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1. Project Content

1.1 Background and Purpose of The Project

According to the International Energy Agency (IEA), the power consumption of motor takes up to 46%
of global electricity consumption. In response to the demand for energy saving, the development trend of
automated chemical factory and smart buildings, the global motor market is expected to grow at a rate of
6~7% per year. Various manufacturers are investing in the development of efficient and controllable
BLDC motor and drive solutions for new applications (ex. smart building/factory), as well as replacing
previous generation solutions (ex. pneumatic/diesel engine hand tools, agricultural tools...). Based on the
overall market trend, and in view of Mean Well's recent transition from manufacturer to solution provider
for smart building applications, the future entry into the BLDC drive market will significantly expand
Mean Well's depth and breadth of power solutions.

BLDC motors are highly efficient, compact, and controllable (variable frequency). The efficiency of
traditional AC single-phase induction motors is about 40-60%, and with an increase to over 70% with
BLDC. However, BLDC needs to be worked with a suitable drive, the overall cost is also higher. Therefore,
it is necessary to introduce a BLDC drive with good cost performance and high efficiency to be more

competitive in the market.

In this project, a BLDC drive with WIFI communication, wide speed range operation, and low cost Hall-
effect digital sensors is implemented in the electric roller shutter system. In addition, this project works
with Field-oriented-control(FOC) to achieve appropriate current control, so that BLDC can use relatively
small current drive under different mechanical loads, reducing the power loss of BLDC drive. The torque
limiting function provides output torque adjustment. For applications that do not require instantaneous
high torque output, the torque limiting size can be adjusted by software to obtain smoother acceleration
effect and to avoid the stress generated by excessive torque output, which may cause load failure or

damage.
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1.2 Project Specifications

Figure 1 BLDC-300 with wireless module

and external antenna Figure 2 Curtain lifting control application

£ttt S

Table 1 Roller shutter project specifications

Drive efficiency 93%@300W(drive output)
Motor efficiency 80%@250W (motor output)
Rated current 1.2Arms

Acceleration/deceleration | <1.5 sec (acceleration from static to rated 1200 RPM@no-

time load)

Maximum drive current 200% rated current for 5 sec
Speed control range 100~1200 RPM

Speed adjustment rate <+/-1.5% (rated speed)

Software Setting Function Output torque limiting (200% lo(rated) by default

S-curve slow start function

Drive function Rotational speed control and torque limitation
Forward and reverse control
Simple acceleration and deceleration S-curve control

WIFI remote monitoring

IS A A

Application: Hall display curtain lifting control (Fig. 2)
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2. The Roller Shutter Application System Introduction

2.1 System Planning and Architecture Description

This project introduces the implementation of BLDC control method and the movement of the roller
shutter system design by controlling motor parameters. Apart from that, with the combined use of WIFI
module and APP, the BLDC drive is able to be controlled remotely, such as variable frequency and on/off
control, as Figure 3 shown the system architecture.

y
Hall
sensors

lI i
Inverter

BLDC control I A Sv.Sw,
by IMC101T A SwSw
. | Current control
0 i with FOC

A
is Oe
"
S-curve |w. | Speed | e spe?;; Z::\gl e |2
control control cal cul ation >
y Hu, Hv, Hw
Speed 3
command RUN/STOP
ntrol [ Stop
MU used for | circuit [* Up
curtain lifting “ Down

control
bui I d-in WA nodul
(build-in U’;jAntenna
5 (O

Control by
APP

Figure 3: electric roller shutter control system diagram
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2.2 Roller Shutter Mechanism Design
In order to quickly verify the proposed electric roller shutter control strategy, the finished product is purchased and
assembled, as shown in Figure 4; Figure 5 shows the assembled module of BLDC and motor (BLDC-300), where

the main components and their functions are shown in Table 2.

|
|
9

Fig. 4 Winch and micro switch Fig. 5 BLDC and drive (BLDC-300) module

Table 2 BLDC roller shutter mechanism of the main components and the function description

project name Description
1 Winch Winding and lowering the rope
2 Micro Switch Limit the length of the wire coiling wire , when the wire rope is

retracted and touches the micro switch, it can trigger the BLDC-

300 to stop
BLDC-300 BLDC drive
4 YBL-6S-148 Power the motor and drives the rolling machine to run
MF60X-L1-3 Cooperate with the low-speed application of roller shutter.

