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Abstract

Heating saving energy plays a very significant role in % vin ustry. CANbus
is @ modern system in reliability improvement desi WhICh the transmission
distance is longer than ordinary methods, and it c@wg nod W optional position in
availability distance. The nodes are linked in para d not h&( re with each other. By
using the CANbus technology, the relay out@modub& a radiator, thermocouple
acquisition module is linkedto the temper sensor. emperature sensor collects
information from the outside system. Rel tm ntrols heating valve based on the
temperature information, and maket ture K m controlled automatically. Four

energy-saving modes are devel hIS pro;e esting result reflects that the system
designed under the new metho&\ ers ougdmg results in energy-saving.
Keywords: CANbus tech ogy eatnge( g energy; room control; automatic control

1. Introduction

Maintaining in rmal org consumes about 50% energy [1], and most people
spend about 209 s€ indoor [2} so building energy saving play an important role in
formulating NE ent strategies [3]. The North area is cold during the winter
in china, and Pedple usu opt centralized heating. This method consumes great energy,
and pollutes air and e ent because of burning a lot of coal.

In recent years, @i llution is on the rise, air quality is getting worse, city hazy days
increase gradua&ich influence human body health, transportation, electric power
departmentq lif the heavy air pollution area, sulfide can form acid rain. Acid rain influences
the soil, *ﬂ'ﬂre and ecological system greatly. Through the analysis[4], air pollution is
mainly by the discharge of pollutants.Combustion emissions are the primarypollutant
sog urope, Poland is one of the biggest users of district heating, and coal is the mainly

f .Space heating is the largest energy end use, consuming more than seven quintillion
joulés of site energy annually in the U.S [6].Therefore, the energy-saving and emission
reduction is a matter of great urgency. Reducing the amount of coal combustion must be
enforced.

People presented a lot of methods to decrease the emission of pollution, encourage energy
efficiency. [7-11]Coal was substituted for other alternative fuels at first, such as gas boiler, oil
boiler, biomass boiler or the mixed fuel boiler replaced coal boiler. The literature analyzed
different emission, and how to make the fuel utilization rate is higher.

ISSN: 1975-40941JSH
Copyright © 2014 SERSC



International Journal of Smart Home
Vol. 8, No. 6 (2014)

Another thought was presented [12-14], heat pump was used for the energy saving. Heat
pump is a device that can transfer heat from low to high heat source. The low heat source can
use water, including sea water, waste water, ground water, surface water, and ground source
heat pump, air source heat pump.

Wonjun Choi et al., proposed three types of models and analyzed the performance of
multi-storey double skin facade. It was found that significant energy saving is possible if
multi-storey DSF is integrated with an HVAC system as a preheating space [15].

H.1. Tol et al., presented a method for the design of a low-energy district heating system
[16], and proposed optimization method reduced significant heat loss from the network, and
optimized pipe diameters, network layout.

All of the above literatures, regardless of which kind of technology used thatsupplied
necessary temperature in the room. But rooms may be unused.

Wang et al., used STC10L12XE micro-controller unit and LCD made in TOP tal
temperature sensor, the clock chip made in Dallas company, designed heatin v%avmg
intelligent control system, designed 5 switches and 2 protectl e gear [1 tem was
applied to two teaching builds. The two bmldmgs“havet z e size, Qa/ orientation.

ing i * he ery

Wang et al., designed heating energy saving systep=aceording to th ula Q= cmAt =
cpVAt. The system added an electric control valv @ W a field controller, 4

Id control the whole

temperature sensors was installed in each building.“The system
building [18]. {\ }%

Three layers network structure we_r,e,,,ado e the Integiet, GPRS, ZigBee. A heating
energy-saving monitoring system was ted e GPRS network connected the
upper web service and the lower Zig hIS s collect the real-time temperature
data, and process, store and upl syste apture the data information of every
household heating. %m

control valve [20]. Differ eating areas were monitored by the zone and time
system. The system ac i automa ntrol. When the area needed the zone and time

