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Section 1

Gear Reducer Design



A9/29/2884  16: 22 TA7Z81A151 LS PETROCHEM EQUIF FaGE A4

'GEAR REDUCER DESIGN

The Darco USA gear reducer is the only pumping unit gear box that
presently utilizes a cast steel and forged steel combination of
gearing. This according to the foremost gear experts of the world
is superior to the combination of ductile cast iron material
against steel pinion gears, commonly used by competing pumping unit
manufacturers,

In addition the Darco gear train is designed with dual high speed
gears and pinions insuring a greater and more equalized lecading
condition upon operation. The industry’s largest shafting and
bearings contribute to higher safety factors, while the split gear
case design allows operators easier service flexibility.

In an effort to provide an accurate non-prejudiced evaluation of
our gear reducer, we have enclosed two papers which were prepared
by Mr. Dennis P. Townsend, Managaer of Gear Research at the NASA
Research Center in Cleveland, ©Ohioc. The first paper titled
"Qualifjcations of the Darco Gear Reducer", was authored by Mr.
Townsgend; while the seacond paper includes test results comparing
Double Circular Arc gears with that of the more commen Involute

style gear teeth, this test was performed in China and reviewed for
authenticity by Mr. Townsend.
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QUALIFICATION OF THE DARCO DOUBLE CIRCULAR ARC

GEAR REDUCER PUMPING UNIT

— hy
Dennis P. Townszend

The circular arc gear was first invented by E. Wildhaber in the
United States in the 1920’s. It was later invented in Russia in
the 1950‘s by Novikov and is now generally referred to as the
Wildhaber=Novikov gear. Each inventor had some different features
that make his unigue. The Russians began developing the circular
arc gear and were soon making production gear reducers using the

newv tooth design. In the 1960‘s, the English continued the
developnment of the circular arc gear and began producing a
helicopter gear reducer, utilizing the circular arc gear. This

unit has bszen in production for sevaral years and has performed as
designed without problems, morecver the designer states that this

single circular gear has 1.5 times the torgque capacity of an
invoalute gear pair.

Several researchers around the world have conducted research on the
single and double circular arc gears. Beginning in the 19707s, the
Indians conducted extensive research on circular arc gears and have
shown the bending strength and Hertzian compressive strength to be
two times that of the inveolute gears. At the University of
Brussels in Belgium, researchers have demonstrated the superiority
of the double circular arc gear over the single circular arc gear
and ‘determined that the smaller helix angles gave higher bending
strength for double circular arc gears. The Japanese have also
conducted testing on double circular arce and a similar sim-arc gear
unit with very good results. Extensive research and development
has been done on circular arc gears in Russia and China, both
countries have shown that the double circular arc gear reducer has
much higher capacity than the involute reducer. In China recent
tests were conducted with equivalent gear reducers of involute and
doukle circular arc gears. In this test the double circular arc
reducar was tested for nearly 300 hours at loads a little below two
times, and at two times the load capacity of an involute reducer
without fajilure.

The data from researchers in several countries indicates there is
ne doubt that the double circular arc gear reducer can be made with
considerably more torgue capacity than an eguivalent involute
reducer.

THE DARCQ/LS INTERNATIONAL DOUBLE CIRCULAR ARC REDUCER DEEBTGN

The double circular are reducer design is the result of several
years of research and development on circular arc gears. This
research and development has led to a better understanding of the
design methods for double circular arc gearing. Due to the nature
of the locading zone on the teeth, designers have learned how to
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modify the gear teeth to reduce edge loading, noise and vibration.
These methods have been used on invelute gears but had to be
modified for circular arc gears once the requirements were known.
Figure 1 shows a comparison of the contact motion for involute and
circular arc gears and illustrates the need for a different type
tooth modification for each gear system, Early tests by some
rasearchers did not recognize this requirement and had poor results
for the circular arc gearing. Figure 2 shows how bending strength
is reduced at lower helix angles and also shows the need for
length-wise modification of the tooth to reduce edge loading as the
teeth come into contact.

Experimental stress analysis by researchers have shown that the
double circular arc bending stress and contact stress is

considerably lower than that for invelute gears. Figure 4 and
Table 1 show the results of photelastic stress evaluation of
invelute and double circular arc gears. In this comparison the

doubkle circular arc gear teeth are loaded at one point only and
still show a 30% lower bending stress than the involute tooth. It
is concluded from these results that the bending stress would be
50% to 100% improved utilizing the two point contact.

Tests conducted in China on double circular arc and involute gear
reducers have shown that the double circular arc gearing can
successfully transmit more than two times the torque of an involute
reducer with medium hard gears.

The material used in the double circular arc gearing is a steel
that has considerably more strength that theé ductile iron used in
most United States pumping units.

The bearings utilized in the Darco/LS double circular arc unit are

- the 2300 type which have 50% to 100% more loading capacity than the
5200 series used in other oil well pumping reducers. Since the
bearing leads are similar for both type of gear reducers, the 2300
type bearings will have lives that are 4 to 10 times the life of
other competing reducers.

Based on the double circular arc gear design, the improved
material, and the increased hearing capability, the capacity of the
double circular arc gear reducer is at least 50% superior than the
competition.

EXPERIENCE OF DOUBLE CIRCULAR ARC GEAR REDUCERE

The circular arc and double circular arc gear drives have gained
several years of experience which has shown that they are a durable
drive system. Westland Helicopter Company in England has been
flying circular arec gears on a helicopter since the late 1960's
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with very good results and have shown that they can transmit

50% more torgue than an inveolute gear. The English have also
developed industrial gear reducers using c¢ircular are¢ gears, while
the Russians have been using circular arc reducers since the 1950’s
with very good results.

The Chinese have utilized circular arc gears for many years and
have developed many industrial reducers including oil well pumping
units. They have at least one turbine driven high speed double
circular arc gear drive operating at 120 m/sec with good results.
In addition, the Chinese have tested double circular arc units
against invelute reducers and have shown a capacity greater than 2
times the involute gear drive. Many double circular arc gear oil
well pumping units have been operating in the United States for the
past 10 years without gear failures and with proven reliability.

CONCLUSION

* The capacity of the double circular arc gear reducer has been
proven by taests in least four countries to have from 50% to
100% more %torque capacity than invelute gear reducers.

* Ten years of experience in the United Btates with double

? circular arc gear driven pumping units have shown this design
to be a very reliable and cost effective alterpnative to the
invelute type pumping unit.

ar



A3/23/ 2884

16: 22 TA7Z81A151 LS PETROCHEM EQUIF FaGE A5

RESUME
MR. DENNIS P. TOWNSEND

Mr. Dennis Townsend is the Manager of Gear Research on the staff of
the NASA Lewis Research Center Mechanical Systems Technology
Division. He received his Bachelor of Science in Mechanical
Engineering in 1952 from the University of West Virginia. Upon
graduation, he worked with the Defense Department on the design of
electro~mechanical computer systems and General Electric Large Jet
Engine Department on the design and development of system
components for jet engine fuel lubrication and hydraulic systems.
Mr. Townsend jeined the NASA lLewis Research Center in 1%62 and
conducted design analysis and evaluation of nuclear rocket engine
components for the nuclear rocket engine program.

Mr, Townsend later joined the Bearing Research Section at NASA LERC
where he conducted research and analysis on bearing lubrication.
In 1967, he founded the NASA LERC gear and transmission research
program and conducted extensive research on gearing and
transmizsions. His eontributions to the gear industry are
significant and include advances in gear materials and processes
for improved operating temperature and gear life, understanding and
analysie of gear lubrication, gear thermal analysis and gear
dynamic analysis.

He has authored or co-authored over seventy-five papers in the gear
and bearing research area and currently serves as the resident NASA
gear consultant for NASA, various United Statesz Military groups,
and numercus industrial companies.

