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1. Solar/Wind Hybrid Electric Conversion Test Equipment

1-1. Introduction
Solar/wind hybrid electric conversion test equipment, KTE-HBS520N, consists of a solar
generator with capacity of 80W, a wind generator with capacity of 60W, and KTE-CP520.
The solar/wind hybrid generators produce electricity needed for the experiment and the electric
conversion test equipment processes the produced electricity into a useful electricity for linking
systems and operation of general loads. Moreover, the electric conversion test equipment uses
an automatic controller to arrange a controller circuit for conducting control test of the
generator system with different capacities.

1-2. Composition of Test Equipment
(1) Compositions of Hybrid System
(2) Solar and Wind Generators

Solar
Modules Solar, wind panel ~ Power conversion section
I
: | i
Y__ v v

Artificial 1 i
ighting

’ ' \
’
v, HE \
/ I \
[ 1 \
[ 1 \
/ i \
! \
Virtual Wind Controller Ventilator Power generation part

[Solar module, artificial lighting, wind generator, virtual wind producer, test components of

Co

KTE-CP520 system]
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2. Characteristics of Hybrid Electric Conversion Test Equipment

2-1. Solar Generator
Solar generator can produce up to 80W of electricity using 4 20W modules. It can generate
electricity indoors as well using an artificial lighting.
(1) Solar Module
It consists of solar cells, the minimum unit of solar cell that converts solar energy to

electrical energy. It produces electricity with solar modules in arrays of parallel or series .

% Specifications
- Max. Power: 20W

) - Max. Power Voltage: 19.5V
- Max. Power Current: 1.26A
Open Circuit Voltage: 23.5V

Short Circuit Current: 1.34A

STC: Insolation 1000W/m”, atmospheric mass
AM1.5, temperature 25C

i
I |-V 3

o
0,004 \\
N

[Diagram 2-1] Solar Module 0,308 ///

0.00

0jav 3.0v 7.8V 117V 156V 195V 23,5V

The solar module consists of solar cells, the minimum unit of solar cell that
converts solar energy to electrical energy. It produces electricity with solar
modules in arrays of parallel or series. This module is used for testing solar

generation with single crystal silicon and has an efficiency of 13.98%.

- Solar generator can be used indoors using artificial lighting. 4 300W lamps that can be

moved back and forth allows experiments with varying insolation.

Geiens



KTEHB520N-AE100

% Specifications

Type: Halogen Lamp
Capacity: 300W

Color Temperature: 2900K
Color Rendition: Ra=100

[Diagram 2-2] Artificial Lighting

It has halogen lamps that can be used in cases where solar light is unavailable. Using the
artificial lighting for solar generation test gives about 11% of electricity generation amount

of that acquired using natural solar light.

2-2. Wind Generator
Wind generator has a capacity of 60W and it uses virtual wind producer, which allows precise
control of wind speed, to test the performance of wind generator.

(1) Wind Generator

% Specification
Rotor Diameter: 510mm
Wind Speed: 2.6m/s
Volatage: DC 12V
Electricity Yield:
Generates 6W/h at 5.25m/s
Generates 25W/h at 9.8m/s
Generates 80W/h at 20.6m/s

[Diagram 2-3] Wind Generator



KTEHB520N-AE100

(2) Virtual Wind Producer

% Specification

Power: Single-phase 220V, 60Hz
Fan Size: 370cm

Electricity Consumption: 400W
- Max. Wind: 6,0600CMH

[Diagram 2-4] Wind Producer

It produces virtual wind for the wind generator to operate and the wind speed can be

controlled with an inverter.

* Specification

Voltage: Single phase, 200 ~ 240VAC = 10%,
Input Frequency: 50 / 60Hz + 5%

1.2KW rated output motor control

Over load Limit:150%rated current for 60 seconds

Output Rated frequency: 1 ~ 400Hz

[Diagram 2-5]
Virtual Wind Controller

(3) Control Panel of the Generating System

It is a control panel for conducting a test with the solar and wind generators. You can wire,
control and test the basing conditions of solar and wind generators such as the parallel/series
output test with solar generation and wind speed test for wind generator.

1) Control Panel

% Specification

- Circuit Breaker: 30A

Push Button: 8EA

Toggle Switch: 1EA

DC Voltameter: 1EA

- DC Ammeter: 1EA

Anemometer: 1EA

Resistor: Variable Resistor (1K€), 100Q(4EA)

[Diagram 2-6] Control Panel

NG
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2) Wind/Temperature Gauge

% Specification
- Measuring Range: Wind speed 0~30m/s, Temeprature

-20~80TC
- Resolution: 0.1m/s, 0.1C
[Diagram 2-7] - Uncertainty: +0.3m/s, £0.4C
Wind/Temperature Gauge _ Unit: m/s, fpom, CF

It measures the wind speed depending on the change in the wind power by the virtual

wind producer and measures temperature necessary for calculating the efficiency of the

solar module.

3) Solar/Wind Output

Lamp & Solar On/Off
Lot

Lanp3
oN R o OFF
BOYs  DOV- oove  pov

Salar power alit! Sokar pawer pit2

e nNL-wAOFF Wind On/off T
- & | i ol Dove DY

i ee

Wire rmm-um:bq

[Diagram 2-8] Output

% Specification
- Solar Output Port: 4EA
- Wind Output Port: 1EA

Output ports of 4 20W solar modules and 60W wind generator are arranged on the

control panel for user to easily conduct tests with parallel/series connections using banana

jack.

2-3. Characteristics of Components of Hybrid Test System
(1) This system is a registered for patent (No. 10-2010-0031281) as complex electric conversion

system for education purposes and it includes the test equipment and procedures for

relevant experiments.

(2) You can use it for electric conversion test so that the new reusable energy -electricity

generated by the solar and wind generator can be used.

(3) You can use it for creating a basic sequence circuit related to solar generation using

electric cells and conducting tests with it.
(4) You can connect it with SQ or PLC equipments to create parallel/series controller circuit,

load electricity input circuit, automatic convertible circuit for electricity cut or discharge,

NCL

and inverter system circuit.
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It is a console type, which is useful for moving experiments.

To reduce circuit breakage time, the wiring of control panel is arranged with round ports
and banana jacks.

You can use the charging controller to safely store and use the electricity generated by
solar and wind generators.
You can convert electricity from solar/wind generator or generally used electricity into AC
power using Stand-alone inverter or Grid Connection inverter.

It can be connected with (KTE-DA100M) monitoring test equipment to conduct a more
efficient solar generation test.

The system is designed to allow performing tests using the generally used electricity,
considering the cases without sun light or wind.

The control system operates at 24V and it has a basic protection system using protective
fuse.

It is designed for easy inspection on internal circuit and maintenance with protection

against heat.
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3. Composition of Hybrid Test Equipment

3-1. Composition of Controller of Test Equipment
The hybrid test equipment consists of generator and controller parts and the solar generator
system can be arranged using banana jacks on the controller. Also, training with solar
generators and relevant sequence exercises can be conducted using the basic sequence cells and
the equipment is designed so that its users can acquire the AC/DC voltage, current, power and
other fundamental information on the system operation. Below diagram shows the composition

of the control panel.

Select

switch ‘Wind power selector Solar power selector Voltage, current, power meter

[P ————

et T
B

1
1
1
1
1
1
1
1
1

Power
N.EB
SQ & PLC Charge Controller Grid Connected Inverters Stand-alone inverter Automatic Transfer Switch
Communication port Battery control part Commercial power input - Load selector

Diagram 3-1 Composition of Control Panel

(1) Power supply, communication port, manual/automatic mode switch
A. Power switch and fuse
* Model: 32GRhe, 1EA

* Voltage: AC 110/220V
*  Minimum cell: 2P2E,

single-phase

* Current: 30A * AC LAMP(1EA):
* Break current: 1.5KA 24V Red Lamp
* Reception current; ¥ FUSE(1EA) : 250V,
30mA 30A
Diagram 3-2 Earth Diagram 3-3 Fuse &
Leakage Breaker Lamp

The ecarth leakage breaker is a switch that controls the main power of the system to protect
electrical overstress. In case of electrical leakage, short circuits, overuse of the equipment or

machinery and other overflow of current that surpasses the rated current, the breaker is

Lo
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turned OFF.
Once you turn the breaker ON, AC Lamp will turn on and in preparation for possible
malfunctioning of the device, the breaker is designed to be supplied with power
through fuse.

B. Communication Port (SQ, PLC, etc.)
You can connect 7000SQ or 7000PLC to ¢SQ or PLC ports to conduct remote control
cable-controlled tests. The SQ and PLLC, connected with the electric conversion test
equipment, have no separate power supplier and operate with the power from the
communication cable. They are used for education on the basic sequence or PLC.

(2) Information Indication

A. Solar/Wind Generator Power Indication

Wind Generctor DT Voltaeter

Diagram 3-5 Solar cell voltage, current indicator, wind

speed/current gauge

It displays the voltage and current values of electricity generated by the solar generator

and that generated by the wind generator.

B. Generated Electricity Indication

Diagram 3-6 Inverter, commercial electricity, battery, main power generation indicator

Geiens ¢
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(a) Battery Voltmeter — Output voltage of battery

(b) Battery Ammeter - Output current of battery

(¢) Grid Frequency meter — Frequency indication

(d) Main Power Voltmeter — Voltage indication of main power

(e) Main Power Ammeter - Current indication of main power

(f) Main Power Watt-Hour meter — Power of main power indication

(8) Import Power Voltmeter — Voltage indication of commercial electricity

(h) Import Power Ammeter — Current indication of commercial electricity

(i) Import Power Watt-Hour meter — Power indication of commercial electricity

(1) Grid Connected Inverter Voltmeter — Voltage indication of Grid Connection inverter

(k) Grid Connected Inverter Ammeter — Current indication of Grid Connection inverter

(1) Grid Connected Inverter Watt-Hour meter — Power indication of Grid Connection

inverter

m) Stand-alone Inverter Voltmeter — Voltage indication of Stand-alone inverter

(n) Stand-alone Inverter Ammeter — Current indication of Stand-alone inverter

(0) Stand-alone Inverter Watt-Hour meter — Power indication of Stand-alone inverter
(3) Composition of the Solar Generator System

A. Solar Generator Output

Solar Generator Output * Toggle Switch(lea) : Power
controller of the solar generator

On -+ S
f:.\' o Q o * [+]Terminal 1EA
‘:2’ . 4 [-]Terminal 1EA
Offe.

Terminal Lamp 1EA

*

*

Diagram 3-7 Power Switch and Output
Terminal of the Solar Generator

The Toggle Switch on Solar Generator Output is used for turning the generator on or

off. When the toggle switch is turned on, 24V signal is produced from the output

terminal and the lamp is turned on. Create circuit by connecting banana jack to S. IN

of charge controller on the output terminal of the Solar Generator Output.

NG
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B. Wind Generator Output

* Toggle Switch(lea) : Power
controller of the wind generator

* [+]Terminal 1EA

* [-]Terminal 1EA

* Terminal Lamp 1EA

Diagram3-8 Power Switch and Output

Terminal of the Wind Generator

C. Charge controller

* Charge Controller
Terminal: Networked with
the internal charge
controller of the system

* Charge Battery Terminal:
12V 2EA  Composes of
parallely connected

capacitors

Diagram3-9 Input and Output Terminal of Charge

controller

(1) Charge Controller: Use banana jacks to connect (+) and (-) outputs with the (+) and (-)
terminals of W.IN on Charge Controller for wind generator and reconnect the outputs to the
(+) and (-) terminals of S.IN on Charge Controller for solar generator. The OUT terminal.

(2) Charge Battery: Connect OUT (+) and (-) terminals of Charge Controller with the IN (+)
and (-) terminals of Charge Battery. The output can be received from the OUT terminal of
Charge Battery.

D. Charge Battery

* [+]Terminal 2EA
* [-]Terminal 2EA
* Terminal Lamp 2EA

Diagram 3-10 Input and Output Terminal of the Charge
Battery

(@Em
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Once you connect the output terminal of Charge controller with the input terminal of
Charge Battery using banana jack, a constant 12V electricity from solar energy is saved in
the battery. Use banana jack to connect output terminal of charge battery with input

terminal of inverter.

E. Import power

* Toggle Switch 1EA
* [+]Terminal 1EA
* [-]Terminal 1EA
* Terminal Lamp 1EA

Diagram 3-11 Power Switch and Output
Terminal of Import Power
In case of bad weather conditions or at nights, when solar generating is unavailable, you
can conduct tests using the general commercial electricity. Connect the output terminal of
import power with the input terminal of ATS using banana jack and turn the switch ON to

use commercial electricity for load test.

F. Grid connected inverter

oled inverter

* [+]Terminal 1EA
* [-]Terminal 1EA
* Terminal Lamp 1EA

Diagram 3-12 Terminals of Grid

Connected Inverter

You can use the terminals, which allows you to grid-connect the battery electricity with

commercial electricity, to supply generated electricity to Korea electric power plant.
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G. Inverter (Conversion from DC to AC)

* DC [+]Terminal 2EA
* DC [-]Terminal 2EA
* AC [+]Terminal 2EA
* AC [-]Terminal 2EA
Terminal Lamp 4EA

*

Diagram 3-13 Inverter Select Terminal

Once you connect the output terminal of Charge Battery with the input terminal of Inverter
using banana jack, 12V DC will be converted into 220V of AC. Connect otuput terminal

of AC220V with input terminal of ATS.

H. Automatic Transfer Switch(ATS)

Automatic Transfer Switch

* [+]Terminal 3EA

.. m , . * [-]Terminal 3EA
* Terminal Lamp 3EA

Diagram 3-14 Inverter of ATS & Input and Output

Terminals of Commercial Electricity

To prepare independent solar generation system, connect output terminal of inverter with
input terminal of ATS using banana jack and create load at output terminal of ATS. If you
are using commercial electricity for the test, connect output terminal of import with input
terminal of import power of ATS using banana jack and create load at otuput terminal of
ATS. On an inverter system, the load operates immediately, but when you are using
commercial eletricity, 30 seconds of time delay occurs. In other words, load arranged at the

input terminal of import power on ATS starts operating after 30 seconds.
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I. Load select

Load Select

* [+]Terminal 3EA
* [-]Terminal 3EA
* Terminal Lamp 3EA

Diagram 3-15 Load Select Terminal

Once you connect 40W load terminal with each of the output terminal of inverter, import
and ATS using banana jacks, and start the system, the connected lamp will start to work.
Since the system uses AC, you must connect them in parallel.

3-2. Composition of Generator of Electric Converter

. Wind Solar
Jointbox Charge Controller Charge Controller Battery

DA-100

Grid Connected Circuit breaker for operating Stand-alone Automatic
Inverters the grid-connected inverter Inverters Transfer Switch

(@Em
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(1) Joint Box

Diagram 3-16 Joint Box

It receives electricity generated from the solar generator (stationary type).

(2) Charge Controller

Diagram 3-17 Charge Controller

It converts the unstable electricity generated from the solar/wind generators to a constant
12V electricity and protects the batterty from over-charging and discharging.

(3) Battery

Diagram 3-18 Battery (12V)

It stores electricity generated from the solar generator in a form of 12V DC. If the input
voltage is unstable, the life of battery will be shortened and may cause problems when

charging, so the charge controller should be used to charge.

(@EM

(4) Stand-alone inverter
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DORROA chali e powes

1

Diagram 3-19 Inverter (500W)

It converts 12V DC to 220V AC. It receives 12V DC from the battery, converts it to AC

and supply it to the load.

