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INTRODUCTION 

Since 1961, Continental Oil Company has been 
presenting beam pumping short courses to assist 
both technical and nontechnical employees in learn- 
ing and applying the basic principles of sucker rod 
pumping. With the publication of API RPllL, the 
basic principles used prior to 1967 were modified 
to include improvements in design criteria advocat- 
ed in API RPllL. 

This paper presents the controlling features of 
a beam pumping system and discusses the design 
procedure of each segment in a step-by-step 
fashion. Numerous symbols have been used through- 
out the paper, and a composite nomenclature has 
been included at the end for the convenience of 
the reader in following the calculations. Exhibits, 
figures and tables mentioned in the paper are 
listed and presehted at the end. 

References which support the development of some 
of the controlling factors will also be found at the 
end of the paper. 

In order to simulate field calculating conditions, 
a slide rule was used for appropriate mathematical 
calculations. Numbers have been rounded to simplify 
calculations. However, the resulting values are 
representative for the particular calculation for 
which they were used. The authors feel that the 
use of the slide rule is sufficiently accurate for 
design purposes. The method presented is recom- 
mended for any well which is determined to be a 
suitable candidate for this type of artificial lift. 

CONTROLLING FACTORS 

The controlling factors considered in this optimum 
design are: 

1. The producing bottomhole pressure 
2. The shutin bottomhole pressure 
3. The desired liquid production 
4. The various components of the conventional 

beam pumping system 
5. The optimum vibration of the entire system. 

These factors will be presented and discussed 
using the solutions to five problems as the com- 
munication vehicles. 

OPTIMUM DESIGN PROCEDURE 

To demonstrate the design technique advocated 
in this paper, five problems will be solved using 
the assumed data which follows: 
1. 

2. 

3. 
4. 
5. 

6. 

7. 
8. 
9. 

A well is being pumped with a test unit at a 
rate of 46 bbl of 36’ API oil and 77 bbl of 
1.05 specific gravity salt water per day. 
The sour gas volume which is produced up the 
annulus between the 5-l/2-in., 17 lb/ft, OD 
casing and the 2-3/8-in. OD tubing is 30 MCFPD. 
The specific gravity of the gas is 0.80. 
The producing casing pressure is 55 psig. 
The producing fluid level is 3969 ft from the 
surface. 
The shutin fluid level is at 1896 ft, with a 
casing pressure of 40 psig. 
The plugged back well depth is 5296 ft. 
The perforated interval is from 4990 to 5010 ft. 
The pump is set at 3596 ft. 

PROBLEMS 

Problem One 

Determine the producing bottomhole pressure. 

Problem Two 
Determine the shutin bottomhole pressure. 

Problem Three 
Develop the desired liquid production by determin- 
ing the well liquid capacity at a reduced producing 
bottomhole pressure of 135 psig, or 150 psia. 

Problem Four 

Determine the conventional beam pumping equip- 
ment required to produce the 166 BFPD found in 
solving Problem Two. 

Problem Five 
Discussion of optimum vibration analysis 
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PROBLEM ONE - DETERMINE THE PRODUCING 4. Pressure at perforations midpoint = 191.8 + 
BGTTOMHOLE PRESSURE (5000 - 3500) x S.G. x 0.433 x F 

1. A producing sketch of the well was prepared 
(Exhibit 1). 

2. Figure 1 indicates that the pressure should be 
calculated at the pump intake and at the mid- 
point of the perforations because the area of 
the flow conduit changes. 

3. Pressure at first pressure point, pump intake, 
Px: 
Px =(Pc + P,,,)/Cs i- (D, -FL) x S.G. x 

0.433 x Fx 

S.G. oil-water mixture = S.G. oil x oil frac. + 
S.G. water x water frac. 
= 0.85 x 0.374 + 1.05 x 0.626 
= 0.318 + 0.658 = 0.976 

Let: 
F xl =l.O 
P,I =191.8 + 1500 x 0.976 x 0.433 x 1.0 = 

191.8 + 634 = 825.8 

Q/aP’“.4 = 30/(18.8’ x 14.6) = 0.1093 
Fx2 =0.77 

Where 
PC = Casing Pressure, psig 

P&, = Atmospheric Pressure, pSia 

D, = Depth from Surface to Pressure 
Point, feet 

FL = Distance from Surface to Fluid Level, 
feet 

S.G. = Specific Gravity of Annulus Liquid 
Cp =Gas Gradient Correction Factor From 

Fig. 2 
F, = Liquid Gradient Correction Factor 

px2 =191.8 + 634 x 0.77 = 191.8 + 488 = 
679.8 psia 

Q/aP O-4 =30/(18.8 x 13.5) = 0.1183 
Fx3 =0.75 
px3 =191.8 + 634 x 0.75 = 191.8 + 475 = 

666.8, or rounded to 667 psia 
This is the pressure at the midpoint of the per- 
forations, WHICH IS THE PRODUCING BOTTGM- 
HOLE PRESSURE. 

._ 
From Fig. 1 

S.G. = 141.5/(131.5 + 36’ API) = 141.5/167.5 
= 0.85 

a = Area of Casing-Tubing Annulus = 
(4.8922 - 2.37S2) n/4 = (23.93 - 5.64) 

NOTE: Producing BHP would have been estimated 
-259.8 + 634 = 893.8, or rounded to 894 psia, 
if the effect of gas bubbling through the column had 
not been considered. 

0.7854 = 18.29 x 0.7854 = 14.37 in.2 

Let: 
F,l =l.O 
Pxl =(55 + 14.7)/0.92 + (3500 - 3000) x 

0.85 x 0.433 x 1.0 
Pxl =75.8 + 184 = 259.8 psia 

Q/aP”.4 =30/(14.37 x 9.2) = 0.227 
Fx21=0.65 
Px2 =75.8 + 184 x 0.65 = 75.8 7. 119.5 = 

195.3 psia 

PROBLEM TWO - DETERMINE THE SHUTIN 
BOTTOMHOLE PRESSURE 

1. A shutin sketch of the well was prepared (Ex- 
hibit 2). 

2. >hutin bottomhole pressure, Fr : 
P, =(Pc + Pab)/cg + Oil COhIIIn preSSUre + 

mixed column pressure 
=(40 + 14.7)/0.952 + 500 x 0.85 x 0.433 + 

2700 x 0.976 x 0.433 
=57.5 + 184 -I- 1139 

Q/aP”e4 =30/(14.37 x 8.23) = 0.254 

--- 

Fx3 =0.63 

191.8 psia, WHICH IS THE PRESSURE 
P,.? =75.8 + 

AT THE PUMP INTAKE 

184 x 0.63 = 75.8 -I- 116 = 

= 1380.5, or rounded to 1381 psia, WHICH 
IS THE SHUTIN BOTTOMHOLE PRES- 
SURE, 

NOTE: The preceding procedure should be repeat- 
edl two successive trial answers are within 
the limits of the accuracy desired. Normally the 
last PX should be within five percent of the 
previously calculated P, . 

WELL LIQUID CAPACITY AT A REDUCED PRO- 

PROBLEM THREE - DEVELOP THE DESIRED 

DUCING BOTTOMHOLE PRESSURE OF 135 PSIG, 

LIQUID PRODUCTION BY DETERMINING THE 

OR 150 PSIA 

Using Vogel’s Curve, Fig. 3, find the capacity at 
a producing BHP of 150 psia. 
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1. P,& = 667/1381 = 0.483 

2. sia From Curve, 90 qo(mix.j ej667 = 0.72 

3. If pwf = 135 + 14.7 = 149.7, or rounded to 150, 
- 150 

Pwf/Pr =ygg-= 0.1086 

4. And, from Vogel’s Curve, Fig. 3, 
qo @ 150 psia = o g7 

oo(max.) 

5. qo @ 150 psia = 
q0@667psia x 

qo @ ~7P~ia~qocnlax., 

qo @ 150 psia 
qo(max.) 