Reduction ratio: 3

6 Hall-effect sensor Electrical conversion interface between the H all-effect

conversion interface sensor position signal output by the motor and the B LDC-300
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Figure 6 shows the calculation of the load demand torque of the roller shutter reel, where the weight of

the roller shutter is 10 kg, and with the shaft radius (0.02m), the required torque could be calculated
Tload = 10 9.8 *0.02 = 1.96 (N-m) (1)

The reduction ratio of motor speed reducer and winder are 4.2 and 3 respectively, so the total reduction
ratio mis 12.6. The combined deceleration ratio of the speed reduction mechanism and the torque Tippq,¢18
required to convert the input shaft (motor output to the mechanism) under ideal conditions which is about
0.156Nm.

m=42%3=126 2)
1.96
Tinput = E = 0.156 (N—m) (3)

Roller shutter machine wire lifting speed requirements about 0.2m/s and the motor speed is estimated at
about 1200RPM

0.2
Ninput = 7= * 60 * 4.2 x 3 = 1203 (RPM) )

I Tload = 98Nx0.02m
! = 1.96N-m

|
! / =0.2%60/(0.02%2 17)
: =95.5 RPM

velocity = 0.2m/s T l Fload = 10kg*9.8m/s’
=98N

load M_max = 10kg

Figure 6 Calculation of the load of the roller shutter reel mechanism (without speed reduction mechanism)

3. Motor Drive Design

3.1 BLDC Motor Parameters

This section describes the basic parameters of the motor and the measurement results, as well as the
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measurement method of the three-phase Hall signal, which is used as a basis for the design of the BLDC

drive.
3.1.1 Electrical Parameters of The Motor

The motor electrical parameters are based on the following information provided by motor supplier, and
the BLDC control parameters are designed according to Table 3 below.

Table 3 BLDC parameters measurement table

Parameter Numerical Value Unit

Polarities Poles 8 -

Back electromotive  |0.1815

Vi -s/rad
force constant Ke rms()-s/ra

Equivalent d-axis 0.0106

) H

inductance Ld

Equivalent g-axis 0.0107 H

inductance Lq

Torque constant Kt |0.5444 N-m/A
. 3.5

Phase resistance Rs Q

3.1.2 Hall-effect Sensor Signal Alignment and Wiring

In this project, the three-phase Hall-effect sensor signal indicates the angular position of the motor shaft,
so that the FOC can control the current in the same phase as the back EMF. In this way the magnetic field
of the rotor is orthogonal to the stator magnetic field and the electrical energy can be effectively converted
into mechanical energy. Since most motor manufacturers do not provide the phase relationship between
the Hall-effect sensor signal and back EMF, in practice it is necessary to measure the Hall signal phase in

order to use with the motor drive.

It is based on the phase between the back EMF and the Hall-effect sensor signal defined by the control
IC-IMC-101T. The actual motor three phase back EMF is required to be in the same phase with the Hall
signal so it could be activated. Figure 8 shows the definition of Hall-effect sensors of IMC101T and the
phase between UV line to line back EMF and Halll in positive phase sequence: Halll lags UV line back
EMF by 150 degrees, and the control IC defines the input position signals Hall1~3 with a difference of
120 degrees each. With the active load to drive the motor to be tested (clockwise rotation), the actual
motor HallU~W signal and the UV inverse potential are shown in Fig. 9. It can be seen that the Halll of
IMC-101T should be connected to HallW in order to correspond to the phase relationship defined by the
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Figure 8 IMCI101T Hall signal and BLDC Figure 9 Relationship between measured UV
three-phase voltage phase definition back EMF and motor Hall signal

3.2 BLDC Controller Design
3.2.1 BLDC Drive System Architecture

Figure 10 shows the schematic diagram of the control architecture. The BLDC control core uses the
IMCI101T-T038 with built-in PMSM control algorithm and three Hall-effect sensor signals as the motor
position feedback to achieve FOC, so that the motor can precisely output current at the correct phase
and provide a smaller drive current. In terms of speed control, the S-curve acceleration curve is
added to the speed command to improve the start-up stress of the original ramp acceleration/deceleration

curve.
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Figure 10 Control structure diagram and entity diagram

3.2.2 IMC-101T Peripheral Circuit Design

The following describes how the IMC-101T control peripheral circuit is designed.

