those wanting  more precise resul ts must real ize the 
true stroke length tan vary somewhat wi th  a Change 
in beam Posi tion in relation to the centerl ine of the 
saddle bearing due to an adjustable feature pro-  
vided on most medium to large sized uni ts or due 
to manufacturing tolerantes.  Ang dimensional  de-  
viation wi l l  produce some Change in the angular 
relationships wi th  a resul tant minor Change in the 
torque factors furnished by the manufacturer.  

B1 8.  The geometry of the uti l ized dynamometer 
tan influence the determination of i nstantaneous load 
values for the various speci fied or selected wank 
angles.  When  cri tical  calculations arc to be made 
the dynamometer manufacturer should be contacted 
for information on the involved Performance char-  
acteristics of his dynamometer and the procedures 
that should be fol lowed to adjust the recorded card 
when completely accurate data arc required.  

B1 9.  I t must be recognized that the maximum and 
minimum loads wi l l  most frequently fal l  at Points other 
than the 1 5-degree divisions for which torque factors 
are provided.  Interpolation between 1 5O divisions is 
permissible wi thout signi ficant error.  
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UPSTROKE 

b I  

DQWNSTROKE 

FIG.  Bl  

PUMPING UNIT GEOMETRY 

See Pac 84 for dehi ti on  of symbola 
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1  i  
-” 

N  3 ;uw 

1  I  DOWNSTRQKE 
I  

I  I  I  

0 

ZERO L INE 

IWVISION OF DYNAMOMETER CARD BY CRANM ANGLE WX!+X 
API  POLISHED-ROD POSITION DATA 

1 1 60 D REDUCER LOMIT 

0 
0 

-1 00 

\ 

:\ c 

4’  
-CB TORQUE 

\ / 
-4 / [i iEz-q 

-?OO - 
UPSTROKE DOWfuSTROKE-  

FIG.  B3 

TORQUE CURVES USING API  TORQUE FACTORS 
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NET REDUCER TORQUE CALCULATION SHEET 

(Conventional  Crank Balanced Uni t Only -  CLOCKWISE ROTATION)  

Company:  

Th=TF(W-B)-M SINs 
Location:  

Wei l  No. :  

Uni t Size:  

8 SINE 8 W B W-B TF TF (W-B)  -M (SINE 0)  Tn 

t ‘  
I  1  I  1  

0 0 0 
fL 

1 5 .259 - 
I  

30 500 - 
I  

45 .707 - 
r 1  

60 .866 - 
1  

75 966 - 
,  

90 1 .000 - 
I  1  

1 05 .966 - 
L I  

1 20 .866 - 

1 35 .707 - 
1  I  

1 50 .5OO - 
I  J  

1 65 .259 - 
1  

1 80 0 0 
,  

1 95 1  - ,259 + 

21 0 - .500 + 

225 - .707 + 1  

240 - .866 + 

255 - 966 + 

270 -l .ooO + 

285 - 966 + 
I  4 

300 - .866 + 

31 5 - .707 + 
,  

330 - 500 + 

345 - 259 + 
l  4 

Tn  = Net Reducer Torque,  in. -lbs TF = Torque Factor at @ ,  in.  

e = Posi tion of Crank CB at 

M = Maximum Moment of Counterbalance,  in. -lbs 9o” = 

w = Measured Pol ished Rad Load at 0,  lbs M = (CB at 90°  -  B)(TFat 90”)  = 

B = Uni t Structural  Unbalance,  lbs 
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38 American Petroleum Insti tute 

NET REDUCER TORQUE CALCULATION SHEET 
(Conventional  Crank Balanced Uni t Only -  COUNTER CLOCKWISE ROTATION)  

Company:  

Location:  

‘h=TF(W-B)-MSINs Wel l  No. :  

Uni t  Size:  

e 

0 

SINE 0  W B W-B TF % (W-B)  -M (SINE 8  )  Tn  
1  ,  ,  r I  ,  

0  0  

I  I  I  1  
345 -  259  

I  

330 -  500  +  
L .  

T-n  =  Net  Reducer Torque,  in. -lbs TF =  Torque Factor at  8,  in.  

0  =  Posi tion of  Crank CB at  

M =  Maximum Moment of  Counterbalance,  in. -lbs 270’  =  

W = Measured Pol i shed Rod  Load  at  8  ,  l bs M =  (CB at  270’  -  B) (%‘at 270”)  =  

B =  Uni t  Structural  Unbalance,  lbs 
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APPENDIX C 

39 

RECOMMENDED PRACTICE FOR THE CALCULATION AND APPLICATION OF 

! l !ORQUE FACTOR ON PUMPING m 

(Front Mounted fhmetry Ckss I I I  Lever Systems with Crank Counterbalance)  

Defini tion 

Cl .  The torque factor for any given trank angle 
is that factor which,  when multipl ied by the load in 
pounds at the pol ished rod,  gives the torque in i nch- 
pounds at the crankshaft of the pumping-uni t reducer.  

Method of Calculation 

C2.  Torque factors (as wel l  as the pol ished-rod 
Posi tion)  may be determined by a scale layout of the 
uni t geometry so that the various angles involved 
may be measured.  They may also be calculated from 
the dimensions of the pumping uni t by mathematical  
treatment only.  The approved forrn for Submission of 
torque factor and pol ished-rod Posi tion data are given 
in Fig.  A2,  Appendix A.  

GI .  Torque factors and pol ished-rod posi tions are 
to be furnished by pumping-uni t manufacturers for 
each 1 5-deg trank Posi tion wi th  the zero Posi tion at 
6 o’clock.  Other trank posi tions are determined by 
the angular displacement in a counter-clockwise di rec- 
tion viewed wi th the wel lhead to the right.  The pol-  
i shed-rod Posi tion for each trank Posi tion is expressed 
as a fraction of the stroke above the lowermost 
Posi tion.  

C4.  Referring to Fig.  Cl ,  the fol lowing System of 
nomenclature and Symbols is adopted:  

A 

c 

P 

R 

K 

H  

1  

G 

J  

Distance from the Center of the Samson 
Post bearing to the centerl ine of the pol -  
i shed rod,  i nches.  

Distance from the Center of the Samson 
Post bearing to the Center of the equaI izer 
(or cross yoke)  bearing,  i nches.  

Effective length of the pi tman,  i nches,  
(from the center of the equal izer (or cross 
yoke)  bearing to the Center of the trank-pin 
bearing)  .  

Radius of the trank,  i nches.  

Distance from the Center of the crankshaft 
to the Center of the Samson Post bearing,  
i nches.  

Height from the Center of the Samson Post 
bearing to the bottom of the base beams,  
i nches.  

Horizontal  distance between the centerl ine 
of the Samson Post bearing and the center-  
l ine of the crankshaft,  i nches.  

Height from the Center of the crankshaft 
to the bottom of the base beams,  i nches.  

Distance from the Center of the trank-pin 
bearing to the Center of the Samson Post 
bearing,  i nches.  

6 

B 

a 

x 

P 

TF 

W 

‘w,  

B 

Wll  

T Wn 

= Angle between the 6 o’clock Posi tion and H,  

1  
degrees;  equals tan-l  H  + 1 80’  L-1  

= Angle of trank pin rotation in a counti r-  
clockwise di rection viewed ni th the wel l -  
head to the right and wi th  Zero degrees 
occurring at 6 o’clock,  degrees.  

= Angle between C and P,  degrees.  

= Angle between P and R,  degrees,  measured 
clockwise from R to P.  

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

= Angle between c and k,  degrees,  at top 
(highest)  pol ished rod Posi tion.  

= Angle between c and k,  degrees,  at bot-  
tom (lowest)  pol ished rod Posi tion.  

= Angle between C and J,  degrees.  

= Angle between K and J,  degrees.  

= Torque factor for a given trank angle 8,  
i nches.  

= Pol ished-rod load at any speci fic trank 
angle 0,  pounds.  

= Counterbalance in pounds at the pol ished 
rod determined using dynamometer wi th  
trank pin at 90” Posi tion.  

= Structural  Unbalance,  pounds;  equal  to the 
forte at the pol ished rod requi red to hold 
the beam in a horizontal  Posi tion wi th  the 
pi tmans disconnected from the trank pins.  
This forte acts upward on Class 1 1 1  
Geometry Uni ts and is negative.  

= Net po’l ished-rod load,  pounds;  equal  to 
W -  B.  

= Torque,  i nch-pounds,  due to the net pol -  
i shed-rod load for a given trank angle d  
(equals TF x W, ) .  

M = Maximum moment of the rotary counter-  
weights,  cranks,  and trank pins about the 
crankshaft,  i nch-pounds.  

7 = Angle of trank counterweight arm offset 
for front mounted geometry (Class 1 1 1  
Lever System).  

T,  = Torque,  i nch-pounds,  due to the rotary 
countezweights,  cranks,  and trank pins for 
a given trank angle 8 [equals M sin  
(0 + 41  
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Tn = Net torque,  i nch-pounds,  at the crankshaft 
for a given trank angle 8 (equals TWn - T, )  D 

PR= Pol ished-rod Posi tion expressed as a frac- 
tion of the stroke length above the lower-  
most Posi tion for a given trank angle 6.  