(5) Grid-Connected Inverter

Diagram 3-20 Grid-Connected Inverter
(300W)
It converts 12V DC to 220V AC. It communicates to the commercial electricity system to
supply power to the load and supply the left over electricity to the system.
(6) Auto Transfer Switch (ATS)

Diagram 3-21 ATS, Auto Transfer Switch

ATS, Automatic Transfer Switch, secures double or triple power in order to automatically
switch to spare electricity when the main power is cut or the voltage thereof falls below

the standard rate, allowing the user to be supplied with a constant power.

G s
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(7) Load

i8-8 4 & &
22 L

Diagram 3-22 Lamp (40W, 6EA)

6, 40W incandescent lamps for AC220V are used to use used as loads for load testing

with electricity generated.



4. Data Acquisition device between PC and machine

4-1. Install and how to use KTE-DA100

(1) INSTALL USB TO SERIAL

- Communication method is using computer and RS232 protocol for communication.

KTEHB520N-AE100

- If you got a desktop which is connected with Serial Port back. you don't have to install USB To

Serial.

- If you got a desktop which doesn't have notebook or Serial Port, you need to install progress

collecting data using USB Port.

1) Run Windows 7

2) Connect USB MultiPort to your PC’s USB port.

3) Inset media CD(provided with MultiPort) into the CD drive.

4) Click “Hardware and Sound” in “Control Panel”

4
rr[lw ¢ Control Panel »

Adjust your computer's settings

; / Hardware and Sound

Systermn and Security
Bevamw YOUr COm Fm'tq_-r": status
Back up your computer

Find and fix problems

Metwork and Internet
View network status and tasks
Choose homegroup and

PR sannnnny

View devices and printers
Add a device

II!__IIIIIIIIIIIIIIIIIIII‘

Programs
Uninstall a pregram

- | "'“? | | Search Controd Panel

8,

-
v

View by: Category =

User Accounts and

Family Safety

Y Add or remove user
accounts

¥ Set up parental controls for
any user

Appearance and
Personalization

Change the theme

Ehnng: drchnp h.'l.rl-cgmund
Adjust screen resclution

Clock, Language, and
Region

Change keyboards or other
input methods

Change display language

Ease of Access
Let Windows suggest settings
Optimize visual display

for
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5) Following picture depicts Device Manager after carrying out step 4. Click “Device Manager”.

1*2..—..——‘“

| Control Panel » Hardware and 'Sﬁur‘bd 3 FEGFJ'J Cortrol Panel P
= = ’_ —— W =
SOnbion Eane ERCHE ﬂﬁé Devices and Printers SERASSASARAAE M
Sitexst andd Sex iy - Add a device | Addaprinter | Mouse .5' Device Manager .
.-------------'
Network and Intemnet [. é AutaPlay
* ‘Hard S Sound Change defaul'tsettings for medi? or devices
Play CDs or other media automatically
Programs
User Accounts and Family @ 5‘3!“"':' ; ;
Safety Adjust system volume | Change system sounds | Manage audio devices
Appearance and \@ Power Options
Personalizztion . Change power-saving settings Change what the power buttens do
Clock, Language, and Region Require a password when the computer wakes
Ease of Access Change when the computer sleeps | Choose a power plan

Display

Make text and other iterns larger or smaller | Adjust screen resolution
Connect to an external display

How to correct monitor flicker {refresh rate)

E—

6) Right click “USB <-> Serial Cable” in “Device Manager”. Then choose “Update Driver

Software”.

Fle Action View Help
= | T EH HmEl &

4 25 sysbas-PC
i -yM Computer
b g Disk drives
;B Display adapters
b -} DVD/CD-ROM drives
b &5 Human Interface Devices
b g IDE ATA/ATAPL controllers
;-2 Keyboards
b -B Mice and other pointing devices
b-@ Monitors
- Q Network adapters
e TP PP TTTTTTT TN
| [ USB <-> Serial Cable
~ iy USB <-> Serial Cable
[ USB <-> Serial Cable
| % |}y USB <-> Serial Cable
|'.‘ ?&pwmmalmuuuuuu'
b 3 Processors
»-% Sound,video and game controllers
b g System devices
- ¥ Universz| Serial Bus controllers

S .-‘5

(@Em
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7) Click “Browse my computer for driver software”in order to install driver manually.

Software - FT232R USB UART

How do you want to search for driver software?

= Search automatically for updated driver software

Windows will search your computer and the Intemnet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

(A EEEESEEEREEEEEEEEEEEEENENEEREERNENENNENNNENNNSENNNNSRNFY

e DIOWSE My COMmpPuUtler for ariver saltware
Locate and install driver software manually.

P
AaEEEEEE®

s NS S NN N E NI NN EEEEEEEEEEEEEEEEEEEEEsEEnEnmssma®

8) Click “Browse”and set driver software’s location to

[CD]:\Driver\USB\Win2000\,XP,2003,Vista,2008,7".

Software - FT232R USE UART

Browse for driver software on your computer

Search for driver software in this location:
D:\Win2000, XP, 2003, Vista, 7 - Browse...

[¥] Include subfalders

= Let me pick from a list of device drivers on my computer

This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.
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9) Confirm that “USB Serial Converter” is installed normally. Then, right click “USB Serial

Port”’and follow the same process from number 6 again.

A SRREE BRACES anaeos

| ;" 1[jfy USB Serial Port. s
‘. [l USB Serial Por  :Update Driver Software..
+.[Jm USB Serial Por Eujﬂme

- Nl YsBsenalPor S ninstal

b *? Ports (COM & LP|
» |2} Processors Scan for hardware changes

|.> % Sound, video and
f /M System devices Properties
4 i Universal Serial Bus controllers
a Generic USB Hub
@ Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27C8
b H Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27C9
.. @ Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27CA
ﬁ Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27CB
Intel(R) 82801G (ICH7 Family) USB2 Enhanced Host Controller - 27CC
USB Composite Device
USE Composite Device
USB Mass Storage Device
USB Root Hub
USE Root Hub
USE Root Hub
USB Root Hub
38 Ragtbuk . .....
USE Serial Converter ﬂ::
USB Serial Converter B:
USB Serial Converter C:
a USB Senal Converter DE

*
Fpaaaaasasss e Ems

'I-

ia-ﬁi:mi:i:i:iai:i:i:m B

" -I-I-I_—I-I- LR
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10) Following picture depicts “Device Manager’after carrying out all steps. As can be seen, all

“USB Serial Converters” and“USB Serial Ports” are successfully installed.

I;;? Network adapters
4 "% Ports (COM &LPT)
: f? Communications Port (COM1)
T3 ECP.Printer.Part (LPTLL,
= "‘?,‘f USB Serial Port (COM10):
..... "5 USB Serial Port (COM11)
*? USB Serial Port (coma}|

I“ Sound, video and game controllers
> M System devices
4 i Universal Serial Bus controllers
Generic USB Hub

USB Composite Device
USB Mass Storage Device
USB Root Hub

USB Root Hub

USB Root Hub

------ USB Root Hub

9. USBRootHub ...
’ i USB Serial Converter A
- i USB Serial Converter B :
. i USB Serial Converter C

5-'-.- USB Serial Converter D ?

7
¥
r
¥
4
.
.. § USB Composite Device
-9
P
¥
d
v
4

11) “USB Multiport”installation on Window 7 is now finished.

Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27C8
Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27C9
Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27CA
Intel(R) 82801G (ICH7 Family) USB Universal Host Controller - 27CB
Intel(R) 82801G (ICH7 Family) USB2 Enhanced Host Controller - 27CC



(2) KTE-DA100 Installation and Operating

(D KTE-DA100 Installation

i5) KTENG Setup
) setup

) KTENG Setup [P E=TEE )

Welcome to the KTENG Setup Setup Wizard .l

The installer will guide you thraugh the steps required to install KTEMG S etup on pour computer.

WARNIMG: This computer program is protected by copyright law and intemational treaties.
Unauthorized duplication or distribution of this program, or any portion of it, mayp result in severe civil
or criminal penalties, and will be prosecuted to the maximum extent possible under the law.

[ 1 crenG sewp (2] (=) ]
Select Installation Folder ml

The installer will install KTENG Setup to the following Folder.

Toinstall in this folder, click "MNext". Tainstall to a different folder, enter it below or click "Browse".

Folder.

|C:WProgram Files {x86)WKTENG Setupt Browse...

Install KTEMNG Setup for yourself, or for anyone who uses this computer:

@ Everyone

1 Just me

Cancel ] [ < Back I [ MNext »

KTEHB520N-AE100

1) You can see a installation files that in CD

2)

or USB for installation then double click
‘KTENG Setup’ file to start installation. If
the program cannot be installed using

‘KTENG Setup’, try to ‘setup’file.

If you can see a ‘Setup Wizard’ screen,

click the ‘Next>’.

3) You can change a installation route. If

you want to change a installation route,
click the ‘Browse..” and find a new route

then click the ‘Next>’.



75 KTENG Setup

Confirm Installation

The installer is ready to install KTEMG Setup on your computer,

Click "Mext" to start the installation

P8 KTENG Setup

Installing KTENG Setup

ETENG Setup is being installed

Please wait

) KTENG Setup

Installation Complete

ETENG Setup has been successfully installed

Click "Close" to exit

Pleage uze Windows Update to check for any critical updates to the MET Framework.

=Y =)
. Please click the‘Next>’.
Cancel ] [ < Back ] [ Next > J
=] =l &3] 5) Installing a program.
.
< Back Nest >
(=] ol = S
L installation.
Cancel < Back

KTEHB520N-AE100

4) It require to confirm installation intention.

6) Please click the ‘Close’ and complete a



KTEHB520N-AE100

7) Start program by using icon in wallpaper or routing folder then the main page of program come

up.

&) View /4 Seiting

& Control

- - Solar Heat Solar / Wind

KTE-1000BA -
KTE-1000TP -
KTE-2000EP -
KTE-3000HD-H
KTE-3000HD-C
KTE-5000LT
KTE-6000BR
KTE-92000AU
KTE-1000AHU
KTE-2000AHU

Standard Refrigeration Experimental

KTE-7000PVT

KTE-7000SR
KTE-7000SB

KTE-7000GH-C

KTE-7000SG
KTE-7000WG

E
KTE-7000GH-H KTE-7000SH

Solar Radiation Energy

KTE-1000BA . KTE-7000SR . .
Equipment Experimental Equipment
Evaporation Pressure Parallel Solar Heating Hot Water
KTE-2000EP b . . KTE-7000SB Boiler Experimental
Control Experimental Equipment .
Equipment
KTE-2000EV Refrigerant 'Parallel Exp'ansmn KTE-7000PVT PVT Perform.ance Measuring
Valve Experimental Equipment Equipment
KTE-3000HD- 4-Way Reversg Valve Con'trol Heat KTE-7000GH- Geothermal Heat'Pump
H Pump Experimental Equipment H Experimenat! Equipment
(Heating Mode) (Heating Mode)
KTE-3000HD- 4-Way Reversg Valve Con'trol Heat KTE-7000GH- Geothermal Heat'Pump
C Pump Experimental Equipment C Experimenatl Equipment
(Cooling Mode) (Cooling Mode)
KTE=5000LT Bmgry Refrlgere.ltlon KTE-HB520N Hybr|d. Power Con.ver5|on
Experimental Equipment Experimental Equipment
KTE-6000BR Bru.we Refrlgera.Uon KTE=7000SG Solar.Power Gengra‘uon
Experimental Equipment Experimental Equipment
KTE-9000AU Car‘ A|r—Cond|t|.oner KTE-7000WG Wind .Power Genf.eratlon
Experimental Equipment Experimental Equipment
KTE=1000AHU Air-Conditioning Unit Automatic KTE-7000SH Solar-hydrogen Fuel Cell

Control Equipment

Experimental Equipment

KTE-2000AHU

Air Handing Unit Lab-view
Programing Equipment

@%24



@ Main Menu Composition

v

RENEWABLE ENERGY TECHNOLOGY
REFRIGERATION & AIR-CONDITIONING ENERGY SAVING TECHNOLOGY

@) View 7 Setting g Control -

1) View

. o Solar Heat Solar / Wind

KTE-1000BA
KTE-1000TP
KTE-2000EP

KTE-3000HD-H
KTE-3000HD-C

KTE-5000LT

KTE-6000BR
KTE-9000AU
KTE-1000AHU
KTE-2000AHU

KTE-7000GH-C

(Refrigeration 11 species, Solar-Geothermal 5 species,

Solar-Wind energy 4 species)

FH offset setting

2) Setting 3) Control

g Offset setting = PLC emulator
Q. Serial setting @ Digital output
B2 Saveinterval setting {trfq: Temp, Pressure
4

]

Refrigerant setting

KTEHB520N-AE100



(3) Setting

Menu

Explain

KTEHB520N-AE100

Offset Setting

Setting initial pressure, temperature

Serial Setting

Communicating port setting

Save Interval
Setting

Setting data acquisition time interval

PH Offset Setting

Setting range of axis at p—h chart

Refrigerant Setting

Select refrigerants

% Please refer to page 69 for more detail information.

(4) Control

Menu

Explain

PLC emulator

Using PLC control

Digital output

Control a Hardware

Temp, pressure

Control a temperature, pressure




KTEHB520N-AE100

(5) Application of data acquisition equipment(Model : KTE-DA100)
D Selection of Model

1) Wh
Solar Heat Solar / Wind (1) When program

Geothermal Generation started, ‘View’screen is
activated.
KTE-1000BA KTE-7000SR

KTE-1000TP KTE-7000SB (2) Select a model

KTE-2000EP KTE-7000PVT what you want. (Click
KTE-2000EV the KTE-HB520N)

Refrigeration

KTE-3000HD-H

KTE-3000HD-C
KTE-5000LT
KTE-6000BR
KTE-9000AU
KTE-1000AHU
KTE-2000AHU

Mo e Er ~ " (3) Main user interface
e ... == of  KTE-HB520N
i e is activated.

Coefficient of power

The area of one cell
Number of cells

Number of modules

Imsolation

Efficiency of solar cel

U
Power Voltage
Power Current
Radius of rotor
e density
RUN [rep——




1) Composition of main user interface

KTEHB520N-AE100

B \(TE-DALOD - [KTE-HES20]

anﬁ & Setting wcm #WW .

(1) Diagram display area

[i’c’iﬁ' ACPat
W"‘ Gragh

KTE-HB520

Hybrid Power Conversion Expariment lullml]

Power Voltage

Stand alons

Stand alane ¥

Q5o ¥ Discharge v arid connected Main v
Solar A Dischargs A Main A
Selar W Dischargs w Main w T
— . —. T I— The area of one cell
I
Salar Power  Joini Box Charge contraller Grig Connectad Invarter Main pawer raumer of coks
Charge v Import ]
Charge A Impart A Muioer of modules d
Charge w Impart w Insolation
soc e
4 n rry
! o rr v
Battary Stand alens Inverter  ATS Laoa
Wind pawer 0 8 v Stand alone
ind DC A Stand alone A

11) Operating and saving data

M yyr-paloo

@ W View | 4 Setting @ Control 4P Battery 12V -

[KTE-HES20]

Hybrid Power Canveraion Experiment Equipment

J

DCPart| ACPart KrE-wnszo
| Gagh | | Graph
O s v Discharas v arid connseted v
solar A Discharae A Grid connected A
solar W Discharas W arid connsctea w

Solar Powar Joint Box Charge controllar
Charge v

Charge a
Eharas w
soc Ll I

p |

Battery

Poweer Voltage

T
t

and real-time voltage and

current configuration

(2) Voltage, current, power

chart.

(3) Solar cell efficiency,
Wind turbine efficiency,
Stand-alone and grid—conn
ectedinverterinverterefficienc

y calculations

(1) Click a toggle
switch to run program

to save data.