PGOUT

TXD| RX1

Fig. 11 IMC-101T controller feedback and protection cirucit

Circuit Description
o - -
e ::tzx —
R975 2K S|zl z
= §“ EJ‘ 2 HAILL:S MC101T-T038 8.25k
= NO (0O . .
8g 8s 82 sme | Pin2 = X HV +
VPR P T8 IWAHALLI-AIN2 665k+665k+8.25k
T 4 d g R%54 58 IVIAHALL2- REFWIAHALL1+/AINT
= = 4| REFV/AHALL2+/AINT  VSPIAIND
Raoe. R waty 5 | REFUAING ™ = O . O 0 6 1 6 5 HV + (V)
RSH+ AN o6 5 1 issiu RX0
' 0
BV Tk 7| NToiaINTD GPIOY
T ! > 8 .
i Ll — : pemaionre | RSH feedback :
%gT %ﬁ %S +3.3V} E 10 | vpp GPIOT
§ l 8 DIR/GPIOB
i 2 | PWMUH PAR3/GPIOS 10k
- ~90 . .
B3| PwMvL w | Pin6= R — X1
°= | PwMVH | PWMVH vss shunt 10k+2k HV
dv.  PwMwL—2 P PAR2/GPIO4
PWMWH PAR1/GPIO3 .
LED PARD/GPIO2 = 83m X lyv (V)

PWMWH PWM output
Hall sensor feedback: pull-up

resistance 2kQ, connected to the
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motor Hall sensor line (open-

collector)

protection signal from gate-driver ,
to determine whether to turn off the
PWM immediately.

R993 5V Rogs5
5.23K 140K
+SV—AA

U952:1
LM258ADT g2 |,

HV+_divider |}

™~ —

3> o

> @

< O
HV-

222/50V

BRAKE

Figure 12. feedback control resistor

Design VDC detection circuit using
LM258ADT

4.99k

OP-+(H) =5 x (5.23k//140K)+4.99k =249V
_ (4.99k//140K)

OPH(L) =5 X (4.99k//140K)+5.23k 2.4V

HVBRAKE(H) = 249 =403V

0.006165

24
HVpraxe(H) = 0.006165 =389V

HVBRAKE hlgh VOltage Side to

trigger regenerative resistor
ON/OFF
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Figure 13 IMC peripheral control circuit

3.2.4 IMC-101T Parameter Design

The IMC-101T uses sinusoidal current drive and FOC control. The position feedback used the three-phase
digital Hall sensors signal feedback (6 step signals) for BLDC rotor angle estimation at full speed.

The IMC-101T is mainly used with the original software MCEWizard to design drive parameters. It
provides a built-in script language, which is mainly used for developers to design simple programs for
control functions. Figure 14 shows the motor parameters for the YELI-YBL-6S-148 motor. Figure 15
shows the parameters of the motor regulator, by the adjustment of 58-Current Regulator Bandwidth, 64-
Speed Regulator Proportional Gain, 65-Speed Regulator Integral Gain, current waveform of the motor

could be adjusted to a close shape of sinewave.
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Motor 1 Motor Parameters

1 - Motor Model Name

2- Motor Rated Arags Amos

3- Motor Poles

4 - Motor Stator Resistance Ohms/phase

5 - Motor L Inductance wmH

6- Motor Ld Inductance wH

7 - Motor Back EMF Constent (Ke) Viln-ms)erpma
8- Motor Max RPM REM

9- Minimum Running Speed REM

10- Speed Rarp Rate RPMésec

Figure 14 Motor parameters

Motor 1 Regulators

5% - Current Regulator Bandwidth radec
59- Enakle DC Bus Compensation
£0- Flux Estimator Tizce Constant msec
61 - Speed Feadback Filter Time Constant msec
64 - Speod Regultor Proportonsl Gain
65 - Speed Regulator Integral Gain

Figure 15 Controller parameters

Figure 16 shows the angle correction parameter of the Hall-effect sensor, which affects the accuracy of
the motor return position. The parameter is set to 60 degrees based on the phase difference between the
back EMF line voltage UV and Halll and then minus 90 degrees.

When using the Hall-effect sensor, the speed is calculated by the differential method (take the change time
of Hall signal), which is more likely to amplify the signal error and cause distortion of the current
waveform. The speed filtering parameter HallSpdFiltBW is set to 1000, and the bandwidth is 36.7Hz
according to the following formula (7).

