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ABSTRACT
SAMUEL COLE DESROCHERDynamicssensitivity study ofstock carshifter
components (Under the direction oRDTONY SCHMITZ)

Previous experience in race situations has shoatrcttimponents in the shifter
section of thestock cadrivetrain are subject to failuréds the engine operates in a
specific rotational speed band throughout a race event due to gearing rules, the drivetrain
components may experience vibrations imposethat frequency bandt was desired
to determingheinfluence ofexchanging componentsnamely the setback brackets and
shifter handlg within the shifter assemhlyin preparation fopotentialdesign change
an experimentadtudy was performed ugj a simplified setup. The outcome of this study
is the topic of this thesis.

In the simplified setup, only the setback brackets, shifter tower, and shifter handle
were included. These were attached to a rigid mass, rather tretockeadrivetrain
Both Finite ElementAnalysis (FEA)andmodal analysisvere used to study this
simplified model Modal testing was performed boththe simplified model and the
stock car to understand the model limitatiodsalysis of these two tesetupsrevealed
that the simplifiednodel did nofully representhe real systemThenatural frequencies
of thethreemodes dund inthe simplified modelmatched the stock car measurements to
within 17% However, aditional modes were found that were spemfity to thecar.

Based on these results, it is recommendedieasimplifiedFEA modelshould
befurtherdevelopedo includeall modes obtained froitine stock camodalanalysis test
results Once a reasonable comparison is achieveddahsitivitydesignstudy may be

completed
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CHAPTER 1: INTRODUCTION

Within the definition of the rules of theASCAR Sprint Cup Serieslesign
changs for thetransmission, shifter, and other drivetraomponentss largelyguided
by vendors anceven sothese changes arestricted for cost purposes. Therefore, most
components are subject to vibrations created from engine and transmission imbalances.

The goal of thighesisis tofirst determine the correlation between a simplified
model of the shiftehandle assembly and themaluate a matrix of setback brackets and
shifter handle designs to determine whitlany, of the components can shift the natural
frequencies of the systesnfficiently to reduce vibration amplitude3 o be more
specific, the systens tobe more closely examined for the response at the stafter
determingf a distinctioncanbe made as to which combination of components can shift
the natural frequency out of the band of the engine frequenityroultiples

The modal response of the system will be evaluated inmtarmers1) through
finite element analysi@~EA); and 2)throughmodal analysis usingn impact hammer

and accelerometer.



CHAPTER 2: MATERIALS AND METHODS

2.1 Modal TestingBackground

Modal testing is an experimental means of obtaining the dynamic characteristics
of either a single object or of an assembly. A basic overview of the plieqaswyided
here

1. Excitingtheobject/assembly

2. Measuring the vibration response

3. Transferring the measurement into usable and readable data

4. Analyzing the data to determine the dynamic response characteristics
Each of theesteps has various optigrmearemore suited to certain sitti@ans than
others.

For the first step, the most common excitation mechanisms are shakers and
impact hammers. The former allows for inputs that are periodic, such as a sine wave, as
well as random. The latter is used to apply an impulse force; due to the short time
durationof this test, multiple samples are often completed and averaged in the frequency
domain. In either case, the excitation must encompass the desired frequency range for the

structure to be analyz¢8chmitz & Smith, 2012)
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The second, or measurement, stegpig between two transducer types: contact
and norcontact. The contact transducers are accelerometers that are nouhied
structure during the testing phaskhese typically use an internaezoelectriccrystal
that gets squeezed by a seismic memster acceleration to producelgarge, which is
amplified to produce w@oltage. Non-contact transducers include capacitance probes and
laser vibrometersCapacitance probes aiependent othevoltage of two charged
bodies (one being the probe) and thelectric constant of the material between thém
the distance between the bodies grows, the capacitance changes proporti@saty.
Vi brometers operate by using the Doppler
speed at which the targebject is vibrating.The noncontact options are the preferred
method as they do not add mass to the system under $hisypecomesore important
as the mass of the accelerometgproaches the modal mass of the systelowever, it
is often easierrad less expensive to set up the accelerometers, especially in a more
mobile environment(Schmitz & Smith, 2012)

A dynamic signal analyzeused irthe thirdstep,is able to take timelomain
signal inputs from the force input mechanism and the transdadeakculatethe Fourier
transform of eachThe input signals are sent through amplifiers and aralalgital
converterfADC) before entering the signal analyzer. Often, the analyzers include an
internal antialiasingfilter that the signal encountdoeforecalculatingthe discrete
Fourier transform@FT). The analyzethencalculateghe ratio ofthe frequency domain
vibration to theforce This is the outpuERFas displayed iFIGURE 1. Depending on

the transducetthe output€an includelisplacement, velocity, or acceleratiointhe

S



system under observatiohherefore theratio given as an output by thealyzemay
take one othethree formdistedin TABLE 1.
The receptance type yields a FRF composed of the Fourier transform of both the

i nput force, F(¥Y)seasnidgnéale, r¥cw) ting respo

0] — (1).

