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INTRODUCTION 

At first thought, oil well pumping systems ap- 
pear to be very simple devices. Indeed, in shallow 
wells the operation of the sucker rod, the pump, 
the walking beam, and the gear box is simple and 
straightforward. But no one who ‘has worked 
with deep well pumps needs to be told that in 
these wells the simple sucker rod system be- 
comes extremely complicated. Most of the COti- 

plication arises in the sucker rod, which is the 
part of the system that at first thought appears 
to be the simplest. Yet in a deep well the sucker 
rod ceases to act. like a simple solid, bar and be-. 
gins to act more like a rubber band. Detailed 
study of the sucker rod requires thorough 
knowledge of theories of : elasticity, vibration 
analysis, and wave propagation through solid 
materials. . 1 

,.. 
The complicated series of forces arising in the 

sucker rod-pump system play upon the parts of 
the pumping unit. This unit also appears to be a 
relatively simple device. Yet, on closer examina- 
tion, the walking beam, pitman, and crank link 
together in. a way that reacts subtly upon the 
sucker rod. At the driving end of this system lies 
the gear box. Probably this is the most expensive 
item in the entire system, and it ia the item that 
is most difficult to change once it has been in- 
stalled. Thus, there is considerable incentive to 
design the gear box correctly in the first place. 
Because of cost, there is considerable incentive to 
determine ways of using the smallest possible 
gear box. This paper will explore some of the 
ways that a pumping unit installation can be 
varied in order to change gear box torque. 

DESCRIPTION OF STANDARD WELL 

For the’purpose of this discussion we will con- 
sider one Qypical well. The statements that are 
made here are believed to be general and can be 
applied to any well. These ideas often are easier 
to visualize if they are presented in terms of a 
specific well. Table 1 presents the main features 

of this well. It is a somewhat average well. It is 
not extremely deep; neither is it a shallow well. 
The production rate, which is presumed +o be 
part oil and part water is fairly high, but not ex- 
treme. The well operates with a 160,ooO in-lb 
pumping unit. 

TABLE 1 

DESCRIPTION OF STANDARD WELL 

Description 

Depth 
Production rate 
Average liquid specific gravity 

4100 ft 
206 B/D 

0.94 
58.6 pcf 

Tubing 2-l/2 in. 
Tubing anchored at 4106 ft. 
Net llft 4166 ft. 
Sucker rods 3/4 in. 
Polish’ rod stroke 48 in: 

Pumping speed ,15 span 
Pump plunger diameter l-3/4 in. 
Peak polish rod load 14,066 lbs. 
Resonant pumping speed 59.9 spm 

Dimensionless pumping speed 0.25 
Dimensionless liquid ‘bad on sucker 

rod string . . -’ 0.36 
-., . , :. 

In-order to examine other pumping cohfigura- 
tions for the same well, the liquid loading on the 
sucker rods and the pumping speed can best be 
described in the dimensionless units that are 
shown as the last items in Table 1. The di- 
mensionless pumping speed is the ratio of the 
actual speed, 15 spm, to the speed at which the 
sucker rod string will resonate, 59.9 spm. At res- 
onant speed a standing wave motion will reside 
in the sucker rod. Forces at the pump will be 
low, but the pump travel will be many times 
greater than the -length of the polish rod stroke. 
Conversely, at the polish rod end of the rod 
string rod displacement will be low, but forces 
will .be so high that the rod ‘string would break 
immediately. Obviously we cannot operate in res- 
onant condition. This speed forms a convenient 
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reference point. Rod strings operating at the 
same fraction of resonant speed will exhibit the 
same dynamic behavior regardless of actual 
pumping speed. Thus, the 4100 ft well operating 
at 15 spm will exhibit the same sucker rod dyna- 
mics as a well 8206 ft deep operating at 7.5 spm, 
or a 2050 ft well at 30 spm. 

