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HDT driver applied for PMSM sensor-less servo motor with load

\_ Date: February 5th, 2021 )

1. ASCEHE kb e E IR S 22, PMSM, 45 BU# % (Ratio = 2)7F&K, {#H Sensorless (% Elzs iy 2R
FEFZEHIFER, LA 750W PMSM JB 22 & &ifll, 4R es[mIes, {#F] HDT Tomcat 240 ERE/2S, fHfEi
fill, BB AN R AR A

2. Y NEFTR, K PMSM SRilesspElr, B REERAR. 750W FE 22 MR a it K S 3K, A5 [E.

3. SeRFEMIRHMER E Ry 200%, 50 EERE.
FE: ES2EFRREE, EFEERENTEH, EVei&EDE, EREgZR R ANERE.
Wl: 750W R ERAEE Ry 4.2A, WTNEFATR, AEVIaRY D, SERE S ER S KER
6, ZAEEM 200%, B 8.4A. FRll, T3 = EEAVEEEE R EWM A LI, W HFFREERE, X
BEEAGREAZERA, e B, MIFEEREt, FILASEHE rated current B 5E /NS, 411 750W
B2, BARTEER 4.2A, EBHIGHLE test, BRI A/N—FE, EEREH 2.3A SLigA. /O THE.




Motor Data
Type Motor 0 - PM rotary motor E|
Nominal Speed [rpm] 3000 -
Nominal current [A] 420 j
Peak Current [A] 12.00 =
Stall Current [A] 4.20 :ll
Nominal Voltage [V] 220 j
Motor Poles [g ]
Phase Resistor [Ohm] 0.50 =
Synchrony Inductance [mH] 7.50 j
Magnet Flow [Wb] 0.795 =
H 12t Time [s] 100 =

750W E &, Badauh A2 E 2L initial values

x|
Limit
Current Limit accuracy IA decimal ~|| 0040h
Current Limit [%] [%{j
Speed Limit [rpm] mj

Limit
Current

']- Close |

750W 5 ZERYEERHAE R R&Y 1 B, BERE L K& 15mH, ZEEE)ES e.m f. = 40.8V/1000RPM, Jrit
I3 Magnetic flux (Wb), 27 HDT S Page. 101, {73 Magnetic flux /370411 T

Magnetic flux (Magnet Flow) in Wb using the following formula:

Ke V2
MAG = —-—-20 [Wb]
P 3
In the previous formula, ‘Ke'is motor e.m.f. parameter in Vs (Volt x second), ‘P’is motor poles number.

Just in case ‘Ke’ would not be directly provided into datasheet, please use formula below to get the correct
parameter by motor e.m.f. (FEM__ ) given at a specified speed (RPM):

FEM 60
Ke=—p 2x V]

RPM



B DL, 750W FE (Y
= (40.8/1000)*(60/2pi) = 0.38961163 V*s;
Fi53% Magnetic flux , MAG = (0.38961163/8)*(1.414/1.732)*20 = 0.79528 Wb

Hak S ER T ELLIREE, 400W K 750W F5 AR EE Magnetic flux, (% EAIGEHETGE, Wo EADT:

400W % 750W FEiE
BB L, mH 20mH 15mH
EERH B 1 BR 1 B
t#3/8 Magnetic flux , MAG, Wb 0.5808 Wb \ 0-7952Wb

5. 2% HDT it Page 101 Ky, EEEGIR ALY EIH v ERET—E, M BT HEVHLE MAG 1E,
W AZISESEIIN, AT ERTR:

Motor Data

Type Motor 0 - PM rotary motor j
Nominal Speed [rpm] 3000 :,'
Nominal current [A] 420 :II
Peak Current [A] 12.00 j
Stall Current [A] 420 =
Nominal Voltage [V] 220 :II
Motor Poles |8 3
Phase Resistor [Ohm] 0.50 j
Synchrony Inductance [mH] 7.50 j
Magnet Flow [Wb] 0.795 j
2t Time [s] \ 100 =

6. WEHIESEMENETENE EMERMEEN, EFBAT:

(A) B A SZ 28, Motor Data, WIFHEER, BRI, WHEE.