TABLE 1: FRFtypes

FRF type Transducer type
Receptance/compliance Displacement
Mobility Velocity
Accelerance/inertance Acceleration

X(w)

a(t) —» Amp » ADC » DFT
v
/ > FRF

\ 4

\ 4

Fit) — Amp ADC DFT

flw)

FIGUREL1L : Flow diagram for a typical dynamsgignalanalyzer



2.2 NASCARVehicleBackground

2.2.1NASCAR Drivetrain

For costreasonsthe sanctioning body has restrictions on many areas of the car.
This allows a greater number of participants to be roompetitive as they are not at
such great disadvantages when it comes to funding. This prevents more exotic materials
andgeometries from being introduced for efficiencies, aerodynamic gain, and lighter
weightbecause¢hese may be more difficult to inspedecrease competition, and
potentially lead to injuries upon failure. Among the list of mandated components are
driveshaft materials and geometries as well as rear gear ratissme areas of the
vehicle, competitors are reliant upthe preapprovalof vendor components in order to
begin use.

These mandates caary between circuits and even between return trips to a
given circuit within a calendar year. This makes designing shifter compdadratge
natural frequencies in a certain bandwidiffiicult. Thus, determining whether
combinations of existing components mayppbeferredat certain tracks where the engine
and drivelinespeeds spend larger amounts of time at a certain freqiseadifficult
task Since the shifter components have haehadency to break on occasion through the
years andhese failuresre difficult toreplicate in physical testing was decided to

begin the evaluation with components in the shifterasgembly.



2.2.2Car CoordinateSystem

This sectiordescribeghe righthanded coordinate system used mdhalysis.
The positive xaxis points toward the rear of the vehicle. Next, the positaeiyis
directedt o war d t h esidé qf theschassiggllewing theright-handrule, the
positive zdirectionpoints upward through the rooT.he vehicle origin is located on the
bottom of the truck arm crogssember on the centerline of the cdihe coordinate

system is shown in relation to the car bod¥iBURE 2.

N

FIGURE 2 : Coordinate system in relation to the car body



2.2.3Simplified Shifter Model

The natureandsize of the vehicle drivetrain does not lend itsal§ilyto an alt
inclusive vibration analysisTo minimize thdinite elementtomputational requirements,
a simplified model of the systewasproposed andonstructedo evaluate aan
alternative The simplified model includes the following as the main components in the
assembly: setback brackets, shifter tower, and shifter hambdkassemplis displayed

in FIGURE 3.

Shifter
handle

Shifter

FIGURE 3 : Simplified model including setback brackets, shifter tower, and shifter
handle
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This model is based on the assumption that the rest of the drivetrain, especially
the tail housing to wibh the setback brackets are normally bolted, are infinitely stiff and
insignificant in contribution to the vibration of the shifter handle. Potential issues with
this assumption begin with the infinite stiffness and mass of the tail housing, which are
not correct. Furthermore, the tail housing is constrained on either end to the main housing

and the driveshaft universal joint yoke.



2.3Modal Testing Analysis Setup

Thecar setups not conducive to shakekcitation Therefore, excdtion options
suchas steppedine, slow sine sweefmear sweep, logarithmic sweep, other periodic
excitation, and random excitation are more difficuliniplement(Ewins, 1995) Even
the transient inputsuch as chirp (also known as rapid sineew and burst(short
section of geriodic orrandomsignal) are not plausible optiorsnce they alscequire a
shaker. This leaves the impact hameaitation as a viable method flmrceinput into
the systemThere is also convenience in tihiethod as the equipmentascessible

This method is conducted by repeating the hammer impacts under the same
conditions in order taverage the FRF resulis larger sample size witlecrease random
noise effectsthus, a tradeoff arises between resp@tseiracy antheasuremerttme
(Ewins, 1995)

