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It has been documented in field test r--esults that in 

many cases a product ion increase can be obtained by replacing 
a steel sucker rod string with a fiber-glass and steel sucker 
rod string. (2) While these tests have demonstrated the value 
of fiberglass sucker rods, the beam pumping systems were 
still fair-ly inefficient because the pumping units that were 
being used were originally designed for use with steel sucker 
rods. 

R more efficient beam pumping system has been devel clped 
that uses f i berg lass sucker rods in conJunction with a 
pumping unit that was designed ta take greater advantage of 
the properties of fiberglass sucker rods. (3) 

This paper discusses the unique characteristics and 
history of fiberglass sucker rods, and examines how this new 
pumping unit takes advantage of the proper-ties of fiberglass 
sucker rods to produce a more efficient beam pumping system. 

HISTORY OF FIBERGLRSS SUCKER RODS 
_______----_--------------------- 

The first fiberglass sucker rods were developed by an 
eng i neer- w i t h Flmoco Product i cln Company and Jos 1 yn 
Manuf act uri ng Company. nt the time, Joslyn was producing a 

pultruded fiberglass reinforced plastic rod for use in the 
electrical industry as an insulator. Since the insulating 
rods could withstand a tensile load of several thousand 
pounds, they were used as models fur the first fiber-glass 
sucker rods. (1) 

The original purpose of developing fiber-glass sucker 
rods was to try to reduce sucker rod failures due to 
ccwros i on. However, initial testing quickly revealed several 

distinct advantages of using fiber-glass rods in beam puniping 
applicati clns. Due to the fact that the fiber-glass rods 
weigh 78% less than comparable steel rods, signif icant 
reductions in polished rod load, peak torque, and counter- 
balance requirements were observed. It became apparent that 
it would be possible to maintain production volumes with a 
smaller- pumping unit and less energy consumption, and to 
increase production above the capacity ,of steel sucker rods 
without the need of a larger pumping unit. 

*Now with Mobil Producing Texas and New Mexico. 
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Rs with any new technology, there were several problems 

that had to be overcome. The original insulator- type 
fiberglass rods were quite capable of supporting the large 
tensile loads, but they had never been tested under cyclic 
load i ng cond i t ions such as those present in a beam pumping 
system. When the rods were f ir-st tested under cycl ic loading 
cond i t ions in a beam pumped oi 1 we 1 1, they failed after only 
a short time. The engineers with Flmoco examined each of the 
parted rods and discovered several pr-oblerns r-elated to the 
manufacturing uf fiberglass sucker rods. (4) 

The f i berg 1 ass rods are manufactured by combining 

thousands of glass filaments into glass fiber rovings. The 
glass rovings are then passed through a polyester resin bath 
which is kept in a liquid state by a styrene mc7nomer. The 
wetted strands of glass fiber are then passed through a die 
which forms the rod body. The rods are then heated to 14121 
degrees F which causes the st yrene mc~nomer to evaporate into 
a styrene gas. The polyester resin hardens in the absence of 
the st yrene monomer and forms the rod body. 

The original curing process utilized conventional 

heating methods that cured the resin from the outside. This 
resulted in tiny bubbles of styrene gas getting trapped 
inside the rod body. &-t&her defect in the rod body resulted 
from the tendency of the glass fibers to form small knots 
when they were drawn together. Both the knotted rovings and 
the styrene gas bubbles caused variations in the load 
handling characteristics of the rod body. When the rods were 
placed under cyclic loading conditions, these variations 
caused them to splinter and fail prematurely. 

fAnother maJor source of rod failures was in the 
connecting pin ends. The pins, which are made of 4628 “K” 
grade steel, were glued onto the ends of the rod body with an 
epoxy resin. Close examination of the pins revealed that the 
original method of placing the pins on the end of the rods 
left gas pockets entrained in the epoxy resin. This also 
resulted in a considerable number of fi,berglass rod failures. 