6. qo, capacity at 150 psia producing BHP 
= (123 BFPD/0.72) 0.97 
= 166 BFPD 

PROBLEM FOUR - DETERMINE THE CONVEN- 
TIONAL BEAM PUMPING EQUIPMENT REQUIR- 
ED TO PRODUCE THE 166 BFPD FOUND BY 
SOLVING PROBLEM THREE 
General Assumptions 
1. Assume pump volumetric efficiency will be 70 

percent. 
Pump Displacement, PD, required = 166/0.70 = 
237 BFPD 

2. Assume that the pump intake can be placed 
below the perforated interval at approximately 
5050 feet. 

3. Table 1 indicates that a 1.50-in. pump should 
be tried. 

4. The dimensionless pumping speed, N/No’, 
should not exceed 0.35 because the unit will 
be difficult to counterbalance. 

5. The dimensionless pumping load, Fo/Skr,, 
should not exceed 0.50 because the unit will 
be difficult to counterbalance. 

6. The pumping speed squared multiplied by the 
stroke length in inches should not exceed 
21,150; or the Mills’ Acceleration Factor, c, 
should not exceed 0.3 (c = SN2/70,500, where 
S = polished rod stroke length and N = strokes 
per minute). Note that 0.3 x 70,500 = 21,150. 
Experience has shown that equipping and operat- 
ing installations with an acceleration factor 
greater than 0.3 results in excessive sub- 
surface failures. Experience also shows that 
an acceleration factor of less than 0.225 
results in an excessive expenditure for the 
pumping unit equipment. Figure 4 is a nomograph 
that considers these dimensionless pumping 
speeds and acceleration factor limitations. 

7. API Class D sucker rods should not be used in 
sour gas environments because hydrogen sulfide 
will cause premature failure of these rods. 
API Class C .rods can be used if an effective 
corrosion inhibitor is available. 

8. Allowable rod stress decreases as load range 
increases. Rod strings that contain slim-hole 
couplings should be derated. 1 Recommended 
allowable stresses and slim-hole derating factors 
are given on Fig. 5. 

9. The tubing will be anchored. This will increase 
the net plunger travel about 10 percent on this 
installation. Tubing anchors should not be run 
in areas where scale or sand will stick the 
anchor. 

10. Net plunger travel, Sp, should be approximately 
equal to 80 percent of the polished rod stroke 
length. 

11. A sufficient length of centralized sinker bars 
should be included in the design to provide 
weight on the downstroke to aid in opening 
the traveling valve. This will reduce the buckl- 
ing of the sucker rod string and aid in prevent- 
ing premature failure of the pump pull rod. 

Calculations 
1. Determine pump displacement, PD, and associ- 

ated numbers of strokes per minute, N: 
PD = 0.1166 &ND2 

SP = 0.8 x S 
PD = 0.1166 x 0.8 x SND2 
PD = 0.09328 SND2 
PD also equals 237 BFPD 

2. Assume values for S: 

S* N C N/No** 
42 . 26.9 0.432 0.555 
48 23.6 0.376 0.486 
54 20.9 0.337 0.431 
64 17.7 0.285 0.365 
74 15.3 0.245 0.315 
86 13.15 0.210 0.271 

*Values of S selected from “API Specification for 
Pumping Units,” API Standard llE, Pages 6 and 7, 
Table 2. 

**N/N, = & = _ 
9 

;45x;ao =0.0206 N 
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3. Select the S and N that have the smallest S and 
an acceleration factor of less than 0.30: 
This is a 64-in. stroke length at 17.7 SPM. Note 
that the dimensionless pumping speed, N/No, 
is greater than 0.35. A tapered rod string will 
probably be selected. This will result in the 
dimensionless pumping speed decreasing to 
approximately 0.33 since N/No must be divided 
by the frequency factor, F,, which is larger 
than 1.0. This can be seen in Table 1, API 
RPllL. 

4. Select a rod string: 
A study of Fig. 2, API RPllL, indicates that 
to maintain an S,/S of 0.80 with an N/N,’ of 
0.33, F, /Sk r, the dimensionless rod stretch 
must be about 0.37. 
NOTE: S.G. = 0.976 (Assume G = 1.0 since 
Goi1 will bypass water in the tubing) 
F, = 0.340 x G x D2 x H 
G = 1.0 

D2 = (1.50)2 = 2.25 
H = 5050 ft (Assume lift depth, H, equals 

pump setting depth, L, for design 
purposes) 

Fo = 0.340 x 1.0 x 2.25 x 5050 = 3860 lb 
F,/Skr = 0.37 = 3860lSkr 

Skr = 3660/0.37 = 10,170 lb 
kr = 10,170/S = 10,170/64 = 159 

l/k, = E,L 
l/159 = E, x 5050 

Er = l/(159 x 5050) = 1.246 x 10~~ in./Ib-ft 

From Table 1, API RPllL, select a rod string for 
a 1.5-in. pump that will stretch less than 1.246 x 
low6 in./lb-ft. This string is a 65, which has a 
W, of 1.33 lb/ft, an Er of 1.119 x lo-ain./lb-ft, 
and an F, of 1.103. 

NOTE: If a 64 string had met the Er requirements, 
it would not have been selected because l/2-in. 
rods are easily damaged. 

5. Check calculated rod stress against allowable 
stress: 

a. W = WrL = 1.33 x 5050 = 6720 lb 
Wrf = W (1 - 0.128 x G) = 6720 (l- 0.128 x 

1.0) = 5860 lb 
Fo =3860lb 

l/kr =E, x L = 1.119 x 1o-6 x 5050 = 
5650 x 10-s 

Sk, =S/(l/k,) = 64/(5650 x 1O-6 ) = 
11,330 lb 

Fo/Skr =3,860/11,330 = 0.34 (This is satis- 
factory as it is less than 0.5) 

b. N/No= 17.7 x 5050/245,000 -= 0.367 
c N/N& = (N/No)/Fc = 0.367/1.103 = 0.331 

c. Using F,Skr of 0.34 and N/No of 0.367, 
determine Fl/Skr from Fig. 3, API 
RPllL and Fz/Skr from Fig. 4, API 
RPllL. 

Fl/Skr = 0.61 
FeSkr = 0.255 

d.PPRL = Wrf + (Fl/Sk, x Sk,) = 5860 + 
(0.61 x 11,330) 

= 5860 + 6920 = 12,780 lb 
e.MPRL = Wrf - (Fz/Skr x Skr) = 5860 - 

(0.255 x 11,330) 
=5860 - 2890 = 2970 lb 

f. (PPRL - MPRL)/PPRL x 100 = (12,780 - 
2970)/12,780 x 100 

=(9810/12,780) x 100 = 76.8% 
g. Calculated rod stress = PPRL/Area of 

Top Rod 
=12,780/0.442 = 29,000 lb/in2 

h. Allowable rod stress, from Fig. 5, Curve 
for API Class C Rods 

=28,600 lb/in.2 
i. Overload = 29,000 - 28,600 = 406 .lb/in.2 
j. Percent Overload = (400/28,600) x 100 = 

1.4% 

NOTE: Recall that the specific gravity of the fluid 
z was assumed to be slightly higher than that 
calculated. Also recall that the fluid level in the 
annulus was assumed to be at the pump intake for 
design purposes. It will also be possible to reduce 
the pumping speed in the final design because Er 
is less than the calculated required value. It is 
therefore believed that the 65 rod string will be 
satisfactory and will not be overloaded in the final 
design. 
6. Check to see if the pump can be pulled: 

The critical point will be the top rod in the 
bottom section. The fluid load that must be 
lifted to unseat the pump is related to the 
internal diameter of the seating nipple. The 
65-rod string and the 1.5~in. pump indicate that 
2-3/8-in. OD tubing can be used. Seating nipple 
data can be found in “API Specification for 
Subsurface Pumps and Fittings,” API Std. 
11 AX, Pages 38 and 39. 

