x Yz 4
3 4
5.1 X, Y Z

CMM 3

X Y Z Alignment
CMM

250x250 mm, 3 80 mm,
1 mm. 3% pulse 80 mm, 31600
pulse Step function 2% settling

time

51 ) X

0-80 mm. (80 mm. = 31600 pulse) X (* F = Forward, R = Reverse)
20 ! 5.2 5.1



5.1

No.*

1F
2R
3F
4R
5F
6 R
TF
8 R
9F
10R
nF
12R
13F
14R
I5F
16R
ITF
18R
19F

—_ O b O O O OO KR ke O e O

Starting
Point

A Sample of the Step Response of X-axis
T T - I

i i i
3 4 5

7

i
8

Step Respons X-axis
X 0-80 mm.
Measured Desired
End Point  Travelling
End Point

31600 31601
-31599 -31600
31600 31601
-31599 -31600
31599 31601
-31599 -31601
31600 31601
-31599 -31600
31600 31601
-31599 -31600
31599 31601
-31599 -31600
31600 31601
-31599 -31600
31600 31601
-31599 -31600
31600 31601
-31599 -31600
31600 31601

i
9

Steady
State
Error+*

s
10

0-80 mm.

20

60

2% Setting
Time (Sec)

1.1
1.1
1.1
1.1
18
1.1
1.1
18
18
1.1
1.1
18
18
1.1
1.1
18
1.1
18
1.1
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No*  Starting  Measured Desired Steady 2% Setting
Point End Point  Travelling State Time (Sec)
End Point Error+*
20 R 0 -31599 -31600 1 18
(* F = Forward, R = Reverse)
(* - = reverse direction, + = forward direction)

80-160 mm. (80 mm. = 31600 puise) X (* F = Forward, R =
Reverse) 20 5.2 steady state
error 5-6 pulses 56 pulses Settling
time 1.7 sec
5.2 X 80-160 mm. 20

No*  Starting  Measured Desired Steady 2% Setting
Point End Point ~ Travelling State Time (Sec)
End Point Error+*

1F 0 31598 31600 2 1.7
2R -2 -31597 -31602 5 1.1
3F 3 31598 31603 5 18
4R -2 -31597 -31602 5 1.1
5 F 3 31598 31603 5 1.1
6 R -2 -3159%6 -31602 - 1.7
1F 3 31598 31603 5 18
8 R -2 -31597 -31602 5 1.1
9F 3 31598 31603 5 18
10R -2 -31597 -31602 5 1.1
nF 3 31598 31603 5 1.1
12R -2 -31596 -31602 6 1.1
13F 4 31598 31604 6 1.7
14R -2 -31596 -31602 - 1.1
I5F 4 31598 31604 6 1.7
16R -2 -31597 -31602 5 18
ITF 3 31598 31603 5 - =

18R -2 -31596 -31602 b 1.7
19F 4 31598 31604 6 1.1
20 R -2 -31597 -31602 5 1.1
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(* F = Forward, R = Reverse)
(** - = reverse direction, + = forward direction)

160-240 mm. (80 mm. = 31600 puise) X (* F = Forward, R =
Reverse) 20 5.3 steady state
error 2-3 pulses 2-3 pulses Settling
time 1.7 sec
5.3 X 160-240 mm, 20

No*  Starting  Measured Desired Steady 2% Setting
Point End Point  Travelling State Time (Sec)
End Point Error+*

1F -2 31599 31598 1 1.7
2R 1 -31599 -31601 -2 1.1
3F -2 31599 31598 1 1.1
4R 1 -31599 -31601 -2 1.1
5F 1 31599 31601 +2 1.1
6R 1 -31598 -31601 -3 1.1
1F 2 31599 31602 3 1.1
8 R 1 -3159%9 -31601 -2 1.1
9F 1 31599 31601 2 1.1
10R 1 -31599 -31601 -2 1.1
nF 1 31599 31601 2 1.1
12R 1 -31598 -31601 -3 1.1
13F 1 31599 31601 2 1.1
14R 1 -31599 -31601 -2 1.1
I5F 2 31599 31602 3 1.7
16R 1 -31598 -31601 -3 1.1
ITF 2 31599 31602 3 1.1
18R 1 -31598 -31601 -3 18
19F 1 31599 31601 2 1.1
20 R 1 -31599 -31601 -2 18

(* F = Forward, R = Reverse)
(™ - = reverse direction, + = forward direction)
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0-80 mm. (80 mm. = 31600 pulse) Y (* F = Forward, R = Reverse)

20 5.3 54
steady state error 1 pulse
1 pulse steady state Settling Time
4.3 sec
a5 x -104 . A Sample ofthe Step Response of Y-axis -

3
|

25 /
5 2

Y response, pulse
5

v .