Flnother problem existed in the actual design of the pin 

ends. The original design had a large amount of steel at the 
fiberglass-steel Junction. This caused the steel pins to be 
very stiff at a critical point in the rods. Because of this, 
mclst of the bendjng moment was cco-lcentrated at one point in 
the rod body resulting in many failures at the pin end. 

The desi gn and placement of the pin ends was improved to 

reduce failures. The thick steel at the fiberglass-steel 
Junction was replaced by a thin steel Jacket that allowed the 
steel pin to bend with the fiberglass rod thus transferring 
the bending moment smoothly from the rod body to the pin. Q 
method of spinning the pin ends onto the rod body resulted in 
effectively removing any entrained gas from the epoxy resin. 
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Both of these modifications to the oxtnecting ends virtually 

eliminated pinch-offs in the second generatic~n of fiberglass 
sucker rods. 

The r~~anufactur~ing prxlcess of the rcld body was modified 

considerably for the third generation of fiberglass sucker 
rxlds. The convent ional heat ing system used to cure the 
polyester resin which forms the rod body was replaced with a 
radio fr-equency heater-. The radio frequency system heats the 
rods from the inside 1 i ke an clrd i nary m icruwave oven. This 
has the effect of forcing the styrene gas bubbles to the 
outside as the resin cures thereby producing a much strunger 
resin rnatr-ix around the glass fiber-s. R-1 elaborate system of 
ceramic guides was designed to properly align the glass 
rovings and draw them through the curing process without 
knots forming in the strands. 

The thir-d gener-at ion of fiberglass sucker- rods has 
been on the market since about 19841. Rlthough some feel that 
ther-e is st i 11 some rocm for- improvement, the new fiberglass 

sucker rods have become an economica 1 and r-e1 iabl e 
alter-native to steel sucker rods. 

PROPERTIES OF FIEERGLRSS SUCKER RODS 
-------_--------------m-~-----~~~---- 

Fiberglass sucker- rods are becoming more popular because 

they have tensile str-engths raughly equivalent to that of 
steel sucker- rods, yet they weigh 78% less. This difference 
in wei ght is even mcare prctnounced when buoyancy is taken i ntcl 
cclnsiderat ion. The lighter weight of the fiber-glass sucker 
r-ads di r-ect ly r-esul t s in lower pal ished rod loads. S i nce 

gear-box torque is part ially a function of polished rod load 
and is also a limiting design criteria, f i berg 1 ass sucker 
rods can often increase the potent ial product isn volume of a 
pumping unit. FIrlot her- advantage of f i berg 1 ass sucker rods 
that is directly r-elated to weight is the low inertia force 
exerted by the r-clds dur-i ng acce 1 er-at ion. This means that 
f i her-g lass sucker r-ods can be accelerated much quicker- than 
steel sucker r-ads with the same amc~unt of force. The new 
pumping unit design that will be discussed in greater- detail 
later- in the paper- takes advantage of this concept. 

Rlthclugh fiber-glass sucker r-ods weigh about 78% less 
than steel rods, the fiberglass rods can handle greater 

tensile loads then steel r-ctds. The maximum working str-ess of 
fiber-glass sucker- r-ads is 34, 888 psi compared to 38,888 osi 
for steel sucker rods. Fiberglass rods do, however, have an 
inherent compressive st r-engt h weakness. Fiberglass sucker- 
rods should never- be used where they might be put under a 
cclmpress i ve 1 clad. For t h is reason, f i berg I ass sucker rxlds 
are usually used in conJunction with either steel sucker r7ods 
of steel sinker- bar-s at the bottom of the fiber-glass r-od 
string. The heavy steel at the bl=lttum of a fiber-glass rod 
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string also adds the weight necessary to actuate the pump on 
the dc~wnstroke uf the pumping cycle. F i berg 1 ass sucker r-ads 
are also relatively weak in terms of torque lcgads. They can 
only withstand about ZQQI ft-lbs. of tur-que. This should 
co-1 ly be a cons iderat icon i f a r-cad rot at or is desired at the 
surface. 