(B) EEXURTHERHY PID, A FEISFZ 7. (BUFE Current % Velocity)

(C) %7€ Feedback % sensor less, ifiZ%5E Covariance-noise 28, T HE Covariance-current %
Covariance-phase

(D) HIETEFEFERRIL, T3 BIE%E Current K Velocity PID. 5 500~1000RPM &i[EHTEE{LIEF,
EHRIRY (B)ZTHERHY PID, A FTEIXHZ 7. (BFE Current & Velocity), #5RE8 £ BT .
Bl B RER, AN RIFE%E Current J Velocity PID, 37K H) range E{E1L.



7. 275 HDT i} Page 101 (YK, JRFEEER 2R [EERIY PID (EICfF(E, #EHRE. HOT HYEEHEE D A
AR
Regarding speed and current loop regulators, as main parameters are related to sensorless predictive control,

speed and current PID must be set as low as possible in order to avoid to let the system to instability conditions;
it's recommended to set PID parameters (nel sottomenu Advanced Setup) as shown in the table below:

PID Speed Current
Kp 50 120
Ki 10 70
Kd 1 1

8. £ Caliper o, jRaHSE[RIEEEEE / Sensorless, [FAnNESEL, 40 MEIFTR:

Selection feedback
Feedback type | 4-Sensorless -

Covariance-noise | Parameters start | Setting |

Covariance current IW:,
Covariance speed W:’
Covariance phase lmj
Current noise W:’

_FEHHY Covariance-noise £:8§E70H, 52:Rd HDT i} Page. 102 H. 458401~

Covariance-noise window shows sensorless regulation parameters sensorless:
- Covariance current: sensorless regulation parameter; range between 0.01 and 650.00;
- Covariance speed: sensorless regulation parameter; range between 0.01 and 650.00;
+  Covariance phase: sensorless regulation parameter; range between 0.0001 and 6.5000;
- Current noise: sensorless regulation parameter; range between 0.01 and 650.00;

Parameters start window allows to set:

- Starting current: current provided by drive to motor in order to guide the shaft to initial position; this
parameter is percentage related to Nominal current parameter.

»  Current ramp: ramp, in seconds, to reach starting current.

+ Initial speed: speed parameter, in RPM, beyond which drive changes control algorithm, from V/F to
sensorless.

+  Speed Hysteresis: it's reffered to initial speed; this parameter is shown in RPM.
+  Speed ramp: ramp, in RPM/s, to reach initial speed from zero speed.

« Initial delay: time parameter beyond which drive starts to follow speed reference; the delay is necessary
to let the motor shaft to reach the corrrect start position.

Setting windows allow to set:

«  Zerocrossing mode parameter:it's available as Continuous or Stop-Start. Continuous mode allows to cross
zero speed without the stop procedure, when a speed reference inversion occurs. Otherwise, Stop/
Start mode let the drive to change into V/F control and perform the starting procedure in accordance
with parameters shown into Parameters start window.

«  Stationing current: when SWITCH-ON command is provided to drive, this parameter shows the 0 speed
current that drive must provide to motor; this parameter is percentage related to Nominal current
parameter.

+  Fault measured speed: speed parameter, in RPM, beyond which drive provides alarm.



. LORERAE, EMFESREIAEN, HEEH%X Covariance current 2 Covariance phase ig 2 {E1{E.
Covariance current FJ#J45{E & 10; Covariance phase HY#J#&{E & 0.0080. B FREELKFHECHH %

BRI E.

—Selection feedback
Feedback type | 4- Sensorless -

Covariance-noise | Parameters start | Setting | |

H Covariance current [ 100 ||
|| Covariance speed [ 100 |
H Covariance phase [ 05380 = ||
‘ [Current noise 100 - ”

Parameters start 5z Setting ENEJAAE 53 B0 T AT, PAPSERENANTRER, S5 HAR IR S i A2,
FEHREEIRARIE . FeiiE ([ETEEE.