1 Fast_Control_Rate
BW = = Hasparaw. — 30-7Hz (11)
277:'Tdecay FpWM-Ln(l—T)

Fast_Control Rate is Control and cut frequency ratio; Fpwm is BLDC drive Switching frequency; Taecay 1S

Filter time constant.
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E3 MCEWizard 2.3.00 - CUser

File JumptoPage Help

[Question 97: Motor 1 Hall C - Hall Angle Offset

Motor 1 Hall Configuration
Question 97 - Hall Angle Offset

Enter the Hall Angle Offset parameter to align the measured Hall angle signal
With the rotor flux. Bock
TThe alignraent of the Hall angle signal with the rotor flux depends on the ME
mechanical alignment of the Hall sensors with the stator windings. The Hall

sensor Offset parameter allows adpstment 1o the Hall angle alignment.

The MCE controllex defings the O deg rotor angle at the negative 220 = Of'set T‘c;s :!
crossing of the U phase back EMF. At the conrect mechanical alignment the / Fall Angle Offset 1
DH_! tansition with DH_2 low and DH_3 high should align at the peak of '

the UV line back EMF. In the case of analog Hall sensors the 120 deg rotor oo D VI |
angle alignment is with the AH_U 220 qrossing at AH_V negative polarity. DHy | ]
The Hall Angle Offset can be determined by measuring the electrical angle DH. v
tetveen the DH_ tansition or AH_U 2200 crossing and pesitive 2210 Aratog. [ ] 2l
cxossing of the UV line back EMF and subtacting 90 deg. Hall act {...,U ot /'
e
Angle | .
@ :
t o
120" |- -mm e S S
Motor 1 Hall Configuration
47 - Hall Angle Offset &0 Degres

Figure 16 Motor Hall-effect sensor angle correction definition

3.2.5 S-curve Control

The main function of S-curve slow start is to achieve smooth start and stop action which could improve
the start/stop mechanical stress, resulting the noise and shaking problems during shutter operation. The
principle of S-curve is to add a “accelerated soft start” to the motor start and stop operation. S-curve can

be used with the script-function in IMC-101T, calculated by equations.

t

Figure 17 S-curve acceleration curve
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ScurvelLvLl = a * ScurveLvLl + (1 — a) * TargetSpeed (12)
ScurveSpeed = B * ScurveSpeed + (1 — B) * ScurveLvL1 (13)

A smooth input speed curve can be obtained from ScurveSpeed. By adjusting o and B, the accelerated soft
start could be adjusted: the higher the value, the slower the acceleration. The actual S-curve acceleration

and deceleration of the motor is shown below:

Figure 18 Accelerated S-curve Figure 19 Deceleration S-curve

3.2.6 Script Program Flowchart

Script mainly focuses on the external functions of BLDC (e.g. Speed Command Detection/Remote...) and

protection functions, and the program flow chart is as follows:

TASK1(10ms)

emote on &&
No Fault ?

YES

TASKO(1ms)
Detect Speed command by
ADC
Calculate S-CURVE
command

‘ BLDC RUN ‘ ‘ BLDC STOP

I OLP check I
I UVP and OTP check

LED signals control

I Remote control detect

End of TASKO

End of TASK1

Figure 20: Flowchart of IMC-101T peripheral function program
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3.3 Wireless Function Design

Wireless function is mainly achieved by WIFI protocol for the control of the roller shutter lift and stop. A
user with accessible Internet could remotely control the BLDC roller shutter, through the mobile device
APP.

3.3.1 Wireless Module System Architecture

The wireless function is achieved by ESP-WROOM-32U wireless module from Espressif Systems, which
is mainly designed by WIFI function with IEEE 802.11 b/g/n protocol, supporting up to 150Mbps data

transmission and 20dB antenna output power.

ESP32-WROOM-32U

[ Mcu
uP >
] DIO@MCU DOWN > oo GPIO > RC
[ COMM.@MCU ST%P > ) (0/P) >
[l DAC@MCU LSt “]
MCU

core
TXUSB/RXUSB for burning <=t UARTF l > SPD

Figure 21 ESP32-WROOM-32U Architecture

In addition to WIFI packet sending and receiving, the wireless module could be further developed
through Arduino IDE for peripheral GPIO and DAC functions, for the control of external hardware signal
(Roll-up/down and stopping, micro switch LS1 receiving), output speed setting (SPD) as well as remote
control function (RC) for IMC-101T module.

