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1. Introduction

1.1. Introduction
This users’ manual is for T2001B and T2002B low voltage inverter training kit. These inverters are designed
for PMSM motor and induction motor. When you use this inverter, please check your motor specifications like
sensor, power, voltage range, current range and so on.

1.2. Suitable use

This inverter is suitable for research or development stage.

1.3. Precaution

1. All information included in this document is current as of the date this document is issued. Such
information, however, is subject to change without any prior notice. Before purchasing or using any
Desk Top Laboratories Inc products listed herein, please confirm the latest product information
with a Desk Top Laboratories Inc. Also, please pay regular and careful attention to additional and
different information to be disclosed by Desk Top Laboratories Inc such as that disclosed through
our website.

2. Desk Top Laboratories Inc does not assume any liability for infringement of patents, copyrights or

other intellectual property rights of third parties by or arising from the use of Desk Top

Laboratories Inc products or technical information described in this document. No license, express,

1implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property

rights of Desk Top Laboratories Inc or others.

3. You should not alter, modify, copy, or otherwise misappropriate any Desk Top Laboratories Inc

product, whether in whole or in part.

4. Descriptions of circuits, software and other related information in this document are provided

only to illustrate the operation of semiconductor products and application examples. You are fully

responsible for the incorporation of these circuits, software, and information in the design of your

equipment. Desk Top Laboratories Inc assumes no responsibility for any losses incurred by

you or third parties arising from the use of these circuits, software, or information.

5. When exporting the products or technology described in this document, you should comply with

the applicable export control laws and regulations and follow the procedures required by such laws

and regulations. You should not use Desk Top Laboratories Inc products or the technology

described in this document for any purpose relating to military applications or use by the military,

including but not limited to the development of weapons of mass destruction. Desk Top

Laboratories Inc products and technology may not be used for or incorporated into any products or

systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign

laws or regulations.

6. Desk Top Laboratories Inc has used reasonable care in preparing the information included in this

document, but Desk Top Laboratories Inc does not warrant that such information is error free.

Desk Top Laboratories Inc assumes no liability whatsoever for any damages incurred by you

resulting from errors in or omissions from the information included herein.

7. Desk Top Laboratories Inc products are classified to the experimental use. Especially, you may
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14.

not use any Desk Top Laboratories Inc product for any application for Transportation equipment
(automobiles, trains, ships, etc.), traffic control systems; anti-disaster systems; anti-crime systems;
safety equipment; and medical equipment not specifically designed for life support; Aircraft;
aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support.

8. You should use the Desk Top Laboratories Inc products described in this document within the
range specified by Desk Top Laboratories Inc, especially with respect to the maximum rating,
operating supply voltage range, movement power voltage range, heat radiation characteristics,
installation and other product characteristics. Desk Top Laboratories Inc shall have no liability for
malfunctions or damages arising out of the use of Desk Top Laboratories Inc products beyond such
specified ranges.

9. Although Desk Top Laboratories Inc endeavors to improve the quality and reliability of its
products, semiconductor products have specific characteristics such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Further, Desk Top Laboratories Inc
products are not subject to radiation resistance design. Please be sure to implement safety
measures to guard them against the possibility of physical injury, and injury or damage caused by
fire in the event of the failure of a Desk Top Laboratories Inc product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction
prevention, appropriate treatment for aging degradation or any other appropriate measures.
Because the evaluation of microcomputer software alone is very difficult, please evaluate the safety
of the final products or system manufactured by you.

10. This document may not be reproduced or duplicated, in any form, in whole or in part, without
prior written consent of Desk Top Laboratories Inc.

Warning

A Danger

* There is a risk of file.

If you find inverter firing, Fuming, abnormal sounding, or other abnormal conditions, stop
the inverter immediately. After you stop the inverter, you should disconnect all wiring
connected to the inverter.

A Danger

= There is a risk of electrical shock.

There is a high voltage parts inside the inverter. Do not touch directly on working or after
you stopped the inverter, while there is a charge in the capacitor. If you don’t keep this
warning, by electric shock, there is a risk of serious injury or death.

