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Synchronous control of dual-motor in servo cam press based on active
disturbance rejection torque allocation algorithm

Niu Zhicun'**, Wang Rui"*’, Hu Zhili"*”
(1. Hubei Longzhong Laboratory, Xiangyang 441022, China; 2. Hubei Key Laboratory of Advanced Technology for Automotive
Components, Wuhan University of Technology, Wuhan 430070, China; 3. Hubei Engineering Center for Green Material
Forming Technology and Equipment, Wuhan University of Technology, Wuhan 430070, China)

Abstract: To solve the problem of severe nonlinear vibration in the transmission system caused by biased load of transmission or uneven
torque distribution in servo cam pressure, therefore, a dual-motor synchronous drive strategy using a servo motor at each end of camshaft
was proposed to enhance the reliability of cam-roller transmission system, and a cross coupling synchronous control strategy based on the
active disturbance rejection torque allocation algorithm was introduced. This strategy took the speed synchronization error of dual-motor as
input to the synchronization controller, and adjusted the weight values according to predetermined variation laws until the performance in-
dex requirements were met. The simulation results demonstrate that compared to the traditional cross-coupling control systems, this syn-
chronous control strategy based on the active disturbance rejection torque allocation algorithm exhibits superior anti-interference capabilities
faster tracking response speeds, higher synchronization control accuracy and shorter time required to achieve speed synchronization, and the
position synchronization error is less than 0. 02 mm. The simulation results not only verify the effectiveness of the dual-motor synchronous
drive strategy for the servo cam press, but also provide a feasible solution to the control problem of the servo cam press.

Key words: servo cam press; dual-motor synchronous control; cross-coupling; active disturbance rejection control ; torque allocation
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Fig. 1 Schematic diagrams of transmission structure for new
type of cam press

(a) Equal diameter cam press  (b) Conjugate cam press
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Fig. 2 Transmission structure scheme for new type of

camshaft driven by dual servo motors
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Fig. 3 Simplified model of camshaft for servo cam press
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Fig. 4 Nephograms of torsional deformation displacement for camshaft

driven by dual-motor (a) and single motor (b)

Sy PORZ M2k, i e 2 18] 12 4% 13 == T e il R 2
AR AR s (3) AR B A A P Y
P RREATAE—E IR IR 22, IR 2SS R 2R B
PLEY TR RS

2 BB AR F dH  ok Hy i

KAL) A4 ) S e it 32 B AR A L Bk
graniit . ARZME [ BTHL R i AR s A AR 2 B AR

%% (Linear Extended State Observer, LESO) #RHX
Wi LA B ERER (R 5 2, o 2, PR IRERS S
2y 2y AFERMEERERH34% (Nonlinear Tracking Dif-
ferentiators, NTDs) #5743 H1 P~ 58 1K 19 JE 26 M T o
#% (Nonlinear Tracking Differentiator, NTD) £,
ik NTDs 45 E S E AL E 6, LR 21k
ZHEMALE 0, ZSHEMEE o, NS5 M I0HEE
a, WIHARESEFETEMER, =8 RENEE
PERIE 2D, HHAE S Fo el S AL 0, S HLPL
1AL 2 B FALE 6, 1 0y, 15 R A B0 P
B4R 25 (0 FFL R 3 A TR M
2.2 FEZMEAmMERIRELT

FLBIL-55 h E T F) 1  BE HE 0 R H PPEA JEE E H
FRBIAT, Hh R CEERE ¢, . o, FURGH REL
Con €y ATLAIE G SEgR I B AT 3, AR b T
AR B S AT b, PR, X (2) P
S HLI R T I £, 1,

- Cu Cno .
Si=- T t Wy T TSlgn<0Ml)
Mi MI
(3)
- C Cp . .
fr ==+ @y, — ——sign(0y,)
Iy M2

HE (2) M (3), PRS- A BRI .