Mu et al. designed a zone an @@tem, added the time controller and electric
tic

control, the system piC ms, put the temperature sensor in these rooms. The
system collected mper%o ontrol the electric valve. The system has achieved
control to th area

STC10LO0 CuU, Chlp and the DS18B20 temperature sensor were used as the
core, de5|gnedt e heatj trol system [21]. Indoor temperature sensors collected data, and
sent the data to tem e control board through the RS-485 serial port, and then the data
were processed corresponding program. At the same time, temperature controlled
board communic |th a handheld terminalusing CC2430 chip.

Energy s system was applied to control the whole building, when the heat demand is
the same imilar, the system can play a very good effect. However, if the user’s demand is

differ e whole building, the system could not carry out the overall control[17-18],
[ mation canbe collected for each user, but the cost is high [19]. The heating needs of
di t users were considered, but it used the RS-485 serial to realize the heating control

system, there are many drawbacks [21]. In this paper, energy-saving heating system was
designed using CAN technology, and different users’ requirement was thought, and room
control was achieved with a relatively low cost.

CANbus technology is Controller Area Network abbreviation, is the development of 80
years of the twentieth century, which can effectively support the distributed real time control
bus serial communication network. The real-timeand the high reliability, are recognized by a
large number of standards organization. CAN has become an open, free, standardization,
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standardization protocol, it has been widely used in automotive electronics, industrial control,
building automation and other fields, and even aircraft has applied the CANbus technology
[22-23].

The heating energy saving system was designs based on CANbus technology in this paper.
The aim is to reduce the amount of coal combustion. K-7110, K-8510, K-8511, K-8518 and
temperature sensor were selected as the hardware equipment. Indoor temperature sensor
gaged temperature. The data obtained upload to the control computer by the CANDbus.
According to the situation, the control computer sent command to the heating valve, opened
or closed the valve to regulate the flow of hot water. The system has been applied to the
heating energy saving control in a university, to save energy.

2. Theoretical Basis .

The system was first applied to the university.On a university campus, the
are many and varied, such as the classroom, conference room, laboratory, :
ordinary classroom, general using time is early morning 8:00 to\afternoon,8: ight, these
rooms are idle. For the meeting rooms and laboratories, th?ipging timeniS net fixed. These
provided time basis for us to save energy. ? \ﬁ

In addition, the room temperature in the buiIdir@ reat hen the heating is
turned off, the indoor temperature decreases gradu his ref& Inertia. This inertia is
directly related to the wall insulation, windows j atlon me ct of insulation is better, the
temperature inertia is greater, the insulation longer. A& ingtothis property, the time
for heating and decreasing heat flow is Accgrging to the experimental data of air
conditioning in the building, the energ % Il be saved by 5% - 8% for every
degree the indoor temperature decre nthe ¢ he energy used for cooling will be
saved by 15% - 20% for every he indger te perature increases. Air conditioning is
high efficiency equipment, if aI fuel w%d more coal fuel will be savedbecause of

the low using rate of coal ZLherefore, m ou leave, you reduce the heat flow, and the
a

office will maintain the ture at
*

3. Hardware D \Q&

evel, this can save more energy.

The energ r syste d a computer to control all radiators in the whole building.
This comput e con ter. The control center connectedwith CANbus, the CANbus
connected control mo e main control module is the thermocouple acquisition module

and the relay outp I module. The relay output module opened or closed the radiator,
and the thermoc@cquisition module collected the temperature of the room. Between the
control center,and“each remote node, communications use the master-slave mode, that is to
say, the ¢ :h%senter issues a command, and node completes the command.