0 2 4 6 8 10
Time, sec

5.3 Step Response Y-axis 0-80 mm.

54 Y 0-80 mm. 20
No*  Starting  Measured End  Desired Steady 2% Setting

Point Point Travelling State Time (Sec)
End Point Error

1F 14 31614 31614 0 4.3

2R 15 -31585,-31586 -31585 01 43



No.*

3F
4R
5F
6R
1F
8 R
9F
10R
nF
12R
13F
14R
I5F
16R
ITF
18R
19F
20 R

Starting
Point

14
15
15
14
14
15
15
15
15
15
15
15
14
15
15
14
14
15

Measured End
Point

31614,31615
-31585,-31586
31615,31614
-31585
31615,31614
-31585,-31586
31615,31614
-31585,-31586
31615,31614
-31585,-31586
31615,31614
-31585,-31586
31614,31615
-31585,-31586
31615,31614
-31586,-31585
3161431615
-31585,-31586

(* F = Forward, R = Reverse)
(** - = reverse direction, + = forward direction)
80-160 mm. (80 mm. = 31600 puise)

Reverse)
error

5.5

No.*

1F

2R
3F

20
1 pulse

Settling Time

Starting
Point

14
15
15

Y

Measured End
Point

31614,31615
-31585,-31586
31615,31614

Desired
Travelling
End Point

31614

-31585

31615

-31586

31614

-31585

31615

-31585

31615

-31585

31615

-31585

31614

-31585

31615

-31586

31614

-31585

Steady
State
Error**
0-1
01
01
-1
-1,0
01
0,1
0,1
0,1
0,1
0,1
01
0-1
01
0,1
0-1
0-1
0,1

64

2% Setting
Time (Sec)

43
43
43
43
44
43
43
43
44
43
43
43
43
43
43
43
44
43

Y (* F = Foward, R =

5.5
1 pulse
4.3 sec
80-160 mm.

Desired Steady
Travelling State
End Point Error*

31614 01

-31585 01

31615 01

steady state

steady state

20

2% Setting
Time (Sec)

43
43
43



No*  Starting

Point
4R 15
5F 14
6R 15
TF 15
8 R 14
9F 15
10R 15
11F 15
2R 15
13F 15
14 R 15
I5F 14
16 R 14
17F 14
18R 15
19F 15
20 R 14

Measured End
Point

-31585,-31586
31614,31615
-31585,-31586
31615,31614
-31586,-31585
31615,31614
-31585,-31586
31615,31614
-31585,-31586
31615,31614
-31585,-31586
31614,31615
-31586,-31585
31614 31615
-31585,-31586
31615,31614
-31586,-31585

(*F = Forward, R = Reverse)

(* - = reverse direction, + = forward direction)
. (80 mm. = 31600 pulse)

Reverse)
error

160-240

1 pulse

Settling Time

5.6

No*  Starting

Point
1F 15
2R 14
3F 15
4R 15

Y

Measured End
Point

31615,31614
-31586,-31585
31615,31614
-31585,-31586

Desired
Travelling
End Point

-31585

31614

-31585

31615

-31586

31615

-31585

31615

-31585

31615

-31585

31614

-31586

31614

-31585

31615

-31586

1 pulse
43 sec

160-240 mm.

Desired
Travelling
End Point

31615

-31586

31615

-31585

Steady
State
Error**
01
0-1
01
01
0-1
01
01
01
01
01
01
0-1
0-1
0-1
01
01
0-1

65

2% Setting
Time (Sec)

43
43
43
43
43
43
43
43
43
43
43
44
43
43
43
43
43

Y (* F = Forward, R =

steady state

steady state
20

Steady 2% Setting
State Time (Sec)
Error**

01 43

0-1 4.3

01 44

01 43



No.*

5F
6 R
1F
8 R
9F
10R
nF
12R
13F
14R
I5F
16R
I7F
18R
19F
20 R

Starting
Point

15
15
14
15
15
14
14
15
15
14
14
14
15
15
15
15

Measured End
Point

31615,31614
-31585,-31586
31614,31615
-31585,-31586
31615,31614
-31586,-31585
31614,31615
-31585,-31586
31614,31615
-31586,-31585
31614,31615
-31586,-31585
31615,31614
-31585,-31586
31615,31614
-31585,-31586

(* F = Forward, R = Reverse)

(* - = reverse direction, + = forward direction)

Desired
Travelling
End Point

31615

-31585

31614

-31585

31615

-31586

31614

-31585

31614

-31586

31614

-31586

31615

-31585

31615

-31585

Steady
State
Error**
0,1
0,1
0-1
0,1
01
0-1
0-1
01
0-1
0-1
0-1
0-1
01
01
0,1
01

66

2% Setting
Time (Sec)

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
44



5.4 Z
0-80 mm. (80 mm. = 31600 pulse) Z (*F = Forward, R = Reverse)
20 55 5.7
steady state error 1 pulse
1 pulse steady state Settling Time
4.3 sec
«10" A Sample of the Step Response of Z-axis