‘mgzozezmm . W

L=

- | ‘,‘ [ SaveData Z4 p |

@‘L » TEE | EE 023 (C) » Program Files (x86) » KTENG Setup » SaveData

— — -
|| *&~ MEGH = @
e o= ° SHB YR e EE]
B cizes 2xme 820 2L
W 5 5E
H =z 4H
FECEEE 3
24
Buge
SR
8%
™ z5E i
g =203
@ EE0230)
B 8D-ROM B ———— !
Tg OJEM): | o |
e S [esTiles o) v]l
@ 20 27)7| | HIE) 3
@ Function for collecting data tools
1 )Tools
B TE-DALOO - [KTE-HB520 | L= B %]
|| @ ]mivien | & sy @ comol 2 Battery 12v - - & x -
s e s S 3
g} (EGaoh Hybrid Fower Conversion Experiment Equipment | | L 8L
° Solar v Discharge v Grid connected v Main v i i
Solar a Discharge a Grid connected A Main A | |Cell Surface temp
Solar w Discharge Grid connected w llln w Lol
— . —. 1_ T‘ The area of one cel
Solar Power  Joini Box Charge l-mlgll—' Grid Connectad invarter Main power Pasmber of colls
Charge L AImpaort v
Charge A impart A Pummber of modules =
Charge w impart w Insolation
soc w1,
Efficiency of solar cell
sattary

FRITRRM00C ML)

@ WV g @ Convel & Bamy 12V +

|
e
x Ik

wing wewss %4 08 v
wisa oe 4
wisd oe w

Crens

KTE-HRis8
HyBiid Pamas Canveraian Rigarimani Bauigmani
- HENN
2 ug Satar ¥ Discharge ¥ Grig connested ¥ Main v
X ogND iRl Balar L) Dischargs a a waim A
ot saiar W Disshargs w w Main w
5 I
Balai Pawed  JEIR) Do Chargs senlielied Grid Cannenisd nvaris Main i
i ¥ impart ¥
A import A
w Impary w
* B
i ‘ Fry
-
Haiinry Bisnd sisns invarier  ATH 'I.!l-'

Siand alone ¥
Siand alons a
Biand alons w

Pt Curt |
Lol Surface Temp

-MM. el'n'u-
The aewa of one ool

i S B
o Vit age

KTEHB520N-AE100

(2) Write a title and

save a file by excel.

(1) Click
& in Tools

(2) When you click (R) for
before size, the window is

activated for moving

N KTE-DAL0O0 - [KTE-HB520]

& W) View P Setting &<
F o= == ] L_
- =
O = B
b S (] Ctrl+Fa4
CrEm Ctrl+F&
T



B KTE-DA00

| Wview seting @ Contol 42 Battery 12V v

KTE-HBS20

HyBria Power Conversion Expariment Equipment

]

Wing mawer Hind 08 b
Wing 06 A
wing 0C w

Stand alone inverter  ATS 'Lu'ld'
Stand slone
Stand alone A
Stand atone w

v
A | |oel Surface temp
w

Pawer Current

Coefficient of power
The area of one cell
Number of cells
Number of modules
Insolation
Efficiency of solar cell
I
Pawer Voltage
Pawer Current
Radius of rotor

Air desity
wind velocity
Efficiency of Wind

Input DC YV
Input OC A

I T DALOD - [KTE-18520]

@ fWiven| 7 setng Gonml o patey 127 -
=

’T}C_ ‘ ACRat KTE-HBS20
) [ Hybrig Power Converaion Expariment Equipment | | | UERAT S
Power Current
Discharge ¥ Grid conn v Main v
Discharge A Grid conn A Main A | |cel Surfae temp
Discharge W Grid connected w ‘lln w [ Costbcent of power
Iw"l: The area of ane cell
Solar Pawer  Joint Bax Chargs contraller Grig Connactad Inverter Main power e of cole
Charge v imgort v
Charge A impart A Number af modes =
Eharge w Impart w rdlation
LI L
3 ﬂ rry Efficiency of solar cell
S T | m——
Battsry Stand alone Invarter  ATS Loas
LL] [Powier Voltage
[Power Current
Radius of rotor
~ | Air density i
| |Wind velocity
Efficency of wind
| [Input DC ¥
| nputoca
‘ (Output AC Y -

Joint Box C
cha

,, Wine oo v
Wina 06 A

wing bC w

import

. ‘ rry
e lEl, vy

A
Stand alane w

O1BM) KTE-HB520
271 259 Hybrid Power Canversion Experiment Equisment
far v Discharge v Grid connected v v
lar A Disel A A
LA W Discharge w w
- .
|
Solar Power Main power

Power Voltage
[Power Current
Cell Surface temp

Coefficient of power

The area of ane cell

Number of cells
Number of modules

Efficiency of solar cell

[Power Valtage
Power Current

[Radius of rotor 4

Stand slone V.

Insolation =

30

KTEHB520N-AE100

the

(3) Click that button,

window is bigger.

(4 )E Click

(5)

minimum(N),

When  click  the

indicate

bottom of the left side.

™ KTE-DAL100 - [KTE-HB520]

@ ) View G Setfing & C

& oE SF=Em

Ctrl+Fa

Ctrl+F&




KTEHB520N-AE100

T ~ (6) When click whole

Ve ey (@ Comed

’ 3 ; monitor, it is returned.
RENEWABLE ENERGY TECHNOLOGY

REFRIGERATION & AIR-CONDITIONING ENERGY SAVING TECHNOLOGY




iii) Setting
D Serial setting

M \TE-DA100 - [KTL-HB520]
B W View | 4 Seting | Control 4§ Battery 12V =

KTEHB520N-AE100

(1) Click Setting

O sornr v

Disenarae
Solar A Dischargs
Solar w Discharge

KTE-HB520
Hybria Power Gonversion Experimant Equipment

Main v
Main A
Main w

Salar Powsr Jeint Bax Charge contralier
Charge v

Gharge -
Charge w
soc %

i

Main power

|m e DAIDD

Pawer Voltage

e

‘ ) View |4 Seting| © Control 2 Battery 12V ~

@ secial setting

VE INTEnval Seng

Solar Power  Jaint Box Charge coniralier
Charge v

Gharge A
Charge w
soc % L.
Battery
Wind Power Nina B ¥

?&,ﬁ & PH offset setting KTE-HB520
1 id Po e d Equipment
1@ selgeant setng Hybrid Power Conversion Experiment Equipm
° selar v Disenarge v Grig eennected v Main ¥
Solar A Discharge A Grid connected A Main A
Solar W Discharge W Grid connected w Main w
Main power

Grid Connected inverter|
Import v

import A
import w

n rey

ATS 'Lo'nﬂ'

Stand alone inverter

Stand alone v
Stand alone a

fficiency of solar o 3 1l
Power Voltage

¢ Setting |

(2) Click Serial setting

RUN

]‘ Input OC A

Input DC Y

#Chcking port No is on Page 1-1 use to serial installation

& PH offset setting
Refrigerant setting

Power Current

cell Surface temp ™ KTE-DA100 - [KTE-HB520]

m“"":’: & [@) View | 7 setting| & Control @ |
area of one

Number of cells ﬁ Offset setting =

amber of modules I “pcpar || @ Serial setting

Mschaion - Graph || @ Save interval sefting

Efficiency of solar cell R

Solar

Zalar

3)

COM No is changed
depend on port location.
choose COM No and
Click OK



KTEHB520N-AE100

ii) View
e R R T =" (1) Click the view in
s I e e )| R | TOOIS
0 sonr v Discharge ¥ Grid connacted v Main o | el
Main A | |Ccell Surface temp

Coefficient of power

l The area of one cel
Main pawar Number of cells
Number of modules

Insolation
rray Efficiency of solar cs

| Bperitenn
Power Yoltage

Power Current

Radius of rotor

Al density

wiind velocity

Efficiency of Wind
The efficency of Stand alone iwerter
‘% Input DC ¥
Input DC A
o |fowdat | putput ac v

(2)
Solar Heat Solar / Wind
Refrigeration | Geothermal Generation When you click the

view and click Model

KTE-1000BA KTE-7000SR .

name then it goes to
JELONE KIEZS00Sh main  screen and it
KIES2000£8 LAMEALLLAAY indicates program screen

which is connected with

KTE-3000HD-H real equipments

KTE-3000HD-C




@ Offset setting

R (TE-DAL0D - [KTE-HES520]

@R g @ Covol [ sy 0 -]

’Tx_m‘ Ackar
0 sonr ¥ Discharge
Solar L Discharge
Solar w Discharge

Solar Power Joint Bax Charge controller
Charge v

Charge )
Charge w
soc e
" ]
Batiery
Wind Pewer Mind o i
Wing OC Iy
Wind OC

KTE-HB520
Hybrid Power Converalon Expariment Equipment
V¥ Grid connected v Main L
A Grid connected A Main A
W arid connected w Main w
Grld Connactad Invarter, Main powsr
Import v
Impart A
Import L

ﬂ—ﬂ/—"'

Stand alone Inverter  ATS 'Lu.-l'
Stand alone v
Stand alene a
Stand alone w

Power Voltage

B ((TF-DALO0 - [KTT- #8570
@)W View | Setting |G Control P Battery 12V~

'
LR
x

PCTI‘!‘ ACParT KTE-HDS20
o [roh Hybrid Powsr Converaion Expeciment Eaulpment
°u|.- v Discharge v @rid connactad v Main v
Solar L) Discharge A Grid connected L Main A
) Solar W Dischargs W @rid connected w Main w
Solar Power Joint Box Charge controlier Grid Connacted invarter Main power

Charge v mport v

Charge a Impart A

Charge w Import w

soc % L.
] rry
Battary stana Ly

Stand al
Stang a
Stand al

.

[

| M KTE DALOD

‘ ) View |jpsetting| Q) Conrol 4 satey 12V

Q.  serial setting

= e TETVaT Vg
h':} PH offset setting
| B Refigerant setting

Discharge
Discharge
Discharge

KTE-HBS20
Hybrid Powsr Gonversion Experiment Equipment

v Grid connected v Main v

Battery
Wind Powar oo ¥
Wind DC A

Wind bE w

Main power
rry
ry
Stand aione inverter  ATS Loas
Stand alone v
Stand alone A

Power Valtage

KTEHB520N-AE100

(1) Click 12V Setting in
Tools(Battery)

& Battery 12V ~

(2) Click Setting in Tools

4 setng|

(3) Click Offset Setting

™ KTE-DAL00 - [KTE-HB520]

& (@ View | setting| & Control g B

THHEHHE
R

Stand alone ¥

B Offset ssiting -
DC Part & Serial setting
Graph || @@ Save interval sefting
#  PH offset setting
Refrigerant setting
Solar
Ry Snlar



KTEHB520N-AE100

Offset setting - (4) Voltage Offset

| Temp Offset Zero [Volmge {}ffset zero || Temp's Parameter | votage's Parameter | |

—  Zero is a part of can

control voltage

)

\.

: You can control

Qe

using direction key

Offset | 0.0 Offset 0.0 Offset | 0.0 Offset | 0.0 Offset 0.0 .
counter L counter counter L counter | counter el B It 1S

indication for voltage

m m | figure

Offset I Offset 0 U Offset Offset | 0.0

" counter | L counter . counter | L counter | i J Clle the application
R o U .
then click the Close for
EEE N EEDC D
& | | =dedalal (V) W [|E====®| - applying the figure
Start saving r Reset J (Appliance] r Close j
Offset setting - (5) Voltage‘s Parameter
[ Temp Offset Zero 1l Voltage Offset Zero I Temp's Parameter ][ Voltage's Pm!eterl_ . .
= — = - has a function which
v = [125]8] x + 1258 ]| ¥ =[] x +12f8] v = 125F8] x+[12sfR]| v = [12fE] % +[12f] can input the figure for
) Press @ Voltage ) Press @ Voltage () Press @ Voltage () Press @ Voltage Changing input ﬁgure
b
Vols Volg Vol7 Volg .
Y n hoosin,
Y = (125 X +-—125Ei] A=l 12! X+ -1.2!Ei] Y- =125 X+ —125[:] i X+ -1.2!E:] ou ca Set as choos g
") Press @ Vaoltage ) Press @ Volage ) Press @ Voltage ) Press @ Voltage VOltage.
Vo val1o [VolT voli2 Voll, Vol3, Vol5, Vol7,
v = [12558] x +[-125f8]| v = [ % +[12FE | v = (1258 x + 12| v =[] x + 12
Vol9, Volll, Voll3
) Press @ Voltage () Press @ Volage ) press @ Voltage ) Press @ Voltage ’ ’ ’
Voll5 must enter a
Voll3 Voli4 Volis Volle
v = [125F8] x +[-125f]| v = [128] x +[12Fed | v = [125fed x + 25| v =[12fd] x +[1 28] value of “Y=125x-125"
) Press @ Voltage () Press @ Volage ) press @ Voltage ) Press @ Voltage

Start saving ( Reset j[Appﬁancej( Close j

Offset setting - (6) VOIZ, V014, V016,

[ 1f 1f : :

Temp Offset Zero Vo@ge Offset Zero || Temp's Pamrns_:_t_er ]E Voltage's Parameter |_ VOIS, VOHO, V0112,
Voli Vol2 Vo3 Vol

v = 12508 x +-125f8] v = [1.2f8] x +[ 128 ¥ - [125f8] x +[125pe] v - [12 ] x + 128 Voll4, Voll6 must enter
() Press @ Voltage () Press @ Voltage () Press @ Volcage () Press @ Voltage a value of

[ Vol . Vole Vol7 Volg “Yzl 25X-1 25”

v =[125]8 x +|-125F8] |y = [1. 28] x +[ 128l v = 12508 x +[-125F8d || = [12 8] x +[12fed
) Press @ Volage ) Press @ Voltage ) Press @ Volage ) Press @ Voltage

Vo [Voro Volt1 Vo2 ]

Y=.125E:] X+—125E:] Y = I.ZEE:] X+—1.2!. Y= 125E:] X+ -IZSE:] = l.ZfE:] X+—1.2!E:]
) Press @ Volage ) Press @ Volage ) Press @ Volage ) Press @ Voltage

vol13 [voia Volt5 Volls

v = (1258 x +|125F8] |y = [1.28] x +[12F8f v =[125f8] x +[125F8] || = [12Fe] x +[ 125
(C) Press @ Voftage () Press @ Volage ) Press @ Volage ) Press @ Voltage

Start saving ( Reset j[Appﬁance]( Close ]

CKTENG 35



Offset setting

™

I Temp Offset Zero ]r[ Voltage Offset Zero ]r[ Temp's Parameter HW&W-‘

Voli

Vol2

Vol3 Vold

Y = [125f8] x +[125p8] | v - [1.2fed] x +[-1.2F8] | v - [125[8] x +-125f8] | ¥ - [1.2f8] x +[-1.2f8]

() Press

@ Voftage

() Press

@ Voltage

() Press @ Volcage () Press @ Voltage

Vols

Vola

Vol7 Volg

e '12553 X +;—125EE = 1.2!@ X +.—1.2!E3 = 125EE X +=—IZSE} o= EI.ZEEE X +:—1.2!E

) Press

@ Voltage

) Press

@ Voltage

) Press @ Volage () Press @ Voltage

Volg

Voli0

Voli1 Vol12

Y= ;125@ X +5—125E Y= 1.255} X +1—1.2!E Y= 125@ X +:—125E Y= :I.EEE X +:—1.2!E]

) Press

@ Voltage

() Press

@ Voltage

) Press @ Volage ) Press @ Voltage

Vol13

Voli4

Volis Volie

¥ = [125[8 x +|-12558] || v = [1.2 x +[ 12| v = [125fd x +[125f8d | v = [12Fed x +[ 128

) Press

Start saving ]

@ Vofage

() Press

@ Voltage

() Press @ Volcage ) Press @ Voltage

[Ap plian ce]

W 2227 =
PRLES
L e
R

=EVERE]
EEY
Buoge
B A4

2or

™ nzE
E=zo2a©
s BEELEE D)
B 8D-ROM CEtO] ~

cloj=aie|

PECE ]

HEYS

MNAE 2T

” njjoje

LEEE

B mzzom
“ 2 =g

Administrator
A&E ED

me =5

| SIEEIEEN
o

T2 OJS(N): | Offset Setting|

T TAIM): | esv files (tesv)

& =20 =712

e ]

Offset setting L
[ Temp Offset Zero [ Voltage Offset Zero [ Temp's Parameter ] Voltage's F 3,
Volt Vol2 Vol3 VoK

v=[125[8] x +]-125[8] v=128] x+-12f8] v=l125f8] x+[125[8] v=r2fe] x+-1.2f]

) Press @ Voltage

) Press

@ Voltage

) Press @ Volage ) Press @ Voltage

Vols

Vols.