. cv . . Cfl
B P 3 RGURMSY, TN 3 KAURMA M | =fi w0+ by Ly = 0w = sign(0y) - 5=
M1
BT RS T BIET A ) ) o
2.1 EREMIEZ O, =fo Y w, + by« Ly, - ia}MZ - sign(6y,) Ji
W S R, SRR R PR | g "
2t B BTt B s (Friction Compensated Linear 0, =f; +w,
Active Disturbance Rejection Control, FLADRC) 1E& (4)
PEl a5 0 F LA AR5, H A ALY RS Hor
NtDs T i\ 'FLADRC T TTTTTTTT
\ | ! Z12 1 6w
| o | |
: ol | o !
b ® B 1 ;
| -t ; ' Ou X
: b HE T i
| L ARE e o
| o e b |
| ! Ort | °‘ |
: N :
1 : : O

________

Bl5  BRALEE I FAAS RS K

Fig.5 Framework diagram of dual-motor control algorithm structure



%31 B BT AP A e Bk p fR AR g6 =X ST LS LR A 165
f__gie K, b . A, e NRT 0 ME S, ¢ AR
b ']Ml " JMI g JMl “w —%/'C EﬁZj{Hﬂ‘, th(c . ')’) E‘[uj%ﬁ sign('y) s
b Epsin(n -8y + o) A BEAT 4 TRRSZhR, U TG/ 07 . 42 s g 301 2
Jo T I e+ 1) £ 0, il 6y, (RELHLA GBS S HRET 6, DIR
B B , 16,,-6,, | IR T 0, LI rpLR iR 2%, 4%
A=—f50m+f5afjfwm+ BIREHHAE T, 5 2505 A4 2 0 AR [ A
v " o B, AR R AL LR S5 Tk T
ba oy Resin(n O * o) PRHLAE R ICRZHA . 24 R SE R,
2 Iz RIS (2), KR AL TR E S R 5 —
f=§L0+§£W KK RO 2. xy, WRGRPRA BT kS
3 JL L ]L M2 .]L L y\j:
bsl bsl bsl + sz 1 .. TI
T cwy Tt TL C Wy, T T cwp T - T, Oy =x3 +by - Ly - ﬁ
_ kg .. T,
b” _]T/” emz =Xy Tt bzz : ]mﬂ - JT/Z (7)
k . .
22=]TZ 9.513 :f1+w1=h1
(5) Xoy =fp tw, = hy
L w, L w,. w, SR EEL T, AL 2 IR

(R G AN B . BRI E TR £ £ f
SR HL T, AL 2 AR AR R TR b,
by, AR HLL 1 AP 2 (AR 25 2R, £ R
£ A A HL KL 6 A2 B (i R B K RN R
6}0

PE SR S 6 5 S BRI LB AR, §
Bt (5) PSR £ RS, 15554 S bR L
sign(y) AR, 45 TRESCERATAE R AE , 18 ok
KH th(e - y) PRBUCE sign(y) PRELT DLEEG S
BONTEAERIRE L, th(e - y) PREUF LN .

.y —cry

e’ —e
th(c-vy) =
Y) e

(6)

Ty =c w, +cqth(e - 0y,)

| (8)
Ty, =c,w, + cpth(c * 0y,)

Ay s g MHML T FEAL 2 F i B SR SRS

iy ok, by, AHHL L AR 2 SRR RS E R,

oy [B Loy [ Loy [ oy [T FEG 5 £ s e

B THETE, (L LA IR L f R R,
R, b, h, WRARW, Hlh[<C; |h]|<C,,
e c, . ¢, WIEWEL

Kl 6 & FLADRC Sk HIAER, B 6 F i BT
P B F A

w]\ w2\ w3 ‘wl‘\ ‘WZ‘\

Ores —]