Calculations: 
a. ID of seating nipple = 1.78 in. 

F, = 0.340 x G x D2 x H = 0.340 x 1.0 x 
1.78? x 5050 = 5440 lb 
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b. 

C. 

d. 

e. 

f. 

Weight S/8-in. rods in air = 1.135 lb/ft 
Fraction of S/8-in. rods in the string = 
0.608 (Table 1, API RPllL) 
Feet of S/8-in. rods = 0.608 < 5050 = 
3070 ft 
w = 1.135 x 3070 = 3480 lb 
Wrf = 3480 x 0.872 = 3020 lb 
Additional buoyancy = Area of S/8-in. rod x 
feet of 3/4-in. rods x 0.433 lb/in.2-ft 
= 0.307 in.2 x (5050 - 3070) ft x 0.433 
lb/in 2-ft 

=263 lb 

Load on top S/8-in. rod while unseating 
pump, assuming no friction = F0 t W rf - 
buoyancy effect of the cross sectional area 
of the S/8-in. rods on the 314 in. rods 

-- 5440 + 3020 - 263 = 8197 lb 
Calculated stress = 8197/0.307 = 26,706 
lb/in.2 
Allowable stress = yield strength x 0.8 
Yield strength equals 60,000 lb/in.? mini- 
mum (from suppliers’ literature). 0.8 
supplies a minimum safety factor. Sand 
or scale deposits around the pump seat 
can drastically increase the force requir- 
ed to unseat the pump and does result in 
stripping jobs. Maximum allowable stress = 
60,000 x 0.8=48,000 lb/in.2 

NOTE: If a 64 rod string had been used, the cal- 
culated stress required to unseat the pump would 
have been increased to 29,300 lb/in.2 This becomes 
a major problem in deep wells where small pumps 
and large seating nipples are run in conjunction 
with small rods. It is concluded that the pump can 
be pulled if sand or scale does not interfere. 

7. Redetermine Pumping Speed: 
. a. PD= 0.1166 S(Sp/S)D2N; 

(Sp/S) N = PD/(0.1166 x S x D2) 
(Sp/S)N = 237/(0.1166 x 64 x 2.25) = 
237/16.8 = 14.13 

b. Fc = 1.103 (From Step 4) 
c. Fo/Skr = 0.34 (From Step 5) 
d. Refine N so resulting (Sp/S)N will 

equal 14.13. 

Find Sp/S From 
Assume Calculate API RPllL Resulting 

N N/No’* Fig. 2 (S,P/S)N 

17.7 0.331 0.81 14.35 
17.6 0.329 0.81 14.26 
17.5 0.327 0.80 ’ 14.08 
17.55 0.328 0.805 14.13 

Pumping speed should be 17.55 SPM, since 0.805 x 
17.55 = 14.13 

* N/No’ = N NL 
NoxFc = 245,000 x 1.103 = 

5050 
( 245,m xm) N = 0.0187N 

8. Fill out an API RPllL Calculation Sheet: 
The completed calculation sheet is Fig. 6. 

Sektion of Surface Equipment 
1. Figure 7 indicates a 160 unit would be too 

small, because : 
a. Torque at polished rod = 149,500 in.-lb 

(Line 25, Fig. 6) 
b. API gear box torque rating = 160,000 in.-lb 
c. 149,500/160,090 = 0.934 
d. From Fig. 7, maximum possible efficiency 

factor, assuming a new unit = 0.875 
e. Minimum gear box required = 149,500/ 

0.875 = 171,000 in.-lb. 

A unit with a 228,000 in.-lb gear box should 
be selected. 
The efficiency factor from Fig. 7 will be 
approximately 0.83, and the gear box torque 
will be approximately 149,500/0.83 = 180,006 
in./lb. 
Beam capacity should exceed PPRL by a mini- 
mum of 20 percent. Therefore, minimum beam 
rating or structural capacity should be 12,660 
x 1.20= 15,200 lb. 
From API Std. llE, the nearest API capacity 
is 17,300 lb and will be sufficient. 
Maximum stroke length should also be greater 
than design stroke length by 10 to 20 percent. 
Maximum stroke length should exceed or equal 
64 X 1.10 or 70.5 in. Select a unit with a 74-in. 
maximum stroke. 
Counterbalance ordered should exceed CBE by 
approximately 10 percent. Order 8250 x 1.10 = 
9100 lb of effective counterbalance at the 
polished rod at the 90° crack angle position. 
Primemover Selection: Figure 8 is used in 
conjunction with the polished rod horsepower 
obtained from the design calculation sheet 
to estimate the primemover brake horsepower 
requirements as follows : 
a. (4960 x PRHP)/Gear box rating = 

(4960 x 12.1)/228,000 = 0.264 
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b. From Fig. 8, assuming a new unit, 
efficiency = 0.63. 

c. Brake horsepower required = 
12.1 PRHP/0.63 Eff. = 19.2 BHP 

Assuming a NEMA Class D electric motor and 
a cyclic load factor of 0.75, order a 25-HP 
motor (19.2/0.75 = 25.6). 

6. V-Belt Drive Selection: The standard sheave 
for a pumping unit gear box is seldom the 
optimum sheave for a specific installation. It 
is desirable that the unit be able to operate 
at speeds well below and well above present 
initial design speeds. Factors that must be 
considered in the selection are: 
a. Minimum recommended pitch diameters of 

sheaves: This is given in Table 3.1, “API 
Specification for Oil-Field V-Belting,” API 
Std. lB, Page 6. 

b. Maximum allowable velocity of V-Belts: 
The recommended maximum design velocity 
is 5000 ft/min. Supplement 1 to API Std. 
lB, March, 1965, allows maximum velocities 
to 6000 ft/min. without special sheaves, 
but pages 8-81 of “Standard Handbook For 
Mechanical Engineers” by Baumeister and 
Marks state that belt speeds over 5000 
ft/min. may require special materials or 
construction as well as balancing. 

c. Sheaves generally listed in manufacturers’ 
catalogs should be selected. These and 
sheaves available from some manufacturers 
are listed in Table A.1, API Std. 1B. 

d. The basic V-Belt drive formula is: 
SPM = RPM (PMPD/GBPD) (l/GBSR) 
Where: 
SPM = polished rod strokes per minute 
RPM = average revolutions per minute 

of primemover drive shaft 
PMPD = primemover sheave pitch diameter, 

inches 
GBPD = gear box sheave pitch diameter; 

inches 
GBSR = gear box speed reduction 

e. One manufacturer’s 228 double reduction 
gear boxes have speed reductions of 
28.45 and can be ordered with 24.6, 29.6, 
or 41-in. pitch diameter sheaves grooved 
for either five C-section or four D-section 
V-Belts. The 24.6~in. pitch diameter sheave 
is standard. 

With a 1120 RPM primemover, these 
sheaves will allow minimum strokes per 
minute of 14.5, 12 and 8.6 respectively 
with a g-in. pitch diameter C-section 

primemover sheave, and minimum strokes 
per minute of 20.8, 17.3 and 12.5 respec- 
tively with a 13-in. pitch diameter D- 
section primemover sheave. 

f. A belt speed of 5000 ftlmin. will result if 
a 14.2-in. sheave is placed on the 1120 
RPM primemover. A standard 14-in. pitch 
diameter primemover sheave is the largest 
sheave that would be recommended. This 
would result in maximum SPM of 22.4, 
18.6 and 13.4 respectively. The 41-in. unit 
sheave can be eliminated because the maxi- 
mum allowable speed of 13.4 SPM is below 
the design speed of 17.55 SPM. All of the 
D-section sheaves can be eliminated because 
the minimum allowable speeds are excessive. 
This leaves the 24.6 and 29.6 C-section 
sheaves. The 29.6-in. sheave should be 
selected because the minimum speed can be 
12 instead of 14.5 SPM. 

g. With a 29.6-in. pitch diameter gear box 
sheave, the initial design primemover sheave 
will be: 
SPM = RPM (PMPD/GBPD) (l/GBSR) 
PMPD = (SPM x GBPD x GBSR)/RPM= 
(17.55 x 29.6 x 28.45)/1120 = 13.2 in. 
Select 13.0 in. since this size is generally 
available. 