Volz volg

= IZSEE X +:—125EE o= 1.2!@ X+ —l.ZIEH M= 125[3 X+--1255§ = l.Z!EE X +:—1.2!§

() Press @ Voltage

) Press

@ Voltage

() Press @ Voltage () Press @ Voltage

Volo

Vol10

Voll1 Voli2

v =[125fed x +[125fed || v = 120 o 1.2fe] | v = [125f8d x o] 125 || v = [1.20hed % +]1.2fd

) Press

@ Volage

) Press

@ Vokage

) Press @ Volage ) Prass @ Voltage

Vol13

Voli4

Voli5 Voli6

¥ = 125 x +[-a2sfd] | v = (12 %+ 12| v =125f8] x +[-1ashe] | v = (12 x + 28]

) Press @ Voltage

Start saving

@ Press

@ Voltage

() Press @ Voltage ) Press @ Voltage

(ot ) ()| om )]

36

KTEHB520N-AE100

(7) Click“Appliance" and
click "Start Saving" for
Application.

(8) Click Start Saving
the file

entered in the left side

Save name

of the screen

(9) Start saving set
figure and Click "Close"

on the left screen



@ Efficiency of solar cell

setting

(T DAL - [KTT-446520]

@ W 4 Seting @ Control o Battery 12V =

|'ucvn1 ACPat KTE-HB520
Soiv) Coh Hybrid Power Conversion Experiment Eauipment
\Power Current
O sorar v Discharge ¥ Grid connecied v Main
Sotar A Discharoe A Grig connected A main a [[[ce surface temp
- s rid conns Main
Sola w Discharge w Grid eo cted w il w Coefficient of power
T r The area of one coll
Box Charge caniraller Gria o Main powar [Puber of colls
Charge v import
Charge A Import " [Number of modules
charge w imoort w P
soc =l
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® Calculation

Effici £ Solar Cell = (OutputModules “V*'x “I”") + [(Surface Temperature— 25) x Output Temperature Coefficient] X 100%
laency ob solar el = The area of One Cell(m) x Number of Cells(ea) x Number ofModules(ea) x Insolation ¢

(Output Wind Power “V*x “T”)
( 7 x Radius of Rotor?) x Wind Velocity® x Air Density

Efficiency of Wind Generator=2 x % 100%
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5. Operating circuit construction and commissioning of equipment

) 1. Experiment with the output voltage and current measurements of so Class
Experiment . - . time(hr)
name lar modules and calculate the efficiency of modules according to their 1
oad resistance changes 8
(D Measuring the output voltage and current of a solar module
Obiect @ Describing the output characeristics of the solar module according to the load
ec
: change
@ Calculating the efficiency of a solar module

Experiment equipment Tool & material Spec of tools Q'nty

* Driver * #2x 6% 175mm 1

+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1

(KTE-HB520N) + Wire stripper » 0.5~6mm 1
+ Hook meter * 300A 600V 1/Group

Control Circuit

Artificial light source

f A:] Electric airrent

("u?‘ Voltage

YWariable resistor

1) Circuit configuration
(1) The circuit diagrams are connected with the wiring diagram above.
(2) The load department can regulate consumption power through resistance control.
2) Experimental method
(1) Power up the artificial light source and illuminate the solar module horizontally with the
artificial light source at regular intervals.
(2) Switch on the artificial light source.
(3) Gradually change the resistance from load O through the variation of resistance to measure the

changed voltage and current and calculate the power.

@%41
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3. Measurement experiment
(1) Measure voltage V, current I (A) values below and Calculate the power and resistance values
in the table

num

ber

I(A)

R(Q)

P(W)

(2) Draw a voltage (V) curve.

Voltage

35

30

25

20

15

10

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

number of times
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(3) Draw current (I) curve.

electric current

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

number of times

(4) Draw a curve of power (W).

electric power
15

1z

0 1 2 3 4 5 6 7 8 9 10 11 1z 13 14

number of times
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(5) Measure the W/m* values per cell

- Since the method of power conversion per unit of measured value is the reference value of]
measurement using a pyranometer, the measured value is the horizontal * vertical (Im *1m),
and the measured value is the same as the measured value below.

1) Measured value of pyranometer:lm*Im = Converted value : Actual horizontal length *
Actual vertical length

2) When all of the values converted into each cell are combined, it is possible to calculate the
energy employed in a module using the artificial sun.

3) Convert the energy employed in a module to power(Z, )

eq. B, = Converted value( W/m?) * horizontal cell length * vertical cell length

(6) Calculation of efficiency of solar module using artificial solar lighting.

1) Select the maximum output power value from the power curve above (4).

2) The efficiency of the module shall be compliant with the following standards : However,
because it is an experiment using artificial sun, not natural sun, 1000 standard is
omitted.(Since the energy content of the spectrum for solar cell generation is different from
that of the natural and artificial sunlight, corrections using the simple solar irradiance are not
accurate. However, if an experiment was conducted using natural sunlight, it should be
corrected to the reference value of 1000.) Measure the surface temperature of the following
solar module and adjust the maximum output power value by reflecting the module's
temperature coefficient (at 25 C).(P,.y)

eq. Maximum output power - {(current temperature - 25 C) x Power temperature coefficient}

= Corrected maximum output power (£, ,,)

3) Calculate the efficiency of solar cells

P
eq. Solar Cell Ef ficiency = ———x100(%)

input

@%44
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4. Electrical Characteristics of solar cell module

Electrical Specifications

Rated Power( wp) S WEIN)
Max. Power Voltagevmp) #3Y" (1) Rated output (Wp)
Max. Power Current(mp) 784A (2) Max. Power Voltage(Vmp)
Open Circuit Voltage(voc) Y (3) Max. Power Current(Imp)
Short Circuit Currentase) %424 (4) Open Circuit Voltage(Voc)
Coefficient (5) Short Circuit Current(Isc)
-0.40540.05%/°C

The coefficient of power
The coefficient of voltage

The coefficient of current
*STC (1000W/m?, AM: 1.5, 25 °C)

-0.312£0.015%/ "C

+0.075£0.015%/°C

(6) The coefficient of power
(7) The coefficient of voltage

(8) The coefficient of current

Product Specifications
Dimensions

Solar Cells

Maximum System voltage

5. Calculation of Power Generation using Temperature Characteristics of Solar Cell Module

Electrical Specifications

1642 X 979 X 38 mm

60 Cell, 156mm x 156mm,
6 % 10 matrix connected in series

Rated Power( wp) 230 W(£3%)

Max. Power Voltage(vmp) 293V

Max. Power Current(imp) 7.84 A

Open Circuit Voltage(voc) 37Tav

Short Circuit Currentase) 8.42 A
Coefficient

-0.40510.05%/C

The coefficient of power

The coefficient of voltage -0.312£0.015%/ °C

The coefficient of current +0.075£0.015%/°C

*STC (L000W/m?, AM: 1.5, 25 °C)

Product Specifications

Dimensions 1642 X 979 X 38 mm
60 Cell, 156mm x 156mm,

Solar Cells ; Ean
6 % 10 matrix connected in series

Maximum System voltage 1000 VDC

* Irradiation 1KW/nv,

Room temperature. 25C Standar

1000 VDC

(1) Module Output by Temperature Change
- Where the cell surface temperature is 25°C,
the output value is 29.3V, 7.84A 230W
ex) Calculation method of voltage and power
generation, when the cell surface
temperature is 20°C
1) Vmp + {(Current Temperature-25 °C) x
Voltage Temperature Coefficient}
= Output Voltage
a. 29.3V+{((20°C)- 25°C)) x-0.312}
=293 + 1.56= 30.86V
2) Wp + {(Current Temperature-25 °C) x
Voltage Temperature Coefficient}
= QOutput Power
a. 29.3V*7.84A + (((20°C) - 25°C)x
(-0.405))) = 229.71W + 2.025W

= 231.735W estimated

G
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6.

Connection wiring diagram

Main power

Lamp & Solar On/Off

~
AN

A

Wind On/Off

D] ( (
/ (RN

Anemometer

- Requirements

1. Prepare and inspect laboratory apparatus and tools.
2. Construct and operate a solar module efficiency circuit using experimental equipment and tools.
3. Measure the output voltage of the solar module and draw a graph.
4. Measure the output current of the solar module and draw a graph.
5. Calculate the resistance and power values using the voltage and current values of the solar module.
6. Measure and calculate using a pyranometer
7. Calculate the efficiency of solar modules.
Evaluation Item Allot | Obtain Remark
Prepare the Solar Module Efficiency 0
Experiment
Item point Voltage measurement and graphing 20
< (80) .
f-‘c_’ Current measurement and graphing 20
2
g' Calculation of Efficiency of Solar Module 20
g Work point Work attitude and safety 10
&2,
(10) Use, arrange, and dispose of materials tools 10
Time point o ' Item | Work | Time | Total
(10) Subtract () pointin every ( ) minute excess

(@%46
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Experiment 2. An Experiment to Measure the Output Voltage and Current of] tii:j\(s;r)
name solar Module According to Change in Solar Radiation 3
@D Measuring the output voltage and current of a solar module
@ Describing the output characeristics of the solar module according to the load
Object change
(® Describe the output characteristics of solar module according to the angle of]
incidence
Experiment equipment Tool & material Spec of tools Q'nty
« Driver « #2x 6% 175mm 1
- Hybrid Power Conversion Experiment Equipment | - Nipper + 150mm 1
(KTE-HB520N) « Wire stripper « 0.5~6mm’ 1
« Hook meter + 300A 600V 1/Group

Control Circuit

Artificial light source

1) Circuit configuration
(1) The circuit diagrams are connected with the wiring diagram above.
(2) The load department can regulate consumption power through resistance control.
2) Experimental method
(1) Power up the artificial light source and illuminate the solar module horizontally with the
artificial light source at regular intervals.
(2) Switch on the artificial light source.
(3) Gradually change the resistance from load O through the variation of resistance to measure the

changed voltage and current and calculate the power.

[A:} Electric aarrent

(‘Fhfj; Wioltage

Aolar oell

Wariable resistor

e
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3. Measurement experiment

(1) Measure voltage V, current I (A) values below and Calculate the power and resistance values

in the table

distan

ce

v

I(A)

R(Q)

P(W)

(2) Draw a voltage (V) curve.

Voltage

30

25

20

15

10

5

distance
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(3) Draw current (I) curve.

Electric current
1.5
1
0.5
0
0 1 2 3 4 5 6
distance
(4) Draw a curve of power (W).
Electric power
20
15
10
5
0
0 1 2 3 4 5 6
distance
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(5) Draw a V-I curve.

Volatage

35

30

25

20

15

10

0 0.1 0.2 0.3 0.4 0.5

0.6

0.7

Electric current

+ Requirements

0.8

0.9 1

1. Prepare and inspect laboratory apparatus and tools.
2. Construct and operate a solar module efficiency circuit using experimental equipment and tools.
3. Measure the voltage (V) and draw a graph according to the angular changes in the solar module.
4. Measure the current (A) and draw a graph according to the angular changes of the solar module.
5. Calculate the power value using the voltage and current values of the solar module.
6. Explain the power generation according to the incidence of solar modules.
Evaluation Item Allot | Obtain Remarks
Prepare the Solar Module Characteristics 0
Experiment
Item point Voltage measurement and graphing 20
é (80) Current measurement and graphing 20
%‘ Graph construction based on power value 0
; calculation
%. Work point Work attitude and safety 5
(10) Use, arrange, and dispose of materials tools 5
Time point o . Item | Work | Time | Total
(10) Subtract () pointin every () minute excess

G
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) 3. An Experiment to Measure the Output Voltage and Current of] Class
EX?E:T::em Solar Module According to the Direct and Parallel Connections of al__time(hr)
Module 8
(D Measure the output voltage, current, of the solar module
Object (@ Describe the output characteristics of solar module according to the load change

@ Describe the output characteristics of solar modules according to serial and paralle

1 connections of modules

Experiment equipment Tool & material Spec of tools Q'nty
* Driver « #2x 6x 175mm 1
+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1
(KTE-HB520N) + Wire stripper » 0.5~6mm 1
+ Hook meter - 300A 600V 1/Group

Control Circuit

solar cell 1 solar c2ll 2 solar cell 3 solar o2ll 4

ff) Voltage

E”E Electric aarrent

Yariable
resistance

1) Circuit configuration

(1) The circuit diagrams are

connected with the wiring diagram above.

(2) The load department can regulate consumption power through resistance control.

2) Experimental method

(1) Power up the artificial light source and illuminate the solar module horizontally with the

artificial light source at regular intervals.

(2) Switch on the artificial light source.

(3) Gradually change the resistance from load 0 through the variation of resistance to measure the

changed voltage and current and calculate the power.

G 5
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3. Experiment with measurement after connecting sunlight modules in series
(1) Measure voltage V, current I (A) values below and Calculate the power and resistance values
in the table

num

ber

I(A)

R(Q)

P(W)

(2) Draw a voltage (V) curve.

Voltage
120

110

100

5

&

3

a

g

g

10

o 1 2 3 4 5 a1 7 a8 9 10 11 12 13 14

number of times
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(3) Draw current (I) curve.

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Electric current

5 6 7 8 9 10 11 12 13 14

number of times

(4) Draw a curve of power (W).

15

1z

Electric power

5 6 7 8 9 10 11 1z 13 14

number of times
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4. Experiment with solar module after connecting them in parallel

- Circuit diagram

aolar cell 1 solar cell 2 solar cell 3 solar cell 4

@ Eleciric

Currett

§ Variable
resistance

(1) Mark in the table below the measured voltage V, current I (A) value and calculate the power

and resistance

num

ber

I(A)

R(®Q)

P(W)




KTEHB520N-AE100

(2) Draw a voltage (V) curve.

Volatage
0

35

30

25

20

15

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

number of times

(3) Draw current (I) curve.

Electric current

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

number of times
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(4) Draw and compare series and parallel connecting power (W) curves.

Electric power
1z
=
&
3
o
o 1 e 3 a = & 7 a8 9 10 11 1z 13 14
number of times

* Requirements

1. Prepare and inspect laboratory apparatus and tools.

3. Measure the voltage (V) and current (A) after connecting the solar module in series and draw a gr

aph.

aph.

f the series and parallel connections.

Construct and operate a solar module efficiency circuit using experimental equipment and tools.

