Figure. 4.1 Configuration of the error diagnosis experiment
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Figure. 4.1 Configuration of the error diagnosis experiment
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Figure 4.2 Double Ball Bar system
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Figure 4.3  Procedures of DBB test & error diagnosis
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Figure 4.5  Design of the auxiliary fixture for DBB test                



Figure 4.6 Testing path of the circular contour tracking



Figure 4.7 The completed setup of the DBB system  

 

Figure 4.8  Polar plot obtained from the data captureof DBB test           

























Figure 5.1 Procedures of Curve Fitting with Least Square Estimation 



Figure 5.2 Polar plot of error estimation 
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Table 1.1. Resources of motiom errors
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		Characteristic equation of geometric error
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		Given Error Value

		Estimated Error Value



		LLError_L1_B1B2

		0.02mm

		0.019996 mm



		LLError_L3_B2B3

		0.03mm

		0.030002 mm



		LLError_L5_B2B3

		-0.02mm

		-0.019994 mm



		ShiftError_X_B1B2

		-0.01mm

		-0.010001mm



		ShiftError_X_B2B3

		-0.04mm

		-0.040019mm





Table 5.1 Error estimation with given errors (1)



		

		Given Error Value

		Estimated Error Value



		LLError_L1_B1B2

		0.02mm

		0.019996 mm



		LLError_L3_B2B3

		0.03mm

		0.030002 mm



		LLError_L5_B2B3

		-0.02mm

		-0.019994 mm



		ShiftError_X_B1B2

		-0.01mm

		-0.014276mm



		ShiftError_Y_B1B2

		0.02mm

		0.012598mm



		ShiftError_X_B2B3

		-0.04mm

		-0.040019mm





Table 5.2 Error estimation with given errors (2)



		

		Given Error Value

		Estimated Error Value



		LLError_L1_B1B2

		0.02mm

		0.04747 mm



		LLError_L2_B2B3

		-0.01mm

		0.01746 mm



		LLError_L3_B2B3

		0.03mm

		0.02999 mm



		LLError_L5_B2B3

		-0.02mm

		-0.01999 mm





Table 5.3 Error estimation with given errors (3)



		

		Given Error Value

		Estimated Error Value



		LLError_L1_B1B2

		0.02mm

		0.02001 mm



		LLError_L3_B2B3

		0.03mm

		0.02999 mm



		LLError_L5_B2B3

		-0.02mm

		-0.02000 mm



		ShiftError_X_B1B2

		-0.01mm

		-0.01002mm



		ShiftError_X_B2B3

		-0.04mm

		-0.04002mm



		Rot_XY_B1B2

		0.01deg

		0.00999deg





Table 5.4 Error estimation with given errors (4)


		

		Given Error Value

		Estimated Error Value



		LLError_L1_B1B2

		0.02mm

		0.01999 mm



		LLError_L3_B2B3

		0.03mm

		0.03035 mm



		LLError_L5_B2B3

		-0.02mm

		-0.02048 mm



		ShiftError_X_B1B2

		-0.01mm

		-0.00915mm



		ShiftError_X_B2B3

		-0.04mm

		-0.03847mm



		Rot_XY_B1B2

		0.01deg

		0.01003deg



		Rot_YZ_B2B3

		0.02deg

		0.01994deg





Table 5.5 Error estimation with datum based on DBB test (5)




		

		Given Error Value

		Estimated Error Value



		LLError_L1_B1B2

		0.02mm

		0.01987mm



		LLError_L3_B2B3

		0.03mm

		0.02981mm



		LLError_L5_B2B3

		-0.02mm

		-0.02008mm



		ShiftError_X_B1B2

		-0.01mm

		-0.0527mm



		ShiftError_X_B2B3

		-0.04mm

		-0.02777mm



		Rot_XY_B1B2

		0.01deg

		0.01038deg



		Rot_XY_B2B3

		-0.02deg

		-0.01950deg



		Rot_YZ_B2B3

		0.02deg

		0.01965deg





Table 5.6 Error estimation with given errors (6)

		

