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% 2-1 Gowin FOC Current Loop Control IP

Gowin FOC Current Loop Control IP
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Ip =—U, + 2I
B \/§( b)
3.1.4 Park T [FIE
& 3-6 Park - [RIE[E
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q
ISH d
Ig
I, 6
I o

Park A H i 3-6 flras, ARGif R AL bR R BN IR AAMR 22 o
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3-7 Park 3[R
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3.1.6 PI $=#l R
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r(k) ( )err(k) o
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v(k){

N ulk) T k)
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u(k) = Kp x err(k) + Ki x err(k)

P $z i) 2 3 1 LU AN AR 40 i Z= AT 4%, a0l 3-8 P, SEBRE r(k)
522 y(K) =4 w2z err(k), Pl $ifi#@ i gl R+ Kp AR5+ Ki it
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SEOL KR EER N, I RGErEHNARERIE, B Wind-up IL% .
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[ 3-9 Anti-Windup PI $Z#1] RIBE
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T FE 1 PWM T .
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3.1FOC Current Loop Control H kA

& 3-13 $—EXXESHE

T, v, uv,am @

W U1T1 PLA UST3 R E S, 135 Uref B3 S 4t L %

T T4 T4+Té6 T
f Uref = f U4, + J U6 + j UO
0 0 T4 T4+T6

UoutT = U4T4 + U6T6 + UOTT—T4—T6 = UxTx + UyUy + UoTo

HA U, AR S R, TR, T, T, Toshml st iish

bR RN R B U TE N HA P B /E B[]

FEAESE BRI R SE R, T B R R E TR R R, AR R
wm R R IEN, EYEEERE, RN E D ek E, R
BE 0T G0 7 1 30 F I R IS ZI TS8R, Al oK PR B i/ o Hi ke . P
PLCAR D T R IR BCA B R, FEARREAE T BN A ERRRIT IR
A rt, R — IR, FEER BRI LT T 7Y
B, DAEEF=AER) PWM XSFR, MR RLETFRE PWM B3 7= .

PLEE— R X ABI, HRR &S S N U0, U4, U6, U7, U7, U6, U4, U0, N

PWM i th 4 T Ffrr
3-14 F—FEX PWM #ith &
- Is »
A I S
* Trmus g

FoA i X FRMUF R U0 F 7 o
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% 3-1 EXARYIH®E

B IX Ure FTTEN B FE RN

I 0< 0< 60 ...0-4-6-7-7-6-4-0...
I 60< 0< 120 ...0-2-6-7-7-6-2-0...
I 120< 0< 180 ...0-2-3-7-7-3-2-0...
WV 180< 0< 240 ...0-1-3-7-7-3-1-0...
\Y; 240< 0< 300 ...0-1-5-7-7-5-1-0...
vi 300 6< 360 ...0-4-5-7-7-5-4-0...

3.2 FOC Current Loop Control Z5#)5IhgE

7E FPGA Hiliid DL 45 i B & 523 Gowin FOC Current Loop Control,
SCHLHE I an 8] 3-15 s .

[#] 3-15 FOC Current Loop Control SCIHEE]

/

|q_ref

|d_ref J

Clarke
Transform
te FOC
e Current Loop Cory ol
FEHULUT UM R

1. Clarke Transform #54t: K ADC RAE G HIARA IR 1a lb Ic 3R T AL bRE%
e, RJEOR =R AR RO RIALAR R, BT, DA K.

2. Park Transform #5441, Rl By IEALRR REENIEFALAR R, Hith,
LA I,

3. Pl Control Bik: X1, 51, opflly yepr™ A B ZE AT LLGIFIFR 5342
fil, U, RU .
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3 Thfedtiid

3.3 I (iR

Inverse Park Transform #t: YU, FIU,, IFTHE S5 A b 3 s b AL bR R
U, MU .

SVPWM ke MR4EU, MU HEAT SVPWM HVEACEE, it HE A7 5% B bk (]
T,, Ty FIT,.