The dimensionless liquid loading on the rod 
string depends upon the diameter of the sucker 
rods, length of the rods, length of the polish rod 
stroke, and the weight of the liquid column lift- 
ed by the rods. The dimensionless loading is the 
ratio of weight of the liquid column to a weight 
that would stretch the rods for a distance equal 
to the polish rod Stroke length. In the standard 
well, a load of about 13,000 lbs applied to the bot- 
tom end of the 4100 ft of 3/4 in. sucker rods 
would stretch these rods 48 in., the length of the 
polish rod stroke. A smaller diameter rod string 
would require a smaller force to stretch this dis- 
tance, and conversely, a larger diameter string 
would require a greater force. The weight of the 
4100 ft fluid column lifted by the l-3/4 in. pump. 
plunger in this standard well is about 4000 lbs. 
Use of a larger plunger would, of course, increase 
the weight of the fluid column; a smaller plunger 
would decrease this weight. For this well, the 
dimensionless liquid loading on the rod string is 
the ratio of the 4000 lb liquid load to the 13,300 
lb loading required to stretch the rod string; this 
ratio is 0.3. 

The significance,of this dimensionless rod load- 
ing can be visual&d by consideration of a pump- 
ing system operating at very low speed. At low 
speed, the rod stretch due to the liquid load will 
be equal to the product .of dimensionless loading 
and the polish rod stroke length. Thus, for the 
standard well -at a dimensionless loading of 0.3 
and polish rod stroke of 48 in. the rods will 
stretch about 14.4 in. each time the traveling 
valve picks up the fluid load. The resulting pump 
plunger motion, then, will be 48 in. less 14.4 or a- 
bout 33.6 in. For a very low dimensionless load- 
ing the pump stroke will almost equal the polish 
rod stroke, and for a high dimensionless loading, 
approaching unity, almost all of the polish rod 
stroke will be used to atretch the rods. 

The two dimensionless variables, dimension- 
leas speed and dimensionless loading, can be used 
to furnish a complete description of the static and 

dynamic forces in the sucker rod string. All we 
with the same dimensionless loading and spy 
will operate in the same way regardless of t 
depth in feet, the rod diameter in inches and t 
pumping speed in strokes/minute. This sta 
ment presumes that the wells are in similar n 
chanical condition: that rod friction is about t 
same and that the pumps operate efficiently. 

CHANGES IN SUCKER ROD SYSTEM 

The pumping unit system for this standa 
well can be changed in either of two ways: t 
sucker rod system can be changed. or the pun 
ing unit can be changed. Changes in the sick 

rod system can be discussed in terms of chang 
in the dimensionless pumping speed and 
changes in dimensionless liquid loading on t 
rod string. 

The previous section stated that all wells c 
erating with the same dimensionless paramek 
will operate in the same way. Also, it is true tl 
the same well can be pumped with a wide ran 
of dimensionless parameters. For this well, t 
4100 ft depth and the 200 B/D production $ 
will be retained. Then the dimensionless pull 
ing speed can be changed within the range of.\: 
to 0.6, and the dimensionless liquid loading!i 
the rods can be changed through the range of ( 
to 0.7. These changes are accomplished by cha 
ging stroke length, rod diameter, and plunger i 
ameter. Conditions for several dimensionless p 
rameters are shown in Table II. This table reps 
sents sucker rod, pump and stroke length con 
gurations that will pump 200 B/D from a dep 
of 4100 ft. Some of the configurations may not ’ 
available commercially, but they are at lee 
within the range of commercially available equi 
ment. At low speeds, 6 spm, pump stroke mu 
be increased considerably in order to obtain tl 
200 B/D production rate: high pumping SW 
achieve this production rate with a relative1 
short stroke. Changes in dimensionless loadir 
are achieved by changing the plunger diameti 
and the rod diameter. Large rods are stiffer; thu 
for the same liquid load the ratio between liqu! 
load and stretch is less. The dimensionless liqul 
loading of 0.7 represents a heavily loaded rc 
string; this is achieved only through the use 4 
5/8 in. diameter rods and large plunger dian 
eters. Probably this represents a situation i 
which the rod string would be stressed too mucl 
Yet this condition. will be retained for the ir 
sight that it might give. 
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TABLE II 