Wireless function is mostly used for roll-up/down and stop control. During application two shutters could
be controlled synchronously by APP, where the APP is designed from IoT platform provided by Blynk.

The architecture is as follows:
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Blynk Platform Wi-Fi
.
2
Module#1
N
ESP32
Module
APP DAC / GPIO

BLDC
\ /

Figure 22 BLDC wireless control architecture
The key functions are described as follows.

1. APP: responsible for transmitting the mobile device APP screen button information to Blynk cloud

platform.

2. Blynk platform: responsible for handling the control connection between APP and ESP32 wireless

module.

3. ESP32 module: responsible for decoding APP button information and sending control signal to
BLDC after decoding.

4. BLDC: Motor drive
3.3.2 Wireless Module Control Function

When the auxiliary power supply +3.3V is established, delay 500ms until the MCU function initialization
is completed, then mark the INI_STAT flag RESET to indicate that the initialization is complete.

Before the motor starts for the first time, RC and SPD are not established. When the external start-up
control signal Enablelnput (source: UP/DOWN by hardware or WiF1i) receives a low signal and lasts for
more than 20ms, enter the roller shutter system start-up procedure. When Enablelnput is detected, the

system enable flag SysEnable SET means the roller shutter is ready to run.

After SysEnable is enabled, the RC SET is delayed 20ms, and the SPD speed command starts 10ms earlier
than the RC. When Disablelnput (source: STOP/LS1 by hardware) is received for more than 20ms, or
WiFi receives a stop command, the SysEnable flag RESET indicates that the system is stopped, while
RESET RC signal, waiting for the next start.
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+3.3v

INI_STAT

500ms

Analog control>20ms

Wireless control:
Enablelnput T J Immediately
Analog control>20ms
. Wireless control:
D1sablelnput Immediately

SysEnable
SPD

RC 20ms e:;l ‘ 20ms e:;l ‘
10ms 10ms |

/

" Time
Figure 25 Wireless module start-up and control timing

The priority of control priority is mainly when three control actions happen at the same time: 1.stop;

2.upward roll; 3.downward roll.

When the up/down scrolling action is switched, it will first RESET RC signal for 10ms, modify the SPD
signal to run in the opposite direction, and then SET RC signal to make BLDC start

Upward scrolling limit signal LS1 is used to limit the upper limit of the curtain system, the curtain machine
continues to scroll to touch the limit micro switch, the micro switch signal state from High to Low,
triggering the wireless module will be closed RC output, at this time the curtain machine is prohibited to

continue to scroll, to achieve the function of positioning the curtain.

Wireless module control flow chart is as follows.
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When control botton in APP

Background function was clicked Control function procedure
BLINK_WRITE(BUTTON)
Loop()

J

y
Blynk.run()

v

Timer.run()

NO

Read pinValue

Systick INT
/~ Delay control for
| Initialization

/— Digital input state read

/
/
/

,/
DigilnputRead()

Delay count to 500ms then set
INI_STAT == NO

NO

Is pinValue low? 7~ Curtain lifting

operation control

/— WifiControlFlag:

| /
/ J
/ 1. UP I SysOperationSet() I
/ 7~ Speed command setting

2. DOWN

WifiControlFlag = low - 3. STOP / process
-End of loop ‘ % 3, S |
- I SPD. Control0 ,,/

“f Digital output

control

Y

End of loop
A
End of Systick INT

Figure 26 Wireless module control flow chart

3.3.3 APP Interface Planning

The APP interface is planned to provide up/down scrolling and stopping actions for users to send control

messages, and the interface is as follows.

Fig. 27 APP control interface

4. System Performance Evaluation

4.1 Roller Shutter Machine Tests

The real application of the roller shutter machine is shown in the following figure and video, where the
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company's lobby curtain, with the weight of the curtain of about 2kg, can be smoothly lifted from the
ground floor to the second floor and trigger the micro switch to complete the positioning of the roller

shutter machine.

Figure 28 Actual fabric curtain with roller shutter machine

Table 4 Action movie and description of actual rolling machine

Video link Description

Video 1 The actual curtain is hung synchronously from the ground on the first
floor to the second floor.

Video 2 APP linkage BLDC roller shutter controller actual operation process.