[#] 3-16 FOC Current Loop Control EHf##EAEE]

3.3 i @ik

IPUG942-1.0

Basic Transform Mode Basic Transform + SVPWM Mode

e N é T\
a
n M | oS v o
] * -
Ud Ve N | Ud Ve Tel,
e =]

IP Cor?}

Basic Transform + Pl + SVPWM Mode

L IP Core

IP Cor?/

Wk 3-16 Frzx, FOC MR EIUME L, 4308,
Basic Transform &=

Basic Transform + SVPWM #&£ 5,

Basic Transform + Pl #%

Basic Transform + Pl + SVPWM #& 5,

Gowin FOC Current Loop Control IP ] 10 ¥ I a0 & 3-17 Fizw
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3 YyReitiid 3.3 i O ik
[ 3-17 Gowin FOC Current Loop Control IP %M
Y
clk N
ce N out’supwm valid
rstn__ out_svpwm_Ta
In_theta_vali ou t;svp wm_Tb
In_theta ] o_uIFsupwm_Tc
In adec valid UylFsvam_seclur
In_ad(_la“ N FoC .
In_adc_lb ,| Current Loop Control out,pt_valid
In_adc_Ic Oyt:pt—ld
e out_pt_lq
In_ipt_valid g
In_ipt_Uq_ | out_ipt_valid
In_ipt_Ulf uut._ipt_Ualfa
In_Iq_ref_ ) o.utsiptiubeta
In_Id_ref.
\____
A 2% Gowin FOC Current Loop Control IP f#] 10 ¥ I #1, Wik 3-2 fr
7N o
%% 3-2 Gowin FOC Current Loop Control IP # 10 #0513
55 Jim | LR iR
clk Input |1 I {5 5
ce Input |1 ffRefE
rstn Input | 1 BAifES (KHBTFERO
In_theta_valid | Input | 1 AEE SNBSS
In_theta Input | 18 £ FE $dE LL0-65536 % 7<0-360°
In_adc_valid Input | 1 ADCHLHNA RS 5
16/18/24/3
In_adc_la Input ) ADC laH i i
16/18/24/3
In_adc_lIb Input ) ADC IbH i ik
16/18/24/3 | ADC IcHmHHE (4 3% A\ Clarke
In_adc_Ic Input . .
2 Transformi&tk, {55 1F1E)
Inverse Park Transformi&Eim N A %s
In_ipt_valid Input |1 5 (HTEPI Control BB IR, (5517
£)
Inverse Park Transform#& &4 A fUq%
. 16/18/24/3 'S orm LI A\ IUa%L
In_ipt_Uq Input 5 i (CHIEPI ControlfE R R, 517
1£)
Inverse Park Transform#& &4 A\ fjUd%
. 16/18/24/3 'S ormR SR A\ LS
In_ipt_Ud Input 5 i (CHIEPI ControlfE R R, 517
1£)
n 1 ref nout 16/18/24/3 | PI ControltZHUm A HIIqZE Hi k. (4 HPI
—a- Ut 12 Controlik (BT, 5547 1E)
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DhRe i 3.4 Ui
&% J7 18] A iR
n 1d ref L 16/18/24/3 | PI Controlf&Him N [IdS % Ik (4API
- - 2 Control BT, 15 5 AF1E)
Out_svpwm_v o L SVPWMEEHU A UGS (9F
alid SVPWMER IR, (55 4£1E)
Out_svpwm_T o 16/18/24/3 | SVPWMEH S H Ta%idl (4H SVPWM
a 2 BRI, (5 51EE)
Out_svpwm_T o 16/18/24/3 | SVPWMEHS H ToHE (4H SVPWM
b 2 BRI, (55 1EE)
Out_svpwm_T o 16/18/24/3 | SVPWMEHS H Tl ((4HA SVPWM
c 2 BRI, (55 1E1E)
Out_svpwm_s o 3 SVPWMELHL ) Ji X Hidl (4 SVPWM
ector BRI, (55 1EE)
out_pt_valid o L Park Transformik i A X5 5 (4
- = JEPI Control# [T, 155 1F7E)
out_pt Id o 16/18/24/3 | Park Transform#E 4 i 1d¥idl (24
== 2 Pl Control#E Fi#E R, {55 474E)
out_pt I o 16/18/24/3 | Park Transformt&EEk % i lg%ds (418
- 2 PI Control LT, (5 5 A71E)
Inverse Park Transform& 5 ()% A 2%
Out_ipt_valid | O 1 55 (CY4LSVPWMEE AT, /5 517
1E)
| 16/18/24/3 I‘rwerse Park Transfci[md‘;-:ﬁiﬁﬁiﬁﬁﬁgalfa
Out_ipt_Ualfa | O ) i CHIESVPWMELER IR, (5517
1E)
| 16/18/24/3 Ijlverse\ Park Transfci[mi‘%ﬁiﬁﬁiﬁﬁﬁgbeta
Out_ipt_Ubeta | O 5 g CUITESVPWMERFIHE AT, (55177