Calculations made above indicate the maxi- 
mum primemover sheave will have a pitch 
diameter of 14 in.; this will result in 
approximately 18.6 SPM. 

h. API Std. 1B gives a step-by-step procedure 
for calculating the horsepower that can be 
transmitted by one V-Belt. This procedure 
is too involved for normal field usage, so 
simplifying assumptions were made, and 
Figs. 9 and 9A were developed. Simplifying 
assumptions were: 
(1) The average RPM of the primemover 

(2 

(3 

is 1120. 
The speed ratio (pitch diameter of 
larger sheave divided by pitch diameter 
of smaller sheave) is greater than 2.0. 
The center distance is equal to the 
sum of the sheave pitch diameters. 

i. V-Belt-drive design horsepower can be 
determined using either of two formulas 
supplied in API Std. 1B. 
(1) The recommended formula is: 

Design HP = crank shaft torque in 
in-lb x SPM/70,000 

(2) The other formula is: 
Design HP = average HP transmitted 
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x service correction factor 
(3) For the initial installation, the V-Belt- 

drive design HP will be: 
171,000 in.-lb x 17.55 SPM/70,000 = 
42.9 

(4) Maximum V-Belt drive design HP 
will be: 
228,006 in.-lb x 18.6/70,080 = 60.7 

(5) The horsepower that can be transmitt- 
ed with one C-section V-Belt is then 
determined from Figs. 9 or 9A and is: 
Initial installation (13~in. pitch diameter 
sheave) : Horsepower per C-section 
belt = 17.2 
Maximum installation (14-in. pitch 
diameter sheave) : Horsepower per 
C-section belt = 18.7 

(6) The minimum number of belts required: 
Initial installation = design HP/HP 
per belt = 42.9117.2 = 2.49, or 3 belts 
Maximum installation = 60.7118.7 = 
3.26, or 4 belts 
NOTE: Neither design calls for a suf- 
ficient number of belts to fill the five C- 
section grooves in the gear box sheave. 
Therefore, a four-groove sheave should 
be selected. 

Selection of Subsurface Equipment 
1. Gas Anchor: 

a. The pump intake will be below the casing 
perforations, so a natural gas anchor can 
be selected. 

b. Two-in. nominal tubing can be used with 
the 1.5-in. pump and the 65-rod string 
selected earlier in the solution to Problem 
Four. 

c. The net area of the annulus between the 
5-l/2+. OD, 17-lb casing and the 2-3/8-in. 
OD tubing = (4.8922 -2.3752) 0.7854 = 
(24 - 5.64) 0.7854 = 14.4 h2 

d. Natural gas anchor capacity, BLPD = 
V x A/0.00935, where: 
V = Downward fluid velocity in a gas anchor 
which will allow large gas bubbles to flow 
upward. This is assumed to be 0.5 ft/sec 
but can be less if the produced fluids tend 
to foam or are viscous. 

A = Area of downcomer, square inches 

9702 in.s/bbl 
o60935 - Constant = 12 in./ft x 86,400 set/day 

NGA Capacity F 0.5 ftlsec x 14.4 in.!/ 
0.00935 = 770 BLPD 

This is far, above the required capacity of 
237 BLPD and should prove very satis- 
factory. 

e. Note that a poor boy gas anchor, utilizing 
2-3/8-in. OD tubing and a l-in. nominal 
line pipe dip-tube would have had a capacity 
of 0.5 x 1.76/0.00935 = 94 BLPD. 

f. Select a natural gas anchor that utilizes 
the full ID area of 5-l/2-in. OD, 17-lb 
casing minus the OD area of 2-3/8-in. OD 
tubing. 

2. Subsurface Pump: A study of API Std. llAX, 
“API Specification for Subsurface Pumps and Fit- 
tings,” March 1971, indicates that a thin-wall 
barrel rod pump can be selected for this installation. 
This pump is available with a stationary barrel and 
either a top or bottom anchor. It is also available 
with a traveling barrel and bottom anchor. The 
stationary barrel top anchor would be the most 
expensive, and the traveling barrel bottom anchor 
would be the least expensive. There should be 
less gas breaking out of solution with the top 
anchor pump, and volumetric efficiency should be 
higher, providing that the tubing perforations are 
opposite the pump intake if a natural gas anchor 
is utilized. 

If the pump is allowed to pound fluid, bottom hold- 
down pumps should prove more satisfactory. If 
scale build-up in the pump will be a problem, a 
thin-wall barrel rod pump should not be run because 
it cannot be built to stroke through. If this 
condition exists, and the designer changes out the 
2-3/8-in. OD tubing for 2-7/8-in., a stroke-through 

tubing pump should be considered. If sand is 
produced with the fluid, the top hold-down pump 
equipped with a sand check should be considered. 
Incidently, the sand check theoretically turns this 
pump into a two-stage pump, enabling l;.e pump to 
operate at a higher volumetric efficiency when 
pumping viscous liquids or gas-liquid mixtures if 
the pump is constructed and spaced out to give a 
high Compression ratio at the top and bottom of 
the stroke. 

Assuming that sand or scale is not a problem, 
and further assuming that the pump will not be 
allowed to pound fluid, select the stationary thin- 
wall barrel top anchor rod pump. The API RPllL 
calculation sheet indicates the plunger stroke length 
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will be approximately 51.5 in. Several factors can 
make the plunger stroke greater than that calculated. 
These include an effective operating fluid level 
above the pump intake, an operating speed greater 
than that calculated, a load on the gross plunger 
area less than calculated, and a polished rod stroke 
length greater than that used in the calculations. 
Any or all of these conditions will exist in a typical 
installation at some time. Therefore, the plunger 
should be able to travel a greater distance than is 
indicated by the design calculation. These conditions 
will also cause the plunger to operate in a different 
portion of the barrel. It is therefore recommended 
that a plunger travel of at least 60 in. be considered 
in the solution to Problem Four. The plunger 
length should be approximately one foot per 1000 
ft of pump setting depth, so a five-foot plunger 
should be selected. 

Shorter plungers are sometimes used in some 
low viscosity fluids, and shorter plungers are 
usually used in very viscous fluids. The use of 
plungers shorter than one foot per 1000 ft of pump 
setting depth in low viscosity fluids cannot be 
recommended because it is believed that this 
drastically reduces pump life. In addition, dynamo- 
meter surveys on some wells equipped with short 
plungers indicate that the plunger is “chattering” 
in the barrel. This should further reduce pump 
life and may decrease pumping unit, sucker rod 
and tubing life. 

The barrel length will have to exceed the plunger 
stroke plus the plunger length plus the length of 
the plunger fittings. API Std. 1lAX indicates that 
the length of the plunger fittings is lO-l/8-in. 
A minimum barrel length of 60 in. + 60 in. + 
lo-l/8-in. = 130-l/8-in. = 10 ft lO-l/8-in., or rounded 
off to 12 ft since it is the shortest usable standard 
length. The API designation of the pump selected 
is: 20-150 RWAC 12-5-O. 

3. Sinker Bars: 
GIVEN : 
Sinker bar factor = 0.40 in.2 (Table 2) 
G=l.O 
L = 5050 ft 
ASSUME : 
Twenty percent of the theoretical weight is required. 
SOLUTION : 
Theoretical weight = 0.40 in2 x 5050 ft x 0.433 

lb/in.2-ft x 1.0 = 875 lb 
Actual weight required = 0.20 x 875 = 175 lb 

The largest slim-hole rod coupling that can be 
run in the 2-3/8-in. OD tubing is a 7/8-in. slim- 
hole coupling, which has an OD of l-S/8-in. 
(Table 4.2, API Std. 11B). The nominal diameter 
of the pin’ on a 7/8-in. rod is l-3116 in. (Table 
3.1, API Std. 11B). The largest polished rods that 
can be run as sinker bars can also use 7/8-in. 
slim-hole couplings. These are l-l/4-in. rods, which 
also have a pin diameter of l-3/16 in. (Table 2.1, 
API Std. 11D). 