The use of impadestinghasnegative aspects well.Since the impact hammer
generally requires human input, additional error is introduced into the system. Ideally,
the force inpuaand the measurement instruments are aligned in the same direction.
Unfortunately, adding a human component to the system increases the likelihood of this
not happening It alsoadds a degree of uncertainty to the consistency if performing
multiple measwrments. Furthermoyéor this method to be performed correctly, the
entire response must be recorded from the moment of hammer impact until the response
has died out This is because impact hammers excite multiple frequencies at the same
time (Ewins, 1995) Thisrequirementvill not be difficult to reachn this instances the

system has significant dampirggplding to a short response time.
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Regarding the dynamic signal analyZdietalMAX™ software is capable of
taking the inputsrbm the impact hammer and the acceleromgtial and model
numbers included in Appendix. IAs additional measurements are performed, the
software is capable of autveraging each of the trials. In addition, the software can also

allow the user to olesve themeasuremerntoherenceo evaluate the reliability
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2.4FEA Bvaluation

As an alternative to physical testimymericalanalysis is also available through
FEA modeling. While the initial thought may be that this method is easier, the realistic
view is that the resultre onlyas good as the model under evaluatibimerefore
specifics such as material assignment, accgedenetry representation (including joint
interfaces)pboundary condition definitiorand damping are crucial aefiningthe model.

In order tocomplement th@hysical evaluation, the matrix of assembly options
was also evaluated using NX Nastran FEAwafe. The Advanced Simulation module
allows for an evaluation of modal frequenciesth bending and torsionalVhile the
software does allow for damping through different constraints, internal damping is not
available for any material meshes.

Pinned onstraints were placed in eachthe setback brackets where they are
normally bolted to the top of the tdbusing In other positions, surfage-surface glue
constraints were used theSIM file to connect théndividual componenteshes created
in the FEM file. These constraints adisplayedn FIGURE 4. The simplified model may

be likened to a cantilever where the pin constraints #féxcantilever bas®e theground.



FIGURE 4 : FEM file displaying pinnedoundary constraini®lue) andgluedinter-
meshconstraintgyellow)

12
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2.5 Gnnection from FEA to ktar Operation

Due to the complexity of the stock car and associated mbeesjmplified model
was evaluated as an intermediate solution. Both FEA and modal testing were used to
evaluate the simplified model.

In order to confirnthe efficacy of thesimplified model, existing raeesed
components were initiallyncludedin the sinplified FEA model. In addition, the
physicalrealization of this mdel used amaluminum block withan approximate weight of
481bf. It is displayed irFIGURE5, and the engineering drawing is included in Appendix
II. This block represents the large mass of the rest of the drivetrain, specifically the tail
housing. The physical representation ofthea mp | i f i ed model mad e

brackets as well as a shifter handle constructed of 7075 aluminum.

FIGURES : Aluminum block for physical realization of simplified model
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Two comparisons were performed. First, the FEA and modal testing results for
the simplified model were compared. This enabled the accuracy of the FEA to be
evaluated. Second, measurements on a stock car shifter assembly were compared to the
simplified modéto determine the usefulness of igysicalmodel (i.e., determine if it

adequately represents the actual stock car).prbisesss depicted ifFIGURE 6.

Modal testing

Simplified mode

Modal testing-
Stock car

FIGURE 6 : lllustration of thelink betweencomputermodel andactualassembly



CHAPTER 3: RESULTS

3.1 Gmparison of FEA and Real World Simplified Models

The simplified model FEA and modal testing results are compared in this section.
The natural frequencies obtained from FEA are listed according to direction of vibration
in TABLE 2. The modes are denoted with an AFO
The first mode occurs primarily in only one of the Cartesian directions, while the second
and third modes occur in a combination of axes.

Figures 710show the three meas listed inTABLE 2. In the images from the
FEA, the legend is based upon a nominal force input resulting in a displacement value.
For mode shape evaluation, thedue of the legend may be ignored with attention being
paid to the relative color intensity. (Additional images displaying these modes may be

found in Appendix Il).

