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Speed synchronization control of multi-wire saw
JIANG Jin1,2, DAI Yu-xing1, GAO Ke-cun1, PENG Si-qi1

(1. College of Electrical and Information Engineering, Hunan University, Changsha Hunan 410082, China;

2. College of Information Engineering, Xiangtan University, Xiangtan Hunan 411105, China)

Abstract: The overall structure of the multi-wire saw is introduced and its working principle is explained. To deal

with the fluctuation problem of wire tension, a multi-axis synchronization control strategy is put forward based on the

speed error on the adjacent axis. In this strategy, the supply/collect spool motor and main motor are considered the control

objects. By defining the tracking error and the synchronization error for the multi-axis system, and introducing the speed

error on the adjacent axis, we design a torque control scheme based on the dynamic equations of the motor to make the

speed error and its derivative tend to zero, thus realizing the multi-axis synchronization. The convergence and the stability

of the algorithm are proved by using the Lyapunov function. Simulations and experiments show that this strategy provides

not only the high synchronization precision, good stability and high convergence rate, but also the high control precision

and small fluctuation range of tension.
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2 (Overall structure

of multi-wire saw)
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Fig. 1 Overall structure of multi-wire saw
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3
(Multi-axis synchronization control based

on adjacent axis speed error)
3.1 (Method of multi-axis

synchronization control)

[7, 8]. , 1

, 2 , 3 .

:

Ji(ωi)ω̇i(t)+Ci(ωi, ω̇i)ωi(t)=Mi, i=1, 2, 3, (1)

: ωi(t) i , Ji(ωi) Ci(ωi, ω̇i)

,
1
2
J̇i(ωi) =

Ci(ωi, ω̇i), Mi .

i

ei(t) = ri(ωd
i (t) − ωi(t)), i = 1, 2, 3, (2)

: ωd
i (t) i , ri i

.

, ei(t) → 0 ,

e1(t) = e2(t) = e3(t). (3)

(3) ,

e1(t) = e2(t), e2(t) = e3(t), e3(t) = e1(t),

:⎧⎪⎨
⎪⎩

ε1(t) = e1(t) − e2(t),

ε2(t) = e2(t) − e3(t),

ε3(t) = e3(t) − e1(t).

(4)

, εi(t) = 0 ,

(3) .

,

: ,

ei(t) εi(t) .

3.2 (Design of multi-axis

synchronization control)
, i

, i − 1 i + 1
, ei(t)

εi(t) e∗i (t) :⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

e∗1(t) = e1(t) + α
� t

0
(ε1(w) − ε3(w))dw,

e∗2(t) = e2(t) + α
� t

0
(ε2(w) − ε1(w))dw,

e∗3(t) = e3(t) + α
� t

0
(ε3(w) − ε2(w))dw,

(5)

α .

ui(t) :⎧⎪⎨
⎪⎩

u1(t) = r1ω
d
1(t) + ė∗1(t) + A0,

u2(t) = r2ω
d
2(t) + ė∗2(t) + B0,

u3(t) = r3ω
d
3(t) + ė∗3(t) + C0,

(6)

: ⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

A0 = α
� t

0
(ε1(w) − ε3(w))dw,

B0 = α
� t

0
(ε2(w) − ε1(w))dw,

C0 = α
� t

0
(ε3(w) − ε2(w))dw.

(6) ui(t) hi(t)

hi(t) = ui(t) − riωi(t) = e∗i (t) + ė∗i (t). (7)

Mi hi(t) ,

e∗i (t) ė∗i (t) , ei(t)
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εi(t), .

Ji(ωi) Ci(ωi, ω̇i) ,

Mi :⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

M1 =
J1(ω1)u̇1(t)

r1

+
C1(ω1, ω̇1)u1(t)

r1

+ A1,

M2 =
J2(ω2)u̇2(t)

r2

+
C2(ω2, ω̇2)u2(t)

r2

+ B1,

M3 =
J3(ω3)u̇3(t)

r3

+
C3(ω3, ω̇3)u3(t)

r3

+ C1,

(8)

:

A1 = krh1(t) + ks(ε1(t) − ε3(t)),

B1 = krh2(t) + ks(ε2(t) − ε1(t)),

C1 = krh3(t) + ks(ε3(t) − ε2(t)),

kr ks .

(1)(8) :⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

J1(ω1)ḣ1(t)
r1

+
C1(ω1, ω̇1)h1(t)

r1

+A1 = 0,

J2(ω2)ḣ2(t)
r2

+
C2(ω2, ω̇2)h2(t)

r2

+B1 = 0,

J3(ω3)ḣ3(t)
r3

+
C3(ω3, ω̇3)h3(t)

r3

+C1 = 0.

(9)

5 :

1) ;

2) e∗i (t),

ei(t) εi(t);

3) ui(t), i

;

4) Mi;

5) .