C5.  Bg  appl ication of the laws of trigonometric 
functions,  the fol lowing expressions are derived.  Al l  
angles are calculated in terms of a given trank angle 
8.  

TF=AK - sin a . . -. . ----~. ----*-. ----------. .  Cl  

c sin ß 

Sin a is posi tive when the angle a is bebveen 0” and 
1 80”,  and is negative when angle (x i s between 1 80” 
and 360’.  Sin ß is always posi tive because the angle 
~3 is always between 0” and 1 80°.  A negative torque 
faetor (TF)  only i ndicates a Change in di rection of 
torque on the crankshaft.  

lP = Taxr’  I  -  & + 1 80” . . --. . . -m-. -.  m __._m____._ C.2 

This is 8 constant angle for any given pumping  uni t.  

b = cos-l  r 
C*+P*-K~-R~+2ER cos (e-+)  . , , ,C.3 

2CP I  

The sign 0% cos (&-+)  must be correct.  COS (+-+)  
is negative when (t~=-+)  is 90"  thmugh 2704.  I t Es 
posi tive for al l  other angles between 0” and 360” b 
When  the angle ($-$)  i s a negative number,  i t tan 
Be subtracted from 360” and this new angle tan be 
used to determine the proper sign.  

= sin-l  
P sin p 

l  
C.4 

x 
~~o~-~.~~~~~~. “- ---._._-__) . *. -DI .__,__L_I__ 

9 * 

R sin (&+)  
P = gin-1  

3 

. . -. *.OI . -‘---*---. --~. --. . . -. -. -.  C.5 
J  

For equation C.6 to be correc$ i t is necessary 4x1  
use the proper sign for the angle p0 The angle p i s 
taken as posi tive when sin p 3s posi tivee This occurs 
for trank posi tions where (&-+)  = 0” to (&-+)  = 
1 80’0 

The angle p Ps taken as negative when sin p is nega-  
tive.  This occurs for crax& posi tions ( 
through (t9 -  #)  = 360°.  

When  the angle (8 -  #)  is negative,  i t tan be sub-  
tracted from 360” and this new angle tan be used to 
determine the proper sign* 

* X-B = . . -,~01 eOII I . . --. . ------. -------. -~--. --. .~.*. -----. ---  C.6 

sina=ti  
L-  

(e-#)  -*- ßl  . -.-----w--P.*----- 6.7 
-* 

PR = A_*t -. ------oII---. -. . . -. . -. . ----. . -. . -.  C.8 

= COS1  c 
fY + =*  - (p + R) ’  *t 2@K 1  ------. -c 9 l  

% = cos-l  
[  
c2 -t JP -  (P -  w 

2CK 1  -___-_--  c 1 0 * 

Appl ication of Torque Factors 

C6.  Torque factors arc used primari ly for de-  
termini rigg peak crankshaft torque on operating 
pumping  uni ts.  The procedure is to take a dynamom- 
eter card and then use torque factors,  pol ished rod 
Posi tion f actors,  and counterbalance inf ormation to 
plot the net torque curve.  Points for plotting the net 
torque curve are calculated from the formula:  

Tn = -TF (W-B)  -  M sin  (B + 7)  W-W.W--. .W-. .W. . --  C. 1 1  

CI .  The formula for net crankshaft torque,  
Tnr does not i nclude the change in structural  unbsl -  
ante wi th  Change in trank angle;  neglects the inertia 
effects of beam,  equal izer (or Cross yoke) ,  pi tman,  
trank,  and trank counterweights;  and neglecti  friction 
in  the bearings.  For uni ts having lOO-percent trank 
counterbalance and where trank-Speed Variation is not 
more than 1 5 percent of average,  these factors usual ly 
tan Be neglected wi thout i ntroducing errors greater 
than 1 0 percent.  Some xon-dynamic factors that tan 
have an effect on  the determination of i nstantaneous 
net torque loadings,  and which accordingly should be 
recogniaed or considered,  are outl ined in Paragraphs 
Cl6,  CH,  and Cl8.  

CS.  Torque factors may be used to obtain the 
effect at the pol ished rod of the rotary counterbaPance.  
This is done for a given trank angle by dividing the 
counterbalance moment,  M sin (0 + T)  ,  by the torque 
factor for the trank angle 8,  The resul t i s the rotary 
counterbalance effect,  in pounds,  at the pol ished rod.  

Co%,  Torque factors may also be used to deter-  
mine the maximum rotary counterbalanee moment.  
This is done by placing the trank pins in the 90 dw 
posi tion and tying off the pol ished rod.  Then,  wi th  a 
wl ished-rod dynamometer,  the counterbalance effect 
BS measured at the pol ished rod.  Using  this methd,  
the measured counterbalance efTeet in pounds (W, )  
i s the combined effect of the rotarg counterba~ance 
and the structural  unbalance The maximum rotary 
counterbalance moment tan then be determined from 
the formula :  

M=Z -Tl? (W-B)  ~. .~.~. . .~.~. . .~~~.^. -. . .~---  C. 1 2 
SBn (90” + P)  

ClO,  To i l lustrate the us8 0% torque factors,  8 
sample cal lculation tiH be made,  A dyynamometer card 
taken on a 2872 ft wei l  is shown in Hg.  C2,  
step in calculating the net crankshaft to 
divide the dynamometer casd so that the 
be determined for each 1 5 deg  of trank angl  
are projected down from the ends of the 
shown,  to determine i ts len&h which is proportional  
to the length of the stroke.  

The length of the base hne or zero l ine is then 
divided into BO qua1  parts and these Parts arc sub-  
divided.  This may easi ly be done wi th  a sui table scale 
along a sui table diagonal  l ine as shown? 

CU.  To further i l lustsate,  a calculation wi l l  b 
made considering the Point where the trank angle 
equals 60 deg.  From pol ished-rod stroke and torque 

*Using the pol ished-rod Posi tion data,  vertical  l ines 
representing each 1 5 deg  of trank angle B arc pro-  
jected upward to i ntersect the dynamometer card.  
Then the pol ished-rod load may be determined for 
each 1 5 deg  of trank angle 8.  
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factor data for the particular 860in.  stroke 1 60.D 
pumping  uni t used for this example,  i t i s found that 
the Posi tion of the pol ished rod at 60 deg  is 0.405,  
and that the torque factor TF is 36.45.  A-vertical  l ine 
is drawn from the 0.405 Posi tion on  the scale up to 
the Point of i ntersection wi th  the load on the upstroke 
(Fig.  C2)  .  The dynamometer deflection at this Point 
is read to be 0.99 in.  which,  wi th  a scale constant of 
7,500 Ib.  per in. ,  makes the load,  (W)  at that Point 
7425 Ib.  

Cl2.  I n  a simi lar manner,  the pol ished-rod load 
may be obtained for each 1 5deg angle of trank rota-  
tion.  The dynamometer card has been marked to Show 
the load and Posi tion involved for each 1 5 deg  of 
trank angle.  The structural  Unbalance,  B,  for the ex-  
ample uni t equals -1 535 Ib.  Therefore,  the net pol -  
i shed-rod load,  Wn  at 8 = 60 deg.  = W-B = 7425 -  
(-1 535)  = 8960 Ib.  The torque,  Twn,  due to the net 
pol ished-rod load = TF X W,  = 36.45 X 8960 = 
326,592 in. -Ib.  

c1 .3.  TO find the torque,  T, ,  due to the trank 
counterbalance,  the maximum moment,  M,  must be 
determined.  This may be done ei ther from manufac-  
turers’ counterbalance tables or curves,  or as described 
in Par.  C9.  Should the manufacturers’ counterbalance 
data be used,  i t is suggested that a check be made 
using a pol ished-rod measurement technique.  

C1 4.  The horizontal  dotted l ine drawn across the 
dynamometer card in Fig.  C2 is the counterbalance 
effect measured wi th  the dynamometer at the 90.deg 
trank angle and is 4594 Ib.  The maximum moment 
tan then be calculated as fol lows,  using  formula C. 1 2:  

M = fi ! i? (WC-B)  
Sin (90” + 7)  

= 38.38 x (4594 + 1 535)  / . 891  

= 264,008 in. -Ib.  

(The torque factor of 38.38 is the value at the 90.deg 
trank Posi tion and angle 7 i s 27” for the example 
uni t)  .  

C1 5.  The torque,  Tr,  due to the counterbalance at 
the 60 deg  trank Posi tion would therefore be equal  
to 264,008 x sin  (60” + 2’7”)  = 264,008 x 0.999 = 
263,744 in. -Ib.  The net torque at the crankshaft for 
the GO-deg  trank Posi tion would then be calculated 
from formula C. 1 1  85 fol lows:  

T,  = m (W-B)  -M sin (6 + 7)  

= Twn -  T,  

= 326,592 -  263,744 = 62,848 in. lb.  

These values may be calculated for other trank angle 
posi tions in  the Same manner as outl ined above.  Shown 
in Fig.  C3 is a plot of torque vs.  trank angle which 
includes the net -pol ished-rod load torque curve,  the 
counterbalance torque cuI Ive,  and the net crankshaft 
torque curve.  

Cl6,  The foregoing technique is general ly accepted.  
Those wanting  more precise resul ts must real ize the 
true stroke length tan vary somewhat wi th  a Change 
in beam Posi tion in relation to the centerl ine of the 
saddle bearing due to an adjustable feature provided 
on most medium to large sized uni ts or due to manu-  
f acturing tolerantes.  Any dimensional  deviation wi l l  
produce some Change in the angular relationships 
wi th  a resul tant minor Change in the torque factors 
furnished by the manufacturer.  

Cl% The geometry of the uti l ized dynamometer tan 
influence the determination of i nstantaneous load val -  
ues for the various speci fied or selected trank angles.  
When  cri tical  calculations arc to be made the dyna-  
mometer nanufacturer should be contxted for infor- 
mation on the involved Performance charact&stics of 
his dynamometer and the procedures that shoaid be 
fol lowed to adjust the recorded card when completely 
accurate data are required.  

Cl& I t must be recognized that the maximum and 
minimum Ioads wi l l  most frequently fal l  at Points other 
than the 1 5-degree divisions for which torque factors 
are provided.  Interpolation between 1 5* divisions is 
permissible wi thout signi ficant error.  
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/ 

--l  

H 

T 
G 

1  

, J  pxri~ 

Downstroke 

rl  1  [I IE-C. ]  
Uprt roh 

FIG.  Cl  

FRONT MOUNTED GEOMETRY,  CLASS 1 1 1  LEVER SYSTEM 
See Para.  C4 for defini tion of symbols,  
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UPSTROKE 

1  l  
DOWNSTROKE 

-ZERO LIM 

I  
FIG.  CZ 

DIVISION OF DYNAMOMETER CARD BY CRANK ANGLE USING 
API  POLISHED-ROD POSITION DATA 

p 

8 

I  
WELL TORQUE 

300 -  

/ \ 
// t ‘\ 

200 /--+j -+~-;\\ i / \\\ 

CRANK ,  ANGLE\ IN DE&iE& 
1  

0 1  1  
1 20 !  \ 1 80 240 3Od ;  360 

;  \ l  I  1  \ v ‘\ I  \ \ I  -\ ‘-+l  / \I  4 \ 

2 ‘b 
tz / 1  
\ / \ 
\ 

;  '1  
1 )  
/ 8 e 

53 
\ / I  -y ,  / \ 

N  \ 
\ 

Ac/'  

1  I  I  

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 BSS 1 1 1  Lever System ,4ir Counterbalance)  

Defini tion 

Dl .  The torque factor for any given trank angle 
is that factor which,  when mul tipl ied by the Load in 
oounds at the pol ished rod,  gives the torque in inch- 
pounds at the crankshaft of the pumping-uni t reducer.  

.  Method of Calculation 

DZ.  Torque factors (as wel l  as the pol ished-rod 
Posi tion)  may be determined by a scale layout of the 
uni t geometry so that the various anales involved 
may be measured.  They may also be calculated from 
the dimensions of the pumping  uni t by mathematical  
treatment only.  The approved form for Submission of 
torque factor and pol ished-rod Posi tion data are given 
in Fig.  AZ,  Appendix A.  

D3.  Torque factors and pol ished-rod posi tions are 
to be furnished by pumping-uni t manufacturers for 
each 1 5-deg trank Posi tion wi th  the zero Posi tion at 
6 o’clxk.  Othzr crunk posi tions are determined by 
tho angular displacement in  a clockwise di rection 
viewed wi th the wel lhead to the right.  The pol ished 
rod Posi tion for each trank Posi tion is expressed as 
a fraction of the stroke above the lovvermost Posi tion.  

D4.  Referring to Fig.  DI ,  the fol lowing System 
of nomenclature and symbols is adopted:  

A = Distance from the Center of the Samson 
Post bearing to the centerl ine of the pol- 

i shed rod,  i nches.  

C = Distance from the Center of the Samson 
Post bearina to the Center of the equal izer 
bearing,  i nches.  

P = Effective length of the pi tman,  i nches,  
(from the Center of the equal izer bearing 
to the Center of the trank-pin bearing) .  

R = Radius of the crcrnk,  i nches.  

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 
Aearing to the bottom of the base beams,  
i nches.  

r = Horizontal  distance between the centerl ine 
of the Samson Post bearing and the center-  
l ine of the crankshaft,  i nches.  

G - -  Height from the Center of the crankshaft 
to the bottom of the base beams,  i nches.  

J  = Distance from the Center of the trank-pin 
bearing to the Center of the Samson Post 
bearing,  i nches.  

= c* + P2 -  (ZCPcosp)  

9 = Angle between the 6 o’clock Posi tion and IQ 
degrees ;  equals 

1 80’ 

8 = Angle of trank rotation in a clockwise 
di rection viewed wi th the wel lhead to the 
right and wi th  zero degrees occurring at 6 
o’clock,  degrees.  

B = Angle between C and P,  degrees.  

a = Angle between P and R.  degrees,  measured 
counterclockwise from R to P.  

* = Angle between C and K,  degrees,  (equals 
angle x -  angle p) .  

T = Angle between c and k,  degrees,  at top 
(highest)  pol ished rod Posi tion.  

*b 
= Angle between c and k,  degrees,  at bot-  

tom (lowest)  pol ished rod Posi tion.  

x = Angle betieen C and J,  degrees.  

P = Angle between K and J,  degrees.  

TF = Torque factor for a given trank angle 6,  
i nches.  

w = Pol ished-rod load at any speci fic trank 
angle 8,  pounds.  

WC = Counterbalance effect at the pol ished rod 
at any speci fic trank angle 8,  pounds.  
Equals M (PB-S)  

Ttl  = Net torque,  i nch-pounds,  at the crankshaft 
for a given trank angle 8.  

M = Gcometry constant for a given uni t,  sq.  in.  
(dist.ance from Sztmson Post Bearing to ai r 
tank bearing mul tipl ied by the area of pis-  
ton in the ai r cvl inder divided by the dis-  
tance from the Samson Post Bearing to the 
centerl ine of the pol ished rod) .  

EL = Pressure,  psig,  in ai r counterba?ance tank 
for a given trank Posi tion 6.  

S = Pressure,  psig,  in ai r counterbalance tank 
required to offset the weight of the walking 
beam,  horsehead,  equal izer,  pi tmans,  etc.  

PR = Pol ished-rod Posi tion exnressed as a frac-  
tion of the stroke length above the Iower-  
most Posi tion for a given trank angle 8.  

D5.  By appl ication of the laws of trigonometric 
functions,  the fol lowing expressions are derived.  Al l  
angles arc calculated in terms of a given trank angle 
8.  

AR sin a -z-C -  ---------_-----____-. --. ---------------. --. ----  D. I .  
sin @ 

Sin a is posi tive when the angle a is between 0 deg  
and 1 80 deg,  and is negative when angle a is between 
1 80 deg  and 360 deg.  
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Sin  p i s always posi ti ve hecause the angle B i s always 
between  0  deg  and  1 80 deg.  A negati ve torque factor 
(TF)  onI y i ndi cates a Change i n  di rection  of torque 
on  the crankshaft.  

e  =  1 80” -  tan-l  & L-1  -. . -----------. ---. -. -------. -------  D.2 

Thi s i s a constant  angle for any g i ven  pumping  uni t.  

B=cos’l  
1  

C?+P*--KZ--R2+2KR cos (e-ff, )  
2CP 1  -. I ------  D.3 

The cos of (G--+)  i s posi ti ve when  this angl e i s be-  
tween  270 deg  and  90  c?eg  movi ng  cl ockwise,  and  i s 
negati ve from 90  deg  to 270 deg  movi ng  clockwise.  
When  the angle (6-+)  i s negati ve,  i t shonld  be  sub-  
tracted from 360 deg,  and  the foregoing  rules apply.  

x=  si n-1  [‘ynp]  . . ----. -. . --_. -_---. -------------. -------  D. 4 

P-  sin-l  
C  

R si n  (s-$)  
J  1  __--__---_-_.__-_--_-----------  D.5 

The angle p i s taken  as a posi ti ve angl e when  si n  
p i s posi ti ve.  Thi s occurs for trank posi ti ons between  
(0 -  59  =  0  deg  to (0 -  $)  z  1 80  deg.  

The angle p i s taken  as a negati ve angle when  si n  
p i s negati ve.  Thi s occurs for trank posi ti ons between  
(0 -  +)  =  1 80  deg  to (0 -  46)  =  360 deg.  