		Given Error Value

		Estimated Error Value



		LLError_L1_B1B2

		0.02mm

		0.01966mm



		LLError_L3_B2B3

		0.03mm

		0.02918mm



		LLError_L5_B2B3

		-0.02mm

		-0.02008mm



		ShiftError_X_B1B2

		-0.01mm

		0.01289mm



		ShiftError_X_B2B3

		-0.04mm

		0.01233mm



		Rot_XY_B1B2

		0.01deg

		0.01104deg



		Rot_XY_B2B3

		-0.02deg

		-0.01831deg



		Rot_YZ_B1B2

		-0.03deg

		-0.02931deg



		Rot_YZ_B2B3

		0.02deg

		0.01862deg





Table 5.7 Error estimation with given errors (7)

		Error source

		Estimated Error Value



		LLError_L1_B1B2

		-1.419mm



		LLError_L3_B2B3

		4.479mm



		LLError_L5_B2B3

		-5.091mm



		ShiftError_X_B1B2

		2.509mm



		ShiftError_X_B2B3

		8.046mm



		Rot_XY_B1B2

		0.141deg



		Rot_YZ_B2B3

		-0.780deg











� EMBED PBrush  ���







Start







Clean up the platform surface and execute homing for SP-120 







Install programs to both SP-120 and PC to perform the data capture of the DBB test











 Setup the Ball bar system







Execute RCS.EXE at the PC end.



Execute the circular- tracking  program at  the SP-120 end.







Compensation







 Save datum



 







Analysis captured datum







unqualified







qualified







 Print or plot







 End







DBB test







Compensate the offset of the center of the circle







Mount the magnetic tool cup on the fixture.







Place the center mount on the center of the mobile platform. Adjust the ballscrew inside the center mount to let the ball joint standstill,



and then lock the ballscrew slightly.







Start







Move the platform to enable the ball joint of the center mount catch the tool cup.







Do not move the platform on X-Y plane slightly until the center mount and the tool cup



are aligned on Z-X , Z-Y plane respectively.



Then tighten the ballscrews.











Record the coordinates of the positition of the mobile platform , and let it be the reference point.   











Data Capture of Ranishaw software is ready.







 







Start the circular tracking program.



 







Let the center mount rotare 360º C.C.W. to point B(100.0 , 0)



      平台機械原點復歸



 







Let the center mount rotare 360º C.C.W. to point B(100.0 , 0)







Feed the mobile platformwith a velocity 738 mm/min. Let the center mount move 1.5mm towards the center of the circle along the radius to point B(100.0 , 0)



 







Let the center mount move a distance 1.5mm away from the center of the circle along the radius to point A(101.5, 0)







 







Pause the program















Yes











Is the center of the circle offset？







Move the platform a proper distance in the –Z axis to separate the ball joint of the center mount from the tool cup.



 



 







No











 Data Capture of Ranishaw software is ready.







 







  Exectue zero return 



 







Start the circular tracking program.



 







Let the platform be in the absolute coordinate.







Let the center mount move a distance 1.5mm towards the center of the circle along the radius to point B(100.0 , 0)



 







B (150.0,0)







Let the center mount rotare 360º C.C.W. to point B(100.0 , 0)











 







Let the center mount move to point A(101.5,0)







Let the center mount move to� EMBED Equation.3  ���







B (150.0, 0)











Let the center mount rotare 360º C.C.W. to point B(100.0 , 0)







 







 Pause the program















Let the center mount move1.5mm away from the center of the circle along the radius to point A(101.5, 0)



 







B (150.0, 0)











Install the double ball bar. Let one end of it con-



nect with the center mount and the other end with the tool cup respectively with the magnetic force.











End the program



 







 End







Figure 4.4 Procedures of the setup and data capture of the DBB test



 







Error modeling











Kinematics











  DBB test







Start







Measured motional errors











Errors in the error model











Least square estimation











No







Yes







Diagnosed 



errors











End







Scale：2.0 mm/div







Table 3.1 Parameter errors corresponding to geometric errors



for a hexglider manipulator











� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







� EMBED Equation.3  ���







Table 3.2 Characteristic equations of geometric errors for RSSR mechanism
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Figure 4.7 The completed setup of the DBB system
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Position error

Feed motion error

Command generation error

® Geometric error of

guide way
« Square error between
two axes
« Straightness error of
guide way
® Errors of positioning
system

