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ADAPTATION OF AN INDUSTRIAL APPLICATION FOR AN INSTRUCTIONAL LABORATORY IN
MECHANICAL Y(BRATIONS

Caplain Wayne E. Whiteman

Department of Clvil & Mechanical Engineering, Unlted States Military Academy
V/est Polot, New York

. ADSTRACT ‘\

Txtensive thecretical treatment is given to dampling as the
process of energy dimipation during mezbanical vibratlon. The chd—!
lenge in the classroom is to adequately convey this concept and

extend it by teaching students practical applications in engineering ,
analysis and design. Students are motivated by real-world prob-

‘lems; applying these types of problems with strong instructional
classroom cortent significantly enhances the learning environment.

‘This paper proposes the adaptation of an actual research
project to a simple, yet innovative, mechanical vib-atlons labora-
tory. The adapted project Involves an ongoing effort at the Los
Alamos Natlonal Laboratory to investigate damping factors of varl- |
ous alloys used In military tank munitione. The kinetlc-energy pene-
trators usod In these tank rounds are cylindrical In shape and are a

. major rlass of weapons designed to defeat heavy armor. Unwanted

-transverse osclllations of these penetritors degrade the accuracy of
the rounds and may lead to glancing blows off the target.

: The process of measuring damping in long rod penetrators
"lends Itself to a number of key teaching points for engineering stu-
jdeats in & vibrations course, Experimental work can easily rein-
force a variety of msthods to measure damping including the logar-

'ithmic decrement method, the bandwidth method using half power

| polnts, or measurements taken from a real axis plot of the transfer
function. The simple shape of the penetrators allows for the com-
parison of axpsrimental calculations and theorstical predictions in

’ﬂndlng the natural frequencies. Differences based on a varlety of
'end conditions and constrainte may also be explored. The lab ls

;particularly well-suited to modal analysis ar.d gives the students a
hatter understanding of mode shapes and assoclated concepls.
Adapted ressarch projects such as this can prove to be highly succes-
sful in emphasising the relcvance and applicabllity of the introduc-
tory concepts of mechanical vibrations to real engineering problems.

INTRODUCTION

Enginearing students learn ..<et those concepts which they can

relate to practica) applications. Carried one step further, cadets at
‘the United State Milltary Academy (USMA) learn best those
things which the/ can relate directly to thelr chosen profession.
This premise serves as the motivation in looking for ways to adapt

* Indwetrial applications L0 inatructional laboratories. The purpose of
thle paper s to describe one proposed innovative approach for an
uadergraduate vibrailons courss. Specifically, a ressarch projuct is
describvd which caa be adapied for nae 20 saveral possible lab
enwciom and demensirativas.

INE RISEARCE PROIFCT

Kiastio-anergy penetraion are a 17pe of militacy tank
wunitiens used (9 defond armer. Tham high-velocity, solid

sytiadrisally-shoped prajeriiles sve made of variors desse, hard

[Tloy- to achieve maximum penctration characteristica. Typically,
'they are fin-stabilised and surrounded by a sabot which ls discarded
’onu the tank round leaves the gun tube. A schematic ls shown in
figure 1.
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Figure 1. Kinetic-Energy Penetrator Round.

Gun-launched kiaetic-anergy penetrators need a sufficlently
high length-to-diameter ratio to panetrato modern armor steel
conflgurations. They experience a severe environment upon launch.
Lateral loads are Imparted on the rounds due to impefections In
the gun tube and tube droop., Once the rounds leave the tube, the
long-rod penetrators are subjected to further axcitations during
sabot discard and flight. These lateral loads cause transverse
oscillation of the ponetrators.

The transverse vibrations of these rods affect the accuracy of
the rounds and are very undesirable. Even slight bending may lead
to yaw during flight and glancing blows off the target. The

| author has been involved in ressarch at the Los Alamos Natlonal
| Laboratory to attain damping levels of various composite alloys
y used In manufacturing these rounds. The aim la to develep rounds
i that not only axhibit superior penetration characteristics but also
"have a sufficlently high level of damping to quickly reduce
unwanted Lransverse vibrations.

