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STATE OF CHARGE MANAGEMENT SYSTEM FOR LEAD-ACID

BATTERY IN RENEWABLE ENERGY SYSTEM
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ABSTRACT

This thesis presents a study and design of real time battery management unit as an
integrated renewable energy system using application of coulomb counting method by LabVIEW to
determine the state of charge (SOC). The coulomb counting method will be verified by simulation
result of battery model using MatLab/Simulink program and testing experiment by Microprocessor
Test for Battery (MTB). The results of the SOC are compared to investigate that whether they are

the same direction.

The obtained SOC is integrated to the proposed Battery Management System which has a
control unit to control the battery condition as Battery will not be damaged by the overcharge or
deep of discharge as well as the high temperature impact. The control system is designed by using
LabVIEW integrated with NI ¢cDAQ-9188 connected to measurement and control module to
measure all parameters for calculation the battery condition in order to control the battery

management system for stability of the hybrid system and the long lifetime of the battery.

From the simulation and experiment results, the SOC estimation by LabVIEW compared
with MatLab/Simulink has error 8 percent, and compared with MTB has error 11 percent. The SOC
of all results is the same direction, the control system can work properly as the design. This can

confirm that the proposed method is able to be used for battery management system.

Keywords: Battery management system, Renewable energy system, Coulomb counting method
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Pol.Resistance = K g (2.15)
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Input OQutput
-Current consumption -Voltage of battery
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3.1 Msdiavsanzmslszguaunmasnzii-n3neaIe MatLab/Simulink
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3.2 aumsnlylumsdasuamasngii-nsa 11 MatLab /Simulink
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) A - Epat voltage
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f,(it,i*,i, Exp) = E, k2 sk Y -it + Laplace™ (EL(S).OJ (3.1)

Q-—it Q-—it Sel(s)

ANNINIFNMIMYU52Y (1¥<0)

fz(it,i*,i,Exp):EO—K'.L-i*—l(- Q. -it+Laplace_1 EL(S)l (3.2)
it+0.1-0 O-—it Sel(s) s
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Ao usaauMeluveuuane (Nonlinear Voltage: V)
N [ d' d'
E, AD LIAUAINUDILUNLADT (Constant Voltage: V)
Exp(s) A9 BN Exponential Zone (Exponential Zone Dynamics: V)
Sel(s) Ao FNMIMUVWVANADT, Sel(s)=0 ogluszninmoiszy
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K A9 ANAIUNIUY Polarization (Polarization Resistance: Ohm)
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iy
SOC =100| 1-— ! i, (£)dt (3.3)
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I~ 1 { 1 {
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(Nominal voltage x rated capacity of the battery) x 0.1 (3.4)
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N.1 Data sheet NI cDAQ-9188

Introduction

This user guide describes how to use the National Instruments CompactDAQ 9188 chassis and lists
specifications.

The NI cDAQ-9188 Ethernet chassis are designed for use with C Series 'O modules. The

NI cIAQ-9188 chassis is capable of measuring a broad range of analog and digital IO signals and
sensors using an Ethernet interface. For module specifications, refer to the documentation included with
your C Series /0 module(s) or go to ni . com/manuals.

Figure 1 shows the NI cDAQ-91 88 chassis.

©
9
©)
©

@
s
=

e
Frng
A

1 Grounding Scraw 5 Reset Button

2 Installed C Series Modulss & PFI0BNC Connector,
3 Meduls Shots PFI 1 BMC Connector
4 9-30 VDT Power Connector 7 Ethemest Connsctor

Figure 1. NI cDAQ-9138 Chassis
Safety Guidelines

Operate the NI cDAC-9188 chassis only as described in this user guide.

J%;, Note Because some C Series IO modules may have more stringent certification standards than the
NI cDAQ-9188 chassis. the combined system may be limited by individual component restrictions.
Refer to the NI cDAQ-9188 Chassis Interface section of this document for more details.

A Caution The NI cIMAQ-91 88 chassis is not certified for use in harardous locations.

& Hot Surface  This icon denotes that the component may be hot. Touching this component may result
in bodily injury.

Safety Guidelines for Hazardous Vollages

If hazardous voltages are connected to the module, take the following precautions. A hazardous voltage
is a voltage greater than 42.4 V. or 60 VI 0 earth ground.

Caution Ensure that harardous voltage wiring 1s performed only by qualified personnel adhenng to
local electrical standards.

A Caution Do not mix hazardous voltage cireuits and human-accessible circuits on the same module.

@ Nafonal Instrumeants Corporation 3 NI 8188 User Guide and Specifcations
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Specifications

These specifications are for the NI cIDAQ-9188 chassis only. These specifications are typical at 25 °C
unless otherwise noted. For the C Series /0 module specifications, refer 1o the documentation for the
C Senes O modules you are using.

Analog Input

Input FIFO Size .....coooecviciiicemmresseisisissnenne. 1 27 samiples per slot

Sample rate!