SS?= x+p . -----_-. --. ---. . -_--------------. ------. ---. -. -------------  D.6 

si n  a =  si n  tß +  Y/ +  (8 -  $) ]  __--.____-_--_--_-_-------. ---  D. 7 

jqj  =  ‘kb -  *  
*b -  ‘kt 

__-__-_I -___-_. --_--____________________----------  D. 8 

‘kt  =  cos-1  
[ 

C*  +  KZ--  (P +  R) ” 
2CK 1  --___-_-_____---_--_---  D.9 

\kb =  cos-l  
C  

C2  +  KZ---  (P-R)2 
2CK 1  --______--_-_--_---__ D. I . 0 

Appl i cation  of Torque Factors 

DG.  Torque factors are used  primari l y for deter-  
mini ng  peak crankshaft  torque on  operati ng  pumpi ng  
uni ts.  The procedure i s to take a dynamometer card  
and  then  use torque factors,  pol i shed-rod Posi ti on  fac-  
tors,  and  counterbalance i nformati on  to plot the net  
torque curve.  Points for plotti ng  the net  torque curve 
are cal culated from the formula:  

Ta =  ?i ! i? (W-W, )  . -______-____-. -__-_----------------------  D. 1 1  

D7.  The formula for net  crankshaft  torque,  Tn,  
does not  i ncl ude the Change i n  structural  Unbalance 
wi th  Change i n  trank angle;  neglects the i nertia ef-  
fects of  beam,  equal i zer,  pi tman,  trank;  and  neglects 
fri ction i n  the Samson  Post,  Equal i zer,  and  pi tman  
bearings.  For uni ts where trank-Speed Variati on  i s 
not  more than  1 5  percent  of average,  these factors 
usual l y tan  be neglected wi thout i ntroducing  errors 
greater than  1 0  percent.  Some non-dynamic factors 
that tan  have an  effect on  the determinati on  of  i nstan-  
taneous net  torque l oadings,  and  whi ch  accordi ngl y 
should  be recogni zed  or considered,  are outl i ned i n  
Paragraphs D1 4,  D1 5,  and  D1 6.  

DS.  To i l l ustmte the use of torque factors,  a 
Sample  calculation  wi l l  be  made.  -4 dynamometer card  
taken  on  a 5560 ft wei l  i s shown  i n  Fi g.  D2.  The 

fi rst step i n  calculati ng  the net  crankshaft  torque i s 
to di vide the dynamometer card  so that the l oad may 
be determined for each  1 5  deg  of trank angl e 8.  Li nes 
arc projected down  from the ends of  the card,  as 
shown,  to determine i ts l ength  whi ch  i s proporti onal  
to the l ength  of the stroke.  

The I ength  of the base l i ne OL’  zero l i ne i s then  
di vi ded i nto 1 0  equal  Parts and  these Parts are sub-  
di vided.  Thi s may easi l y be  done wi th  a sui table scale 
al ong  a sui table di agonal  I i ne as Show-n. *  

D9.  The counterbalance l i ne may then  be drawn  
on  the card.  To avoi d  t ime-consuming  geometri cal  con-  
si derations,  i t tan  be  assumed  that the counterbalance 
l i ne i s straight between  the two end  Points of  maxi -  
mum and  mi n imum counterbalance.  The assumed  
counterbalance wi l l  be  3  to 4  percent l ower than  the 
actual  counterbaiance around  the midpoint  of the 
stroke,  sl ightly h i gher at  the bottom of the stroke,  and  
nearl y equal  at  the top of  the stroke.  

For the Sample calculation,  the recorded maximum 
ai r counterbalance tank pressure at the bottom of the 
stroke,  0  degree trank Posi ti on,  was  328 psig  and  the 
mi n imum ai r pressure at  the top of  the stroke,  1 80  
degree trank Posi ti on,  was 262 psig.  Usi ng  the for-  
mula,  WC =  M  (Pa-S)  where M  =  52.5 i n.2 and  S  i s 
73  psi g  (as furni shed by the pumpi ng  uni t  manufac-  
turer)  we  calculate the fol l owing  resul ts :  

Maximum counterbalance at the 0  degree trank 
Posi ti on  i s WC =  52.5 (328-73)  =  1 3, 388 pounds 
counterbalance at  the pol i shed rod.  1 3, 388 di vided by 
the scale constant,  1 1 , 300 lbs per i nch  g i ves us 1 . 1 85 
i nches.  

Mi n imum counterbalance at the 1 80  degrees trank 
Posi ti on  i s WC =  52. 5 (262-73)  -  9923 pounds.  9923 
di vided by 1 1 , 300 lbs per i n.  g i ves us . 878 i nch.  

The counterbalance l i ne tan  now be dram on  the 
dynamometer card  as shown  i n  Fi g.  D2.  

DlO.  To further i l l ustrate,  a calculation  wi l l  be  
made consideri ng  the Point  where the trank angle 8  
equal s 75 deg.  From pol i shed-rod stroke and  torque 
factor data for the parti cular 86 in.  stroke 320.D 
Pumpi ng  Uni t  used  for this example,  i t i s found that 
the Posi ti on  of  the pol i shed rod  at  75 deg  i s 0. 332,  
and  that the torque factorm is 39.02.  A verti cal  fi ne 
i s drawn  from the 0. 332 Posi ti on  on  the scale up to 
the Point  of  i ntersection  wi th  the Load  on  the up-  
stroke (Fig.  D2) .  The dynamometer deflection  at thi s 
Point  i s read  to be 1 . 45 i n.  whi ch,  wi th  a scale con-  
stant of 1 1 , 300 Ib.  per i n. ,  makes the I oad,  (W)  at  
that Point  1 6, 385 Ib.  

Dl l .  I n  a simi lar manner,  the pol i shed-rod l oad ’  
may be obtai ned for each  1 5-deg  angle of  trank rota-  
ti on.  The dynamometer card  has been  marked  to show 
the l oad and  Posi ti on  i nvolved for each  1 5  deg  of  trank 
angle.  However,  i t i s usual l y onl y necessary to deter-  
mi ne the maximum pol i shed rod  Load  whi ch  i n  the 
example case occurs between  the 1 05 and  1 20  degrees 
trank Posi ti on.  The maximum dynamometer deflection  
at  thi s Poi nt  i s 1 . 60 i nches whi ch  when  mul ti pl i ed by 
the scale constant  of 1 1 , 300 Ib.  per i nch  g i ves 1 8, 080 
pounds pol i shed rod  l oad.  

D1 2.  The net  torque,  T, ,  tan  now be determined.  
I n  the formula Tn  =  ?i !&’  (W--W, ) ,  the val ue 

*Using  the pol i shed-rod Posi ti on  data,  verti cal  l i nes 
representi ng  each  1 5  deg  of  trank angle are projected 
upward  to i ntersect the dynamometer card.  Then  the 
pol i shed-rod Load  may be determined for each  1 5  deg  
of  trank angle.  
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ISO 1 0431 :1 993(E)  

46 American Petroleum Insti tute 

(W-W=)  is represented by the di fferente in  the dyna-  
mometer deflection between the card and the counter-  
balance l ine.  Referring to the card in Fig.  D2,  we 
read the di fferente in the dynamometer deflection be-  
kveen the counterbalance l ine and the wcl l  card as .36 
inch at 75” trank Posi tion.  This value mul tipl ied by 
the scale constant of 1 1 ,300 and the torque factor of 
39.25 at 75” trank Posi tion gives 1 59,669 in-lb net 
torque.  These values may be calculated for other 
trank posi tions in the same manner.  Fig.  D3 is a 
plot of the net torque curve,  

D1 3.  The foregoing sample i l lustration on the use 
of torque factors has been based on the pumping  uni t 
operating wi th  the cranks rotating toward the wei l  
from top dead Center.  I f the pumping  uni t i s operating 
wi th  the cranks rotating away from the wei l  from top 
dead Center,  the calculation technique is changed only 
in the use of the torque factor in the pol ished-rod posi -  
tion data form.  (Fig.  A2,  Appendix & Std 1 lE. )  
The Posi tion of trank,  degrees,  (Col .  1 )  is reversed,  
starting from the bottom wi th 1 5 deg  and counting 
up in  1 5.deg increments to 360 deg.  

D1 4.  The foregoing technique is general ly accepted.  
Those wanting more precise resul ts must real ize the 

I  

I  
4 -- 

l  
G 

IL 
I  

I -  [I IE;-o.J 
Dornr?roke 

true stroke length tan vary somewhat wi th  a Change 
in beam Posi tion in relation to the centerl ine of the 
saddle bearing due to an adjustable feature provided 
on  most medium to large sized uni ts or due to manu-  
facturing tolerantes.  Any dimensional  deviation wi l l  
produce some change in the angular relationships wi th  
a resul tant minor Change in the torque factors furn-  
i shed by the manufacturer.  

D1 5.  The geometry of the uti l ized dynamometer tan 
infiuence the determination of i nstantaneous load val -  
ues for the various specXed or selected trank angles.  
When  cri tical  calculations are to be made the dyna-  
mometer manufacturer should be contacted for infor-  
mation on the involved Performance characteristics 
of bis dynamometer and the procedures that should 
be fol lowed to adjust the recorded card when  com- 
pletely accurate data are required.  

D1 6.  I t must be recognized that the maximum and 
minimum loads wi l l  most frequently fal l  at Points other 
than the 1 5-degree divisions for which torque factors 
are provided.  Interpolation between 1 5’  divisions is 
permissible wi thout signi ficant error.  

