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Table 1 Specifications of MOTOMAN DA20
Controlled Axes 13(Right 6, left 6, rotate 1)
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Fig. 4 Simulation result of torque response

Table 2 Final servo motor specification for each axes
(safety factors are considered)

Axis Capacity Torque Velocity
(kW] [Nm] [RPM]
1,2 2.0 6.8 3,000
3,4 0.9 2.9 3,000
5 0.6 1.9 3,000
6,7 0.4 1.3 3,000

Table 3 Diameter specification for each hollow-type
S€rvo motors

Cable Dia.[mm] . Inner
AXis [ ower Req;“redl Dia
Wi No. of cable .
&Brake Encoder [mm]
?965:6 O7.0:1
1 9.0 6.5 ?8.0:4 ©90:4 29.0
Diameter of Hollow Shaft 35.0
265:5 ©7.0:1
2 9.0 6.5 98.0:4 09.0:4 26.6
Diameter of Hollow Shaft 32.0
?36.5:4 @37.0:1
3 8.0 6.5 08.0 -3 24.0
Diameter of Hollow Shaft 30.0
¥96.5:3 ©7.0:1
A 8.0 6.5 08.0 -2 25.0
Diameter of Hollow Shaft 29.0
06.5:2 @7.0:1
s 8.0 6.5 080 1 21.0
Diameter of Hollow Shaft 29.0
o |80 | 65 [@65:1 070:1 | 136
Diameter of Hollow Shaft 17.0
; 7.0 6.5  |Not Required X
Diameter of Hollow Shaft X

Flg. 5 Hollow-type servo assembly (exploded view)
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Table 4 Specification of hollow-type servo motors

Axi Capacity | Torque | Velocity | Weight
L kW] [Nm] | [RPM] | [ke]
1 2.0 6.3 3,000

25.9
2 2.0 6.3 3,000
3 0.9 2.86 3,000

15.8
4 0.9 2.86 3,000
5 0.6 3.8 3,000 14.8
6 0.4 1.3 3,000

7.0
7 04 1.3 3,000

(b) developed version

(a) commercial version
Fig. 6 Electromagnetic characteristics of servo motor

Table 5 Developed hollow-type break

Outer Dia. / Inner

Axi Frictional | Weight

X8 Torque [Nm]| [kg] Dia. / Thickness
1,2 6.86 2.77 147/51/38.3
34 | 2.94 1.18 104 /41/36/2
5,6,7 | 2.45 0.54 74.8/26/29/8
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Fig. 7 Hollow harmonic drive: simplified unit type

Fig. 8(a) Eccentricity check using 3D Measuring Tool

Fig. 8(b) Torsion stress measurement

Table 6 Evaluation for shaft of simplified unit type

Table 7 Specification of applied hollow harmonic drive

Torque | Speed | Weight | Outer/Inner

Axis | Ratio [Nm] | [RPM] | [ke] [mm]

1,2 120 523 3,000 6.9 190 /52

34 120 178 3,000 3.1 142 /36

56,7 | 80 44 3,000 | 0.89 90/21

Spec. Test 1 Test2

Concentricity | 0.02 and 0.0103 0.0122

Concentricity? less 0.0047 0.0185
Diafmm)] 50+ 0.015 | 50.0144 49,9985
Lengthimm] | 300%£0.3 | 300.0625 | 300.1394

Torque[Nm Mor: ;han 2745 | 24637

Table 8 Specification of applied Encoder

Axis Resolution Revolution Weight
’ [bit] [RPM] [ke]
1.2 1,500 2.1
33
3~7 3,000 1.2
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Fig. 9 Assembling sequence for servo assembly
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Fig. 10 Developed hollow-type robot arm

Table 9 Specification of developed Robot Arm

Content Weight Length Payload

Specification 94kg 1,574mm 20kg

Table 10 Performance evaluation for Servo Assembly

Spec. laxis | 2 axis | 3 axis |4 axis
Coil Spec./axis 0.053+£10% |0.551£10%
resistance Measurement 0.055 0.561
Withstand | 0.5mA and 0
Voltage less
Insulati More th:
nswiationy MOre Ml yoGal 460 (5560462
resistance 10MQ
RPM 3,000 3,000
5 axis 6 axis l 7 axis
Coil 0.750 £10% 1.150£10%
resistance 0.772 1216 | 1.250
Withstand 0
Voltage
Insulati
PSWElon | 1460 oo 2568
resistance
RPM 3,000

Fig. 11 Tracking Performance Test for Developed Robot
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Fig. 12 3-Dimensional target trajectory

Table 11 Result of repeatability test

No of X axis
. repeatability
pomt avr min max
1 point | 131.397 | -0.032 | 0.035
2 point | -10.382 | -0.026 | 0.035
3 point | 0.037 -0.015 | 0.027 | <£0.05mm
4 point | 266.166 | 0.013 0.046
Spoint | 275.881 | -0.034 | 0.045
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