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ABSTF CT

This senior project report contains the design, construction, and testing of an RC Vehicle
Dynamometer. Various design factors for an inertial based dynamometer are discussed
and analyzed in depth to produce the most appropriate final product.

The dynamometer utilizes a software program, SimpleDyno, as the data acquisition
system to measure and quantify the performance of various RC vehicles. A series of tests
using the dynamometer were then conducted to measure the speed, torque, and
horsepower produced by the different vehicles.
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INTRODUCTION

The need for increased performance and power in race vehicles is an ongoing cycle that
has no end in sight. Whether the vehicle ranges from Formula-1 race spec teams to hobby
enthusiasts, the demand for excellence is always pressing. Dynamometers are an essential
tool in measuring a vehicle’s performance prior to on-road track testing to ensure
maximum performance of the vehicle. By utilizing this tool, vehicle components may be
fine-tuned so that an initial vehicle performance level may be set.

Just like any race spec vehicles, radio controlled, or R/C, vehicles require the same level
of fine tuning and testing to achieve maximum performance. The R/C industry has been
growing exponentially since the releases of the first R/C vehicles in the 60’s and the
vehicles have been evolving ever since. This steady growth has led to the development of
the Remotely Operated Auto Racers (ROAR) foundation which now organizes
professional R/C races in both the United States and Canada. The establishment of the
ROAR foundation has brought forth the emergence of many professional racers who have
dedicated their life to the hobby. Unfortunately, many of these racers and enthusiasts are
limited to testing their vehicles entirely on the track and evaluate their modifications and
tuning entirely “by feel.” As a result, this has presented the opportunity of developing an
R/C vehicle dynamometer to evaluate the performance of these race level vehicles. By
utilizing a dynamometer, individuals will now be able to visibly see and now quantify
how their adjustments affect the performance of their vehicles.

The project objective is to design and fabricate an inertia based chassis dynamometer to
test R/C vehicles. In order to successfully accomplish this, the main focus of the
dynamometer is adjustability. This is due to the varying wheel bases and overall class
scale differences between the vehicles. Thus, it will be necessary to have an adjustable
roller wheel base so that the dynamometer will accommodate various scale vehicle
classes. The difference in scale will also lead to a deviation in vehicle weight; therefore
the prime rollers that will be adequate for various class scales. Lastly, the dynamometer
will require adjustable safety restraints and rear media shields to restrain the vehicle and
shield from projectiles lodged in the tires.

This completed dynamometer must be within a $200-$300 price range so that the
recreation of this dynamometer will be feasible and economical. While price governs a
significant portion of the design, the final dynamometer must also be light and portable
so that it may be used between race events at track sites. In order to accumulate and
record the results of testing, the SimpleDyno software will be used in conjunction with a
laptop. This will allow for universal testing on any computer or laptop and access for any
individual interested in replicating the design.



LITERATURE REVIEW

This portion of the report is intended to provide the reader with information regarding the
key components and important aspects regarding chassis’ dynamometers.

Dynamo~¢~~ Tunct~elity

A chassis dynamometer is a device that is commonly used to measure the torque and
power output that is delivered to the wheels of a vehicle (DTEC 2002). The chassis
dynamometer records the speed of the vehicle’s wheels as the vehicle’s power system is
engaged. Using a series of free rollers, between two and four rollers in total, the chassis
dynamometer allows the vehicle’s wheels to rotate freely on the rollers, while safely
securing it to the dynamometer frame. Figure 1 below demonstrates the basic application
of the chassis dynamometer.

Figure 1. Basic Chassis Dynamometer.

T!IE er ~f l'\“-«f‘lrnnmnfnﬁ

There are a number of different types of dynamometers that are available to measure the
vehicles output power. It is important to note the two main types of dynamometers used
in the automotive industry, the chassis dynamometer and the engine dynamometer. The
chassis dynamometer is used to measure the torque and power output through the drive
train to the wheels of the vehicle without removing the power source from the vehicle.
An engine dynamometer is coupled directly to output shaft of the motor or engine by
removing it from the vehicle (DTEC ~102).

The chassis dynamometer may be further categorized depending on the dynamometer’s
method of testing. There are many types of chassis dynamometers, including the
mechanical friction brake system, hydraulic or water brake system, electric variable
system, and inertial based system (Garcia 2012). Most of the dynamometers above may
be classified as either an absorption unit or an active unit. An absorption unit is designed
to be driven by the vehicles wheels and act as a load, while an active unit may both drive



and absorb (EE 2014). It is important to note that inertial dynamometers are not to be
confused with absorption units because they do not induce a load onto the vehicle. Rather
they are intended to calculate power solely by measuring the power required to accelerate
a known mass of the roller and provide no variable load to the prime mover (EE 2014).