MAaximum . ... oo ssssss e DEIEIMINE by the C Series IO modules

Timing accUracy? .....cccocwiisnimemmissias sissbsiotnnn. 30 ppm of sample rate

Timing resolution® ...k 125 ng

Number of channels supported ... Determined by the C Senes IO modules
Analog Output

Numbers of channels supported
In hardware-timed task

using onboard regeneralion.........ien.. 6
In hardware-timed task
not using onboard regeneration...........o.......Determined by the C Senes IO modules
In non-hardware-timed task ..., Determined by the C Senes IO modules
Maximum update rate
Regeneration ...t tiiecee. 1.0 MS(s (multi-channel, aggregate)
Non-regeneration ... e Determined by the C Senes IO modules
TIMING BOCUFACY ... coeeeaeicae s csat sk anens sebe stz PP OF sample rate
Timing resolution...... 125005
Cutput FIFO size
Onboard regeneration..........ccvvcevcinseenen. 5.1 91 samples shared among channels used
Non-regeneralion ... ... 1 21 samples per slot
A wavelorm modes .o i sciieceneine. Mof-periodic waveform. periodic waveform

regeneration mode from onboard memory,
periodic waveform regeneration from host buffer
including dynamic update

Digital Waveform Characteristics
Waveform acquisition (DI} FIFO....................... 127 samples per slot
Waveform generation (10) FIFO

@ Note [f modules are installed in slots [ -4, FIFO is 2047 samples per slot for all slots. If any module
is installed in shots 58, FIFO is 1023 samples per slot for all eight slots.

Slots 14 .o A28 L9 ) 2T samples
Slots 58 .. D s s | 3Rl

! Performance dependent on type of installed C Series 140 modules and number of channels in the task.

* Does not include groop delay. Refer to C Senes 10 module documentation for more information.

M 39188 User Guide and Specifications Hi ni.com
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Digatal input sample clock frequency

Streaming to application Memory........co.e.e...

Digital output sample clock frequency

Streaming from application memory ............
Regeneration from FIFO.....ooieee
e e e D T TP i

Digital output or digital input

sample clock SUrce ...y

General-Purpose Counter/Timers

Number of counterf/lmers ..o evoee Triiecsemennns

Counter Measurements. ........oeeveeenisvsiesimsemsssaens s

POSILION MEASUPEMENLS ............coo.oibosss crbes iemsmisbins s

Output applications ... \... g XL LI ST

[nternal base clocks......... Z2e\iosisnd Yol
Extemal base clock frequency ...
Base clock necuracy ... 2 Skt NS N

Output FrequUenCy sl ol e s

Inputs ...

Routing options for inputs ..

Frequency Generalor

Number of channels ... oo et e
Base clocks ..ot bassssnnieeeans 10 MHZ, 20 MHz, 100 kHz

Cutput is available on any PF] terminal.

@ Mafonal Instruments Gorporalion

Fir|

System-dependent
0w 10MHz

System-dependent
0 to 10 MHz
0o 10 MHz

Any PFL, analog sample or convent clock,
analog output sample clock. Cir a Internal Output,
and many other sources

4

32 bits

Edge counting, pulse. semi-period, period,
two-edpe separation, pulse width

X1, X2, X4 quadrature encoding with
Channel Z reloading; two-pulse encoding

Pulse, pulse train with dynamic updates.
frequency division, equivalent time sampling

80 MHz, 20 MHz, 100 kHz

0 to 20 MHz

50 ppm

(1o 20 MHz

Gate, Source, HW_Arm. Aux. A, B, Z Up_Down

Any PFL, analog trigger, many internal signals

~Dedicated 127-sample FIFO

]

| to 16 (integers)

50 ppm

NI 8188 User Guide and Specifcatons
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Module PFI Characteristics

FUnEtomality ..o e e

Timing OULPUE SOMICES......coc.oveosceremseeeasessenesscenees

Timing input frequency ...

Timing output freguency........cooecninsieeen 0 10 20 MHz

Chassis PFI Characteristics

Max input or output frequency ...l

Static digital input, static digital output, timijg input,
and timing output

Many analog input, analog cutput, counter,
digital input, and digital output timing signals

0to 20 MHz

1 MHz

Minimum Maximum

Positive Going Threshold Veltage

1.43 128

Negative Going Threshold Voltage

0.86 1.53

Hysteresis

048 0.87

Maximum input Vollge. ... i S0,
Minimum input YORAge.....cccccimeiss fabniaiadabod
Cable lengih ...y RASISL 3L
Cable IMPedance ... Neinaht bissssngddeemas

L0y i) (TR NI O LU | SO s

Output voltage

Sourcing 1 00yDA- el L)
SopGmgd mih /2. (... ) e

Low

Sinking 00 pA i
Sinkingd miAL L. BN 200210

Power-on stale 5.\ L Sed B O 2078

External Digital Trigger

Analog input function ..o d e i

Analog output fUnCHon .o

Countertimer fUNCHONS ..cc..oviimemeisssiiensnsnas

M G188 User Guide and Spacifications

5V
=20V

A m (10 fi)
304

BNC

o325V maximum

Pl

4.65 V minimum
360V minimum

010V maximum

64V omaximum

High impedance

Any PFI terminal or chassis PF terminal
Software-selectable for most signals

Stan Trigger. Reference Trgper. Pause Tripger.
Sample Clock, Sample Clock Timebase

Stan Trigger, Pause Trigger, Sample Clock,
Sample Clock Timebase

Late, Source, HW_Arm, Aux, A, B. Z, Up_Down

ni.com
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.2 Data sheet NI 9211

|
USER GUIDE AND SPECIFICATIONS

NI USB-9211/9211A

4-Channel, 24-Bit Thermocouple Input Devices

CcHFEFa A FOBFRERIZDWLTIE, ni . com/ manuals
FEM|L T { £ &L, (For a Japanese language version, go toni . com/
manuals.)