PUMP SPEED, PLUNGER DIAMETER, STROKE LENGTH FOR DIFFERENT 

DIMENSIONLESS PARAMETERS 
I 

Pump S.peed 

Well Depth 4100 ft. Production Rate 200 B/D 

Rod Loading, Dimensionless 

Dimenaionleas SPm 
0.1 0.3 0.7 ‘i‘ ” 

0.1 6 

iz 15 

1.73 plunger 
104. stroke 

7/8 rods 

2.25 
80. 

3/4 

1.75 plunger 
48 stroke 

3/4 rodE 

3.08 
92.5 
5/g 

o.a -30 1.33 1.66 
1.05 plunger 27.6 

38.2 stroke 
26.5 

7/8 cods 
3/4 5/2 

xi- -G- 1.2 plunger 
23. stroke I 
3/4 rode 

Plunger diameter, stroke length, and rod diameter is in inches. 

Fig. 1 shows the shapes of the dynamometer 
cards that will result from the use of these varied 

~LIQDID LDADING 011 
sDcKERluJD~ 

liquid loadings and pump.speeds. Low speed, di- Dllm!iIm 
mensionless parameter of 0: 1, results in dynamo- DlMElW- 0.1 I 0.6 , a7 

meter Cards that are almost ideal parallelograms. 

aa,’ ‘Q Low loading results in a low wide card, and high 
loading .results, in a tall thin card. Increased 
pumping speeds bring increased dynamic effects 
into play and the card form loses its regularity, 
until at high speed, dimensionless parameter of 
0.6, the card is irregular ,indeed. 

Particular attention should be given to two val- + 

+ 

ues that can be determined from these dynamom- 
eter cards: the position along the length of the 
card at which the peak rod load occurs, and the 
magnitude of this rod load. Note, for example, 
that the peak rod load for pump speed of 0.1 and 
liquid load of 0.1 occurs very near to the left- 
hand end, the bottom end, of the card; whereas 
for a apeed of 0.1 and a loading of 0.7, the peak 
loading ‘occurs very near the right end of the 
card. This position of the peak rod load has a 
great influence on the torque developed in the 

0.6 

0.6 

Figure I 

gear box by this load. Table III summarizes the Dynamometer Card Shape For Varied Pump 
peak loads and the positions of these loads. In 
this table peak polish rod loadings are stated in 

Speed And Ror Loading 
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-P speed 
DimensionleSe 

0.1 

026 

05 

0.6 

TABLE III 
PEAK POLISH ROD LOAD AND POSITION OF LOAD 

Liquid Loading On Sucker Rod String, Dimensionle 
0.1’ ----..-- -- 0.3 

.-_ __ _.__ ~__ 
0.7 

15.6 M lbs 15.6 M lbs 19.7 M lbs 
0.131 0.376 0.746 

. ‘5 
&- 14.0 M IbE 

0.466 

13.5 M lb8 14.0 M lbs 16.0 M lbs 
0.205 0.588 0.801 

15.4 M lbs 
0.160 

Jv0t.e: The upper number for each speed and each dimensionless loading is the rod load in thousa 
of lbs; the lower number is the’polish rod position at which the peak rod load OCCUI’B. Po~iti 
rang- from 0.0 at the bottom of the polish rod stroke to 1.0 at the top of the stroke. 

thousands of pounds and the posihop is stated as changes between 10 per cent and 70 per cent 
a fraction ranging between 0.0 at the %ottom of the loading required to stretch the rod string 
the polish rod stroke and 1.0 at’ the top of the distance equal to the polish rod stroke. 
stroke. 