TABLE 2 : Natural frequency results of simplified model FEA

Mode Frequency (Hz)
X Y z
1F 134.8
2F 148.4 148.4

3F 225.4 225.4 225.4
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196231 000 : Soin 2 Result

Subcase - Exgenvalue Method 1, Mode 1, 134.750 Mz
Displacernent - Nodal, Magntude

Min - 0,01, Max - 5298, Unts = in

Deformation . Displacement - Nodal Magnitude
Animation Frame 8 of 8

5298 -
- <

FIGURE7 : Mode IF looking attheyz planefrom the +x direction

ModelFis bending of the shifter handle, the section above the main tower, in the
y-direction. This mode is displayediGURE7. In this mode, the rest of the assembly
exhibits motion which isrders of magnitude less than the handle. The handle is acting
as a cantilever attached to the shifter tower. As the crossrsef the cantilevered
handle is thinnest in this direction, it is expected to bend in this diregiibrihe largest
amplitude and lowest natural frequency

Mode2Fis a vertical shaking of the entire system mainly as a result of the upper
section flexibility of the setback brackets. This thinner section is shown in a stretched

and displaced manner. In this mode, the setback brackets are acting as a
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SHA231 000 | Soin 2 Rasun

Scbcase « Egorvaive Mehod | Mode 7. 148415 He
Displacamant - Nodal. Magniude

Ma 000, Max 2344, Units = in

Deloematon - Deplocoment - Nodel Magntude
Avamaton Frame 20 of 20

244
l2!49
1953
1758
1563
1267

1"nn

on

FIGURES : Mode ZF looking atthe xz-plane from thé'y direction

cantilever off of the tail housing which is represented in the FEA model by the pinned
constraints. The vacal zaxis motion of the system also relayed into a foraft

vibration in the xdirection that is most evident at the tip of the hantihés motion is
displayed iFIGURES8. Thoughthe displacement imiuchlower than the other axes, a
slight y-axis contribution may be seen by a minor rotatiookeervedrom the rear in
FIGUREO.

Mode3Fis similar to the second bending mode of a cantilever, having one node at the

fixed end as well as one at a point between the ends. In this instance, the setback brackets
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are bending and twisting in oxd@ection while the handle itself is out phase with that
motion. This phase difference is displaye#iGURE 10. The setbackrackets are
twisting about a lingarallel to the saxis but are moving verticallyThe handle is again
moving in the ydirection similar to the first mode. The node is located near the center of
the shifter tower. The only movement in thdirection is a result of the tip ¢ie handt

pivoting around where it is bolted to the shifter tower.

06231 000 : Soin 2 Result

Subcase - Exgernvalue Method 1, Mode 2, 148.415 Mz
Disptacemaent - Nodal, Magntude

Min 0,00, Max : 23 44, Un2s » in

Dwformation - Displacement - Nodal Magnitude
Anmation Fraenme 20 of 20

2344
l 2149
1953
1758
1563

1367

1172

FIGUREY9 : Mode ZF looking attheyz-plane from thé x direction
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168231_000 : Son 2 Reault

Subcase - Egenvalue Method 1, Moda 3, 225 387 Hz
Displacement - Nodal, Magntude

Min : 0,00, Max : 3949, Unes = in
Deformation ;: Displacement - Nodal Magnitude

Animation Frame 20 of 20
39,49 _

320

v

2062

26.33 Node for mode B

23.04
1975
16.46
13.16
9.87

658
329

oho

o —

Unifs = in

FIGURE10: Mode 3From simplified model FEAlooking attheyz-planefrom
the +x direction

For the modal analysisjme total points were selectedregard taaccessibilityin
the carto aid in the secondomparisorbetween the block arstockcar. These test points
are illustrated in Figuresliand 2. Additional images are found in Appendix IV.

The modal analysis test on the simplified model block yieldedasinesults to
the FEA.One difference was the presence of four modes undez3bat were not

outputfromthe FEAThese coul d be a result of t

he

no.l
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imposed by resting the entire assembly on soft fddra.modes listed iMABLE 3 are
those thatreabove the 51z limit. Thes e modes ar e daagethet ed by
physicalsimplified modebwith the aluminum blockThe naturafrequencies in each the
X, Y, and Zdirectionshave been labeleghd organizeds similar frequencies. This
sorting provides for aligning possible rotational metapes that would beared in
multiple directionsMeanwhik the threemodes obtained above 5 were similar in

natural frequency and mode shapes to those found in the FEA.

