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2.1  
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av
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Slave arm length 1,200 [mm] 

Operating angle  -35  +55 [ ] 

Maximum angular velocity 45 [ /s] 

Maximum payload 500 [N] 

Cylinder diameter 
bottom  63 

rod  38 
[mm] 

Pump pressure 14 [MPa] 

Natural frequency 
vertical  30 

horizontal  24 
[Hz] 

M
as

te
r 

Master lever length 285 [mm] 

Servo motor rated output  110 [W] 
Maximum reflection force 30 [N] 

Bilateral ratio 0 1/50 [-] 
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3.1  
 

3.1  
 

Sl
av

e 

Driving system Hydraulic [-] 
Degrees of freedom 6 + gripper [DOF] 

Upper arm length  2000 [mm] 
Lower arm length 1500 [mm] 
Maximum payload 2000 [N] 

Maximum speed 45 [ /s] 

Pump pressure 14 [MPa] 

M
as

te
r 

Driving system Electric [-] 

Degrees of freedom 3 + gripper [-] 
Master scale ratio 1/7 [-] 

Wrist control 3D joystick [-] 
Servo motor rated output  30-110 [W] 
Maximum reflection force 30 [N] 

Bi-lateral ratio (Manipulator) 
      (Gripper) 

0 1/100 
1/50 

[-] 
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5.5 xmi ymi Xsi Ysi (5.1)  

 
xmi = −Lm1 sinθm1i − Lm2 cosθm2i  
ymi = Lm1 cosθm1i − Lm2 sinθm2i  
Xsi = −Ls1 sinθs1i − Ls2 cosθs2i  
Ysi = Ls1 cosθs1i − Ls2 sinθs2i                                               (5.1) 

 
 Lm1 Lm2 Ls1 Ls2

 
 
φmi = tan

−1(ymi / xmi ) φsi = tan
−1(Ysi / Xsi )                                   (5.2) 

 
 

 

sin(θm1i −φmi ) = −(Lm1
2 − Lm2

2 + xmi
2 + ymi

2 ) / 2Lm1 (xm1i
2 + ym1i

2 )  

cos(θm2i −φmi ) = −(Lm2
2 − Lm1

2 + xmi
2 + ymi

2 ) / 2Lm2 (xm1i
2 + ym1i

2 )  

sin(θs1i −φsi ) = −(Ls1
2 − Ls2

2 + Xsi
2 +Ysi

2 ) / 2Ls1 (Xs1i
2 +Ys1i

2 )  

cos(θs2i −φsi ) = −(Ls2
2 − Ls1

2 + Xsi
2 +Ysi

2 ) / 2Ls2 (Xs1i
2 +Ys1i

2 )                       (5.3) 
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3  
1 2 (θm1,θm2 ) (θs1,θs2 )   

4
(5.4)  

 

θs1 = a0 + a1θm1 + a2θm2 + a3θm1
2 + a4θm1θm2 + a5θm2

2

+ a6θm1
3 + a7θm1

2 θm2 + a 8θm1θm2
2 + a9θm2

3

+ a10θm1
4 + a11θm1

3 θm2 + a12θm1
2 θm2

2 + a13θm1θm2
3 + a14θm2

4

 

   (5.4) 

θs2 = b0 + b1θm1 + b2θm2 + b3θm1
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2

+ b6θm1
3 + b7θm1

2 θm2 + b 8θm1θm2
2 + b9θm2

3

+ b10θm1
4 + b11θm1

3 θm2 + b12θm1
2 θm2

2 + b13θm1θm2
3 + b14θm2

4
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5.1  
 

Net horse power :  19.5 [kW/2,600rpm] 

Operating weight :  26.4 [kN] 

Bucket capacity :  0.07 [m3] 

Operating method 

:  Right hand Master-slave 

 (boom, arm, swing) 

:  Left hand Joystick lever 

 (bucket, attachment) 
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5.2  
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Trench digging   M/S  
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 : 3.11 10-3 [m2]  
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