35

25 /
L 2

Zresponse, pulse
&

0 2 4 6 8 10
Time, sec

5.5 Step Response Z-aXIs 0-80 mm,



5.7

No.*

1F
2R
3F
4R
5 F
6 R
TF
8R
9F
10R
nF
2R
13F
14R
I5F
16R
ITF
18R
19F
20 R

Starting
Point

15
15
15
15
14
15
15
15
15
14
14
15
14
14
15
14
15
14
15
15

Z

Measured End
Point

31615,31614
-31585,-31586
31615,31614
-31585,-31586
31614,31615
-31585,-31586
31615,31614
-31585,-31586
31615,31614
-31586,-31585
31614,31615
-31585,-31586
31614,31615
-31586,-31585
31615,31614
-31586,-31585
31615,31614
-31586,-31585
31615,31614
-31585,-31586

(* F = Forward, R = Reverse)
(** - = reverse direction, + = forward direction)

Reverse)
error

80-160 mm. (80 mm. = 31600 puise)

20
1 pulse

Settling Time

0-80 mm.

Desired
Travelling
End Point

31615

-31585

31615

-31585

31614

-31585

31615

-31585

31615

-31586

31614

-31585

31614

-31586

31615

-31586

31615

-31586

31615

-31585

5.8

1 pulse
4.3 sec

20

Steady
State
Error<*
01
01
01
01
0-1
01
01
01
01
0-1
0-1
01
0-1
0-1
01
0-1
01
0-1
01
01

68

2% Setting
Time (Sec)

43
43
43
43
43
44
43
43
43
43
43
43
43
43
43
43
43
43
43
43

Z (*F = Forward, R =

steady state

steady state
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No.*

1F
2R
3F
4R
5F
6R
1F
8R
9F
10R
nF
12R
13F
14R
I5F
16 R
ITF
18R
19F
20 R

Starting
Point

14
15
15
14
15
15
15
14
15
15
15
14
14
15
14
15
15
14
14
15

/A

Measured End
Point

31614,31615
-31585,-31586
31615,31614
-31586,-31585
31615,31614
-31585,-31586
31615,31614
-31586,-31585
31615,31614
-31585,-31586
31615,31614
-31586,-31585
3161431615
-31585,-31586
31614,31615
-31585,-31586
31615,31614
-31586,-31585
31614,31615
-31585,-31586

(* F = Forward, R = Reverse)
(** - = reverse direction, + = forward direction)

Reverse)
error

160-240 . (80
20
1 pulse

Settling Time

80-160

Desired
Travelling
End Point

31614

-31585

31615

-31586

31615

-31585

31615

-31586

31615

-31585

31615

-31586

31614

-31585

31614

-31585

31615

-31586

31614

-31585

.= 31600 pulse)

59

1 pulse
4.3 sec

Steady
State
Error<*
0-1
01
01
0-1
01
01
01
0-1
01
01
01
01
0-1
01
0-1
01
01
0-1
0-1
01

69

20

2% Setting
Time (Sec)

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
44
43
43
43

Z (* F = Forward, R =

steady state

steady state
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No.*

1F
2R
3F
4R
5F
6R
1F
8 R
9F
10R
nF
2R
13F
14R
I5F
16R
ITF
18R
19F
20 R

Starting
Point

14
15
14
14
15
15
15
14
14
15
15
15
15
14
14
15
15
15
14
15

Z

Measured End
Point

31614,31615
-31585,-31586
31614,31615
-31586,-31585
31615,31614
-31585,-31586
31615,31614
-31586,-31585
31614 31615
-31585,-31586
31615,31614
-31585,-31586
31615,31614
-31586,-31585
31614,31615
-31585,-31586
31615,31614
-31585,-31566
31614,31615
-31585,-31586

(* F = Forward, R = Reverse)

(* - = reverse direction, + = forward direction)

X

0.0127 mm,

5 pulses

0.0025 mm

4

(07

£5°, £10°, +20°.

160-240 mm.

Desired
Travelling
End Point

31614

-31585

31614

-31586

31615

-31585

31615

-31586

31614

-31585

31615

-31585

31615

-31586

31614

-31585

31615

-31585

31614

-31585

Y

£1°, £2°, £3°, +4°

Steady

State

Error**

0-1
01
0-1
0-1
01
01
01
01
0-1
01
01
01
01
0-1
0-1
01
01
01
0-1
01

4

20

70

2% Setting
Time (Sec)

43
43
43
44
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43



!