The a ge of using theCANDbus is the distance of communication transmission.The
lo es% ance is 10 kilometers. Wiring diagram of the system is shown in Figure 1, all
% ere connected in a building by one bus.

ause the computer has nothe CANbus interface, the information is converted by the
conversion module. K-7110 was selected and used for the conversion module. K-8510 and K-
8511 was selected and used for thermocouple acquisition module, K-8518 was selected and
used for relay output module. In figure 1, the two roomswere connected, and the connecting
method of the other rooms is the same, thermocouple acquisition module connectedwith an
outdoor temperature sensor in one room.The sensor was used for detecting the outdoor
temperature.
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Figure 1. Wiring Diagr *0 @
IR

3.1 K-7110 Q

The RS232 of computer connects CAN network by K- Mx,the role of K-7110 is
conversion module. The data transfer rate is\up“to 400 es per second, it supports
CANZ2.0A protocol and CAN2.0B protocol erface ofhbs is photoelectric isolation, the

isolation voltage is greater than 1000V. supgl@ge can be any values between 7V
and 30VDC. Power consumption is 0.64V. \
3.2. K-8510 and K-8511 A .

K-8510 is a thermocauple acqui@odule. It can collect remote 8 channel

signals. K-8511 is th al resi e acquisition module, which can collect 6

channel thermal r \c signals, and converts them into the temperature value. That

is to say, each cha can room temperature, and communicates with the

m, and converts the data obtained to the temperature

value. The I'com oes not need to convert. Each room has one channel of
(&

acquisition ntedule. 8 els thermocouple acquisition module can connect eight
rooms at most. The @L ion module is placed in the middle position. The collecting
and transmission igral is convenient.

K-8510 has @It-in receiver, controller and micro controller chip. Different
manufactu may use different types of chip. The baud rate of K-8510 and K-8511 is
20K, and&orts CANZ2.0B protocol.

3, 8

18 is a relay output module.lt has 8 or 16 output channels. Relay contact
capacity is 30VDC, 1A. It is matched with K-8510 or K-8511, and controls radiator to
open or close. Each radiator takes one port of K-8518. In most cases, all radiators in a
room take one K-8518, if the radiators are less in a room, a number of rooms can share
a K-8518.The K-8518 was put at the appropriate location.
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3.4. Control Valve

The wire diameter of the valve body is ® 32mm.The material of the ball valve is PPR
hot melt[24-26]. The hot melt plastic pipewas selected, because the hot water in pipe
forms incrustation scale easily, which will influence the life of the valve switch. PPR
hot-melt pipe will not scale, the scale is easy to form only in the spool, but because of
the special requirements of the design, the incrustation scale does not affect the valve to
open or close. In addition, temperature resistance of PPR plastic is between 75Cand 95
C, which meets the basic requirements of the hot water circulation in heating.

When the manual ball valve is using, its rotating torque is large, the motor power is
large too, so the ball valve corewas transformed. The ball valve was reduced the
rotation torque by reducing friction, without changing its structure. Because the valye
core is not in sealing position, the scale does not influence it or a little. Me
time, O ring temperature resistance 140 Cwas used for solving rotating e€page.
The rubber ring elasticity is still intact after a Iong time of water soaki protects
valve cér the steel
uled ra ven the foul,

material, and the surface is coated, the valve core surf
because the valve is used every day, the friction valve core ce and PPR will
scrape the water scale timely. \/

The transmission part was designed. The rotatitrg”shaft p\ a gear.Only 1/4 gear
has been used. The gear diameter is 4 - 5 tindesNarger th e diameter of motor gear,
so the torque is large. Only 1/4 gear was ecause t\g Ive core can complete the
switch to open or close only rotatio =~whi h es component compactly, and
which can reduce the space volum e w 1 ment. The motor gear engages
the teeth of the rotary gear, whic s the m 0 the left or right,thus controls the
valve to open or close.

The circuit automatically stepywas e , the motor automatically stops after the
mvarrant closes the valve after receiving a

valve opens, and low cur keep th

closing signal, and re change ponent of the electric valve has valve body,
12V DC slow mot o stop me%nlsm of commutation circuit, gear and other parts.
Estimating the I|f e val PPR plastic is about 50 years.The other part runs

the lowest eque ghly, and considers high pressure and hot water
environmentya , S0t %}f the electric valve is very long.