* Positioning scale

uniform error

+ Misalignment between

the encoder and motor

shaft

* Pitch error of the screw

driving system

= Error due to servo
lag

= Mismatch of position
loop gain

» Lost motion

= Stick motion

* Interpolation resolution is

too rough

= Acceleration/Deceleration

time constant is too long

Table 1.1. Resources of motiom errors
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Item Error Source Type Parameter Error
1 Linkage Length Error L1 d11
2 Linkage Length Error L2 SLo
3 Linkage Length Error L3 O3
4 Linkage Length Error L4 SLa
5 Linkage Length Error L5 Sis
6 Linkage Length Error L6 SLs
7 Slider Error S1 Os1
8 Slider Error S2 Ss2
9 Slider Error S3 Os3
10 Slider Error S4 Ssa
11 Slider Error S5 JOs5
12 Slider Error S6 Os6
13 Translation Error X axis B1B2 Oy p1b2
14 Translation Error Y axis B1B2 Sy bib2
15 | Translation Error X-axis B2B3 Sy b2b3
16 Translation Error _Y-axis B2B3 Sy b2b3
17 | Translation Error X axis B3B1 Sy b3b1
18 Translation Error Y axis B3B1 Sy bab1
19 |Rotation Error XY plane B1B2 Exy b1b2

20 | Rotation Error XY plane B2B3 Exy b2b3
21 |Rotation Error XY plane B3B1 Exy b3bl
22 |Rotation Error YZ plane B1B2 vz b1b2
23 | Rotation Error YZ plane B2B3 £y7 h2b3
24 | Rotation Error _YZ plane B3B1 £y7 b3b1
25 Rotation Error _about O B1B2 £0.p1b2
26 Rotation Error _about O B2B3 0 p2b3
27 Rotation Error _about O B3B1 £0.b3bl

Table 3.1 Parameter errors corresponding to geometric errors

for a hexglider manipulator
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Error Type Characteristic equation of geometric error
Tran- Error |Guideway| F (6,6)= 2+ g% +q2 +r? —b? — fg —/3grSin & — /3 fgSin & + qrSin 65in & — 2qrCos #Cos &
X axis Typel |+ Ay (+/39 —qSins —2rSing) =0
Tran-_Error | Type Il | F2(0.6)= %+ g% +q° +r? —b% - fg — /3grSine — 4/3fqSins + qrSin &5ins — 2qrCos 6Cos S
X axis + A (V3 f = 1Sing — 2qSins) = 0
Tran-_Error| Type] | F3(0.6)=f 24+92+9%+r2-b% - fg—+/3grSin@—/3 fqSin s + qrSin €8in S — 2qrCos #Cos 5
Y axis + Ayr(g—2f ++/3q5in8) =0
Tran-_Error | Type [T | F4(0.6)=f 24+92+9%+r2-b% - fg—/3grSin@ —/3qSin 5 + qrSin 65in 5 — 2qrCos #Cos 5
Y axis + Ay (f =29 +~/3rSin6) =0
Tran-_Error| Typel | Fs(6,6)=f 2492402 +r%-b% - fg—/3grSin6—+/3qSin & + qrSin 68in & — 2qrCos #Cos &
7 axis 4+ 21, (rCos 0 —qCosS) =0
Tran-_Error| Type Il | Fs(6,6)=f 2492492 +r?-b% - fg—+/3grSin6 —/3qSin & + qrSin 65in s — 2qrCos #Cos 5
7 axis 22, (rC086 —qC0s5) = 0
Rot- Error Type I F,(6,0)= f2+gz+q2+r2—b2—fg—\/§grSin6—\/§quin5+quin&Siné—quCosGCos&
XY Plane + &y [—V/3 19 —3/BR - g +(245/8<BR +)rSind + (/3 - BR + f)qSins ++/3qrSin &ins1=0
Rot-_Error | Type 11 | Fa(0.6)=1 2 1292592 + 12 =b% = fg —/39rSin 6 — /3 fqSin 5 + qrSin 65in § — 2qrCos #Cos 5
XY Plane +&yyn [V3 19 —3:BR- f +(+/3-BR— g)rSin6+(2+/3 - BR - )qSins —+/3qrSin ésins]= 0
Rot- Error Type I Fye(0,8)= f2+gz+q2+r2—b2—fg—ﬁgrSinH—\@quinéJrquinHSiné—quCos@Cow
YZ Plane + vz [—/3 fg + grSind + fgSinS + 2+/3 - BR - (r —q)Cos & ++/3qrSin65in51 =0
Rot-_Error | Type Il | Fy(0,6)=f 24+92+q%+r%—b% - fg—~/3grSin6—~/3 qSin & + qrSin 65in5 — 2qrCos ACos
YZ Plane + &y [2(N3-BR—g)rCos@+( f +2+/3-BR)qCos S +~/3qrSinsins] =0
Rot-_Error | Type1 | Fu(0.6)= f24+92+9%+r?—b?— fg—~/3grSin@—+/3fqSins + qrSin &5in s — 2qrCos 6Cos 5
0 +e0,[\3fg—2-BR-(f +g)+(2+/3-BR—g)rsind+(2+/3-BR - f)qSins —/3qrSin8ins]= 0
Rot- Error | Type Il | Fi2(0.6)= 2+ 92 +9% +r? —b? — fg —/3grSing — /3 fgSins + qrsinéSins — 2qrCosfCoss
O —eon[V3fg—2-BR-(f +g)+(2v3-BR—-g)rsind + (243 - BR - f)qSins —+/3qrSinésins] = 0