Acceleration Period
0(0 Y

Constant Velocity Period

0(0=0,(0+vm{t-t1)
m : 7 S Deceleration Period
- R e s e
A .
;| N dO=e:(0+K), =V
£ Mo V0
t _— <7 F /f t/]' r K;y
Case of21F/3 duty circle .
2A: L , zh = E; = &y :_0/
5.6 Profile step
5.0 Profile
Step ( 59) Profile
step encoder
Step
(5°) - encoder (0°) 0 5
Profile 5.0
Profile
Profile 13 duty circle
5.6 1
Profile Profile



5.10

No.*

1 cow
2 CW
3 CCW
4 cw
5 ccw
6 cw
T ocw
8 cw
9 cow
10 cw

(* cow = counter clock-wise, CW= clock-wise)

Reference
Profile

0.288-2.288
2.304-0.304
0.432-2.432
2.448-0.448
0.432-2.432
2.448-0.448
0.432-2.432
2.448-0.448
0.432-2.432
2.448-0.448

4

Measured Start-

End Point
(Profile)

0.288-2.304
2.304-0.432
0.432-2.448
2.448-0.432
0.432-2.448
2.448-0.432
0.432-2.448
2.448-0.432
0.432-2.448
2.448-0.432

(™ + = cow direction, - = cw direction)

5.11

No.*

1 cow
2 CW
3 ccw
4 cw
5 ocw
6 cw
T cow
8 cw
9 ccw
10 cw

(* ccw = counter clock-wise, CW= clock-wise)

Reference
Profile

0.432-3.432
3.312-0.312
0.288-3.288
3.312-0.312
0.288-3.288
3.312-0.312
0.432-3.432
3.312-0.312
0.288-3.288
3.312-0.312

4

Measured Start-

End Point
(Profile)

0.432-3.312
3.312-0.288
0.288-3.312
3.312-0.2688
0.288-3.312
3.312-0432
0.432-3.312
3.312-0.288
0.288-3.312
3.312-0.288

Step =2°

Measered
Start-End
(Point-to-
Point)
0.144-2.016
2.016-0.144
0.144-2.016
2.016-0.144
0.144-2.016
2.016-0
0-1.872
1.872- -0.144
-0.144-1.872
1.872-0

Step =3°

Measered

Start-End

(Point-to-
Point)
0-3.024
3.024-0
0-2.88
2.88-0
0,2.88
2.88-0
0-2.88
2.88-0
0-2.88
2.88-0

10

Steady state

Error**

-0.016,0.128
-0.126,0.128
-0.016,0.128
0.016,0.128
-0.016,0.128
0.016,-0.016
-0.016,0.128
0.016,-0.016

-0.016,-0.016

0.016,0.128

10

Steady state
Error**

0.12,-0.024
0.024,-0.024
-0.024,0.12
0.024,0.12
-0.024,0.12
-0.12,0.12
012,012
0.024,0.12
-0.024.0.12
0.024,0.12

12

2% Setting
Time (Sec)

0.18,0.05
0.1,0.05
0.18,0.08
0.12,0.05
0.39,0.14
0.13,0.06
0.4,0.05
0.13,0.06
0.06,0.1
0.28,0.05

2% Setting
Time (Sec)

0.16,0.05
0.11,0.07
0.74,0.07
0.23,0.09
0.38,0.19
0.430.21
0.07,0.12
0.12,0.12
0.24,0.06
0.1,0.07



(* + = ccw direction, - = O direction)

5.12 4 Step =4° 10
No*  Reference Measured Start-  Measered  Steady state
Profile End Point Start-End Error+*

(Profile) (Point-to-

Point)
lcow 02884288  0.288-4.32 0-3888  -0.032,0.112
2ow 432032 4.32-0.432 3888-0  -0.112,0.112
Joow  0432-4432  0432-4.464 0-3888  -0.032,0.112
4ow 44640464  4.464-0.576 38880 -0.112,0.112
Soew  0.576-4.576  0.576-4.608 -. 88 00320112
6ow 4.608-0.608  4.608-0.72 3888-0  -0.112,0.112
Teew  0.72-4.72 0.72-4.752 0-4.032  -0.032,-0.032
Bow 4752-0.752 47520864  4.032-0.144 -0.112,0.112
9ccw 0.864-4.864  0.864-4.752  0.144-4.032 0.112,0.112
10cw 47520752 4752-072  4.032-0.144 0.032,0.112

(* ccw = counter clock-wise, CW= clock-wise)
(* + = cow direction, - = cw direction)

5.1 Or  +5° £10°£15° +20

Response of the 4th-Axis when 0-5 degree with profile is applied

I

4th-a esponse, degree
N w
—

06 08 1

13

2% Setting
Time (Sec)

0.19,0.07
0.36,0.13
0.23,0.08
0.1,0.08
0.21,0.07
0.38,0.06
0.22,0.17
0.09,0.08
0.22,0.06
0.34,0.07