The low modulus uf elasticity is another- rnaJor 
considerat ion in the design of a fiber-qlass sucker rod 
string. The modulus of elasticity for* f i bet-glass rods varies 
f r-cm 6. 2 x lC16psi to 8.1 x l& psi depending on the 
ccmpc~si t ion of the rods. Since the?-e are sever-al fiberglass 

sucker rod manufacturers, it is advised that the 
specif icat ions be obtained prior to designing any fiberglass 

rod string. 67 r-cad str*ing will stretch under a given load 
according to the fell lowing formula: 

de format i un = FL 
FIE 

whet-e: F = force 
L = length 
Fi = cross-sect i t3na 1 area 
E = modulus of elasticity 

Since the modulus of elasticity (E) is in the dencminator-, 
greater st r-et ch wi 11 correspond with a smal ler value of E. 
The mc~dulus ctf elasticity for steel sucker rods is 38. 6 x llzl 

6 

psi. By comparing E for f i berg lass and steel, it can be seen 
that fiberglass will stretch four to five times more than 
steel under ident ical loading conditions. This large amount 
of stretch that is inherent in fiberglass rods can greatly 
r-ed uce product i on if the pumping system is improperly 
designed. On the other- hand, a proper1 y desi gned system can 
take advantage of the stretch factclr to actually increase the 
duwnhole pump stroke. Th i s phenc~menc~n i s ca 1 1 ed overt rave 1 
and can be achieved by uperat i ng near the resonant frequency 
of the r-ctd string. 

OF’ERFITION RND COMPBRISON OF F’UMF’INS UNITS 
______-_--------------------------------- 

Fi berg 1 ass sucker r-clds can be used with most of the 
maJ ur types of pump i ng units to obtain sat isfactory results. 
!-hwever, each unit takes advantage of the characterist its of 
f i her-glass r-sds to a varying degree. They do not all oerfur*m 
equally. The convent ional pumping unit conver-ts the mot ion 
of the cr-ank to an almost sinusoidal motion of the polished 
rod. The c&her* three types of units depat’t from this idea of 
simple up and down mot ion. Because the crank shaft is nut 
directly underneath the tail bearing (co- crctss yoke bear 1nq 1 , 
these units have a slower upstroke and a’ quicker downstroke. 
This type of mot ion is obtained by offsetting the crank, such 
that mar-e than 188 degrees of the crank rotat ion is devoted 
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to the upstoke when polished rod loads are gr-eater, and less 

than 188 degrees of the crank rotation is used on the 
downst r-ceke when pol ished rod loads ar-e less. These types uf 
geometr-y result in a more even distribution of gearbox torque 
t hroughclut the rat at ion of the crank. 

The Type I pumping unit shown in Figure 1 utilizes a 
cross yclke bearing tcl lift the load on the upstroke as 
opposed to the traditional lever action wher-e the pitman 
pulls down on a tai 1 bear-ing to 1 ift the load. The Type i 
unit works very well with steel rods, mainly because the 
crank is angled to obtain a maxirn~fl cuunterbalance effect 
earl ier in the upstroke when the peak polished t-cld load 
usually c~ccut-5. However, it is nut al ways advantageous t cl 
combine a Type I pumping unit with fiberglass rods. F i q ures 
2 and 3 shcfws a typical dynamometer card for- a l@W steel r-cld 
str-ing and a fiberglass-steel rod string. The permissible 

load diagram of the Type I unit as shown in Figure 1 

camp 1 i ment s the dynamcmet er card of the steel rod string 
which is low on the r-ight and high co-l the left. However, the 
fiberglass-steel rod string has a dynamometer card that is 
high un the right and low cln the left. This does not match 
the Type I permissible load diagram very efficiently. 
Because of the lar-ge amount of stretch that occur-s with 

fiberglass rods, the peak polished rod load occurs late in 
the upstr-coke past the point of maximum cc~unterbalance effect 
on the Type I unit. In certain cases, replacing steel rods 
with f i berg 1 ass rods can actual ly increase peak gearbox 
torque on a Type I unit. The Type II pumping unit, shown in 

Figure I, leaks very similar to a convent iclnal pumping unit. 
The maJar gecmetrical difference is that the crank is nch 
directly below the tail bearing. This gives the desired 
effect of a slower upstrclke and a quicker downstroke. 