Tw

gref —_

Qref

U 1 | n Tv 1 oM 1 O
Dref ——»] ADRC1 ! - M kto T - - -
bu d Jmi s
Aref
Tw1=Jm1:fi

—

w

Twa=Jmz2:f2
*
U. 1 o o 1 0
omr—__Jabre2 |2 L[R2 ) €1 1] ow |1 v
by +

Iz s s

Bl6 FLADRC Sikdz il E
Fig. 6  Control block diagram of FLADRC algorithm



166 Bk B R 549 &
€ = Zu = Oy, K 0 (k) M6 (k+1) 735055 ki 20 H05
Za = Zn ~ Bolw (k+1) RIS EANE; o (k) o (k+1)

. _ Cym Cim h

sz - zm3 _ﬁOZeml + Um - ] ™ t (C : sz)
Mm Mm

zm3 =~ B(Beml

Um = kP(O;if - zm]> + kn<0)"9f

- sz) + Qrep —

c c
vm fm
Zpy ¥ *Zp t th(c + z,,)
Mm Mm

(9)
Kb m=1, 2, BB 2; e, HLHIRE
LI 25 R B 07 B 5 S PR R ML B AR 225 By Bon
By SR GRS LI 25 B2 10 25 Ak 1, S
AL 2, R s H AL 35k, i ADRC i E 1Y 55
WHL ky M ADRC BRI %5 U, XN HL L
ADRC LR B 2,0\ 200 2,5 20RO 25 i
FAAEE | TR R A I
AR Y BEIEHER N 6 Frzs, HHL 1 FEHL 2
L AR ADRC il &8 C M b U, MU, Hrp
Iy 1 1, S0 28 F (K0P BLIC IR P,
SYUIRE, HEA R A FALAR I R A R A
AN EES, WATREMN BT R A (5)
H £ RS, WIREINE PSR ALA SR B 5 A T, =
Jw FHL T, =0y - foo RHPASAMEIE Y ADRC, i
w3 (10) XA H LR SR A S 80 AT 3 S
B, IFEAR (9) HAY LESO XA HLHL R S A
Pesh b AT sh A fA
I, U, 1/b, 0 U,
=B, = : (10)
)0 Ll
X, B, ML AR R
2.3 NTDs i&it
NTDs i B> 5 /9 NTD 40, HTitE 6,
0. o . a. NTDs A LU YI6E:
(1) R THIEERIME L, &7 R2EWHEAG
ST I 5
(2) VTR, $2 PR SR
(3) HREFEBHEHLRG IR
NTD B AR R F .
0. (k+1)=0_(k) +hyw(k)
w(k+1)=w(k) +h, - than[ 0 (k + 1) -
'9;1'(105 wi'(k)s r, ho]
wrer<k +1)= w.-er(k) + hOaref(k)
a. (k+1)=a,(k) +hy-thanlw (k+ 1) -
a)rcf(k>7 arcf(k>7 r, ho:l

(11)

SBIRES kB ZIVRIEE (k+1) B2 NTD #4515
FNSHMEE,; a (k) Ma (k+1) 58k
BIZIFISE (k+1) BFZIMSHZMEE; o, (k)
o, (k+1) S50 k 2RSS (k+1) WZIZ%
PR s by MUV T r MR F, QREE
I fhan( - ) NERIELEG KA,

PRACE AR BN (12) Fos,
d =rh,
dy = hyd
yi =[x (k) —w(k)] + hoxy (k)
ay =+/d* + 8rl y, |

a, —d

922(19) + sign(yl), Ly, | > d,

a, =
- Y
(k) +25 1y, I <d,
hq
resign(a,),lal >d

fhan(;cl(k),;ﬂz(k),r,ho)z_ a,

re el sd

(12)

Kb v(h) ABERAGS; x,(k) X o(k) 1Y
WEAE S v, (k) X x, (k) IBOMES
2.4 EHIEESBAR

P RS R T AT, RS R A A
¥, SEAEPPIMAZ S B A A, s, P e
NRER ) RGeS Abia gl Rk, el fuda i i)
MRS FEUNEHIASIE, I 84 i e =X
MRS Sh R T 1%, SR, FEcbrigfr, it
IR AT LAKG I 380 g B () 2 A% BN A2 0 s, it A
T (VR AP BOSRE RIS AL B | A5 S 11 51
B BRE S, BTN SR AL R 2 iR 22,
Ta~ B 7) F7R T RGN T 4 FpOLE 9 H BB,

