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About this article

The Gates Rubber Company does
not sell belts to the public. It sells belts
to the three qualified original-equip-
ment manufacturers of blower drivers
— RCD Engineering, Blower Drive
Service, and SSI. They, in turn, mar-
ket their products either directly to the
racers or to a third level of distribution.

The Gates Rubber Company does
not have competition in this market. It
is the sole source and has the only
product capable of sustaining the con-
ditions of this application. According
1o the author, "The three-year test pro-
ject described in this article was not
the result of competitive pressures. It
was initiated because of our desire to
put the best product possible into this
application. The information gained
will be of use to us in the industrial
market, and that's the only true ‘bene-
fit' we get from the program.”

|, Background

Until the last few years, blower belts
have reliably served the necessary func-
tion of driving the superchargers for racing
engines. In the recent past, blower belts
have received some negative press
because of an increasing number of fail-
ures, particularly in the Top Fuel and
Funny Car classes.

This article will address the history of
blower belts and a thorough engineering
program whose analysis and development
were aimed at providing satisfactory perfor-
mance in this demanding application. It also
will detail the actions taken by the belt sup-
plier and the items the team should check to
significantly improve drive reliability.

The drag-racing blower-drive history has
paralleled that of synchronous (timing) belt
development. In the late 1950s, super-
chargers were added to various drag-rac-
ing cars (Gilmer timing belts were first
available during the same period). Many
of the first units were driven directly off the
front of the engine (Fig. 1). A typical run
for a dragster of that era would be 8.5 sec-
onds at 150 mph.

The need for overdriving the blower,
together with the obvious "piping” prob-
lems, has resulted in blowers being placed
on top of the engine and driven by a rub-
ber timing belt. Blower size has at least
doubled, and the blower speed has gone
from a 1:1 ratio with the engine to as much
as 1.6 times the engine rpm (Fig. 2).

Belts for top-mounted blowers have
gone from a 1-1/2-inch-wide H (1/2-inch
pitch) Gilmer belt to a 2-inch rubber HTD
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Fig. 1
Many early blower-drive units were
driven off the front of the engine. A
good example is the biown Lincoin

that Rodney Singer fook fo the '59 U.S.
Nationals tifle.
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Fig. 2

Modem blowers
are on top of the
engine and driven
by o rubber

belt. The size has
at least doubled
from early modeils,
and blower speed
now can be as
much as 1.6 imes
engine rpm.

belt, and more recently to a 75mm-wide,
14mm-pitch HTD profile special-construc-
tion Poly Chain belt. Patents for these
belts are held by The Gates Rubber
Company. The Poly Chain belt is made of
a highly compounded urethane material
and has more than twice the horsepowear
capacity of a rubber belt (Fig. 3).

Proprietary polyurethane
compound body

Aramid
tensile cords

Specially treated

nylon tooth facing

Fig. 3

This modern 75mm-wide, 14mm-plich
HID profile special-construction Poly
Chain blower belt Is made of highly
compounded urethane material and
offers more than twice the horsepower
capacily of a rubber belf.

The Poly Chain belt was introduced as
the Cragar belt in 1975, At the time, Don
Garlits held the NHRA National speed
Record at 250.69 mph with an elapsed
time of 5.63 seconds. The construction
and tooth profile are the same as those
introduced on Harley-Davidson's 1980
Sturgis-model motorcycle.

The belt construction remained
unchanged (until this year; more on that
later), yet the records are now faster than
300 mph and dipping well into the four-
second range. It seemed obvious that
newer technology should be considered to
keep pace with the huge performance
increases and the resultant demands
placed on the belt drive.

Ii. Field observations

Ih 1989, The Gates Rubber Company
began devoting significant engineering

resources to determining why some teams
were experiencing premature failures and
to determine whether newer product
developments would improve reliability.

The first step was to attend several
races and interview blower-drive-compo-
nent suppliers and racers. Extensive
observations and detalled records were
made. The following facts and opinions
were developed during the process:

1. Fuel cars are much harder on the
belts than alcohol cars, even though alco-
hol cars run blowers up to 50 percent
faster with resulting higher loads.

2. Virtually all of the teams run the belts
very loose.

3. Engine/blower acceleration is very
fast (2,600 to 7,000 rpm in 0.2-second).
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Fig. 4

Engine/blower acceleralion goes from
2,500 to 7,000 rpm In 0.2-second.

See Fig. 4.

4. Several cars had significant misalign-
ment between the blower pulley shaft and
the crankshaft, always with the engine
side of the drive being farther apart. It is
believed that this condition gets worse as
the load on the blower increases during
the run due to various parts deflecting.

