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Florida International University

Department of Mechanical Engineering

EML 4220 QUIZ NO. 4 VA November 4, 2003

This examination is 30 minutes long. Put away all papers, note- books, texts,
except for:

1. Your calculator _
2. Your seven sheets of paper 8.5" x 11"

DO YOUR OWN WORK -- USE THE PAPER PROVIDED FOR YOU

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in -failure of the examination and
the course.

) PRINT NAME SIGN NAME

PROBLEM - A vibrometer consisting of a mass-spring-dashpot system has a static
displacement due to its weight of 0.62 mm. During its transient motion, the
system is found to have a damped natural frequency of 4 Hz. If the vibrometer
is used to measure the vibratien of an engine, find:

a) The lowest operating frequency, s of the engine for which the wvibrometer
measurement is within 2.5% of the engine's vibration amplitude, GE

b) For this lowest operating frequency, find the maximum transmitted force to
the vibrometer base if the base has a maximum displacement of Y = 2 mm. Cj
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Florida International University
Department of Mechanical Engineering

EML 4220 QUIZ NO. 4 VB November 4, 2003

This examination is 30 minutes long. Put away all papers, note- books, texts,
except for:

1. Your calculator
2. Your seven sheets of. paper 8.5" x 11"

DO YOUR OWN WORK -- USE THE PAPER PROVIDED FOR YOU

fo
Ly

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in failure of the examination and
the course. )

PRINT NAME SIGN NAME

PROBLEM. - A yelometer is bought by your company but the service department
loses instructions to the velometer. You observe that the velometer in free
vibrations has a damped .frequency of 12 Hz. You also find that the mass of the
velometer causes a static displacement due to its own weight of 1 64 mm.

Find: :
a) The lowest operating frequency that the yelometer can measure accurately so
that the error remain within 3.5% error. Q@

b) For this lowest operating frequency, find the equation x(t) that describes

the steady state displacement of the velometer mass. Write the solution in
terms of Y, the amplitude of motion of the base. ©)
. w&:w , - >
wc,:zﬂ 2240 = 15 ndy @ ni)*

I G)

W =38 . |
“j%/Ast Jl.ml -3 7325%‘

> | SN T ;} v
SR TV 3 S S ‘“;:_M@. L0362 r’ e OY LLaag) D-2r+f +.982r (=T
i G-V e (2%) JO- ) (weear)”

LoNee avaCris omt womsatpt s Lz ~bivesrwol2r s 0 @
rte h49y3t J(,8v03)% v omXon) L od g eSS Wy=TWy 24w s
2(a712) BN ¥Y 15"

' -t 2%
X()= Ysemmpl + Y rt m(u)ft \/«) 250 oot + 2(1038) sun (400t - ) ‘l“ﬁm,ﬁ
= JITE Jﬁ;(m*ha\m o 0T et @y p=-ten 206



)



/
AN
—

Florida International University
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EML 4220 QUIZ NO. 4 VC - November 4, 2003

This examination is 30 minutes long. Put away all papers, note- books, texts,
except for:

1. Your calculator :
2. Your seven sheets of paper 8.5" x 11"

DO YOUR OWN WORK -- USE THE PAPER PROVIDED FOR YOU

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in “failure of the examination and

the course.

PRINT NAME SIGN NAME

PROBLEM - An accelerometer is composed of a suspended weight of 0.386 1lb force
and a spring having a modulus of 10 1lb/in., but the damping is not known. When
tested on a vibration having a frequency of 382 cycles/min., the acceleration
measurement is found to be 1% greater than the correct value.

a) based on the damping RATIO you found, what is the maximum error that the
accelerometer should have (E) "

b) based on the damping RATIO found, what is the’acceptable frequency range of

the accelerometer 4
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EML 4220 ' QUIZ NO.7B 4 Dec. 2003

This examination is 30 minutes long.

Put away all papers, note- books, texts,
except for:

1. Your calculator
2. Your two sheets of paper 8.5" x 11"

DO YOUR OWN WORK -- USE THE PAPER PROVIDED FOR YOU

Please sign the following:

I certify that I will neither receive

nor give unpermitted aid on this
examination.

Violation of this will result in failure of the examination.