6 - 2 | 3 1
]

FIGURE11: Isometricview of dmplified modelmodalanalysistest withlocationpoints
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FIGURE12: Top view of simplified model modal analysis test with location po

TABLE 3: Naturalfrequenciesletermined frommodal analysief simplified model

Mode Frequency (Hz)
X Y z
1B - 141.5 -
2B 146.5 146.5 146.1

3B 269.8 273.1 272.8
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Mode1B from the modal testingh TABLE 3 was similar to that shown from the
FEA in that it represented the shifter handle oscillating in tgection. The difference
here is that it occurs at 141 from the modal testing arad 134.8Hz from the
computer model.

Mode2B is comparabléo mode2F andhas acloser natural frequency. The
computer simulation output a natural frequency of 1#&Avhere theneasurements
yielded a averageesult 0f147.1Hz from all three coordinatexes

Mode3B occursat271.9 Hz based on the physical analysis. The computer model
places this mode at 2253F. While there is a discrepancy in the natural frequency, the
mode shapes between the physical and computational models are similar. Agjain, th
mode is likened to the second bending mode of airexelbeam. The main bending
occurs in the setback brackets, and the handle is out of phase with the bending of the
setback brackets.

The frequencies determined between thervethods are compared TABLE 4, with
the frequencies aligned via similar mode shagée first two modes are withi 0%
between the physical and simulated models. As noted in the above descriptibingdthe

mode has aatural frequency discrepancy greater than 20.0% between the two models.

TABLE 4 : Comparisorof similar modes fronFEA andmodal analysior the
simplified model

FEA Modal Analysis % Difference
Mode Frequency (Hz Mode Frequency (Hz
1F 134.8 1B 141.5 5.0%
2F 148.4 2B 146.4 -1.4%
3F 225.4 3B 271.9 20.6%
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For the cantilever shager modes 1B and F, the primary motion is the handle

oscillating in the ydirection. Normalized mode shapes taken from both the EEts

and modal analysi®r the simplified model are shown IGURE 13.

Mode?2 (B and Fyepresents a primarily vertical bending of the system rotating

about the raunting position to the tail housing. The normalized mode shapes are

compared irFIGURE 14. Since the vertical rotation becomes transferred into-the x

direction, the mode shapes are also given for this akiGURE 15.

Normalized response

Im(Y g/F,)

1.20
1.00
0.80
0.60
0.40
0.20
0.00

-0.20

-

e

Fg
/ =l Modal
/4 Analysis
F /
Fl //’ FEA
— —~ results
- = -~

2

Vertical distance above point 1 (in.)

FIGURE13: Normalized node shape comparison of 1B andf@fFthe shifter handlen

the ydirection
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1.20
[}
2 100 —
o8 D el
= /

4 S 080 / e —m— Modal
S~ 060 Fs / 3 Analysis
g% 040 Fs / 2l —+—FEA
o E 7 results
3 0.20 e

0.00 w . ; ; .

) 2 4 6 8

-0.20
X-direction distance behind rear tailhousing bolt (in.)

FIGURE 14 : Normalized mode shape comparison of 2B alRfo? the setback brackets
in thez-direction

. - -
E 0.60 / Fo \ —®— Modal
e analysis
> F / \ Y
‘E’ 0.40
T 020 / \ Fo  —e—FEA

: \ results
0.00 T T .

) 2 4 6 8

Normalized response

Vertical distance above point 1 (in.)

FIGURE 15: Normalized mode shape comparison of 2B andr2fie shifter handle
thex-direction
The mode shapgiven by 3B and 3R&resimilar to that of the second mode of a
cantilever. Here, the y anddirection vibrations are moudistinctive with the former

more prominent in the handlEIGURE 16) and the latter in the setback brackets



25
(FIGUREZ27). The phase change may be seen in tde&gction response as the node is
near the center of the graph)®ith the two ends out of phase with one other.
Each of the mode shape comparisons yield comparablesrbstiteen the FEA
modelandmodal analysisor the simplified block. Combined with the natural frequency
agreement, it is determined that the FEA model is a sufficient representation of the

simplified model relative to the response of the physical asgembl

o 1.50
7 Fo
5 1.00 —
8—/\ Fl - - - N
(] < -2 \
5 ® _ - \\ — @ Modal
N ZE-/ 0.00 : : AN . . Analysis
© £ ) 2 4 6 8
= Fg results
-1.00
1.50
Vertical distance above point 1 (in.)

FIGURE16: Normalized mode shape comparisor8Bfand3F for the shifter handle in
the y-direction
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° 1.20
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S 100 =
o -~ F
0 — 1
Cu 0.80 —®— Modal
T .
© N 0.60 Analysis
© E
c 0.40 —4—FEA
o results
e 0.20

0.00 ; ; ; .