This user guide describes how to use the National Instruments
USB-9211/9211A devices and lists the specifications.

Introduction

The NI USB-9211/9211A data acquisition device provides a USB interface
for four channels of 24-bit thermocouple inputs with integrated signal
conditioning.

The NI USB-9211 consists of two components: an NI 9211 module and an
NI USB-9161 carrier, as shown in Figure 1. The NI USB-9211A consists
of two components: an NI 9211 module and an NI USB-9162 carrier,

as shown in Figure 1.

MI USB-9211/9211A

Figure 1. NI USB-9211/9211A Components

NATIONAL
INSTRUMENTS
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1

1

Shield i
TC+ i

Thermocouple —~f--———-—-----

1
1
1
i
1
NI USB-9211/9211A i
1
i
i
1
1
1

Figure 6. Connecting a Thermocouple Input Signal to the NI USB-9211/92114
Refer to Table 3 for the terminal assignments for each channel.

Table 3. Terminal Assignments

Module Terminal Signal
0 TCO+
o —
1 TCO-
, 2 TCl+
g.
'f : 3 TC1-
i % 4 TC2+
=
L 5 TC2-
=
Bl ] TC3+
7]l
ell 3 7 TC3-
ol
S 8 No connection
H

9 Common (COM)

NI USB-8211/92114 User Guwide and Specifications 12 nicom
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NI USB-9211/9211A Circuitry

The NI USB-9211/9211A channels share a common ground that is isolated
from the chassis and the host computer. Each channel has an impedance
between the TC+ and COM terminals and between the TC- and COM
terminals. Each channel is filtered and then sampled by a 24-bit
analog-to-digital converter (ADC). There is a current source between the
TC+ and TC- terminals. If an open thermocouple is connected to the
channel, the current source forces a full-scale voltage across the terminals.

Effects of Source Impedance on Voltage Measurement Accuracy
The resistors shown in Figure 9 produce an input impedance at the
terminals of the NI USB-0211/9211A.

]
TC+ (TL) L !
]
]
i é 10 MLk e |
! ]
1 1 I
= |
b % 10 Mek !
] 1 1
TC-0—3 |
1
COMO—  Input Open Filterad lsolated |
! Impedance  Thermocouple Diffarantial ADC i
! Detection Amplifier :
! Current i
! ]
H I
1

NI USBE-8211/5211A

___________________________________________________________ d

Figure 9. Input Circuitry for One Channel

If thermocouples are connected to the NI USB-9211/9211A, the gain and
offset errors resulting from the source impedance of the thermocouples are
negligible for most applications. Other voltage sources with a higher source
impedance can introduce more significant errors. For more information
about errors resulting from source impedance, refer to the Specifications
section.

Determining Temperature Measurement Accuracy and
Minimizing Errors
Temperature measurement errors depend in part on the thermocouple type,

the temperature being measured, the accuracy of the thermocouple, and the
cold-junction temperature.

NI LS B-8211/92114 User Guide and Specifications 14 nicam



Specifications
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The following specifications are typical at 25 "C, unless otherwise noted.
All voltages are relative to COM unless otherwise noted.

Input Characteristics

Number of channels

ADC resolution ...l e i ninians

INPUL FANZE (oo cviereie e

Common-mode range
Channel-to-COM .........ocoviiniiinnne
Common-to-earth ground ...............

4 thermocouple channels,

1 internal autozero channel,
| internal cold-junction
compensation channel

24 bits
Delta-sigma

+80 mV (not software selectable)

+15V

250 V

Common-mode rejection ratio (0 to 60 Hz)

Channel-to-common .........coeeeees

Common-to-earth ground

Tem perature measurement ranges .........

95 dB
=170 dB

Works over temperature
ranges defined by NIST
(L K.R, 5, T,N.E, and
B thermocouple types)

Cold-junction compensation sensor accuracy

DACHIBE DN = AN A

ConversionMime G...oo ol Bl fasdedie

@ National instruments Corpoation 19

0.6°C (1.1 °F) typ,
1:3°C (2.3 °F) max

70 ms per channel;

420) ms total for all channels
including the autozero and
cold-junction channels

NI USB-3211/82114 User Guide and Specifications
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.3 Data sheet NI 9225

OPERATING INSTRUCTIONS AND SPECIFICATIONS

NI 9225

3-Channel, 300 V¢, 24-Bit, Simultaneous,
Channel-to-Channel Isolated Analog Input Module

Francais Deutsch HAGE =0  f@&iAH X

ni.com/manuals

NATIONAL
INSTRUMENTS
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Connecting the NI 9225

The N1 9225 has three 2-terminal detachable screw-terminal
connectors that provide connections for three simultaneously
sampled, isolated analog input channels.

AlO+
Alo—

All+
All—

Al2+
Al2—

Figure 2. NI 9225 Terminal Assignments

© National Instruments Corp. 7 NI 9225 Operating Insiructions and Specifications
Signal ; !
Source Al ! :
+
St i
: :
AI'_‘ 1 1
| ? :
| i
1 1
- NI 9225
T Nl @ WV 18BN TR

1 1

Signal - ;
Source i i
Al+ : i

! :

Al- : :
b NI 9225}

Figure 4. Connecting a Floating Signal Source to the NI 9225

© National Instruments Corp. 9 NI 9225 Operating Instructions and Specifications



The NI 9225 analog input channels are floating with respect to
earth ground and each other. The incoming analog signal on each
channel 1s conditioned, buffered, and then sampled by a 24-bit
Delta-Sigma ADC.