Upstroko 

FIG.  Dl  
PUMPING UNIT GEOMETRY 

See Para.  D4 for defini tion of eymboh 
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FIG.  D2 
DIVISION OF DYNAMOMETER CARD BP CRANK ANGLE USING 
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FIG.  D3 
TORQUE CURVES USING API  TORQUE FACTORS 
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APPENDIX E 

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

(Rear Mounted Geometry Class 1  Lever Systems wi th Phased Crank Counterbalance)  

Defini tion 

El .  The torque factor for any given trank pin angle 
is that factor which,  when mul tipl ied by the load in 
pounds at the pol ished-rod,  gives the torque in inch-  
pounds at the crankshaft of the pumping-uni t reducer.  

Method of Calculation 

E2.  Torque factors (as wel l  as the pol ished-rod posi -  
tion)  may be determined by a scale layout of the uni t 
geometry so that the various angles involved may be 
measured.  They may also be calculated from the dimen-  
sions of the pumping uni t by mathematical  treatment 
only.  The approved form for Submission of torque factor 
and pol ished-rod Posi tion data is given in Appendix A,  
Fig.  A2.  

ES.  Torque factors and pol ished-rod posi tions are to 
be furnished by pumping-uni t manufacturers for each 
1 5 deg  trank pin Posi tion wi th  the zero Posi tion at 1 2 
o’clock.  Other trank pin posi tions are determined by the 
angular displacement in a clockwise di rection viewed 
wi th the wel lhead to the right.  The pol ished-rod posi tion 
for each trank pin Posi tion is expressed as a fraction of 
the stroke above the lowermost posi tion.  

E4.  Referring to Fig.  El ,  the fol lowing System of 
nomenclature and Symbols is adopted:  

A = Distance from the Center of the saddle 
bearing to the centerl ine of the pol ished 
rod,  i nches.  

c = Distance from the Center of the saddle 
bearing to the Center sf the equal izer 
bearing,  i nches.  

P = Effective length of the pi tman,  i nches,  
(from the Center of the equal izer bearing 
to the Center of the trank-pin bearing) .  

R = Radius of the trank pin,  i nches.  

K = Distance from the Center of the crank-  
shaft to the Center of the saddle bearing,  
i nches.  

H  = Height from the Center of the saddle bear-  
ing to the bottom of the base beams,  i nches.  

1  = Horizontal  distance between the center-  
l ine of the saddle bearing and the center-  
l ine of the crankshaft,  i nches.  

G = Height from the Center of the crankshaft 
to the bottom of the base beams,  i nches.  

J  = Distance from the Center of the trank-pin 
bearing to the Center sf the saddle bear-  
ing,  i nches.  

+ = Angle between the 1 2 o’clock Posi tion and 

K,  degrees;  equals tan-l  I  

c J  H-G 

6 = Angle of trank pin rotation in a clockwise 
di rection viewed wi th the wel lhead to the 
right and wi th zero degrees occurring at 
1 2 o’clock,  degrees.  

ß = Angle between C and P,  degrees.  

a = Angle between P and R,  degrees,  mea-  
sured clockwise from R to I? 

* = Angle between C and K,  degrees (equals 
angle z -  angle p) .  

Y = Angle between C and K,  degrees,  at top 
(highest)  pol ished rod Posi tion.  

VI ,  = Angle between C and K,  degrees,  at bot-  
tom (lowest)  pol ished rod Posi tion.  

x = Angle between C and J,  degrees.  

P = Angle between K and J,  degrees.  

F = Torque factor for a given trank pin  angle 
8,  i nches.  

W= Pol ished-Rad load at any speci fic trank 
pin angle 8,  pounds 

B = Structural  Unbalance,  pounds;  eq.ual  to 
the forte at the pol ished rod required to 
hold the beam in a horizontal  posi tion 
wi th  the pi tmans disconnected from the 
trank Pins.  This forte is posi tive when 
acting downward and negative when act-  
ing upward.  

W,= Net pol ished-rod load,  pounds;  equal  tx~ 
W-B.  

T wn = Torque,  i nch-pounds,  due to the net 
pol ished rod load for a given trank pin 
angle 8,  (equals gF x W. ) .  

M = Maximum moment of the rotary counter-  
weights,  cranks,  and trank pins about the 
crankshaft,  i n&-pounds.  

7 = Angle of trank counterweight arm offset 
(negative when weights are counter-  
clockwise relative to trank pin  bearings) .  
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Tr = Torque,  i nch-pounds,  due to the rotary 
counterweights,  cranks,  and  trank pins 
for a g iven trank pin  angle 8  [equals M 
sin  (i ? +  T) ]  

Tl  = Net  torque,  i nch-pounds,  at  the crank-  
shaft for a g i ven trank pin  angle 8  
(equals Twn  -  T, ) .  

BR =  Pol i shed-rod posi tion expressed as a frac-  
tion of the stroke i ength  above the l ower-  
mwt Posi tion fo: . *  a g i ven craak pin  
angle 5;n.  

i iX By apptication  o$ the %aws sf trfgonometric func-  
tions,  the fol lowing  expressions are deri ved.  AH angles 
are calculated in terms of a g i ven trank pin  angle 8.  

TF = AR sin a ~  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E. 1  
C sin  ß 

Sin  a is posi tive when  the angle a is between  0  deg  
and  1 80 deg,  and  is negati ve when  angle a is between  
1 80 deg  and  360 deg.  Sin  ß is always posi tive because 
the angle ß is always between  0  deg  and  1 80 deg.  A 
negati ve torque factor (TF)  only i ndicates a Change in  
di rection of torque on  the crankshaft.  

4  .  *.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E.2 

This is a constant angle for any given pumping  uni t.  

ß  =  cos-l  
C*+P2--K*-R2+2KR cos (e-4)  .  .  .  .  .  .  .  .  .  E.3 

2CP 

The cos of (e-+)  is posi tive when  this angle is 
between  270 deg  and  90  deg  moving  clockwise,  and  is 
negati ve from 90 deg  to 270 deg  moving  clockwise.  
When  the angle (e-4)  is negative,  i t should be sub-  
tracted from 360 deg,  and  the foregoing  rules apply.  

x =  cos-1  (c2wpz)  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E.4 

p =  sin-’  i r ~si ~(8-~~  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E.5 

The angle p is taken  as a posi ti ve angle when  sin  p is 
posi tive.  This occurs for trank pin  posi tions between  
(e-4)  =  0  deg  and  (e-4)  =  1 80 deg.  

The angle p is taken as a negati ve angle when  sin  p is 
negati ve.  This occurs for trank pin  posi tions between  
(e-4)  =  1 80 deg  and  (e-4)  =  360 deg.  

* = x -p. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E.6 

sin  a =  sin  [ß+q-(e--4) ]  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E.7 

FR = *tr* -  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E.8 
\I rb-\I rt 

qb =  cos-  l  C”-eK*--(  P+R)*  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E.9 2CK 

*t = cos-l  C+K*-(P-R)2 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E. 1 0 
2CK 

Appl ication of  Torque Factors 

E6.  Torque factors are used primari ly for determin-  
i ng  peak crankshaft  torque on  operati ng  pumping  uni ts.  
The procedure is to take a dynamometer card  and  then  
use torque factors,  pol i shed-rod Posi tion factors,  and  
counterbalance i nformation  to.plot the net  torque curve.  
Points for plotting  the net  torque curve are calculated 
?rom tbe formda:  

T,  =  }  -M sin  (&---7)  .  .  .  .  *.  .  .  *.  .  .  .  *.  .  .  .  .  q  E. I . 1  

E7.  The formula for net  crankshaft  torque Tn,  does 
not  i nclude the Change in structural  Unbalance wi th  
Change in  trank pin  angle;  neglects the inertia effects of  
beam,  equal i zer,  pi tman,  trank,  and  trank counter-  
weights;  and  neglects friction in  the saddle,  tai l ,  and  
pi tman bearings.  For uni ts having  lOO-percent  trank 
counterbalance and  where trank-Speed Variation is not  
more than  1 5 percent of average,  these factors usual ly 
tan  be neglected wi thout i ntroducing  errors greater 
than  1 0  percent.  

Some non-dynamic factors that tan  have an  effect on  
the determination  of i nstantaneous net  torque loadings,  
and  whi ch  accordingly should  be recogni zed or consid-  
ered,  are outl i ned in  Paragraphs E1 6. ,  El?. ,  and  El8 

ES.  Torque factors may be used to obtain  the effect 
at  the pol i shed rod  of the rotary counterbalance.  This is 
done for a g iven trank pin  angle by dividing  the coun-  
terbalance moment,  M sin  (e +  T) ,  by the torque factor 
for the trank pin  angle 8.  The resul t  is the rotary coun-  
terbalance effect,  i n  pounds,  at  the pol i shed rod.  