IPUG942-1.0

1)

!

e It PI Control Fibii{j24s Basic Transform + Pl Mode &3 PL K Basic
Transform + Pl + SVPWM mode # 5.

o 5 SVPWM fibiz /2 1 Basic Transform + SVPWM Mode ## 3L & Basic
Transform + Pl + SVPWM mode # 3.

3.4 B} Rk EA

AHi B4 Gowin FOC Current Loop Control IP i 1510«

3.4.1 Basic Transform Mode B} JF

FOC Current Loop Control [¥] Basic Transform Mode 1% 2 [ i 7 &l 40 1]

3-18 flr s

15(22)




3 Thfedtiid

3.4 i

& 3-18 Basic Transform Mode B F[E

1 2 3 4 s 6 7 [} 9 10 1" 12 12 1" 15 1 ”

rstn

in_theta_valid § /N i\ |\ N

in_ade_vaid AN § N I\ L\ N,
in_adc_lb :—-—__
in_ipt_valid WA\ Y i/ \

T ———,{. i ]
L e e——,________________{. _____{ . |

out_ipt_valid f W \ 4.
out_ipt_Ualfa e {  {r |
out_ipt_Ubeta (O D L O

1. AE(E5 (in_theta) 7EA AUk {5 = (in_theta_valid & HLF) A\
2. =HMIXFEHF(in_adc_la, in_adc_lb, in_adc_Ic)fEH Rkt E 5

(in_adc_valid &) HiN;

3. & —EZEiR, inverse Park transform #HER Kb S 5

(in_ipt_valid N HF) A (in_ipt_Ug, in_ipt_Ud)

4. ZithbFSE, % EUE (out_ipt_Ualfa, out_ipt_Ubeta), LA A Rk s

S (out_ipt_valid N7 H ).

3.4.2 Basic Transform + SVPWM Mode B F

IPUG942-1.0

FOC Current Loop Control [ Basic Transform + SVPWM Mode i [ K]

W 3-19 frow.
3-19 Basic Transform + SVPWM Mode i &

ta_vaid I\ 1 WanamnN
i ee— {5 {r |
in_adc_valid (W
adc_| ——— {5 __{ ___{ |
in_adc_lb ——— {4y |
ade_| — - { L ____{° ____{ |
p_val DR WA W § LY
in_ipt_Ug <, <, Y-, S
pt_U —————{  _{ L __{ |

out_svpwm_valid £ 5§ 54

out_svpwm_Ta

out_svpwm_Tb

out_svpwm_Te

out_svpwm_sector .

1. MAEE S (n_theta) /A Uk {5 5 (in_theta_valid 24 B F) %A
2. =AHFEFEHR(In_adc_la, in_adc_lb, in_adc_lc)EH Sk s 5

(in_adc_valid NE ) BN
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& 3.4 i

(=

an>
[

31

3. &t —BEiR, inverse Park transform FHLER K E 5
(in_ipt_valid v ) A3 (in_ipt_Uq, in_ipt_Ud)