Each channel provides an independent signal path and ADC,
enabling you to sample all three channels simultaneously. Refer to
Figure 5 for an illustration of the circuitry for one channel of

the N1 9225.

Overvoltage N
Protection ADC

Amplifier  Prefilter

Figure 5. Input Circuitry for One Channel of the NI 9225

NI 9225 Operating Instructions and Specifications 10 ni.com

Specifications

The following specifications are typical for the range —40 to 70 °C
unless otherwise noted. All voltages are relative to the Al- signal
on each channel unless otherwise noted.

Input Characteristics

Number of channels...........cccooeeienien. 3 analog input channels

ADC resolution .......cccceveeciiiiieinnnne 24 bits

Type of ABRCNN.(.. 2N = Delta-Sigma (with analog
prefiltering)

Sampling mode .......ccoocveeivivecennee. Simultaneous

Internal master timebase (fy;)
Frequency .S~ 4L L0 %) 12.8 MHz
ACCUIACY ...ooouviei s +100 ppm max
Data rate range (f,) using internal master timebase
Minimum........coocoiiiiiiiine. 1.613 kS/s
MaKi T s 50 kS/s

© National Instruments Corp. 17 Ni 9225 Operating Instructions and Specifications
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Data rate range (fy) using external master timebase

MINIMUM .eeeeieeeeeeeeeeeeeeeeees
Maximii s emmernsansasmn

Diata saes {f ) wemmmnmnammsis

Operating voltage ranges?

MINIMUM.eeeeieeeeeeieeeeeeeeiees
....... 300 Ve

...... 50.66 uV/LSB
....... +450 VDC

Typical .ooccoeiiiiiiii,
Typical scaling coefficient ..........
Overvoltage protection ..............

Input Coupling e wmmpna bl

Input impedance (Al+ to Al-)

...... 390.6 S/s
...... 51.2KkS/s

! The data rate must remain within the appropriate data rate range. Refer to the
Understanding NI 9225 Data Rates section for more information.

2 Refer to the Safery Guidelines section for more information about safe operating

voltages.
NI 9225 Operating Instructions and Specifications ni.com
Accuracy
Percent of Percent of
Reading Range”
Measurement Conditions (Gain Error) (Offset Error)
Calibrated max (—40 to 70 °C) +0.23% +0.05%
Calibrated typ (25 °C. £5 °C) +0.05% +0.008%
Calibrated max (25 °C. =15 °C) +0.084% +0.016%
Uncalibrated max (—40 to 70 °C) +1.6% +0.66%
Uncalibrated typ (25 °C, £5 °C) +0.4% +0.09%
* Range equals 425 V.
Input noise ... 24.0) .10 £). . 045 PV«
Stability
Gain diift wemesrressrermnans +10 ppm/°C
OMSEE AR ooz +970 uv/°C
Post calibration gain match
(chatezehy 20l Z) oo +0.25 dB max

© National Instruments Gorp.

19 NI 9225 Operating Instructions and Specifications
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0.4 Data sheet NI 9227
OPERATING INSTRUCTIONS AND SPECIFICATIONS

NI 9227

4-Channel, 5 A,,s, 24-Bit, Simultaneous,
Channel-to-Channel Isolated Analog Input Module

Frangais Deutsch HAGE 8301  fifkd

ni.com/manuals
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Connecting the NI 9227

The NI 9227 has four 2-terminal detachable screw-terminal
connectors that provide connections for four simultaneously
sampled, isolated analog input channels.

[SL
e %@\
Ol
e )
A2 oﬁl
Ao %@y
Ol
AP
[©F

Figure 2. NI 9227 Terminal Assignments

© National Instruments Corp. 5 NI 9227 Operating Instructions and Specifications
Current N\ :
Source Al ! '
+
——0 i
1 1
AL—% i
S :
i |
1 1
S NI 92271
F AR N30 ad V X4UITTC

1 1

Current I |
Source P : i
+ :: |

Al !

Q i

1

] NI 9227

o e, A e 1

Figure 4. Connecting a Floating Current Source to the NI 9227

© National Instruments Corp. 7 NI 9227 Operating Instructions and Specifications



The NI 9227 analog input channels are floating with respect to
earth ground and each other. The incoming analog signal on each
channel is conditioned, buffered, and then sampled by a 24-bit
Delta-Sigma ADC.

Each channel provides an independent signal path and ADC,
enabling you to sample all four channels simultaneously. Refer
to Figure 5 for an illustration of the circuitry for one channel of
the NI 9227.

] Shunt N\
! Resistor 205

Amplifier  Prefilter

Figure 5. Input Circuitry for One Channel of the NI 9227

Ni 9227 Operating Instructions and Specifications 8 ni.com

Specifications

The following specifications are typical for the range —40 to 70 °C
unless otherwise noted. All voltages are relative to the Al- signal
on each channel unless otherwise noted.