3.5. Temperature Ser@»

This system S18B20 temperature sensor.The range of measuring temperature
is between -55CWnd +125 C. There is a temperature sensor in a room, which can
the practical application.

4 @are Design
4.TN\GAN Protocol

The communication between the modules of the system follows CANZ2.0 protocol. It
is a kind of field bus. It is a serial communication protocol, and it can effectively
support the distributed real time control with a very high level of security. CAN

iswidely used in many fields, such as the high-speed network, low cost multiplex
wiring, and so on. The transfer rate of CAN is up to 1Mbit/s.
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4.2. Initialization

The software includes the initialization module, control module, timing module,
database module et al.

Initialization module: the station number and the channel number of 8510 are set up
according to the wiring diagram.The station number and the channel number of 8511
are set up.The station number and channel number of 8518 are set up, and the energy
saving module is initialized.

This system sets up the two temperature areas:
® Constant temperature interval: the temperature range is 18~22 C, when the room is

in use, the temperature should be kept in this interval.
® |ow temperature: the temperature range is 5~10 C, when the room is not ysed, the
temperature should be maintained in this interval.

This system provides two warning cordons: ?“
® The highest temperature warning cordon is 30 C. 0

® The lowest temperature warning cordon is 0C. \* @

4.3. Energy Saving Module
This system sets up four energy saving modul O

(1)Constant temperature module

This module always keeps the temper the ra@r 18~22°C. This model is
applied to the room that is used for a lon e room temperature is too high,
the system will close the valve, and the @ure is too low, the system will
open the valve. Because of the w s atlon do not open or close frequently,

which ensures the switch life.

(2)Schedule module
This model is applied tq the roorq@ used in fixed time, such as most of the

offices.These offices d in the ning 8:00 to the afternoon 6:00.In order to
saving more energ @g canc letely close the valve,.
(3)School timetab

This mode ied to the sroom The control computer opens the valve ahead
according to t’rc ool le. When the classroom is no class, the control computer
closes the va his c e more energy, and realizes intelligent control really.
(4)Manual module

This model is to those rooms that do not often use or do not need too high
temperature, su@meetmg room, laboratory. This valve can open a little. In this

energy saving syStem, the valve opens about one fifth. A little hot water can pass
through ing, so the heating has a little heat but not high. When these rooms are
used trol computer can open the valve ahead. The model can save more energy.

er decides to open or close the valve according to the numerical time or
rature.
Database modules: in order to preventing the power off,this system needs to record
each room mode into the database. After the system restarts, room temperature patterns
are remained unchanged.

|ng module: the system scans all the rooms at 20-minute interval. The control
tem
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Figure 2.Flow Chart of Schedule Mm\ﬁ/

4.4. The Key Technology 6

The key point of this system mﬁg@e sensor collects the indoor
temperature, uploads the data to the he control computer controls the
switch to open or close accordigg temperat

Collect temperature: Aﬂ
(2). Firstly, setting the station number.
(2). Setting the channel n er, ever}@el connects a room temperature sensor.
(3). Setting the functi , the tegnperature function code is H5

(4). Assembling q me, th e is designed to check the temperature
(5).Sending fra

(6).Receivi turn fr

(7).Splitting rame, lyze the received content, extract temperature.

® setting the station number

% setting channel number

v

@: setting function code H5

assembling frame

v

sending frame

Figure 3.Collecting Temperature
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Open the valve or close the valve:

(1).Setting the module station number.

(2). Setting the channel number, each channel connects a heating, all heating in a room
may occupy multiple channel numbers, but in general all heatingin a room were
connectedto a module.

(3). Setting the function code is H8.

(4). Setting the setout parameter.When the valve is opened,the proper port is set to
1.When the valve is closed, the proper port is set 0.

(5)..Assembling the command frame.