E9.  Torque factors may also be used  to determine the 
maximum rotary counterbalance moment.  This is done 
by placing  the trank pins i n  the 90 deg  Posi tion and  
tying off the pol i shed rod.  Then,  wi th  a pol i shed-rod 
dynamometer,  the counterbalance effect is measured  at 
the pol i shed rod.  Using  this method,  the measured  
pol i shed-rod l oad (W)  is the combined effect of the 
rotary counterbalance and  the structural  Unbalance.  
The maximum rotary counterbalance moment tan  then  
be determined from the formula:  

M ?!? (W-B)  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  E. 1 2 

sin  (90” +  T)  

ElO.  To i l l ustrate the use of torque factors,  a Sample 
calculation wi l l  be made.  A dynamometer-  card  taken on  
a 5954ft  wel l  is shown  in  Fig.  E2.  The fi rst step in  cal -  
culating  the net  crankshaft  torque is to divide the dyna-  
mometer card  so that the l oad may be determined for 
each  1 5  deg  of  trank pin  angle 8.  Li nes are projected 
down  from the ends of the card,  as shown,  to determine 
i ts l ength  which  is proporti onal  to the l ength  of the 
stroke.  
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The length of the base l ine or zero l ine is then divided 
into 1 0 equal  Parts and these Parts are subdivided.  This 
may easi ly be done wi th  a sui table scale along a sui t-  
able diagonal  l ine as shown? 

= 3g=575x[7000~~231 )1  = 276 084 i n  l b  

. - .  

Sin [90”+(-1 4”)]  
,  

El l .  To further i l lustrate,  a calculation wi l l  be made 
considering the Point where the trank pin angle 8 
equals 1 20 deg.  From pol ished-rod stroke and torque 
factor data for the particular 86-in.  stroke 1 1 4-D pump-  
ing uni t used for this example,  i t is found that the posi -  
tion of the pol ished rod at 1 20 deg  is 0.629,  and that the 
torque factor TF is 35.446.  A vertical  l ine is drawn 
from the 0.629 Posi tion on the scale up to the point of 
i ntersection wi th  the load on the upstroke (Fig.  E2) .  
The dynamometer deflection at this Point is read to be 
1 .672 in.  which,  wi th  a scale constant of 5000 Ib.  per in. ,  
makes the load,  (W)  at that point 8,360 Ib.  

(The torque factor of 39.575 is the value at the 90-deg 
trank pin Posi tion and angle T is (-1 4”)  for the example 
uni  t. )  

E1 5.  The torque,  T,  due to the counterbalance at the 
1 20 -deg trank pin Posi tion would therefore be equal  to 
276,084 x sin[1 20”+(-1 4”)]  = 276,084xO.961  = 265,389 in.  
Ib.  The net torque at the crankshaft for the 1 20 -deg 
trank pin  Posi tion would then be calculated from for- 
mula E. l l  as fol lows:  

T,  = ?? (W-B)  -M sin (e + T)  

= T, ,  -T,  

EH.  In  a simi lar manner,  the pol ished-rod load may 
be obtained for each 1 5-deg angle of trank pin rotation.  
The dynamometer card has been marked to show the 
load and posi tion for each 1 5 deg  of trank pin angle.  
The structural  Unbalance,  B,  for the example uni t 
equals +231  Ib.  Therefore,  the net pol ished-rod load,  W,  
at 8 = 1 20 deg  = W-B = 8360 -  (+231 )  = 81 29 Ib.  The 

torque,  ‘L,  due to the net pol ished-rod load = TF x W,  
= 35.446 x 8, 1 29 = 288,1 40O in. -lb.  

= 288, 1 40-265,389 = 22,751  in. -lb.  

These values may be calculated for other trank pin  
angle posi tions in the same manner as outl ined above.  
Shown in Fig.  E3 is a plot of torque vs.  trank pin angle 
which includes the net pol ished-rod load torque curve,  
the counterbalance torque curve,  and the net crank-  
shaft torque curve.  

E1 3.  To find the torque Tn due to the trank coun-  
terbalance,  the maximum moment,  M,  must be deter-  
mined.  This may be done ei ther from manufacturers’ 
counterbalance tables or curves,  or as described in Par.  
E9.  Because of the lack of manufacturers’ counterbal -  
ante data in a majori ty of the cases,  the pol ished-rod 
measurement technique wi l l  be used more frequently in  
determining the maximum moment.  Should the manu-  
facturers’  counterbalance data be used,  i t is suggested 
that a check be made using a pol ished-rod measure-  
ment technique.  

E1 6.  The foregoing technique in general ly accepted.  
Those wanting  more precise resul ts must real ize the 
true stroke length tan vary somewhat wi th  a Change in 
beam Posi tion in relation to the centerl ine of the saddle 
bearing due to an adjustable feature provided on most 
medium to large sized uni ts or due to manufacturing 
tolerantes.  Any dimensional  deviation wi l l  produce 
some Change in the angular relationships wi th  a resul t-  
ant minor Change in the torque factors furnished by the 
manufacturer.  

E1 4.  The horizontal  dotted l ine drawn across the 
dynamometer card in  Fig.  E2 is the counterbalance 
effect measured wi th  the dynamometer at the 90-deg 
trank pin angle,  and is 7000 lbs.  The maximum 
moment tan t hen be calculated as fol lows,  using for-  
mula E.  1 2:  

M= 
TF (W-B)  

Sin (90”+1 )  

EN.  The geometry of the uti l ized dynamometer tan 
influence the determination of i nstantaneous load 
values for the various speci fied or selected trank pin 
angles.  When cri tical  calculations are to be made the 
dynamometer manufacturer should be contacted for 
i nformation on the involved Performance characteris-  
tics of his dynamometer and the procedures that should 
be fol lowed to adjust the recorded card when com- 
pletely accurate data are required.  

*Using the pol ished-rod Posi tion date,  vertical  l ines EH.  I t must be recognized that the maximum and 
representing each 1 5 deg  of trank pin angle 8 are pro-  minimum loads wi l l  most frequently fal l  at Points other 
jected upward to intersect the dynamometer card.  than the 1 5-degree divisions for which torque factors 
Then the pol ished-rod load may be determined for are provided.  Interpolation between 1 5’ divisions is 
each 1 5 deg  of trank pin  angle 8.  permissible wi thout signi ficant error.  
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UPSTROKE 
i  I  
L 1  7 

DOWMSTROKE 

FIG.  El  
REAR MOUNTED GEOMETRY CLASS 1  LEVER 

SYSTEMS WITH PHASED CRANK COUNTERBALANCE 
See Par.  E4 for defini tion of Symbols.  

L 
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DIVISION OF DYNAMOMETER CARD BY CRANK PIN ANGLE 
USING API  POLISHED-ROD POSITION DATA 
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FIG.  E3 
TORQUE CURVES USING API  TORQUE FACTORS 
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Spec 1 1 E:  Pumping Uni ts 53 

NET REDUCER TORQUE CALCULATION SHEET 
(Rear Mounted Geometry Class 1  Lever Systems Wi th  

Phased Crank Counterbalance -  Clockwise Rotation Only)  

Tn = m(W-B)-M SIN (e + T)  
Wel l  No. :  

Uni t Size:  

7 .  

SIN M [SIN 
8 (6 + 4 W B W-B TF TF (W-B)  (0 + dl  Tn 

0 
I  

1 5 

30 

45 

60 

75 

90 

1 05 

1 20 

1 35 

1 50 

1 65 

1 80 

1 95 

21 0 
1  

225 

240 
L I  

255 

270 

285 
l  

300 I  

31 5 

330 
I  

345 
b 

Tn = Net Reducer Torque,  in. -lbs TF= Torque Factor at 8,  in.  
8 = Posi tion of Crank Pin CB at 90°  Crank Pin Angle = 
M = Maximum Moment of Counterbalance,  M = (CB at 9o” -  B)  (TF at 90’)  = .  . 1  

i n.4 bs 
W = Measured Pol ished Rod Load at 6,  lbs 

Sin (90” + T)  

B = Uni t Structural  Unbalance,  lbs 
r = Angle of Crank Counterweight arm offset 

(negative when weights are counter-  
clockwise relative to trank pin bearings)  

61                                                                                                                                                                  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          



54 Ameri can  Petroleum Insti tute 

APPENDIX F 
RECOMMENDED PRACTICE FOR CALCULATING TORQUE RATINGS 

FOR PUMPING-UNIT GEAR REDUCERS 

I LLUSTRATIVE EXAMPLE,  PITTING 
RESISTANCE 

Calculate the al l owable transmi tted  torque at  the 
output  shaft  based  on  the pi tti ng  resi stance for the fol -  
l owing  fi rst reducti on  hel i cal  gear  set.  The pinion  Speed  
i s 588 rpm and  the reducer output  Speed  i s 20  rpm.  

Gear  set  data.  

d  =  3. 1 67 i nches 6  =  1 7. 4952O 

D  =  1 6. 833 i nches Y =  3o” 

NP = 1 9  nP 
= 588 RPM 

NG = 1 01  No  =  20  RPM 

pd  = 6. 0  Min.  pinion  hardness =  340  
Bhn  (Steel )  

F =  3  i nches Min.  gear hardness =  300 Bhn  
(Steel )  

Determine pi tting  resi stance torque rati ng  as  fol l ows:  

( from Eq.  5)  

Vt =  YT (3. 1 67)  (588)  =  487. 5 ft/min 
1 2  

( from Eq.  4)  

CD =  78  =  0. 779 
78+= 

(from Eq.  3)  

c,  = (588)  (3. 1 67}2 (0. 779)  =  1 1 4 g  .  