ﬁ Caution The input terminals of this device are not
protected for electromagnetic interference. As a result,
this device may experience reduced measurement

accuracy or other temporary performance degradation
when connected cables are routed in an environment with
radiated or conducted radio frequency electromagnetic
interference. To limit radiated emissions and to ensure
that this device functions within specifications in its
operational electromagnetic environment, take
precautions when designing, selecting, and installing
measurement probes and cables.

Input Characteristics

Number of channels...........cccoeeennees 4 analog input channels
ADC 1e8olution s 24 bits
Type:-of ADC e memmmammnsane: Delta-Sigma

(with analog prefiltering)

@© National Instruments Corp. 15 NI 89227 Operating Instructions and Specifications
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Sampling mode «:.onnnnnnnunas Simultaneous

Internal master timebase (fj,)
Breglieityesnnmerrmmannrns 12.8 MHz
ANCCUFADY o svmmrmsmsrsssrammramavess +100 ppm max

Data rate range (f;) using internal master timebase

Minimum 1.613 kS/s
Maximum ......oooecvvveieeiieeeeeeeeeees 50 kS/s
Data rate range (f;) using external master timebase
MINIMumM...ooeeoivieeeeeeireeeeec e, 390.625 S/s
Maximum .....ccoevvveeeeeerieeeeesennen. 51.2 kS/s
1556 FAtEs" () cssnsmmasnmmusdainsiy w AT 1 Do B

! The data rate must remain within the appropriate data rate range. Refer to the
Understanding NI 9227 Data Rates section for more information.

NI 8227 Operating Instructions and Specifications 16 ni.com
Safe operating input range®2.......... 5 A
Overcurrent handling®.................0. 10 A, for 1 s max

with 19 s minimum
cool down time at 5 A

Instantaneous measuring range*
Minipmun |} > .4 B W m A, 14.051 A peak
Tiipial ..\ SAWE S QNC Y 2 14.977 A peak. at 23 £5 °C
Typical scaling coefficient ................ 1.785397 nA/LLSB
Input coupling......coceveeiiiveiiicene. DC
Input impedance (Al+ to Al-).......... 12 mQ
Input noise (f;= 50 kKS/8)..ccoiiienrienn. 400 HA

I Refer to the Safety Guidelines section for more information about safe operating
voltages.

2 The maximum recommended continuous RMS current value applied simultaneously

on all 4 channels to keep the power dissipation inside the module within safe
operating limits.
3 Overcurrent conditions to keep the module operating within specified limits.

4 The maximum DC current that produces a non-saturated reading.

@ National Instruments Corp. 17 NI 9227 Operating Instructions and Specifications
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Accuracy at safe operating range of 5 A

Percent of Percent of
Reading Range”
Measurement Conditions (Gain Error) (Offset Error)
Calibrated max (—40 to 70 °C) +0.37% +0.18%
Calibrated typ (23 °C, £5 °C) +0.1% +0.05%
Uncalibrated max (-40 to 70 °C) +5.0% +2.4%
Uncalibrated typ (23 °C, £5 °C) +2.5% +1.0%

* Range equals 7.07 A peak (5 A, o).

Accuracy at operating range of 10 A,

Percent of

Percent of

Reading Range”

Measurement Conditions (Gain Error) (Offset Error)
Calibrated max (—40 to 70 °C) +0.38% +0.19%
" Range equals 7.07 A peak (5 A,,0).

NI 9227 Operating Instructions and Specifications 18 ni.com

Stability

Gain drfNNSN 7 LN +21 ppm/°C

Offse TR A4 L)\ o | +51 uA/°C

Post calibration gain match

(channel-to-channel, f;,, = 20 kHz)....

Crosstalk
(fin=1KkHz) cccooviiiieniceeee.. =90 dB
(fin\= SO HIN Ll -115dB
Phase match
Channel-to-channel, max ........... 0.1°/kHz

Module-to-module, max.............
Phase linearity (f;= 50 KS/s).............

Input delay ......ccccccsvmeimmmrmer

0.1° max

+130 mdB max

0.1°7/kHz + 360° fm/fM

38.4/f, +3.2 us

Passband
Breuene Y sesmaraarmmmnnnmns 0.453 - f,
Flatness (f;= 50 kKS/8) ..cccvvenen.e. +100 mdB max

© National Instruments Corp.

—
o

NI 9227 Operating Instructions and Specifications

114



115

.5 Data sheet NI 9401

OPERATING INSTRUCTIONS AND SPECIFICATIONS

NI 9401

8-Channel, TTL Digital Input/Output Module

Francais Deutsch HARE &30 filifkp

ni.com/manuals

2
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Connecting the NI 9401

The NI 9401 has a 25-pin DSUB connector that provides
connections for eight digital input/output channels.

e —
(@3
]
pomEbiTa L] com
NC 152 ggm
DIOT || | 116 COM
Dio2 | | | i7HE O
NC | \18 COM
DIO3 | | | f19t8] com
DIO4 | |20l <0
NC | | | 2115, COM
DIOs || | 1227 COM
DIOs | | | 2319
NC | [ 241]] he
plo7 | | | 2512 CoM
| 25013 COM
T
6}
;j—ﬂfi.-h

Figure 1. NI 9401 Pin Assignments

NI 9401 Operating Instructions and Specifications 6 ni.com

Figure 2 illustrates how to connect an SPI device to the NI 9401.
In this example, the three channels assigned to output signals are
on one port and the channel assigned to an input signal is on the
other port.