,_ L’ ; : L. _ Now the question arises: how can we take E 
With the range of rod diameters, plunger dia- vantage of these changes and of the position 

meters, pumping speeds, and polish rod stroke whitih’.the peak polish rod load occur’ to wi 
lengths described in the immediately preceding gear box torque? 
paragraphs and Jn. Table II, the well will pump 

:.-: 

200 B/D of liquid. The dynamometer cards?ary 
POLISH ROD .POSITION , ‘! 

widely for this range of conditions; the peak pol- Polish. rod load generates gear box tOG 
ish rod load occure. at positions ranging between The previously mentioned standard well is pun 
0.13 and 0.80. Rod load in pounds does not ed at a dimensionless speed of 0.25 and wit1 
change much from- 15,000 lbs,, except for one dimensionless loading of 0.3. Assume that t 
pumping conditiorl; but the dinienstonless loading weli is pumped with a regular square pumpi 

..‘* 
TABLE IV ’ 

-I‘ . TYPiCAL PUMPING UNIT DIMENSIONS 

,Regular-SquareRegular-long Pushup-Square Push Up-She 
Dimensiom unft Unft ’ yJ& Unit ’ 
.Beam 3.76 3.75 4.37 4.37 

Saddle Bearing to Horsehead 1.87 1.87 2.6 2.5 
Saddle Bearing to Tail Bearing 1.87 1.87 1237 1.87 

Crank 0.495 0.448 0.374 0.365 
Stroke 1.0 1.0 1.0 1.0 
Pitman 1.73 1.65 
Saddle Bearing to Crank Center 

p. 1.65 

Vertical 1.65 1.66 \‘,(),,. +i35 1.65 
Horizontal 1.87 2.36 .*,I,i’;, yi.87 1.5 

Note: Pumping unit dimensions are given in terms of stroke length. l?c$‘@,Square units distance k 
tween the saddle bearing and the tail bearing is the same as the horizontal distance between tl 
eaddle bearing and the crank center. For the Regular Long’ ahd’ the ‘Push Up Short units tl 
crank ceqter has.been,moved,eo,that the pitman is appr&i@$& iertical, and the crank ho 
zontal at&d stroke. --,,,., A.@yt;.. :,i 

i 
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“nit; that is, a pumping unit with the Samson 
Pst situated between the crank and the well. 
The word “square” indicates that the distance 
from the saddle bearing to the tail bearing is 
the same as the distance from the saddle bearing 
m the horsehead, and that the horzontal dis- 
tance between the saddle bearing and the crank 
centeris equal to the distance between the saddle 
bearing and the tail bearing; that is the crank 
center is immediately under the tail bearing 
when the beam is horizontal. Also, the crank is 
horizontal pointing toward three o’clock when 
the beam is horizontal. Typical dimensions of 
such a unit are shown in Table IV. 

The regular square pumping unit can be 
characterized by a torque factor curve as shown 
in Fig. 2 The numbers plotted on this curve are 
similar to the standard torque factors that are 
published for pumping units by each unit manu- 
facturer. The torque factors are divided by a 
number equal to l/2 of the stroke length. Thus, 
the curves on Fig. 2 might be expected to have 
3 peak value for upstroke and downstroke torque 
lactors of about 1.0. Note, however, that the 
egular square unit has a peak torque factor 
ibout 1.05 and that this peak occurs at a polish 
od position of about 0.39. The torque factor 
n excess of 1.0 indicates that there is some 
nultiplication of torque through the bItages 

n the pumping unit and that, at the peak, the 

I.1 

a 

0.5 

1.0 

G&i--l- A - REQULAR SOUARE 

\\?A 
I 

0 - REQULAR LONO 
C - PUIH UP SOUARE 
0 - PUSH UP SHORT 

Pumping Unit Torque Factors 

polish rod load is effective for torque generation 
at a lever arm that is about five per cent greater 
than l/2 of the stroke. 