4.2 Drive Test Waveform

The following description of the project proposes the stability and dynamic testing of the roller shutter
application to evaluate its operational characteristics. In addition to efficiency measurements need to be
tested on the power platform, the rest of the test are on the roller shutter platform test verification.

Efficiency testing using the power platform as follows
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YOKOGAWA WT500 o0
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Kislter4520A

42 & ©l % (Encoder)

BLDC Drive YBL-65-148CX
ACL U U
E i :
By |acx '§>J w
AC Source IMC101T-T038 I | 230V
110V230V R
T

Figure 29 Dynamic test platform

4.2.1 Phase Current and Current Phase

Test conditions :

Input Input voltage Vin : 230Vac

condition

Output
.. Output speed: 1200 RPM;
condition

Output load: 11kg load

Test method :

In accordance with the test conditions of the actual roller shutter machine, the
conditions of the attached roll to trigger the shutdown microswitch of the
roller shutter machine. And record the current and Hall-effect sensor phase
under the pulling attachment of the roller shutter to confirm the current phase
and the phase of the back EMF with the same phase.

Test results

Test u phase line current [u(line) ahead of Halll angle =4.52/13.32 x 360° =
122°

According to the measured counter-potential corresponding to Hall sensor, the
line voltage waveform is about 150° ahead of Hall-effect sensor, and the three-
phase line voltage is 30° ahead of phase voltage under Y winding, so we can
know that the phase voltage is ahead of Hall-effect sensor = 150-30 = 120°,
which confirms that the actual current waveform is in phase with the opposite

potential and the phase is correct.
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Waveforms
CH1:- CH3: -
CH2:Hall1l CH4: Tu(line)

11kg@1200RPM
4.2.2 Efficiency
. Input Input voltage Vin : 230Vac
Test condition: o
condition
Output 1)
.. Output speed: 4000 RPM
condition
Output load: 0.6 N-m
2) ,
Output speed: 800 RPM
Output load: 0.6N-m
Test methods: The efficiency test is evaluated by the power platform, and the Drive
efficiency and motor efficiency are recorded respectively according to
the test conditions and calculated as follows.
_ Pout(drive)_ _ Pout(motor)
EFF'(d‘rive) N Pin(drive) ’ EFF'(motor) - Pout(drive)
21N-T . .
Poutmotor) = 0 N: Output Machine Speed; T: Output mechanical
torque
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AIEASER

EFF.(drive) = 93.51%@4000 RPM; 74.62%@800 RPM
EFF.(motor) = 83.77%@4000 RPM; 80.21%@800 RPM

Waveforms and data

Input/output power

@4000 RPM

Pout(motory = (21/60) % 4000 x 0.6 = 251W
Pout(drive) = 299.62W ; Pip(drive) = 320.4W

Uover'm = m
Tover:m m m

Normal Mode

Scaling:® LineFilt:® NULL:m
Average:® FreqFilt:® CF:3

PAGE
Element1, ElementZ____Element3___= (3p3w)_ [a]
voltage 300v 300v 300v ﬁ
Current 5n 20 20
Urms [v 1 230,319 72918 778.31 778.76 E
Irms [a 1 1.4916 1.1995 1.1864 1.1929
P w 1 -0.3204k 173.58 126.04 299.52 B
s va 1 0.3434k 190.27 186.78 326.54
o [varl 0.1237k —77.88 137.82 59.94 ﬁ
A L 1 -0.9329 0.9123 0.6748 0.9176
¢ [© 1 6158.89 D24.18 GA7.56 23.42 5
fu IHz 1 60.000 266.83 266.83
f1 [Hz 1 60.004 266.77 266.79 B
User Function Efficiency ’?
1 I 1 7 -93.527 [x1
F2 1 5z 237.723 21 | [+
F3 1
F4 1 Delta WMeasure
F5 1 AF1rmslurs] 229.38 [v]
F6 1 AF2rmsl1t] 1.20 [Al
F 1 AF3rms[—1 - 3]
F8 1 AFdrmsl—1 - -— 11
Update  753(100msec)

Elementl: Pin(Drive) ; X:Pout(Drive)

YOKOGAWA

Element1
Ul 300v
11 5h

2 (3P3W)
uz 300v
12 28

U3 300v
13 28

202105717 18:33:33

Pout(Motor): 1 V: 1 N-m

Input/output power

@800 RPM

Pout(motory = (21/60) x 800 * 0.643 = 53.87W
Pout(drive) = 72.19W 5 Pin(drive) = 90W