SRt/ Al NP

. SCLK DIO3:0 |

i Configured | !

<M¢— for OQutput |}

MISO ! 1

e > Dlo74 ||

i Configured i

5 for Input !

SPI Device L Nre4on!

Figure 2. Connecting an SPI Device to the NI 9401

NI 9401 Operating Instructions and Specifications 8 ni.com



Figure 3 illustrates how to connect several types of digital devices
to the N1 9401.

—[>0—1—0—DIOO as Input

Dev 1 TTL Signali
i +5 V*VVV—E—‘—O—: DIO1 as Input
: P
15 RO
+5V COM
LED

Figure 3. Connecting Digital Devices to the NI 9401

© National instruments Corp. 9 NI'9401 Operating Instructions and Specifications

Specifications

The following specifications are typical for the range —40 to 70 °C
unless otherwise noted. All voltages are relative to COM unless
otherwise noted.

Input/Output Characteristics

Number of channels.......................... § DIO channels
Default power-on line direction........ Input
INPUt/OULPUL EYPE.ceveeeciieiiieneccei TTL. single-ended

NI 9401 Operating Instructions and Specifications 12 ni.com
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Digital logic levels

Input
Voltage -2 Vimax
High, Vi 2V min
Low, Vi e 0.8 V max
Output
High, Voo 5.25 V. max
Sourcing 100 UA ........... 4.7V min
Sourcing 2 mA...............4.3 V min
Low, Vo
Sinking 100 pA ............. 0.1 V max
Sinking 2 mA................. 0.4 V max
© National Instruments Corp. 13 NI 9401 Operating Instructions and Specifications

Maximum input signal switching frequency by number of input
channels, per channel

8 inputshannBEXZ. ..o morma 9 MHz
4 input chaffielg Sl ... L0 16 MHz
2 input channels..........ccceeveeneee.. 30 MHZ

Maximum output signal switching frequency by number of output
channels with an output load of 1 mA. 50 pF, per channel

8 output channels...........cc.c......... 5 MHz

4 output channelS.........cc.coccveennee 10 MHz

Aloutprit chamreiel 2 = e, 20 MHz
I/O propagation delay ............cc....... 100 ns max
/O pulse width distortion ................. 10 ns typ
Input current (O V < V;, £4.5 V)...... 250 HA typ
Input capacitance ....c...ccoeiveerneieinnnns 30 pF typ
Input rise/fall time......cccoeeeincenene. 500 ns max

Overvoltage protection,

channel-to-COM .......ccccoovieeeveenn +30 V max on one channel at
a time; however, continued
use at this level will degrade
the life of the module.

NI 9401 Operating Instructions and Specifications 14 ni.com
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Abstract

This paper presents a design concept in battery management
systems for PV-Hybrid power supply as an integrated renewnhle energy
system. To make the system more stable and to extend the lifetime of
the hattery, the design concepe is dividad into three main stages. Firstly,
analysis of the basic components and parameters of » battery used in the
system is considered. Secondly, Capacity and duration of discharge and
charge as well as the tempemture mnge that hattery can be activated are
identified and technique of state of charge estimation. Finally, Overall
of battery management system include a measurement and control of
the battery by computer program are i The control system
jisplays real-time information via a by using the

ey ¥ o

{EENET2012) of Rajamangala Usi

method of estimating the state of the hattery model with the actual state

hrough varices The operating conditions of the system
will alert when the system is in malfunctions the op can amaly

and react to the system on time to make the system more stable and to

extend the lifetime of the battery
Keywords: Battery management system, PV hybrid power supply
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Abstract

This paper presents a design concepl in batlery management systems for PV-Hybrid power
supply as an integrated renewable energy system. To make the system mare stable and to extend the
lifetime of the batlery, the design concept is divided into three mam slages. Firstly, analysis of the basic
components and parameters of a battery used in the syslem s considered. Secondly, Capacity and
duration of discharge and charge as well as the lemperature range thal batlery can be activated are
identified and battery system simulation. Finally. measurement and control of the batllery by computer
program are constructed. The control syslem displays reaktime information via a computer program by
using the method of estimating the state of the battery model with the actual stale through various
measurements. The operating conditions of the system will alert when the system is in malfunctions the
operator can analyze and react to the system on time.
Keywords: Battery management, PV hybnd power supply, Lead-Acid battery
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-Deep discharge cycle

-Over temperalure

-Over charge cycle
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Design of Real Time Management Unit for Power Battery in PV-Hybrid Power
Supplys by Application of Coulomb Counting Method

A Apssawamaylin and B. Plangllang
Deparmment of Electrical Engineening, Faculty of Engineering,
Rajamangala University of Technology Thanyabun, Klong 6, Thanysburi, Pathumthani 12110
E-mail: boonyang en rmmitt ac th, apiwat4321@hotmail com

Abstrace— This paper presents a design of real time battery management unit as an ntesrated renewable energy system for
PV-Hybrid power supply using application of coulomb counting method. To make the hybrid system more stable and to
extend the ljfetime of the battery, the battery management iz thergfore compulsory. The battery management unit is divided
into three mamn stages. Firstly, analysis qf the basic component: of a bartery Hpe used in the system is considered. Secondly,
State qf charge (SOC) estimation method and deterioration factor of battery are analyzed. Finally, overall of barwery
management system including a measurement and controi wnt by computer program is constructed. The control system
displays real-time information via a LabVIEW 8.5 using the method qf estimaning the state of charge with the actual state
through various measurements. The operating conditions of the system will alert when the system detects malfunctions, the
operator can analyze and react to the system on time to make the system more stable and to extend the battery lifetime.