After connecting the solar module in parallel, measure the voltage (V), current (A), and draw a gr
Using the voltage and current values of the solar module, compare and explain the power values o

Explain the power generation resulting from the direct and parallel connection of solar modules

Remarks

Evaluation Item Allot | Obtain
Prepare the Solar Module Characteristics -0
Experiment
< Item point Voltage measurement and graphing 20
%j (80 point) Current measurement and graphing 20
g' Graph construction based on power value 0
g calculation
2 Work attitude and safety 5

Work point
(10 point) | Use, arrange, and dispose of materials tools | 5

Time point

(10 point) Subtract () pointin every () minute excess

Item

Work | Time | Total

G



KTEHB520N-AE100

) 4. Experiment on the output voltage and current measurement of solar Class
EX?E:T::em module according to shade when a module is connected directly or in|__time(hr)
parallel 8
(D Measure the output voltage, current, of the solar module
Object (@ Describe the output characteristics of solar module according to the load change

@ Describe shadow characteristics of solar module according to serial and parallel c

onnections of module

Experiment equipment

Tool & material

Spec of tools Q'nty

* Hybrid Power Conversion Experiment Equipment

(KTE-HB520N)

* Driver
* Nipper
+ Wire stripper

- Hook meter

< #2x 6x 175mm 1
+ 150mm 1
- 0.5~6mr 1

- 300A 600V 1/Group

Control Circuit

solar cell 1 solar c2ll 2 solar cell 3 solar o2ll 4

ff) Voltaze

E”E Electric aarrent

Yariable
resistance

1) Circuit configuration

(1) Connect the solar module

(2) The load is controlled by varying resistance.

2) Experimental method

(1) Power up the artificial light source and shine the solar module horizontally.
(2) Connect the solar modules in series to conduct an experiment by shading them in order.

(3) Connect the solar modules in parallel to each other to shade them in order.

in series or in parallel.
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3. Experiment with measurement after connecting sunlight modules in series
(1) Mark in the table the measured voltage V, current I (A) and calculate the power and resistance.
shading
0 1 2 3

count

\Y

I(A)

R(®)

P(W)

(2) Draw a voltage (V) curve.
Voltage
120
110
100
90
80
0
a0
50
40
30
20
10
0
o 1 2 3 4
Shade count
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(3) Draw current (I) curve.

Electric current

o9

0.8

o7

0.6

05

0.4

03

0.2

01

0 1 2 3 4

Shade count

(4) Draw a curve of power (W).

Electric power

15

1z

0 1 2 3 4

Shade count
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4. Experiment with solar module after connecting them in parallel

solar cell 1 solar cell 2 solar cell 3 scolar cell 4

@ Eleciric

Clurrent

YWariable
resistance

(1) Mark in the table the measured voltage V, current I (A) and calculate the power and resistance.

num

ber

1(A)

R(Q)

P(W)
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(2) Draw a voltage (V) curve.

Voltage

35

30

25

20

15

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

number of times

(3) Draw an electric current (I) curve.

Electric current

o9

0.8

0.7

06

05

0.4

0.3

0.2

01

0 1 2 3 4

Shade count
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(4) Compare the series and parallel connection power (W) curves.

Electric power

15

1z

o 1 2 = 4
Shade count

- Requirements

1. Prepare and inspect laboratory apparatus and tools.

2. Construct and operate a solar module efficiency circuit using experimental equipment and tools.

3. Measure the voltage (V) and current (A) after connecting the solar module in series and draw a
graph.

4. After connecting the solar module in parallel, measure the voltage (V), current (A), and draw a
graph.

5. Using the voltage and current values of the solar module, compare and explain the power values
of the series and parallel connections.

6. Explain the power generation resulting from the direct and parallel connection of solar modules

Evaluation Item Allot |Obtain Remarks
Prepare the Solar Module Characteristics 0
Experiment
< Item point Voltage measurement and graphing 20
o .
§ (80 point) Current measurement and graphing 20
= Graph construction based on power value 20
g calculation
@ . Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5
Time point Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point) P Yy
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Class
Experiment 5. An Experiment to Measure the Efficiency of Wind Turbine time(hr)

name Generator System by the Wind Speed 3

(D The output voltage and current of the wind generator can be measured.

@ Describe the Characteristics of Wind Power Generator System According to the

Object )
Wind Speed Change
(@ Calculate the efficiency of the wind generator
Experiment equipment Tool & material Spec of tools Q'nty

* Driver * #2x 6x 175mm 1

+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1

(KTE-HB520N) + Wire stripper *+ 0.5~6mm 1
* Hook meter - 300A 600V 1/Group

Control Circuit

+
1 ) Electri;:
; " CUITEr
Wind N
(V) Woltage
T  Batterv

1) Circuit configuration
(1) The wind-generator output section wiring to wind generator output section
(2) Connect it from the Wind Generator Output of the power conversion unit to the W.IN port of]
the Charge Controller, and from Charge Controller OUT to the Output Battery IN port of the

Charge Controller to use the generator connection.

2) Experimental method
(1) Wind speed is controlled by adjusting the speed of the fan to operate the wind generator.
(2) Record the measured wind speed on the anemometer.
(3) Note the power value of the wind generator according to the change in wind speed values.
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3. Experiment by connecting a wind generator to a power converter and adjusting its wind speed.

(1) Measure voltage V, current I (A) values and Calculate the power and efficiency values

number 1 2 3 4 5 6 7 8

Wind
velocity
(m/s)
Y%

I(A)

P(W)
Efficiency
(n)

(2) How to Calculate Wind Power Efficiency
The output of a wind power system is proportional to the density of air and to the three square
meters of wind, and to the total efficiency of the rotor revolution and the total efficiency of the

windmill, as shown in the following figures.

A ! Rotor turning area
Wind
" veloc

ity

» : Efficiency

" e P Power
v

P=-;-9V3' n+A

P: Output(W), p :Air density(l atmosphere at 20 C, p = 1.205 kg / m’)
1. Percentage efficiency, A : Rotor turning area(m)
then, The wind generator efficiency calculation formula is as follows.
2P

=" %100(%)
! pe Ve A ’

@%64
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(2) Draw a curve of wind speed (m/s).

Wind velocity
1

0 1 2 3 4 5 o 7 a8

number of times

(3) Draw a voltage (V) curve.

Voltage

35

25

20

15

10

0 1 2 3 4 3 a1 7 a8

number of times




KTEHB520N-AE100

(4) Draw current (I) curve.

Electric current
15
10
5
]
o 1 2 3 a 5 & - 8
number of times

(5) Draw and compare the power (W) curves.

Electric power

250

200

150

100

0 1 2 3 a 5 6 - a

number of times
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(5) Draw a curve of power (W) according to the wind speed (m/s).

Electric power

100

90

80

70

60

50

40

30

20

10

Wind velocity

9 10

+ Requirements

1. Prepare and inspect laboratory apparatus and tools.

2. Using laboratory equipment and tools, construct and operate a wind generator effective meat

circuit.

Compare and explain the power value of wind speed generator.

AN

Describe wind generator system configuration

Calculate the power value of the wind generator and calculate the efficiency.

After starting the wind generator, measure the voltage (V), current (A), and draw a graph.

Evaluation Item Allot | Obtain Remarks
Prepare the Solar Module Characteristics 0
Experiment
§ Item point Voltage measurement and graphing 20
g (80 point) Current measurement and graphing 20
g Graph construction based on power value 0
& calculation
? Work point Work attitude and safety 5
(10 point) Use, arrange, and dispose of materials tools 5
Time p_oint Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point)

G o
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Class
Experiment . . . .
P 6. Practice of configuration of stand-alone inverter time(hr)
name 3
(D Understanding Stand-alone inverter Systems
Object @ A Study on the Development of Stand-alone inverter System
(3 An Experimental Study on the Stand-alone Inverter System

Experiment equipment

Tool & material

Spec of tools Q'nty

+ Hybrid Power Conversion Experiment Equipment
(KTE-HB520N)

* Driver
* Nipper
+ Wire stripper

- Hook meter

* #2x 6x 175mm 1
+ 150mm 1
- 0.5~6mi 1

* 300A 600V 1/Group

Control Circuit

cotfroller

Aolar cell

1. Circuit configuration

(1) Connect the solar module to the junction box by connecting it series or parallel connection.

(2) Connect the charging controller from the connection board.

(3) Connect it to the battery from the charging controller.

(4) Connect the battery to the inverter.

(5) Connect to the load from the inverter.

2. Experimental method

(1) Connect the banana jack to the bottom of the control panel and select each load capacity.

(2) Measure the battery discharge voltage, current value according to the load capacity and

calculate the power value.

Iverter Leacd
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3. System description

: DC-AC
Joint box controller Batiery Inverter

4. Joint box

DC connection board is a device, which is made of a single string
connected with multiple solar cell modules with different capacities,
to supply direct current voltage generated from such modules to an
inverter. Located and used within an inverter, the major component
of photovoltaic and wind power generation, it exploits fuses and

diodes as rated protection module between the power generated

and the inverter, and plays an important role in preventing any

possible collisions among the power generated.

7 DC-AC
inverter

Charge controller Battery
Solar cells
220V Import 5 RS 2
power input rve
H Load
L LJ
ATS

(1) Stand-alone inverter system is not connected with power system of commercial, but it is the
generating system used as independent power, so it is mostly used in the undeveloped region
where commercial power system cannot be supplied and when independent power is required

because of certain circumstance.

@%69
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(2) Because there are time differences between generating time and time that consumes electricity,
most independent systems are equipped with battery, and it saves generated power to battery,

and discharge the battery uf necessity to use the power.

(3) It is varied from small size to large size, and small sizes, such as table calculator or clock using
solar battery cannot called as the devices that use independent power system. Large size is used
for emergency power of mountain cabin, villa, laboratory facility or emergency equipment.
Because it is not related to commercial power, it can be operated independently when

commercial power is blacked out due to disaster.

6. Solar Energy Data (Annual Average Quantity of Solar Radiation on 1m°)

Photovoltaic Energy Resource Map
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7. Estimation of Power Generation using Solar Energy Data

(1) As 1J=1/3600Wh, IMJ = 277.78Wh

(2) When estimating the amount of power generated in Jeonju area using the photovoltaic energy
resource map,
1) How much is the annual average quantity of solar radiation on Im’ in Jeonju area?
- 4505.19MJ = 4505.19x277.78Wh = 1251KWh
2) Calculation method of gross photovoltaic generation(KWh) on the exploitation of 200W module
- Gross PV Generation(KWh)= Inverter Generation Efficiency(%) x Quantity of Solar
Radiation on Inclined Plane(Annual Average) x Array Area(m’)
x Solar Cell Efficiency(%) X 0.95(Loss Coefficient)
- Inverter Generation Efficiency = 0.95%
- Quantity of Solar Radiation on Inclined Plane(Annual Average) = 1251KWh
- 200W Array Area = Area of 1 Cell x No. of Cells installed on Module x Module
Efficiency = 0.156*0.156*54*1=1.314 m’
- Solar Cell Efficiency = 0.14%
- Gross PV Generation (KWh) = 0.95 x 1251KWh x 1.314 x 0.14 x 0.95 = 207.7KWh
- Therefore, a 200W module installed in Jeonju area may, in theory, generate
207.7KWh.
3) What if a 3KW module is employed?
- Annual Gross Generation = 207.7KWh x No. of Modules(16) = 3323.13KWh
- Monthly Average Generation = 3323.13KWh + 12 months = 276.93KWh

(3) When a 3KW module is employed, the result of estimation, applied with the actual energy
measurement data, quantity of solar radiation by area, solar cell and inverter efficiency, shows
that 276.93KWh shall be generated per year.

(4) The above calculation method, however, shall be applicable only to the dual-axis tracker. When
it comes to single-axis or fixed-axis device, the efficiency of each factor must be given
respectively. Although it is said that the efficiency of single-axis is 85% and fixed-axis is 70%
compared to a dual-axis tracker with 100% efficiency, it is imperative to employ more reliable
data.
ex) Where 3KW fixed-axis tracker is used:

Annual Gross Generation: 3323.13KWh x 0.7= 2326.19KWh estimated
Monthly Average Generation: 2326.19 + 12 = 193.85 KWh estimated

s 1
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(5) Still, these are just theoretical values. It is practically out of the question to calculate the exact
amount of power generation, as there exist myriad variables on the spot, i. e. quantity of solar

radiation, temperature, wind speed, longitude, latitude, inclination, azimuth, and number of series

connections).

8. Selection of Proper Photovoltaic Module
(1) When a DC 60W light bulb is used for 8 hours a day in Jeonju area?
1) How much capacity of photovoltaic device is required (when the solar cell efficiency is
0.14%)?
(2) Firstly, you should compute annual power consumption
Annual Power Consumption(Whr) = Power Consumption(W) x 365 Days x Hours Used
= 60%365x8h =175.2KWhr
(3) Gross PV Generation(KWh) = Inverter Generation Efficiency(%) % Quantity of Solar Radiation
on Inclined Plane(Annual Average) x Array Area(m’) X Solar
Cell Efficiency(%) x 0.95(Loss Coefficient)
1) How much is the annual average quantity of solar radiation on Im’ in Jeonju area?
- 4505.19MJ = 4505.19 x 277.78Wh = 1251KWh
Therefore, the quantity of solar radiation on inclined plane(annual average) =
1251KWh
2) 200W Array Area = Area of 1 Cell x No. of Cells installed on Module X Module Efficiency
= 0.156%0.156*54*1=1.314 m
3) How much is the annual gross generation when a 200W module is employed?
- Gross PV Generation (KWh) = 1251KWh x 1.314 x 0.14 x 0.95 = 218.63KWh
(4) How much is the annual gross generation when a 1W module is employed?
1) Annual Gross Generation of 200W Module = 218.63KWh. What if a 1W module is used?
218.63KWh + 200W = 1.093KWhr

- Annual Gross Generation of 1W Module

(5) How much capacity of solar cell is required?
1) Solar Cell Capacity = Annual Power Consumption/Annual Gross Generation of 1W Module

175.2/1.093 = 160.28W
(6) Then, what if a fixed-axis device is employed?

1) 160.28W x 1.3(Fixed-axis Efficiency) = 208.36W or higher
(7) What if a single-axis device is employed?

1) 160W x 1.15(Single-axis Efficiency) = 184.32W or higher
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9. Connection diagram

~ Gener ator ~
W J.O:J': %_- -\
| I| III
. / { |
\ /
Main powe
[+] (o]
o -
Wind Generator Qutput
O 000
o
+'|I'1_ IN_
) 000
O QO _Char s
FUSE
AP
S0.PLC POAT [
o o

Wind Generator OC. Voltmeler

Wind Generator OC. Ammeter

- Requirements

A e

Prepare and inspect laboratory apparatus and tools.

Efficiency of stand-alone inverters can be calculated.

Calculate the inverter efficiency according to load capacity change.

- e (0
~—lnverter Select—

+ —+ -
efﬁ_@_@ 200000
od L LoLp-srrier 10 - oG IN DC IN
'S .i:'\'"”"- ;_';”“-" _\ +_.'~:: Out_ +.-’n:: Out_
O o000 OCqoQOo

— Qut -~ —| o) Vers

Understand and describe the characteristics of stand-alone inverter.

Solar Generator OC. Yoltmeter

Solar Generator OC. Ammeter

~ Automat ic Transfer Swich —
+ -+ -+ -
0QO000Q0000
—wiwfmh  mwiferh  Power out—

Load Select

+ —+

"

_+ —
pO oQooCo0o

Load Load3—

Using experimental equipment and tools, construct and operate a stand-alone inverter connection.