Dennis Townsend was Chairman of the Power Transmission and Gearing
Committee from 1976-1983, Associated Editor of the Journal of
Mechanisms, Transmissions and Automation Design from 1978~1983,
awarded the ASME Fellow Award in 1987, and serves as Chairman of
the ASME Design Engineering Division for 1989-1991. He currently
is re-writing the Gear Handbook of the United States.
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SURFACE STRESS DISTRIBUTION N WILDHABER- NOVIKOY GEARS
(ADDENDUM - DEDENOUM TYPE)

FIGURE 3.
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ADVANTAGES OF THE DARCO/LS DOUBLE CIRCULAR ARC
GEAR REDUCER

* HIGHER TORQUE CAPACITY-50% TO 100% OVER INVOLUTE

* LOW CONTACT STRESSES-CONCAVE/CONVEX CONTACT
SURFACES OF THE GEAR PROVIDE LOWER HERTZIAN
CONTACT STRESS FOR IMPROVED TORQUE CAPACITY AND
LLONGER LIFE

* BENDING STRESS-THE DUAL CONTACT, WIDE TOOTH FORM
AND [LARGE ROOT RADIUS OF THE DOUBLE CIRCULAR ARC
GEAR, PROVIDES A HIGH BENDING TORQUE CAPACITY

* STEEL GEARS HAVE HIGHER STRESS LIMITS THAN DUCTILE
IRON GEARS USED BY OTHER OIl. WELL PUMPING UNITS

* EXCELLENT EHD OIL FIILM IN THE CIRCULAR ARC GEARS
PROVIDES BETTER LUBRICATION, LOWER FRICTION, AND
IMPROVED EFFICIENCY. TESTS BY AEI IN ENGLAND SHOWED
EHD FILM THICKNESS TO BE 3 TO 4 TIMES THAT FOR AN
INVOLUTE GEAR

* PROVENHIGHER CAPACITY OF DOUBLE CIRCULAR ARC GEARS
BY RESEARCHERS FROM SEVERAL COUNTRIES SHOWED
TESTING RESULTS OF 50% TO 100% GREATER TORQUE
CAPACITY

* HIGH CAPACITY ROLLING ELEMENT BEARINGS PROVIDE 4 TO
10 TIMES THE LIFE OF OTHER OIL WELL PUMPING UNIT
REDUCERS
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EXPERIENCE OF DOUBLE CIRCULAR ARC GEARING

* 1958 RUSSIAN PRODUCTION UNITS OPERATING IN SEVERAL
INDUSTRIES

* 1968 CHINESE PRODUCTION UNITS OPERATING IN MANY
INDUSTRIAL APPLICATIONS

* 1962 ENGLISH PRODUCE CIR-ARC REDUCER
* 1967 CHINA STARTS PRODUCTION OF DCA GEAR REDUCERS

* 1968 WESTLAND HELICOPTER PRODUCES CIRCULAR ARC
REDUCER

x 1976 CHINA PRODUCES HIGH SPEED DCA REDUCERS

* 1980 CHINA SHIPS DCA GEAR REDUCERS TO UNITED STATES
FOR OIL WELL PUMPING UNITS



A9/29/2884  16: 22 TA7Z81A151 LS PETROCHEM EQUIF FacGE 19

HISTORY OF DOUBLE CIRCULAR ARC GEAR DEVELOPMENT

* 1926 WILDHABER U.S, PATENT
* 1956 NOVIKOV RUSSIAN PATENT

* 1958 RUSSIA ISSUED CIR-ARC TOOTH SYSTEM PRODUCTION OF
CIR-ARC GEAR DRIVES

* 1958 CHINA PRODUCES CIR-ARC GEAR DRIVES

* 1960 CHINA DEVELOPS DCA DESIGN

* 1960 GERMANY STARTS DEVELOPMENT OF CIR-ARC GEARS
* 1962 ENGLISH PRODUCE CIR-ARC REDUCER

* 1967 CHINA STANDARD FOR CIR-ARC TOOTH FORM

* 1967 CHINA PRODUCES DCA GEAR REDUCERS

* 1968 ENGLAND PRODUCES HELICOPTER CIR-ARC GEAR
REDUCERS

* 1970 INDIA BEGINS R&D OF CIR-ARC GEARS
* 1976 CHINA PRODUCES FIRST HIGH SPEED DCA REDUCER
* 1980 CHINA DEVELOPS DCA DESIGN ANALYSIS

* 1981 CHINA ISSUES STANDARD FOR DCA TOOTH FORM
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COMPARISON TEST OF DOUBLE CIRCULAR ARC AND
INVOLUTE GEARS

INTRODUCTI QN

The main component of an oil well pumping unit is the gear
reducer. During the developmental stages ©f the seolt tooth
flank inveolute gear reducer in the 1850’s, the service life
was deemed to be low primarily from tip wear of the gear
teeth. In the 1960‘’s, the single circular arc gear was
developed as a replacement for the involute gear. This solved
the tip wear problem, but contributed to low bending strength
resulting in large, heavy gear boxes. In the early 15%80's,
after ongoing development, the double circular arc gear was
used as a replacement for the single circular arc and involute
gear. The double circular arc gearboxes showed good results
and were then manufactured domestically and abroad in
increased guantities.

At that time China’s oil industry was producing invelute
gearboxes with medium hard and hard tooth flanks teo reduce the
tooth wear and improve the load capacity. Presently the
double circular arc reducers have replaced the single circular
arc and invelute reducers with soft gear teeth and made these
earlier designs cbsclete.

There is contrasting test data for single and double circular
arc gears both in China and abroad. Therefore it was decided
to conduct a comparison test betwesn a double circular arc
gear reducer with soft tooth flanks and an' invelute gear
reducer with medium hard tooth flanks. The purpose of the
test was to compare the load capacity, type of failure, noise,
and vibration of the two reducers with the same material,
size, and test condition.

PURPOSE AND ETIGNIFICANCE OF TESTS
urpose

&. Verify the load capacity for double circular arc and
involute gear reducers.

b. Determine reascon of faillure of the two types of gear
reducers.
G. Determine the vibration, noise, and temperature rise at

each load condition.
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d. Compare the analytical load capacity with the test
results of the deouble circular arc reducer and use the
results to design improved lower cost pumping unit
reducers.

Significance

a. Provide actual load capacity comparison between the two
types of gear reducers as well as to provide data for
conducting destructive tests on reducers.

b. Verify the actual leoad limit capacity and accuracy of the
analytical formulas used for designing future reducers.

c. Institute additional steps to improve the technology of
pumping unit gear reducers.

d. Improve technology to allow reduced center distance
designs that meet the same technical specifications while
saving large amounts of material.

e. Examine the actual load allowance for a double circular
arc reducer under existing design conditions for future
considaeration of modification of the design parameters
and machining technology. i.e., lower gear hardness can
give higher gear cutting speeds and improved machining
afficiency.

f. Provide a alevated understanding of the double circular
arc gear and its range of potential applications.

" TEST PROCEDURE AND GEAR REDUCER DATA

Test Procedure

There are two basic types of test setups that could be used,
the open loop and closed loop or back to back tests. The open
lopp requires more power and is less economical to run for a
long duration test. The closed loop test method circulates
the power through the loop of the two gear reducers, with the
output and the input shafts of each reducer connected to each
other (see Figure 1). A method of applying torque is placed
in one of the connecting shafts, usually the high speed or
lower torgue shaft. The complete set up of the two reducers
is driven by an external drive. This method 1s responsible
for supplying only the losses of the system, usually about one
tenth or less of the circulating power of the closed loop.

The test setup was composed of one double circular arc reducer
and one involute reducer connected at the output shafts by a
rigid shaft and couplings. The input shafts were connected
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with shaft, couplings, torque loader, and torgue meter. A
13.4 HP motor and belt drive was used to supply power to the
closed loop test system.

Each torgue load was set by the torgue unit in a static
condition. After one hour of operation the torgue level had
decreased slightly, remaining fairly constant and was recorded
as the dynamic torque.

Instrumentation consisted of torque meter, thermocouple for
temperature, wvibration and noise measurement equipmeant and
strain gauges for torgue. The test set up is shown in Figure
1 and the reducer parameters are given in Table 1.

standard Used To Determine Fajlures.