PRINT NAME SIGN NAME

For the system shown, find: s

{(a) The matrix [K] and the matrix [M]
b) Use Rayleigh's method to find w,,
given that (A A, ] = [1 5]

(d) What are the actual values of w,.
(e) What are the actual relationships

between the amplitudes, n= A,/A;
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Florida International University
Department of Mechanical and Materials Engineering

EML 4220 QUIZ NO. 5B 20 Nov. 2003
This examination is 30 minutes long. Put away all papers, note- books, texts,
except for:

1. Your calculator
2. Your two sheets of paper 8.5" x 11"

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in failure of the examination.

PRINT NAME SIGN NAME

PROBLEM - An overhead traveling crane can be modeled as shown below. The beam
has a moment of inertia I of 0.04 m' and a modulus of elasticity E of 2.06 x
10 N/m?, the truck has a mass (m) of 2000 kg, the load being lifted has a mass
(my) of 10000 kg, and the cable through which the mass (m;) is lifted has a
stiffness (k) of 6.0 x 10° N/m. Determine the natural frequencies and mode
shapes of the system. Assume the span of the beam to be 40 m.

T« b = kbo.. = ¢,if’€_[ = é./ix/o‘%
7 77 — kB“* . ¢5
- ke, = Extof My,
mz kaub W\, z 2Uvo
e
MIML“J,;” ’Z;‘/ ép + W;(l’/’féz) _7 L‘I)lzf' l,é,,
. 2x/0 w0, - 4G x00" wy* 4320850 50

N,,L':S'V;( Wy =339y
/ LT

Wy 2.4 "‘J/s he 5827 ndig
]

0= .18 > -.0/8



&

L



Florida International University
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EML 4220 QUIZ NO.7A 4 Dec. 2003

This examination is 30 minutes long. Put away all papers, note- books, texts,
except for:

1. Your calculator
2. Your two sheets of paper 8.5" x 11"

DO YOUR OWN WORK -- USE THE PAPER PROVIDED FOR YOU

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in failure of the examination.

PRINT NAME ’ SIGN NAME

For the system shown, find:

SOUONANAYN
2Ky (a) The matrix [K] and the matrix [M]
Use Rayleigh's method to find w,,
given that [®, 8, ] = [1 3]
(e) What are the actual values of w,.

(d) What are the actual relationships
between the amplitudes, n= 0,/0, .
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Florida International University
Department of Mechanical and Materials Engineering

EML 4220 QUIZ NO. 5A 20 Nov. 2003

This examination is 30 minutes long. Put away all papers, note-~ books, texts,
except for:

1. Your calculator
2. Your two sheets of paper 8.5" x 11"
Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in failure of the examination.

PRINT NAME SIGN NAME

PROBLEM - A large automobile manufacturer analyzed the problem of the
automobile by taking an entire automobile apart. By weighing each section, the
following values of equivalent masses were found

m; axle mass 360 kg

m, body mass 1340 kg
k, springs 91 N/mm
k, tires 1076 N/mm

By assuming vertical motion only, determine the two natural frequencies of
motion and the associated mode shapes A,/A;.
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EML 4220 QUIZ NO.5C 20 Nov. 2003

Thié examination is 30 minutes long. Put away all papers, note- books, texts,
except for:

1. Your calculator
2. Your two sheets of paper 8.5" x 11"

DO YOUR OWN WORK -- USE THE PAPER PROVIDED FOR YOU

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in failure of the examination and
the course.

PRINT NAME SIGN NAME

Problem. Two identical springs support a rigid rod and two identical masses.
Determine the two natural frequencies of motion for the two-mass system as well
as their respective modal relationships (i.e., A/@® or A/B).

b} If the right spring is replaced by a new spring, what would the new spring
value be in order to decouple the equations.
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Florida International University
Department of Mechanical and Materials Engineering

EML 4220 QUIZ NO.7C 4 Dec. 2003

This examination is 30 minutes long. Put away all papers, note- books, texts,
except for:

1. Your calculator
2. Your two sheets of paper 8.5" x 11"

DO YOUR OWN WORK -- USE THE PAPER PROVIDED FOR YOU

Please sign the following:

I certify that I will neither receive nor give unpermitted aid on this
examination. Violation of this will result in failure of the examination.