Weight of l-l/4-in. polished rods in 1.0 specific 
gravity fluid = 1490 lb/ft!/144 in.2/ft2’] (1.25)2 
(0.7854) [l - (62.4 lb/ft3/490 lb/fts)l = 
3.4 lb/in.a/ft x 1.227 in.2 x 0.872 = 3.63 lb/ft 

Feet of l-l/4-in. sinker bars required = 175 lb/ 
3.63 lb/ft = 46.2 ft = three 16-ft, two 22-ft and one 
11-ft, or five 11-ft polished rods (Table 2.1, API 
Std. 11D gives standard polished rod lengths). 
This length of l-l/4-in. polished rods (over 36.1 ft) 
will tend to buckle and therefore should be central- 
ized (See Fig. 10). 

4. Rod String: Earlier, a 65 API Class C sucker 
rod string was selected. The rod string length is 
equal to the pump setting depth, minus-the sinker 
bar length, minus the pump length, minus a portion 
of polished rod length. From Table 1, API RPllL 
find : 

ROD SIZE PERCENT FEET ORDER* 

314” (6/8” = 6) 39.2 1980 2025’ 
518” (S/8” = 5) 60.8 3070 3075 ’ 
*Table 3.1, API Std. 11B gives pony rod lengths. 
An adequate supply of the larger rod subs should 

be ordered for use in spacing out the pump. A 
sub and a centralizer will also be required above 
the pump. The size of this sub will be determined 
by the type pump run. It should be as large as is 
practical in order to transmit the weight of the 
sinker bars to the pump pull rod without buckling 
the sucker rod sub on the downstroke. 

Each time the rod string is pulled after initial 
installation, a rod sub approximately equal to S 
(polished rod stroke length) should be added to the 
string above the sinker bars, and a sub of equal 
length should be removed from the top of the string 
to change rod box tubing wear area. This procedure 
should be reversed when the total length of subs 
above the sinker bars equals or exceeds 25 ‘ft. 
Sinker bar centralizer on tubing wear area should 
also be moved when the pump is serviced. A coupl- 
ing and short sub should be placed on top of the 
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polished rod to facilitate servicing and to protect 
the polished rod threads so that the polished rod 
can be reversed. This coupling will also keep the 
polished rod from slipping through the carrier bar 
if the polished rod clamp is loosened or slips. 

a. Pump setting depth = approximately 5050 
ft (should be greater than distance to bottom 
of perforations, which are at 5010 ft + 
a minimum of 15 ft to remain out of 
turbulence at perforations). 

b. Sinker bar length = approximately 48 ft 
c. Pump length = plunger stroke length, Sp, 

where Sp = 51.5 in. + plunger length, 
which is 1 ft/lOOO ft of pump setting depth, 
or 6 ft maximum, or 5 ft for this inStalhtiOn, 

plus the length of the fittings. Estimated 
minimum total length is 12 ft. 

d. Portion of polished rod length = Sp x 2 = 
51.5 x 2112 = 8.6 ft, or rounded to 9 ft. 

e. Rod string length = 5050 - 48 - 12 - 9 = 
4981 ft. 

5. Tubing Anchor: A tension anchor is recom- 
mended. It should be placed in the tubing string at 
least 15 ft above the top of the casing perforations, 
which are at 4990 ft, but well below the operating 
fluid level, which should be above 4900 ft. 
6. Polished Rod: Table 2.1, API Std. llD, “API 
Specification for Miscellaneous Production Equip- 
ment,” indicates that a l-l/8-in. polished rod 
should be used with 3/4-in. rods. Length should 
be at least twice, and preferably three times the 
pumping unit maximum stroke of 74 in., or 2 to 3 
x 74112 s 12.35 to 18.5 ft. Select a 16 or 22-ft 
l-l/8-in. polished rod. The minimum polished rod 
length should equal the maximum polished rod 
stroke length, plus two times the length of stuffing 
box packing, plus the distance from the top of 
stuffing box to the top of polished rod clamp at 
bottom of stroke, plus the dynamometer mounting 
space above clamp (in some cases), plus the rod 
stretch. If the polished rod is spaced properly on 
the initial installation, it can be reversed when it 
becomes worn. A polished rod is excessively worn 
when the diameter has been reduced more than 
l/32 in. This actually depends on the capabilities 
of the stuffing box and polished rod velocity. Pits 
will destroy the packing. In many areas, common 
steel polished rods are purchased and a liner is 
installed to combat wear and corrosion. A l-3/8-in. 
OD liner would be used with the l-l/8-in. polished 
rod (Table 2.2, API Std. 11D). 

. 

PROBLEM FIVE - DISCUSSION OF OPTIMUM 
VIBRATION ANALYSIS 

Figure 11 is a Composite of dynamometer cards 
generated by Sucker Rod Pumping Research, Inc. 
using an electronic analog simulator. The con- 
trolling nondimensional parameters were N/No ’ 
and F,/Skr. This work was released to the Amer- 
ican Petroleum Institute, Division of Production, 
and was published in API BUL llL2 in December, 
1969. 

The horizontal reference lines which traverse 
each card represent Wrf, the weight of the sucker 
rod string in fluid. The distance from Wrf to the 
PPRL represents the value Fl/Skr, and the 
distance from W,f to the MPRL is F2/Skr. Making 
allowance for some shrinkage in the reproduction 
process, the vertical scale for the values of 
F l/Skr and F2 /Skr in Fig. 11 is one inch equals 
1.0. 

Each card represents a condition in which the 
tubing is anchored at the pump. Also, the dynamo- 
meter cards were generated using an assumption 
that the pump completely fills with fluid, and there 
is no fluid or gas pound present. This makes it 
possible to consider these cards as representative 
of very “healthy” pumping conditions. 

The use of this figure makes it possible to 
forecast the shape of a dynamometer card when the 
pumping design conforms to those conditions 
presented in API RPllL and which are recommended 
in this paper. The authors have found that field- 
generated dynamometer cards from properly design- 
ed wells correspond very favorably to the cards 
in this figure, even to the apparent anomalies. 

To use Fig. 11, the two controlling parameters, 
N/N,# and Fo/Skr, must be known. The represent- 
ative dynamometer card can be found at a position 
where the abscissa value and the ordinate value 
intersect. It may be necessary to interpolate 
between four of the cards using intermediate values 
of N/N, ’ and F,/Sk, to determine the shape of the 
card. 

From field experience feedback and practical 
considerations, the maximum values which can 
normally be tolerated on Fig. 11 are N/No’ = 
0.35 and Fo/Skr = 0.5. Values in excess of these 
can be, associated with conditions in which the 
pumping system needs considerable improvement 
in design. 

The dynamometer card which will most closely 
correspond to the solution to Problem Four is: 
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Q wrf 

T 0.60” 

iI 0.25” 

where : 
N/No’ = 0.33 

FolSkr = 0.34 
FI ‘Skr = 0.60 
FzlSkr = 0.25 

This particular card has a high load range. 
NOTE: Unless a sucker rod string has been 

designed properly, frequent rod breaks may be 
experienced. If this should occur, the situation can 
be corrected by installing a properly designed 
sucker rod string, or by using the existing sucker 
rod string, unless it is already fatigued, and operat- 
ing the system at lower values of N/No’ and/or 
FJSkr. 