5.1

5.13

No.*

1oow
2 QW
3 aow
4w
5 QoW
6 CW
7 0oW
8 QW
9 cow
10 ow

4th-axis response, degree

Response of the 4th-Axis when 0- -5 degree with profile is applied

i

.——"/
I

w
|
 ———

()
,_,—ﬁ":-—‘—‘"d

i

(=}

0.4

Step Response

Reference Profile

1.296-6.296
6.192-1.192
1.296-6.296
6.336-1.336
1.296-6.296
6.192-1.192
1.296-6.296
6.192-0.192
1.296-6.296
6.192-1.192

Measured start-
End Point (Profile)

06

4

4

1.296-6.192
6.192-1.296
1.296-6.336
6.336-1.296
1.296-6.192
6.192-1.296
1.296-6.192
6.192-1.296
1.296-6.192
6.192-1.296

(*cow = counter clock-wise, cw = clock-wise)
(++ + = ccw (lirection, - = cw direction)

08

74

step =0-5° )oow ) Cw

Step = 0-5°

Steady state
Error**
0.104
-0.104
-0.04
0.04
0.104
-0.104
0.104
-0.104
0.104
-0.104

10

2% Setting Time
(Sec)
0.12
0.11
0.12
041
0.12
0.43
0.24
0.15
0.28
0.45



5

Response ofthe 4th-Axis when 0- -5 degree with profile is applied

=N
91
J 1
1-3
® 0.2 04 0.6 0.8
Time, sec

Response of the 4th-Axis when 0- -5 degree with profile is applied

IN
il
\\
\X

4th-axis response, degree
N

0 0.2 0.4 0.6 0.8 1
Time, sec
)
58 Step Response 4 step=0--5 )oOW )W
5.14 4 Step=0--5° 10

No*  Reference Profile  Measured start-  Steady state 2% Setting Time

End Point (Profile) Error* (Sec)
Loow 1584 --3416 1584 - -3.456 0.04 0.25
200 -3456- 1544 -3.456- 1584 -0.04 0.3
Jaw 1584 --3416 1.584 - -3.456 0.04 0.3
Aow  -3416- 1544 -3416- 144 0.104 0.12
Scw  1.44--3.56 144 --36 0.04 0.13

6 OW -36- 14 -3.6 - 1.29% 0.104 0.22



No* Reference Profile  Measured start-  Steady state
End Point (Profile) Error

feew 129 --3.704 1,29 - -3.6 -0.104
8 cw — -3.6- 144 -0.04
9ccw  1.44--356 144 --36 0.04
0cw  -3.56- 14 -3.56 - 1.44 -0.04

(* cow = counter clock-wise, cw = clock-wise)
(* + = ccw direction, - = ¢  direction)

Response of the 4th-Axis when 0-10 degree with profile is applied

1
10
9 [;/
8
o
2 /
o 5
: |
T 3 /
L/
1
|
00/ 0.1 0.2 03 04 0.5 0.6 0.7 0:8
Time, sec
)

Response of the 4th-Axis when 0-10 degree with profile is applied

fouond
/

/
/

0 /
0 0.2 04 0.6 0.8 1
Time, sec

)

@

(2]

H

4th-axis response, degree

N

76

2% Setting Time
(Sec)
041
031
0.12
0.14

59 ' Step Response 4 step =0-10° )aow ) cw



5.15

No.*

1 cew
2 CW
3 cow
4 cw
5 ocw
6 cw
T cew
8 cw
9 ccw
10 cw

Reference Profile

129 - 11.29%
11.232- 1232
1152 - 11152
11.088- 1.088
1152 - 11.152
11.232- 1.232
1152 - 11.152
11.232- 1232
1152 - 11152
11232 - 1232

4 Step = 0-10°

Measured start-

End Point (Profile)

12% - 11.232
11.232- 1192
1.152 - 11.088
11.088 - 1.152
1152 - 11232
11.232- 1192
1152 - 11232
11.232- 1152
1.152 - 11.376
11232 - 1152

(* ccw = counter clock-wise, W= clock-wise)
(** + = ccw direction, - = cw direction)

4th-axis response, degree

2

0

-2

10

Steady state

Error**
0.064
0.08
0.064
-0.064
-0.08
0.08
-0.08
-0.08
-0.224
0.08

Response of the 4th-Axis when O - -10 degree with profile is applied

f

//

(

/

/
7

0.2

0.4 0.6

Time, sec

)

0.8

17

10

2% Setting Time
(Sec)
0.23
0.24
0.36
0.47
0.24
0.24
0.35
0.24
0.48
0.48
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Response of the 4th-Axis when 0 - -10 degree with profile is applied

4th-axis response, degree
& ; ]

\
1% 02 0.4 06 0.8 1
Time, sec
)
5.10 Step Response 4 step=0--10° )cew )ow
5.16 4 Step=0--10° 10