5. All pulleys are aluminum or magne-
sium, and some have significant wear. In
most cases, misalignment causes the
wear to taper across the face of the pulley.

6. Belt failure generally occurs either early
or late in the run, seldom during the middle.

7. Most belt failures appear to be the
result of other part failures or unusual con-
ditions during the run.

8. There are three major failure modes:
tensile break (both jagged and sharp,
straight across cord failures); tooth shear;
and edge-cord unraveling.

9. Many idler brackets appear to have
insufficient structural strength to support
the loads; several cars have significant
idler misalignment.

10, Pulley quality was generally good
when supplied by industry-recognized ven-
dors. Some cases of homemade or modi-
fied pulleys were known to have caused
problems.

Ill. Failed-belt analysis

A concerted effort was made to obtain
as many failed belts as possible, along
with information about each belt. For the
most part, the bells were easy to obtain,
but their history was rather obscure. In the
last three years, more than 200 belts have
been tested and inspected.

The predominant cause of failure seems
to be tensile break. When the tensile cord
is jagged or frayed, it generally is a sign
that the belt has experienced significant
fatigue cycles. This failure mode is
expected, particularly if the belt has been
used an many runs. Several belts were
returned with sharp tensile-cord breaks
directly across the cords with no fraying.

Originally, such failure was thought 1o be
caused by damage to the belt in storage or
installation {i.e., the belt had been sharply
bent in the forward or reverse direction).
Laboratory testing indicates that handling
is not a major factor if the belt is treated in
a reasonable manner. The sharp tensile
break appears to be a direct result of an
engine malfunction where the belt has
experienced extremely high tensions.

Tooth shear is the second most common

failure mode. The number of teeth
sheared has been as low as two, but in
some cases, all teeth are sheared off the
belt. In most cases, 10 to 30 teeth are
missing or loose. In every case, the tensile
cord is exposed and generally is fairly
“clean." The cleanliness of the cord some-
times is attributed to poor tensile-cord-to-
urethane adhesion. In fact, extensive tests
have indicated that the adhesion of the
remaining teeth on all of the inspected belts
is very good and the failure did not result
from a belt-quality problem. The general
consensus s that tooth failure can be attrib-
uted to fatigue (a result of many runs), or is
the result of belt ratcheting (belt slipping
over the sprocket teeth). The subject of
belt ratcheting will be discussed later.

The last typical failure mode is fraying of
the tensile member on the sides of the belt
(i.e., the tensile cord pops out or unravels
from the belt). Field observations indicate
that this almost always takes place on the
engine side of the belt. In rare instances,
the front cord will come out, particularly
when the belt has had many runs and is
beginning to show signs of a fatigue failure.

The loosening of edge cords on the
engine side of the drive is considered to
be a sign of excessive misalignment
between the blower and crankshaft. In
some instances, it is possible that the
edge cords have been loosened by the
belt tracking hard against the idler flange
(because of blower or idler misalignment)
or because the belt has hit some part of
the engine. Any edge cord protruding
from the belt should be trimmed immedi-
ately. Left exposed, the cords become an
effective "weed whacker,” often damaging
external engine parts. Excessive occur-
rences of exposed edge cord around the
belt are a sign of pending failure; the belt
should be replaced.

IV. Engineering analysis

Once the field observations had been
made and the failed belts analyzed, the
Gates engineering staff bagan to research
the drive characteristics that could affect
belt performance. This was done using
computer programs and mathematical
methods developed for belt-power trans-
mission analysis. The criteria investigated
included blower-horsepower load; blower-
acceleration loads; torsional-vibration
("impact wrench") loads; and the operating
differances between fuel and alcohol cars.

The first effort was to investigate existing
research work on blower-horsepower
requirements. For the most part, our
reliance was on the work done by Norm
Drazy during his development of the PSI
blower {data from June 3, 1988 ND),
Based on his work, plus confirmation by
others in the field, it was estimated that a
supercharger on a fuel car would require
between 750 and 1,000 horsepower to
drive. This load may seem high for a
rather small belt, but it is effectively the
same torque load that the belt is subjected
to in accelerated laboratory tests (correct-
ed for belt width). Because the beli lasts
far longer-than 100 hours in laboratory
tests, this certainly would suggest that
blower horsepower in itself is not sufficient
to cause premature belt failures.

Because blower belts are operating at
much higher speeds than typical timing
belts in the industrial environment, close
attention was paid to the effects of cen-
trifugal tension on the belt, It was deter-
mined that an engine operating at 7,500
rpm has approximately 600 pounds of cen-
trifugal tension while an alcohol car run-
ning at 10,000 rpm has more than 1,100
pounds of centrifugal tension. It should be
noted that the belt "feels” the centrifugal
tension while the hardware (idler, blower,
and crankshaft) does not.