It must be realized that the area of the card 
is associated with hydraulic horsepower, which in 
turn represents the volume of fluid being lifted. 
In varying the controlling parameters, it is quite 
possible that the hydraulic horsepower will also be 
varied. A loss in production may be the price 
paid for correcting the parted rods problem by 
decreasing the N/N,’ and/or Fo/Skr. 

A most important consideration in varying the 
controlling parameters is to make certain that the 
well is properly counterbalanced, or with lower 
values of N/N,’ and Fo/Skr, negative torque can 
be experienced in the faster portion of the stroke. 
That condition cannot be tolerated by the pumping 
system. 

Skillful use of Fig. 11 provides a much more 
accurate tool in analyzing dynamometer cards than 
by using card orders. The use of the figure is 
highly recommended as a diagnostic tool. 

SUMMARY OF DESIGN 

1. Well Capacity @ 135 psig = 166 BFPD 
2. Calculated Pump Displacement Needed = 237 

BFPD (Assuming 70% Vol. Eff. ) 
3. Sucker Rod String and Associated Components 

a. API Class C, Size 65 sucker rods 
b. Sinker Bars. 

Install 48 ft of l-l/4-in. sinker bars 
(polished rods) using a combination of 
either three 16ft rods, two 22-ft and one 
11-ft rods, or five 11-ft rods. 

4. Subsurface Pump and Associated Components 
a. Install a pump with an API designation of 

26-150 RWAC 12-5-O. 
b. Install 2-3/8-in. OD tubing. 
c. Install a 1.78~in. ID seating nipple. 
d. Tubing to be anchored using a tension- 

type anchor placed 15 ft above the top of 
the casing perforations. 

e. Install a natural gas anchor using 2-3/8-in. 
OD tubing. 

5. Polished Rod 
Install either a 16-ft or a 22-ft l-l/8-in. polish- 
ed rod with a l-3/8-in. OD polished rod liner, 
if a liner is required. 

6. Pumping Unit 
a. A 228,996 in.-lb gear box should be 

selected. 
b. Beam rating or structural capacity should 

be 17,396 lb. 
c. Maximum stroke length should be 74 in. 
d. Order 9166 lb of effective counter balance 

measured at the polished rod at the 90’ 
crank angle position. 

7. Primemover System 
a. Install a 25-horsepower NEMA Class D, 

1120 RPM electric motor. 
b. Install a 29.6~in. pitch diameter C-section 

gear box sheave, grooved for five belts. 
c. Install a 13.~in. pitch diameter C-section 

primemover sheave, grooved for four belts. 
d. Install three C-section V-Belts. 

8. Recommended Initial Operating Conditions 
a. Select a 64-in. stroke length. 
b. Operate the unit at approximately 17.55 

SPM. 

CONCLUSION 

It is now possible to size beam pumping equip- 
ment much more accurately on initial installations 
and to determine that such equipment is also sized 
correctly on existing installations. The method 
presented in this paper for designing optimum beam 
pumping equipment for suitable wells is highly 
recommended and is believed to be much better 
than the methods formerly used. 
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NOMENCLATURE AND DEFINITIONS 

a 

A 
AF 

C 

CBE 

cg 
D 

Dx 

Er 

Et 

FC 

FL 

FX 
Fo 

Cross section area of casing-tubing annulus, 
square inches 

Area of downcomer, square inches 
Acceleration factor 

Acceleration factor, #& 

Counterbalance effect measured at the 
polished rod at the 90° crank angle, 
pounds 

Gas gradient correction factor (Fig. 2) 
Pump plunger diameter, inches 
Depth from the surface to the pressure 
point under consideration, feet 

Elastic constant of sucker rod string, 
inches per pound foot 

Elastic constant for tubing string, inches 
per pound foot 

Frequency factor, a constant of propor- 
tionality which depends on the sucker rod 
string and the speed of sound in steel 

Distance from the surface to the fluid 
level, feet 

Liquid gradient correction factor (Fig. 1) 
Static fluid load, in pounds per foot, on 
the gross plunger area multiplied by H, 
the net lift in feet, pounds 
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Ff Fluid load on the gross plunger area plus 
maximum upstroke dynamic effects, 
pounds 

F2 Dynamic effects on the downstroke, pounds 
F3 Polished rod horsepower factor 

2 Dimensionless sucker rod stretch 

6 Specific gravity of produced fluid 
GBPD Gearbox sheave pitch diameter, inches 
GBSR Gearbox speed reduction factor 

H Net lift, approximated by the distance 
from the surface to the operating fluid 
level in the tubing-casing annulus, feet 

kr Spring constant of the total sucker rod 
string, and represents the load in pounds 
required to stretch the total sucker rod 
string one inch 

j$ Elastic constant for the total sucker rod 
string, inches per pound, also equals 

Er XL 

k t Spring constant of the unanchored portion 
of the tubing, and represents the load in 
pounds required to stretch the unanchored 
portion of the tubing (between the anchor 
and the standing valve) one inch 

1 
kt Elastic constant for the unanchored portion 

of the tubing string, inches per pound, 
measured from the standing value to the 
tubing anchor; also equals Et x L uB 

L Length of the sucker rod string, feet 
MPRL Minimum load at the polished rod during 

the pumping cycle, pounds 
N Pumping speed, strokes per minute 

N, Natural frequency of a nontapered sucker 
rod string, strokes per minute 

NO’ Natural frequency of a tapered sucker rod 
string, strokes per minute 

e Dimensionless pumping speed factor for 
nontapered sucker rod string, also equals 
(NL) + 245,999 

$ Dimensionless pumping speed factor for 
tapered sucker rod string, also equals 
(N/No) + Fc 

Pab Atmospheric pressure, pSia 

PBHP Producing bottomhole pressure, psia 
P, Casing pressure, psig 
PD Bottomhole pump displacement assuming 

199% volumetric efficiency, barrels per 
day, also equals 0.1166 x SP x N x D2 

PMPD Primemover sheave pitch diameter, inches 



PPRL Peak load at the polished rod during the 
pumping cycle, pounds 

‘ir Reservoir pressure, psia 
PRHP Horsepower at the polished rod 

PT Peak torque, inch-pounds 
P,f Rottomhole pressure, psia 

PX Pressure at the pressure point (Dx; 

under consideration, psia 
q. Liquid producing rate at some value less 

than maximum, bbls. per day 
qJmaz.1 Maximum producing rate at 100% drawdown 

pressure rate with reservoir pressure 
at maximum, barrels per day 

,* Producing rate as a fraction of maximum 
producing rate 

8 Ordinate from Fig. 1 
aP’o’4 where Q = MSCF/D, a = in2, and P = psi 

RPM Revolutions per minute 
S Polished rod stroke length, inches 

S.G. Specific gravity of fluid in tubingcasing 
annulus 

Skr Pounds of static load necessary to stretch, 
the total sucker rod string an amount 
equal to the polished rod stroke length, 
also equals S + (l/kr) 

Sp Bottomhole pump stroke, inches; 
SP Sp also equals (-S-x S) - ~(Fo x&) 

when the tubing is not anchored. If 
the tubing is anchored at the pump, the 

(F, x:&) term becomes zero. 