1. A gear is considered failed when it has pitting or wear
over 80% of the contact surfaces.

2. A gear is considered failed if cracks are found at the
gear tooth reoot using a magnifier.

Procedure For Double Circular Arc Gear Loading Tests

Prior to the start of the load tests, the gears are run for 10
hours at no load and 20 hours at 480 in-lb. From this test
the dual contact lines can be checked for correct contact at
the pitech line. If the contact 1is proper the test is
continued. :

The gear material is a steel with a hardness of HB = 300

Its basic cycle time is:

N=1.5x (HB « 30) x 10°
50 = ,0D4HE
N = 1.5 % (300 = 30} x 10* = 1 ¥ 10’cycles

50 - .04 x 300

Therefore the time needed for one basic cycle time is:

T N = 1 x 107 = 458 hours
60n 60 x 335

n pinion RPM = 335

Tests were performed according to the test program up to the
safe loading parameters determined from calculations and
investigations of production units (see Table 2). Since the
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double circular arc reducer had a very high loading capacity,
the first twe loading steps were run for 20 and 25 hours
respectively. After 70 hours at 2070 in-1b load, a few small
surface pits were observed. However, these small surface pits
disappeared after 193 hours at the 3341 in-1b load conditien,
This wear in phenomenon indicated that the surface pits were
caused by some defects in heat treatment. After the final
test of 130 hours at 4113 in-1b which was two times the design
load and the limit load for the connecting shaft, the gears

showed no signs of surface distress, pitting or cracks in the
tooth root.

Eight points were considered for noise measurement. However,
only four were chosen because of the interference noise from
the drive motor (see Figure 1). The distance from the top
surface of the gearbox to the sound pickup is one meter. The
frequency spectrum of the main noise value at the highest load
was 124 hez. this frequency is caused by the gear mesh
freguency. The integral average noise of the double circular
arc reducer was 68.1 dB(A) and the maximum single measured
noise level was 73 dB(A} (see Table 3).

Reducer vibration levels were measured in three directions,
the %, y and z planes for both reducers. The vibration levels
in the x direction were heavier than the y and z directions.

The vibration levels of the double circular arc reducer were
slightly higher than the invelute reducer but the values were

generally very low with a maximum value of 2.1 microns. (see
Table 4).

Procedure For Tnvolute Gear Loading Tests

The gear material is a medium hard tooth with a hardness of HB
= 345.

Its basic cycle time is:

N = 1.5 x (HB_30) x 10°
50 - .04HB

N = 1.5 x (345 ~ 30) x 10% = 1.3 x 10’
50 — .04 ¥ 345

The time reduired for one basic cycle time is:

T = N = 1.3 % 10’ = 646 hours
60n 60 X 335
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The invelute gears used in thiz test were medium hard and they
meet both AGMA and Chinese standards. They have a low safety
coefficient and a history of surface distress or micropitting.

The loading tests were performed for the designed torque (see
Table 5).., The first two loading steps were completed without
problems. On the third leoad test after 200 hours, some
surface distress or micropitting was observed. After 200
hours at the fourth lecad test of 2445 in-lb, heavy surface
distress was observed on 80% of the gear teeth covering an
area of 30% to 40% of the teooth surface. According to the
failure standard, this gear reducer is considered to be
failed.

The method used to measure the noise level was the same for
both gear reducers and the distance of the microphones from
the gear case was the same in both tests. The average value
of the neoisze for +the invelute reducer was 67 dB(A) with a
maximum value of 68 DB(A), which was slightly less than the
doukle circular arc gear reducer (see Table 6).

CONCLUSTIONS

Loading Capacity

The double circular arc reducer completed =ix step loading
tests for a total time of 599 hours. The fourth step was 45%
ovarlead for 193 hours. The fifth step was 82% overload for
161 hours. The sixth step was 107% overleoad for 130 hours.
The deoubkle circular arc reducer completed a total of 484 hours
at the 145% to 207% load condition without failure. Tt is
eoncluded that the double circular arc gear reducer has at
least a 150% over design capacity.

The involute gear reducer completed four load steps for a
total test time of 652 hours. Surface distress and
micropitting began to occur at 80% of the design capacity of
the reducer and the reducer was destroyed at 200 hours at 106%

of the design load capacity. It is concluded that the
invelute reducer has a load capacity of only 80% of its design
capacity.

Hoise And Vibration Of Two Types Of Reducers

The double circular arc gear reducer measured slightly greater
noise levels than the invelute reducer of only two dB’s. The
vibration of the double circular arc reducer measured slightly
greater wvibration than the involute reducer; however both
results were extremely low with a maximum of only 81.5 uin
(2.1 um).
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Table 1. Technical Data for Test Gear Reducers

Involute gear with Couble circelar
medium hard tooth flanXx arc gear
Center distance b 500men 500mm
19.685in 19.6851n
Gear ratio i 31.73 31.73
Cutput tozgue out 700 kg-M 700 kg-M
60,766 lb-in 60,768 lb—in
Driving enaft Min 22 kg-M 22 kg-M
1,810 lb~in 1,910 In~in
Pressure angle &n 207 24¢
Tooth nurher Z1/22 18/102 18/102
23/724 22/112 22/112
3 . P D"‘ 1 " D" 1 H
Belix ancle gl 25030 31 25030 31
: B3 2872127 2872127
Module Mnl,2 Jmn/Brd7dp 3mmy/ 8747d0
‘ Mni, 4 4mm/6. 35D 4mm/ 6. 753D
Face wicdsh 21,3 _ 45mn/Ll.77in 45mm/L. 77in
B34 50mm/2. 361in 60mm/2.361in
Material 21.23 © 40CrNiMoA 40CTNiMoA
72,24 3551iMn 355iMn
Lubricant 320§ extreme pressure 250#% extreme pressure
industrial gear oil industrial gear oil
Heat treatment z1,23 HB340~375 HBE280~310
Hardness 22,24 HB2B5-320 HB240=270
Machining Gear Hobbing Gear Hobbing
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Section 2

Walking Beam Design
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ANALYSIS OF THE DARCO WALKING BEAM
by

Robert H. Gault

The API Specification 11E, Sixteenth Edition, october 1, 1988 is
used to determine the proper rating of the walking beams. Attached
are copies of Section 2, Pumping Unit Structures, (Pages 5-9),

which covers the sizing of walking beams and other structural
members.

The walking beams which are presently furnished with the units are
fabricated from steel plates. Since thege are fabricated beans,
the note in SPEC 11E, at the bottom of paragraph 2.4, Page 6 is
pertinent and will be addressed.

The specifications for the walking beams of the seletted units are
as follows:

Beam Beam wdth Thck  Thek

Pumping Unit Hgt. Wgt. Fig. Flg. Web Ix Sx Iy J

Eive in. b/ft in. in. in.,  in.? in.? im.t inlt

d b . t

114=119-86 17.8 109 11.E 0.71 g.47 1568 176 194 10.6
160-173-100 22.0 137 13.4 0.79 0.47 3049 277 als 11.3
228213100 27.2 110 2.0 0.94 0.55 3954 290 152 7.3
320-256-120 27.2 145 142 0.94 0.63 5456 401 448 10.5
456=-256-144 27.6 160 14.2 1.10 D.63 6348 460 524 14.7
640-305-168 33.1 192 15.8 1.10 0.71 10647 643 723 20.5
912-365-192 33.1 220 1.8 1.30 0.78 12235 739 854 27.5

The walking beam ratings in APl Spec 11E are based on ASTM A36
structural steel. This indicates a minimum yield strength of
36,000 psi. The physical and chemical tests of the walking beanm
material by MQS Inspection, Inc. show the beam material of the
Darco units to be a higher grade of steel than the minimum
gpecified. It has a yield strength of 64,400 psi. It is
classified as 1518 steel.