No*  Reference Profile ~ Measured start- ~ Steady state 2% Setting Time

End Point (Profile) Error** (Sec)
leew  144--856 144 --3.4% -0.064 0.22
2ow  -8.496- 1504 -8.496- 1.4 0.064 04
Jcow  144--856 144 - -8.64 0.08 0.35
dow  -8.64- 1.36 -8.64 - 1.296 0.064 0.23
Seew  1.296 --8.704 1,296 - -8.784 0.08 0.32
6eow  -8.784-1216  -8.784- 1.29 -0.08 0.38
7cow 1,296 - -8.704 1,296 - -8.64 -0.064 0.34
Bow  -8.64-1.36 -8.64-1.44 -0.08 0.45
9cow  144--856 144 - -8.64 0.08 0.48
0w  -864- 136 -8.64 - 144 -0.08 0.37

(* cow = counter clock-wise, cw = clock-wise)
(+ + = ccw (irection, - = cw direction)



- -
H (2]

-
N

4th-axis response, degree

0 0.2 04 06 08
Time, sec
)
- Response of the 4th-Axis when 0-15 degree with profile is applied
14 i
I
3
% 8
b
¢/
z/
% 0.2 0.4 06 08
Time, sec
)
511 Step Response 4
5.17 4 Step = 0-15°
No*  Reference Profile  Measured start-  Steady state
End Point (Profile) Error**
leow 1152- 16152 1152 - 16.128 0.024
2cw  16128- 1128 16.128- 0.864 0.264
dcow  0.864- 16008 0864 - 16.128 0.12
4ow 16128- 1128 16.128- 1152 -0.024
Seew 1152- 16152  1152- 16.128 0.024

—_
o

Response ofthe 4th-Axis when 0-15 degree with profile is applied

<

\

@

\
\
\

(=]

\

H

2 \
\

19

step =0-15° )cow )cw

10

2% Setting Time

(Sec)
0.35
0.38
0.44
0.37
0.35



No.*

6 cw
7 cow
8 ow
9 cow
10 cw

5.12

4th-axis response, degree

Reference Profile

16.128- 1128
1152 - 16,12
16.272 - 1212
1,29 - 16.296
16.56 - 1416

Measured start-
End Point (Profile)

16.128 - 1.152
1152 - 16.272
16.272 - 1.29
1.296 - 16.56
16.56 - 1.44
(* cow = counter clock-wise, cw = clock-wise)

(* + = ccw direction, - = cw direction)
Response ofthe 4ttvAxis when 0 - -15 degree with profile is applied

Steady state
Error*
-0.024
.12
-0.024
-0.264
-0.024

/

/

17

4th-axis response, degree

12 /
14

-16

Response of the 4th-Axis when O - -15 degree with profile is applied

04

Time, sec

)

06

08

[

8 \
10

\

-12

AN

-14

180 0.2

Step Response

0.4

Time, sec

)

4

0.6

0.8

80

2% Setting Time
(Sec)
0.36
0.46
0.40
0.45
0.36

step =0--15° )cow )ow
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No.*

1 cow
2 CW
3 oW
4 cw
5 cow
6 cw
7ow
8 ow
9 cow
10 cw

(* ccw = counter clock-wise, cw = clock-wise)
(* + = cow direction, - = cw direction)
Response ofthe 4th-Axis when 0-20 degree with profile is applied

22
20

18

B . .
N A~ O

-
o

4th-axis response, degree

o N A O @

4 Step=0--15°

Reference Profile  Measured start-  Steady state
End Point (Profile) Error**
144 - -13.56 144 - -13.392 -0.168
-13682- 132 -13682 - 1584 -0.264
-13536 - 1464  -13536 - 1.728 -0.264
-13392- 1608 -13392- 1728 0.12
1584 --13.68 1584 --13.392 -0.298
13392 - 1608 -13392- 1728 .12
13248 - 1752 -13.248 - 1728 0.024
-13392- 1608 -13392- 1728 0.12
1728 --13272 1728 - -13.392 0.12
-13392 - 1608 -13392- 1728 .12

™\
\ i
\
N
\ L
\ i
\x

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Time, sec

)

61

10

2% Setting Time
(Sec)
0.34
0.37
0.34
0.36
0.34
0.36
0.34
0.36
0.37
0.34
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Response of the 4th-Axis when 0-20 degree with profile is applied

22 1
. /
/
; 12 "/
J
: i
g 4
4 /
90 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0:8
Time, sec
)
5.13 Step Response 4 step =0-20° ) cow ) cw
5.19 4 Step = 0-20° 9
No*  Reference Profile = Measured start-  Steady state 2% Setting Time
End Point (Profile) Error+ (Sec)
leow  1.44-21.44 1.44-21.6 -0.16 0.48
2cw  21.456- 1456 21.456- 144 0.016 0.49
3ew  21.456- 1456 21.456- 1584 -0.128 0.46
Acow  1.584-21.584 1584 -21.456 0.128 0.47
Sew  21.456- 1456  21.456- 144 -0.016 0.47
scow  1.44-21.44 144 - 21.312 0.132 0.47
Tow 21312- 1312 21.312- 144 -0.128 0.48
scow  1.44-21.144 144 - 21.456 -0.012 0.46
Ocw  21.456- 1456  21.456 - 1584 0.128 0.46

