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Abstract: The paper deals with the investigation of
electro-physical properties of Si,Ge, whiskers; the
possibility of their use as sensitive elements in magnetic
field and temperature sensors is considered. The possible
ways of improving the output characteristics of these
sensors, particularly through the use of a measuring
system with digital signal processing.
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1. Introduction

As of today there are many various measuring
systems based on sensors of physical values, including
multifunctional ones, i.e. sensors that measure
simultaneously two or more physical values, for
example, strain and temperature sensors, temperature
and magnetic field sensors etc. [1-4]. However these
systems have a few significant drawbacks which are the
following: the high cost of individual components and
the system as a whole; a large number of functional units
complicating measuring system operation; lack of
stability and reproducibility of output characteristics [5—
8]. Therefore, the main task of research is either to
develop and create the new modern measuring systems
without aforementioned drawbacks, or improve the work
of existing ones. In terms of technology the investigation
of electro-physical properties of sensor sensitive
elements is a necessary condition for ensuring the
optimum output signal. The aim of this work is the
investigation of electro-physical properties of Si;..Gey
whiskers for making a dysfunctional sensor for
measuring magnetic field and temperature quantities and
the development of measuring system with improved
output characteristics due to digital signal processing.

2. Experimental results

The investigations of electro-physical properties of
SipxGe, whiskers with resistivity 300=0,02 Ohmxcm
and diameter 200 nm at a temperature range 4,2-300 K
and a magnetic field up to 14 T have shown that
resistance linearly depends on temperature at range 4,2-77
K, and the relative change of transverse magnetoresistan-
ce reaches 250 % at temperature 4,2 K. This allowed for
making a dysfunctional sensor for simultaneous measure-
ment of magnetic field and temperature. Constructively

such a sensor consists of two identical sensitive elements
placed perpendicularly to each other. The first one
detects only temperature and is not sensitive to the
magnetic field, because its longitudinal magnetoresistance
is equal to zero, and the second one — detects the
temperature and magnetic field. The sensor sensitivity to
the magnetic field is (0,1-0,2) T™ at temperature 4,2 K,
which allows for measuring a magnetic field with an
accuracy 5 mT in the range of 4,277 K. The calibration
curves of thermoresistive and magnetic component of
sensitive elements are depicted on Fig. 1.

b

Fig. 1. The calibration curves of a thermoresistive (a)
and magnetic (b) component for sensitive elements of sensor
of magnetic field and temperature on the basis of Si; ,Ge,
(x=0,03) whiskers.
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The analysis of output characteristics of the designed

sensor showed:

- using compensation methods through digital
signal processing, it is possible to extend the
operating range due to installation of software
approximation algorithm;

- while carrying out the temperature compensation of
output signals it could be possible to reduce the
error of measuring a magnetic field by introducing
the correction coefficients.

To solve these tasks a measuring system has been

developed which performs the following functions:

- signa transmission from the sensor to user
(amplification, analog-to-digital conversion,
filtering etc.);

- temperature correction, linearization and other
output signal conversions.

The structure and principles of operation of

secondary transducer are described in detail below.

3. Circuitry solution of digital signal processing

A new generation of microcontrollers — PSoC (PSoC3
CY8C3866-AX1040, ES3), so-cdled programmable system-
on-chip [9], was used as the main functiona center of the
system. PSoC is the family of integrated circuits by Cypress
Semiconductor Corporation [10].

The selection of this microcontroller as a basic
dement of the system was caused primarily by
integrating configurable analog and digital peripheral
functions, memory and a microcontroller in a single
chip. This allows operating mixed signals by using the
array of configurable digital and analog blocks. The
integration of the entire system on a single chip
significant reduces energy consumption (this is
important for applications that need low energy
consumption, i.e. miniaturization of devices, power
supply from independent energy sources etc.), reduces
the cost of the system and, most importantly, improves
the reliability of the circuit compared with a set of
separate blocks for circuits with the same functionality.
Also, the presence of fewer components simplifies the
device configuration and installation.

To configure the hardware resources of the system-on-
chip (PSoC) we developed a software with the addition of
applied program interfaces (APl), since the role of a
software component is as important for the proper
functioning of the system asthat of the hardware.

Fig. 2 shows the block diagram of an information
system.

The output signal of the sensor is input to the
expansion board, where the signal is primary amplified
and filtered. The appearance of designed and developed
amplifier module is shown in Fig. 3.

Fig. 2. Functional diagram of an information system.

Fig. 3. Expansion module.

Then the filtered output signa is input to PGA
module (programmable gain amplifier), whose gain is set
programmatically by analyzing the difference signal at
the output of the digital filter. The analog signal from the
output of the amplifier is converted into a digital stream
using delta sigma andog-to-digital converter DelSIigADC.
Further, this information (packets of 40 bytes) is
transferred from ADC_DelSig to the inputs of a digital
bandpass filter FilterA&B and from its outputs to
memory cells (SRAM) using direct access channels
DMA, thus preserving the processor resources for digital
signal processing of information stream. Additionaly,
the bytes of information stream are transmited through
these direct access channels to memory for digital-to-
analog converters for visualizing digital stream with an
oscilloscope.