MEL T FILEH . SSEMAE 6, £
MU E 6, 1 0,, ZIaAF, Wil 7a~ & 7f fis,
MBS S S AR IRER/N, YSEAME
0. TEPAEHLANLE 6, 16, ZANEF, WA 7g~
Kl 7j fis, S8 —MppLz 218 ks Rdish,
IF R FHAL GE i 28 SRV G- 42 i) 23 1 ) 25 T 52 o 38 1
W—MRALE Y, 2555 MR RCRA BRI
SEM AR R BLAY A A R R YOG R B Y
MR BCAR R



34 AP AT A DUTHH A 43 B B B4R Bk A =R USRI IR 2 4 ol 167
i i i
z Ovir+Oho g 0M1;0M2 p 0M1;0Mz
Om
/ﬂu /A/‘/éref/l ’ Oret o e
O Oret 1 & O
ILEoes VA L VA L A
@ (b) (©)
B i B
g OOz g Ovir+nz g Ovir -6
b2 2 (Y73 2 [£Y)
Href
* o, Onet Ot O
Oy O O et
hE AL E LRz A L A
) (e) ®
o B il
&l Ovirtha S| Ovir+Onz & OvirtOn
/Mz /ﬁz r Oz Oret
o
Oret b Oret LYil O &
ke VA il B LR A
(€9) (h) ®
B
g O +Onz

(2)0,; 5 6, TSGR (6,.<6,)

(e) 0.5 6, 3T 0, 237K (6,,.<6,)

()6, 5 6, PIHUIIATIE(6,:>6,)

O

2
Mﬁf

WLt T A

)

P77 ARSI AL RS AL A
() 0.4 5 6, FEIL Oy, SMATE(6,.0<6,)

(f) 6, 3 6y FEIL Oy, MK (6,>6,)

61\’12

Oy +0 Oy, +
(h) 6, /N T Oy ﬁ‘iﬁlﬂ(tﬂ)?) ()0, KT 6y, ﬁ%ﬁ[ﬁ(eL<T

() O, /NT Oy A (6, <

e,Vll +0,V12

) ()0, KT Oy, ﬁ%ﬁ[ﬁ(eL>T)

Fig. 7 Distribution diagrams of motor angular position, camshaft position and reference angular position

(a) Distribution diagram on both sides of 6, and 6, ( 6, ,<6, )
(¢) Distribution diagram of 6, and 6, near 6,,(0,.,<6, )

(e) Distribution diagram of 6, and 6, near 0,( 0,.,<6,)

(g) Distribution diagram of 6,,<60y,( 6, <

(i) Distribution diagram of 6, >0,( 6, <

(b) Distribution diagram on both sides of 6, and 6, ( 6,.,>6, )
(d) Distribution diagram of 6, and 6, near 6,(6,..>0, )

(f) Distribution diagram of 6, and 6, near 6y, ( 6,..>0, )

Oy, +0 Oy 10,
n 5 w (h) Distribution diagram of 6,,<6y, (6, > o

Oy, +0 Oy, +60
m 2 e (j) Distribution diagram of 6, ,>60,,( 6, > o

Oy1 t0\2

( d ) gref L_J 0L ﬁj& 01\’12 ﬁ%ﬁ[ﬂ ( 0ref >6L )



5 49 45

168 B & O OAR
0,, +86
01\11 - MZ’ 0ref > 0M|
€l = 2 (13)
0Ml - an eref < 0M1
6, +0
61\11 - Mz’ emf < HMz
ey, = 2 (14)
0M1 - Href’ eref > aMZ

(15)

_ -1 -1
ulm - Kl elm + KZ eZm

2 ey, M ey, AP ELHL 1 AIHLHL 2 (0 B ] 25

W w, NEALRAFEHIAE; K ALK HHAL
FELHL 2 AOFHHE 7 T R 2

3 AAUGERERLMN
HRABIE 6 iR SERHER], 454 ADRC Hi il 269

{J; B 7E Matlab/Simulink ¥R35 T f4) 2 XU HL AL
Tl R B, NE 8 iR,

ECAChs

B8 T ADRC il #% {7 ELAR 7 ]