A Danger

= There is a risk of blindness.
This inverter has an enclosure. If the inverter ruptured while opening the lid of the
enclosure, there is a possibility the liquid contained in the internal capacitor, such as
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damaged parts enters the eyes, and it would make you blindness. Please do not open the lid
of the enclosure after stopped the inverter immediately, even during the operation. If you
open the lid, please be sure to wear goggles for protection such as in the photo below.

A Caution

= There is a risk of burns
While driving or after stopped, this inverter gets hot such as more than 100 degree. If you
touch the inverter, please pay attention to the temperature.

A Caution

» Please do not block the air vents of the enclosure. (only for T2000B)
In this inverter there is a vent for cooling the inside. If you block the air vent, cooling
capacity is reduced. And it may cause the inverter damage or fire.

A Caution

= Please drive the FAN while driving the inverter. (only for T2000B)
In this inverter there is a FAN to cooling the inverter. If you do not drive the FAN while
driving the inverter, the temperature of the inverter will rise, it may cause the inverter
damage or fire.

A Caution

» If you want to create a software, please create the protection routine first, such as
over-current protection, over-heat protection and so on.
In this inverter, there is no mechanism to protect the inverter hardware alone. Please make
the protection software first, or you may break the inverter.

A Caution

* Do not drive the inverter when the ambient is very high or very high humidity.
This inverter is designed for experimental use. So this inverter won’t work under below
conditions. Do not use under the environment that is out of the operation environment of
this manual.
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* Environment where there is vibration and shock.
» Environment where there is saprophagous gas, combustible gas, humidity over 90%
* Very High or very low temperature environment

A Caution

= This product handing high voltage. Please use a person who is aware of the danger of high
voltage.
The wiring materials are enclosed in this inverter for reference. But they do not
necessarily mean that they are appropriate for your application. Please use it before check
the applications.

A Caution

* Rating of this product is measured under certain conditions.

Maximum power capacity would be affected by input voltage output voltage, output
current, load conditions, operations conditions and ambient temperature. To prevent the
inverter broken, please watch the temperature, current, voltage, and external sensors for to
protect inverter.
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2. Inverter overview

2.1. Feature
This inverter unit is designed for a research or development of consumer use.

* Non-isolated structure inverter based on an inexpensive circuit for a mass-production.

* This inverter is driven by RL78G14, RX111, RX62T CPUs. ( 2013/11/22)

* Unused CPU pin can be used freely by the user.

* DC link voltage, three phase output current, three phase output voltage sensor is included.
* Convenient to experiment, top transparent case, with cooling FAN

* Inrush current circuits

2.2. Inverter block diagram
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2.1. Inverter block diagram
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2.3. Specification
Item Specification Remark
Operation temperature | 0°C~35°C
0,
Operation humidity Below 9.0/0 (No  dew
condensation)
Size 250 x 350 x 180 mm
Weight 4.0kg

Input voltage range AC85V~AC265Vrms

Maximum input power

3kW at AC200Vrms input

1.5kW at AC100Vrms input

Rated output power

4kVA at AC200Vrms output

At switching frequency 15kHz

Rated output current

AC11.6Arms

At switching frequency 15kHz

at AC200V output
Switching frequency 2kHz~20kHz This data is example
Deadtime 2.5us This data is example
Current detection 3 shunt 3 shuntis default. Can be changed to 1 shunt type
Shunt register 10mQ
Control power supply | PS21A79 MITSUBISHI ELECTRONICS

Control power supply Generated from DC link Non-isolated

DC link — control circuit

] } Non-isolated
isolation
Cooling Force air cooling
PFC controller UCC28019A
. . FCHO41N60F MOSFET FairChild Vds=600V, 1d=48.1A @100deg
Main circuit devices .
APT60DQ60BCTG Fast recovery diode APT Vr=600V, I=60A @110deg

Grid voltage sensor

DC-BUS current sensor

DC-BUS voltage sensor

3phase current sensor

3phase voltage sensor

IPM temp sensor

*Caution: Each maximum value, the rated value, may be changed by the type of load, input voltage,
ambient environment, such as by air cooling conditions. Desk top laboratories Inc does not guarantee the
condition of all the rated and maximum values of these specifications. Please install the protection way by
the customer, depending experimental environment and the load environment.
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3. Precaution for each circuits blocks