4. ZithbFJE, % EdE(out_svpwm_Ta, out_svpwm_Tb, out_svpwm_Tc
out_svpwm_sector), LKA ZNKME S (out_svpwm_valid JyiE ).

3.4.3 Basic Transform + PI Control Mode B FF

FOC Current Loop Control ] Basic Transform +PI Control Mode ## 5
I 7 Bl an &l 3-20 s .
[ 3-20 Basic Transform + PI Control Mode B &

in_o_ro |

naret I
out_ipt_valid § 1\ § N\

out_ipt_Ualta O - - S
out_ipt_Ubeta (O - -

1. MAEES(n_theta) 7 A UKk P (5 5 (in_theta_valid 247 B F) i\ ;
2. =HMEFEHR(n_adc_la, in_adc_lb, in_adc_Ic)fEA Bkt E 5
(in_adc_valid A& ) i
3. M 1qIZZE RS (in_lg_ref)LL K Id #1575 B (in_Id_ref);
4. ZnthbFR)E, %t EdE(out_ipt_Ualfa, out_ipt_Ubeta), LA KA k(S
S (out_ipt_valid M),

3.4.4 Basic Transform + PI + SVPWM Mode B JF

FOC Current Loop Control ] Basic Transform + Pl + SVPWM Mode
T 7 B an & 3-21 Fi s o
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& 3-21 Basic Transform + PI + SVPWM Mode K5 E

clk L L1 fF 1L F 1L F1LF1 F1 F1 F 1L F1LF1LF1F1 F1 F

rstn

ce
in_theta_valid 1Y 4§ 1Y

in_theta —— .\ 0 $r \
in_adc_valid § A Y

in_adc_la E——— {5 £ \
in_adc_lb Iy & {5 _\ |
in_adc_lc E——— 3y 0 {5\ |
in_lq_ref - %
in_ld_ref

out_svpwm_valid i W i\

out_svpwm_Ta O D, D
out_svpwm_Tb O, -
ou_ovpum_Te  —— e —— ) —
out_svpwm_sector O, -

1. MAEES(n_theta) 7 A UKk P (5 5 (in_theta_valid 247 HLF) %A
2. =HMIXFEHF(in_adc_la, in_adc_lb, in_adc_Ic)fEH Bkt E 5
(in_adc_valid &) BN
3. HAN g KB H LN _Ig_ref)LL K Id (IS HE(n_Id_ref)
4, ZlAbFE, % EdE(out_svpwm_Ta, out_svpwm_Tb, out_svpwm_Tc
out_svpwm_sector), LA RS 5 (out_svpwm_valid i H-F).
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4 ..

1F 5 o IR A S S22 Tools ™, T A Z) IP Core Generator 1. E.,
52 i 3 & FOC Current Loop Control.

1. 4TJF IP Core Generator

P TG, Si“IP Core Generator”, AJ4TH Gowin IP %7242
I"/E\" ﬁu@ 4'1 Fﬁﬂ—_‘—\‘o

& 4-1 IP Core Generator A MH

Gowin FOC Current Loop Control

Information

Type: Gowin FOC Current Loop Control
Vendor:  GOWIN Semiconductor
Summary: Gowin FOC Current Loop Control IP is a design for motor control. It includes basic transform module, PI control module

and SVPWM module. By different combination, it has different four mode for user specific design
10
12
10
it
15
10

pro |
o
"

‘Copynight(C) 2014-2020 GOWIN Samicanductar Comaration. All Rights Rezerved.

2. #TH FOC Current Loop Control

H.17“DSP and Mathemathics”i£ i, *{ii“FOC Current Loop Control”,
FTHF FOC Current Loop Control IP # %1, ik 4-2 ffiow.
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[#] 4-2 FOC Current Loop Control AH

W IP Customization @

=

FOC Current Loop Control =T

File
Target Device: GW2A-LV18PG256CS/17
Create In: pMywWorkplace \Program\FPGA \foc_refDesign\src\FOC_Current_Loop_Control [:]

Module Name:  FOC_Current_Loop_Control_Top  File Name: FOC_Current_Loop_Control

Synthesis Tool: [GowinSynﬂ'lesis VI Language: [\O\Erilug ']

Options

General Option

FOC Current Loop Control Mode: [EasicTrananrm +P1I Control + SVPWM Mod + ]

