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Figure 1: Cad model of the driveline subsystem.

3.1 Strain Gages

The first test attempted to used strain gages to measure the strain experienced in the A-arms of the
suspension when the car was driven into a wall, while traveling at a speed of five miles per hour.
Strain is defined as the amount of deformation per unit length of an object when a load is applied.
With knowledge of the strain experienced by the A-arms, the force applied to the A-arms could then
be calculated. Strain gages are designed to convert mechanical motion into an electronic signal. A
strain gage is shown in Figure 2. A computer is used to record the electronic signals produced by a
strain gages. After attempting to measure the strain on the A-arms during an impact, it was found

that the computer used to record the signal from the strain gages was not fast enough to record the

sudden spike in strain experienced at the instant of impact.




Figure 2: Strain gage used during the impact test of the 2005 mini baja.

3.2 Accelerometer

Since the team did not have access to a faster computer, a different test had to be used to calculate
the force on the car during an impact. Because attempting to measure the force when the car
impacted an object failed, it was decided to measure the force the car experienced when an object
impacted it. A heavy object had to be used to be able to simulate a meaningful impact. A large
steel billet was the object chosen to impact the car. The billet was hung form a hoist using a chain
so that it could be swung like a pendulum into the car. A picture of the impact test setup is shown
in Figure 3.

The force of the impact was measured using an accelerometer and an oscilloscope. An accelerom-
eter is a device used to measure the acceleration of an object. The accelerometer sends a electronic
signal to an oscilloscope which is capable of measuring the sharp spike in acceleration experienced
during an impact. An accelerometer and the reading of the oscilloscope after an impact are shown
in Figure 4.

The heights the billet needed to be raised to simulate a two mph and a five mph impact and
were calculated by relating the potential energy of the billet to the kinetic energy of the car using
equation 1.

1 2
§mcarvgar = mpghy (1)

where m.,, is the mass of the car, v ., is the velocity of the car, m; is the mass of the billet, g
is the acceleration of the billet due to gravity, and h, is the height the billet is raised. The complete
analysis used to calculate the heights the billet needed to be raised is included in appendix A. From
the recorded acceleration, the forces experienced by the car during two mph and five mph impacts

were calculated. These forces were used as the maximum expected forces.










whereas the brakes could only deliver 460 ft-lbs of torque. Since the amount of torque from the
transmission was higher, it was used for the torsional analysis.
After the torque was determined the polar moment of inertia for the solid shaft and the hollow

shaft were calculated using the the equations 2 and 3.

nd?
o= 2
Jsolui 32 ( )
m(dd—d!
Jtube = —(_3—2-—‘2 (3)

where d is the diameter of the solid shaft, d, is the outer diameter of the tube, and d; is the inner
diameter of the tube. Next, the maximum shear stress in the shafts due to the applied torque were
calculated using equation

Td
Tinaz = 57 (4)
where 1" is the applied torque, d is the outer diameter of the shaft or tube, and J is the polar moment
of inertia of the shaft or tube. These shear stresses were then compared to the yield strengths of the
tube and the shaft to determine the factor of safety. Based on this analysis, a hollow Chrome Moly
tube with a 7/8” outer diameter and a 1/8” wall thickness was chosen. Using this tube would reduce

the weight of the shaft by about 50%, while maintaining a factor of safety of 2.9. The complete

analysis is included in appendix B of this document.

4.2 Assembly

To incorporate the new hollow shafts to the CV joints, the old shafts had to be cut off. This was
done using a chop saw. After removing the old shafts, new shafts were welded to the CV joints. A
welding analysis was done to ensure that the welded joints would be strong enough. This analysis
was similar to the torsional analysis done to determine the tube size. For this analysis the unit polar

moment of inertia was found using equation 5.