Keywords— Battery management system, PV hybrid power supply.

1. INTRODUCTION

The cwrent simaton, electncal energy demand is
increasing every year and the most faels which are used to
produce electrical energy, come from coal, natural gas and
petrolenm and these fypes of fuel conmnonly produce
more pollution effecting to enviromment Therefore the
above menton of electrical energy from hybrid renewable
energy is beconung one of the best choices for supply
electrical energy.

Hybrid renewsble energy systems (HRES) are

becoming popular for remofe area DOWEI Eeneraton
applications due to advances in renewable technologies
and subsequent nise in prices of petroleum products. A
bybrid energy system usually comsists of two or more
renewable energy sowrces used together to provide
increased system efficiency as well as greater balance in
energy supply. The mwost used fype of HRES is
aphotovoltaic (PV) amav  coupled with a generator.
Hybnd energy systems oftentimes yield greater economic
and environments] renums than photovoltsic stand-alone
systems. For stability of HRES the system need to storage
energy system for supply load in condidons where PV
cannot zenerate elecmicity. such as at night or when there
15 cloud covering to reduce operation of 3 generator.

The HRES storage system umit is normally a Battery
system. Thus battenes have to be considered to increase
performance, battery life time as well as dursbility.
Therefore in this application. a battery mamagement
system (BMS) for control working condition of battery to
allow the system to keep the system stsble and help
extend the useful life of the battery is needed.

2. BASIC ELEMENTS OF A BATIERY IN
SOLAR ENERGY SYSTEM

21 TYPE OF BATTERY

In a practice, all kinds of battery can be use in
renewable epergy system The various types of bameries
comonlynsedmliybudsyslan.l-‘wcmthu

common battery used in renewable epergy system is
Lead-acid batery which is the deep discharge type
because of several factors such as the price, performance
and battery life tme as show in table 1.

Table 1. Comparisons of battery 3 type [1]

Type | Cycle e | bvestment | Specific ™ Sedf- Temp.
il % o AWh oot | [%) | discharse | rmpe

oD BEWE | PRWR| [Wesath| | O)
P |s0 10| 85 3% |07 0w [ =m0 1.4 |as s
Nicd |150.3%00| 6s0 1500 | 030 10 | M A0 4
NiFe 300 1000 5] 58 & 0 +~40°

2.2 THEORY OF LEAD-ACID BATTERY (2]

The lead-acid battery is stll wsed today
automobiles and other applications where weight is not a
concerned factor. In the 1970s the valve regulated lead
acid bamtery (often called "sealed™) was developed that
used a gel elecrrolyre mstead of a2 liqud allowing the
‘battery to be used in different positions without leakaze.

In the discharged state, both the posiave and
negative plates become lead sulfate (PbSO.) and
the electrolvte loses. mmch of its dissolved sulfuric
acid and becomss primarily water. The discharge process
is driven by the conduction of electrons from the negative
plate back into the cell at the positive plate in the external
circwt. In the charged state, each cell contains negative
plates of elementsl lead (Pb) and positive plates of lead
oxide (PbO.) in an electolyte of sulfuric acid(H,.S0,).

The charzing process is driven by the forcible
removal of elecoons from the positive plate and the
forcible introduction of them to the negative plate by the
charging source. Lead-acid batteries there are several
types. The suwitable type for use with renewable energy
systems is deep discharge type cause is this type design
for long time small amoumts of power coatinmously
without battery damage and can be use electrical energy
maxinmm 80 percent of battery capacity.
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13 STATE OF CHARGE ESTIMATION METHOD

State of charge (SOC) is the equvalent of a fuel
gauge for the battery pack. The wumts of SOC are
percentage poimts, ) percent is empty, 100 percent is full
An alternate form of the same measure is the depth of
discharge (DOD), the mverse of SOC 100 percemt is
enpty, 0 percent is full. SOC is normally used when
discussing the current state of a battery in use, while DOD
1s most often seen when discussing the lifetme of the
banery after repeated use.

In battery management system state estimation mmst
be accurate. It will effect to the performance of the battery
including control and protection for extending the life
time of battery. In practical application. to estimate the
SOC is very difficult become load of hybrid system is not
smoothly stable.

It is therefore necessary to calculation state of
charge estimation of battery system for apply to battery
management system (BMS) desizmed for increasing
performance and reliability of system.

State of charge esumation has many methods
according to usage. In tsble 2 is comparisons method for
SOC estimation.

&mwdmmmmsocm

Technique Battery type J
OfMhare Same intrnds ebms of
INachange e Al baliery sslem Basy sl sccwrah
-
Veltage Rasnd
lowd Libisendan Fay Lo rost thweolfine
Eatimaton
Conlomsh Connting A0 hathery ovbomm Ounlleesmy Nevds re-calibrowe petsi
< -quth
Kakman Filbertag Al bathory sovotom Oullee Dymanic  inadve. Noods & wltable
lry adel
Nerd waning dota of sianlar
Newrad Netwark AN battery ovotom Oulles ;
d v

From a comparnisons of technique SOC estunation
this paper presems Coulomb counting method for
applying in batmery management system for PV-hybrid
power supply because this method can be real-ime
monitoring at wmstable Joad conswmption condition and
easy to calculation.