(*cow = counter clock-wise, cw = clock-wise)
(+ + = ccw direction, - = cw direction)
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Response of the 4th-Axis when 0 - -20 degree with profile is applied

: p
2 ’/
L -4 /
4
3 8
§ 10
i /
o/
18 "/
Dz
6 o1 o0z 03 04 05 06 07 08
Time, sec
)
, Response ofthe 4th-Axis when 0 - -20 degree with profile is applied
N
2
[ 4 \
2
3 N
2 -8
g N
]
18 \N
\_‘_ ya
% U1 Uz U3 U4 U5 U6 Ur 08
Time, sec
)
5.14 Step Response 4 step =0--20° )ceow )cw
5.20 4 Step=0--20° 10
No*  Reference Profile  Measured start-  Steady state 2% Setting Time
End Point (Profile) Error (Sec)
leew 1728--182712  1728--18.144 -0.128 0.49
2ow  -18144- 1856  -18.144- 1728 0.128 0.48
Jcow  1728--18180 1728 --18.144 -0.036 05
4ow -18144- 1856  -18.144 - 2.16 -0.304 0.47

Sceow 1872 --18.128 1872 - -18 -0.128 0.49
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No* Reference Profile  Measured start-  Steady state 2% Setting Time
End Point (Profile) Error (Sec)
6 cw -18-2 -18 - 1.872 0.128 0.45
Tcow  1872--18.128 1872 - -18 -0.128 0.5
8 cw W= -18 - 1.872 0.128 0.46
9ccw  1872--18128  1872--18.144 0.016 0.48
10cw -18144- 185  -18.144- 1728 0.128 0.47
(*ccw = counter clock-wise, cw = clock-wise)
(* + = ccw direction, - = cw direction)
g A Sample of the Step Response of 4th-axis
. A
/ V
£ 2 /
1
° 05 01 _Ub 02 0.5 0.3
_ Time, sec
5.15 AtAXiS response 5 degree Forward



4th-axis response, degree

T

A Sample of the Step Response of 4th-axis

I

/

/

/

-10/

516

4th-axis response, degree

16

0.3

10 degree Forward

TR Ul Ul
Time, sec

AtrAXis response

Ul V.20

A Sample of the Step Response of 4th-axis

14

/\

12

/

/

10

/

/

5.17

0 01

015 02 05
Time, sec

4IAxis response

03 03 04

15 degree Forward

85
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A Sample of the Step Response of 4th-axis

N
o

o N R (o)) oo/
P //
L~

o)
==

Ath-axis response, degree
/

A\
N

>

N

\\/‘
005 01 015 02 02 03 03 04
Time, sec

o

5.18 AtrAXis response 20 degree Reverse
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5.20

CMM
Convex-like 50X50 10
3 2
+50
3
(
CMM
CMM
CMM
25
CMM
3 120
521
150X150
CMM
5.22

CVMM

5.26 )
Xy 5.20

89

+25 3

50
CMM

0.05

550

5.6 )
CMM

5.6 )
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3
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12 3 CATIA
123 CATIA
1 2 1 3 2 5.22
5.22 3
3 4 3
CMM 4
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3 3 4 2
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53 Profile 3 4
4
5.23 5.23 ) ,
4 4
2 X=0-45
2
X = 45-85
(
)
90 X =85-200
18 ! ! i I ! !
16L /,_.\ N —_— 4
A9 7/ = >SN\
~d |/ N

/ \
\
4 / \
2/ ; \
0 i 1 i i i 1 L . i
0 20 40 60 80 100 120 140 160 180
X(mm)




94

e s e I T S ———

T
'
1
'
'
1
'
'
L
'
'
1
'
'
'
'
'
L
'
'
'
'
'
'
'
'
|

u

e e e L il TIPS IP PSS SISO

75

[

i
65

A{mim}

18

r
||||||| o - JELO8P
R\ w0
[
v s
L
1
"
'
|||||||| ¥l
...... v w
!
1
I
:
' (R
1 1 N
xxxxxxxxxxxxxxxxxxxxx N PR DR MOPRE R PRI 1 20 )
' W w//M/ ' ' w
] ] 1 h ' 1
' ' ' f/ﬂ l
] 1 1 N\ ! 1
' 1 1 N '
' 1 1 4¢// 1
' | ' [ 1
1 ” | RS ©
P~ w ') < o oS
- - -~ — - =

)