The next step was to determine the
effect of acceleration loads. From engine
charts on Gary Ormsby's Top Fueler (Fig.
4), it was determined that the engine
accelerated approximately 4,500 rpm in
0.2-sacond. The acceleration loads on the
belt were determined by taking the inertia
of the blower and applying typical engi-



neering formulas. Table 1 shows the
effect of those calculations. The tension
described in the table is the tension "felt"
by the belt. Comparison of those tensions
fo the accelerated laboratory testing noted
earlier showed that none — aither singu-
larly or combined — was sufficient to
explain the low number of runs experi-
enced by some teams.

As a result, other elements of the drive
were investigated to determine their possi-
ble effect on the belt. Those factors include:
torsional vibration (acceleration/daceleration
due to high cylinder pressures); the effect of
misalignment; the effect of starter loads: and
block growth.

Torsional vibration is the pheriomenon
by which the crankshaft twists slightly as
each piston fires and thus produces an
“impact wrench” effect on the belt. It was
felt that this was a significant factor
because it also reduces crankshatt life.

It is impossible to determine the actual
crankshaft-velocity fluctuations or torsional
vibration on this type of engine, so engine
crank data, obtained from a development
diesel engine with very little crankshaft
damping, was used. This was known to
be one of the engines that most affected
belt life.
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This graph shows the instantaneous
acceleration and deceleration rate for
each rofation of the crankshatt in g
blown fuel racing engine.

The methodology involved determining
the instantaneous acceleration and decel-
eration rate for each rotation of the crank-
shaft (Fig. 5). These diesel-engine data,
together with the inertia of the blower,
were used to determine the
acceleration/deceleration loads. The
analysis would not suggest that this is a
major factor in the belt fatigue. However,
most people involved with the project
believe that the fuel engine's “impact
wrench” effect on the belt is far greater
than the analysis indicates and is a highly
probable cause of premature belt fallures.
This Is.particularly true when one com-
pares performance of an alcohol-car belt
1o a fuel-car belt (discussed later).

Blower-shaft/crankshaft misalignment
was considered to be a significant factor in
belt failures, particularly when edge-cord
failure was prevalent. Field measurements
indicated a typical misalignment of 0.020-
inch in center distance in a three-inch pul-
ley width. Based on the very high modulus
(resistance to stretch) of the tensile cords,
this produced a significant tension differen-
tial across the belt (400 pounds).

The higher tension would be on the
engine side when the pulleys were mis-
aligned such that the center distance was
greater close to the engine. It should be
noted that the misalignment measured in
the car obviously was a static measure-
ment, and that dynamic tensions on the
shafts (more than 3,000 pounds in some
cases) undoubtedly would result in even
further misalignment, perhaps doubling
the 400-pound value. Further observa-
tions of worn pulleys usually revealed
more wear closer on the engine side,
which is a strong sign of misalignment.

Part of the analysis involved investigat-
ing the effect of starting the engine with
the electric starter located on the blower
pulley. This results in a tight strand ten-
sion across the idler. Based on actual test
data from starter motors, it is estimated

that the belt tension across the idler Is
more than 1,000 pounds during the start-
ing operation — and this is assuming a
smooth startl Tension of this magnitude is
considered significant because many of
the idler brackets appear to be rather low
in strength and are heavily cantilevered.
Recently, outboard support devices have
been oftered; they are highly recommend-
ed for this application (Fig. 6}, :

Fig. 6

An outboard support device can help
reduce belf tension across the idier,

A typical symptom of a bent idler bracket
is a belt that tries to track toward the
engine. At least one national television
broadcast showed a belt riding over the
blower pulley and idler flange during a
starting operation. Inspection of many,
idlers and idler brackets revealed a large
number of misaligned idlers, most ofien a
result of insufficient idler-bracket strength.

The last mathematical analysis investigat-
ed the effect of block growth on belt ten-
sion. Block growth was measured on one
fuel engine at approximately 0.050-inch
(from cold engine to hot engine at the end
of the track). The analysis assumed zero
tension on a cold block and calculated the
affect of the growth. This amounted to
approximately 1,000 pounds of balt tension.