Selection feedback
Feedback type [4-Sensorless -~
Covariance-noise | Parameters start | Setting |
Current F 4-Sensorless J‘
Starting current [%] 100.0 = eedback type |
(Current ramp [s] 0400 = | Covariance~n0|se| Parameters start| Setting |
Velocity fSetting
e e e 100 j .] Zero crossing [0] Stop/Start ~| | 0000h |
Speed hysteresis [rpm)] | 20 j
l s Taag Kpaiti] | 000 = IStatlomng current [%] 50.0 j
Fault measured speed [rpm 2000
Initial delay [s] 0.200 = peed [rpm] ! :I
Covariance-noise Parameters start I Setting |
Current |
Starting current [%] 100.0 :‘ Hl
Current ramp [s] 0.400 i‘ ‘
Velocity
Initial speed max [rpm] 100 :i
Speed hysteresis [rpm)] 20 i‘
Speed ramp [rpm/s] 1000 :i
Initial delay [s] 0.200 =

10. INITIAL PHASE, fE& TR, No load connected, 7F Caliper H1, FZR[EFES, %7€ 50RPM, ZRh1%
Enable, FtHGE ZSIEESTBkEEE. = EZ RS T, Al 3 MERGH Y 2 HcH, FHER,
P S 22 IR ST BB .
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Data Monitor Menu

Drive 6,0-12,0[230 V] # Field Bus

Bus Input’OutPut =@ Motor Data
Mode [01Speed &) Feedback
Current 115 A ® Observer
Temp. 242 °C - Thermistor
Speed [Mot 0 mm ||| &-fg Advanced Setup

Position (Rev/Offset)[Mot] B !@
30| 43432 Counts

2009512 Counts

lomwms nb

Stationing current, 50%, 400W & 7Z[E

T
@ @l l?a I@(Lolpower |:§‘[m]5nab|e Ref. @ 0.21—

1

Data Monitor Menu

Drive 6,0-12,0 230 V] j& Field Bus

Bus InputOutPut || -y Motor Data
Mode [0)Speed (# Feedback
| Current 230 A | @ Observer
Temp. 264 °C o Thermistor
Speed [Mot 40 rpm g* Advanced Setup

Position (Rev/Offset)[Mot] 85 Control Set
100 5957 Counts
6559557 Counts

Starting current, 100%, 400W f 7 [E]

E E = gl‘(m]um Speed. 3 W[mm]wmmw ZI E
Meas. Speed. Current iq Ref.
@ cH2pm) Analyzer @cHi
100

PP o e e, s S s PSP P SO SO S SO R T
25003 3 i - 75
225043 ‘ f 50

2643
25

00

15843

oo TG MRNMS TR A YA

anzl<4[lessllss<dss<Ms=x<@BT o

| ' i ' i -100
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75

TG RS T, BErE, A, (REEREETER peak EHME.



. — - rie Lommanos semng et
. @ - I@[LDIPM! |@‘[L|)Enablene| ‘ ] rt [ | Stop |E|| El =2 | W I h;gl Wus  ~||| =P ‘ & Istl & ‘ &
Data Monitor Menu CH1 <] K2 [icozicas. ees =] (ct3looncumentaret. <] [CHA [lo0siveas curentie <]
Drive 5.0-12,0 230 V] # Field Bus — — = =
o Bus Input/OutPut = Motor Data Meas, Speed. Meas. Currentlq Cursars Scale [Tuggerl
8 ode [0}Speed &) Feedback @ cH2[pm) Analyzer @crim Left Ax m
Current 230 A ® Observer 3 P | R Py, e, e e PSR e e T PR, . A e . e e 233 et Axis
Temp. 257 °C &} Thermistor Right Axis CH4 =
Speed [Mot 45 rpm ||| @ fgr Advanced Setup
g 25e+3 Speed Ref.
E{ Position (Rev/Offset)[Mot]— || i B8 Control Set 23 P,A::oma:ic[m}f' Fixed
56| 25327 Counts 1 b & ——
3695343 Counts zzse-3 gl L I I = 4000 =
Input 231 i -4000 j
1.0 |Power on [} .Heas Speed_[rpm]
1 1.1 |Enable Ref. [} © Automatic & Fixed
= ® 1.75e+3 2 =i
13 ] ® Max 2800 —
14 ® Min 500 =
1.5 |Reset Alarm @ 1.5e43 229 |
1.6 | Analog Input 1 3 ‘ | | ‘ i @ | Current ig Ref. [4]
- 1.7 | Output 2 125842 | I ‘ ) il ¢ Automatic @ Fixed
| Output 228 Max 10.00
0.0  Drive OK Q | | | el
0.1 Speed 0 Q L ¥ Min -10.00 =]
0.2 Speed 0 Q 227 @@ Meas. Current iq [A]
2 [ e S 0 | et | i s T S it @ Automatic  Fixed
Max 0.00 =
PSS [N T S S TN N S N N S SN S S - 100 2
00 05 10 15 20 25 30 35 40 45 50 S5 60 65 70 75 80 Min -10.00 =
T

