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Identification of Engine Cylinder Pressure from

Vibration Signals by Cepstral Analysis

Liu Shiyuan Li Xiwen Du Runsheng Yang Shuzi

Abstract A unique signal processing technique has been developed for
identification of engine cylinder pressure from cylinder head vibration signals. By
cepstral windowing,the smoothed and robust transfer function of cylinder head is
obtained and will help to construct engine cylinder pressure. Experimental results
in a real-world engine are presented and used to verity the theoretical
developments. It is shown that this technique is practical to implement and

provides the basis for engine diagnosis by vibration signals.
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A Novel Co-based Amorphous Magnetic
Field Sensor

Haixia Zhang Yingjun Zhao Shuzi Yang Hejun Li

Abstract A novel Co-based amorphous magnetic field sensor was developed in
this paper. It is a combination of two identical coils which are wrapped in one
amorphous core, connected in anti-series, and they are induced by two identical
pulse current sources. This structure is simple to construct and easy to optimize.
Two optimizing methods: negative feedback coil and bias magnetic coil, greatly
improved the sensors properties (linearity, sensitivity and dynamic range). At
present, it is used in testing micro flaws in pipelines.

Keywords: Magnetic field sensor, Amorphous alloy, Negative feedback, Bias

magnetic field
1 Introduction

Due to their superior soft magnetic properties, amorphous magnetic alloys
have been considered as ideal active materials for high-performance magnetic
sensors, such as MES (magnetoelastic sensors)!'?, Ml (magneto-impedance)
element™' ,and other kinds of sensor;these sensors play important roles in Non-
destructive Testing (NDT). In our previous research, we paid more attention to

81, which is simple and easy to

pulse-induction amorphous magnetic field sensor
operate. According to pick-up techniques, this kind of sensor can be divided into
two types:the first one has single coil, which is supplied by two opposite pulse

current alternately;the second one is constructed by two separate coils, each of
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them having its own magnetizing circuit and pick-up circuit. Both of these
schemes have disadvantages with respect to this principle ' the error of the
single one comes from different operating time, the double coil’s error source is
the coil structure’s difference. On the other hand, these sensors are difficult to be
optimized. In order to improve the sensors properties, we put forward a novel
structure: two coils wrapped on the same core,and connected in anti-series. The
structure is novel in two ways. First,the sensor avoids the structural error based
on the above principle. Second, this structure is simple and suitable for
optimization. In this paper, we first introduce this sensor’s structure. Then, we
analyze the transient processing of the emf in coil,and find out the ideal testing
point. After that, we put forward the optimizing techniques. At the end, the

experimental results and its application in engineering testing show good

agreement with the above analysis.
2 Principle

The principle of this kind of magnetic field sensor is illustrated in Fig. 1

Coils 1 and 2 are two identical cols.which are wrapped over amorphous core,
connected in anti-series;their joint terminal is connected at ground. Two identical
pulse current sources S, (I,), S, (I,) supply coils 1 and 2, respectively.
Therefore, the two coils are identical in structure and magnetize the amorphous
core in opposite directions. According to the Faraday’s law of induction,the emf
in coil 1 is;

N—t dB =— NA dl:,u(>(H1+M1):|

dH,
—NASq d de

dH,] dt

v, — NAg, [1 +

(b
where ¢ is the magnetic flux of the amorphous core (Wb) 4, =47X 107" (H/m)
is the permeability of air; N is the turns of coils; A is the area of the amorphous
core (m”) ;B is the magnetic induction of the amorphous core (A/m); H is the
magnetic field (A/m) ;M is the magnetization of the amorphous core (A/m).

Because

NI, dH, > dH,

I Q& X (2)

HI=HK-1+Hda Hd:a
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Here, H, is the external (detected) magnetic-field (A/m); H is the magnetic-
field induced by pulse-current I, (A/m);a is the revised factor of the leakage

magnetic flux in air;/, is the length of amorphous core (m).

Therefore
_ dM, 1dH,, _ . dM,
Vv, = NA#O[1+—dHJ = Vet av, = Ve +V, (3
Here, V, =— NApy,(dH. /dt) ,which is a constant parameter independent of the
external magnetic field H,;we call it the zero magnetic-field voltage.
According to the same principle,the emf in coil 2 is;
H,=H,—H;, H,= al\ﬁIz = H,
_ % dHel _ _ d—Adz_
v, = NAyO[1+dH2] G = Vot AV: = VoV, 4)

As seen in Eq. (3)and Eq. (4),V,(dM,/dH,) and V, (dM;/dH,) reflect the
change of H,. Fig. 2 is the magnetic curve (M-H) of amorphous alloy. If the
sensor’ s operating point is within the nonlinear range in the M-H curve,

especially when

M

iH = a -+ 2bH (a,b are constants) (5)

M = aH +b6H?=

v
<4 1| |2
A H
~
.
Amorphous core o) H
Fig.1 The scheme of the double coil sensor Fig. 2 The magnetic curve (M-H)

of amorphous alloy

from Eq. (3) and Eq. (4):

dHcl

i (6)

V] _V2 = AV] _'AV2 = 2bVo(H1 - Hz) =_4bNA/10Hd

From Eq. (6),we can get the signal of the external magetic field H,.
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3 Signal’s Pick-up

However, the emf in coil is changing complexly in one pulse cycle®, as
shown in Fig. 3. Which is the best testing point and how to pick it up are two key
clues in this sensor. We studied its transient processing deeply. The pulse current
can be described as follows:
Ly, m <t<nt)+1
0= {Iom L G—t)s oyt <t< (nt+ D

n=0’1’2,---

(7

()

Fig. 3 The transient processing of the emf in coil
(a) The pulse current source S(¢); (b) The emf in pulse-reduction coil

Due to Eq. (6), the emf’ s transient processing can be divided into two
periods.

(1) nt,—nt, +1, : the coil is excited by the pulse current,its emf arrives at its
positive maximum rapidly, and the amorphous core reaches its operating point
H=H,.+ H, quickly; then the circuit goes into stability,and coil stores energy.
During this processing, the amorphous core is induced by the induced magnetic
field H. and the external magnetic field H, simultaneously. Both of these changes

greatly affect the emf, therefore the change of H, cannot be ignored;the emf is