The API specification makes no provisions for rating beams of
higher quality steel, so calculations first will be made using the
actual strength of the beam and then calculations will be made
using the API formulas.
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CALCULATIONS WIYTH ACTUAL BEAM ESPECIFICATIONS (SAMPLING

The formula for calculating beam stress is:
Smax = M/Sx
And for calculating Safety Factor:

SF = 5y [ Smax

where:
Smax = Maximum stress in upper and lower fibers, psi
M = Maximum moment at support point, in. lbs.
5% = Elastic section Moduluszs, in
sy = Yield Strength of material, psi
Front Beam Beam Maximum Safety
Pumping Unit Working Rating Moment Sx Stress Yactor
Size Center in/1lbs in/lbs In? psi SF
114-119-86 111 . 11200 1320900 176 7495 8.58
160-173-100 129 17300 2231700 277 BOGO 7.99
228-213-100 127 21300 2705100 - 291 5304 6.93
320-256-~120 154 25600 3942400 401 aB26 6.55
456-256-144 181 25600 4633600 460 10072 6.39
640-305-168 181 30500 5520500 643 B580 7.50
812-365-1%2 207 36500 7555500 739 10218 €.30

The above table shows that the actual strength of the walking beams
exceed the maximum. tensile and compressive stress loads, at full
beam rating, with Safety Factors in excess of 6.30.

Since these are fabricated beams, the guestion of stresses at
critical sections and stress concentrating factors must be
addressed. Fabricated beams have one principle advantage. Since
they are constructed of flat steel plate, they have a much more
uniform cross section than relled beams. The tolerances for rolled
beans include allowances for camber, sweep, beam out of sguare,
flanges not parallel, different flange thicknesses, web off center,
beam height, flange width, etc., These tolerances are necessary
because of variations in the rolling process. To get beams with

the guality reguired for walking beam material from rolled beans,

it has always been necessary to select the best possible beams
available and than do additional processing at the point of
manufacture. With fabricated beams, constructed from flat plate,
it is easier to obtain the highest guality beam.

3T
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It is understood that the flanges are welded to the web with
complete penetration welds. Since the weld material is of higher
strength than the beam material, the joint will be stronger than
the beam itself. Further, the stress at this point will be less
than in the outermost fibers of the beam flanges. Since the beams
are constructed with continuous uniform dimensions there will be no
stress cencentration factors.

CALCULATIONE WITE API SPEC 11F BEAM SFPECIFICATIONS

The maximum Allowable Stress in Pumping Unit Walking Beams are
listed in Table 2, Page 6 of the API SPEC 11E. 1In Paragraph 1 of
this table the allowable “tensile stress in extreme fibers in
bending, psi" for ASTM A36 beams is 11,000 psi. This is a safety
factor of 3.27 (36000/11000). Since the yield =strength of the
Darco beam material ig 64,400 psi, it will have a safety factor of
5.85 (64400/11000).

From Paragraph 2, the formula for allowable "compressive stress in
extreme fibers in the bending, psi" is:

f, = 6,000,000
l x d
bxt

Using this API formula, which is based on a minimum yield strength
of only 36,000 psi the allowable compressive bending stress is
shown in the following table. For the Darco beams with a yield
strength of 64,400, the theoretical allowable compressive hending
stress is also shown. API SPEC 11E, Page &, Table 2.1, Paragraph
3 limits the allowable stress to the smaller of the theoretical
aliowable bending stress of 11,000 psi.

API Darcoe&4
Theo. API Theo. Darco APT
Actual Allow Theo. Allow Theo. Actual
Pumping Unit Beam Comprs Safety Comprs Safety Allow
Size Stress Stress Factor Stress Factor Stress
114-1195-86 7495 25441 3.39 45511 6.07 11000
160-173-100 BOS50 22380 2.78 40035 4.97 11000
228-213-100 9304 16163 1.74 28514 3.68 11000
320-256-120 9826 19118 1.95 34202 3.48 11000
456-256-144 106072 18760 1.86 33560 3.33 11000
€40-305-168 8560 17405 2.03 31136 3.62 11000

912-365~-192 10219 17986 1.76 32175 3.15 11000
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Thic table shows that the design of the Darce beams is quite
conservative. The allowable stress formula has a built in safety
factor of 3.27 in bending compression. Using this API formula the
beams have extra safety factors because they are larger than the
minimum size reguired. When the formula is adjusted for the extra
yield strength of the Darco beams the extra safety factors are
guite large. 8Since all of the above beams have an allowable much
greater than 11,000 psi they are all limited to 11,000 psi.

The formula for determining the rating of the walking beam is shown
in API SPEC 11E, Page 5, Paragraph 2.4,. It is:

W=f, %8
L

where:

W wWalking beam rating in pounds of pelished rod load

f, = Compressive stress in bending in pounds per square inch
s = Section modulus of the beam in cubic inches
L =

Greater of the front or rear working center

Using this API Beam Rating Formula the following table was
calculated:

Actual Actual Allow Extra

Punping Unit Beam Beam Beam Safety

Size Stress Rating Rating Factor
114-119-86 7495 11900 17464 1.47
160-173~100 8OL0 173200 23637 1.37
228=-213-100 9304 21300 25181 1.18
320-256-120 GB26 25600 28658 1.12
456-256-144 10072 25600 274955 1.0%
640=-306=168 B5EO 30500 39099 1.28
912-365-192 10219 36500 39286 1.08

Thie table shows that the walking beams could be rated with higher
load ratings than they are, even when no allowance is made for the
stronger steel used in the bean.

In summary: the walking beams on the Darco units greatly exceed the
regquiramants of API BPECIFICATION 11E.
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RESUME

MR. ROBERT H. GAULT

Mr. Robert Gault graduated from Oklahoma University with a Bachelor
of Science Degree in Mechanical Engineering. He was employed by
Bethlehem Steel Corporation, Supply Division and served in various
capacities prior to retiring as Manager of Product Development.

Mr. Gault also wae an Associate Professor of Petroleum Engineering
at Texas Tech University. He is currently an instructor for 0Oil &
Gas Consultants International, epecializing jin artificial 1ift-
sucker rod punping worldwide. The following countries and their
petroleum industries are currently utilizing his expertise: The
United States of America, Australia, Argentina, Canada, Columbia,
Ecuador, India, Peru, Oman, Sumatra, Singapore and Venezuela.

He also is an engineering consultant, specializing in pumping unit
design analysis and sucker rod pumping problems for the o1l
industry. He is responsible for the design of the Bethlehem "BG"
and CMI/Baker Torquemaster specia) geometry pumping units. He is

a2 holder of numerous patents and publications in the field of
artificial 1lift.

Kr. Gault is a recipient of the SWPSC “John C. Slonneger" Award for
outstanding achievement in the field of artificial 1ift. He is
also a recipient of the 1985 Society of Petroleum Engineers’
"Production Engineer of the Year" award,

He currently serves a Secretary for the American Petroleum
Institute Committee on the Standardization of Production Equipment.
He is a member of the Task Group to update the recommended practice
for designing sucker rod pumping systems (RP11L) and the Task Group
on motor performance. He hag held numerous past leaderghip
positions within both the Society of Petroleum Engineers and the
American Petroleum Institute.
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Specification for Pumping Units

API SPECIFICATION 11E (SPEC 11E)
SIXTEENTH EDITION, OCTOBER 1, 1989

American Petroleum Institute
1220 L Street, Northwest

Washington, DC 20005 II)
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Spec 11E; Pumping Unita 5

SECTION 2
PUMPING-UNIT STRUCTURES

2.1 Scope. This section covers:

a. Standardization of specifie structure sizes in com-
binatipn with established reducer sites as given in
Section 3.

b. Walking beam design, with specific rating
formula.

e. Design loads and limiting working stresses an
other structural components are alse ineluded.

NOTE: Gnly loads imposed on the syryeture and/or
gear reducer by the polished rod load are considered
in thiz wpecification. Additional loads on the pumping
wnit fmpased by add-on devices attached to the reducer,
walking heam. or ather structural componenta are not
part of this specification. These would include such
devices ax compressors, stroke incregaers, efe,

2.2 No dimensional reguirements, other than stroke
length. are esiablished. Rating methods are given only
for palished-rod eapacitias; however. allowable working
stresses of other struztural ¢omponents for a given pal-
izhed rod capacity are defined.