SPM Pumping speed, strokes per minute 

3 Dimensionless plunger stroke factor 

SV Standing valve 
Ta Torque adjustment for peak torque for 

values of Wrf/Skr other than 0.3 
V Downward fluid velocity in a gas anchor, 

feet per second 
W Total weight of the sucker rod string in 

air, pounds 
Wr Weight of sucker rod string in air, pounds 

per foot 
W rf Total weight of the sucker rod string in 

well fluid, pounds 

g Weight of the sucker rod string in well 
fluid compared to the weight necessary 
to stretch the sucker rod string one 
polished rod stroke length, dimensionless 
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0.128 Weight of a cubic foot of fresh water, 
62.4 pounds, divided by the“weight of a 
cubic foot. of steel, 489 pounds 

0.34 Weight of a column of fresh water in a 
cylinder having a diameter of one inch 
and a height of one foot, pounds; also 
equals 0.433 x 3.1416 c 4 

0.433 Weight of a column of fresh water having 
a volume defined by a cross sectional 
area of one square inch and a height of 
one foot, pounds. 
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Figure 4 I .-_. _.- _. +.- -:- 
Nomograph Considering Dimensionless Pumping : j j 1 1 i 

Speeds and Acceleration Factor Limitations : i 
I 

1 I 
.._.. -_- -.- .A.-- _ -L . --.I- . _ _L'r.. i- _ .___ -. ..- -' 

1000 

POLISHED ROD STROKE LENGTH, INCHES 

Selection of Type of Sucker Rods 



BEAN PUMPINO UNIT TORQUE 
EFC ICIEWCY FACTOR *TOROUE AT 
THE POLISHED ROO/TOROUE ON 
THE 6EAR BOX 

SEAM PUMPING UNIT 
liORSEPOWER EFFICIENCY FACTOR = 
POLISHED ROD HORSEPOWER/ 
PRIME MOVER BRAKE HORSEPOWER 

Figure 6 
A Completed Design Calculations Sheet, 

Conventional Sucker Rod Pumping System 
(After API FWllL) 
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Figure 9A 
Horsepower Capacity of One V-Belt @ 1120 RPM 

REPRESENTATIVE DYNAMOMETER CARDS 

Figure 9 
Horsepower Capacity of One V-Belt @ 1120 RPM 

.w-‘--‘T ” ’ ’ ” ’ ” ‘v’ 
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j 

.I .t .3 & .4 .t .b 

Figure 11 
Representative Dynamometer Cards 

Figure 10 
Compressive Force Required to 

Initiate Buckling of Rods 
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Table 1 
Pump Plunger Sizes Recommended 

for Optimum Desiga 
PUW DEPTH 

An0 
FLUID LEVEL FLUID PRODUCTION, BARRELS PER DAY - 100% VoLUtlETRIC 

25 50 75 100 

EFFICIENCY 1.00 SPECIFIC - 

FEET 

GRAVITY 

200 300 400 500 600 700 SO0 900 IO00 

1000 1 .Ob 1.06 I .25 I .50 1.75 1.75 2.25 1.50 2.25 2.25 2.25 2.75 I.50 2.00 2.00 2.75 . 2.75 
2.50 2.50 2.50 2.50 j 

2000 I .Ob I .Ob 1.25 1.50 1.75 1.75 2.25 2.25 I .50 1.50 2.00 2.25 2.25 2.75 2.15 1 2.00 2.15 
2.50 2.50 2.50 2.50 

3000 I .Ob 

4000 I.06 I I .Ob I.25 .50 I I.75 I .75 2.25 2.25 2.25 2.25 I.50 I.50 2.00 2.00 2.75 I 2.75 2.75 
2.50 2.50 2.50 2.50 

! 
/ 

5000 1.06 1.06 1.25 1.50 1.50 I.50 2.00 2.00 I 2.25 2.50 
2.50 2.50 : 2.50 ' 

6000 I .Ob 1.06 I 
.25 1.25 1.25 1.75 1.75 

I 

1.50 2.00 2.00 2.25 2.25 

7000 1.06 1.06 I .Ob 1.25 1.50 1.50 

1.25 2.00 2.00 2.25 2.25 

8000 1.06 I .Ob 1.25 
1.25 1.50 

LEGENO: 

1.25 1.75 1.75 2.00 IN THIS TABULATION SURFACE PUHPING STROKES 

9000 
UP TO 120 INCHES ONLY ARE CONSIDERED. 2". 

I .06 1.06 1.06 1.06 2-i/2@' mm NOMINAL TUBING 1.50 3" ARE CONSIDERED. 
1.75 TOP LINE INDICATES PLUNGER DIMETLR, INCHES. 

10000 
TO USE WITH API CLASS C RODS. IF TOP LINE 

I .Ob 1.06 1.06 I .06 IS CAPABILITIES OF 1.50 BLANK, CLASS C RODS WILL 
I.75 , BE EXCEEDED. 

EXPLANATION OF TABLE OF PUMP PLUNGER 
SIZES RECOMMENDED FOR OPTIMUM DESIGN 

The pump plunger sizes considered in construct- 
ing this table agree with those listed in API RPllL 
and differ from the API pump plunger sizes listed 
in API Std. llAX, “API Specification for Subsurface 
Pumps and Fittings,” in that a 1.05 (l-1/15&.) 
pump is not listed in 1lAX and a 1-25/32-h pump 
is not covered in 1lL. 

API RPllL covers 3.75 and 4.75-h plungers, 
but these were not considered because the tubing 
size was limited to 3-h nominal in this study. 

when an optimum design called for an excessively 
long polished rod stroke length because the tubing 
ID limited the sucker rod sizes which could be 
considered, the optimum design for the next larger 
tubing size was considered. For example, to lift 
75 BFPD from 8000 ft with 2-h nominal tubing 
in the well, a 1.~in. plunger and a 100-h pol’ished 
rod stroke is required, while 2-1/2-h nominal 
tubing allows the 75 BFPD to be lifted with a 1.25-in. 
plunger and with only a 48-h polished rod stroke 
length. This reduces the calculated peak polished 
rod torque at the polished rod from 199,000 to 
111,000 in.-lb. For these reasons, a 1.25-h 
plunger was selected as optimum in this instance. 

NG:rss BOTTOM LINE INDICATES PLUNGER DIAMETER, 

JAN. 21, 1971 INCHES. TO USE WITH API CLASS D RODS. IF 
BOTTOM LINE IS BLANK, AND TOP LINE IS NOT, 
USE PLUNGER DIAMETER INDICATED ON TOP LINE. 

IF 801~ LINES ARE BLANK, CAPABILITIES OF 
CLASS D RODS WILL -GE EXCEEDED. 

Table 2 
Sinker Bar Factor Table 



Table 3.1 
Groove Dimensions for V-Belt Sheaves 

See Fig. 3.1 
All dimensions in inches, except as shown. 

1 2 3 a 66789 io 11 12 13 14 16 

?Em- 
Standard-Croon Dimrnrionr Deep-Growe Dimrnaion~ L k!t:II - , . 

mended No. 
section Pitch Pitch 

Grhy W;ph Dcopith Gmorc Edge W;#th D',"i" Groove Edge 
Adden- Spat- Dir- 

S?ldol Diunetor Diameter GZVCl deg ’ 
G*oz GroaD’* 

A::? &me- Dia- 
ina7 

X 
1%~ tap Groo;e Gye d;m S ta;w 

0.490 0.490 0.126 96 % Not Applicable %. . . . A 3.0. 0.494 0.490 0.126 % SC 0.689 0.646 0.280 ?s 
0.604 0.490 0.125 H % 0.611 0.646 0.280 W ?m 

Not . 34?4 0.620 0.626 0.376 j6 
A-B 34% 0.620 0.625 0.376 % 8 

Appljcable 

.: 
Not Applicable __. 

0.640 0.626 0.376 # 34 Not Applicable .--.... 
0.630 0.580 0.176 % % Not Applicable 

B 6.4' 0.637 0.580 0.176 % % 0.747 0.760 0.366 ?i +b 
0.660 0.680 0.176 % % 0.774 0.760 0.356 W A 

0.879 0.780 0.200 1 ft Not Applicable 
C 9.0. 

0.879 0.780 0.200 1 14 1.066 1.085 0.606 1% 
0.887 0.780 0.200 1 f& 1.085 1.086 0.606 1% :z 
0.896 0.780 0.200 1 44 1.106 1.086 0.606 1% +) 
1.259 1.060 0.300 l* % 
1.259 1.050 0.300 lit w 1.5is 

Not Applicable 
1.465 0.716 1%. lib 

D 13.0. 1.271 1.050 0.300 ly’~ w 1.541 1.541 0.716 1% lrt 
1.283 1.060 0.300 lit x 1.569 1.541 0.715 1% lh 

1.816 1.745 0.845 2& 11% 
E 21.0* $ 18.0 to 24.0 

36 1.527 1.300 0.400 1% 1% 
1 Over 24.0 38 1.542 1.300 0.400 1% 1% 1.849 1.745 0.845 21% lt5 

*Below there diameters, horsepower ratings decrease sharply and rcsuk in less eCOnOmiCa driver. 

tPitch diameter of “A” rection. 