Normal Mode Uover:m m m

Tover:m m =

Scalingi® LineFiltim NULL:=
Average:® FreqFilt:® CF:3

]

MGE
Element1_ _Element2__ Element3___ 3 (3p3w)_ [a|
voltage 300v ov 300v " ﬁ
current 58 28 2
Urms v 1 230.80 115.71 115.78 115.74 E
Irms [a 1 0.5420 1.1748 1.1705 1.1727
P M 1 -0.0900k 40.22 31.96 72.19 E
s Ival 0.1251k 51.59 51.42 89.21
o [varl  -0.0869% -32-30 40.27 7.97 ﬁ
AL 1 -0.7192 0.7797 0.6216 0.8092
¢ [© 1 D135.99 D38.77 651.56 35.98 E
fu o [Hz 1 60.004 53.170 53.107
i1 [Hz ] 272.04 53.233 53.112 B
User Function Efficiency ’?
F1 I 1 21 -80.251 Ix1
F2 1 72 275.838  [x1 ~
F3 1 -
4 1 Delta Measure
F5 1 AF1rmslurs] 115.66 [yl
F6 1 Ar2rmsl1t] 1.16 [al
F7 1 AF3rms[—1  —————— 1
8 1 AF4rms—1  —————— 11
update 1548(100msec)

YOKOGAWA 4

Element1
ut  300v
11 k1.3

= (3p3W)
U2 300v
12 2n

U3 300v
13 n

IntegiReset,
Time

2021/05-17 18:36:53

Pout(Motor) : 1 V: 1 N-m
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4.2.3 Acceleration/ Deceleration Time

. Input Input voltage Vin :
Test conditions : o
condition 230Vac
Output
. Output speed: 1200
condition
RPM
Output load : No load
Test methods: Acceleration time: the actual roller shutter in accordance with the test

conditions, the conditions of the attached scroll to the speed setting, record
the rising time (rising time) from the start of the roller shutter motor to reach

the target speed, as the acceleration time of the roller shutter.

Deceleration time: The condition of the attachment is rolled up to the speed
setting, and pressed down after reaching the set speed, and recorded the
deceleration time (falling time) of the motor from the rated speed to zero

speed as the deceleration time of the roller shutter machine.

Test results Acceleration time: 1.152 sec

Deceleration time: 0.424 sec

Waveforms
CHI:- CH3: - CHI:- CH3: -
CH2:- Trackl1: CH2:- Trackl: Freq.(Halll)
Freq.(Halll)
| ]
pl | | o
j : ! |
I |
. : . - .
gl of -1349 5 -mms‘ L1523 bnsm e = = =] gl ol 1365 nemz.asusm = = -]
N— N—"
No load@0->1200RPM No load@1200->0 RPM
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4.2.4 Minimum Speed Control

. Input Input voltage Vin : 230Vac
Test conditions : o
condition
Output

condition

Output speed: according
to test results

Output load: No load

Test method: ) ) .\
The actual roller shutter in accordance with the test conditions, the

conditions of the attached roll to trigger the shutdown micro switch, and
reduce the speed setting, record the speed of stable operation as the
minimum speed point. And record the rotation speed of the product peak to

peak.

Test results Minimum Speed: 6.7%60/4 = 100.5 RPM@no load,
Speed ripple(p-p) = (9.3-5.1)*60/4 = 63 RPM

Waveforms

CH1:- CH3: -
CH2:- Trackl: Freq.(Halll)

No load@100 RPM

4.3 Control Card Circuit Diagram and Parts List

The BLDC-300R kit is mainly modified by the control card, adding wireless communication module and
antenna, as well as micro switch and Hall-effect sensor conversion circuit, etc. The main component costs

are listed in Table 5 below, and the wiring diagrams are shown in Figure 30 and 31.Table 5 BOM
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Part#

Specification

Cost(NTD)

Note

SOP-38

MSD3 PWM(Motor) IMC101T-T038

23

BLDC control IC

OP LM258ADT

Regenerative resistor

control

ESP-WROOM-32U

123

WIFI wireless module

OP TS321A

SOT23-5

Speed control signal

conversion circuit

conversion wiring

2.4G antenna + IPEX to SMA

50

WIFI antenna

3P micro switch 5A/125V

12

Upper roll limit switch

Cost

BLDC-300RB

R993
5.23K

Control of [MOTOR]