2 (20)  

c,  = 1 . 33 (See Fig.  3. 2)  

(from Eq.  6)  

c-  = 3  = 2. 25 
1 . 33 

S = ac 1 29, 1 00 psi  (See Fig.  3. 1 )  

( from Eq.  7)  

G = 0.225 5.31 6 

5.31 6 +  1  

( from Eq.  2)  

T =  ac (1 1 4. 9)  (2. 25)  (597)  =  1 54, 300 Ib.  i n.  

NOTE:  The pi tting  resi stance rating  of this gear 

set  i s  1 54,300 lb.  in.  The final  rating wi l l  be the l ow-  

est calculated value of pi tting resi stance ra. ting,  and 

bending  strength  ratings as determined in  equations 

(2)  and (1 5)  of this Speci fi cation,  but not to esceed 

one.  of the Standard pumping  uni t reducer si zes 

l i sted in  Table 3.2.  

I LLUSTRATIVE EXAMPLE,  BENDING 
STRENGTH 

Calculate the al l owable transmi tted  torque at  the 
output  shaft  based  on  bendi ng  strength  for the fol l ow-  
i ng  fi rst reducti on  hel i cal  (or double hel i cal )  gear set.  
The pinion  Speed  i s 588 rpm,  and  the reducer output  
Speed  i s 20  RPM.  

NOTE:  Thi s i s  the some gear set  used i n  the pi t-  

ting calmla tion example.  

Pinion.  Determine strength  numbers for pi nion  as  
fol lows:  

( from Eq.  5)  

Vt =  T (3. 1 67)  (588)  =  487. 5 ft/min 
1 2  

( from Eq.  1 7)  

K,  =  j x =  0. 883 

(from Eq.  1 6)  

K,  =  (588) (3. 1 67) (0. 883)  =  41  1 1  .  

2 (20)  

K,  =  1 . 22 (See Fig.  3. 4)  

( from Eq.  1 9)  

KZ =  3  =  2. 46 
1 . 22 

Kl  =  33, 250 (See Fig.  3. 3)  

J  =  0. 437 cal culated per Appendi x A in  AGMA 
422. 03 and  as  recorded  on  Manufacturer’s  
Data Sheet  4. 5 

( from Eq.  21 )  

K,  =  0. 437 =  0. 0728 
6. 0 

( from Eq.  1 5)  

Tat = (41 . 1 1 )  (2.46)  (33,250)  (0. 0728)  

=  244, 800 lb.  i n.  (Pi nion)  

Gear.  Determine bendi ng  strength  torque rati ng  for 
gear as  fol l ows:  

( from Eq.  21 )  

K,  = 41 . 1 1  

(from Eq.  22)  

KZ =  2. 46 

K,  =  30, 900 (See Fig.  3. 3)  
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J  = 0.387 calculated per Appendix A in AGMA 
422.03 and as recorded on Manufacturer’s 
Data Sheet 4.5 

(from Eq.  21 )  

K. ,  = 0.387 = 0.0645 
6.0 

(from Eq.  1 5)  

Tat = (41 . 1 1 )  (2.46)  (30,900)  (.0645)  

= 201 ,560 Ib.  in.  (Gear)  

NOTE:  The calculated bending strength torque 

rating of this gear set i s 201 ,560 Ib.  in. ,  the lower 

value of the bending strength ratinga for the pinion 

and,  th e gear.  The calculated pi tting resistance 

torque ,ra ting i s 1 54,300 1 6.  in.  (sec previous exam- 

p(e).  The next smal ler torque rating shown in Table 

3.2 i s 1 1 4,000;  therefore,  l l4,OOO is the stated 

(nameplate)  peak torque rating as far as thia gear 

set i s concerned.  

ILLUSTRATIVE EXAMPLE,  STATIC TORQUE 

Calculate the al lowable static torque rating based on 
bending strength for the fi rst reduction hel ical  (or dou-  
ble hel ical )  gear set.  The pinion Speed is 588 rpm.  

NOTE:  This ia the same gear set used i n the pi t-  

t ing resista nee calcula tion exam ple and the ben ding 

strength calcula tion example.  

D = 1 6.833” 

J  = 0.387 

mG2 = 5.53 

pd =6 

F = 3” 

S w = 1 1 2,000 psi  (See Fig.  3.9)  

KY = 1 .0 (See Table 3.6)  

K ms = .Ol44 (3)  + 1 .07 = 1 . 1 1 3 (See Eq.  25)  

(from Eq.  23)  

T asl  = 
1 6.833 0.387 
-x-x 3( 1 1 2,000)  (1 .0)  

2 6 1 . 1 1 3 

= 1 63,880 Ib.  in.  at the high Speed gear 

The al lowable static torque at the output shaft would be 
the value calculated above (1 63,880 in.  Ib. )  mul tipl ied 
by the ratio to the output gear set.  

(from Eq.  24)  

T asr!  = CLd (mGd 

= (1 63,800)  (5.53)  

= 906,260 Ib.  in.  at output shaft 

This value is for the high Speed gear only and must be 
repeated for each gear and pinion in the reducer.  The 
lowest value of T,  wi l l  be the maximum al lowable 
imposed static torque,  but must be equal  to or greater 
than 500% of the appl icable nameplate rating recorded 
in Table 3.2.  I n  this example the nameplate rating as 
far as the fi rst reduction is concerned is 1 1 4,000 Ib.  in.  
(see bending strength calculation above) .  The static 
torque rating must therefore be equal  to or greater 
than 5 x 1 1 4,000 = 570,000 Ib.  in.  The calculated static 
torque rating of 906,260 Ib.  in.  satisfies this condi tion 
and is the static torque rating as far as the fi rst reduc-  
tion set is concerned.  
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APPENDIX G 

USE OF API  MONOGRAM 

The API  monogram 
! l? 

i s a registered trademark 

of the American Petroleum Insti tute.  

Manufacturers desi ring to Warrant that articles 
manufactured or sold by them conform wi th this 
speci fication shal l  obtain the l icense to use the Offi -  
cial  API  Monogram.  

The original  resolutions adopted by the Board of 
Di rectors of the American Petroleum Insti tute on 
Ott.  20,  1 924,  embodied the purpose and condi tions 
under which such  official  monogram may be used.  

The fol lowing restatement of the resolution was 
adopted by the Board of Di rectors on Nov.  1 4,  1 977.  

WHEREAS,  The Board of Di rectors of the American 
Petroleum Insti tute has caused a review of the Insti -  
tute’s program for l icensing the use of the API  mono-  
gram and 

WHEREAS,  I t now appears desi rable to restate and 
clari fy such l i censing pol icy and to tonfi rm and make 
expl ici tly clear that i t i s the l i censees,  not API ,  who 
make the representation and warranty that the equip-  
ment or material  on  which they have affixed the API  
monogram meets the appl icable Standards and speci fi -  
cations prescribed by the Insti tute;  

NOW,  THEREFORE,  BE IT RESOLVED,  That the 
purpose of the voluntary Standardization Program and 
the Monogram Program of the American Petroleum 
Insti tute is to establ ish a procedure by which purchas-  
ers of Petroleum equipment and material  may identi fy 
such  equipment and materials as are represented and 
warranted by the manufacturers thereof to conform to 
appl icable Standards and speci fications of the American 
Petroleum Insti tute;  and be i t further 

RESOLVED,  That the previous action under which 
the fol lowing monogram was adopted as the official  
monogram of the American Petroleum Insti tute is 
reaffi rmed;  

!P 

BE IT FURTHER RESOLVED,  That the American 
Petroleum Insti tute’s monogram and standardization 
programs have been beneficial  to the general  publ ic as 
wel l  as the Petroleum industry and should be continued 
and the Secretary is hereby authorized to l icense the 
use of the monogram to anyone desi ring to do SO under 
such  terms and condi tions as may be authorized by the 
Board of Di rectors of the American Petroleum Insti -  
tute,  provided that the l i censee shal l  agree that the use 
of the monogram by such l i censee shal l  consti tute the 
l i censee’s representation and warranty that equipment 
and materials bearing such  monogram campl ies wi th  
the appl icable Standards and speci fications of the 
American Petroleum Insti tute;  and that l i censee shal l  
affix the monogram in the fol lowing manner;  

BE IT FURTHER RESOLVED,  That the words 
“Official  Publ ication” shal l  be i ncorporated wi th  said 
monogram on al l  such Standards and speci fications that 
may hereafter be adopted and publ ished by the 
American Petroleum Insti tute,  as fol lows:  

OFFICIAL PUBLICATION 

REG.  U.S.  PATENT OFFICE 

G. l  API  Monogram.  The API  monogram -  4? -  
i s a registered trademark/servicemark of the American 
Petroleum Insti tute.  Authorization to use the mono-  
gram is granted by the Insti tute to qual i fied l i censees 
for use as a warranty that they have obtained a val id 
l i cense to use the monogram and that each individual  
i tem which bears the monogram conformed,  in every 
detai l ,  wi th  the API  Speci fication appl icable at the 
time of manufacture.  However,  the American Petro-  
leum Insti tute does not represent,  Warrant or guarantee 
that products bearing the API  monogram do in fact 
conform to the appl icable API  Standard or speci fica-  
tion.  Such authorization does not include use of the 
monogram on letterheads or in advertising wi thout the 
express Statement of fact describing the scope of l icen- 
see’s authorization and further does not i nclude use of 
the monogram,  the name AMERICAN PETROLEUM 
INSTITUTE or the description “API” in any advertis-  
ing or otherwise to i ndicate API  approval  or endorse-  
ment of products.  