0 2 4 6 8
X-direction distance behind rear tailhousing bolt (in.)

FIGURE17: Normalized mode shape comparison of 3B and 3F fosetizack brackets
in thez-direction
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3.2 Gmparison of Physical Simplified Model and Real Worlddar) Use

The measured FRE®mMpleted on the simplified setup and stock car are reported
in this section.First, the results of the analysis in the car are presented. Then, the
comparison between the two analyses is completed.

The modes determined from modal analysis in the car are displayed according to
the coordinateaxes in which the vibration takes plaseeTABLE 5. As before, the
modes under 50 Hz are not included in the talie. modes in the table are designated
wi t h adendt€the canmeasurementdt is observed thatonnecting theshifter
assemblyto the other components in the car resulted in a greater number of modes than
were found in the simplified model.

The mode shaeare now compareldetween the three frequenc@#tainedn the modal
analysis of the block setup to that of the CBine modes of the two analyses are
organized according to their shapes and are compafedBhE 6. Asdisplayedn the
table, the three shapes observed in the siregldnalysis are evident in the car.
Mode2B and 3B were consistent in both shape and the frequency at which they

occurred. However, mode IBhe handle vibrating the-girectioni saw a decrease

TABLE 5 : Naturalfrequenciesletermined fronfrequencyresponse ofar system

Mode Frequency (Hz)
X Y Z
1C 110.6 111.9
2C 118.3
3C 133.2 135.8
4C 144.2
5C 169.0 169.0

6C 271.2 272.8 273.5
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greater than 16% when compared to the response in the car.
The mode shapes for the modisted inTABLE 6 are illustrated ifFigures18-

23. Other mode shapes from the car can be fourppendix V.

TABLE 6 : Comparison of similar modes from modal analysis forsihglified model

and the car
Simplified Model (Block) Car System % Difference
Mode Frequency (Hz Mode Frequency (Hgz
1B 141.5 2C 118.3 -16.%%
2B 146.4 3C 134.5 -8.1%
3B 271.9 6C 272.5 0.2%
1.20
) Fo
é) 1.00 /f]—
7 == Modal
o
g — 0.80 / Analysis-
=YL 560 7 Block
T o Y
gz Fo 7
= g 0.40 g Modal
—_— V4 .
S F P Analysis
S 020 - - - Car
p -
000 f— === : : .
?‘ 2 4 6 8
-0.20 - - - -
Vertical distance from point 1 (in.)

FIGURE18: Normalized mode shape comparison of 1B 2@dor the shifter handle in
they-direction
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Normalized response
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.
p O d
0.40 P Modal
0.20 Fy 2 Analysis
’ -~ - Car
0.00 5 . r r .
(P 2 4 6 8
-0.20

Vertical distance above point 1 (in.)

FIGURE19: Normalized mode shape comparison of 2B a@dor the $ifter handlein

thex-direction
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8 = Fe 7’
E 020 7 Mod
5 P 0 al_
Z 0.00 v . . : : Analysis
) 2 4 6 8 - Car
-0.20 T , , : , :
X-direction distance behind rear tailhousing bolt (in.)
FIGURE20: Normalized mode shape comparison of 2B a@dor the setback brackets

in the zdirection

Themodeshapdifferencein the zdirection inFIGURE 20is attributed to the

addition of the tail housingThe, effective cantilever length is increasaedhe car witha

pivot atthe front of the transmissionThislonger cantilever yieldthe offset in the
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FIGURE?21: Normalized mode shape comparison of 3B @@dor the shifter handle in
thex-direction
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FIGURE?22: Normalized mode shape comparison of 3B &@dor thesetback brackets
in the ydirection

measurements taken closer to the setback bracket mount at the tail housing.
Again, the setback brackets and the shifter handle are separated for the
measurements in thedirection. The mode shapes agree between the simplified model

ard the car analyses.
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FIGURE23: Normalized mode shape comparison of 3B &@dor the shifter handle in
the y-direction
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FIGURE 24 : Normalized mode shape comparison of 3B @@dor the shifter handle in
the z-direction
For further comparisorfFigures25, 26, and27 compare the real and imaginary
parts of the FRFS fronme two testsn the x, y, and z directionsespectively The x
direction provides the greatest correlation between the two setups in terms of frequencies

and magnitudes.
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CHAPTER 4:CONCLUSION

4.1 Analysis of Results

The FEA model is considered to be sufficient when compared to the modal
analysis results on the physical representation of the simplified model. All three mode
shapes obtained from the FEA were apparent ifréagiency response of the physical
model. The natural frequencies of two modes were within 5.0% of the FEA redulés
one result differed by 20.6%.

