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Passenger car modal test
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Passenger car noise measurement
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Generalized Mathematical Model
g, (t) Measurement system q, (t)
|nput Output
d"qg, d"q, da, d"g; d™q dg,
a‘n dt” a'n—l dtn_l +eeet aiE + aoqo = bm dt™ + bm—l dtm_1 teeet blE"' boqi
g, :output quantity
g, :input quantity
t:time
a's, b's: physical parameters
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» Operational transfer function
d

Differential operator: D = _—

dt
(anD” +a,_,D"" +-~-+a1D+a0)qo = (me'“ +b_ D™ +---+b1D+b0)qi

%(D) _b,D"+b, ,D" " +---+bD+hy
a, a,D"+a, ,D"'+---+aD+a,

» Laplace transfer function

a,(s) Gl — b,s" +b, ,s"" +---+bs+b,
a.(s) as"+a, S+ +as+a,
S=oc+iw

» Sinusoidal transfer function (Frequency response function)

d, (@) _ b, (iw)" +b, ,(iw)" ™" +---+b (iw)+b,

(o) a,(io) +a,,(i0)" ++a(io)+a
11/29 F e

G(w) =

NTU50235100

Input: g, (t) = A sinwt Output: G, (t) = A, sin(wt +¢)
A, / A: amplitude ratio ¢:phase angle  G(w)=(A,/A)e"

@ =4 sin wr Imaginary
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Requirements for accurate
measurement

+ Single frequency input
Input: g, = Asinat , Output:qg, = A sin(at +4¢,)

Gain:: %=|G(a)0)| , Phase: ¢, = Z/G(w,)

9, (t) = A|G(w013ina)o(t_fo)
_ZG(G)O) .

Ty = . Dealy time
Wy

For measured output 0, = A, Sin at

A

The corresponding input 0 (t) = ———Sina, (t + 7,)

G(a)
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* Input with two frequencies
g = A;sinat + A, sin(w,t + 6,)
0, = AsSin(at + ) + A, sin(o,t + 6, + ¢,)
M_j6()  ¢=26@) %=|G(a>2>| . §=26(a)

1 2

0, = AfG(ay)sin(art + £G (@) + A,[G(@,)[sin(w;t + £G(e,) +6,)

A good measurement system should provide g, (t) = Cq,(t—7)

or o= K[Asina(t—7)+A,sin(e,(t—7)+6,)]

It can be satisfied if

Gla)|=G(@y) =K and o) £C@)

2] @,
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* Requirements for

accurate measurement

|G ()| = constant
Constant gain

and
/G(w) =—10

Linear phase

11/29

e Zero-order instrument

a0, = byg;

by

qo = qi = qu
a

0

K: static sensitivity

Examples:

(i) Strain gage
drR

—=0G¢
R

G: gage factor

0°
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Instrument transfer function
should be equivalent to this

e ———,

gt | kgl [ oo | Aazlr-z,)
= ity | K@=,
L 1T

Dead
time
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Requirements for dynamic measurement ;-
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q;
q/S
%o Time
Kaq
Step response Time
Ay %
4_,‘ K in. r
o i Time
Frequency response @ Time
.. . Xi
(i) Potentiometer e, =—E, =KX
Perfect instrument for dynamic measurements
FETE
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* First-order instrument

or

dg
a dto +a,0, = 0,G;
T = & : time constant,
a‘0

Step response
g, = Ka, (1-e")

L4

11/29

Frequency response
K
A

i:|G(a))|:m

Time

G(w) =

¢ = /G(w) = tan* (~wr7)

NTU50235100

K= By . static sensitivity

Ideal frequency response function G(w) = KZ0
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» Second-order instrument
dq, , dq, o _ L
a, i +a = +a,0, = 0,0; 5 N
K =b,/a, : static sensitivity, ff“
a)n=(a0/a2)]/2:naturalfrequency, 3 ./a
{ =——=—~:dampingratio : AN
Z(a-oaz)]/2 . T -
K ' = 2
G(w) = t !
() 1+i2¢ (w/ @, ) - (0@, f JER N + =
¢=tan2¢ [(0/@, )~ (@, /@)} = NS
K o =
G(w)|= T ) 7
b~ 0/, F] +ac*(@/a, |
11/29 FE T
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