The formulation and publ ication of API  Speci fications 
and the API  monogram program is not i ntended in any 
way to inhibi t the purchase of products from companies 
not l i censed to use the API  monogram.  

6.2 Appl ication for Authori ty to Use Monogram.  
Manufacturers desi ring to Warrant that products manu-  
factured by them comply wi th  the requi rements of a 
given API  speci fication may apply for a l icense to use 
the monogram wi th forms provided in an  appendix to 
each speci fication.  

The “Agreement” form must be submi tted in  dupl icate 
for each speci fication under which monogram rights 
are desi red.  One “Statement of Manufacturer’s Qual i fi -  
cations” is requi red for each faci l i ty.  

A manufacturer desi ring to apply the monogram at 
more than one faci l i ty (a faci l i ty i s any manufacturing 
location)  must submi t a separate appl ication for each 
faci l i ty.  

Appl icants shal l  have an approved functioning qual i ty 
program in conformance wi th  API  Spec Ql  Prior to 
being i ssued a l icense to use the API  monogram.  

G.3 Authorization to Use the Monogram.  A deci -  
sion to award or wi thhold monogram rights wi l l  be 
made by the staff of the Insti tute.  A Survey of the 
appl icant’s faci l i ties wi l l  be made by an approved Insti -  
tute surveyor Prior to a decision to approve or wi thhold 
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the l icense.  The basis of the Survey shal l  be the appro-  
priate product Speci fication and al l  appl icable portions 
of API  Spec Ql .  

For a manufacturer having more than one faci l i ty 
(plant) ,  each faci l i ty wi l l  be judged separately and i f 
determined to be el igible for authorization to use the 
monogram wi l l  be granted a separate l i cense for each 
Speci fication,  or part thereof,  under which authoriza-  
tion is granted.  The appl ication of the monogram may 
not be subcontracted.  

6.4 Fee for Use of Monogram.  

Ini tial  Authorization Fee.  The appl icant wi l l  be 
invoiced an ini tial  authorization fee for the fi rst Spec-  
i fication included in the appl ication,  and a separate 
fee for each addi tional  Speci fication included in the 
appl ication.  The appl icant wi l l  also be invoiced for 
the surveyor’s fee.  

Annual  Renewal  Fee.  In  addi tion to the ini tial  
authorization fee,  l i censees wi l l  be assessed an annual  
renewal  fee for each speci fication under which he is 
authorized to use the monogram.  Appl icants i ssued 
monogram certi ficates dated November 1  through 
December 31  shal l  not be requi red to pay a renewal  
fee for the fol lowing year.  

The fees assessed are to defray the tost of the Mono-  
gram Program.  

G.5 Periodic Surveys.  Existing l i censees must be 
periodical ly surveyed by an approved Insti tute surveyor 
to determine whether or not they continue to qual i fy for 
authorization to use the monogram.  The frequency of 
the periodic Surveys wi l l  be at the discretion of the staff 
of the Insti tute.  The surveyor’s fee and expenses for 
making a periodic Survey wi l l  be paid by the Insti tute.  

G-6 Cancel lation of Monogram Rights.  The right to 
use the monogram is subject to cancel lation for the fol -  
lowing Causes:  

a.  Applying the monogram on any product that does 
not meet the Speci fication.  

b.  Fai lure to maintain reference master gages in 
accordance wi th  the Speci fications.  

C.  Fai lure to meet the requi rements of any resurvey.  

d.  Fai lure to pay the annual  renewal  fee for use of 
the monogram.  

e.  For any other reason satisfactory to the Executive 
Commi ttee on Standardization of Oi l field Fquip-  
ment and Materials.  

6.7 Reinstatement of Monogram Rights.  Manufac-  
turers whose authorization to use the monogram has 
been cancel led may request reinstatement at any time.  
I f a request for reinstatement is made wi thin sixty (60)  
days after cancel lation,  and i f the reason for cancel la-  
tion has been corrected,  no new appl ication is neces-  
sary.  A resurvey of the manufacturer’s faci l i ties wi l l  be 
made by an approved Insti tute surveyor Prior to a deci -  
sion to reinstate monogram rights.  The manufacturer 
wi l l  be invoiced for this resurvey regardless of the 
Insti tute’s decision on reinstatement.  I f the resurvey 
indicates that the manufacturer is qual i fied,  the l i cense 
wi l l  be reissued.  

Request . for reinstatement made more than sixty (60)  
days after cancel lation shal l  be treated as a new appl i -  
cation unless ci rcumstances dictate an extension of this 
time period as agreed upon by the API  staff.  

G.8 Appeals.  

.  An interested Party may appeal  a decision by the API  
staff to wi thhold monogram rights.  Appeals shal l  be 
di rected to the Di rector,  API  Production Department 
and handled by the General  Committee of the Produc-  
tion Department wi th  a further right of appeal  to the 
API  Management Commi ttee.  Competing suppl iers or 
manufacturers of the product or Service to which the 
Standard appl ies or might apply may not be involved in 
appeals.  The General  Commi ttee and the Management 
(Zornmittee may convene appeals boards to hear and act 
on  appeals.  

G.9 Marking.  The fol lowing marking requirements 
apply to l i censed manufacturers using the API  mono-  
gram on products covered by this speci fication.  

G.9. 1  Esch  pumping-uni t structure shal l  be pro-  
vided wi th  a name plate substantial ly as 
shown in Fig.  G. l ,  except that the API  mono-  
gram may be appl ied only by authorized ’  
manufacturers.  At the discretion of the manu-  
facturer,  the name plate may contain other 
nonconfl icting  and appropriate information,  
such as model  number or lubrication instruc- 
tions.  
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58 American Petroleum Insti tute 

PUMPING-UNIT 

STRUCTURE 

PUMPING UNIT STRUCTURE 1  1  

STRUCTURAL UNBALANCE (POUNDS)  I  

SERIAL NUMBER 1  1  

(NAME OF MANUFACTURER)  

(ADDRESS OF MANUFACTURER)  
I  

FIG.  G. l  
PUMPING-UNTT STRUCTURE NAME PLATE 

NOTE:  Stndwal  uh-da~w is thaf forw i i r porc~rds 
req2i  i rcd at thc po1  i shed rd to hold *  tlw hctr2?1  h7 a 
how%?l  ta I  posi tiv wi th  thtj  pi two HS disuwwctcd fronl  

the cra nk pins.  This sti -wtwaI  wdw1 ~ WC is c~obsid-  

cwd positi rr whw th . forw mp iwd d t lw pol i .~hd 

rod is dOW?l  wa?-d.  t-l  Id lw-iJat iw ld1 t’31  r~)wa rd.  Th(,  
minus (-)  sign shal l  be stanlped on the 32ame plate 
whtw th is rdw is 71 efga tiw.  

6.9.2 Esch pumping-uni t reducer shal l  be provided 
wi th  a nameplate substantial ly as shown in 
Fig.  G.2,  except that the API  monogram may 
be appl ied only by authorized manufacturers.  
The size (peak torque rating in  1 ,000 Ib.  in. )  
shown on the nameplate shal l  be one of those 
l isted in Table 3.2.  No other rating marking 

shal l  be appl ied to the reducer.  The nameplate 
may,  at the Option of the manufacturer,  con-  
tain i nformation such as model  number,  lubri -  
cation instructions,  etc. ,  provided such mark-  
ing  does not confl ict wi th  the API  rating 
marking.  

Fp 
PUIMPING.UNIT 

GEAR*REDUCER 

SIZE (PEAK.TORQUE RATING IN 
THOUSANDS OF INCH-POUNDS)  

1  I  

RATIO 
-1  

SERIAL NUMBER I  I  

(NAME OF MANUFACTURER)  

( ADDRESS OP MANUFACTURER)  

*Substi tute “CHAIN” when appropriate.  

FIG.  G.2 
PUMPING-UNIT REDUCER NAME PLATE 

3M-3-89-Johnston 
2M-2-92-Johnston 
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Additional  copies avai la ble from 
AMERICAN PETROLEUM INSTITUTE 
Pubtications and Distribution Section 
1 220 L Street,  NW 
Washington,  DC 20005 
(202)  682-8375 
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