(Remark : Tran- Error-> Translation Error, Rot- Error->Rotation Error)

Table 3.2 Characteristic equations of geometric errors for RSSR mechanism
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Guide
way
Error
Error\  equation

B1B2

B2B3

B3BI

Shift Error
X Axis

F @,9, f,,9,,r,r,)=0

F(5,4,%,,9,.1,,1)=0
F2(¢5§: f}ag3’r3’rl):0

F,,6,f,,9,,r,r,)=0
F(0,6,1,,0,,1,,15)=0
F*(¢757 f29g27r17r1)20

F*(9,5, f,9,,,r,)=0
F2(6a¢a fzogzar23r3)=0
Fl(¢555 f3>g3,r3,rl)=0

Shift Error
Y Axis

F, 0,9, f,,9,,r,r,)=0

F (5.9, f),09,.1,,r3)=0
F4(¢757 f3>g3,r3’r1)20

F,0,0,f1,9,,r,,r,)=0
F(8,¢9,1,,0,,0,,15)=0
F*(¢’5a f}ag37r37rl):0

F7(6,5.1,,9,.1,r,) =0
F4(5’¢’ f2>92’r27r3):0
F3(¢’5a f39g37r37r1):0

Shift Error
Z Axis

F;(0,9, f,,09,,r,r,)=0

F (5.6, f,.9,.1,,15) =0
F6(¢959 f3ag3:r3nr1):0

Fe(0,0,1,,9,,1,r,)=0
F5(55¢3 f23925r25r3)=0
F*(¢’5’ f37g37r37r1):0

F'(8,5,f,,0,,1,,)=0
F6(57¢7 f29927r2’r3)20
F5(¢n§n f3sg3:r3sr1):0

Rot_Error
XY Plane

F.0,0,f,,9,,r,r,)=0

F(5,4,%,,9,.1,,1)=0
F8(¢’5a f}ag37r37rl):0

Fs (0,0, f,,9,,1,r,)=0
F7(55¢5 f23925r2’r3)=0
F*(¢959 f3’g3:r3arl):O

F*(0,6, f,,0,,1,,r,)=0
F8(5,¢> f2:92>r2,r3):0
F7(¢5§: f}ag3’r3’rl):0

Rot_Error
YZ Plane

Fy (0,0, f,,0,,r,r,)=0

F (5,6, f,,0,.1,, 1,020
Fio(8,0, f3,g3,r3,r1)=0

F,(0,9,f,9,,r,r,)=0
F9(5’¢, f2>92’r27r3):0
F*(¢9§: f3’g3’r3’r1)=0

F'(0,5,f,,9,,r,r,)=0
Fio(0.9,1,,9,,1,,1;)=0
F9(¢>§> f3’g3’r3’r])=0

Rot_Error
O

Fi.00,0, f,,9,5h,L)=0

F (0,4, T,,050,,1;)=0
Fi (4,8, 53,0530, 1)=0

F2(0,651,,0,,1,1,)=0
F.(0,0:1,,9,,1,,13)=0
F*(¢757 f3’93’r39r1):0

F'(0,5,f,,9,,r.r,)=0
Fi.(0,8,,,0,.1,,13)=0
Fi.(4,0,15,05,15,11)=0

Table 3.3 Systems of error equations for hexglider manipulator
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Parameter error
Error source