Data Width: (18 -
— cik
Fraction Width: 17 =
—® =
id -
Out swpwm_alid Clarke Park Transform Option
—» rzin
Clarke Park Transform Input Number: 3 |5
— In_theta_walid
In_thetali7 0] Out_supwm_Ta[17:0] f=i= PI Control General Option
Data Width: B =
= In_adc_walid
Fraction Width: 15 |5
%) In_ade_k[17:0] Out_sipwm_TH[170] =i
10 FI Contral General Option
=] In_adc_Ib[17:0] L
Kp:  0.10000 % PI_Max: 1.000 5 F
= In_adc_Ic[17:0]
Out_svpwm _Te[17:0] p=i Ki: 0.10000 = PI_Min: -1.000%
n_ta_=(17:0] Kaw: 0.00000 %
—t In_ld_re {17.0]
1D FI Control General Option
Kp:  0,10000 (= PI_Max: 1,000 %
Ki: 0.10000 PI_Min: -1.000%

Kaw: 0.00000 %

SVPWM Option

PWM half period:  10KHz |+

Generation Config

Disable I/O Insertion

[N

OK l[ Cancel ]I Help

3. KE FOC Current Loop Control

IP fid & Options ¥+ Z1$% General Option. Clarke Transform Option.
Pl Control Option L} SVPWM Option.

® General Option fit & IP #5x0. Hda A e AN 55

® Clarke Park Transform Option EC & Clarke Park Transform 1
BB CELEE 2 A 3 H )

® Pl Control General Option Fit. & PI Control 5t (/N 55, P 1Q
Pl Control 1 ID Pl Contorl #5tf) Kp, Kl, Kaw 2%, PLLAHRKH
/INEIVE R
® SVPWM & PWM & # 42
4. FTJF Help SCHY
AL 4-2 A T AR “Help” 24107 LA E BB 5t SNk )
fRTBATE A, 58 P bRk 58 BT 1P A% BT B . Help SCRSE TR A R A1
S —2, WK 4-3 Fras.
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[# 4-3 Help 3t

Gowin FOC Current Loop Control

Information

opt

Type: Gowin FOC Current Loop Control

‘Vendor: GOWIN Semiconductor

[ — Gowin FOC Current Loop Control 1P is a design for motor control. It includes basic transform module, PI control module
Y and SVPWM module. By differant combination, it has different four mode for user specific design.

Options

General Option

FOC Current Loop Control Mede

FOC Current Loop Control Mode

Data Width

Data width

Fraction Width

Fraction Width

Clarke Park Transform Opticn

Clarke Park Transform Input

Clarke Park Transform Input Number

Number
P1 Control General Option

Data Width | pate width
Fraction Width | Fraction Width

1Q PI Centrel Option
Kp The propertional gain coefficient.
i The integral gain coefficient.
Kaw The anti-windup gain coefficient.
PI_Max Pi value upper limit
PI_Min Pi value lower limit

1D PI Centrel Option
Kp The proportional gain coefficient.
Ki The integral gain coefficient.
Kaw The anti-windup gain coefficient.
PI_Max Pi walue upper limit
PI_Min Pi walue lower limit

SVPWM Option

PWM half period

PWM half pericd

pyright{C) 2014-2020 GOWIN Semiconductor Carporation,
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AT FEEAY FOC Current Loop Control 122 ¥ i1 Sz i 45 8 Jr HoAdi
F75i%. FOC Current Loop Control [FJ ¥ 115241 H A —/Mb, 415 B
FOC Current Loop Control ] reference design.

Wit SEfiR A
SHVCH ARG MHE R INE] 5-1 Pron. fERHSEfld, s bRt
I

1. ¥AEIE(Theta, la, Ib, Ic)iEid pROM f74# 5 %i A% FOC Current Loop
Control f&Hk,

2. %3t FOC Current Loop Control 3 ab3 f5, 15934 45

3. HrpZ%iHdH Basic + Pl Control + SVPWM Mode ##5{,

B 5-1 E i E1iER

~ ™

Theta In_theta N
pROM
Out_svpwin_Ta
la In_adc_la "
>
PROM FOC Out_svpwm_Tb
Current >

Loop
In_adc_lb Control Out_svpw 'n_'Ec
>

Out_svpwm_valid
»

Out_svpwm_sector
>

In_adc_lc
>

\ Test_top /

P 1% T 5241 R i i 6 iF FOC Current Loop Control HIIhRE. 24i%
SR N T RGN, H P TS E RO R a8 &, 550
AT HE A AE 2632 5 20 M AN B 3 28 33T
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