Table 1
CALCULATED DRIVE TENSIONS .
Belt tension

Blower HP
1000 HP @ 7500 RPM 2700
Centrifugal Tension
7500 RPM 600
10000 RPM 1100
Acceleration of blower
2200-7500 RPM (0.2 Sec.) 200+
Velocity fluctuations
(impact-wrench effect) 100to0 ?
Alignment {Static)
020in 3" 400
Starter 1200
Block Growth
(.050) 1000

alignment tension more than Is shown in
the table, but it Is obvious that the impact
of misalignment is very dramatic. ‘The cord
tensions in the chart, with the exception of
the misalignment, are considered to be
reasonable values when compared to our
laboratory tests.

Table 3
COMPARISON: FUEL VS
ALCOHOL ENGINES

: Euel - Alcohol
Max. engine RPM 8000 9500
Engine speed 2000-2500 5000
at green light
Fuel used perrun 5 Gal 2 Gal

Blower-speed ratio  130% 140-160%
Smallest blower 277 257
pulley

Detonation Frequent/severe Seldom
Belt width 75mm B5mm
Runs per belt 6-10 30 or more

_rected for belt width,

During the field observationss, it became
apparent that most alcohol cars have sig-
nificantly better belt lives than fuel cars. A
comparison was made of the typical oper-
ating characteristics of these two types of
cars (Table 3). Engineering judgment
would strongly suggest that the alcohol car
should be significantly more detrimental to
the belt for several reasons: The engine
operates at a higher speed and the over-
drive to the blower is greater, therefore the
blower horsepower should be significantly
greater; plus the number of flex cycles is
higher; the blower pulley is usually smaller,
so the fatigue of the belt should be greater
over the smaller-diameter pulley; and in
many cases, the belt width is slightly nar-
rower than that used on the fuel car yet a
significantly higher number of runs result.

The only logical explanation for this
anomaly s that fuel-car torsion vibration is
far greater than calculations Indicate and
is much greater than that of alcohol cars.
This makes sense because of the fuel
engine's extreme cylinder pressures and
the greater tendency to detonate.

As a result of the field-observation and
engineering-calculation portions of this
study, several potential causes for balt fail-
ure were theorized. They are shown in
Table 4.

The effects of each of the analyses also
is shown in Table 1. It should be noted
that not all tensions are additive; the val-
ues are shown merely for comparison. It
is reasonable to predict that shatt loads on
the blower and crank reach 3,000 pounds
under some conditions (Fig. 7) — the
equivalent of hanging a midsize car on the
end of the blower pulleyl

An analysis of the belt tensions was car-
ried to the tension-per-cord level to deter-
mine the impact on an individual tensile cord
within the belt. The results are shown in
Table 2, page 75. Most interesting to note

is the effect of misalignment. Theoretically, -

the belt is like a plece of sheet stael
wrappad around two misaligned flat pulleys.
The edge of the steel band or, in the case of
the belt, the edge cord on the longest center
distance, carries virtually all of the tension
caused by misalignment. In the real world,
the cords probably share the misalignment

Table4
EACTORS AFFECTING.
BLOWER BELT LIFE

Blower horsepower and effects of
large amounts of fuel into top injector

Centrifugal tension

Sprocket and idler size

Sprocket pitch system and tolerances
Sprocket wear

Tension (too low, ratcheting)
Alignment ;

Handling of belt

Detonation/crankshaft torsionals
Engine or run problems (i.e., tire spin,

burst-plate failure, etc.)

V. Laboratory-tests
_ The laboratory testing program evaluat-
ed the following variables: vendors’ pul-
leys; belt-construction variables: and belt
tensioning. :

Pulleys from each of the three pulley
manufacturers (Blower Drive Service,
RCD Engineering, and SSI) were obtained
for this laboratory test. Prior to the
dynamic testing, each pulley was submit-
ted to a computer-controlled coordinate-
measuring machine, which accurately
determines the various dimensions of the
pulleys. Though some pulleys were out of
the normal tolerance as specified by The
Gates Rubber Company, they appear to
be adjusted for this application. =~

The equipment used for dynamic testing
was an electric dynamometer (Fig. 8).
This is a highly sophisticated testing appa-
ratus combined with a high-resolution
video camera and computer data-acquisi-
tion equipment. Belts were tested at
torque loads similar to the application, cor-

Flg. 8

The electric dynamomeler Is used for
fesfing the varlous blower pulleys,
belt-construction variables, and belt
tensioning.

The first part of the tests evaluated the
dynamic fit of the belt in each of the ven-
dors' pulleys. Resulls were inconclusive:
all vendors' pulleys appeared to function
equally well. s :

The next part of the evaluation consisted
of looking at tensile-cord and tooth-profile
variables; these variables reflect recent
tachnology developments. They will be
described in more detail later in this article.