CNo4
2050-150-A

140K 21N
5V Ro%6 SPEED
CNo1 1K 1 G—GK
P1251-04(LF) ugs21 R V\—isPD . 2 G——{PWMWH
. LM258ADT¢ 2 . )
b T 1 BRAKE fo%evi003-sH sPeeot 85 2 Bkt
2 p—TXDO ) I v N 4 Q—PWMVH
3 p—Hv- < § HV- R‘923 5 5 Q——{PWMVL
. M
4 p—+33v 3] P ‘ 5| = & 6 G—APWMUH
22 L o | 3ie% Las :
1 3] =2 agj(8§ 7 p—PWMUL
b cest §9 ca @ 8 O—RSH+
R983 HALL1 HV- 104/50//0603-SH S < s HV.
HVR/B65K/1206 HV- F P s
HV14} I e 10 p—+5V
i HV- 3.3V
‘33'._@:\/\/&2'( 1 HALL2 |; p—t is
20—V
RO75 2K é Slzlz | uest A 33V
2= 8= 2 '§HALL3 IMC101T-T038 > RT! 13 O—BRAKE
ST e2 |98 I8 L HaLL1AING HALL2/AING |22 5 & x 14 B
2 |88 |88 (B8 3 2 83 [core
29 °8 [°3 |93 21\ WiAHALL1/AN2 [ 2° |85 [i0425vi0s03-5H 15 —tHv1+
© 2| 2 : - L]
Tl g R964 2 1y/AHALL2. REFW/AHALL1+/AINY [25
3 3 9 4 . HV-
HV- A A ——2] REFVIAHALL2+/ANT  VSPiAND |22 —]
Foe Roge ™ Y Reruaws im0 RXDO
RSH‘I—-'\N\/—T—/\/ 81 issiu +3.3V
G 1 0 A et GREENYY LED1 __ R980 , 1\"47K
! % ¢ RO70 2K
- s 4.0 J_>A_ 5 { PARAMHALLYAIN1 DU - IR
& [Ree8 VY VoK% 3T 3 9 %
32 GE [ T vss T T ?
88 25 |82 133v1—g? 1] voo v Lg8
3 ON |OF " X
& l 3 L&l 33
3 03 [o3 T 2
= HV- 53 |52 [k V-
B 82 32 |3 3 aw
ey '[
PAR2GPIOS A ————— AN\ ——+3.3V X
V- i [z Reoh epo ROTT K 285
s 3 2 Q9631
To_an7oo20w
j 2. RUN/STOP
5
J K
3 2%
CN93 ]
DH2LX5 53 Sa®
HALL1 2 1Qp—+sv 2o
HALL: 4 30— HALL3 V-
SPEED) 6 5Q—IHV- (32U951)
(#8U801) HV- 8 7¢—RUN/STOP
Ls2| 10 9 Pp—LS1

Fig. 30 Control card wiring diagram (IMC-101T circuit wiring)
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BLDC-300RB

ches
P125L04(LF) WIFI MODULE
b up
P DOWN 233V
D STOP T
Y- 33V |
N It g E
P125L08ILF) 801 us01 >
108/25/1206-SH ESP-WROOM-32U s =
e
s p_ohp |2 w)] © o]
802 1 ) &) = B
HV- 104/18V/0603-5H | Hv-———] cnon onos [ —jhyv. B g 8
21 3 0z f’ 1up
433 REOT, 0 10K = 02z (2 HDOWN
£ SENSOR_VP Txpo F22—Txuss
SHx <Bx 2] sensor_n oo 24 1 REM \ap—2T0 irxuse
= SET A jom 1021 [ z z Top
& - 7 o
2 1o L 1 Bl lglg
Lot RO, 100 L1 o |2L_jre gg Co ;:g
Loz RB0S 5, 100 . = 91 o3 ions |2 B2 [BE [B2 |32
g1 5| 8 2] 125 125 .3 3
oElzE |af 1] 102 o7 |2 RXD
::§§=:u§ ::gé 12] \cor o RE13 300 o
HEAR o

RA08

T

cBO7
104/1BVI0BO3-SH

-

Figure 31 Control card wiring diagram (wireless module peripheral circuit)
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