Table A.1 
V-Belt Sheave Sizes Generally Listed 

in Manufacturers Catalog 
--- -.- 1 I 3 4 -----c--- --?---L-L 8 -.-lo-!!-- A s.rtinn ronllllnll ,n A ,I scr,,lll, 

(These tables reproduced ~01 arl tesy API Division of Production ) 



Nil 
Nipple, Seating, Cup 

Type (Rod Pump) 

I N12 :I% Nipple Cantina ) “ruraa.~, 
Mechanical Bottom Lock 

N13 
Nipple, Seating, 2 Cup 
Type (Tubing Pump) 

UBING 
HREAD N14 

Nipple, Seating, 

Mechanical Top Lock 

----____ ----.-- .- _ 
1 2 3 4 

-_-.. ._ 

Dimcnhnrl Part Number 

sYmbo1 Nil-20 N14.26 NI4-SO 
..- -~.--___._- --p..z z 

‘TubiwThrcad 2#-nEU V&REU W.4dEU --__. 
iiu 

..-__- 
A 1.1176 2.844 -__ .-- - ---- -___- 
ID 1 .,*o 2.280 2.180 

-~___-- -... 

(These figures and data reproduced courtesy API Division of Production) 
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Table 3.1 
General Dimensions and Tolerances 

for Sucker Rods and Pony Rods All dimensions in inches except rod lengthr which are in feet. See Fig. 3.1. 

36 Y leOOO~:~~ n Y - - 26,29 1%,2,~,4,~,%lo,l~ 

n U 41.2603:;;; % 1% Not 2% 26 26,80 1%,2,8,4,6,8,10,12 

% lh 1.6003:~; 1 1% to 2% 26 26,80 i3L,44444w~ 

% l& 1.6263::: 1 136 Eh%ed 2% ---- 26,&O 1%,44444l4~ 

1 1% 2.0003:;;; lit 1% Dl 8 . . . . 26,20 1%,2,444410,~ 
1% l& 2.250fo.ola 1s 1% 3% . . . . 26,30 1%,2,8,46,8,~0,~ 

lldinimum length exelurive of fillet. 
SThr length of box-and-pin rods rhall be mrerured from contact fete of pin rhoulder to contact few of box. 
8The length of pin-and-pin rode shall be meaaurcd from contact face of pin rhoulder to contact few on the bold md of 

the coupling.- 
4Dimoaeion Dl of % in. box-and-pin ro& rhall be 1.676 m.016. 

Table 4.2 
Slimhole Coupling and Subcouplings 

Table 2.1 
Polished Rod Specifications 

(See API Std 1lB for polished-rod thread details) 

1 2 3 4 
Poli&&-Rod Thread Size 

‘Length, (Nominal Pin Size Sucker Rod 
(OD). in. ft. Dia., in.) with which used 
1 8. 11. 16 

21% 8. 11. 16. 22 1*,“;* 
11% 

.i?i 

z2 (upset) 

11i616$? 

1s: 52 
$ 1 

I 1 % 

IPolished rods in lengths ~rcater than 22 11 may be furnIshed hy XICTCCII~F~~ 
between purchaser and mnnufncturer. 

2tfi aad 11; in. polished rods may br furnnshed with an upset on one end if 
so specified on the purchase 0rdCr. 

3J’hc upset on 1% in. polished rods to be mndc sun one end onI?. nit! :L shouldr> 
diameter cqud to dimension D, (?.?50~.015 in.) in accordance with Std 11B. 
and the length of this shoulder parallel to the body of the rwl sba11 be ‘2 in. 
minimum. 

Table 2.2 
Polished Rod Liners Specifications 

~~ .1 I) 

*Aleo eke of rod with which coupling ie to be ueed. 

l Thrended End Size Polished Rod 
Connection with which used 

(UN-Class 2A) (OD), in. 

l?lJ l%--1G 1’8 
1% 1’2 - II? 
1% 1% - IG ::.: 

*See Handbook H?g. Screw-Thread Standards for Fed- 
eral Service: obtainable frqm Superi,nten(ent ,of Docu- 
,cg. U. S. Government Pnntlng 0R1cc. n ashlngton ‘25, 

. . 

(These tables reproduced courtesy API Division of Production ) 
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Table 2 
Pumping Unit Size Ratings 

*wxl 

29.800 

s1.500 100 

64o.m 100 

%E 2% , -- 
MO.cm 4?.1W II 

IM 

144 :::E 

01*.wo 

:::3 

,Z,,W 

::: 

IGIl 

-- -- 
-. 

.- . 

Table 1 
Rod and Pump Data 

Obese tables reproduced courtesy 

API Division of Production) 



&’ PEAK POLISHED ROD LOA,, 

Table 2 
Tubing Data 

2 3 4 6 
Elastic 

Outside hide M.?tSi Constant, 

Di’z?r~ 
Diameter, A=% 

in. 
in. per lb it 

sq. in. h+ _ 

1.900 1.610 0.800 0.500 x 10’ 

2.375 1.995 1.304 0.307 x lo-’ 

2.375 2.441 1.812 0.221 x IO-’ 

3.600 2.992 2.690 0.164 x lo-’ 

4.000 3.476 3.077 0.130 x lo-’ 

4.600 3.953 3.601 0.111 x lo-’ 

Table 3 
Sucker Rod Data 

- --- - 
---i- --- 2 3 4 

- Rod 
y”ei$t Elastic 

Metal , Constant. 

.&it 
AlT?S, 
sq in. lb Ff ft i”. pi?b ft 

w 0.196 0.72 1.990 x lo” 

w 0.307 1.13 1.270 x 10’0 

% 0.442 1.63 oh3 x 10-e 

?4 0691 2.22 0.649 x lo-’ 

1 0.i35 2.90 0.497 I lo-’ 

1% 0.994 3.67 0.393 x 10” 
----.___- 

2, PLUNGER STROKE FACTOR 
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Figure 3 

$ MfNlMUM POLISHED ROD LOAD 
05 r 

35 

04 0 4 
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0.1 01 

0 0 
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& 
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Figure 4 

(These tables and figures reproduced courtesy API Division of Production) 



-% PEAK TOROUE 
S2k. 

0.7 
9’ 
I 

3 

0.6 9.6 

I 

0.5 0.5 

21 

s2k, 

0.4 0.4 

0.3 0.3 

0.2 0.2 

0. I 0. I 

“ll 0‘ Y,f,b, 
O’,““““““““,““‘,‘,“‘, 0 

0 0.1 0.2 0.3 0.4 0.S 0.6 

!i 
NO 

Figure 5 

0.6 

l,,, ADJUSTMENT FOR PEAK TORQUE 

FOR VALUES OF 8 OTHER THAN 0.3 

Figure 6 

0.7 0.7 

0.6 0.6 

0.5 0.5 

0.4 0.4 

8% 

0.3 0.3 

0.2 0.2 

0. I 0. I 

0 0 
0 0.1 0.2 0.3 0.4 0.5 0.6 

-bl 
NO’ 

Figure 7 
(These figures reproduced courtesy API Division of Production) 
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0.8 

la, TORQUE ADJUSTMENT 

(FOR USE WITH FIGURE 7, API RPIIL) 
-\. 

. 
I I I I 

-2 0 2 4 6 8 IO 12 14 

PERCENTAGE VALUE OBTAINED FROM FIGURE 7, API RP IIL 

Figure 7a 

0.9 

0.8 

(This figure reproduced courtesy API Division of Production) 
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