(6). Sending the command, and open the heating valve.

5. Discussion .
(1) This system uses the CANbus, because it has many charac iCs.Its
characteristics are suitable for the system [22], such as: @

® [ ow cost
® Bus utilization rate is high, in theory, the nurﬂ@j @h bus is not
limited, but in practice, the number of nodes is@ ?\} ough to use.
® Data transmission distance is up tolOkm.O \/

® The data transmission rate is up to 1Mbit \

°

Parallel structure is adopted betwee des. Whe@node failures, it does not

affect the normal work of other no \

® The CANbuscanwork for a Iong

Every node is a relatively indepe odule can be connected in any
location.Wiring is convenient. Th usis s or building energy control.

(2) The system provides dlff nergy podel*for different users.

In a building, room type any an d.The utility time of each room is not
identical. The system proyides multi y saving modes, avoids the defects of the
single model. The syst erX|bIe that will not affect everyone's needs, and it
can save energy.

(3)Room contr

The therm ' e is co from the top story, when the hot water flows, the
highest poi est, Iowest point is the coldest. When the building was built,
although the ber of ors is short on the top story at the same area, the number

of radiators is most
greater error. The
middle floor als he uneven problem.

At preseptq there are some similar systems, but they can control the whole building.
That is tQ=8a%,“a temperature measuring device was installed in a building. They can
Q hole building. Butthe system in this paper can control the heat flow of

ground floor, the heat balance and the fixed balance has
oom is hottest. Then gradually cooled until the bottom, or the

e

c@ each room. The system can monitor the classified room according to the
timée¥The different rooms operate according to the different mode. The system can save
more energy.

Two rooms were selected in the engineering building of our university.Theirarea is almost,
and location is near. The room number is 217 and 219. Schedule modulewas selected.The 217
room has not been controlled, and the 219 room was controlled by the energy saving system.
Figure 4 showed data of heat meter and the inlet water temperature and return water
temperature in the 219 room during the second half of November. Figure 5 showed data of
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heat meter and the inlet water temperature and return water temperature in the 217 room
during the second half of November.

=4=heat quantity

—fl—water inlet temperature

*

W—l—remmwﬁerte eM

\ C '\E J
A\ 4

Figure 4.The Data of 219Ro0

N\

heat quantity

=f—water inlet temperature

Qe . 9 ——return water temperature

‘\\Q FigurgThe Data of 217 Room

@ I office
I classroom
2500 @
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&

0 T T
0.0 05 1.0 15 20 25 3.0 35 4.0 45 5.0

Figure 6. Heat Consumption Comparison of TwoOffices and Two Classrooms

Figure 6 is heat consumption comparison of two offices and two classrooms during six
months. Two offices’ area is about 28m?, and location is near. Two classrooms’ area is about
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94m?, and location is near.The one room was controlled by this system, and the other not in
the two types of rooms.

Ahcrq—(1+f)Ahcg,

E =
AhCRl

1
Ahc = hcday2 — hcday1 2

E-- Fractional energy saving.
Ahc—It is heat consumption of a room in a period time.
f— the heat meter error.When flow is small,the temperature varies greatly betwegn water

inlet and return water, f is 5% [27].

Based on the above data, the following results were obtained: the office ro %’@nergy

about 44% during this time,and the classroom saved energy about 45%. The@ xceeded

the expected goal. This year, the winter is warmer, and tempe the is % n last year.
t

This is a major cause. The heating valve was closed most he con room.

6. Conclusion O \\/

This paper presented a heating saving intelli system using CANbus technology, and it
is applied in the education school or off| ilding a@iler, gas boiler, oil boiler,
biomass boiler, and heat pump et al cah sed engrgy source. Rooms can be divided
exhaustively in this system, and rog re col according to the different use
time.The radiator valve was closed serwa t, and pre-heating was going before

user return. The system was abl stingui e Yange of temperature according to user
requirement. The system satisfi er requ be3|des saving energy greatly.
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