When the data packet is ready, the system generates
an interrupt signal which starts the procedure of
processing. The temperature correction of the sensor
output signal is as follows: CPU selects the required
value of the magnetic field from memory according to
the magnitude of a change in magnetoresistance required
for a measurement range, corrects and records the value
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in memory which then will be displayed on the LCD or
transmitted through the port to a personal computer.

b

Fig. 4. Output characteristics of the sensor:
(a) — before temperature correction; (b) — after temperature
correction.

Figure 4 (a) shows the temperature dependent relative
changes of magnetoresistance. Evidently, the temperatureisa
destahilizing factor in the measurement of a magnetic fied
leading to the presence of the measurement error, which is
about 5 %. As areault of using the developed output signd
processing circit, the secondary transducer is able to reduce
the error to zero, avoiding the influence of the temperature
(see Fig. 4, b). The software developed has made it possible
to obtain adjustable sensors that can be used both in research
and industry.

4. Conclusions

Asareault of studying eectro-physical properties of Siy.
56 whiskers, the possibility of cresting sensors based on
this phenomenon for detecting simultaneoudy the magnetic
fidd and temperature has been presented. The measuring
sysdem based on the sensor of a magnetic fiedd and
temperature with improved characterigics due to the
temperature correction of the output signd has been
designed. The later has been provided by the secondary
transducer with developed sgnd processing software.
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BUMIPIOBAJIBHA CUCTEMA HA OCHOBI
CEHCOPIB MATHITHOT O I10JIA
I TEMIIEPATYPH 3 IUOPOBUM
OIIPAIIIOBAHHSM CHUI'HAJIIB

Amnaroniii. Ipyxunin, Crenan Hiukarno,
€pren bepexxkaHcbkuii

Y po6oTi HaBeICHO PE3YBTATH JOCIIPKEHD ENEKTPOMI3UUHIX
BIIACTHBOCTE HHUTKOMOMIOHMX KpucTamiB S, (G€ Ta MokasaHo
MOKJIBICTh IX BHKOPHCTAHHS SK UyTJIMBHX EJIEMEHTIB CEHCOPIB
MarHiTHOro MOJMSI 1 TemIeparypd. 3alpornoHOBAHO — HLISIXH
TIOKPAIICHHST BUXITHUX XapaKTePHCTHK CEHCOpIB, 30Kpema 3a
PaxyHOK BHUKODHCTAHHSI BHUMIPFOBAIGHOI CHCTEMH 3 LH(POBHUM
ONPAIIOBAHHAM CHTHAJTIB.
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Abstract: Computer-aided design system for
technical and economic comparison of crane electrical
drives, considering the ratio of static and dynamic
modes, load and moment inertia, relative running time
with reduced speed, is designed. The computer-aided
design system provides an opportunity to make a better
informed decision about the choice or upgrading of
electrical drives.
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1. Introduction

Induction motors with different control systems are
used in mechanisms of many cranes.

Electrical drives with resistance (Rvar) and voltage
(Uvar) regulation are the most common for induction
motors with phase-wound rotor and frequency converters
(FC) with recuperation unit and without it — for a squirrel
cage motor. For choosing electric drives a feasibility
analysis of the expediency of its use must be performed,
taking into account the costs and possible recuperation,
the cost of electric motors and components[1, 2].

The aim of this investigation is to develop CAD-
system for technical and economical comparison of
crane electrical drives.

2. Theoretical and programming basis

The mog difficult task in the development of the
program is to unify approaches to the analysis of operation
modes of crane mechanisms and dectric drive systems.

Fig. 1 illustrates static mechanical properties and
operating conditions (working points) of the majority of
crane mechanisms:

1, 2 - lifting / lowering a nominal load with a
nominal speed in hoist mechanisms;

3, 4 - horizontal movement (rotation) or lifting /
lowering of an empty hook with anominal speed;

12,3, 4'-the same modes with reduced speed.

A typica cycle of the mechanism includes dl or part of
the liged modes. And work with low speed usudly is

teycle/ toyde =5 - 20% of the running time a nominal
Speed.
The power consumption in each mode is determined

by the type of electric drive and can be distributed
according to the technical data of engines as follows[3].

Fig. 1. Mechanical characteristics and operating modes
of crane mechanisms.

Nominal losses when using induction motor with a
rated speed can be determined as:

AI:)n :wlnlln COS(Dn—F;.,, )
where B,,U,,1,,,€05¢,,AP,— nominal power, phase

voltage and current, the cosine of the angle delay
current, nominal power losses.
Mechanical losses are

AP =0,05AP,, %)

mech n
losses from idle current 1,

ARy, =3IgR,, ®
variable losses of operating current

ARy, = M @S, [1+ &J ) (4)
R,
iron losses
APS’I = AI:)n - APMn - AI:)On - AI:)r‘r‘ler:h n’ (5)

where 1,,M,,s,,@,, R,R,— idle current, nominal
moment and dlip, base speed, stator and rotor active
resistance restricted to the stator.

Mechanical losses and losses in the steel are
amended with speed control, voltage and speed fields in
various electric drives as follows:



