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Abstract

The fan performance detect system is based on embedded ARM, and this is a

each parameter real-time, reduce the traditional fan testing on‘the field needs, and
improve the fan detection accuracy of various parameters: itisi i i
detect data for reference for enterprise's production. \/
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1. Introduction 0 \

In the detection of fan performance %n ro e wind) is an important index of the
fan running status. There are lo @1 asure fan flow methods to choose and the
kinds of flow meters are also Q@&e y rlch‘ ample we can use the thermal mass, rotor
flow meter, turbine flow meter, orifice f er uniform tube flow meter, ultrasonic flow
meter, waist wheel flow mé’etc to m ing gas flow rate [1].

1.1. The Detectlon rformance

First, the nce o ould be detecting in the normal operation state of the
fan crew. N opera tus refers to the production process of the actual running
condition. If the fan i te under the stable load in long-term, we can think of this
condition as normal tlon state; within the scope of certain change of Fan load, the
most frequent Io d|t|on should be regarded as normal running state. In addition,
the time of dete continuous time not less than 30 min, each measured parameters
equency should be not less than three times, and take the reading of the
n value as calculated value. Detection section should be selected
from the fan import not less than five times, export is not less than 10
diameter (equivalent diameter) of the straight pipe [2].The pipe with
re ular cross section use the long side of the multiple to calculate. We can install
the straight tube in fan import to measure if the fan is no import line, and no flat long
section the dynamic pressure measurement section and static pressure section is not the
same cross section. Dynamic pressure measurements should be according to the static
pressure measurement section conditions to reduce.
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1.2. The Calculation Method of Fan Performance Parameter

1. For circular pipe, the pipe cross section was partitioned into several concentric
circles, respectively in the center of circle, concentric circles and pipe horizontal axis,
pipe horizontal axis and vertical axis on the intersection of measurement, as shown in
Figure 1.

Z

(c

N
N

s | \%
Syca
\\\ <
Figure 1. Testing Point Distrib in Clr&i line
circle@ding to formula (1):
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R : pipe radius.i: concent%@ordma%according to the pipe diameter. Table.l is
determine the number of concentriecircl

The distance of concentric circles and the ¢

=1
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Table 1. Relatlons@&tweer‘ ’&neter and Number of Concentric Circle

Diameter of Pipe D/ \ 00 3 600 800 1000 1200 1400 1600 1800

The quantity ofSonce!r‘k
circles 4 5 6 7 8 9 10 11

2. The total press
measuring each pgi

Accordimf mula (2) to calculate section average static pressure:

OO Pi= %Zm: Pii 2

surement of fan. Using pit tube and micro differential pressure to
tic pressure and dynamic pressure.

b. The average static pressure of measurement section. Pji : The measurement section on

the measuring point pressure. m : The measurement section on the number of measuring
point.

3. The measurement section of average dynamic pressure according to formula (3) :
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fl n
Pa = EiZ_l:(Pd.) (3)

P, : The average static pressure of measurement section. P,,: The measurement section on

the measuring point pressure. m : The measurement section on the number of measuring
point.

4. According to formula (4) calculate fan total pressure:
P = (Pj2+ Pa2) — (Pj1+ Pa1) 4)

P Full pressure of fan. P,,: The measurement section average static pressuxof?fan

export . P, : The measurement section average dynamic pressure of fan expo he

measurement section average static pressure of fan inlet. % The meas@ section

average dynamic pressure of fan export.

5. The measurement of flow detect of gas den arge” barometer and

thermometer measure atmospheric pressure and er av ording to formula
(5) to calculate gas density: a\
D_@ﬁp. &
5
PP 01325 N ®)
p . Standard state of the gas ‘ section in gas temperature. p, :
Measurement when atmosphere. rage st c pressure of flow detect point.
6. The calculation of motor loa ate ad rate ( /) according to formula (6) to
calculate: Q
\\ \&ﬁ ©
‘thee utlllza e of fan unit. P, : The output power of fan unit effective. R :

motor mput power. %

2. The Desig ystem Hardware

2.1. Core es Design

To detect analysis system based on the design of the function, the system hardware
i i omposed of five parts that is core board, motherboard, wind speed and temperature
ac ion, export and entry static pressure acquisition, and RS232 communication module.

The core processor chip of this system is Samsung S3C2440A, and this processor is
integrated rich internal equipment. It gives overall development to fan detect analysis system
of and brought great convenience.

The chip adopted Advanced Micro controller Bus Architecture. The central processor is
based on the ARM920T processor RISC instruction, the data cache and instruction cache are
16 KB, it isn't need other on the configuration of modules Basically, and it is very suitable for
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development that have greater restrictions cost and hand-held devices that more sensitive on
power consumption[3]. The whole system framework as shown in Figure 2.
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Figure 2. The Framewor%ft e Wh%&stem

*
This system composes with two layer, It board Oantrument onboard. Because
the motherboard module are low spee@ulpmg @ere are two circuit boards, and
0 %

they can better operate on the main gh . The no influence to the system overall
performance. Main board struc&@ own in e 3 below.
*
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OO Figure 3. The Structure of Main Board

Z@essure Acquisition Module

Pressure acquisition module adopted PC10 pressure sensor in this system, with
diffusion silicon pressure sensitive chip in this equipped. Applied pressure through the
stainless steel diaphragm and internal seal of silicone oil transfer to sensitive chips, and
the output pressure signal to the INA128 amplifying circuit. This amplification circuit,
with low power consumption, high precision and high common mode rejection ratio [4-
5]. It can be prevent the common-mode interference effects. The circuit diagram of
pressure acquisition module, as shown in Figure 4.
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Figure 4. Sampling Module of Pressure

2.3. Pressure Acquisition Module ¢

According to the system of temperature detect, waiting time and tempera etect
range we choose the AD590 as temperature sensor. It has many charact@ ike low

cost, strong anti-interference ability. After detecting, we cdpcluded is/System for
temperature measurement resolution is 0.001°C, the er?\ + - 0. ¢ Temperature

sampling module diagram as shown in Figure 5. :Q \/
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@5. Sa ing Module of Temperature

3. The Desj ystem_ Softwvare

This syst opts t CE as software development tools. The WINCE system
in use on the hardw, form of S3C2440, and there has the development tool by
related hardware cturers to provide. As shown in Figure 6 shows the system
application of ¢ rocess.
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Figure 6. Establishing Process of embedded visual C++ Application
Program
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4. Test Results and Analysis

After test and analysis of fan performance system, We make the wind speed
comparison test in testing process, and the standard wind tunnel of contrast test at wind
speed in 30 m/s - 20 m/s within the accuracy grade 1.5%, within the 20 m/s - 3 m/s, the
accuracy grade is 1.0%. In order to study the system measurement error. Wind velocity
contrast results as shown Figure 7.

Wnd Weloc ity Cordrast

Tenmper. gﬁ
Figure 7. Arrsrés Dlagra&}( Testing System

Before the wind test that ts ther HS meter, we must install "measurement
integration device of tem ture and "on exhaust pipeline. In the fan non-stop

state, the device can b ssfull Ied in 30 minutes. The test is completed this
device can be con o take and the whole testing engineering convenient and
quick.
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