While themodal analysis of theimplified model does not provide an exact
correlation to thelata extacted from the systemstalled in the vehicle, similarities
between the two may be drawmo begin,all threeobtainal from the simplified model
are evidenin thestockcaraswell al t hough one moded®h® shape
differences irfrequendesat which these three modescurare0.2%to 16.4% when
compaing thesimplified modelto stock car measurementslodes in the car generally
increase in magnitudaver their counterparts in the simplified modsla result of the
inherent flexibility in the drivetrain

Furthermore, three modes are present in the car that are not found in the
simplified model. These modes are a result of other components in the drj\atcéin
asthe shifter linkagegailhousing and driveshaftwhich add ntural frequencies to the
system. As these frequencies are close in relation to those found in the simplified model,

theywould likely have an impact on the resultstioé sensitivitystudy matrix.
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Additionally, with these components having similar frequenties|argest of the
three comparable modes had an additional node in-theegtion in the car, but did not

change in the other two directions.
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4.2 Future Work

As the simplified model and toarmodal analysis results did not agree perfectly,
there is room to improve the model beftite sensitivity study. The results showed that
proceeding with evaluating the sensitivity of the syst@rthanges in either the setback
brackets or the shifter hdlesmay currently be skewed by modes from other drivetrain

components The plannednatrix for the studys shown inTABLE 7.

TABLE 7 : Propsedcases for sensitivity study
Case Setback Brackets Shifter Handle Material

1 260 7075 Aluminum
2 260 1018Mild Steel
3 240 7075 Aluminum
4 240 1018Mild Steel

The modes that were evident from the car analysis may be used to irtiprove
FEA model This can be achieved by adding spfingss sgtems at the pinned
constraintgo simulate the modes from the drivetraomponents The acceptable model
should be determined through the modes obtained from th€hiaiis important athe
natural frequencies observed from the drivetrain are near those from the shifter assembly.
The possibility exists that any changes in thié&éer assembly could actually align with
an existing moddf that were the case, it could eitheciease thenagnitude of that
vibrationor reduce it similar to the effect of a mass dampPaice an acceptabkEA
model is obtained, it may be used to evaluate the matrix proposed in this paper as well as

other relatedtudies.
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APPENDIXA : MEASUREMENT AND EXPERIMENT EQUIPMENT

The following table lists serial and model numbers for the impact analysis equipment

TABLE 8: Model and serial numbers for impact analysis equipment

Data Acquisition Board Model: DT9837B

PiezoelectricAccelerometer Model: 352A21
SN: 128850

Impact Hammer Model: 086C04
SN:29958
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APPENDIXB : PART DRAWING
The engineeringrawing for the test block used in the modal analysis performed
on the physical representation of the simplified model is displayed on the following page.

The image has been scaled down in order to be located in this document.
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APPENDIXC : ADDITIONAL DIAGRAMS OF FEA RESULTS

188231_000 : Soln 2 Result

Subcase - Eigenvalue Method 1, Mode 1, 134.750 Hz
Displacement - Nodal, Magnitude

Min : 0.01, Max : 52.98, Units = in

Deformation : Displacement - Nodal Magnitude
Animation Frame 8 of 8

52.98
I 48.57
- 4415
39.74
36.32

30.91

26.50

22.08

P 1767

13.25

8.84

4.43

ojm

| —

Units = in

FIGURE?29: Mode I looking at thexy-plane from the z direction
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198231_000 : Soln 2 Result
Subease - Eigenvalue Method 1, Mode 1, 134.750 Hz
Displacement - Nodal, Magnitude

Min : 0.01, Max : 52.98, Units = in

Deformation : Displacement - Nodal Magnitude
Animation Frame 8 of 8

52.98
I 48.57
4415

39.74

35.32
B 20.91

26.50
2208
1767

13.25

8.64

e

Units = in

FIGURE30: Mode 1F looking at thexz-plane from thé y direction



FIGURE31: Mode 2F looking at thexy-plane from the #direction
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