Evaluation Item Allot | Obtain Remarks
Prepare the Inverter Action Characteristics | 20
Battery discharge voltage, current 0
9<J Item point measurement
g (80 point) Inverter Output Voltage, Current 20
S Measurement
g Inverter efficiency calculation 20
? Work point Work attitude and safety 5
(10 point) Use, arrange, and dispose of materials tools 5
Time p.Oint Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point)

G
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Experiment 7. Experimental Study on the Prevention of Charging Controller Overc tigtj\(s;r)
name harge 3

(D Understand the circuit from the Department of New and Renewable Energy to the
Charging Controller
Object @ Understand the overcharge protection connection between the charging controller

and the battery

(3 Understand the anti-charge characteristics of the charging controller

Experiment equipment Tool & material Spec of tools Q'nty
* Driver * #2x 6x 175mm 1
+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1
(KTE-HB520N) + Wire stripper *+ 0.5~6mm 1
* Hook meter + 300A 600V 1/Group

Control Circuit

Wind Charging

Batta Itrrerter
controller g Load

1. Circuit configuration
(1) Connect the wind generator to the power conversion equipment.
(2) Connect to the charging controller from the wind generator.
(3) Connect it to the battery from the charging controller.
(4) Connect the battery to the inverter.

(5) Connect with the load from the inverter.

2. Experimental method
(1) Wind speed is controlled by adjusting the speed of the fan to operate the wind generator.
(2) Experiment by changing the load capacity while charging the battery.

G
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3. Charging controller
Main function of charging controller is to use maximum capacity of battery
through normal charging of battery and extent the battery life, so it is

applied to both solar and wind power generator. Function of charging

controller is to prevent the reverse direction flow of current and overcharge.
Some of them have functions that block the overload and over-discharge or
display function that shows charging status and flow of power.
(1) Reverse direction flow prevention function
- If day becomes sunshine less, current may flow reverse from battery to solar panel. At this
time, by using blocking diode that connects bipolar elements in series or using mosfet element
that has less power loss, it can make that current flows only from solar panel to battery.
(2) Overcharge prevention function:
- What will happen if voltage is supplied from solar panel continuously when battery is charged
completely? At this time, as battery voltage will be increased excessively, water will be dissolved
to oxygen and hydrogen, and gas will occur. From this process, loss of distillate water will be
caused while gas is ignited, so it may cause explosive. As a result, battery will be deteriorated
and life cycly will be shorten. To prevent overcharge, block the current if battery voltage reaches
to certain level.
(3) Over-discharge prevention function.
- Connect the current again if voltage of battery drops to less than certain voltage. This is called
as voltage regulating, and it is the basic function of all charging controller.
A. On.off method
- Some controllers repeat the block or connect current flows to battery completely to control the
current flow. This is called as on/off control method.
B. Pwn method
- If battery is charged completely, it will go to second step, in second step, voltage that is about
to maintain the battery will be dropped. This is called as trickle charge. It only charges with
amounts that water drop falls. Two steps charging control is meaningful in the environment that
power usage is too much ot too less, that is, charging/discharging is not stable.
C. Maximum power point tracking (MPPT) method
- It is also known as, maximum power point tracking. The most biggest difference with above
method is that it matches the voltage of battery with voltage generated in panel to obtain
maximum charging efficiency. This is similar principle that matches optimum ratio of engine
rotating and wheel rotating numbers using gear transmission. Specially, it can obtain the
maximum 30% of charging efficiency increasing effect in winter season than normal pwm

method.
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4. Experiment for measurement after connecting the wind farm or connecting to a DC supply.
(1) Mark in the table below the measured value of charging voltage V, current I (A), and calculate

the charging power, P (W).

time 0 Imin | 2min | 3min | 4min | Smin | 6min | 7min | 8min | 9min | 10min

I(A)

P(W)

(2) Draw a charging voltage (V) curve.

Voltage

35

25

20

15

10

0 1 2 3 4 5 a1 7 8 g 10

Time (minute)
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(3) Draw a charging current (I) curve.

Electric current
20
15
1
5
]
0 1 2 3 4 5 8 = 10
Time (minute)

(4) Draw a curve of charging power (W).

Electric power

250

200

150

100

a8 9 10

Time (minute)
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5. Charging measurement experiment with load change after connection of wind generator
(1) Calculate the charging power (W) by marking the measured value of charging voltage V,
current I (A) in the table below.(Load capacity is recorded by viewing the digital wattmeter.)

Load
capac 0
ity
\Y

I(A)

P(W)

(2) Draw a charging voltage (V) curve.

Voltage

35

25

20

15

10

0 1 2 3

Load capacity
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(3) Draw a charging current (I) curve.

Electric current
20
15
1
5
]
0 1 2 3 4 5 =3 7 8 = 10
Time (minute)

(4) Draw a charging power (W) curve.

Electric power

350

250

200

150

100

o 1 2 3

Load capacity
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6. Connection diagram

 Generator — Wind Generator DC. Vol tmeter _ Solar Generator OC. Vol tweter
o J.,/'_-. Auto fﬂ_—\
ol -
. ey ’ |
Main power
Wind Generator DC. Ammeter Solar Generator DC. Ammeter
o
.‘||r|I Gene Output sol ENE r Out put
o
~— Automatic Transfer Swich —
+ —+ -+ -
'®) O COQOOo0QO00OO0
\I—/ —wiwfm b polFarh  Power out—
.-'.;J- U
ad Sel e ~
SQ.PLC PORT
0 ,- C\ O /) O
- Requirements

1. Prepare and inspect laboratory apparatus and tools.

2.Use laboratory equipment and tools to construct and operate the charging controller connection.
3.Compliant and explain the overcharging characteristics of the charging controller.

4. Understand and describe the role of the charging controller.

5. Describe the operating characteristics of the charging controller as the load capacity grows.

Evaluation Item Allot | Obtain Remarks
Prepare the Charging Controller Properties 0
Experiment
g<z Item point Voltage measurement and graphing 20
g (80 point) Current measurement and graphing 20
g Graph construction based on power value 0
& calculation
? Work point Work attitude and safety 5
(10 point) Use, arrange, and dispose of materials tools 5
Time p.Oint Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point)

@%80
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Class
Experiment : . . i
P 8. Battery discharge characteristic experiment time(hr)
name
8
(D Understand the discharge characteristics of the battery
e @ Draw the voltage and current graphs according to the discharge capacity of the b
ec
. attery

Experiment equipment Tool & material Spec of tools Q'nty

* Driver * #2x 6x 175mm 1

+ Hybrid Power Conversion Experiment Equipment | + Nipper + 150mm 1

(KTE-HB520N) + Wire stripper + 0.5~6mm 1
* Hook meter - 300A 600V 1/Group

Control Circuit
=
= Y
~ L ’
Charging
Battery Irrerter
cotfroller oA

Aolar cell

1) Circuit configuration
(1) Connect the solar module in series or in parallel to the connection panel.

(2) Connect the charger from the connection board.

(3) Connect the
(4) Connect the
(5) Connect the

2) Experimental method

(1) Connect the

(2) Measure the battery discharge voltage and current according to the load capacity and calculate

the power value.

battery from the charging controller.
battery to the inverter.

load from the inverter to the load.

bar screw to the bottom of the control panel and select the load capacity of each.

@%81
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3. Selecting method of battery
(1) Required battery capacity(Ah) = LbxDrx1000x(1+(1-Charging and discharging efficiency / 100) /
(L x Vb x N x DOD)
Lb : A day power consumption (KWh)
Dr : Number of continuously sunless days
L : Maintenance factor(usually maintenance-free battery using in solar case)
Vb : Voltage of battery
N : Number of batteries
DOD : depth of discharge (%)
(It is called the DOD 65%, if we designed the 65% discharging of storage battery when the
last day of sunless days.)
Charging and discharging efficiency: Usually having 65 to 85% efficiency

(2) What is number of sunless days?
It means "number of days that sun does not shine during all day", and for solar ray generation,
electricity is not generated when cloudy day with less sunshine or raining day from solar battery
module. These days called as number of sunless days, and this should be considered when

selecting a battery. Normally calculated from 3 to 7.

(3) Selection of battery ( case of light bulb of 60W using 8 hours in a day)
1) A day power consumption (KWh) = 0.06KWx8h = 0.48KWh
2) Number of continuously sunless days = 3
3) Maintenance factor = maintenance-free battery is ignored.
4) The battery voltage = 12V
5) The number of storage batteries = 1EA
6) Depth of discharge = 65% depth of discharge applies
7) Charging and discharging efficiency 80% applies = (1 + (1-80/100) = 1.2
- Battery capacity = 0.48KWh x 3 days x 1000 x 1.2 / (1 x 12V x 1 X 0.65)
= 221.5AH more

(@%82
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4. Experiment after connecting solar modules or charging them with DC supply
(1) Calculate the power P (W) by marking the measured battery discharge voltage V, current I (A)

values in the table below.

Load
capac 0
ity
\Y%

load load load

I(A)

P(W)

(2) Draw a discharge voltage (V) curve.

Voltage

25

20

15

10

0 1 2 3
Select load

@83
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(3) Draw a discharge current (I) curve.

Electric current
20

15

10

0 1 2 3

Select load

(4) Draw a curve of power (W).

Electric power

350

250

200

150

100

o 1 2 3

Select load
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. Connection diagram

~ Gener ator ~,

wel

. ey

Main power

o

./ -\u
o

Wind Generator (O

&
-

(o] @Je)

Wind Generator OC. Voltmeter

Wind Generator DC. Ammeter

Solar Generator

+ —
- 00

~—Inverter Select—,

+
200000

OC IN DC IN

Output

Solar Generator OC. Yol teeter

Solar Generator OC. Ammeter

~ Automat
+
o0

i P

+ —_—

¢ Transfer Swich —

O00000O0

Load Select

boori P b Power out—’

)
1

_+ —_—
0000

Load3—

P

o] @)

- Requirements

1. Prepare and inspect laboratory apparatus and tools.

2. Using lab equipment and tools, construct and operate a battery connection circuit.

3. Understand and describe the voltage and current characteristics of the battery when it is
discharged.

4. Understand and describe the voltage and current characteristics when the battery discharges due to
a load capacity change.

5. Calculate the battery discharge capacity according to the load capacity change.

Evaluation Item Allot | Obtain Remarks
Prepare the Battery Discharge 0
Characteristics Experiment
g<z Item point Voltage measurement and graphing 20
g (70 point) Current measurement and graphing 20
g Graph construction based on power value 0
& calculation
? Work point Work attitude and safety 5
(10 point) Use, arrange, and dispose of materials tools 5
Time p.Oint Subtract () pointin every () minute excess Item | Work | Time | Total
(20 point)

GG o
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Class
Experiment 9. An Experiment to Measure the End-of-Rate Voltage by the Battery time(hr)

name Discharge Experiment 8

(D Understand the discharge characteristics of a battery

@ Construct a voltage and current graph based on the discharge capacity of the batt
Object ery

(@ Measure the final voltage when the battery is completely discharged to predict the

actual usable battery capacity

Experiment equipment Tool & material Spec of tools Q'nty
* Driver * #2x 6x 175mm 1
+ Hybrid Power Conversion Experiment Equipment | + Nipper + 150mm 1
(KTE-HB520N) + Wire stripper + 0.5~6mm 1
* Hook meter - 300A 600V 1/Group

Control Circuit

==

Battery Irverter

Charging
cotifroller

Joint Bos

Aolar cell

1) Circuit configuration
(1) Connect the solar module in series or in parallel to the connection panel.
(2) Connect the charger from the connection board.
(3) Connect the battery from the charging controller.
(4) Connect the battery to the inverter.
(5) Connect the load from the inverter to the load.
2) Experimental method
(1) Connect the bar screw to the bottom of the control panel and select the load capacity of each.
(2) Measure the battery discharge voltage and current according to the load capacity and calculate

the power value.
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3. Connect the Photovoltaic Module or connect the battery to a DC supply and conduct an
experiment by connecting the load to the discharge.
(1) Mark in the following table the measured battery discharge voltage, V, and current drain, I, and

calculate the power (W).

Time v 1) | paw)

(min)
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180

e o
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(2) If the battery is used, do not discharge the terminal voltage until it reaches zero. If the voltage
drops to a certain limit, discharge is stopped. The voltage at this point is referred to as the
discharge termination voltage. The value varies slightly depending on the type of electricity or
its purpose, but is usually set to about 90 % of normal voltage. Secondary cells (rechargeable

batteries) extend the life of the cell by this method of use. Figure shows the discharge

characteristics of the battery.

Voltage

13
!u \@

Final discharge voltage

o 500 HEe s Lson e 50 g 3500 £000 450

(3) Draw a discharge voltage (V) curve and indicate the final voltage point.

— Voltage

Voltage
o

25

20

15

10

o 50 100 150

200

Minute
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(4) Draw a discharge current (I) curve.

Electric current
20

15

10

o 50 100 150 200

Minute

(5) Draw a discharge power (W) curve.

Electric power
SO0

450

400

350

300

250

200

150

100

o 50 100 150 200

Minute
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. Connection diagram

Generator - Wind Generator OC. Vol taeter Solar Generator OC. Voltmeter
_~ Generator ~, .

g ) ll | e
Main power /
[s} © Wind Generator DC. Ammeter Solar Generator DC. Ammeter
o -
Wind Generator Qutput Solar Generator Qutput
on + — n + —
O OO0 “ —1ale)
o
~—lnverter Select— ~ Automat ic Transfer Swich —
s + -+ = [+ . =+ _ -+ -
S 0000 Qo000 000
)C IN —minhmh it b Poser out—

— Load Select ———,

$0.PLC POAT o W1 — o e ot + -+ -
( . Q O (
°|:|n [: .’."';':u.' Battery — L Out - O 1 2 Og?’w l\jio Ol OI(E‘

O+

- Requirements

Prepare and inspect laboratory apparatus and tools.

Using lab equipment and tools, construct and operate a battery connection circuit.
Understand and describe the discharge characteristics of the battery.

Measure the final voltage of the battery and describe the final voltage.

A

Describe problems when overpressing the battery.

Evaluation Item Allot |Obtain Remarks
Prepare the Battery Discharge 0
Characteristics Experiment
< Item point Voltage measurement and graphing 20
o .
§ (80 point) Current measurement and graphing 20
= Graph construction based on power value 0
g calculation
@ . Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5
Time point Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point) P Yy

@%go
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Class
Experiment [10. Experiment to predict battery state of charge and discharge (SOC) time(hr)
name as a result of battery drain 3
(D Understand the discharge characteristics of a battery
@ Construct a voltage and current graph based on the state of discharge from the b
Object attery
@ Estimate the state of charge and discharge (SOC) using the voltage value at the t
ime of battery discharge
Experiment equipment Tool & material Spec of tools Q'nty

* Driver * #2x 6x 175mm 1

+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1

(KTE-HB520N) + Wire stripper *+ 0.5~6mm 1
* Hook meter - 300A 600V 1/Group

Control Circuit
s
1= r—
~ | ’
Charging
Battery Iirrerter
confroller oot

Aolar cell

1) Circuit configuration
(1) Connect the solar module in series or in parallel to the connection panel.

(2) Connect the charger from the connection board.

(3) Connect the
(4) Connect the
(5) Connect the

battery from the charging controller.
battery to the inverter.

load from the inverter to the load.

2) Experimental method

(1) Connect the bar screw to the bottom of the control panel and select the load capacity of each.