Jy = 27r8 (5)

where 7 is the radius of the tube. The polar moment of inertia was then multiply by a weld size factor,

h, to obtain the polar moment of inertia. Using equation 4 the maximum shear stress experienced
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With the mold prepared, the aluminum is heated in the foundry. The aluminum needs to reach
a temperature between 1200 and 1500 degrees F. Before the metal can be poured into the mold,
a degassing agent must be added. This allows the gases present in the metal to escape before it
hardens. If the metal is not degassed, the cast part will have air pockets that will significantly
weaken the part. After the metal has been degassed it is poured into the mold and allowed to cool.

Once cooled the sand is removed from around the part and the finish machining can be done.

5.2 Splines

Splines are used to transmit large amounts of torque. They are able to transmit much more torque
than press fits or keys. Splines are formed by contouring the outside of the shaft and the inside of
the hub with tooth-like forms. Since the CV joints came with a spline already cut on the outside of
its shaft, matching splines had to be machined into the wheel hubs. The first step of machining the
splines into the hub was to make a special cutting tool called a broach. Wikipedia defines a broach
“As a series of progressively taller chisel points mounted on a sing piece of steel, typically used to
enlarge a circular hole into a larger non-circular shape”[2]. The broach matched the shape of the
desired splines. This particular spline has 23 teeth.

Once the broach was prepared, a hole the diameter of the base of the teeth was bored into the
wheel hubs. This was done on a standard metal lathe. Next, the broach was pressed through the
bored hole several times using a hydraulic press. The first pass required about 20,000 pounds of
force. As the broach was passed through, material was removed forming the desired shape. With
each pass a little more material was removed and a little less force was required. Several passes were

made in order to achieve the desired shape.

5.3 Machining

To be able to hold the hub during the machining process a mandrel had to be made. The mandrel
fits the splines on the inside of the hub and provide a surface for the chuck of the lathe to grip. The
splines on the mandrel were made in the same way as the broach. Using an indexing jig, the splines
were cut on an end mill using a carbide cutting tool. Cutting the splines is a slow process, since 23
had splines had to be cut, and each spline took several passes to cut. The mandrel used is shown
in Figure 9. Using the mandrel the hub was held in the lathe and material was removed until the
necessary bearing surface was achieved.

Bearing surfaces have to be extremely smooth and accurate. To get the proper fit, the shaft that

15







Figure 10: Timkin cup and cone bearings used on the wheel hubs.

6.2 Center Shaft Bearings

The center shaft is designed so that it will only provide a radial force on the bearings which support
it. For this application, the best bearings are sealed deep groove ball bearings. Some sealed deep
groove ball bearings are shown in Figure 11. To ensure that the bearings would survive the race, a

bearing analysis was performed. The life of a bearing can be calculated using equation

L= (%)3 (6)

Where P is the applied load and C is the basic dynamic load rating of the bearing given by the
manufacturer. The analysis done showed that the bearings would last for over 135 hours of driving

at the car’s maximum velocity. The complete bearing analysis is in appendix D.

7 Center Shaft and Sprocket

The center shaft was machined of 4140 steel. The shaft is 6 inches long and has a 1.375” outer
diameter and a 1”7 inner diameter. The reason the shaft is hollow is to allow for the ends of the
upper CV joints to fit inside. The upper CV joints are bolted to the center shaft using 1/4” bolts.
A mounting flange for the sprocket is welded to the center of the shaft. The sprocket is attached
to this flange using three indexing pins and three bolts. A shear analysis was performed to ensure
that the bolts and pins would be sufficient to hold the sprocket in place. This analysis assumed that
six 1/4” diameter bolts or pins would be used to attach the sprocket to the mounting flange. The
first step of the analysis was to determine the surface area of the bolts that would be supporting the

sprocket, this area is referred to as the bearing area. This was done using equation 7.
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Figure 12: Adjustable hexagonal rod with rod ends used to tension the chain.

in appendix E.

8 Tensioning System

The tensioning system is critical to delivering the maximum amount of power to the rear wheels. If
too little tension is applied to the chain, the chain could fall off of the sprocket during the race. If too
much tension is applied to the chain, additional friction and forces will be applied to the driveline
and transmission which could lead to part failures. The tensioning system consists of two brackets
that are attached to the frame on one end and to adjustable hexagonal rods at the other. The outer
races of the center shaft bearings are pressed into these two mounts.