Fig. 8 Simulation model diagram based on ADRC controller

MIE 9 /LR M, 2% 55 N IERES
sin( - ) B, ALAYERER ORGS0, 1R FTIHIR
BRI 22 A7 AE 0. 02 mm AL B HRER IR 22, 5 IR
BRACR B, L E R

4L B /mm
! (=]
[=]

9 WML 1 AL E S BRE SRR AR K

Fig.9 Tracking effect diagram of actual signal at corner position of motor 1

ME 10 ATLLE Y, VLTI THRMERT,
KA AP S R 2R 2ZE R KR 0.04 mm, HIH
AR SR, ML TR T MR E IR 2ELE
0.02 mm LAPY, XFFRIHLIEREE B AR I

42 B /mm

0o 1 2 3 4 5 6 7 8 9 10
i /s
10 HHL L AL 2 B AL R AP R 2 AR K
Fig. 10  Effect diagram of angular position synchronization

error for motor 1 and motor 2

W 1R, B (5 5 N IE S T iy
BRSO 8 9 £ AR AR B, Al e L
F A i B 30 ) BLAE RO P I, A8 i 2 (LA
0.02 mm LAPY, FUAHEN RAFIORCR.

4 HiE

P

RS T — bR A AR Al o™ 8 3R T3 AL AL



38 A B AR AT AU 3 Tk A AR AR 5 2R T AL ATLIR] 2545 169
FLAER (1], AR, 2011, (6): 8-11.
WL Luo Y Q, Sun J Z, Liu R. Synchronization control in multi-motor
system based on the torque following master and slave control strat-
egy [J]. Electrical Machinery Technology, 2011, (6): 8-11.
E (7] BAME, SAR. K% IR TR G 38 R A AN AR
i'%" 0 il [J]. HmTHARZAR, 2015, 30 (11) . 7-12.
& Zhao X M, Zhao ] W. Cross-coupled complementary sliding mode
control for precision direct-drive gantry system [ J]. Transactions of
-7 China Electrotechnical Society, 2015, 30 (11): 7-12.
. . . . (8] FEX, FHEAE, FBM, . HIVZIRA SRR IR A
o1 2 3 4 H;m/: 5 8 910 KRG L B R R )RR ST [ D). b E R L TR A
2022, 42 (1): 329-340.
1RSSR ESO B4R SuiY, Yin Z S, Zheng P, et al. Research on electromagnetic
Fig. 11 ESO fitting result under sinusoidal signal problems of low-mutual-inductance five-phase fauli-tolerant PMSM
A R G A H L A B 1. 5551 with hybrid single/double-layer FSCW [ J]. Proceedings of the
. . . . CSEE, 2022, 42 (1): 329-340.
Eﬁ'm\ﬁjj/ b%ﬂi}:y\g@ﬁﬁx% Gkl E/‘JZQEKIEJ ’ (9]  FE®K, kW), T, WEKfFAMR RS SR PSO Rl ECF M4 &
ASCREAUI LR B — 4> TITO AR ZE, A 4 il FUBEER (1), i TR, 2022, 20 (2): 151-155.
AOHLFE AT 5 LA 1l 45 v o ) 20 R . R Wang F F, Zhang M, Wang Q. Synchronization control of dual
fEERR R A VAR, 38 X RN R [ B, IR AT R A motor servo system with improved PSO and ECF [J]. Chinese
. SKRH ESO 7 sh A, ESO ¥ B 3 WA #b Journal of Construction Machinery, 2022, 20 (2); 151-155.
4%%’!‘%@12@@1’6&%1‘@5@’5%%@%ﬂ%ﬁﬁ%ﬂlﬁﬂto [10] AWGRE, dkiEes, skiilt, 55 FLTomibs ) Sk ik i ML
T_JE{)‘?EQQ%‘EF‘ ttﬁTTZ%%Uﬁ/f%ﬁﬂ*@%#ﬁ%ﬂ i HATIREETZE [T]. "PEMB TR, 2023, 34 (9): 1100-1110.
N . . N . Shi Q Q, Zhang R F, Zhang L H, et al. Research on underwater
HOR, SHRBIRARN], PRSI T UL s BRER AN gliders path tracking based on reinforcement learning algorithm [ J].