As was the case with the vendors' pul-
leys, these dynamic tests offered no con-
clusive evidence that one construction
was better than another. It should be
noted that none of the tests were fatigue
tests (i.e., the belts were not run to fall-
ure). The tests were intended merely to
determine dynamic meshing, fit, and ten-
sion characteristics. ;

The last part of the dynamic test
involved determining the effect of various
installation tensions on belt operation; By
far, this was the most important part of the
laboratory test. A high-resolution camera
was focused on the entrance of the belt
Into the driven pulley, where the slack side

.of the belt enters. The belt was installed

at varlous initial installation tensions and
the torque was increased to the point of
maximum tester capability. .

It became obvious that. the low installa-
tion tensions typical of the racing applica-
tion produced extremely large amounts of
belt rideout, to the point where the belt
actually ratcheted on the pulley (i.e.,
skipped teeth). The illustration in Fig. 9
shows the type of belt rideout experienced.
Figs. 10-14 show the results of this testing.

Fig. 10 Is a graph showing the shaft load
in pounds of force versus the torque in
pounds-feet for various installation ten-
sions. At zero torque, the effect of the
Installation tensions is quite dramatic,

As torque increases, all timing belts gen-
erate their own tension and the advantage
of low installation tension begins to disap-
pear. But the effect of installation tension
on the belt is drastic, as shown in Figs. 11-
14. For this test condition, the equivalent
torque to a blower-drive application is in

(continued on page 74)
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Fig. 9

lllustrated is belt rideout, where the
blower belt rafchets on the pulley,
resulting in skipped teeth.

l Supercharger belts

continued from page 61

the 200 to 250 pounds-feet range.

Figs. 11-14 are photos taken by the
high-resolution video camera. The torque
and tension values are recorded by trans-
ducers on the dynamometer and sent to
the video display through a computer
interface. Fig. 11 shows the belt at
approximately 210 pounds-feet of torque
and 1,000 pounds installation tension
{proper for this application). Figs. 12-14
show the effects of reduced tension at the
samie torque load. Fig. 14 shows that,
despite an initial tension that was only 10
percent of the ideal tension, the belt has
self-tensioned to the point where the shatft
load is approximately the same as the test
with the proper tension, and the belt is
almost completely out of the pulley.

What does all this mean? A loosely ten-
sioned belt does not reduce the shaft
loads on the crank and blower at race
operating conditions. It does, however,
produce a condition where the belt is very
close to ratcheting. On the actual applica-
tion, whera tha shafts are not as rigid and
the operating conditions are considerably
more severe than those created by the
laboratory equipment, it is quite likely that
the belt can and will ratchet.

The ratcheting theory becomes even
stronger when you read the following
excerpt from National DRAGSTER (Oct.
25, 1991), which describes the final round
at the Chief Nationals between Kenny
Bernstein and Don Prudhomme:

*Prudhomme marched away to post the
easy win, 5.00 to 5.12, despite losing a
blower belt on the top end.

" ‘About three-guarters of the way down, |
could see pieces flying off his belt,' said
Bernstein. 'l was already three or four
cars back going, "Oh, come on, baby!"
hoping it would come off, It finally did, but
he was at the finish line by then.’

" 1| felt some vibration," Prudhomme
related, 'but I'd already gone by Kenny and
| wasn't going to lift." "

It is our opinion that the vibration and
tooth shear noted by Bernstein and
Prudhomime are the result of belt ratcheting

V1. Field-test program

The details of the belt variables in the
field-test program are described later in this
article. However, two general types of belts
were tested. The first type is the commonly
used 111-tooth HTD profile. The second
was a 112-tooth belt with a new generation
curvilinear profile as described in U.S.
patent 4,605,389, This belt will be referred
to as the TF Ill profile belt.

The first field-test program began in
1890 on Ormsby's Top Fuel car. This pro-
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gram involved 16 111-tooth HTD belts
reflecting 77 runs with no belt failures.
The variables involved a control belt with
standard construction and two tensile-cord
variations. Both cord variations had high-
ar tensile strength and greater modulus
(greater resistance to elongation).

The belts were installed in the manner to
which then crew chief Lee Beard was
accustomed, then returned to Gates for
teardown tests. These tests consisted of
slitting two 20mm-wide "belts” from each
outside edge of the 75mm-wide belt. Care
was taken to note which of the two belt
specimens was running closest to the
engine so that the effect of belt misalign-
ment could be determinad.

The specimen "belts" were then subject-
ed to tests for tooth-shear strength, cord
adhesion, tensile modulus, and tensile
strangth. The reduction of these physical
properties was compared to an untested
belt and the database from our normal lab-
oratory test programs.

The variables of tooth shear, cord adhe-
glon, and fensile modulus did not seem to
be as sensitive as the tensile strength in
this project.