AU NIV HY4R, FEEheiE T s 1, IHGEE, SR peak (EAE 2.3A [fiT

11. WESE B F e [m1%, IELHFERTEER. fF Caliper b, FBHEREZ, FHEHE, 5%
{% Enable. [LHEFE T gE EBkEERE, S5 Scope Bz
WTE, EEFE Speed Ref. (4L E)FIEE

Current Iq IR (41

8.4A). X EEHME.

Teh) e

52 7€ 500RPM

SR ERE, BIEHE, EIEER.
Bk#, 1&%[E Speed Ref. (4:E8)FLEIZLEHY S500RPM; Meas.
Flf A 200%H B E 4.6A(IL{H for 400W FE7E, 750W FEEZ &

== N \
FERFHYE A RS AL 60RPM, RZEF|FEZEHY 500RPM.
1 ch [£01)5peed Ret ~||CH2 I[DDZ]Meas. Speed. j kcns I[DDB]Currethq Ref. j kcHa I[DM]Meas. Current g j B
-| | | | ]

Cursors Scale | Trigger
oK 5"‘2":1’*‘[’:‘)‘“] Analyzer @cism " | Tigger|
r i i i i i i i i i i Left Axis CH1 ~
#d soodo- it I : : : : : : : :

e . : . ! - - : : . Right Axis CH4
f I T B O O
: : T*|/@ Avtomatic ¢ Fixed
L R R R R O | 7= 2000 =]
: : ; : : : : ; Min -4000 j
: : : : : : : i 13
: : : - - . . : @ ieas_Speed [rpm]
007 ' ' : : : : : : @ Automatic ¢ Fixed
I Max | 4000 =
o b TR Min ] 4000 =
2004 : : : : ; : : :
: P : : : P @ Current lg Ref. [4]
& Automatic ¢ Fixed
AR N T T [ 000 ]
1oy I Min -10.00 =
S | A N S A B @ veas. Current i A
: 5 5 5 ; : 5 5 5 ; : : 5 5 ! 10/|/® Automatic  Fixed
0 : A : : : A Max 10.00 j
0.0 0:5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 |(|Min -10.00 :II
TIsl =

S {E ELE A 400W AKERIH, E(E 750w FFEk& A EHE, ESH.

ZR

7 TN



12. ZR1% 8 Covariance current FY{E, N 2 B/ 2, #1122 Scope WS EHE, BISHEE, HIZ
B, BEEOET] 5S00RPM, I HEE 7 (%5 . Covariance current fY{E, HEHEHITIETESE
HDT Ffft Page 103, 45&£41 T FAo:

5. enable the OPERATION ENABLE command and ensure that speed reference is actually brought to the
desired value set into instruction point 4. Otherwise increase or decrease Covariance current parameter;
it's recommended to increase or decrease with steps of 2-5 units. The initial sensorless setting example is
shown below. In most cases:

for motor with a PHASE resistor lower than 0.8Q and a PHASE inductance lower than 0.8mH, parameter
should be increased. When target is reached, please do not exceed beyond with the parameter setting.
for motor with a PHASE resistor higher than 0.8Q and a PHASE inductance higher than 0.8mH, parameter
should be decreased. When target is reached, please do not exceed beyond with the parameter setting.

13. % AR, HIf& Covariance current BY{EEX & 5 TEER{H 6, I Covariance phase H{E, &

f00.01. #H%Z Scope MR ERE, EIEHE, EIRER. BHET O] S500RPM, i HER(HZHE.
EJH:EI%E, 17 [EF X8 Covariance current jfE_ Scope B[ DIFE 750W #5E) R EE R