PRINT NAME SIGN NAME

For the system shown, find:

(a) The matrix [K] and the matrix [M]
{(b) The characteristic equation for this system
{c) Use Rayleigh's method to find ay,
using the static displacement method to
find [A; A,)

(d) What are the actual values of @y - I
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200 VIBRATION-MEASURING INSTRUMENTS

Figure 6-9

traces as well as for displacement records. In such analyses, various
methodst are employed, including numerical procedures, superposition, the
envelope method, and so forth. Mechanical and other aids are also used to
facilitate these determinations.

PROBLEMS

6-1. Determine the percent error of a vibrometer for the frequency ratios of 3, 5, and

6-2.

10 for each of the following damping factors: (a) { = 0, (b) { = 0.6, and {c)
{=07

For a vibrometer, determine the greatest percent error that occurs for the range
of frequency ratio from r = 3 to r = co0. Also obtain the corresponding value of
r at which this occurs. Do this for each of the following damping factors: (a)
{=0,(b){=06,and (c) { = 0.7.

T See R. G. Manley, Waveform Analysis (New York: John Wiley, 1945).

6-5.

6-7.

6-8.

- 69

6-10.

6-11

6-12.

6-13.

6-14.

PROBLEMS 201

Determine the percent error of an accelerometer for the frequency ratios of 0,
0.2, 0.4, and 0.6 for each of the following damping ratios: (a)¢ =0, (b){ = 0.66,
and (c) { =0.71. .

For an accelerometer, determine the .greatest percent error in measurement

that occurs for the range of the frequency ratio from r = 0 to r = 0.6. Also

obtain the value of r at which this occurs. Carry this out for (a) {=0,(b)
{=0.66, and (c) { = 0.71. S T
An accelerometer is composed of weight W = 0.042 Ib suspended by a spring

for which k = 5Ib/in., and the fluid damping factor for the instrument is

{ = 0.65. When used on a machine vibrating at a frequency of 13.647 Hz, the
instrument reading for the maximum acceleration is 50 in./sec?. Determine the
correct value of the maximum acceleration of the machine. )

A vibrometer is composed of a spring for which k = 28.8 Ib/in., a suspended
weight W = 19.3 Ib, and a viscous damper for which ¢ = 0.96 1b sec/in. The

-amplitude indicated by the instrument is'0.73 in. when attached to a structure

oscillating with a frequency of 14 Hz Determine the correct value for the

. amplitude of displacement of the structure.

An accelerometer is composed of weight W = 0.0965 1b suspended by a spring
for which k = 0.355 Ib/in., and the fluid damping factor for the instrument is
{ =0.65. When used on a machine vibrating. at ‘a frequency of 2.4 Hz, the
instrument reading for the maximum acceleration is 20 in./sec. Determine the
correct value for the maximum acceleration of the machine.

A vibrometer is composed of a spring for which k = 1.44 Ib/in., a suspended

weight of W = 3.86 b, and a viscous damper for which ¢ = 0.096 Ib sec/in. The
amplitude indicated by the instrument is 0.5 in. when attached to a structure
oscillating with a frequency of 7 Hz. Determine the correct value for the ampli-
tude of displacement of the structure.

A vibrometer is to be designed, based on a maximum error of 3% when used
for frequiencies of 1200 cycles/min and above. The instrument mass is to weigh
1 1b, and-the damping factor is to be 0.6. Determine the required spring mod-
ulus and damping constant for the instrument. )

An accelerometer is composed of a suspended weight of 0.193 Ib and a spring
having a modulus of 5 Ib/in., but the damping is not known. When tésted on a
vibration having a frequency of 382 cycles/min, the acceleration measurement
is found to be 1% greater than the correct value. Determine the damping
constant for the instrument. . o o
It is desired to design an accelerometer that will have an optimum range of
frequency ratio for a maximum accelerometer errot of 1%. (a) Calculate the
required damping factor. (b) Determine this optimum range of frequency ratio.
An accelerometer is to be designed that will have an optimum range of
frequency ratio for a maximum accelerometer error of 2%: (a).Calculate the
required damping factor. (b) Determine this optimum range of frequency ratio.
Design an accelerometer based on a maximum error of 1%, when used for
vibration measurements having frequencies in the range from 0 to 1800 .
cycles/min. The instrument mass is to have a weight of 0.05 Ib. Determine the
required spring modulus and damping constant for the instrument. (Suge-
estion: Refer to Prob. 6-11.) ) :

Design an accelerometer based on a maximum error of 2% when used for
vibration measurements having frequencies in the range from 0 to 6000
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