KERE, MRS LR G [ ERAE T 55 —Fh T China Mechanical Engineering, 2023, 34 (9): 1100-1110.
S 3K : [11] BRI, BOKWE. ZSHDBCHLIE R IR 3 2 G0 04 32 M 4 1l 5w
(1] D bSO R B (1], B S R, 2022, W5t [J]. MUARFAOR, 2023, 45 (4): 98-102, 127.
(2). 37-42. Zhao MY, Weil Y Q. Research on master-slave control strategy of
Min J C. Research on battery shell forming [ J]. Forging & Metal- six phase dual motor coaxial drive system [ J]. Ship Science and
forming, 2022, (2): 37-42. Technology, 2023, 45 (4): 98-102, 127.
[2] 5%, BTG, EAE, 45 e AR HUIE SR ek [12] Zou S C, Zhao W Z, Wang C Y. Tracking and synchronization
HARE [J]. EMHLM, 2023, (4). 1-11. control strategy of vehicle dual-motor steer-by-wire system via su-
Jing O, Zhao S D, Qiu M J, et al. Discussion on AC servo me- per-twisting SOSMC and MDCS [J]. Mechanical Systems and Sig-
chanical press and its key technologies [ J]. Heavy Machinery, nal Processing, 2022, 183 (10): 109638.
2023, (4): 1-11. [13] AR, IMK, ZEERI, 5 JEFBORTY X LR Sh R G
[3]  9h3C, H3CE, /MR, & TZ2SERRIE B bR W (1. hEEPL TR, 2022, 42 (23) . 8740-8750.
RsEm (1], S E, 2022, (20). 23-26. Shi H, Sun L, Li Z G, et al. Coordination control of a dual-motor
Sun W, Tian W C, Ji X H, et al. Influence of process parameters drive system with the model prediction [J]. Proceedings of the Chi-
on deep drawing of cylindrical battery casesl [J]. Forging & Met- nese Society for Electrical Engineering, 2022, 42 (23) : 8740-8750.
alforming, 2022, (20): 23-26. [14] Zhong G L, Yi HD, Dou W Q. Design of dual-drive vertical lift servo
[4] bk, WARET, EBL —FMREROHME L [P]. system and synchronous control performance analysis [J]. IEEE/
[£ . CN202110849550.0, 2021-10-12. ASME Transactions on Mechatronics, 2022, 25 (6): 2927-2937.
Hua L, Hu Z L, Wang R. A mechanical press with cam direct [15]  FBANEE, PRETE, WRMG, 55, AU B L HA T R vk
drive [P]. China; CN202110849550.0, 2021-10-12. WF5E [J]. PR, 2022, 33 (22): 2684-2692.
[5] mhEEge, 2k, &gl SRR EhEREARLZE (1], Zheng J J, Chen L'Y, Fan D P, et al. Research on backlash elimi-
BT HARZHR, 2021, 36 (14): 2922-2935. nation method of dual-motor precision transmission mechanisms
Ye Y H, Peng F, Huang Y K. Overview of multi-motor synchro- [J]. China Mechanical Engineering, 2022, 33 (22) : 2684-2692.
nous motion control technology [J]. Transactions of China Elec- [16] ZEf, FHF, HFF, % LT RBF #2704 5 45 B 15

trotechnical Society, 2021, 36 (14). 2922-2935.
[6] BWEEE, PhALE, XISR. JETHEHE IR BE 1 ARl SR Mg 114 22 B Bl

SYAMA LA AT SR ()], PR T
i, 2012, 23 (23): 2792-2796.