LAROSATORY EXERCISES
' Qveryiew

The praject described above obviously has imperiast military
applications. In conducting thy ressarch, however, i ws reslined
{ how easlly It could ba adapted to laboratory exerciowms and dase-
room demonatrationa. This fact pressnted an encellend appertunity
sinea the Department of Civil & Mechanienl Englacering at UBMA
Is arquiring & Bruel and Kjaer Model 2034 Signal Analysse with
accessories as pazt of a laborsiory apgrede and medersizaiien pro-
grum. In additica, & microcomputer hardware pechage aleng with
PC Modal Analysis sofiware bs being parciused. s antisipetion of
'the arrival of this new sigmal analysis equipmmendt, laberetery e
closs, an described |n this papar, are being planed eand will be late
gratad Into the course of instraciles.




«crmental Method and Equipment

The test specimens used in the research project were actual
netrator rods not yet machined into final shape. The dimensions
ire close to those of the final munitions, approximately one inch
diameter and thirty inches in length. Test specimens with simple

lindrical shapes could be easily fabricated for typical educational

The actual flight of the long rod penetrators to the target is
constrained. Hence, testing the rods with free-free end conditions
suld be most appropriate but difficult to replicate in a lab. To
+ and approach these end conditions, the rods in the actual
iearch project wers suspended from one epd using various means
:luding alrcraft control cable and filament line. A similar setup
n by used in an iostructional lab. The learning point for students
to minimise the constraints on transverse vibrations of the rods,
treby best duplicating the actual flight of the penetrators.

Data analysis for the rescarch was done with an Applied
inal Analysis Package (ASAP) oo & Mamcomp computer system.
‘AP was developed by Applied Technology Amoclates, Inc. of
huquerque, New Mexico. Dsta was collected with light weight
deveo Model 2250A accelerometers and PCB Model 208 force
nsducers on the input. For transient teats, 120,000 digitised data
ints were collected at a rats of 6,000 to 8,000 samplea per second.
Is accounted for a total dats stream of about 15 to 20 seconds
1 allowed for (requency analysls up to at least 1,600 Herts. For
ker (forced motion) tests, 300,000 data points were sampled at a
e of 6,000 to 8,000 points per sscond and averaged at 32,708
nt intervals. Analysis in an instruciional lab could be accom-
thed with any type of data scquisition package coupled with a
iety of signal analysis systems. The Iaboratory configuratina ls
ondary to the expariencs the student gains In applylng classroom
ory to measuring sctual pararneters of a mechanical systam.

Three scparate methods Lo experimentally determina the
nplog of the penetrators are described In the followlng sections.

Logarithmle Decrement Methad: The logarithmic decrament
thod ls & primary means ol messuring system damping using the
nelent response of an underdamped system. Plotting the time
ay of the exponentially decaying aacllilations, the logarithmic

rement, 4, lo deflned as
safin(g) 1)

sre xg and xp are the amplitudes of the saroth and nih cycles,
rectivaly. Dy taking a ratlo of successive cycles, a relatloushlp

be developed betwesn the logarithmlc decrament and the damp- |
factor of the system, (.'

C-](z—')‘,-;-; (2)

s method of excitatlon of the specimens for the Instructional lab
ild be using a trausient impect hammer test with an accelerom- i
mounted on the suspended rod. A typleal plot of the time |
Ay tesponse is shown In figure 3.
As a logical extension of the lab, students can plot the fre-

ncy spectrum of the rod to determine Lthe natural frequencies of
first saveral modes. The time decay curve from the Impact ham-
test would contein & mixture of modes for the continuous rod.
choosing cutofT (requencies (rom the spectrum, the time decay

A can be low-and high-pass flitered to detarmine the damping
clated which each of the first several modes.
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Figure 2. Typlcal Time Decay of Penctrator Osclllations

Further educational benefli Is derived by having students cal-
culate the percentage of osclllation decay which occurs during the
tme of Night, The velocity of the rounds are typically about 1 to 2
Yilometers per second. Target engagements usually ocrur at ranges
between 1.5 and 4 kilometers. Hence, a two second flight time is a
lgood starting value. Students predic the percentage of decsy afler
experimentally determining the log decrement and cakulsting the
nuinber of cycles the round experiences during flight.