The calculation of gear box torque is achieved 
by multiplication of torque factor and eeak 
polish rod load; the resulting torques are 

plotted on Fig. 3. This figure also contains a 
reproduction of the ,dynamometer card, the’ 
counterweight. torque, and restthing net torque 
for this well. The polish rod load plotted here 
is divided by the peak polish rod load so that 
this graph runs through a range of 0 to 1.0. The 
dynamometer card is plotted in two ways: first, 
as a conventional closed loop, and second, with 
the bottom half of the curve folded out so that 
it can be compared with the downstroke torque 
curve. The torque that is plotted on this figure 
is a dimensionless torque. The numbers are de- 
rived by dividing the crank torque, measured in 
inch-pounds, by the product of the peak polish 
rod load and I/2 of the stroke length. Thus, for 
the standard well the peak torque caused by 
polish rod load is 346,500 in-lbs at a stroke of 48 
in. An ideal peak torque might be considered to 
be the product of the peak polish rod load of 

Regular Square Unii Loading4.3; Speed-O.25 
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13,806 lbs and 24 in., or 331,500 in.-lbs. The 
346,500 in.-lbs torque is 5 per cent greater 
than this and plots as the number 1.05 on Fig. 3. 

The vertical line in the torque graph on Fig. 3 
indicates the polish rod position, 0.39, at which 
the peak torque factor occurs for a regular square 
unit. Note that this position is very ClOSe to the 
position at which the peak polish rod load OctiUW 
0.47. Thus, torque factor and polish rod load 
both are, high at the same time. The net result 
of this is a fairly steep shape to the curve that 
represents the torque generated by the polish 
rod load. 

The torque generated by counterweights also 
is plotted on Fig. 3. The counterweight has been 
chosen at 9800 lbs (polished rod effect) so that 
the net peak gear box torque on upstroke will 
equal the net peak gear box torque on down- 
stroke. The net torque curve also is plotted on 
Fig. 3. ‘The peaks of this curve are at a torque 
of about 0.36. 

As the torque curves on Fig. 3 are examined in 
order to determine what might be done in order 
to reduce the net gear box torque, several things 
come to mind. If a pumping unit-sucker rod 
combination can be developed so .that the ,peak 
torque factor for the pumping unit and the peak 
polish rod load do not occur at the same pol- 
ished rod positoin, the resulting polish rod torque 
curve will be flatter 4 and not as high as the 
curve on Fig. 3. .Then, too, if the pumping unit 
can be changed so that the peak upstroke torque 
curve from the polish rod is more nearly 
equal to the peak ‘downstroke, curve from the 
polish rod, these ‘peaks can be counterbalanced 
to a lower net torque curve. In order to do this, 
we can consider’ pumping this well with dif- 
ferent dimensionless loadings, at different dimen- 
sionless pumping speeds and with different kinds 
of pumping units. 

We have considered three other pumping units 
in addition to the regular square unit. The 
dimensions of these other. units are shown in 
Table IT’. The second unit is a regular unit; 
that is the Samson post is between the crank and 
the well. Except, for this unit, which I have 
named “regular-long” unit. the crank center 
has been moved away from the well .by a dis- 
tance approximately equal to the crank length. 
For this unit, the angles, at mid-stroke, between 
the beam and pitman and between the pitman 
and the crank are both right angles. Thus, we 
might expect a lower upstroke torque factor for 
this unit than for the :regular square unit. The 

third’pumping unit considered is designa 
a “square push up” unit. For this unit the 
js located between the Samson post and the 
the horizontal distance between the 
bearing and the tail bearing and betw 
saddle bearing and the crank center are 
For this unit, as well as for the regular 
unit, the crank, center is immediately un 
tail bearing when the beam is horizontal. 
fourth unit considered is similar to the s 
push up unit except that the crank 
has been moved toward the samson 
a distance approximately equal to th 
length. For this unit the angles 
by the beam and the pitman and 
pi tman and the crank at midstro 
right angles. The short push up 

analogous to the long regular unit; 
might be expected to have lower t 
at ‘the middle of the upstroke th 
regular square unit or the push up sq 
Fig. 2 shows the torque factor curves 
units. Table V summarizes this inf 
showing the peak factor and the 
position at which this peak torque fa 
From the viewpoint of this analysis, 
long unit appears to offer the greatest 
for reduction of ‘upstroke torque and 
of downstroke torque. On the other ban 
torque peak for the square push up unit oc 
well above the mid point of the stroke, so 
this’ unit might be used advantageously wi 
dynamometer card in which the peak polish ro& 
load occurs at a low polish rod position. 

