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ABSTRACT

Industry 4.0 is the definition of the new method of
production made by academic circles and industrial circles.
It is a revolution dominated by intelligent production, and
has a broad developing prospect. But as a new thing, there
are many difficulties in it. The development of industrial
control network is on the basis of field-bus. It consists of a
large number of measuring control instruments, what are
scattered in the production site and have communication
capacity. But products from different companies have
different connection modes, so we need to choose a proper
mode based on the situations in the field. As a general flow
measuring instrument, flow meter has an important role in
the automation and intelligentialize visualization of
industrial production.
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1. INTRODUCTION

People generally define the introduction of machinery
manufacturing equipment in the 18th century as industry
1.0, the electrification in the early 20th century as industry
2.0, the automation of production process, which began in
1970s, as industry 3.0, and the internet of things and the
manufacturing services ushered in the fourth industrial
revolution led by intelligent manufacturing, which people
call industry 4.0 [1]. Industry 4.0 aims to make full use of
information communication technology and cyber physics
system (CPS), to make the manufacturing industry
intelligentized.

The development of industry 4.0 needs the support of
industrial control network. The development of industrial
control network is on the basis of field-bus. It consists of a
large number of measuring control instruments, what are
scattered in the production site and have communication
capacity [2]. Industrial network has a very high openness,
and its requirement for communication protocols is high. It
makes the communication between the equipments easier
and faster.

2. SYSTEM DESIGN PRINCIPLE
2.1 Design Idea

Flow, temperature and pressure are the three most
important parameters to the modern industry, so flow
meter has a pivotal position in industry 4.0 and industrial
control network. In order to implement the intelligent of
the production, the flow meter also need to improve.
Industrial control network has many characteristics. It
realizes the transmission and communication of
information, with connecting the equipments and systems;
the system has openness, it can connect with other
equipment which abides the same standard; at the same
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time, industrial control network can work with infrared,
power lines, coaxial cable, and so on, which gives it the
ability to adapt to different site environments; in the end,
the communication is real-time. As a node, the flow meter
must have a strong ability of data transmission. On the
basis of the general flow meter, we can connect it with a
small tablet PC, then the data transmission via the internet
will significantly improve the liquidity of data.

2.2 The Principle Of Time-Different-

Type Ultrasonic Flow Meter

The basis of time-different-type is the superposition of the
speed of ultrasonic and the speed of fluid. For example, we
take a ship on a river, even if the speed of the ship stays
the same, but because of the speed of water, the speed of
ship will be different when we go downstream and
upstream. When we go downstream, the speed is faster
than the speed of the ship, and when we go upstream, the
speed is slower than the speed of the ship. So if the
distances are the same, then the time of these two methods
will be different, and the difference between the two is
related to the velocity of the water [3]. As shown in fig 1,
the working principle of time-difference-type ultrasonic
flow meter is similar to taking a ship.

Fig 1: the measuring principle of time-different-type

The times of the two methods are
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In general, V is much smaller than ¢, so we can get
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2.3 System Frame Diagram

As shown in fig 2, the ultrasonic flow meter has four most
important parts: two ultrasonic transducers, a TDC-GP21
module, a MCU and a tablet PC.
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Fig 2: the system frame diagram of ultrasonic flow meter

3. SYSTEM FUNCTION MODULE

3.1 Ultrasonic transducer

Ultrasonic transducer is the sensing device of the system.
Its function is to carry out the exchange of energy. In this
system, we need a transducer, which can carry on the
transformation between the electric energy and the sound
energy [4]. Its performance directly affects the result of the
measurement. As shown in fig 3, (a) is the equivalent
circuit of series connection of piezoelectric ceramic
transducer and matching inductor, and (b) is the equivalent
circuit of resonant transducer [5].
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Fig 3: the circuit model of ultrasonic transducer

3.2 The TDC-GP21 module

As a time-difference-type ultrasonic flow meter, the
measurement of time of ultrasonic propagation is the most
important part. Its accuracy will affect the accuracy of the
flow meter. For example, when ultrasonic waves in the
water, its velocity is 1450 m/s, if the distance is 1 m, then
the travel time of ultrasonic is only 689.655 ps. So in
general, the time difference is very small, only a few
hundred nanoseconds, no more than a few microseconds.
So there are high requirements for the measurement of
time [6]. In this system, we use chip TDC-GP21 to
accomplish this task. The peripheral circuit of the chip has
been shown in fig 4.

15P

SHART =

w
&‘

o<
5
ge

T3 |||

LOADT
T SENSET

i

S1

= cie
B! CR32IN |

¥ 1
25 15P

=

X2
v | 3276812
FIRE inRl! It €23
i
EIREL 100K 15P

Fig 4: The peripheral circuit of the chip TDC-GP21

3.3 The MCU

The MCU has two functions: one is to control the TDC-
GP21 module, to get the time difference; the other is to
transfer the result of the operation to the tablet PC. Its
circuit diagram is shown in fig 5.
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Fig 5: The peripheral circuit of the MCU
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3.4 The tablet PC

The measurement of flow velocity has little to do with the
tablet PC, but its most important function is to make the
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flow meter networked and provide more human-computer
interaction. The block diagram of the tablet PC is shown in
fig 6.

- s
H H
a.m|

™ @ sENIOR
Lignt 3EMSOR

ROBLVDEMIF

Powsr ycieen

o p— —
- .
| A23
_ oer |
'-=-unuuuﬂ

aemmsr  3ITeSHz

L

FMIC.REE axpann Acapter

Batisey
Wolags SUEDly 3.55V-8.20V

Fig 6: the block diagram of the tablet PC

4. THE DESIGN OF SYSTEM
SOFTWARE

In order to achieve the intended function, we still need
suitable software. As shown in fig 7, when the APP is
opened, the tablet PC begin to get data from the MCU,
then compare with the upper and lower limits. If the data is
within the range we set, then save and send the data, and
get the next data. If not, the tablet PC will raise the alarm,
then save and send the data, and get the next data.
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Fig 7: the flow chart of the system
5. CONCLUSION

On the basis of general ultrasonic flow meter, we add a
tablet PC.

The new flow meter can bring about the transmission of
data in the internet. Nowadays, with the coming of
industry 4.0, virtual space and physical reality is
continuously integrating in industrial production [7].
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Traditional sensor must advance with the times, and begin
to integrate with the internet. Wireless network is the
development trend of industrial control network
technology [8].
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