| sufin () )

% reduction m (1-a) 100% 4)

'Results from the actual rescarch found dampling to be primarily »
material proparty and apparently Independect of fr-quency. Fot
most materlia, the majority of the osclllations of Lhic higher modes
(>90%) had de« -ed after two seconds.

j Dandwidth Mathad: A forced revponse of the penetrators
‘wsing elther an impact hammer input or & vibration shaker with »
‘random signal irput allows experimental determination of damping
|using the bandwidth method. Students use & plot of the trapafer
:functlon in the frequency domain to det~rmine the natural frs-
iquoncy and half-power points for each of the firet aeveral modes of
‘I.Iu peneirators (See figure 3).8

I - o

| cel (‘iig—i) ()
'where wn, W, and wa, are the natural and half-power frequencies
'fot each of the resonant peaks of the transfer function nlot.

: Thls expariment allows the students to Apply a secoad method
of determining the equivalent viscuus damping factor for & vibrat-
'Ing system.

; Real Axls Transfer Funcilon Plots A third method of expert-
mentally measuting the damping can be demonatrated by plotting .
ouly the real part of the transfer func..on in the frequency domaln.

Transfer Function = SUPYY (@)

S U
Topat = (Led) + 1 (2¢r)

)
R:AJ Part of Transfer Function = (_I—rﬁ*-.-i-‘-(?(-ﬁ‘ (M)
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Figure 3. Bandwidth Method

retically, ons may now take the derivative of the real part of
tansfer function with respect to the frequency ratlo, r, and set
aal to zero. The result is two extreme values of r, one

mum and one miaimum, for each resonant peak.

r-41+2(

ising that r is simply the ratio of the ftequencles at each of
1 extremes, wp and w Al with respect to Lhe patural frequency,

= LRET: B=lFR O

natural frequency, wy, can be eliminated from both expressions
llow one to relate w, and wp to the damping factor.

(=) g;-EZ—l (10)
() -

Other Exisnslons of the [aly Once the equivalent damping
or has been calculated using each of the thres methoda described
we, 8 comparison can e made alosg wiih a dlscussion of the
Itations of each method. In the actual ressarch project, the
ilts from the different testa ware faltly consiatent.

The simple cylladrical shape of the penetrator rods or
iivalent lab specimens allows for a closed form solution of the

ural fnquenc!-.'
wy = Alc Jy

whare A = 4.73, 7.883, 10.090, ete. (11)

rm {1.2¢ (8)

e can then easily be compared Lo the axperlimental values taken
m the plot of the frequency spectrum, and any dlscrepancies can
explained (the effect of damping, nonlinearities, boundary condi-
ns, ete.).

The theotetical mode shapes may also be solved exactly. By
ploying any number of modal analysis sof\ware packages, thess
o may be compared to the experimental results. By visuallsing

tho mode shapes, students better undersiand the significanca of
[thall mathematical calculations.

| CONCLUSION
!
i Computers and modern vibration analysis equipment bave
changed the way we teach engincers. We owe it to our students to
Introduce them to this equipment during their undergraduate educs-
'tion. The challenge is to do #0 In a manner which adequataly con-
,veys concepts from the classroom to practical applications. All too
‘often our engineering students get wrapped up in the instrumenta-
‘l.lon and technical patare of laboratory equipment and henes fail to
'adequately relate the theorstical basis of their elassrootn experience
5l.o|ul-world problem solving. Beyond Ahat, there is a tendency In
labe to only learn how to measurs damping, as opposed to also
learning why damping Is Important and what are the effects of
idunplnl.
. The description of the instrueticaal laboratory in this paper Is
‘an attempt by the author to offer one way of bridging this gap.
/The ability to relatea the topics the student is learning to & current
rescarch droject emphasises the Importance of the material and sig-
nificantly enhances learning. The students are expossd to both anal-
ytical and experimental techniques of vibrations testing at a lavel
which ls consistent with an undergraduste vibrations course.
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