The tensile-strength results of the two
specimens from each belt did not show a
major effect of misalignment, although the
Ormsby crew was careful to maintain
alignment as close as possible. The major
factors of this test program were tune/run
variables, tire spin, and loose idler.

Of the factors listed above, tire spin
seemed to stand out as significantly
reducing the tensile strength. Also, the
Ormsby crew was experiencing loosening
of the idler, which seemed to impact the
test values. The belt that was used at the
Mopar Parts Mile-High Nationals appeared
to have more fatigue damage due to the
smaller blower pulley that was necessary
for more air at the Denver, Golo,, track.

It should be noted that, even with a rela-
tively controlled test program, the vari-
ables in drag racing are so random that it
is extremely difficult to determine the
impact of each variable.

In 1990, an informal test program also
was conducted with Lou Gasparrelli's
Alcohol Funny Car to observe the new TF
llI-type belt. The results were very
encouraging and pointed to the need to
gather more data.

In 1881, the test program was expanded
1o include Darrell Gwynn's Top Fusler.
This program centered on another tensile-
cord variable {described in U.S. patent
4,652,252) and the new tooth profile (TF
I}, Both variables were considered to be
significant improvements in the commer-
cial industrial market (i.e., fan drives,
pump drives, and so on). Howevaer,
because of the unique operating charac-
teristics of these engines, it was not
known if the new technology would pro-
duce similar results.

The 1991 test program involved the following:

«Number of belts tested: 29

+Total number of runs; 199

+Highest number of runs per belt: 14 on

Gwynn's car, 42 on Gasparrelli's car.

*No belt failure.

As was the case with the 1990 program,
the testing crews were permitted to install
and operate the belts in their normal fash-
jor. In the case of the Gasparrelli test, the
belts endured several burst-plate explo-
sions and three engine failures, yet the
balts remained in excellent condition.

The returned belts were tested In the
same manner used in the 1990 program.
In addition, the test specimens were care-
fully examined for signs of failure in the
same location, which would indicate instal-
lation or storage damage.

All three cars began the season with the
TF Il profile, but the Ormsby car returned
to the 111-tooth HTD belt at midseason
because of some tune-up changes that did
not permit use of the longer TF 1ll belt. It
also should be noted that operating a belt
for 14 runs on Gwynn's car was highly
unusual; the team had been changing
belts after four runs maximum prior to the
test program.

The teardown examination of the
returned belts did not show any significant
new factors. However, the data for the
new TF Il belt strongly suggested that it is
less susceptible to damage from various
run variables. For example, two of the
Gwynn belts were damaged during engine
or blower explosions, Still, the belts
remained intact and able to be tested,
showing good retention of physical proper-
ties In the undamaged areas.

A 1992 test program has been estab-
lished. It involves three Top Fuel cars,
one fuel Funny Car, and one Alcohol
Funny Car. The objective is to better
understand the effect of run variables on
the TF Il belt. Special emphasis will be
put on determining the effect of blower-
pulley diameter and backside idlers.

VIl. General findings

Of all of the possible causes effecting
blower-belt-drive life listed in Table 4, the
following items are considered to have
minimal impact:

Blower horsepower — The horsepower
transmitied by the belt is well within the
belt's capacity, provided that the fuel is not
heavily diverted into the injectors above
the blower.

Centrifugal tension — While the belt
speed is very high on these drives, centrifu-
gal tension is not considered to be "fatal.”

Sprocket wear — This is not consid-
erad to be a major factor as long as the
teeth retain their shape or profile. This
can be determined by comparing the worn
surface on the sprocket to an unworn area
at the edge (if available).

Handling of the belt — As long as the
belt is stored In a relaxed position and not
forced to bend around small diameters
(i.e., crimped), the product is sufficiently

Figs. 10-14

A high-resolution video camera
catlches the blower belf on a forque-
producing pulley at various stages of
Insfallation tension. The forque versus
tenslon curve is above lefl.

robust to withstand normal handling.

The following major factors are consid-
ered to have a dramatic effect on belt per-
formance:

Alignment — As shown in Table 2, mis-
alignment can significantly overload the
cords and produce early edge-cord pull-
out. In addition, misalignment affects
where the belt rides on the pulleys and
easily can force a belt into the flange,
accelerating the edge-cord failure.

Installation Tension — This is consid-
ered 1o be one of the major factors.
Examination of many failed belts reveals
that tooth shear is a frequent failure mode,
and all evidence points to the very low ten-
sion run by many teams as a cause for
failure. It cannot be stated strongly
anough that proper installation tension (as
compared to the calculated 3,000-pound
tension resulting from the power transmit-
ted) is not considered to be detrimental to
gither the crank or the blower. Further
observations of many Top Fuel cars sug-
gest that those who run their belts on the

tighter side have fewer belt problems. Fig.