The Type I I I pumping unit , illustrated in Figure 4, 

departs from traditional pumping unit desiqns in an attempt 
to attain the must desirable pal ish rod mc&ictn far a 
fiberqlass sucker rod string. The construct ion of the Type 
III unit is also different from tr-adit ico%tl pumping unit 

designs. The standard gear-box has been replaced by a system 
of belts and wheels. The large wheels add to the caverall 
efficiency of the system by their- ability to star-e large 
amclunt s elf r-c&at ional kinetic energy. The belts tend to 
increase the overall life of the system because they tend to 
dampen any mechanical vi brat ions that may occur in the 
system. Q typical gearbox depends upon many metal to metal 
contacts to transfer- power- from the motcer to the crank. This 
creates considerable vibrational energy that is easily 
tr-ansferred to the r-cld string. The motion of the tail 
bearing also differ-s fr-om traditional pumping units. The 
tai 1 bearing elf the Type II I unit clpera,tes from a nearly 
horizontal posit ion to an almost vertical posit ion. The 
other types of units have the tail bearing (or cross yoke 
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bear i ng 1 operating between nearly equal distances above and 
below the horizontal. 

Figure 1 also shows a polished t-ad velocity comparison 

sf these four types of pumping units. The plot to the right 
c&f each unit shows the polished rod position on the vertical 
scale vet-sus the dimensiclnless polished rod velocity on the 
hurizontal scale. It is apparent frcm these plots that the 
maximum velocity on the upstroke is much slower than the 
duwnstrclke for the three nclncunvent iclnal units. This is a 

direct result uf having more than 1816 degrees of the crank 
angle devoted to the upstroke. This slower speed on 
the upstroke makes it much easier fur the pumping unit to 
iift the weight of the fluid, and since the acceleration 

1 clads are reduced, the maximum r-od stresses are also reduced. 
Rs the plots illustrate, the Type III unit design achieves a 
greater maximum velocity cln the dc~wnstroke. The maximum 
ve 1 cc i t y a 1 so occc~v-s much c 1 clser to the bottom of the stroke 
than it does with the other units. Therefore, the Type III 
geometry results in a much greater accelerat ion of the sucker 
rods at the buttum of the stroke. In other words, the sucker 
rods are very close to a free fall with relatively constant 
acceleration for- the maJurity of the downstroke. Rt the 
belt tom of the st rake, the sucker rods are stopped very 
quickly which causes them to stetch out. This has the effect 
of preluading the rods prior to the upstroke. Therefore, 
very little surface stroke is utilized on the upstroke to 
stretch the rods prior to lifting the fluid load. This type 
of motion causes very efficient use of the energies present. 
The kit-let ic ener-gy that is generated in the free fall of the 
rods is converted to potential energy in the stretch of the 
rods at the bottom of the stroke. The upstroke begins to 

s 1 ow near- the top of the stroke which allows the fiberglass 
rods to shorten giving an extra push to the fluid load prior- 
to the downstroke. 

The Type III pumping unit and fiberglass sucker rods 
form two parts of what Rllen and Svinos(3) call the 
Fiberglass Sucker Rod System (FSRS). The remaining part of 
the FSRS is a modified insert pump. The modifications 
cctinsist of a larger I. D. valve seat (Texas Seat) (3), a larger 
pl unqer bore, and the replacement of the flexible valve rod 
with a more rigid valve tube. 