2.4 SOC ESTIMATION BY COULOMB COUNTING

The estimation method for determuning the state of
charge condition calculates the SOC by messuning the
battery cwrrent and then intesrating it on tme. Since no
measurement can be perfect. this method suffers from
long-term dnift and lack of a reference point. Therefore.
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the SOC mmst be re-calibrated on a regular basis, such as
by resetting the SOC to 100 percent when a charger
determines that the battery is fully charged.

For real time estimation this method will be
calculates equation (1) with real time parameter from
sensor and setting SOC initial to 100 percent.

- _fi0 0]
SOC() = SOC,, !Fa

Where  50C(y) = State of charge real time

soc,, = Imtal state of charge
i0) = Discharge current real time
C, = Capacity of battery

25 DETERIORATION FACTOR OF BATTERY [4]

Ambient temperature effects, as the batery are
used in system the positve plate is lead oxide and the
negatve plate is lead. Both plates dip in sulfuric acid the
corrosion 1s inevitable by the temperature is acceleration
the corrosion of the plate and rate of deterioration varies
with temperature requirements by IEEE1184 [5].

Float charge voltage, over charge voltage or under
charge voltage will effact to deterioration rate of batery
when floating charge voltage is under rate, battery will
have sulfating at positive plate and neganve plate if
floating charge voltage is over. rate battery will lose of
water effecting to batery deterioration.

Discharge cycle, number of discharge cycle is 2 one
of causes to battery deterioration for the battery used both
in discharge cycle or charge cycle. Battery plate will have
corrosion effact to bartery detenoration

3. PROPOSED BATTERY MANGEMENT
SYSTEM

This topic presents basic theory of lead-acid battery,
techniques method for state of charge esumation, and
determunstion  deteriorate of bamery 15 presentad
A conplement of bamery management system by
summary all secuons for bulding battery management
system for PV-hybrid power supply as show in figure 1.2.

Figure 1 shows program for control and calculation.
Figure 2 shows monitoring display section of battery
management system. It compnses of 4 sections. Section 1
will show voltage zraph of battery and load current for
monitoring system. Section 2 will show digital value of
bartery voltage. PV voltage, PV charge cwrent, and DC
generator charge cwrent Section 3 will show graphic
display of SOC bartery. Finally, Section 4 will show alert
system if system is detects malfimctions the operator can
analyze and react to the system on ome.
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Fig 2. Display monitoring of BMS

31 DATA ACQUISITION

All algorithm of the BMS use to and
calculate data as mput mformation. Therefore the
accuracy, the sampling rate and the charscterization of
front end filtering are very important and depend on type
of application.

The commmmicaton between the BMS and other
onboard and off board devices is another important task of
the BMS. Depending on the application different mterface
system for data exchange this paper used Local Area
Network : LAN by NicDAQ-9188 and maodule
NI9225 NI9227 NI9211 and NI9401 is show m figure 3.

Fig 3 Data acquisition block of Coulomb counting method
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parameters is current, voltage and SOC are used to control
the charge and discharge process.

3.3 THERMAL MANAGEMENT

A thermal management is necessary for most high
tasks of the thermal management system are temperamre
equalization of battery and cooling of battery. Therefore
Lquid or air systems are used. For this paper presents
cooling system for battery by air when the battery used at
35°C and stop battery operation when the bartery used at
50°C to extend the life time of battery.

3.4 SAFETY MANAGMENT
The safety management has to protect the battery
against critical operation conditions. For this paper desizn
Safenes are:
-Deep discharge cycle control by stopping battery
operation when battery voltage is 80% DOD.
-Over charge voltage control by conmolling battery
voltage not over 115 percent of rate voltage.

3.5 BATTERY STATE DETERMINATIONS

The battery state is used as an input parameter for
the management and addifionally it is an important
parameter. For SOC deternunation in this paper is using
coulomb counting method Then the result Som the
constructed BMS by coulomb counting method will be
compared with the standard test of battery by MTB-series
modules in RMUTT Laboratory (Figure 4) using lead-
acid bartery 12V, 5.5Ah The discharge cwrreat is 1A The

comparison result is show in Szure 5.
Fig 4 SOC testing system of BMS at RMUTT Lab
o T e S e B L R A e 2
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Fiz 5 SOC compare result MTB with LabVIEW
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From figure 5, the results indicate SOC compared of the
two systems by starting from 100 percent. Coulomb
counting method has 5 percent error companng with

4. CONCLUSIONS

This paper presems real time battery management
system for PV-hybrid power supply by application of
coulomb counfing method, by showinz of proposed
system and method to design.

The desigmed system has a protection system
control system monitoring, and data acquisition of battery
by using LabVIEWE.5 and Nic DAQ-9188 meodule to
inpur parameters for calculation and control.

Estimation state of charge system is used Coulomb
counting method for real time calculation. The method
has verified by testing and comparing with Battery
Testing MTB —senies. Result has emor of both system
estimated 5 percent The operating conditions of the
system will alert when the system detects malfimctions
the operator can analyze and react to the system on time
to make the system more stable and to extend the hfenme
of the battery. Therefore, from the result, the proposed
BMS using Coulomb counting method can be used for
battery management in PV-hybnid system.
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