15 shows the method of measuring the
minimum recommended tension for a
warm engine.

)B

Tension

Minin
= 10 L

Ton I
A410 0 M sy
(Frigione Warm )
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This Is the recommended blower-drive
tenslon for a warm engine. Many Top
Fuel teams that run their bells on the
fighter side have been known fo have
fewer belt problems.:

Detonation/crankshaft torsionals —
This is considered to be a major factor by
far on fuel-type cars. Though the engi-
neering calculations would suggest mini-
mal impact, it Is the only explanation for
the difference between alcohol- and fuel-
car belt performance. - Indeed, it is a rea-
sonable explanation of the difference in
belt performance on various cars that
have significantly different tuning tech-
niques. It also is reasonable to believe



Table 2
CALCULATED DRIVE TENSIONS

BeltPounds  Tenslon per Cord (Pounds)
Blower HP
1000 HP @7500 RPM 2700 a0
Centrifugal Tension
7500 RPM 600 20
10000 RPM 1,100 37
Acceleration of Blower :
2200-7500RPM (0.2 Sec.) 200+ T+
Velocity fluctuations 100 to ? 2t0?
Alignment (static).020 in 2" 400 400
Starter 1200 40
Block growth(.050) 1000 33

that the energy that causes forged crank-
shafts to fatigue in less than 20 runs also
would cause belt problems in four to five
runs, especially considering that the belt is
driven off the shaft.

Tire spin and unusual race phenome-
na — These factors can significantly
impact belt Iife. The exact explanation is
not obvious, but in virtually every case
where tire spin or very unusual conditions
(such as burst-plate failure, radical tuning,
or bearing damage due to detonation)
occurred, all seem to significantly impact
the blower belt.

Belt and sprocket pitch — These fac-
tors, too, can have a drastic effect on balt
performance, Though the majority of the
drives in existence today use the 111-
tooth belt with a 13.9mm pitch, some
sprockets and belts have a 14.0mm pitch.
Care must be taken to separate these two
pitch systems because mixing them will
cause immediate failure.

Sprocket and idler size — Testing of the
longer, 112-tooth TF Il belt has allowed
larger pulley sizes. One team was able to
run a 44-tooth pulley on the crank after
machining a slight relief in the fuel-pump
mounting housing. This permitted the use
of much larger blower pulleys and has
resulted in significantly better test results.

Idler size can have a drastic effect on
belt life. One test team used 3.2-inch
insid&-and backside idlers (backside idler
systemns are described later in this article),
resulting In immediate failures on two con-
secutive runs. An examination of the belt
revealed devastating cord fractures
between every tooth.

The new cord technology is fantastic, but
it has its limitations, and small-diameter pul-
leys absolutely cause havoc. Any backside
idler must be at least 4.5 inches in diame-
ter. Though many cars run inside idlers as
small as 3.2 inches, it is recommended that
they be no smaller than 4.0 inches.

Viil. Changes as a result of test program

As a result of the extensive test pro-
grams, two major belt changes have been
made. First, the 111-tooth HTD belt has
been changed 1o include a newer-technol-
ogy tensile cord. Second, the TF Il belt,
based on a new tooth-profile system plus
improved cord-processing technology, has
been released to the racing market.

As noted earlier, the Poly Chain belt was
introduced to this market in 1975 and its
construction had not been changed since
that time. In the field-test programs, two
balt components were evaluated: Tensile-
cord material and tooth-profile systems.

All tensile-member variables tested were
of the generic aramid family, but they have
a significantly different set of physical
properties (U.S. patent 4,838,843) as

compared to the standard belt. With the

newer version of the aramid material, the
tensile strength Is increased approximately
25 percent while the modulus of the belt is
increased by 30 percent. Both changes
are in the correct direction; the increased
tensile strength helps the belt to sustain

some of the very high tensions generated
in the drive, and the increased modulus
reduces the stretch of the belt, helping it to
maintain proper fit with the pulleys.