TEST RESULTS OF FIBERGLQSS SUCKER RODS FIND THE FSRS 

Prior tu the development of the Type III pumping unit, 

an actual field test of fiberglass sucker rods was conducted 
by Treadway and Focaz i o (2) of Flmuco Corporat ion. In this 

study, several steel sucker rod strings were replaced with a 
6IB% fiberglass and 40% steel sucker rud’string. Only the rod 
strings were changed, the rest of the equipment was kept the 
same as before the test. The results of the study are 

SOUTHWESTERN PETROLEUM SHORT COURSE - 86 313 



printed in Table 1. In most cases, r-educed polished rod loads 
allowed an increase in the pumping speed which resulted in an 
increase i n product ion. In all cases, the installation of 
the fiberglass sucker rods was economical, and each new rod 
string performed as expected without failure. (2) 

Q computer program which is commercially available to 

aid in the design of fiberglass sucker rod strings, cant a i ns 
all of the necessary dimensional and dynamic informat ion of 
the four mayor types of pumping units. Fl compariso,‘l of four 
different beam pumping designs was maae for a 6000 ft. well 
using this program (10). Each design used identical well 
conditions to obtain an accurate comparison. These four 
designs are shown in Figur-e 5. The first design is an al 1 
steel WI 86 rod string. It requires a torque output of 
71z, 000 in-l bs. and a power out put of 63. 5 HP. Total fluid 
product lrln from this design-is 572 BFPD. The same total 

fluid production is obtained from the Type III pumping unit 
with 88% fiberglass rods and 12% steel sinker bars. But with 
this design, maximum torque is 2’31,000 in-lbs. and power 
reqct i red is 37HP. Since the additional cost of fiberglass 
sucker rods is ,offset by the lower cost of the smaller 
pumping unit and electric motor, the initial investment of 
either system is comparable to the other. The economic 

advantage of the FSRS is realized in the reduction of 
operat i ng cost 5. Over the long term, this can amount to a 
substantial profit increase for a well. 

The first FSRS was installed February 25, 1383(3). This 

system replaced a high working str-ess steel sucker rod 
string. Table 2 shows an economic cornpari son of the FSRS 
that was installed, the high working stress system that was 
removed, and calculated values of an equivalent RF’1 system 
design. This table shows that the FSRS had a much lower 
initial investment and a much higher energy efficiency than 
the other two systems. 

SUMMQRY 
------- 

Fiberglass sucker rods wer-e originally developed as a 

method of r-educing corrosion r-elated failures in sucker rod 
strings. When the first fiberglass rods were tested,. it 

became apparent that sever-al other advantages could be gained 
by using fiberglass sucker rods. Over the past decade, many 
improvements have been made in fiberglass sucker rod 
technology. With the advent of better predictive techniques, 

fiberglass sucker rods are becoming very important in the oil 
industry. FI more efficient beam pumping system called the 
Fiberglass Sucker Rod System (FSRS) has been developed (3) 
which uses a f i berg lass sucker rod with steel sinker bars rod 

str-ing design and a new pumping unit d&sign. The new Type 
II I pctmping iunit design provides a polished rod motion that 

is most suitable for the fiberglass rod string. Field tests 
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and computer simulation tests have revealed that fiberglass 
sucker rods and the FSRS are economical and more efficient 
methods of beam pumping. 
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NOMENCLRTURE 
------------- 

R - Qrea 
E - modulus of elasticity 
F - force 
L - length 
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FIELD TEST 2 

lOQz Steel 
Fiberglass/Steel 

FIELD Tfn P 

loox steel 
fiberglass/Steel 

flElD TCST 4 

lo0I Steel 
Flbcrglrsr/Steel 

flLLO TEST 5 

l0M Steel 
fikqlrrs/Steel 

flfLD TEST 6 

101X Steel 
FiberglaJS/Steel 

FlCLD TEST ? 

100z Steel 
fiberglass/Steel 

fItLo TESl B 

L.S.P. 
fiberglrrS/Steel 

Rrno 
lhtt 
SiZt 

R4t TorpJe 
(In.-lb.) 