3.1. In-rush current protection circuits

<IMPORTANT>

This inverter has in-rush current protection circuits. In-rush current protection circuit is to prevent
the destruction of the inverter main circuits and capacitor. If you power on the inverter when the
capacitor does not have the electro charge, very large current flows into the DC link capacitor, because
the capacitor voltage is almost 0. Once this situation happens, the inverter is sometimes destroyed. So to
prevent large current flows, we add the in-rush current protection circuits. In the system the usage is
fixed, there is a type so that it is activated automatically by the hardware. As the usage of this inverter
is not fixed, the in-rush current control circuit of this inverter is controlled by the software.

This circuit has current limit resister, relay or Triac. In rush protection function works following.
When the power on, relay or Triac is open. After DC-link voltage goes enough high, CPU turns on the
relay or Triac.

This protection circuit is to prevent the destruction of the inverter. But if you mistake how to use this

circuit, it may break the inverter. Please keep following cautions.

* Procedure example:
A) Keep off the Triac until DC link voltage reaches 80% of the rated PFC voltage.

B) DC link voltage reaches 80% of the rated DC link voltage, then turn on the Triac gate signal.
C) Do not off the gate signal forever.

* Caution
1) Do not start to work the inverter, before Triac gate signal goes ON state. Or in rush protection
resister will burn.

2) Once turn on the Triac gate signal, do not gate off.

3) Do not power on and off frequently. In rush current protection resister will burn.
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3.2. PFCcircuit

This inverter has both analog PFC IC circuits and the software PFC circuits controlled by CPU. This
function can be changed by jumper pin.
If you short below figure JP6 1-2, analog PFC circuits works. If you short JP6 2-3, the software PFC

circuits can be used. If you open JP6, PFC circuits do not work.
COMMON PAD

CMT-8121 1mH/20A(Triad Megnetios) 200uH =
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3.3.

Choice of the current detection circuits

There are two outputs of the current detection circuits of this inverter. Two outputs are selected by
JP1, JP2, JP3, JP4. Please choose JP setting according to your CPU setting.

At AVce =5V
1-2 Short, 2-3 Open 1-2 Open, 2-3 Short
JP . X
Outputs Equations Outputs Equations
JP1 Tu OPAMP output Vout = (10*R*lin+ AVce) / 2| Tu OPAMP Output Vout =(9*R*lin+ Avcc)/ 2
JP2 | Iv OPAMP output Tin=50A -> Vout=5V Iv OPAMP output At A& OPAGain=5
JP3 | Iw OPAMP output Iin=0A -> Vout=2.5V Iw OPAMP output | Iin=55.56A->Vout=5V
JP4 | Ipfc OPAMP output Iin=-50A->Vout=0V Ipfc OPAMP output | [in=0A->Vout=2.5V
Iin=-55.56A->Vout=0V
At AVce = 3.3V
Ip 1-2 Short, 2-3 Open 1-2 Open, 2-3 Short
Outputs Equations Outputs Equations
JP1 Tu OPAMP output Vout = (10* R*lin+ AVCC) /12 Tu OPAMP Output Vout = (9* R*lin+ AVCC) /2
JP2 | Iv OPAMP output [in=33A -> Vout=3.3V Iv OPAMP output | At P& OPAGain=5
JP3 Iw OPAMP output Iin=0A -> Vout=1.65V Iw OPAMP output Iin=36.67A->Vout=3.3V
JP4 | Ipfc OPAMP output Iin=-33A->Vout=0V Ipfc OPAMP | [in=0A->Vout=1.65 V
output Iin=-36.67A->Vout=0V
o "‘EC—C foch S
1‘5 i - E E b E "J-\'J{‘él'.?
1 %@) ﬁh@ i'@ HET
il TH3 THZ TH1 e aps VAR,
fSB § N __ 20500 1w R.n_. al, 1 A
3::§; 2 113 18 [5o], |, upcazazc2 avee
NI 2
=l |z GND o th, AVCC °3
o o s GND g
[ ] a
n SN ﬁ% S ACC b
« /77 GND 200/0.1w = %] -
rRJ a9 R29 ' i
e 1 eno %::5 %:_g ‘SEFE GHND
s iz
= 2
o
77
GND

3.4.