The tensioning of the chain is achieved through the adjustable hexagonal rods. These rods have
atod end with right-handed threads at one end and a rod end with left-handed threads at the other
end. The different direction threads allows the rod to change length. If the rod is turned clockwise
the length of the rod is increased and the tension on the chain is reduced. If the rod is turned
counter-clockwise the length of the rod is decreased and the tension on the chain is increased. The
reason for the hexagonal shape of the rod is to allow for a wrench to be used to turn it. One of the

hexagonal rods used in the tensioning system is shown in Figure 12.

9 Conclusion

The mini baja project has allowed students to get some real world engineering experience. Being
able to take a project from the design stages all the way through the building and testing stages
taught the students how to overcome many of the challenges that arise during the process. By using
CV joints from a Geo Metro with custom made wheel hubs a driveline was built that would overcome
the challenge of allowing for sixteen inches of travel while being lightweight and inexpensive. The

completed driveline is shown in Figure 13. At the final race in Portland, it will be seen if the lessons
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A Impact Test Calculations

IMPACT TESTING CALCULATIONS

BILET PROPERTIES
t = din radius of the steel billet
L= 2375in length of the steel billet
o .
Psteer =03 = density of steel
in
L2 3.3 .
V=a1 L V=1194x 10" in volume of the billet
W= poeerV W = 35814210 weight of the billet
m = A m=111221b mass of the billet
322
CAR PROPERTIES
W qy = 50016 weight of the car
_ Woar
Mear = o m... = 155281 mass of the car
CALCULATIONS
1 2 . . .
-mv¥ =mgh Governing equation equation the speed of
2 the vehicle to the height of a 358 Ib steel
billet

1
E-m(:at-(l}mph)2

h2.5mph = - h2.5mph = 3.5in Height the steel bille_t has to t_Je raisedvto
simulate a 2.5 mph impact with the baja

1 2
h5mph =139%in Height the steel billet has to be raised to

hsmpn = _ h . .
simulate a 5 mph impact with the baja

W
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B CV Shaft Analysis

Torsional Analysis of the Baja CV Shaft

MATERIAL PROPETIES OF 4130 STEEL TUBING
1

G= 11600-103psi Shear modulus RPM = min

Sy = 138000psi Yield strength St = 161000psi Ultimate stregth

o= .2841—b- Density

m .

1= 18in length of the shaft d:= 875n shaft diameter

d, = lin outer diameter of tube d, = 75in inner diameter of tube
CALCULATIONS
Djjre = 20.5in Diameter of the tire
dist = w-Dy; o dist = 5367 f Distance traveled in 1 revolution

- 35 f Maxi locity of the Baj

Vonax = 35 e Vonax = 51333 " aximum velocity of the Baja
V= V 4 = 5739RPM Velocity of the driveline

dt dist di
Fy, = 20001bf Brake force applied
Wy = 27 Brake coefficient of friction

Dtire .

Ty = Fy by > Ty, = o ft1bf Maximum torgue from the brakes
T = 600ft-1bf

Maximum torque from transmission

Maximum torque from the transmission is higher the the maximum braking torque, so it will be
used in the shear calculations

J=qin Polar area moment of inettia

Jiube =1 in4 Polar area moment of inertia of hollow tube
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C Weld Strength Analysis

Weld strength analysis

Done by Dan Swenson
Jan. 10, 2006

Material properties

D = 1lin Diameter of the shaft t= _1;_ Radius of the shaft
h:= 25in size of weld 8y = 57000psi Yield strength
Calculations
M = 600ft-1bf Warst case moment
J,=2= r3 u= 0.785i113 Unit polar moment of inertia
J=T707-hl], ]= 0.139in4 Polar moment of inertia
Mt . .

T=— Maximum shear stress in the weld

J
Sp = .6-53, Permissibie stress in the weld

SP
SF = — Factor of Safety of the weld

T

Note: All of the Equations and material properties were taken from Mechanical Engineering Design
by Joseph Edward Shigley, 1977
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