,

, ,

.

3.3
(Proof of convergence and stability based on

Lyapunoy function)

V (t)=
3∑

i=1

[
1
2
hT

i (t)Ji(ωi)hi(t)+
1
2
εT

i (t)ksεi(t)]+

1
2α

AT
0 ksA0+

1
2α

BT
0 ksB0+

1
2α

CT
0 ksC0. (10)

V (t) t

V̇ (t)=
3∑

i=1

[hT
i (t)Ji(ωi)ḣi(t)+εT

i (t)ksε̇i(t)+

1
2
hT

i (t)J̇i(ωi)hi(t)]+
1
α

ȦT
0 ksA0 +

1
α

ḂT
0 ksB0 +

1
α

ĊT
0 ksC0. (11)

(9) hT
i (t), (11)

V̇ (t) =
3∑

i=1

[−hT
i (t)krhi(t) + εT

i (t)ksε̇i(t) −

hT
i (t)ks(εi(t) − εi−1(t))] +

1
α

ȦT
0 ksA0 +

1
α

ḂT
0 ksB0 +

1
α

ĊT
0 ksC0, (12)

:
3∑

i=1

(hT
i (t)(εi(t) − εi−1(t))) =

hT
1 (t)(ε1(t)−ε3(t))+

3∑
i=2

hT
i (t)(εi(t)−εi−1(t))=

2∑
i=1

((hi(t)−hi+1(t))Tεi(t))+(h3(t)−h1(t))Tε3(t).

(13)

(7) :⎧⎪⎨
⎪⎩

h1(t)−h2(t) = ε1(t) + A2 + ε̇1(t) + Ȧ2,

h2(t)−h3(t) = ε2(t) + B2 + ε̇2(t) + Ḃ2,

h3(t)−h1(t) = ε3(t) + C2 + ε̇3(t) + Ċ2,

(14)

:

A2 = α
� t

0
(2ε1(w) − ε3(w) − ε2(w))dw,

B2 = α
� t

0
(2ε2(w) − ε1(w) − ε3(w))dw,

C2 = α
� t

0
(2ε3(w) − ε2(w) − ε1(w))dw.

(14) (13)
3∑

i=1

[hT
i (t)(εi(t) − εi−1(t))] =

3∑
i=1

[εT
i (t)ε̇i(t) + εT

i (t)εi(t)] +

2∑
i=1

(εi(t) − εi+1(t))Tα(εi(t) − εi+1(t)) +

(ε3(t) − ε1(t))Tα(ε3(t) − ε1(t)) +
1
α

ȦT
0 A0 +

1
α

ḂT
0 B0 +

1
α

ĊT
0 C0. (15)

(15) (12)

V̇ (t) =

−
3∑

i=1

[hT
i (t)krhi(t) + εT

i (t)ksεi(t)] −
2∑

i=1

(εi(t) − εi+1(t))Tksα(εi(t) − εi+1(t)) −
(ε3(t) − ε1(t))Tksα(ε3(t) − ε1(t)) � 0. (16)

[9] hi(t) εi(t) L2 ,

hi(t) , (7) e∗i (t) ė∗i (t) ,

ḣi(t) ε̇i(t) , hi(t) εi(t)
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, Barbalat t → ∞ , hi(t) → 0 εi(t)
→0, (7) t→∞ , e∗i (t)→0 ė∗i (t)→0.

.

εi(t) = 0 , (3) , (4)

e1(t)+e2(t)+e3(t)=e∗1(t)+e∗2(t)+e∗3(t)=0. (17)

(3) (17)

e1(t) = e2(t) = e3(t) = 0. (18)

LaSalle t →∞ , ei(t) → 0.

.

4 (Simulations and experiments)
4.1 (Simulations)

MATLAB 3

, i 2 .

: α = 110, β = 12, kr = 0.8, ks = 1.

2 i

Fig. 2 Control diagram of the ith axis

750 m/min 3

3 : (a) 1∼3

, (b) 1∼3 , (c)

1∼3 , V .

, 0.7 s 0,

0.9 s 0, 5.0 m/min,

0.67%,

.

3

Fig. 3 Simulation results

4.2 (Experiments)
3

, 1000 r/min

4 , (a) 3 ,

(b) 3 .

3 ,

3 ,

, 10 r/min, 3

, .

1 3 ,

,

, ,

, .

MLC

, FMS

RMGZ121A.H14+EMGZ306A,

, 0.15 mm,

25 N, 300 m/min.

IndraWorks Engineering

,

MATLAB , 5

. , ,

, ±0.04 rad,

25 ± 0.5 N,

, .
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4

Fig. 4 Test results

5

Fig. 5 Experiment results

5 (Conclusion)
1)

,

,

, ;

2) n = 3 ,

n > 3 ,

, ;

3) ,

, .
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