Other design eriteria such as bearing design. braking
capacity, atz,, are aiso establizhed.

2.3 Standard Pumping-Unit Series. It is pecom-
mended tha: pumping uRiw furnished ‘o this specifica-
vien adhere to the zear reducer rating, strugture sapae-
ity, and stroke length as given in Tabie 2.2 aithough
tne combinatipns of these iterms that make up the
putnping unit designation need not be identieal to those
in the table. The partienlar combinations in the table
are typieal but esmbinations other than those listed are

acceptable under this standard.

CRITICAL ZONE IN
TENSION FLANGE

NOTE: It 12 the spirit and fnfent of abova
provision, that any manufacturer having au-
therity to use the AP] monogram en pumping-
unit atructures, moy ol représent g SirUCIUrE
earrying the mencgram or for which the leliers
APl or the wordy “"American Fetraoleum [ngti-
tute” are used inm ity deseriptiom ey howving a
rating of any kind or size other than provided
above. This gpplies to salea information zs well
ax {0 giruciure markings.

2.4 Walkinz Beam. Tha fellswing formula shall
be used for rating eonventional wallting baama as
shown in Fig. 2.1

£.,8
Wa

Wharein;

W = walking-beam rating in pounds of poiished-
rod load,

L = greaterof or l.

f.p = compressive siress in bending in sounds per
square inch. See Table 2.} for maximum
allowahle stress,

3 = section medulus in eubie inches. The prosz
toction of the rolled beam may be used
except that noles or welds are not permiszsic
ble an the tension {lange in the critical zone.
Ses Fig. 2.1.

!t = distance frem centerline of saddle Searing o
centerline of well in inches. Ses Fig, 2.1,

distznee frdm eenterline of saddle hearing o

centerline of equalizer bearing in irches. See
Fig. 2.1,

IE

Ir I!

i

e —

B
BUSRE

Y
]

FIG. 2.1
WALKING-EEAM ELEMENTS

FaGE 42
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[ Amerigan Pgtroieumﬁulitute
TABLE 21

MATIMUM ALLOWABLE STRESSES IN PUMPING-UNIT WALEKING BEAMS
{See Flg. 2.1)

1 2 a 4
ASTM A6
Stress Symbel Structural Sheel
e ——— T —: ﬂ,____—_,_.-—-_.-""—'-._._._.——‘—n'_'_”_“_"_h-—v—“——“—
1 Tensile stress in extrema fibers in bending, psi. I 11,900
*=5,000.039
2 Compressive sivess in extreme fibers in bending, pai. fur ——
(May not excesd values on line 3) S
3 Maxoum compreasive stress in bending, except a3 I 11,000
limited by equazion on line 2, psi.
4 Minimum yield srength of material, psi. 38,000

=In the guantity | 4 '
[

| = longest laterally. ushraced jength of baam, inehes (langer of L, ot If, 5&€ Fig, 2.1

d = desth af beam saction, inches.
& = width af compression flange, inches.
¢t = thickness of compression flange. inehas,

NOTE: The formula given in Par, £.4 is based
on tha sonventional beam comstruction wiing o
single rolled zestion. With unconventional con-
atruetion or builtarp pections, due regard shall
be given to chemge in looding, fo cheeking
atresses at oll gritisal sectioms, and fo the exist-
enen of sbress comeentrating focters,

2.5 The working stress, f:h for the beam rating for-
mula given in Par, 24, shall e determined from Table
2.1. For standard rolled beams having cross sections
symmatrical with ihe horizontal neuzral axis. the criti-
eal stress will be compression in the lower {lange. The
maximum value of this stress, /. i& the smaller of the
values detzrmined from lines 2 and 3 of Table 2.1

2.6 Unit Rotation. Viewed from the sice of the
pumping unit with the well head to the righl arank
rotation i3 defined as either clockwise or founiers
tloghwise.

2.7 Design Loads for All Structural Members
Except Walking Beams. For all pumping unit geome-
tries, and unless otherwise spegified. use the maximum
lead exerted on the component in guesiian by examin-
ing the loads on the compengnt at each 15° srank posi-
tion on the upstroke of the pumping wnit Uzz polishag
rod load W, for all upstroke crank positicns. .Fes Par
2-1g) :

For units with bi-directional rotatios ang nons
svmmetrical torgue fagtors. the direction of rezation far

SPEC1IE

PUMPING UNIT STRUCTURE

SERIAL MUMBER

STRUCTURAL UNBALAMCE (FOUNDS) i ]

{MAME QF MANUFACTURER)
(ADDRESS OF MANUFACTURER)

PUMPING.UNIT
STRUCTURE

| J

| ]

FIG. 2.2
PUMPING-UNIT STRUCTURE NAME PLATE

NOTE: Stracturnl unbalance is that force i poands
required at the polished vod to hold the beam ia
havizontal pasitien with the pitmons disconnected from
the cranie pins. Thin stvuciweal wnbalenee tR comuid=

ered ]Jmﬂ'h'w when the foree reguived af tie pofidhed
rof % dowmward. and wegatice whes wmeard. The
minua (=) sign shall be stamped on the name plate
when thiz ralvwe ixnemiive,
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Spee 11E: Pumping Units v

design saleulations shall ba that which resulte in the
highest loading on structural cormponents,

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

NOTE: Allowable stress levels are based on simple
atrearex unthout considergtion of stress mizers. Ade-

quate atresx concentration foctors shall be uzed when
ALTERR TISETH OCCUT.

2.8 Design Streazes for Al Struetural Members
Except Walking Beam, Bearing Shafts and Cranks.

#. Design siresses for ail structural components shall

be a function af the yield strexg=th of the rmaterial,
Sy. psi.

b. Campanents subjected o simple tension ar com-
pressipn and non-reversing beading shali have a
limiting stress of .3 Sy. If stress risers oceur in
critical zones of tension members, the limiting
siress shall be 25 Sy.

¢. Companents subjectad to reverse bending shall
have a-limiting stress of .2 Sy,

d. The following formula shall be used for 2!l compo-.
nents acting a8 columns:

w._.=ﬂ[1_ Sy (i)’
4 inmE\r

Wherein:

E
m

+ = maximum applied load on ¢olumn, ths.

area of cross section 2q. in,

n
~
1]

yield strength of material, psi

R @ end restrzint constant (assume = 1)

=
]

modulus of ainstiaity, pai

unbraced langth of column, in.

e 3
1}

radius of gyration of section, in.

shall be limited to a maximum of 30. Fnr'lr'
values of 30 or less, columns may be
asgumed to be acting in simple compression
(See Pay. 2.8h),

2.9 Shafting. Ail bearing shafts as well as other
structural shafting shall have limiting stresses as out-
lined in Par, 3.2 in the reducer section of this
speeification.

2.10 Hanger. Wirelines for horseheads shall have 2
minimum faetor of safety of five -whan applied to the
breaking strength of the wirsline.

For allowabie stresses on carrier bar, end fittings,
etc,, gee Par. 2.8b and 2.8¢c.

211 Brakes. Pumping unit brakes shall have zuffi-
cient braking capacity to withstand a torque exerted by
the cranks at any crank poesition with a maximum
amount of tounterbalance torque designed by the
manufacturer for the particular unit invelved. This
braking torque to be affective with the pumping unit at
rest under normal operating conditions with the well
disconnected.

NOTE: The pumping unit brake iz not intended as a
=afety stop but iz intended for operational stops omly.

When operations or maintengnee are to be conducied
o or around a pumping unil, the posTiion of the cronk
arms and counterweights should be securely fired in o
argtignary pesifion by chatming or other ocoeptable
THEQTX,

2.12 Horseheads. Horseheads shall be either hinged
ar removable to provide access for well servieing.

Herseheads shall be attached to the walking beam in
such a manner as to prevent falling off due =0 4 high
rod part or other sudden load changes.