This new material has now been incor-
porated into all 111-tooth 65mm- and
75mm-wide belts. The belts can be identi-
fied by the HT designation at the end of
the part number on the product. The
Gates Rubber Company believes this to
be a significant improvement to the exist-
ing 111-tooth blower bett,

By far the most dramatic impact on belt
performance is the change from the original
111-tooth belt configuration to the new 112-
tooth TF lll belt. The original 111-tooth belt
was based on the HTD profile. The TF Ill
belt takes advantage of a new tooth-profile
system {U.S. patent 4,605,389). In addi-
tion, it is designed around a further tensile-
cord improvemnent (U.S. patent 4,652,252).
With these two new advancements, the TF
Il belt has vastly different characteristics
with even higher tensile strength and ten-
sile modulus (compared to the upgraded
111-tooth HTD belt), plus a significantly
improved belt-and-sprocket system, The
new gaometry of the TF Il system is com-
pared with the HTD systém in Fig. 16. The
TF lll is based on a gear profile that pro-
duces uniform tooth loading and tensile-
cord load distribution,

Poly Chain TF Il Sprocket

Fig. 16

The new geometry of the 1]12-fooih TF
1l system Is compared with the older
T11-footh HTD system below. The IF il
Is based on a gear profile that pro-
duces uniform footh loading and ten-
slle-cord load distribution.

The TF Il also has more than 40 per-
cent more land area as compared to the

original HTD sprockets. This land area Is.

a major factor in the racing industry
because of the extremely high pressure

betwesn the tensile cord of the belt and
the top of the sprocket tooth.

One further beriefit is that the new sys-
tem has about 40 percent less backlash
(i.e., clearance between the back of the
tooth and the sprocket). This is believed
to help reduce the damage caused by the
torsionals on the belt.

The new TF Il belt was thoroughly test-
ed in the 1991 race series by the Gwynn,
Ormsby, and Gasparrelli racing teams. As
evidence of the TF Ill's durability, the
Gwynn car produced a 1991 test belt with
14 runs and a 1992 test belt with 21 runs;
the Gasparrelli car produced. three belts
with at least 25 runs (one recorded 42
runs, including three burst-plate explo-
sions and three engine explosions), all
with physical properties in the same gen-
eral range as belts with two to three runs.

This belt has been made available to the
racing industry but requires new sprockets
because of the new profile. - In both labo-
ratory and field testing, it has proven to be
a superior product and should significantly
improve the belt reliability on fuel and
alcohol cars.

IX. Changes required to improve belt

reliability

While The Gates Rubber Company has
moved to significantly improve the existing
belt and offer a new belt system to the
industry, these changes will not improve
belt reliability on drives that are not prop-
erly set up by the crew. The following four
major items must be strictly adhered to:

Allgnment — Alignment must be main-
tained so that there is no more than 0.020-
inch center distance difference from the
front to the back of a 75mm-wide drive.
This can be easily measured with inside
micrometers (with the fuel pumps
removed). Alignment of idlers is equally
important, especially considering the fre-
quent occurrence of bent idler brackets. A
straightedge should be used to verify
proper alignment. )

Idler bracket and geometry —
Because of the large number of observed
problems with idlers {bending, loosening,
and misalignment), it is strongly suggested
that the idler bracket be of the modern
high-strength design, including an out-
board support.

While most engines today use only one
inside idler, some teams have had reason-
able success with a combination of an
inside and backside idler (Fig. 17). The
use of backside idlers is of some concern
because the belt must undergo a very
quick bending reversal with each cycle.
To minimize the severe bending damage,
backside idlers must be at least 4.5 inches
in diameter.

As mentioned previously, the impact of
idler size and effect of backside idlers is a
part of the 1992 test program. Any signifi-
cant findings will be reparted at the end of
the year.

Belt tension — Belt tension is consid-
ered to be the most important factor in this
drive. Fig. 15 shows the tensioning math-
ods strongly suggested as a result of the
field and laboratory testing. This tension
will not be sufficient to cause damage to
the drive components and, as shown earli-
er, the shaft loads will be almost equal.

Review data for unusual run condi-
tions — The crew should carefully study
the results of each run and the engine

condition to see if there are "flags” for-

changing a belt regardless of whether a
failure has occurred. Obvious signals
would be excessive engine rpm due to tire
slippage or component failure, significant
bearing flattening, or a blower burst-plate
failure. Any of these would suggest that
the belt has undergone excessive loading

“and may have suffered physical damage.

In summary, the three-year program of
fleld observation, engineering analysis,
field testing, and laboratory testing has
resulted in significant belt changes and
has identified major causes of premature

belt failure. Switching to either the -

upgraded HTD belt or, preferably, the new
TF lll belt system, together with proper

Fig. 17

Just one Inside idler Is on most modem
engines, buf some feams have

enjoyed success with a combination of
an inside and backside Idler.

setup of the belt system, should signifi-
cantly improve the reliability of the blower-
belt drive. It cannot be emphasized
strongly enough that merely changing the
belt construction while maintaining old
habits will not assure improvement.
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