MOST EFFECTIVE PUMPING UNIT-SUCKE 
ROD COMBINATIONS 

We now are in a position to examine the 
fects of combining these different pumping u 
configurations and sucker rod configurations 
Fig.4 shows the resulting torques calculated for; 
the standard well when it is pumped with a reg-l 
ular long unit. An examination of this figure 
along with Fig. 3 shows that the peak torque) 
caused by polish rod load has been decreasedi 
from about 1.05 to 0.89 and that the peak net: 
torques for upstroke and downstroke have been 
decreased to about 0.30; a reduction of 20 per’: 
cent. Note, however, that the peak torque factori 
for the regular long unit occurs at exactly the: 
same spot as the peak polish rod load for this’ 
well. All of the torque factor reduction that ia 
experienced $omes about as a result of reduction, 
in the upstroke torque factor. No gain may have 
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ITABLE V 

PEAK TORQUE FACTOR 

POSITION OF PEAK 
, I I : 

Up-Stroke ” Do&&ke 

Peak Position Peak Position 
FtlCt.0~ Factor 

F&&r-Square 1.05 0.39 ,, Loo 

Regula&~ng 0.895 0.43 1.10 

+gw-w-J~ 1.03 0.57 : 1.005 

Push Up-Short 0.98 0.55 1.08 I 

Torque factor is shown here as Unit Torque‘factor/(l/2 stroke) 
.s .- _ 

Position = 0.0 at bottom of stroke 
Position = ,l.O at top of stroke 

_I i . . 
-, i- 

0.64 

0.54 

0.64 

9.57 

been made by changes in the‘ relative position 
of the peak torque factor and the peak polish 
rod load. -._ 

In order to determine what benefits might be 

POLISH Roe mslTloR 

tot sonou 

Figure 4 , - ’ 

Regular Long tini!, Loadiig-03;. Speed-O.25 

gained by judicious positioning .of the peak pal- 
ish rod loads and the peak pumping unit torque 
factors, examine the dynamometer cards on Fig. 
1 and the torque factor positions shown in Table 
V. Try to find a combination-,for which the peak 
polish rod load appears at a wideiy ‘different 
polish rod position than the Peak torque factor. 
Several possible .’ combinations present them- 
selves~ on first examination. The first of these 
combinations might include a sucker rod strfifg 
operating a dimensionless loading of 0.1 and a 
speed of 0.1. For this combination, the peak 
polish rod loading occurs at a polished rod posi- 
tion of about 0.13. The pumping unit whose 
peak upstroke position factor is separated most 
widely from 0.13 is the’ push up square unit 
where, see Table V, the peak upstroke torque 
factor ‘occurs at 0.5’7: The resulting polish rod 
torque &nd :counterweight torques are‘ shown on 
Fig. 6.4 The -net torque is as low as 0.20. Na 
again; that this low net torque is not caused by 
the 1oW’ profile of the dynamometer card that 
appears on ‘Fig. 1. These figures are not drawn 
to .-tiale.This figure indicates card shapes more 
thanjexact dimensions; polish rod load peak0 are 
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nearly 15,000 lbs for most of the dynamometer 
cards on Fig. 1. 

Another possible rod-pumping unit combina- 
tion might be the combination of a sucker rod 
string operating at a loading of 0.3 and a speed of 
0.1. For this sucker rod, the peak polish rod load 
occurs at a polish rod position of 0.38; this is still 
considerably removed from the peak torque fac- 
tor position for the push up units. Fig. 6 shows 
the resulting torque for a square push up unit; 
peak net torque is 0.24. 