The distance from the pivot point of the horsanesc o
the tangent point of the wireline on the harsehszd snall
have 2 maximum dimensional telerance at any posizian
of the stroke of the following values:

+1 in. for stroke lengths to 100 in.
=4 in. for stroke lengths 100 in. to 200 in.
=¥ in. for stroke lengths of 200 in. and longer

2.13 Cranks. All combined stresses in ¢ranks zhall
be limited to a maximurn vaiue of .15 Sy,

2.14 Struetural Bearing Design. Structoral bears
ing shafts may be supported in sleeve or anii-friction
bearingu.

a. Anti-Friction Bearings.

For bearings subject to osciilation or rotation use
the bearing load ratio formula;

Ro=k S
W,
Where:
R, = bearing load ratio
k = }{ for bearings rated at 32.1/3 rom and 506
hours ar
k = 3.86 for bearings rated at 300 rpm and 3000
hours
G, = bearing manufacwurer's specific dynamic
rating in lbs.

W, = maximum load on bearingin lbs.

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

For bearings subjoct to rotation use an R, valyue
of 2.25 or greater.

FaGE 44
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2 - Amerizan Potroleum Instilul_e_
TABLE 2.2
PUMPING UNIT SIZE RATINGS
1 2 Y § 1 2 3 4
Max Max,
Radueer Struetures  Stroke Reducer Structure  Stroke
Pumping Unit  Ratng, Capacity, Length, Pumping Unit  Rating. Capscity, Length,
Size in,-ib Ib in. Size in.lb b in.
fd— 22— 16 8,400 3,200 16 320—213— 86 320,000 21,300 &6
£.4— 21— 24 6,400 2,100 24 320—256=100  320.000 25.600 100
J20m=105==100 320.000 30,500 104}
10— 32— 24 10.000 3,200 24 320—213—120 520,000 21,300 120
10w 40~ 20 10,000 4,000 20 320—256—120  320.000 05 800 120
320—256—144 320,000 23,600 144
16— 2= 30 16,000 2.7 30
16— 53— 10 16,000 5,300 a0 456--256—120 456,000 25,600 120
456—305—120 458,000 30.500 120
25— 53— 30 25000 5,300 20 456365120 456000 35,200 120
25— B5— 25,000 5,600 36 456—=256=144 456,000 25,600 144
25— &§7— 38 25,000 6,700 6 456==305=144 456,000 30,500 144
48: g?‘: ag 40,000 gg% 33 456 J05—168 455,000 30,500 168
4 4 40,000 . 4 §40—305—120 640,000 30,500 120
40— 85— 42 40,000 B.900 42 £40—255—144  B40.000 5600 144
40-- 76— 4B 10,000 7,600 48 g,*g__ggg_]_ﬂ 248888 ggﬁog T44
40 265144 40, 500 144
it ol S0 16% i f40—305—168 640,000 30,500 183
gg_lgg__ 13 53;:888 lg:ggg 13 640—305—152 540,000 30,500 192
—109— | X G12.0mq27emtdd 912,000 42,700 144
i e e MRS % R 8
Ll 12, ! 1
B0—109— 43 0,000 10,500 43 912—305--192 912,000 20,500 192
gahm— 48 80,000 13,300 48 912—427—132 912,000 42,700 182
o mg  nm o MW e gam o
Y e e 24 1 - 912,000 42,700 216
1280—427—168 1,280,000 47,700 163
11dauldd— 54 114,000 13,300 54 1280—427.1582 1080004 42,700 192
bla—lid— 64 114000 14.300 £4 1280med 37216 1,580,000 42,700 215
H::He,s: ?,: mggg ﬂ'g% _6,1 {250_4'7:3_240 1.230,000 47,000 240
1141158 85 114,000 11,900 85 280—470—300 1,280,000 47,000 00
- 1824—427—152 1,324,000 42,700 192
1o0—1ta— 8¢ 180000 17.300 g4 1824427216 15824000 42700 218
160—173— 76  160.000 17'300 74 1824—T0—200 L.A24000 47000 240
160—300— T4 160,000 20,000 74 4470300 1824000 47.000 0
160—173— 26 160,000 17,200 2560—470=240 2,960,000  47.000 240
%&}_&S‘: ; 4 228,000 17300 - 2560—470—300 2,560,000 47,000 300
4 228,000 20,000 74 2648—470—=240 3,848 000 47,000 240
228—010— 86 228,000 21,300 26 ‘eam '
5587545 88 523000 54’500 = 364B~470--300 3.648,000 47.000 360
228173100 228,000 17.300 100
998913120 298000 21,300 120
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b. Sleeve Bearings.

The design of sleeve bearings is beyend the
seope of this speeification. [t shail be the respongi-
Bility of the pumping unit manufacturer ta design
sleeve bearings, based on avaiiable test data and
field experience, which are camparable in per-
formanee o anti-friction bearings designed for the
game cperating loads and speeds,

2.15 Installation Markings. Clear!y defined and
readily usakle markings shall be grovided on the end
crots members of the base to indicate the vertical pro-
jectian of the walking beam centerling. The markings
shall be applied with a chisel. punch, or ather suitable
tpol.

2,16 Marking.* Each pumping-unit structure shall
be provided with a name plats subztantially 28 shown
in Fig. 2.2, At the diseretion of the manufacturer. the

name plate may contain other nam-conflicting and
appropriate information, such az moadei numbper or lub-
rivation inatructions,

2,17 I order that the torgue on o reducer may be
determined conveniently and accurately from dyna-
morneter test data, manufacturers of purmmping units
shail previde. on requeat of the purchaser, stroke and
orgue factors for each [5-deg position of the erank. An
approved fortm for the submizsion of these data is
znown in Appendix A.

“Uspru pf this specification shauld rote that thers 1z nnionger a
requirement for marking a product with the APl monegram.
The American Petroleum I[nsticute continues tn licenwe use af
the manogram on producty envered by this specification but it is
atdministered by the stafl of the Insttute separniels rom the
aneeilicaton. The palicy deseribing lecnsing and urc of the
menrzram if contained in Appendiy M, heroin, Mo sthor ure of
the meannEram ix permitted.

SECTION 3
PUMPING-UNIT REDUCERS

3.1 5COPE

Applicability. This Specification is applicable to gn-
cloted speed reducars wherein the invelute gear tooth
designs include helical and herringbone gearing. This
Specification i3 intended primarily for beam-type
pumping units.

Limitations. The rating metheods and inflaences
idantified in thiz Specification are limited to single and
multipie stzge designs applied to oiifield pumping
units. in which the piteh-line velocity of any stage does
not exceed 3000 feet per minute and the speed of any
thaft does not excesd 2800 revolutions per minute,

3.2 RESPONSIEILITY

Gear Reducer Designers, Professionals using this
Speeification thould realize that it is quite difficult to
identify and offer tolutions to afl the influences affect-
ing a gear reducer. For this reason. it is recormmended
that this Specification be used by engineers with signif-
icant experience in mechanical systems.

Redueers rated under this Specification, and properly
applied. instailed. lubricated and maintained, shall be

capable of safely earrying the rater peak torzuze under
normal oilfield conditigns.

Rating Factors. The allowabie stress numbers in this
Specification are maximum allowed values. Lzss con-
servative values for other rating factors in this. 3pecifi-
cation shall not be uzed.

Metallurgy. The allowable stress numbars, s, and
.. included in-this Specification are based on commer-
cial farrous material manufacturing practicas. Hared-
negs. tensile strength, and microstructure are the crite-
ria for allowable stress numnbers, Reasonabie lavels of
cleanliness and metallurgical controls are required to
permit the usze of the allowable stress pumbers con-
tained in this Specification.

Residual Stress, Any material having a case-core
relationship i% likely to have residual stresses. [f prop-
erly managed. these stresses will be compressive andg
will enhance the bending strength performance of the
gear teeth, Shot peening, case carburizing. mriding,
and induetion hardaning are common methods of indue-

ing compressive prestress in the surface of the gear
teath.

FaGE 46
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Section 3

Metallurgical Analysis
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Lorarly MAGHAFLUY Quaiity Sernces

MGQS INSPECTION, INC.

FaGE 48

LABQRATORY NO.