Given Error Value

Estimated Error Value

LLError L1 B1B2 0.02mm 0.019996 mm
LLError L3 B2B3 0.03mm 0.030002 mm
LLError LS B2B3 -0.02mm -0.019994 mm
ShiftError X B1B2 -0.0Ilmm -0.01000Imm
ShiftError X B2B3 -0.04mm -0.040019mm

Table 5.1 Error estimation with given errors (1)

Parameter error
Error source

Given Error Value

Estimated Error Value

LLError L1 B1B2 0.02mm 0.019996 mm
LLError L3 B2B3 0.03mm 0.030002 mm
LLError LS B2B3 -0.02mm -0.019994 mm
ShiftError X B1B2 -0.0Ilmm -0.014276mm
ShiftError Y B1B2 0.02mm 0.012598mm
ShiftError X B2B3 -0.04mm -0.040019mm

Table 5.2 Error estimation with given errors (2)
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Parameter error
Error source

Given Error Value

Estimated Error Value

LLError L1 B1B2 0.02mm 0.04747 mm
LLError L2 B2B3 -0.0Imm 0.01746 mm
LLError L3 B2B3 0.03mm 0.02999 mm
LLError LS B2B3 -0.02mm -0.01999 mm

Table 5.3 Error estimation with given errors (3)

Parameter error
Error source

Given Error Value

Estimated Error Value

LLError L1 BIB2 0.02mm 0.02001 mm
LLError L3 B2B3 0.03mm 0.02999 mm
LLError LS B2B3 -0.02mm -0.02000 mm
ShiftError X B1B2 -0.0Imm -0.01002mm
ShiftError X B2B3 -0.04mm -0.04002mm

Rot XY B1B2 0.01deg 0.00999deg

Table 5.4 Error estimation with given errors (4)
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Parameter error
Error source

Given Error Value

Estimated Error Value

LLError L1 B1B2 0.02mm 0.01999 mm
LLError L3 B2B3 0.03mm 0.03035 mm
LLError L5 B2B3 -0.02mm -0.02048 mm
ShiftError X B1B2 -0.0Imm -0.00915mm
ShiftError X B2B3 -0.04mm -0.03847mm

Rot XY B1B2 0.01deg 0.01003deg

Rot YZ B2B3 0.02deg 0.01994deg

Table 5.5 Error estimation with datum based on DBB test (5)

Parameter error
Error source

Given Error Value

Estimated Error Value

LLError L1 BIB2 0.02mm 0.01987mm
LLError L3 B2B3 0.03mm 0.0298 1mm
LLError L5 B2B3 -0.02mm -0.02008mm
ShiftError X B1B2 -0.0Imm -0.0527mm
ShiftError X B2B3 -0.04mm -0.02777mm
Rot XY BI1B2 0.01deg 0.01038deg
Rot XY B2B3 -0.02deg -0.01950deg
Rot YZ B2B3 0.02deg 0.01965deg

Table 5.6 Error estimation with given errors (6)
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Error soures parameter error Given Error Value Estimated Error Value
LLError L1 B1B2 0.02mm 0.01966mm
LLError L3 B2B3 0.03mm 0.02918mm
LLError L5 B2B3 -0.02mm -0.02008mm
ShiftError X B1B2 -0.0Ilmm 0.01289mm
ShiftError X B2B3 -0.04mm 0.01233mm

Rot XY B1B2 0.01deg 0.01104deg
Rot XY B2B3 -0.02deg -0.01831deg
Rot YZ B1B2 -0.03deg -0.02931deg
Rot YZ B2B3 0.02deg 0.01862deg

Table 5.7 Error estimation with given errors (7)

Error source Estimated Error Value
LLError L1 B1B2 -1.419mm
LLError L3 B2B3 4.479mm
LLError L5 B2B3 -5.091mm
ShiftError X B1B2 2.509mm
ShiftError X B2B3 8.046mm

Rot XY B1B2 0.141deg
Rot YZ B2B3 -0.780deg

Table 5.8 Error estimation with data based on DBB test for the manipulator SP-120
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