The filter circuits for the current detection
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The filter parameters for the current detection circuits need be changed by the application, noise
environment, switching frequency, control algorithm and so on. As shown below, this inverter provides the

pattern of the filter capacitor.
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3.5. Alterations for one shunt current detection method

This inverter is based on three shunt current detection. But this inverter can be converted to the one
shunt current detection. If you want to use one shunt current detection method, please connect TH1,
TH2 and TH3 hole. In case of this alteration, resister value will be 1/3. You need to change the resister
value or remove resisters depending on your requirement.

VCCIo -
UN UN
e

o 0 N IKx kx|

E o 22000pF/50V/IK C45 25

sy it CFO
o ]

(ro}——e 26 iro
23 lyar
21 |\
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19 | VSC
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NW

+
—
(9]
<

33uF 25V ~{>

e
C34
1.0uF/25VIK
1l—| IW“
24

4.7k/0.1W
1.0K/0AW *—W—e TH3 TH2 TH1 =
| R58
gl R34 - |B w_our)— -
B 8 NS
o WOND oL BiEy 1B | 1B |B
ks SRR S R A
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> |2 IS
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[
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3.6. Over current detection circuits

The over current detection circuits of this inverter use the comparators. The outputs of the comparators
are connected to the /INT pin of CPU. So user need to install the gate-block routine to your application.

VCCIO
@ 27 | N
N 28 VN
o 22N IKx JKr
E o 22000pF/50V/IK C45 25
s1% F CFO
E ]
(7] 26 iro
23 ot
+15v 4 21 | s
L d 4 Q|
l XJ:Q 2w Z 2 2 Z 2
2 3 5 (2
8 4 ° g ° < o
§ o7 ]
T I 4. 7k/0.1W @ @ @
1.0k/0.1W *—\N\——p TH3 TH2 TH1 —
| *—WV R58
gl R34 3 2 w_our)—-
3 8 NI3ss
S SW\GND w2 R75[5 > > 5
g|o o |8 S > >
- -— -~— -—
S S S
GND 2® <@ o
> > ®
Ol & & (14 (04
[
— (o] —y —
{IU_QuT ‘ NC GND
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3.7.  Voltage detection circuits

This inverter has four voltage detection circuits.

At AVce =5V
Voltage Equation
DC link
U phase Vout =———xVin
V phase
W phase Vin=686.8V -> Vout=5V
Vin=0V ->Vout=0V
At AVcc=3.3V
Voltage Equation
DC link 3
Vout =———xVin
453
Vin=453.3V -> Vout=3.3V
Vin=0V ->Vout=0V

686. 8V/5V
AVCC 453.3V/3. 3V
BAVOONW, 115 |
N CaE S
150k/0.1258W  150k/0.125W  150k/0.125W M
2 AN AN AN . s [ven)
R84 R77 R72
= ‘L D24
= 3
« /77
GND GNDGND o

3.8. How to choose CPU voltage

This inverter board automatically supplies the proper CPU voltage. You don’t worry about how to choose
CPU voltage.

T1102 High Voltage Inverter Users Manual V0.60 EN 16/ 24



Desk TopLab

3.9. Connection information with CPU board

5201 15202 T5101 T5301 T5102 -—
C,N,_A Direction STD RX62.T RX6.2T RL78/G14 RX111 RL78/F14 | RX63U
Digital Inverter 100pin 64pin . . ) i
1 1 64pin 64pin 80pin 100pin