Stroter Stroke Peat klirh Mlniaun P01lrh 
Per 1eng:h Rod Lord sod load 

Rlnute (in.1 (lbr.) (lb,.) _ 

5.400 MS6 561,400 10.8 
5.400 A4S6 430.920 12 

8.960 
8.960 GO 313.000 

5.500 Cl56 386.600 
5.m C456 364,OCXl 

6.400 MS6 524.000 
6.400 A456 405.800 

11 

::: 

a 
10.5 

8.900 
8,900 GO 265,000 

5.100 A640 071.00CP•* 
5.100 A640 627.000 

5,100 MI0 663.000 
5,100 A640 548,MM 

7.100 
7,100 c320 321.000 

10 

10.5 
11 

9.5 
11 

12 

Table 1 
Summary of Field Test Data-Fiberglass Sucker Rods (Ref. 2) 

120 
120 

I20 

144 
144 

144 
144 

100 

145.2 21.301 
145.2 15.683 

168 23,592 
168 14.994 

100 17.065 3.072 

koductlon 
(Bffv) 

19.139 5.661 
16.529 2.140 

21,496 7.09n 130 

16,611 .5,363 
12.608 2,739 

24.976 8,364 
15.697 4.512 

22.000 9.681 160 

3.380 
1.487 

3.100 
1,925 

2 

754 
770 

4nll 
4On 

l lnrtrllrt~on Of Flbergltsr Rods Allowd yCl1 To Partially flow. Sawtimes As kch As 900 BFPD. 
l * We* Mel1 - No Previous D4t4. 

l ** TMWTWWV Cnneli tinn 

Table 2 
Cost and Efficiency Comparison of FSRS (Ref. 3) 

Fikglow sucker Hlqh Woddng !%mm 

Rod Systm Stool Sucker Rod 

(-1 s*m 

API BUL 1lU 

sugg&ed convsn- 

rJoml steel sucker 

Rod Systwm 

CU’ITAL IMESlUENT 

FOR ML SYSTEU 

couPoNENTs $55,762 t7J.600 $65.251 

CAPITAL IkAESTMNT 

TO !XSTEU 

WNXY RATIO t135/wPo $220/6FPo $16J/6FPO 

STsrEu Emclmcf 27.7 bbls 19 bbls 17.3 bbh 

HP HP HP 
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-- - . .___ _ 
Type I Permissible 

Figure 1 - Dimensionless polished rod velocity vs. polished rod position 
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Figure 2 - Dynamometer card for 100% 
steel sucker rod string 

Figure 3 - Dynamometer card for fiberglass/ 
steel sucker rod string 

Figure 4 - Type Ill special geometry pumping unit 
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Rod String Rod String 
OSSifpl Deslgn 

Class “D” 60140 
Steel Fiberglass Rods 
Rods Steel Rods 

1,764’ 
1.00’ Steel 

Rods 

3,600 
1.00’ F.G. 

1800’ 
7/8” Steel 

Rods 

2438 ’ 
3/4” Steel 

Rods 

2400’ 
718’ Steel Rods 

A.P.I. Design 

Unit Size 
C.912.358-144 

60140 Design 

Unit Sire 
C.640.256-144 

Sinkerbar Design 

Unlt Sire 
C.640.256.144 

F.S.R.S. Design 

.Unit Size 
L.A. 320-l 85130 

- 

Motor Size 
60 hp. 

ilk- 
Rod String 

Oesign 
88112 

Fiberglass Rods 
1 Y4. Square 

Slnkerbars 

5,294’ 
1.00” F.G. ’ 

706’ 
1 114” S.B. ’ 

Motor Size 
60 hp. 

iik- 
Rod String 

Design 
88112 

Fiberglass Rods 
1% ’ Square 

Sinkerbars 

5,294 ’ 
1.00” F.G. 

706’ 
1 l/4” S.B. 

Motor Size 

B.F.P.D. 
572 

B.F.P.D. 
575 

B.F.P.D. 
598 

B.F.P.D. 
572 

‘Above Anslysls Mad. Wllh Identical Well CondIllon% 

Figure 5 - Comparison of four different beam pump designs- 
6,000 foot well, identical conditions 
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