The mechanical friction brake chassis dynamometer utilizes an induced load on the
rollers of the dynamometer. The induced load may be used to calculate the torque
generated by the motor or engine while the engine RPM is typically measured using a
tachometer (L&SDCDS 2014). Through this process brake horsepower may be easily
calculated and the measured torque is considered to be the most accurate reading.

The hydraulic-brake system utilizes a similar technique as the mechanical brake system
to measure the torque and output power of the motor; however, there are no mechanical
applications, only fluid hydraulics (Garcia 2012). A pump and reservoir are linked
together so that fluid is pumped through the rollers and the valve is slowly closed once
the engine has reached the desired RPM. This action creates a variable load on the
engine, which allows for the calculation of both power and brake horsepower, by
factoring a change in flow volume, pressure, and RPM.

The water-brake dynamometer is a system that induces a hydraulic load on the
dynamometer’s rollers. The water-brake system differs from that of the hydraulic-brake
system because it uses water as the hydraulic fluid as opposed to oil. The water-brake
system also allows for variable load on the rollers and has high power absorbance
capabilities (Garcia 2012).

The electrical Eddy current absorption unit is a system that induces a resisting load
through an AC or DC motor (Zhao 2012). These motors are typically equipped with a
variable frequency drive, allowing for variable load on the rollers, which may be used to
measure friction or pumping losses.

The inertial based chassis dynamometer is a system that utilizes a set of rollers as the
parameters to conduct the testing. This type of dynamometer measures the acceleration of
the roller with a known mass that is driven by the vehicle’s wheels (DTEC 2002).
Attached to the roller is a sensor that transfers the recorded data to either a data
acquisition device or computer to reveal the results. In order for this system to be
accurate and effective, the mass of the roller must be known in order to generate precise
results and quantify the output of the vehicle using the following equations derived in the
following section (Sadhukhan 2014).






Equation 3 1s used to determine the Angular acceleration («) of a body in motion. This
acceleration is calculated by dividing the total change in angular velocity (w) by the
change in (t). The angular acceleration will play a key role in the dynamometer because
the angular acceleration will reveal how quickly the vehicle may accelerate the
dynamometer’s rollers to a specific speed.

2

[=imr 4)

2
Equation 4 is used to determine the Mass Moment of Inertia (I) of a body. This inertia is
dependent on the mass (m) and the radius (r) of the body or dynamometer’s rollers. Note
that there are many equations for determining the mass moment of inertia depending on
the physical properties of the body, i.e. rectangular, spherical, hollow, and many others.
The inertial based dynamometer will focus on the application of solid rollers and thus the
corresponding mass moment of inertia equation must be used. The inertia may be defined
as the resistance of any physical object to change in its state of motion, which will be
applied to the rollers of the dynamometer.

Tner = la (5)

Equation 5 is used to determine the Net Torque (1) produced by a body in motion. The
net torque is calculated by multiplying the mass moment of inertia (I) by the angular
acceleration (a). The torque calculated may be defined as the measure of the turning force
of an object. This calculated torque will reveal how much torque is being produced at the
wheels of the vehicle assuming that the tires of the vehicle and the dynamometer rollers
will act as a coupled system.

P 1*xw (6)

Equation 6 is used to determine the Power Output (P) of the vehicle. The power output is
calculated by multiplying the torque (1) by the angular velocity (). The calculated power
output will reveal how much power is being produced at the wheels of the vehicle. The
power output measurement may expose the presence of unknown factors that may be
inhibiting a vehicles maximum performance.
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Software Anal><is

The SimpleDyno software is a public program available for download and will be used to
quantify and analyze the properties of the vehicle measured on the dynamometer.
Through a series of magnets, one on the side of the rear roller and an enamel coated
copper wire with corresponding ferromagnetic core, are located on the same rotational
path of the roller. The receiving coil magnet is then placed some distance away from the
magnet located on the side of the roller and connected to an audio jack. This allows the
coil magnet connect directly with the input microphone port on any common computer.
With the aid of the software, magnetic pulses are induced upon the magnetic coil and
read with the detection channel. Therefore, as the roller increases in rotational speed, the
pulses occur more often and the software reads the number of pulses within a given time
period and can generate a corresponding RPM. Using this known RPM, the software can
then identify the change in the number of pulses within a given time to calculate a
corresponding angular acceleration. With the provided mass moment of inertia of the
rollers and the measured angular acceleration, the torque produced by the vehicle may
then be computed. Due to the nature of the inertial dynamometer, these rollers must be
accelerated as quickly as possible to produce the greatest torque output.

In order to size the rollers for both the dynamometer and the SimpleDyno software, a
target mass moment of inertia must be developed. A general rule of thumb for rollers
used on RC dynamometers is to develop the combined weight of the rollers to be twice
the weight of the vehicles to be tested. After weighing a variety of 1:8 and 1:10 vehicles
the average weight was determined to be 6 pounds. As a result, a combined weight of 12
lbs was used to govern the dimensions of the rollers.

Using the outputs determined above, four rollers with diameter 2.5 inches and length of 3
inches will create the appropriate roller. This predetermined roller size must then be used
to generate a target mass moment of inertia to ensure proper dimensions. Using both
Equations 4, 7, and 8 below, as well as the provided mass moment of inertia calculator
within the SimpleDyno software in Table 1, the target mass moment of inertia was
determined.

2
Volume (%) * | (7)
Where,
n 3.14
d = Diameter (m)
1 = Length (m)
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7(.0635 m)2

) «(.0762m) = 00024 m3

Volume = (

Mass Vs p (8)
Where,
V  Volume (m?)
p = Density of Steel (8050 kg/m”)

= 3 LA g
Mass = (.0024 m?) « (8050 m3) =194 'L
I==(m)(?) (4)
Where,
I = Mass Moment of Inertia (kg*m?)

1 Mass (kg)
1 .adius (m)

I = % (1.94 kg * 2 Rollers) * (

0635m

2
) =.0019 kg * m?

Using the results previously determined, the computed mass moment of inertia is
compared against the value determined using SimpleDyno’s calculator in Table 1 below.

Table 1. Mass Moment of Inertia Calculator

Therefore the computed value of .002 kg*m” for the mass moment of inertia was also
verified using the provided SimpleDyno software.
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Using Equation 7 below, one may theoretically observe the basic strength of the materials
the anticipated loading.

A~

o 7)
Where,
o = Stress (Ib/in” or PSI)
M Moment (in-1bs)
C = Distance to the Neutral Axis
[ = Moment of Inertia

M  (121b) *x(4in) =48inx*1b

Lim ]
C= ~in
4

P

(,lin\*(lin)3 (2in)2im3 .
== — - = .0036 in*

12 12

(48 inslp)x(2 i)

o= 3,300 PS1
(0036 w0

After determining the anticipated stress that will be present at the weld (3,300 PSI) the
design stress must be compared against the ultimate tensile strength. Using Table 1
below, 6061 aluminum has an ultimate tensile strength property of 35 to 45 ksi. However,
due to welding process, 6061 aluminum loses some of the heat treated properties, thus
will behave more similar to 5052, which has a tensile strength property of 20-33 ksi.

Table 2. Aluminum Alloy Properties

x I i T '
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As aresult, the total cost of raw materials the required to fabricate the dynamometer
came to a total cost of $200.82. This cost is located within the lower portion of the $200
to $300 price range originally proposed, allowing it to be an easily available for
theoretical market sales. Note that the SimpleDyno software is available online at no cost,
thus available to anyone with a computer.

Final De-i~~ Mod?®~~+~g

rllowing the Stage 2 Design concept, various modifications were still necessary to
maximize the functionality of the device. The three most prominent modifications and
additions to the project consisted of restraint revisions, table top ergonomics, and frame
dampening.

The Stage 2 design concept utilized a series of bolt on D-clips paired with a series of
ratchet tie down locks. After reviewing the ratchet tie-downs, the devices were deemed
too large to be placed on the dynamometer as well as the vehicle itself. As a result, the D-
clips were replaced by a threaded sleeve and compression plate. The ratchet tie-downs
were replaced by 100 Ib rated steel wire and simple stainless steel S-hooks. This revised
design allowed for the desired adjustable tension system and still maintained adequacy.
In addition, the revised system was more compact, simple, and light weight, reducing
inconvenience during use and transport of the dynamometer.

After the second testing of the restraint system, concerns arose regarding the
dynamometer remaining stationary during operation. Due to the torque output of the high
performance RC vehicle and resulting vibrations, the entire dynamometer would move
forward. During one trial of around 5 to 10 seconds in operation, the dynamometer was
capable of displacing itself nearly a foot forwards from its initial starting point. This was
due to the very low coefficient of friction, w,that exists between the aluminum
dynamometer frame and the steel work bench. In order to counteract this movement, self
adhesive rubber pads were placed underneath the dynamometer frame. The presence of
these rubber pads prevented the frame displacement that occurred during operation, as
well as dampened the vibrations that were ultimately produced.

The final addition to the dynamometer was a 1/16” piece of foam padding to the surface
of the central table top. Allowing the underside of the RC chassis make direct contact
with the plexiglass surface allowed for too much slip while placing the vehicle onto the
dynamometer. The presence of a foam surface allowed the vehicle to remain entirely
stationary and prevents dirt and dust from scratching the underside of the RC chassis as
well as the plexiglass table top.



39

Nfficul*~~ Ence-~tered

The most prominent difficulty encountered during the fabrication of the project was the
use of a tig welder. Since aluminum was selected to compose the frame and the bearing
carriers due to its lightweight properties and convenience for press fitting, tig welding
was the only available option. The aluminum tubing that was selected (12" x 12" x 1/16”)
also compounded the difficulty of creating adequate welds through the tig welding
process. Aluminum tubing of this size and thickness rapidly conducted the heat created
through the welding process and would cause unexpected undercut and eventually
material blow out. Ultimately, with enough practice and patience a proper welding
technique was developed and the fabrication of the dynamometer progressed.

The following difficulty that arose during the fabrication process was the placement of
the 6” slot for the front wheel base adjustment. The slot was cut using a mill and in order
to located the center of the aluminum tubing using an edge finder. Due to mill operating
inexperience, the edge finder located a center of the tubing that was not the true center.
This lead to a slot that was roughly 15 thousandths of an inch offset from the true center
of the tubing. Therefore two of the three longitudinal frame members had a slot that
offset high and the third member offset low. As a result, the bolts for the main bearing
carriers did not slide smoothly through the slot, thus larger holes were drilled to eliminate
this interference with the slot.

The final difficulty that occurred during fabrication was keeping the rear shaft concentric
through the rear bearings. Due to the natural warping affect that occurs during welding,
welds across each of the three rear bearing carriers were staggered. The goal of
staggering the welds was to cause natural pull in opposite directions to minimize the pull
effects of the welds. Unfortunately, after completing the welds to mate the rear bearing
carriers to the frame, the bearings were roughly 1 to 2 mm off center. This effect is not
significant enough to impact the vehicle during testing, merely add minimal extra friction
to the bearings. This, however; may result in measured power ratings that are lower than
the true output power, ultimately reducing measurement accuracy.
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RECOMMENDATIONS

After reviewing the completed design and fabrication, few recommendations could be
made to further enhance the final project. The first and main concern lies within the
fabricators ability to weld aluminum. Thus if the individual does not feel comfortable in
doing so, he or she should avoid using aluminum for the frame because the tig welding
process requires immense patience and persistence. The following concern involves the
press fitting process of the bearings into the bearing carriers. The use of 5 thousandths of
interference is too high for the bearings used in this application and should be reduced to
no more than 3 thousandths. Additionally, caution should be taken while heating the
bearing carrier to press the second bearings, due to the fact that the ball bearings may
deform under high heat. This also applies to welding the pre-pressed rear bearing carriers
to the frame, as the aluminum will quickly dissipate the heat to the bearings during the
welding process. The final recommendation to the completed dynamometer consists of
adding a tie rod unit to link the lower portions of the front bearing carriers to move as a
single unit. The presence of multiple screws in a series of slots causes the bearing carriers
to tip and tilt, result in inconvenience during adjustments.
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Appendix A: How Project Meets Requirements for the BRAE Major






Aesthetic- The completed device components will have machine finishes and the
remaining aluminum will be polished to a respectable state.

Other Productivity- The device will be capable of measuring and quantifying
performance results of various RC vehicles.
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M-~ Mom~~*_of Ir~~+~ C-lculatinng

Volume = (EZ—Z) * [ (7

Where,
t=3.14
d Diameter (m)
1 = Length (m)

« —1- —»

fm( NR2E -m\2)

Volume = +(.0762 m) = .00024 m3

Mass V= p
Where,
V = Volume (m3)
p = Density of Steel (8050 kg/m’)

Mass = (.0024 m*) + (8050 -2) = 1.94 —2

roller

I="m)(?)

Where,
1 Mass Moment of Inertia (kg*mz)
m = Mass (kg)
r = Radius (m)

.0635m

2
I =2 (1.94 kg * 2 Rollers) » ( ) =.0019 kg » m?

(8)

4)
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Appendix C: Stage 2 Dynamometer Working Drawings
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