1 i I I I 1 '
1 1 ' ' L ) '
| ' ' ' ' ' '
1 1 1) ) ) 1 '
1 1 ' | | 1 '
IIII_IIII—lIIIi. lllll ' ||I|h_ll||.- lllll el
il 1 1 1 1 1 L)
' | ' ' ' [ '
' 1 ' 1 ' ' !
1 1 ' ' ' ' '
' ' ' ' ' '
e e e Y Y e O e e
' 1 ' 1 1 ' '
' ' ' ' ' '
' 1 ' 1 ' [
' 1 l 1 1 D '
' 1 ' 1 1 )
- - _IOIbLllllbll\l\'r'|ll_lll
' 1 1 1 ' ' '
' 1 1 1 _\ ) '
' 1 1 1 1. 1 !
| ' ' | g ' I
' ' 1 ' -\_ ' Ll
B Tt S = S F e S U N P
[ ' 1 1 <4 1 ' '
' [ l B/ 1 ! '
1 ' | L 1 ' |
} ' ) 14 ' '
i ' | el ' '
' ' 1 ' ' 1 '
|||4:||0ﬂ||1|W|J\Jo|||ﬂ||||ﬂ|||J|||
[ 1 ] ¢ 1 1 ' '
' i | [ 1 ' |
r 1 1 1 1 |
' ' i\ ' 1 1
! ’ 7 1 L} 1 1
P P e X = At meaE - gy - - g = -y - -
\ ' 1 1 1 1 |
i v S | ' 1 1 |
1 ' \_ ) 1 1 !
—\_ L} L 1 1
' —~ 1 L} L} 1 1
- - - I I L e I I P
1 l ] ' 1 1 !
T ) 1 1 1 1 i
1 .‘ 1 L} 1] 1 !
1 1y ] 1 ) 1 ]
1 ] ) ' 1 '
---L----h-ln‘r---Luuv-;---~r .......
' Il \ ' ' ' \
' 1t 0 | ' 1 '
' i 1 ' ' ' '
1 ' L ' 1 L} '
1 \. I 1 1 1) 1
| 1 ) | ' 1 U
Dakeiiaty Retlosl o e chatadety SRl el olily DEsEa [
U | ' ' ' ' ' '
1 | L 1 ' ' '
_\ 1 ' ' 1 ' '

1 ' ' 1 1 ' Ll
_\ | ' ' 1 ' '
moeqfenmpespapmengeeneg e —y.--
Wf ' ' ' ' ' |
¥ ' ' 1 1 ' |
s 1 [ 1 ' 1 [

N 1 I 1 i ' 1
' 1 1 1 1 1 1
llﬂ\b lllllllll L e i e
o [ 1 1 ' 1
{ ) | 1 1 ! 1
Vo) 1 1 1 1 1 I
©C g N O 0 © 9T N

~— -— - -

120 130 140

110

90

i

X(mm)

5.23

X=0-45

X=45-85
X=85-200



95

e
I I | I I
1 1 1 ' 1 2
1 ' 1 1 1
[ ' 1 1 1
' ' 1 1 1
' ' ' 1 [
[ ' 1 1 1
[ ' | ' [
[ 1 1 ' 1
[ ' 1 1 1
[ ' ' ' [
[ ' 1 ' [
[ ! | 1 1 o
||||||| R LR R e LR R T R R B Ve
1 1 1 ' 1 =y
[ ' 1 [ 1
[ ' ' 1 [
[ ' ] 1 1
I ! 1 1 I
] I ) 1 1
1 I ) 1 1
1 ' 1 1 |
' 1 1 1 1
] ) 1 1 1
] ! | i !
' 1 ' 1 ' lem]
lllllll | S ey (LI, U L KSR R SRS AT, ) S
1 ' 1 ' 1 m
1 ' ' 1 i
1 1 ' 1 1
' 1 i 1
1 1 ! 1 1
' ! | 1
1 1 1 !
1 1 1 ) 1
[ 1 1 7
1 1 '
1 1 1
1 1 1 -
[ 1 1 0 o
x z V7 Lo
1 1 I x 1
1 1 I\ &
1 1 X
[ 1 -
' 1
1
1
1 1 1
1 1 1 0
w M o ™N = o =
Fen) ) o o o o)
o o (e o o ﬂ.v

5.24



54

Object convex-like

Data-point from CMM

Data-point from our

CMM
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Regenerated Surface

n)

Ohject concave-like

Object tooth
surface

Data-point from CMM

)

WEIEK

T

Data-point from CMM

Points within the
specified accuracy

'-’ll’l. |l’l|lnl|
o M I

After Pre-filter

..m ,
P S
N o 'q‘ |

Y
E‘i.’ M
A S 0

Regenerated Surface

Regenerated Surface
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Bkitd  H& Al

Telephone Hand-set Point-data from CMM Regenerated surface

Data-point from CMM Mirrored data Regenerated Surface

)
525
CATIA
5.25 ) CMM
CATIA 3 25
Regenerated
525 )
525 )
Regenerated
(filter)n
Sampling
525)

5,25 )
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