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A new method of load identification in time
domain
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Abstract. The main idea of the paper is to identify the load in time dantarough inversely analyzing the Duhamel integral
process, a time domain algorithm is developed without teslitheoretical derivation, the simulated results show that
proposed method is effective and of high accuracy.

1. Introduction

Some engineering structures inevitably suffered from damgs dynamic loads, usually these dynamic
loads are difficult to be measured. In contrast, the streatesponse generated by these load can easily
be measured. Load identification is a task of identifyingéhéynamic loads according to the measured
response signal data. Generally, load identification éosfaequency domain method and time domain
method [1,2]. Some time domain methods [3-5] need tediearétical derivation. This paper proposed
a new load identification method in time domain. Its main ideginates from the analysis of Duhamel
integral to calculate structure response, and the loadidmihversely deduced from this discrete process
with a compact form. Simulation results show that this nevthoeé is smart and effective.

2. ldentification theory

2.1. ldentification theory of single-degree-of-freedostam

As is known for all, the kinetic equation of an one-degredreédom system suffering logt{¢) could
be described as below

mi(t) + ci(t) + kx(t) = f(t) 1)

Its displacement responsét) in time domain could be calculated with Duhamel integral

o= [ (P halt = 7)dr @
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In which
hq(t) = wide_&””t sin(wgqt) 3)
e VBT .

In discretization of time, Eq. (2) could be rewritten, focchdime step, and because of
ha(1) =0 )

x(t) can be expressed as

; (6)
z(i) = p(Lha(i) + p(2)ha(i — 1) + ... + p(i — 1)ha(2)

2l = 1) = p(Vhall = 1)+ p(Dhal = 2) + ... +p(l — Vha(1) +p(l = 2ha(2)

In Eq. (5),! refers to the length of time,corresponding to time step — 1)dt, dt refers to time interval,
and

p(i) = f(i)dt @)
The matrix form of Eq. (6) is
(t) = H(t)p(t) )
In which
ha(2) p(1) z(2)
N =" = |7 ©
ha(l = 1) ha(l —2) -+~ hy(2) p(l 1) 2l —1)

For load identification problem, the load could be calcudtem the inversion of Eq. (8)
p(t) = H™'(t)z(t) (10)

H(t)is a lower triangular matrix and all its diagonal elementsthe same, it has a good behaviour for
its inversion calculation.

If the length of time data is not long, the size{) is not large, Eq. (10) is fast and effective, if the
length of time data is rather long, the sizefft) is large, it may cause the inversion calculation lots of
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time, because of the characteristic of lower triangularixaf H(¢), each time step gb(¢) could be
obtained as below:

(i) = p(1)ha(i) + p(2)hq(i — 1) + ... + p(i — 1)ha(2) (11)

i—1
:Zp(j)hd(@'+ 1—j)(=2,...,1—-1)
3=0

In fact, the essence of Eq. (11) is gauss elimination metkodm Eg. (11), the load of each time step
could be got as

(i) — 2 p()hali +1— j)
P

ha(2)
In most condition, the measured data is acceleration signabrder to identificate the load from
acceleration signal, an undamped single-degree-of-fimexystem is assumed as

pli—1) = (i=2,...,t—1) (12)

E(t) +z(t) = fi(t) (13)
In Eq. (13)
p1(i) = fi(i)dt (14)
With the same treatment of Eq. (10)
pi(t) = Hy ' ()x(t) (15)
h1(2)
mp=| M mE (16)

hi(l=1) hi(l—2) -+ h(2)
With the same analysis of Eq. (3); (¢) could be simplified as

hi(t) = sin(t) a7
From Eq. (13)/(¢) could be expressed as
B(t) = f1(t) — =(t) (18)
Substitute Egs (8) and (14) into Eqg. (18)
-1
(0= (5 1) mrowt (19)
Denoted!" as
—1
T = <H1 ® _ I> H(t) (20)
dt
The load identification equation from acceleration datdadbe written as
Tt
sy = L0 @)

dt
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2.2. ldentification theory of multi-degree-of-freedonteys

The kinetic equation of an multi-degree-of-freedom syssefffiering load P(t) could be described as
below:

MX(t)+CX(t) + KX (t) = P(t) (22)

M, C, K corresponding to the mass matrix, dumping matrix aifthess matrix, assumption of the size
of the system i%, and the acceleration responsesafegree-of-freedom are measured.
Transferring Eq. (22) into canonical coordinate as below:

UL MWii(t) + OTCwn(t) + T KUn(t) = U1 P(t) (23)

The size of¥ is v x r, andr < v [6] its column elements are chosen from the first r order tateat
canonical vibration modes, its row elements are chosenfin@se r modes corresponding to the degree-
of-freedoms at which the acceleration response measunegho$t condition, only obtaining first few
order canonical mode is possible, in fact, the first few ormdaronical modes have the most significant
effect of the responseis the canonical coordinate, after decoupling, Eq. (23pbex

U(t) + Czn(t) + Kzn(t) = Pz(t) (24)
And
C, =970V = -
2§(7°)w(7")
K,=9TKV¥ =
w?(r)

P.(t) = 9T P(t)

So Eq. (22) decoupled into r one-degree-of-freedom systemshe first r order modal damping ratios,
w is the first r order nature frequencies, for each systemaiteical load Et) could be calculated by
Egs (10) or (11). Becausk is not square matrix, with the method of left multiplicatighe practical
load P(t) could be calculated as below:

P(t) = (WeT)"1WP,(t) (26)
Because of it is the acceleration signals are measured inhagass, so this paper only studied the case of
acceleration response.

3. Numerical simulation
3.1. Finite element model

Figure 1 shows the cantilever beam finite element model,stthaodes and 4 beam elements, each
element is 2 m long, and its section size is 100 mrh00 mm, its density is 7800 kg/and the elastic
modulus is 210e9 and poisson ratio is 0.3. The location efetdad R(t) and B(t) are shown in Fig. 1.
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Pi(t) P2(t)

Fig. 1. The finite elements model of beam.
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Fig. 2. Identification of sinusoidal load.

3.2. ldentification of sinusoidal load

The assumption of actual sinusoidal load is expressed as:
Py (t) = 100sin(107t) Py(t) = 200sin(107t) (t = [0,0.005, ..., 1]s)

The theoretical calculation vertical acceleration reggomesults of node 2, 3, 4, 5 are used as measured
signal data. The comparison of identified load and prachieal are shown in Fig. 2, the solid line refers
to the actual load, thet’ marked line refers to the identified result.

In Fig. 2, the recognized result matched very well with pradtload, it confirmed the effectiveness
of the proposed method.

3.3. Identification of random load without noise

The time history of actual load is shown in Fig. 3a and Fig.tBk,time interval is 0.005s, the node
number of measured signal are the same as Section 3.2.

The identification result are shown in Fig. 4a and Fig. 4b,sbléd line refers to the actual load, the
‘+" marked line refers to the identified result.

In Fig. 4, the recognized result matched perfect with thetal load.
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Fig. 3. Actual random load time history.
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Fig. 4. Comparison of random load identification.
3.4. ldentification of random excitation with white noise
In fact, the measured signal is inevitably contaminated witise, Fig. 5 and Fig. 5 are the identification

result based on the assumption of that the measured sigmnaiiee white noise of 1% level and 2% level.
Defined identification error as

n
mse = Z std(Py; — Ps;)
i=1

P, refers to practical load and, Pefers to identified load, ‘std’ is the standard deviationdiion, andn
is the number of identified load.
The error is listed in Table 1.
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Table 1
Error comparison

Noise level 1% 2%
mse 65.83 130.97
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Fig. 5. Comparison of random load identification with 1% edisvel.
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Fig. 6. Comparison of random load identification with 2% edisvel.

From Table 1, it shows that with the contamination of noiberé is error generated between the
practical load and identified load, with the increase of adével, the error also become larger, some
further study to improve the anti-noise ability of this aligiom are needed.

4. Conclusion

The process of time domain load identification method pregas this paper is brief, and easy to be
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programmed. It avoids the problem caused by matrix invarselculation. The simulation result of
beam confirmed the effectiveness of this new method.
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