(2) Measure the battery discharge voltage and current according to the load capacity and calculate

the power value.’
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3. An experiment to connect the solar module or the DC supply to fully charge the battery and
connect the load to conduct a discharge experiment
(1) Drain the battery to locate the final voltage and convert it into a percentage from the initial
voltage value to the final voltage.
E.g.) If the initial battery voltage value is V1 when connected to a load, and the final voltage
found is V2, calculate the value at V1 % and calculate the value from V2 to V2 as 0 %.
- Formula

1) V1—[(V1—12)+100] < (100% — N%) = V,, N=Percentage value,

V= Converted voltage value

(V,— 12)
2) Charge state (SOC) value from formula 1 = N(%):<'7>< 100%

11— 12)
Percentage(%) Formula \Y%

100 V1
95 V1—[(V1— 12)+100] < (100—95)
90 V1—[(V1— 12)+100] x (100—90)
85 V1—[(V1— 12)+100] < (100—85)
80 V1—[(V1— 12)+100] < (100—80)
75 V1—[(V1— 12)+100] < (100—75)
70 V1—[(V1— 12)+100] x (100—70)
65 V1—[(V1— 12)+100] % (100—65)
60 V1—[(V1— 12)+100] < (100—60)
55 V1—[(V1— ¥2)+100] < (100—55)
50 V1—[(V1— 12)+100] x (100—50)
45 V1—[(V1— 12)+100] x (100 —45)
40 V1—[(V1— 12)+100] < (100 —40)
35 V1—[(V1— 12)+100] < (100—35)
30 V1—[(V1— 12)+100] x (100—30)
25 V1—[(V1— 12)+100] x (100—25)
20 V1—[(V1— 12)+100] < (100—20)
15 V1—[(V1— 12)+100] < (100—15)
10 V1—[(V1— 12)+100] x (100—10)
V1—[(V1—12)-+100] < (100—5)

0 V2
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(2) Calculate and record the voltage value calculated as a percentage and anticipate the congestion

and discharge conditions according to the battery discharge voltage.

Voltage
o

25

20

15

10

o 5 10 15 20 25 30 35 40 45 50 55 80 65 70O 75 80 85 90 95 100

Percent

(3) Estimates of battery state of charge and discharge (SOC) values include measuring and
estimating the specific gravity of the electrolyte or using Ah Counting. First, measuring and
estimating electrolyte specific gravity is based on measuring electrolyte specific gravity and the
specific gravity of the fully charged and discharged state, so you can estimate the charge and
discharge time based on the estimate of the SOC charging and return current levels. As such,
it is very difficult to measure the correct state of charge and discharge of a battery with
variables such as electrolyte concentration, charge/discharge cycles, rated capacity, and service
temperature. Therefore, for the typical method of expressing the state of charge and discharge,

the method of expressing the state of charge and discharge with the voltage values is used.

(4) Required battery capacity (Ah) = Lb x Dr x 1000 x (1 + (1 + charge, discharge efficiency /
100) / (L x Vblock x N x DMS)
Lb : Daily power consumed (KWh), Dr:conduction Day, L:Repair Rate (usually free battery for
solar)
Vblock : Battery Voltage, N : Number of batteries, DOD:discharge depth (%), Charging and
discharge efficiency : Normally (65 % to 85 %), discharge of the battery capacity shall be
made to 65 % on the last day of support days.)

@%93
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(4) Connection diagram

p

Ma

~ Generator —

O |

ey

n power

Wind Generator OC. Voltmeter

&
.

Wind Generator OC. Ameter

Solar Gensrator OC. Yol tmeter

Solar Generator OC. Ammater

Wind Generator Qutput 0lar Generator Qutput
+ — n + —
O o0o - 200
~lnverter Select—, ~ Automat ic Transfer Swich —
_|_'.|’|_I'J_ {N + _ _ + — + — 4+ —
ol @JeoXvI®) S 0000 ‘OOOOOCOOO
— getont g n 0G IN DC IN “wiwfmh  wifer b Power out—

0o

Load3—

-+
Qoo

Loadz

- Requirements
1. Prepare and inspect laboratory apparatus and tools.

2. Using experimental equipment and tools, construct and operate a battery circuit to connect the

battery to the battery.
3. Understand and describe the final voltage when the battery is discharged.
4. Understand and describe the battery compartment discharge (SOS) value estimation.
5. Before and after an experiment, the power-meter can be checked to measure the consumption off

power to the battery's final voltage and select the actual discharge depth (%). It also describes

how to select the capacity of the battery.

Evaluation Item Allot |Obtain Remarks
Prepare battery SOC estimation experiment | 20
Calculate the voltage value converted as a 0
g<3 Item p(_)lnt percentage
c | (70 point) , )
2 Voltage value calculation and graphing 20
o
5
g Calculate battery capacity selection 20
2,
. Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5
Time point Subtract () pointin every () minute excess Item | Work | Time | Total
(20 point) P Yy
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Class
Experiment |[l1. Battery Residual Life Prediction Experiment Based on Battery time(hr)

name Capacity Calculator 3

(D The discharge capacity of a battery can be calculated.

Object (2 The remaining battery life can be predicted according to the discharge capacity of]
the battery.
Experiment equipment Tool & material Spec of tools Q'nty
* Driver * #2x 6x 175mm 1
+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1
(KTE-HB520N) + Wire stripper *+ 0.5~6mm 1
* Hook meter - 300A 600V 1/Group

Control Circuit

==

Battery Irverter

Charging
cotifroller

Joint Bos

Aolar cell

1) Circuit configuration
(1) Connect the solar module in series or in parallel to the connection panel.
(2) Connect the charger from the connection board.
(3) Connect the battery from the charging controller.
(4) Connect the battery to the inverter.
(5) Connect the load from the inverter to the load.

2) Experimental method
(1) Connect the bar screw to the bottom of the control panel and select the load capacity of each.

(2) Measure the battery discharge voltage and current according to the load capacity and calculate

the power value.
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3. An experiment to connect the solar module or the DC supply to fully charge the battery and
connect the load to conduct a discharge experiment
(1) Drain the battery to locate the final voltage and convert it into a percentage from the initial
voltage value to the final voltage.
E.g.) If the initial battery voltage value is V1 when connected to a load, and the final voltage
found is V2, calculate the value at V1 % and calculate the value from V2 to V2 as 0 %.
- Formula

1) V1—[(V1—12)+100] < (100% — N%) = V,, N=Percentage value,

V= Converted voltage value

(V,—12)
2) Charge, discharge (SOC) value from Formula 1 = N(%)= (—>< 100%

1—12)
Percentage(%) A AE2] \Y%

100 V1
95 V1—[(V1— 12)+100] < (100—95)
90 V1—[(V1— 12)+100] x (100—90)
85 V1—[(V1— 12)+100] < (100—85)
80 V1—[(V1— 12)+100] < (100—80)
75 V1—[(V1— 12)+100] < (100—75)
70 V1—[(V1— 12)+100] x (100—70)
65 V1—[(V1— 12)+100] % (100—65)
60 V1—[(V1— 12)+100] < (100—60)
55 V1—[(V1— ¥2)+100] < (100—55)
50 V1—[(V1— 12)+100] x (100—50)
45 V1—[(V1— 12)+100] x (100 —45)
40 V1—[(V1— 12)+100] < (100 —40)
35 V1—[(V1— 12)+100] < (100—35)
30 V1—[(V1— 12)+100] x (100—30)
25 V1—[(V1— 12)+100] x (100—25)
20 V1—[(V1— 12)+100] < (100—20)
15 V1—[(V1— 12)+100] < (100—15)
10 V1—[(V1— 12)+100] x (100—10)

V1—[(V1—12)-+100] < (100—5)
0 V2
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(2) Calculate and record the voltage value calculated as a percentage and anticipate the state of]

charge and discharge based on the battery discharge voltage.

Voltage

30

25

20

15

10

o

0o 5 10 15 20 25 30 35 40 45 50 55 60 65 70O 75 80 85 90 95 100

Percent

(3) Estimates of battery state of charge and discharge (SOC) values include measuring and
estimating the specific gravity of the electrolyte or using Ah Counting. First, measuring and
estimating electrolyte specific gravity is based on measuring electrolyte specific gravity and the
specific gravity of the fully charged and discharged state, so you can estimate the battery's
charge and discharge rate by measuring the battery's charge and charge rate based on the
actual charge time. As such, it is very difficult to measure the correct state of charge and
discharge of a battery with variables such as electrolyte concentration, charge/discharge cycles,
rated capacity, and service temperature. Therefore, for the typical method of expressing the
state of charge and discharge, the method of expressing the state of charge and discharge with

the voltage values is used.

(4) Required battery capacity (Ah) = Lb x Dr x 1000 x (1 + (1 + charge, discharge efficiency /
100) / (L x Vblock x N x DMS)
Lb : Daily power consumed (KWh), Dr:conduction Day, L:Repair Rate (usually free battery for
solar)
Vblock : Battery Voltage, N : Number of batteries, DOD:discharge depth (%), Charging and
discharge efficiency : Normally (65 % to 85 %), discharge of the battery capacity shall be
made to 65 % on the last day of support days.)

G
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(4) Connection diagram
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- Requirements
1. Prepare and inspect laboratory apparatus and tools.

2. Using experimental equipment and tools, construct and operate a battery circuit to connect the

battery to the battery.
3. Understand and describe the final voltage when the battery is discharged.
4. Understand and describe the battery compartment discharge (SOS) value estimation.
5. Before and after an experiment, the power-meter can be checked to measure the consumption off

power to the battery's final voltage and select the actual discharge depth (%). It also describes

how to select the capacity of the battery.

Evaluation Item Allot |Obtain Remarks
Prepare battery SOC estimation experiment | 20
Calculate the voltage value converted as a 0
g<3 Item p(_)lnt percentage
c | (80 point) , )
2 Voltage value calculation and graphing 20
o
5
g Calculate battery capacity selection 20
2,
. Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5
Time point Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point) P Yy
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Class
Experiment . . . i
P 12. Stand-alone inverter Efficiency Experiment time(hr)
name
8
(D Understand the principle of the inverter
Object (2 Inverter connection to battery
@ Establishment of stand-alone inverter system and calculation of efficiency
Experiment equipment Tool & material Spec of tools Q'nty
* Driver * #2x 6x 175mm 1
+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1
(KTE-HB520N) + Wire stripper *+ 0.5~6mm 1
* Hook meter - 300A 600V 1/Group
Control Circuit
=
1= r—
~ | ’
Charging
Battery Iirrerter
confroller oot

Aolar cell

1. Circuit configuration

(1) Connect the
(2) Connect the
(3) Connect the
(4) Connect the
(5) Connect the

solar module in series or in parallel to the connection panel.
charger from the connection board.

battery from the charging controller.

battery to the inverter.

load from the inverter to the load.

2. Experimental method

(1) Connect the bar screw to the bottom of the control panel and select the load capacity of each.

(2) Measure the battery discharge voltage and current according to the load capacity and calculate

the power value.
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3. Stand-alone inverter

(1) Selecting method and efficiency relationship of inverter depending on load power usage capacity
can be understood and explained. Because electricity generated from solar generating system is
dc, it should be converted to ac voltage if it is intended to use in house or sell to grid. This
can be divided into independent inverter and grid-connected inverter. Independent inverter is
used regardless of grid, and inverter that sells the electricity to grid (power company) is called

as grid-connected inverter. Independent inverter is divided into sine wavelength inverter and

pure sine wavelength.

1) Pure Sine Wave Inverter

+110VAC

Frequency (Cycle)

Amplitude

-110VAC
Pure sine wave
- It is the inverter that makes the sine wavelength and sends clean sine wavelength for
wavelength of electricity supplied to house from grid (KOPEC).Electricity of this wavelength
can be used in all ac electronic devices used in house, and independent solar generating
system, measuring device, medical device, communication device, fluorescent light and
computer should choose the sine wavelength inverter.

2) Modifide Sine Wave Inverter
+110VAC

Frequency (Cycle)

Amplitude

-110VAC
Modified sine wave
- It is similar to sine wavelength, but distortion fo wavelength, if it reaches to rated power,
phenomenon that wavelength is distorted occur, so surge is caused, and noise and image noise
will occur. Because it is modified wavelength, it may not be used in sensitive electronic

devices, and products that this wavelength can be used are non-sensitive motor, light and

@E\IG 100
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4. Connect the solar module or experiment after charging the battery with the DC supply.
(1) Mark in the table below the measured battery discharge voltage DCV, current DCI (A), and the
inverter output voltage ACV current ACI, and calculate each power P (W). The efficiency of|

the inverter is also calculated.

DCP(M)

= ACP(72) % 100%

-Formula Iwerter efficiency(n)

Load

Load capacity 0 1

Load
2

Load

DCV

DCI

DCP(W1)

ACV

ACI

ACP(W2)

Inverter

efficiency(n)

(2) Calculate the power value when connecting loads from the battery and the inverter, and plot

together on the graph below.

Electric power

350

300

250

200

150

100

50

3
Select load
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5. Connection diagram

re Lenerator ~

Wind Generator OC. Voltmeter . Solar Generator OC. Yol tzeter

.\\_ v, ll I /
i
Main power
=) o Wind Generator DG, Amseter Solar Generator DC. Ammater
o -
Wind Generator Qutput Solar Generator Qutput
O S P
O o0o - 200
o
~—lnverter Select—, ~ Automat ic Transfer Swich —
4. N + =+ = |+ =+ =+ =
~ - oQOO0 S 0000 o000 000
o/ O —— Char ge n - 0G IN OC IN “Twiwhmh  woriPah Poser out—

Y

+ —
Qo000
pad2 Load3—

- Requirements
Prepare and inspect laboratory apparatus and tools.

Using experimental equipment and tools, construct and operate a stand-alone inverter connection.
Understand and describe the characteristics of stand-alone inverter.

Efficiency of stand-alone inverters can be calculated.

A e

Calculate the inverter efficiency according to load capacity change.

Evaluation Item Allot | Obtain Remarks

Prepare the Inverter Action Characteristics | 20

Battery discharge voltage, current

: 20
g<3 Item p(_)lnt measurement
c (80 point) , ,
2 Voltage value calculation and modulation 20
o
5
g Inverter efficiency calculation 20
2,
. Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5
Time point Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point) P Y
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Class
Experiment . . . i
P 13. Practice of Configuration of Grid-connected Inverter time(hr)
name
8
(D Understand the system of the Grid-connected inverter
Object @ Connecting the Gfid-connected inverter system
@ Understand the characteristics of the Grid-connected inverter operation
Experiment equipment Tool & material Spec of tools Q'nty
* Driver * #2x 6x 175mm 1
+ Hybrid Power Conversion Experiment Equipment * Nipper + 150mm 1
(KTE-HB520N) + Wire stripper *+ 0.5~6mm 1
* Hook meter - 300A 600V 1/Group

Control Circuit

RERRRRER ~olar modile

—p .i._._ .
Joint Box  Charging Grid Commercial
controller Connected poRaTET

Itverter

1) Circuit configuration
(1) Connect the solar module in series or in parallel to the connection panel.
(2) Connect the Grid connection inverter in the connection panel.

2) Experimental method

(1) Connect the bana jack to each port of the control panel in order of circuit configuration.
(2) Check if the power on the indicator of the system connection inverter is turned on, and when

the system is connected, the direction of the inductive power meter rotates in reverse

direction.
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3. Grid connected inverter system

Wind

(1) What is grid-connected inverter system? Grid-connected inverter system supplies the remaining
power from power supply of load, by connecting with commercial power system.

(2) Hardware configuration of grid-connected inverter consists of input section made to be supplied
the dc safely from solar battery, power convert section that converts dc to ac, transformer that
transforms the sizes of electric heating and voltage, main control panel to control each part,
sensor and relay board that detects various signals and generates the contact point output for
protection motion, auxiliarly power to supply the dc power needed for system and display and
keypad that displays various indicators and is for setup/control.

(3) Unlike independent, grid-connected inverter system does not use the battery, and because it is the
system that supplies the power remained from load directly to grid and equipped with

grid-connected inverter, it can save the battery cost, so maintenance cost will be cheaper.

