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Abstract: FOC vector control algorithm is usually implemented on CPU or DSP for servo driver control. It is difficult to
meet the requirements of real-time scene in aerospace applications. In order to improve the real-time performance and
reliability of aerospace servo driver system, we implemented the FOC vector control algorithm using hardware acceleration.
The design of servo controller is introduced in details, and a hardware acceleration design scheme of full digital and
high-performance servo controller is given. It is verified on aerospace grade SiP6117s chip with programmable logic function.
The simulation experiments show that the performance of the servo driver controller is tested to verify the feasibility and
effectiveness of the design.
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Fig. 1 Function block diagram of servo controller
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Table 1 Sector judgment process

J IX. S EYME ERIEREN
1 0< arctan($)§60° 0< QS\E
U, U,
2 60° < arctan(£)§120° Y, =3
U, p
3 120° < arctan(2)<180° _B<Yeg
U, ,
4 180° < arctan(22)<240° 0<Yec 3
U, U,
U
5 240° < arctan(—%)<<270° Zal=3
U, 5
6 270° < arctan(£)<360° —J3< ﬂgo
U U
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Table 2 Hybrid space vector action timetable

RAIX ER R &= U, YERB R Ty Upso TEFIRSTR] T
1 U, =U,(100),U.,, =U,(110) T :[ %Ua _\/IEUﬂJT},‘VEVM 7 :(ﬁUﬁ)Tp%
2 U, =Uqy(110),U,.y = U, (010) T =[ %Ua +12Uﬁ]TPgM T, :[—\EUQ +jzuﬂ]ﬂgm
3 U =U,,(010),U_.,, =U,,(011) T :(ﬁuﬂ)TP}vE«M T, :[_\Eya _\}EUﬁ]Tr’gm
4 U =U,, (011U, =U,,(001) 7 :[_ % U, +12U/}]T¥M 7-(- ﬁUﬁ)TPgM
5 U, = U, (001),U .y = Uy (101) T :(_ ;U”_JIEU‘*JTI}M 7 :[\EU&_\/IE%]TPEM
6 U, =U,,,(101),U ., = U,(100) T :(_ﬁUﬂ)TPlvaM T, :{\EU“ +j§Uﬂ]Tf,gM
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Table 3 Sector 1,3,5 reversing strategy tables

P B B2 B3 B4 Bs Bo B
X (Ty4) (Tv/2) (T»/2) (Ty2) (T»2) (Ty/2) (Ty4)
1 U,.,(000) U, =U,(100) U . =Ug,(110) U,.,a1n U . =Ug,(110) U, =U,(100) U,..(000)
3 U,,(000) U, =U,,(010) U .o =U,(011) U, (111) U.w=Uy011) U =U,/(010) U, (000)
5 U, (000) U, =U,,(~001) U =U,,(001) U, (111) U .. =U,,(101) U,=U,,(001) U, (000)
k4 BIX 2. 4, 6 e Rk k
Table 4 Sector 2,4,6 reversing strategy tables
P B B2 B3 B4 Bs B6 B
X (To/4) (T/2) (Ty2) (Ty2) (Ty2) (T/2) (Ty4)
2 U,..(000) U . =U,5,(010) U =U,((110) U, (111) u =U,01100 U, =U,,(010) U,..,(000)
4 U,..,(000) U .o =U,,(001) U, =U,/(011) U, (111) U, =U,011) U, =U,,(001) U,..,(000)
6 U,..(000) U ..o =U,4,(100) U, =U,,101) U, (111) U,=U,,101) U, =U,,(100) U,..(000)
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Signal name Value ' ©oOB0 ' voB20 ' voB3E0 ¢ ' ©ogann . ©B4ED
“ﬂlllllllll.
o nrst 1
o-data_a 084E to 0AAD [ 05FC 0E4E 0840 by ICF2
o-data_b 2Eb56G to 30A8 EEEES 2004 ZEEE 3003 kd 32FA
ar ¢_ad_clk_tick 1to 0 | |
= clack_start_tick _ | |
E e phase 00010024 [
- time_t1_temp 0158 FECH by =] Ed 0154 W FEB:
Cursor 1 & 260,08 us 100 us
Curzoer 2

B 5 wRRAE R R

Fig. 5 Current sampling period waveform

Signal name Value Coo 80332 ¢ v 80336 ¢ ¢ 804+ 80404 ¢ ¢ c BOLDA C C C 8042t 80416 ° .
[ .ok [ | Ny Y Y

o nrst 1
1
[piasat | o] —
o- dem_data 08D53 03801 08053
o- dem_data_delay 08801 088AF 08E01
[ e integ_times 02 02
@ ar s_state 5to0 0 W1y z 3 W4 W6 [
A 5_error 00252 00252
ar 5_grror_integ 1ATF9 18103 (1A365% ) 147F3
ar s_error_integ_r 1AA4B 14355 b 18848
@ ar s_error_integ_shift OF9AB 0F873 )4 OF3AE
o data_out 3to OF9AB 0F973 OFSAE

» data_pid_done | oio1] ]

Carsor 1 8039213 ns | 133.6 ns
Curser 2

A6 wRIRIEHRAESRG A KK B

Fig. 6 Current loop control module simulation waveform
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o-clk Oto1
o nrst 1
o data_a apgz IE40 ap3z
o data_b 0394 [ 0334,
arc_ad_clk_tick 0 |
= clack_start_tick I
[ o phase 00000015 00000015
M o dead_time 32 3z
= time_t1_temp 0D23 to OD1A [[NEE] [=)
= time_t2_temp 05AB to 05B6 [ =] 05EE
= svpwm_done _ il
Curzor 1 1.4863 us 1 389.7897 u:
Curszor 2 (13678034 s |
B 7 FOC %2t ot i) 5 B
Fig. 7 FOC vector calculation time waveform
Signal name Value tooB04 o3l e 32000 3B o+ 336 0 v 344 0t 3B 0 0 380 v 388 0 316 v 5B
oclk Oto1
o nrst 1
Mo data_a 9F68 7D SFEE
s data_b C570 __E3E CE7 -
o clack_start_tick 0 |
- sector_tick
o svpwm_done 0
= time_t1_temp __00FE_ Y [ p
= ime_t2_temp 0393 0388 0393
[ o dead_time ac 3
- pwm_ah o[ Il [ 1 [ S I N ) S
= pwm_al L e D | B — nr— 1 nr 1 nr 1
-© pwm_oh 1 LT LT L | —
-2 pwm_bl 0 1 I 1 1
= pwm_ch 1 L LT LI |
» pwm_cl 0 i 11 [ L1

Cursor 1

Cursor 2

A8 PWM KA
Fig. 8 PWM waveform
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