59074~4—5 chru

MRS

5800 EAST WASHINGTON BOULEVARD CATE REPOATED: 5-16-89

LOS ANGELES, CALIFORNIA 50040 REVISED REPORT 5-24-R9x

TELEFHONE {213} 7242811 PURCHASE CROER NG, 0048

L=eE R MO, = ——

DARCO USA INC,

10835 Geary Avenue SAMPLE SUBMITTED: Steel

¥.0. Box 4107

Santa Fe Springs, CA S0670-8207 MATERIAL SPECIMCATION; mmu

TEST METHOO: ——_——
QUANTITATIVE CHEMICAL ANALYSES
FA A 4

Elexzent High Speed Pinion Crank Fin Bolrt
Carbvon L4l Al L33
Manganese .81 .69 .60
5ilicon .28 .30 24
Phosphorous .017 .017 016
Sulfur .08 013 015
Chromium .82 .30 .91
Nickel 1.63 .05 .05
Molybdenum V25 .01 .02
Copper .07 .07 .11
Iren Rem. Rem. Rem.
Hardness RC 22 RB 98 RC 25

(*). Revised report to remove dash number and spell out Element per client request

By

ek / (.{/’, <

-

V.

Philld

MOR INSPECTION, INC.

CHEMICAL ® MECHANICAL ® METALLURGICAL % FAILLRE ANALTYSIS ® NONDESTRAUCTIVE TESTING
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Formurir MAGHMAFLUX Quality SHreges LABORATORY NO, 44081-4~1
MOS INSPECTION, INC.

ERO0 EAST WASHINGTON BOULEVARD DATE REFORTED: 1-20-92
LOS ANGELES, CALIFORNIA B0040

TELEPHONE {213) T24-3811 PFURCHASE ORDER MO, 064 8
DARCO USA INC. SHIPPER NO. DS 100
10135 Geary Avenue
P.O. Box 4207 SAMPLE SUBMITTED:

Steel
Santa Fe Springs, CA 90670-1207
MATERIAL SPELCIFICATION:

Attn: Purchasing Agent T

TEST METHOD:

QUANTITATIVE CHEMICAL ANALYSIS

§low Speed Crank Shaft

Element %
c .46
Mn .62
= 011
= 023
&1 .29
Cr .15
Ni .08
Mo .01
Cu | -10
Fe Rem.

ANALYSIS INDICATES SAMPLE IS Cl045 STEEL

Scott Hauser
By:

MAOE INSPECTION, INC.

MALF & CHEMICAL * MECHANICAL * METALLURGICAL & FAILURE ANALYSIS ® NONDESTRAUCTIVE TESTING
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Formarty MAGHAFLUX Quiiity farvces LABORATORY NO, l_ 44081-5-]
MOS INSPECTION. INC.

G800 EAST WASHINGTON BOULEVARD DATE REFORTED . l1-6-92

LOS ANGELES. CALIFORNIA 90040

TELEPHONE (213) 724-3311 FURCHALE ORDER MO, 0648
DARCO USA INC. SHIBFER HO. DS & 100
10135 Geary Avenue
P.O. Box 4207 SAMELE SUBMITTED: -

Santa Fe Springs, CA 90670-1207

MATERIAL SPECIFICATION: ===
Attn: Purchasing Agent

TEST METHOD: i —_—

METALTLURGICAL REPORT

Sample Identification

Slow Speed Crank Shaft

Test Reguired

To perform hardness test.

Test Results

Hardness, Rockwell C

36-37

.. ‘ém_%’é/ Ben Wood

MO5 INSPE H.IKC.

MLPS CHEMICAL ® MECHANICAL ® METALLURGICAL ® FAILURE ANALYSIS * NONDESTRUCTIVE TESTING
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MasS

Farmuriy MAGNAFLUT Suaily Serwees LABORATQORY NO. l_ 79064=4=-1 thry
MQR INSPECTION, INC.

§800 EAST WASHINGTON BOULEVAAD B4TE REpoATED: 7=17=89

LOS ANGELES, CALIFOAMIA 30040

TELEPHOMNE (2131 T24-3811 PURCHASE QROEA NO. 0069

SHIPRER NG,

DARCO U5A INC,

10135 Gearv Avenue SAMDBLE SUBMITTED:
P.0. Box 4207 Steel
Santa Fe Springs, CA 90670-1207 WMATERAIAL SPECIRICATION:
Atern: Framk Burson
TEST METHOD: ——
QUANTITATIVE CHEMICAL ANALYSZS
A
A ~2 "
-1 Equalizer to Pitman -3
Element Equalizer Beam Arm Housing ‘ Pitman Arm
C 21 .27 .13
Mn .51 . Bba .49
51 24 .37 .23
= 016 : 026 011
S .024 .019 ' .023
Cr ‘ .01 i .01
Ni LQOL* 14 .01
Mo 01% .07 01*
Cu .03 13 .02
Fe Bem. Rem. Ran

(*) less than

-1 ANALYSIS INDICATES SAMPLE IS 1020 STEEL
-2 ANALYSIS INDICATES SAMPLE IS5 1025 STEEL
-3 ANALYSIS INDICATES SAMPLE 15 1015 STEEL

nv:/f/% //‘M . V. PRIIT4;

MO INSPECTION, INC.

MER S CHMEMICAL & MECHAMICAL ® METALILJRAGICAL ® FAILURE ANALYSIS ® NONDESTRUCTIVE TESTING
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MasS

Fortirly MAGNAFLUT Quuiity Sarwces
MQS INSPECTION, INC.

6800 EAST WASHINGTON BOULEYARD
LOS ANGELES, CAUFORNIA 90040
TELEPHONE (213) 724-2811

DARCO USA INC,
P.0O, Box 4207

Santa Fe Springs, CA 90670-1207

Acttn: Frank Burson

LABORATQRY NO.

FaGE 52

S 10

7906461
DATE REPOATES: 7=-14-89
PLIRCHASE ORDER MO, 0068

SHIPPER NGO,

SAMFPLE SUBMITTED:

MATERIAL SPECIFICATION;

TEST METHGD;

Steel Coupons

ASTY E8

CERTIFIED TEST REPORT

| TIELQ STREMGTH ULTIKATE BTRENGTH; i ELOMGATION i FEJUCTIOM LAKA
' B
eGSR THES [ R [ [ | wowes | rorcenr | 285, enconr
f&
ROOM TEMPERATURE TENSILE TEST :
Equalizer Beam
1 L2475 L0481 2100 43700 3275 681G0 .32 32 .157 &0
|
.qualizev to Pitman Arn Housiug ;
|
2 2473 0480 2350 49000 3875 80700 + 31 3l 167 54
Pitman Arm
3 .251 .0495 1900 38400 2910 58800 . 34 34 138 70
i
MAXIMUM REQUIREMENTS i
MWIHIMUM REOQUIREMENTS asim — = —_—
YIELD STRENGTH DETERMINE AT: 0.2X% Qffset FRACTURE CODE:
ELONGATION GAGE LENGTH: __ Linchws (F)  Fluw presanz, (g} Broke through gage
SPEED OF TESTING: 0.05 in/min (G Broks outtide gege BuTice middle haif
HEAT TREATED A5 FOLLOWS; mark. langth.
WTNESSED BY:
By: C. M
§ MOS INLPECTION, INC,
MAPS CHEMICAL * MECHANICAL * METALLURGICAL ® FAILLIRE ANALYSIS ® NONOESTRUZTIVE TESTING
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Me&S

:ur-m-r AGNAM LT Ottty Tabrwetand

WOR INEFECTION, INC.