4. Precautions on Installation of Grid-Connected Inverter

(1) Install the instrument away from direct sunlight or hot temperatures without moisture or dust.

(2) When indoor, secure at least 20 cm at the upper and lower parts of the inverter.

(3) When outdoor is installed, secure at least one meter from the ground.

(4) Install the instrument directly by an expert.

(5) Ground the three types of inverter (200V).

(6) Using other electronic appliances near the product may cause an abnormality or noise in the
electronic appliances.

(7) If the PCB is detached during installation or repair, place it on the electrostatic field immediately
after removal. It causes static electricity to damage the product.

(8) Before installing the inverter, install the solar cell power (DC) breaker to install the inverter and

turn on the solar cell after it is switched off.
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5. Connection diagram

— Generator ~

Wiy Auto

Wind Generator OC. Volteler

&

- Requirements

1. Prepare and inspect laboratory apparatus and tools.

2. Using experimental equipment and tools, construct and operate the connection circuit of the

4. Efficiency of Grid-connected inverter

Grid-connected inverter .
3. Understand and describe the characteristics of the Grid-connected inverter .

can be calculated.

\_ y ll |
!
Main power
o (s] Wind Generator OC. Ammeter
) -
Wind Geperator Qutput ar Ger r Qutpu
+ — On —
O OO0 “ S YO
°
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+
o0

i P
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Solar Generator OC. Ammeter

OO0QOQO00Q0
Power out—'

et Py
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_+ —_
Qo000
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Evaluation Item Allot | Obtain Remarks
Prepare the Inverter Action Characteristics | 20
Battery discharge voltage, current 0
g<3 Item p(_)lnt measurement
c (80 point) , ,
2 Voltage value calculation and modulation 20
o
5
g Inverter efficiency calculation 20
2,
. Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5
Time point Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point) P Y
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Class
Experiment . . . . i
P 14. Grid-connected inverter efficiency experiment time(hr)
name
8
(D Understand the principle of Grid-connected inverter
Obiect (2 Connecting the Grid-connected inverter system
ec
. @ Understand the characteristics of the Grid-connected inverter  operation and
efficiency
Experiment equipment Tool & material Spec of tools Q'nty
* Driver * #2x 6x 175mm 1
+ Hybrid Power Conversion Experiment * Nipper + 150mm 1
(KTE-HB520N) + Wire stripper *+ 0.5~6mm 1
* Hook meter - 300A 600V 1/Group

Control Circuit

s

-

—_—

\ L
— i___
Joint Box ]

1) Circuit configuration
(1) Connect the solar module in series or in parallel to the connection panel.
(2) Connect the system connection inverter in the connection panel.

2) Experimental method

(1) Connect the banana jack to each port on the control panel in order of circuit configuration.

(2) After checking if the display panel of the system linkage inverter is turned on, check the
voltage and current values of power generated and calculate the power values when the
system is connected.

3. Design Requirements for Photovoltaic System

(1) Any light-receiving elements such as mountain, tree and building, which overshadow solar cell
modules, may result in reduction of power generation.

(2) Any damage from salt or air pollution must be prevented by taking proper countermeasures for
contact corrosion by dissimilar metals.

(3) Any measure for review on former records of amount of snowfall, ice-up and lightening stroke
must be duly established.

(4) Any in-depth analysis on the history of natural disasters which occurred in installation area

must be made.
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4. Considerations on Temperature Coefficient for Selection of Grid-connected Inverter

Effecfs of ambient temperature on the Thermal
characteristics of Photovolaic Modules

5 " . o~ . .
Tcgp 0 /_ —\.‘\%
E /.__—-.—-—I———I-—__._\ o D
<o 30 ——40T
€3 il — ---25T
2% 10 ot
o @© | — T o
==
§g 0— — = (-)10C
=< -10 e —{—=%=(-)20TC |

o0 " )

0 Mgack | Eva EVA

Sheet | Sneett [0 | Si Cel [Ribbon2| | Glass

- 40T 40 |49.799|50.616|51.433|50.616/49.799| 40

- 25T 25 | 34.8 |35.617/36.433|35.617| 34.8 | 25

ot 0 |9.8007|10.618(11.434|10.618/9.8007| 0O

(-noc| -10 |-0.199/0.6179(1.4347|0.6179|-0.199| -10

= (-J20°c| -20 | -10.2 |-9.382|-8.565|-9.382| ~10.2 | -20
Module Structure

(1) The temperature difference between the atmosphere and cell surface is approximately 10~11T.

(2) When the atmospheric temperature is given, it is possible to estimate the voltage value of]
module.

* References

- Effects of Ambient Temperature on the Thermal Characteristics of Photovoltaic Modules by
Kim Jongpil, Jeong Choonghwan, and Jang Yeongjoon [Excerpt from Collections of Dissertations,
The Korean Solar Energy Society]

5. In case of a grid-connected inverter, where the solar cell modules are connected in series, there
exist ranges of minimum operating voltage and maximum operating voltage, which also must be
taken into account for design.

(1) The temperature characteristics of solar cell module shows that the coefficient of voltage =
-0.31240.015%/C, which means that the voltage temperature coefficient is about -0.312. Each
module has its original temperature coefficient, which can be used for the following formula to
calculate the output voltage in line with the temperature change.

* Vmp + {((Surface Temperature) - 25°C) x Voltage Temperature Coefficient} = Output Voltage

(2) Where the atmospheric temperature is below -15C on a cold winter day, and
1) The module surface temperature is measured as about -4 T,

2) 29.3 + {((Surface Temperature) - 25C) x Voltage Temperature Coefficient} = Output
Voltage
a. 9.3VH{((-4)- 25TC)) x-0.312} = 29.3 + 9.048= 38.348V
b. When the 16 modules are connected in series, 38.348%16 = 613.57V
c. Provided that the rated voltage of 29.3V is applied for the above, 29.3V*16=468.8V.
However, if a grid-connected inverter, whose maximum operating voltage is 550V, is
installed, the output voltage of 613.57V on a cold winter day may be judged as an

overvoltage, which is likely to result in an operational failure.
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6. Grid-connected Inverter System Design (3Kw Class for Individual House)

* Design Conditions
(1) Roof area must be approx. 40m?*(8m*5m)
(2) Roof slope must be 35°
(3) Seasonal temperature range in installation area must be -15 C~ 40 T
(4) 230w PV Module, 1642*979*38mm, Voltage Temperature Coefficient(-0.312)
(5) 1st Step
1) Judgment on area suitability
a. Roof Breadth 8m / Module Length 1.642m = 4.87
b. Roof Length 5m / Module Breadth 0.979m = 5.1
2) Maximum number of modules by installation area is 4x5 = 20
3) How many modules are required for installation of 3KW Class?
a. Installation Capacity 3KW / Module Capacity 230W = 13
(6) 2nd Step
1) Check on electrical specification of module
2) Calculation of voltage range by module surface temperature
3) Seasonal temperature range in installation area must be -15 T~ 40 T
a. Formula. 29.3 + {((Current Temperature) - 25 C) x Voltage Temperature Coefficient}
= Output Voltage
b. Maximum Temperature Voltage
- 293 + {((-5 T )25 T)x-0.312} = 38.66v
¢. Minimum Temperature Voltage
- 293 + {((50 C)-25 T)x-0.312} = 21.5v
(7) 3rd Step
1) Decision on the maximum number of series connections of modules for selection of proper
inverter
2) When the 13 modules are connected in series,
a. Minimum Operating Voltage of Inverter > 21.5v*13 Sheets = 279.5V
b. Maximum Operating Voltage of Inverter < 38.66v*13 Sheets = 502.58V
. The range of DC input voltage of a grid-connected inverter must be not lower than 200V
and
not higher than 600V.
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7. Connect the solar module or experiment after fully charging the battery with the DC supply.
(1) Calculate the measured battery discharge voltage DCV, current DCI (A), and the Grid-connected

inverter

(W). The efficiency of the inverter is also calculated.

-Formula

(2) Calculate the power value of the discharged power from the battery and the power of the

Ihwerterefficiency (77)

_ DcP()

ACP(2)

< 100%

output voltage, ACV current ACI, in the following table, and the respective power P

Experiment

Time

30sec

60sec

90sec

120sec

DCV

DCI

DCP(W1)

ACV

ACI

ACP(W2)

Inverter

efficiency(n)

Grid-connected inverter , and then plot together on the graph below.

45

400

350

00

250

200

150

1

S0

=

o .
Electric power

30

120
Percent
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8. Connection diagram
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Wind Generator Qutput 0lar Ger r Qutpu
+ — in —
@) OO0 e (OO
o
~lnverter Select—
_|_'.h_ IN_ + — 4 —
- 000 ©00000
S \_) —— Charge n X IN DC IN
vt o
. - {mpo OWET ——
50.PLC PORT [ T + -
Y oy ("\, 9]
o o ~ C L WL
- Requirements

1. Prepare and inspect laboratory apparatus and tools.

2. Using experimental equipment and tools, construct and operate the connection circuit of the

Grid-connected inverter .

~ Automatic Transfer Swich —

_|_

‘OOOOOCOOO
“winhmh  polfwr b Power ok

Solar Gensrator OC. Yol tmeter

Solar Generator OC. Ammater

Y

+ —_
Qo000

pad2 Load3—

3. Understand and describe the characteristics of the Grid-connected inverter .

4. Efficiency of Grid-connected inverter can be calculated.

Evaluation Item Allot | Obtain Remarks
Prepare the Inverter Action Characteristics | 20
Battery discharge voltage, current 0
g<3 Item p(_)lnt measurement
c (80 point) , ,
2 Voltage value calculation and modulation 20
o
5
g Inverter efficiency calculation 20
2,
. Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5

Time point
(10 point)

Subtract () pointin every () minute excess

Item

Work | Time | Total

@E\Eno
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Class
Experiment . . : . i
P 15. Grid-connected inverter load operation experiment time(hr)
name
8
(D Understand the principle of the Grid-connected inverter

S @ Connecting the Grid-connected inverter system

ec

. @ Understand the characteristics of the pre - and post-integration operations of the s

ystem of the Grid-connected inverter

Experiment equipment

Tool & material

Spec of tools Q'nty

+ Hybrid Power Conversion Experiment Equipment
(KTE-HB520N)

* Driver
* Nipper
+ Wire stripper

- Hook meter

* #2x 6% 175mm 1
+ 150mm 1
- 0.5~6mr 1

* 300A 600V 1/Group

Control Circuit

o
-
o Ay,

Solar

Joint Box

1) Circuit configuration

(1) Connect the solar module in series or in parallel to the connection panel.

(2) Connect the system connection inverter in the connection panel.

(3) Connect the load.
2) Experimental method

(1) Connect the banana jack to each port of the control panel in order of circuit configuration.
(2) After checking if the display panel of the system linkage inverter is turned on, check the

voltage and current values of power generated and calculate the power values when the

system is connected in 300 seconds.

(3) Measure the load when unloaded or when loaded.

(@E\Em
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3. Connect the solar module or experiment after fully charging the battery with the DC supply.
(1) Measure the voltage and current values of the connected inverter, the load side and the system

side respectively, and calculate the values in the table below, respectively, by making a change

in the load capacity prior to operation of the system interface inverter.

Load capacity

0

Load
1

Load
2

Load
3

Inverter V

Inverter I(A)

Generating
power P(W)

Load V

Load I(A)

Load Power
P(W)

System V

System I[(A)

System power
P(W)

(2) The output voltage to the inverter, the voltage to the load side and the voltage to the system

are plotted in the graphs below.

Voltage

250

200

150

100

50

Load capacity

3
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(3) The output power to the inverter, the load side power and the system side power are plotted in

the graphs below.

Electric power

450

350

300

250

200

150

100

50

3
Load capacity

(4) After operating the Grid-connected inverter , measure the voltage and current values of the

connected inverter, the load side and the system side respectively, and record the values in the

table below.

Load capacity

Load
1

Load
2

Load
3

Inverter V

Inverter I(A)

Generating po
wer P(W)

Load V

Load I(A)

Load Power
P(W)

System V

System I(A)

System power
P(W)
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(5) The output voltage to the inverter, the voltage to the load side and the voltage to the system
are plotted in the graphs below.

250

200

150

100

Voltage

3
Load capacity

(6) The output power to the inverter, the load side power and the system side power are plotted in

the graphs below.
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4. Connection diagram

Warvus

re Lenerator ~

Auto

O

Wind Generator OC. Voltmeter

&

- {mpo OWET ——
o -+ —
-
O O o000
Charge Battery — L Qut -~

- Requirements

1. Prepare and inspect laboratory apparatus and tools.

2. Using experimental equipment and tools, construct and operate the connection circuit of the

3. The characteristics of the Grid-connected inverter
4. The characteristics of the Grid-connected inverter

5. The Grid-connected inverter changes the capacity of the loads after connecting to the system.

Grid-connected inverter .

\_ ll |
i
Main power
o © Wind Generator OC. Amseter
o -
Wind Generator Qutput olar Ger r Qutpu
+ . n + —
O OO0 “ —1ale
o
~lnverter Select—
LN {N 1 -4 _
O O0000
— r QTN | La n G IN OC IN

~ Automatic Transfer Swich —

_|_

‘OOOOOC
i P

Solar Gensrator OC. Yol tmeter

Solar Generator OC. Ammater

__|_ S
o]l@Je
Power out—’

-

ipor! P

Y

+ —_
000
oad3i—

pad2 Load3

is not connected to the system are explained.

is described in the system.

Evaluation Item Allot | Obtain Remarks
Prepare the Inverter Action Characteristics | 20
Inverter Output Voltage, Current 0
< Item point Measurement
%—J (80 point) | Load Side Consumption Voltage, Current 20
§' Measurement
5 Current measurement 20
2,
. Work attitude and safety 5
Work point
(10 point) Use, arrange, and dispose of materials tools 5
Time point Subtract () pointin every () minute excess Item | Work | Time | Total
(10 point) P Y
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6. Installing and Using the Test Equipment

6-1. Installation of the Fixed Solar Generator
(1) Install the generator on a flat floor surface by stably fixing the body on the floor, so that
it does not move while operating.
(2) Connect the power cablese on solar modules in series or parallel to connect with terminals
on the access panel of the solar electric conversion test equipment.
6-2. Installation of Electric Conversion Test Equipment
Move the test equipment to where power is available and connect 220V AC power cable to the
power terminal at the back of the control panel. Then, plug the power cable to start supplying

power to the test equipment.

(1) Stand-alone inverter Power Generation System Configuration Connection

— Gewc HUE B SIS R B o -

(2) Grid-connected inverter Power Generation System Configuration Connection

S— gen TU3 BN NINAS UB B e
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(3) Automatic switching switch system configuration using commercial power connection

— TEvG YUY B SOIH2AS WE T e

7. Cautions in Handling the Equipment

7-1. Power Supply

(1) The main power of AC220V is used to operate the test system.

(2) The procedure of operating the system is as follows. While the power is connected, turn
the N.F.B on and complete wiring using banana jacks according to the circuit diagram.
Then turn the DC toggle switch on the solar generator on.

(3) Using banana jacks to supply DC24V of power on the system is safe, but make sure not
to confuse + and — terminals since it operates with DC .

(4) Moreover, since all components of the system, including the base and the control panel, are
made of aluminium, make sure not to touch the aluminium when connecting with the +
terminal, red colored terminal.

7-2. General Conditions

(1) Make sure to thoroughly read and understand the manual before starting to use the system.

(2) You may be charged for A/S services regarding malfunctioning due to dissembling or
modification of the equipment, even during the warranty period.

(3) For any other inquiries about the operation, malfunctioning or using method of the system,

feel free to contact the head office.
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Product Warrantee Certification
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