I I I 

POLISH A00 Po31floN 

mlTou TOP OOTTOY 

Figure 5 

Push Up Short Loading onif-0.1; Speed-O.1 

Another possible combination is a sucker rod 
string operating with a loading of 0.7 at a speed 
0.5; this might be used with a regular long unit. 
The peak polish rod load for this rod occurs at a 
rod position of 0.8, and the peak torque factor for 
a regular square unit occurs at a position of 0.39. 
Because these two positions are fairly far re- 
moved from each other we might expect that this 
combination would have a low net torque. The 
torques are plotted on Fig. 7. Note that the 

polish rod torque at the peak polish rod load 
indeed fairly low. A secondary polish rod lo 
peak, occurring at a position of 0.35, is very clo 
to the torque factor peak; this secondary lo; 
peak causes high torques so that the net resu’ 
ing upstroke torque is 0.3. 

PR 

BOTTOM 
POLISH ROD POSITION 

TOP BOTTOM 

Figure 6 

Push UD Sauare Unit Loading-0.3; Speed-O.1 .: 

Table VI summarizes all of the net torques for” 
various combinations of sucker rods and pump : 
ing units. Examination of this table shows that 
the dimensionless torques for these combinations 
range from 0.2 to 0.43. The minimum value of 
0.2 occurs with a push up square unit operated 
at a 0.5-0.1 speed loading combination. The max- 
imum value of 0.43 occurs for a similar unit 
operated at a speed of 0.5 and a loading of 0.3. ’ 

All of these torques calculations are for the 
same well: this standard well producing 200 B/D 
of fluid from a depth of 4100 ft. The difference 
between poor selection of a pumping unit sucker 
rod combination and a good selection of a pump 
ing unit sucker rod combination is a two-fold 
difference in torque factor. 
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Note: 

TABLE VI 

NET PEAK TORQUE 

FOR 

COMBINATION%i%JCKER RODS 

AND 

PUMPlNGUNITS 

p Speed 

:nsionless 
3.1 

Rod Loading Dimensionless 

0.1 0.3 0.7 
0.34 0.39 0.22 
0.21 0.24 0.36 
0.20 0.25 0.34 

3.25 0.36 
0.29 
0.33 
0.33 

I.5 0.42 0.41 0.30 
0.35 0.40 0.30 
0.35 0.43 0.40 
0.35 0.43 0.37 

I.6 .35 
.3I 
.31 
.31 

All torques in this table are reported as 
dimensionless torques; that is pumping 
unit torque, measured in inch pounds, di- 
vided by the product of peak polish rod 
load and 112 of the stroke. For each rod 
loading and speed combination four 
torque numbers are shown for four 
different pumping units. These are 

1. Regular-Square Unit 
2. Regular-Long Unit 
3. Push Up-Square Unit 
4. Push Up-Short Unit 

POLISH ROO POSITION 

wlTou TOP BOTTOM 

Figure 7 

Regular Square Unit Loading-0.7; Speed- 0.5 

CONCLUSIONS 

The sucker rod-pumping unit system for lift- 
ing oil from wells is indeed a complicated sys- 

tem, and it is difficult to analyze this system 
in full detail. Yet, certain insight into opera- 
tion can be gained by examining parts of the 
system. Gear box torque is the result of at least 
two factors: (1) the magnitude of the polish 
rod loading and the torque factor for the pump- 
ing unit, and (21 the relative positions of the peak 
torque factor and the peak polish rod loading. 
Some improvement can be gained through the 
use of pumping units that are arranged to give 
low torque factors. The regular long unit appears 
to deliver the lowest peak torque factor. Even 
more benefit may be gained by judicious selec- 
tion of the position of the peak torque factor 
and the peak polish rod load. The difference 
between n good combination and a bad com- 
bination of pumping unit and polish rod system 
may be a twofold difference in the torque rating 
of the gear box. 

161 