1 To INV - PA2 PA2 P52 P32 P44

2 To INV - PA3 PA3 P53 PBO P47

3 To INV PFC_G1 PDO PBO P54 PA1 P41

4 To INV VRL PB3 PB3 P55 PAO P42

5 To CPU /FO P70 P70 P137 PB5 P137

6 To CPU -

7 To INV WN P76 P76 P10 P55 P30

8 To INV VN P75 P75 P11 PB1 P16

9 To INV UN P74 P74 P14 PB6 P120

10 To INV WP P73 P73 P12 P54 P17

11 To INV VP P72 P72 P13 PB3 P15

12 To INV up P71 P71 P15 PB7 P125

13 To CPU P91 P91 P05 P35 P46

14 To CPU P92 P92 P06 P31 P45

15 To CPU 5V 5V 5V 5V 5V 5V

16 To CPU 5V 5V 5V 5V 5V 5V

17 To CPU GND GND GND GND GND GND

18 To CPU GND GND GND GND GND GND

19 To CPU 3.3V 3.3V 3.3V 3.3V 3.3V 3.3V

20 To CPU 3.3V 3.3V 3.3V 3.3V 3.3V 3.3V
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5201 15202 T5101 T5301 T5102 -—
ON-8 Direction STD RXBZ,T RX6,2T RL78/G14 | RX111 RL78/F14 | RX63U
Analog Inverter 100pin 64pin i . . .
#1 1 64pin 64pin 80pin 100pin
1 To INV AVCC 5V 5V 5V 3.3V 5V
2 To INV AVCC 5V 5V 5V 3.3V 5V
3 To CPU -
4 To CPU -
5 To CPU IU ANI 000 ANI 000 ANI O ANI O ANI 2
6 To CPU I\ ANI 001 ANI 1 ANI 4
7 To CPU W ANI 002 ANI 001 ANI 1 ANI 2 ANI 3
8 To CPU VPN ANI 003 ANI 002 ANI 2 ANI 3 ANI 8
9 To CPU | TEMP(Vot) ANI 0 ANI 103 ANI 7 ANI 4 ANI 10
10 To CPU VU ANI 101 ANI 003 ANI 3 ANI 6 ANI 5
11 To CPU A% ANI 102 ANI 100 ANI 4 ANI 8 ANI 6
12 To CPU VW ANI 103 ANI 101 ANI 5 ANI 11 ANI 7
13 To CPU (VAC) ANI 1 r ANI 16 ANI 12 ANI 9
14 To CPU (IPFC) ANI 100 r ANI 17 ANI 13 ANI 13
15 To CPU (VR1) ANI 2 ANI 102 ANI 6 ANI 14 ANI 11
16 To CPU (RSV) ANI 3 ANI 19 ANI 15 ANI 12
17 To INV VCCIO 5V 5V 5V 3.3V 5V
18 To INV VCCIO 5v 5V 5V 3.3V 5v
19 To CPU GND GND GND GND GND GND
20 To CPU GND GND GND GND GND GND
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4. External connection

4.1. FAN power input

Connect FAN power input connector

4.2. Inverter AC output

U phase output
V phase output

W phase output
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4.3. Inverter AC input

AC inputs

4.4. USB connector for ICS (In Circuit Scope)
This is option.

Mini USB
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4.5. E1 connector (RX62T 100pin)

This connector is option.
This picture shows that the combination with RX62T CPU card and T1102 inverter board.

Connector for E1
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5. Temperature raise value data for T1102

5.1. Temperature raise value data

Condition :

T1102 inverter + RX62T 100pin CPU card

Internal FAN 100V rms
Input voltage AC 200Vrms
Ambient 25°C
Load 3 phase LR load
In-rush
PFC PFC PFC Bridge current
Tnput power | 1y, 4o MOSFET | Inductor Diode protection TPM
TRIAC
1.0kW 31°C 34°C 33°C 31°C 38°C 40°C
1.5kW 36°C 42°C 38°C 35°C 44°C 43°C
2.0kW 41°C 48°C 43°C 42°C 55°C 45°C
2.4kW 45°C 60°C 50°C 44°C 65°C 48°C
2.85kW 52°C 71°C 63°C 52°C 76°C 56°C
3.0kW 56°C 83°C 69°C 54°C 82°C 58°C
3.2kW 65°C 89°C 75°C 62°C 84°C 60°C
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6. Ordering information

6.1. Order number list

Order number

Inverter

FAN

T1102-V100

T1102

AC110V

T1102-V200

T1102

AC230V
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