%ﬁ%%@‘lﬁﬁﬁ@% 500~1000RPM. #1EH FiR. %@Mﬁm

Selection feedback

Feedback type [4-Sensorless ~|
Covariance-noise | Parameters start] Setting | |
Covariance current [ 100 H

|| lcovariance speed 100+
Covariance phase [ 05380 =
Current noise [ 100

14. 88 FAURAR, BI LIS E] 750W 7FEL, &Y Covariance ZEEAN T, I HAR¥EFE HDT Badzs -

750W motor, #r ik, Covariance 25

No. of test 10 11 12 13 14 15
Current 1 1 1 1 1 1
Speed 1 1 1 1 1 1
Phase 0.538 | 0.538 0.538 (0.538 0.538 0.538
Noise 1 1 1 1 1 1

B ERKp/Ki 120/70 | 120/70 | 120/70 | 120/70 120/70 120/70
HERKp/Ki 50/10 | 50/10 | 50/10 50/10 50/10 50/10

SE#E ) RPM 500 600 700 800 900 1000

B IR, RPM 500 600 700 800 900 1000

5% ERated/stall B | 4.2 4.2 4.2 4.2 4.2 4.2
3% FPeak B 12 12 12 12 12 12
B PeakBS{E, A| 8.4 8.4 8.4 8.4 8.4 8.4
EHEEERE, A | 1.58 1.63 1.63 1.64 1.67 1.67
Station current, A 2.1 2.1 2.1 2.1 2.1 2.1



HFENE, ATLAZEF] 1,000RPM. (HE, FJeaiE s B RE, HEZE 3000RPM, 41T

Selection feedback

Feedback type [4- Sensoriess ~|
Covanance-noisel Parameters start Sefting }
Setting
Zero crossing [1] Continuous ~| | 0001h
Stationing current [%)] W%
Fault measured speed [rpm] Wj H
I

%IETL/L}EFHE @%ﬁ%’lﬁ%ﬁﬁﬁ, £ 500~1000RPM 33 :

16. f445 HDT it Page104 HYZREH, SHHVEHIREIZAIRERY, Wikl s A [H]E s & ph 22 8
Hraaig, gan Eﬁ'ﬁj@E@JF’nﬁHﬁ 7F|_J$% R FH DRI A [F 28

12. tofurtherreduce the measured current noise and measured speed noise at 500RPM (see previous image), it's
possible to decrease Covariance current parameter again: but this solution does NOT guarantee that tuning
will be excellent at 2000RPM. For this reason, the tuning procedure requires an iteration with increasing
steps for speed reference, in order to avoid abnormal behaviours that may occur if the speed reference
changes from 500RPM to 3000RPM without an excellent tuning in the range.

17. JekieREagE, w] DLRRE) R AZ R R, 10 H ke S ks, BRI IR, BER
2000RPM/s.

|-Drive Data

Ramps

-

;
.
o \
3 S
J \
3 .
& ~
b by
- ~,

CW  |cow | Type S|

Accel. CW 2000 =
Decel. CW 2000 =
¥ Enable Ramp On | 0008h




18. e s BT EHVEEZE ], 411 S00RPM, B 600RPM, AIIATLIFEEE%E PID 228y, FEZE Range (B

3

| No. of test I

6 7 | 8 |
Current 1 1 1
Speed 1 1 1
Phase 0.538 0.538 0.538
Noise 1 1
B EEKp/Ki 160/30 160/30 160/30
BEEEKo/Ki 150/80 150/80) 150/80
SEEE, RPM 600 500 600
BRI, RPM 600 500 600
% ERated/stall BF 4.2 4.2 4.2
3% EPeak B 12 12 12
E S PeakERME, A 8.4 8.4 8.4
ERERERE A 1.96 1.54 1.54
Station current, A 2.1 2.1 2.1
L)) OK #HEj | fHH)

19. ZRFERAAYPZEREER L0 N YRR,

Ramps

Regulator Limit Regulator
Velocity Current ESO Current
- —

20. HEAEIERIRUIER, & A AIERHER] (4 Modbus RTU)EGE FPRELFER] analog reference FYREZ T {52 .
(HDT USER Manual on page 85, 6.18 Sensor less speed control)

With internal speed reference (Fieldbus reference, Ex. Modbus RTU) or analog reference.

21. AR I DURAERE TSR, BRSHIUE, RAEREHS, ERAERIEFRE, FARA
B {3 e AT SR RE B AP A B S

LUMZEH

1 BRSSO
/  i-Maku Automation CO., LTD.
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Motors & Digital Drives
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