00 EAST WARHIMNGTOM BOULEVARD
LOS ANGELES, CALTFORMNLA $o0u0
TELEPRONE (21)) TMMT1

DARCO U.5.A, INC
101353 Gaary Avenue

Sanca Fe Springs, CA. 90670-1207

Artn: William F. Wheeler

Pa&isE 53
Jit 2 g g
Lk LA, TORY 0. 69341-4-]
DATE ARSI RTED: &£=-27-89
PURCWALE QORDER MO 0061

T LR MO,

FAMSLY JUBMITTED:

MATLRIAL FCIFICATION:

TEIT Wil T 0

Steel Coupo

QUANTITATIVE CHEMICAL ANALYSIS

Pumping Unit Walkinz Beam

ELEMENT %
CARBON .16
MANGANEST 1.28
STLICON .30
PHOSPHOROUS .025
SULFER .009
CHROMIUM .02
NICKEL L01%
MOLYLIDENUM .01%
COPPER .01%
IRON | Rem.

ANALYSIS INDICATES SAMPLE IS 1518 STEEL

*Less Than

Lo LA /(2/ Victor Phillips

WO INEPECTION, [HC.

uLrg CHEMICAL & MECHMANICAL & METALLUMGICAL @ FAILURE ANALYYIE & MONMDESTALCTIVE TESTING
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Kopmarly MAGHAFLUX Quailly Servces

MQS INSPECTION, INC.

6800 EAST WASHINGTON BOULEVARD
LOS ANGELES, CALIFORNIA 90040
TELEPHONE (213) T24-3811

DARCO USA INC,
10135 Geary Avenupe
Santa Fe Springs, CA 90670-1207

Artn: W. F. Wheeler

FaGE 54

JUN 28 In
LABORATORY NO. 69341-6-1
DATE REPOATED: f-26-89

PURCHASE ORDEA NG

0061

IHIPPER NO,

EAMPLE SLIBMITTED: Pumping Unit

MATE 1AL 5;5‘:"";5}-%}%%% : Beam Section

TEST METHQD:
" ASTM ES

CERTIFIED TESY REPORT

. HELD STRENGTH ULTIMATE STRENGTH; ELONGATION AECUCTION AREA
IDEMTIFICATION LTAELEED) STAESSED | ACTUAL LDAB | POUNDS PER | sETusL LoAD \
MUMBER DIMENSION AREA POUNDS 5Q. 1M, POUNDS | oo | MCHES | REACENT Drisgngron | EFCENT
ROOM TZMPERATURE TENSGILE TEST
" 206 L2011 12950 64400 16300 81100 00 30 . 305 =24
MAXIMUM REQUIREMENTS
MINIMUM RECUIREMENTS ——— —_— _— —_
TIELD STRENGTH DETEAMINE AT: Halt of the dial FRAGTURE CODE:
ELONGATION GAGE LENGTH:,g_inchu {F} Flrew presant. (i Brcke Wiroggh grm
sPeRD OF TExTING: 0.05 in/min (G) Broke sumida gaow cunide middle kit
HEAT TREATED AS FOLLOWS: mank, lengeh
WITNESSED BY:
By: C. M
SINSPECTION, (NG,

Mapg

CHEMICAL * MECHANICAL * METALLURGICAL * FAILURE ANALYSIS

ESTHUCTIVE TESTING
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Section 4

Bearing Content
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REARING CONTENT
wobit, eI SADDLE EQUALIZIZR HEIZE SPREED INTERMEDIATE LowW SPEED

114 2231ec NIZ228E 22326C NU2313E NUZ31l7E 2Z23CE
186 22316 NI2228E 22326C NUZ3158 WO23Z20E 22232¢
228 Z231B8C NJZ228E 22326C NUZI1TE NJ2322E 23136C
320 R2322C ;1-1'23303 22330C NOzZ319E NUZ3Z4E 32238¢
456 22326C HJ:ZBS*!E 22336C NO23z2E NU2326E 32240C
640 223z28C NJR336x 22340C ND2324E HUOZ330E 22_244[:
#L2 22328C WIZ2336E 22340C NU2324E NUZ330E 22244C

All bearings shown above are SKF or equivalent and can be

purchased via bearing distributors nationwide,

Bearing L-10h life comparisons are listed in this secticn
and utilize American Manufacturing's previous data on its
products and that of Lufkin Industries.
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BEARING LIFE COMPARISONS

The L-10h "Fatigue Life" of a bearing refers to the basic rating
life in operating hours. Listed below are L-10h comparisons of the
three primary pumping unit manufacturer's gear reducer bearings.

Formula:
10
3
Lioh = 1,000,000 C
nx &0 P
n = Rotational speed of bearing, RPM
C = Basic load rating of bearing
P = Radial lsad on bearing

Data derived from the Link Belt and S5KF technical journels.

ARI Size 114D Reducex

High Speed Bearing Comparison:

g &  _C . =2  REM_ _T30B .
Darco 2313 24750 17897 580.4 173,836
Lufkin 5213 24300 1797 580.4 169,167
American bZ215 29500 1797 580.4 322,875

Intermediate Bearing Comparison:

Darco 2317 66825 5359 107.1 £99, 696
Lufkin 5216 33300 5359 107.1 68, 642
American 5218 46200 5359 107.1 204,449
AFPL DSize 160D Reducer

High Spesed Bearing Comparison:

brg # . C I BEM_ —TL10h
Darco 2315 41175 2474 580.4 337,987
Lufkin 5215 29500 2474 580.4 111,223
American 5217 41100 2474 580.4 335, 940

Intarmediate Bearing Comparison:

Darco 2320 95000 7402 107.1 883,784
Lufkin 5217 41100 7402 107.1 47,174
American 5218 46200 7402 107.1 69, 668
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BEARING LIFE COMPARISONS

API Size 228D Reduycer
High Speed Bearing Comparison:

Brg # —Cc . —B REM_ —L10h

Darco 2317 56825 3250 600.7 660,759
Lufkin 5216 333040 3250 600.7 64,823
American 5218 415200 3250 600.7 193,072

Intermediate Bearing Comparison:

Darco 2322 153450 8000 106.3 2,000,153
Lufkin 5218 46200 9000 106.3 36,586
American 5221 £5500 5000 106.3 123,191
API Size 320D Reducer

High Speed Bearing Comparison:

Brg £ e 14 Rbp e L10bh
Darco 2319 51525 4249 606.3 112,613
Lufkin 5218 46200 4249 606.3 78,2858
American 52183 23000 4249 £06.3 123,725

Intermediate Bearing Compariszson:

Darco 2324 178200 13209 107.

0 910,452
Lufkin 5220 58900 13208 107.0 24,043
American 5224 88300 13209 107.0 87,653
ARI Size 456D Reducer
High Speed Bearing Comparison:

_ bBrg % SN N —r BEM —L1Oh

Darco 2322 153450 5783 476.3 1,949,088
Lufkin 5220 59300 5783 476.5 84,729
American 5221 £6500 5783 476.5 120,046
Intermedliate Bearing Comparison:
Darco 2326 210600 16365 83.5 996,866
Lufkin 5224 88300 16365 83.5 €1,104

American 5226 94000 16365 B3.5 75,271
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BEARING LIFE COMPARISONS

API Siza 640D Reducer

High Speed Bearing Comparison:

Brg # N ol =
Darco 2324 178200 7081
Lufkin 5224 88300 7081
American 5224 88300 7081

Intermediate Bearing Comparison:

Darco 2330 427500 19647
Lufkin E22¢6 84000 18647
American 5228 117000 19647

API Size 912D Reducer

The

Darco bearings are identical to-

_REM_ —L10h
468.1 1,662,980
468.1 160,102
468.1 160,102
85.8 5,586,772
85.8 35,848
85.8 74,3357

that of cur 40D model.

FaGE 59
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Section 5

Client References
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Client List

Aera Energy

Agip (Egypt)

Amoco

Arco

BP

Cal-Tex (Indonesia)
Chevron

CNPC (China National Petroleum Corp.)
E! Paso

Exxon USA

Fina Qil & Chemical

Kelt Energy

Maxus

Mobil Oil

Neste Oy

ONCG (India)

Pacific Enterprises
Perenco (France)

Petrobras (Brazil)

Phillips Petroleum

Pioneer Resources

Repsol (Venezuela)

Santa Fe Energy Resources
Shell PDO (Oman)
Tecpetrol 8.A.

Texaco

Total

Unocal

YPF (Argentina)

Additional references upon request

PaGE Bl
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