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APPENDIX

Figure 4 Examples of some of the configurations available in the kinematic coupling
(a) Stable Isoceles (b) “Adjustable Error” Sliding Position
(c) Stable Equilateral (d) Unstable Equilateral
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Figure 7. Top and Bottom plate assemblies of the kinematic coupling
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Figure 8. Testing the tilt of the kinematic coupling with a level
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%Kinematic Coupling Measured Data
%32inch = 25400um
clear all

close all O 0.5 kg load
& #  1kg Load

20

HalfKGdata=[ 0 .00025 .00025 .00025 .00045 .0002 .00025 .00025 .00025 .0001]; or o 5 o o 5

OneKG_ZeroFromHalf=[-.0011 -.00125 -.0015 -.0015 -.0011 -.0014 -.0014 -.0012 -.0014]; ©
OneKG=[.0005 .0005 .0005 .0005 .0004 .0004];

Q

=]
T

AvgHalfKg=mean(HalfKGdata*25400);
StdHalfKg=std(HalfKGdata*25400);

AvgOneKg_ZeroFromHalf=mean(OneKG_ZeroFromHalf*25400);
StdOneKg_ZeroFromHalf=std(OneKG_ZeroFromHalf*25400);

Displacement, um
N
o

R
[=1

AvgOneKg=mean(OneKG*25400); *
StdOneKg=std(OneKG*25400); -30% * * * * *# #*

figure

plot(HalfKGdata*25400,'ro') L
hold on Trial
plot(OneKG_ZeroFromHalf*25400,'k*")

xlabel("Trial)

ylabel('Displacement, um®)

legend('0.5 kg load', '1kg Load")

[AvgHalfKg 2*StdHalfKg;AvgOneKg_ZeroFromHalf 2*StdOneKg_ZeroFromHalf;AvgOneKg 2*StdOneKg ]

%F=kx
k=(0.5*9.8)/(abs(AvgOneKg_ZeroFromHalf-AvgHalfKg))

yaxis=[.0002 .0001 0 0 .0002 0 .00025 .00025 0 .0001];
stdy=2*std(yaxis*25400)



Plate Crreular Central xls

To determine deflection of a centrally loaded cireular plate
By Alex Slocum, 1/1/04, last modified 092 1/04 by Kpe'en Yang
Enters numbers in BOLD, Eesults in RED

Schematic

| W=qmr *

&

| W=gar *

] ———————

u.: ﬂr..*lli-'—r—'-l

Circular plates with simple suppaort
arpund entire outer boumdary

| "‘Ilrl"'_’__""li_h/

Circular plates with fixed support
around entire owter boundary

Plate dimenzion: and properties Valuez [|ProE Simulation
Fadivs, 2 {(mm) 150 150
Thiclkness, t {mm) 1270 1.50
Mpdulus of elasticityv, E (Nimm™2) 3000 200000
Poisson ratio, v 037 0.2%
hlaximum stress, sismax (IN/mm*2) 70 1000
Total arza TOE86

Loading
loading pressure. g (N/'mm*2) [ 0.0049 1
Cruter radivs of loading, ro (mm) (must be <=a) 154 10
Orster radivs wsed in ealeslation, ro_prime (mm} 15.40
Total load applied to the plate, W (I} 10

QOuter boundary support:

Simply supported:
Center displacement, de (mm) -0.018 -18.43084843
Slope at outer bovndary, ta (radians) 0000146 0.008365 deg
Bending moment at center, Me (N-mm/mm) B
Bending stress at center, sizss (MN/'mm*2) 0
Safety factor {max allowable stressbending stresd 221.86
Fixed
Center dizplacement. fdc (mm) -0.007 -2.238
Max slope (@& =0.3683a) (radians) 0,000
Radius at maximum slops (mm) 55.2
Bending moment at center, e (N-mm'mm) 2
Bending moment at ovter fixed sdes ila (M-mm] -
Bending stress at center, sighi (N'mm™2) 0
Bending stress at outer fixed adee. sizfo (N/mm™ 0
fafaty factor (max allowable stress'bending streed 975.62
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. . .
M Dchange in dist/ distance between balls
15 OL_DO1 a
16 DL_0OC2 a
I DL_Do3 1]
15
. .
13 Coupling Error Rotations
0 Ep=2i a
11 EpsZ 1]
12 EpsZ3 a
I3 Epsx 160315E-05
M o | - — v n . s
Kinematic CouplingCalculations_AMH.xls | znatzog] | " lingstdoc]d | Eps'y! -3.23041E-06
Enter Use Values | Calculsted Values | I
To Design and Experiment uith fferent Parameters of Ball-Vee Manwel I | 15 EpsZ a
System Deamety Assuming Spheres and Vees with equal preload Common Material Properties IE
Dbl (mm) 12.7| Ball Diameter Material Yield Stres{ Youngs Rati Fets,
Fibal (mm) 6.35 BallRadius S0 [e7s000000 [ g T
Rgrooue [mm) 1000000 | Groowe Diameter (Lsrge for izt ) Stes] 304 Stainlezs | 215000000 | 2E-T1 [ e
Deoupling (mm) 150 Coupling Circle Diameter ABS (30 Princer] | #.00E.07 | 2100000000 |035 hatp: "
Fsoupling (m) 75 19 1 0| -59.23E-06 0
PreloadForos over each Flyocd 13800000 | 11E-10 [ e,
RerrFep mm) 0[S location of enorreparting g =) H I M Ju] 1| -161E-05 0|
“enfiep (mm) 0 location of encrreparing Aenic 7.00E-07 | 3000000000 057 tpi 9 Z9041E-06 160915E-05 | -z 401E-O5
ZenFiep (mm) 0| Zlocation of ener reporting = . . .
22 1] 1] 1] 1
BallMatvounghiod (Ps) 10 8
BallMaPsisson 03 23
GrooveMatieldSuzss [P EY)
GrooveMatYoungMod (P 10 5
GroousMatPoisson 03 *5 POl ol 0 0 0
FingleBew cerBalls 7094395102 | Siandard s 20d=g
Groove Angle [rad] 0785398163 | Standard Sldeg Ve = Fild (hall of total angle] 26 =N EInt u}
Applied PreLoad (Assuming Cenually Loaded] - o
PPl O] Radial Position of Frelod (FF).mml B
PPy 0 0] Angular Position of Preload (ThetaPl 5707563 v 1
PPz = L GGGEEEEET] &
Applied Load and = Lacation . .
P O o T B Error motions at point of interest
Y mml=
FLe M- 5[ 2L (mml= 0
CALCULATIONS
Fbal= R
Fbalz= 6 35E+
Fbali= 6 35E+
Balléngt= 157E+
Ballingz= ELEI
BallAng3= 5 76E+00
GrooveAingl= 7 85ED]
GrooveAngZ= 785601
GrooveAng3= 785ED]
Dbal T2 TEDT
Coupling Locations and Cosines
First Ball (Contact points 1and 2) Second Ball (Contact points 3 and ird Ball (Contact points 5 and §
HTim] SE-00| %2_dim) - ]
XLz m) 0. 45E- ] 72t fm) - 6 m)
Vi Tim) SOE-02| v2_Fim) - ]
TLZm) SOE-02| v2_d (m) B ]
ZL1lm) 4 45E- 0] 223 bm) 4,43 S 5(m)
71 Ziml -d d9F-NAl72 4 iml -d 45| Iml
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Kinematic_Coupling 3Groove_Design.xls
To desien three sroove kinematic couplings
Written by Alex Slocum 4/1/1882. See Edit History workshest
Metric unitz only! Enters numbers in BOLD, Resplts in RED Material propertiez
mateyial | aliminim
Standard 120 degree equal zize groove eoupling? (contact forees arz inclined at 43 to the XY plane. For non standard desipns, enter szometry after resplts
section) TRUE Yield strass Mt Label
System geometry (XY plane iz azsumed to contain the ball centars) Aprvlie T.O0E+0T 1
Dbeq (mm) = 18.796 | Equivalent diamstar ball to contact sroovs at same points Wood J1TE=07 2
Ebminor {mm) = 9.40|"Ball" minor radiss, = Dbag/2 1s spherical or crowned cone CARBIDE 1. T6E-09 3
Ebmajor {mm) 9.4|"Ball" major radivs, = Dbeg/2 if spherical contact brar defined: RC 54 88 S.52E-08 4
Reroove (mm) = 1.00E+06 | Groove radivs {negative for a trouzh) Elastic modulus
Costhata = TRUE |I: tall major radivs zlong groove axis? Acrylic 3 20E-00 1
100 | Covpling diamater Wood 1.00E=09 2
£.00|Przload fores over zach ball CAFBIDE 3. 10E=11 3
100.0| X location of error reporting rser defined: RC 54 33 1.04E+11 4
0L0O|Y location of error reporting Poiszon ratic
36.0| Z location of error reporting Aerylic 0.37 1
Auto zelect material values (enter other_4 to the right) | | Wood 0.3 2
Natlabball = 2 CARBIDE 0.30 3
MMatlabgroove = 1|Entar 1 for plastic, 2 for stesl, 3 for carbide, 4 for user definad, 5 where sach ball and proove is defined individually bsar defined: RC 54 88 0.29 4
Min. vield strensth (Fa_psi) J1TE=0T 4,594
Largest contact =llipse major diameter (mm) -0.681
Smallest contact sllipse major diamster (mm) -0.680 0004533313 4033 513103
Largsst contact strass ratio -0.37
RMS applied fores (1) 5
EMS stiffness (N/micron) 1.61
Applied foree's Z,Y.Z values and coordinates Coupling centroid loeation
FLx () 0.00 0| xe (mm) 0.000 0.000
FLv 0.00 0|ve (mm) 0.000 0.000
FLz (N) = £.00 36| zc (mm) 0.000 0.036
Results: Hertz stresses and deformations
Error displacements at the point of intersst (micron)
DeltaX (mm) | 0, 00E=00 DeltaY (mm) 0.00E=00 DeltaZ (mm) 1.92E-03 1.93E-03
M chear Conract eliipze
Groove novmal forces (N Contact pressure (Pal stress/(ult. tensila’2) Deflsction (tinte balll Rrmigjor Reiner
Fbnons -4, 7 |sizons -1.94E+07 -(.368 |delone 2I14E-06 | -3.41E-04| -3.40E-04
Fhatwo -4.7 |sigtwo -1.94E+07 -0.368 |deltwo 2 14E-06 | -3.41E-04| -340E-04
Ball-Groove 2 Cortact ellipse
Groave normal fovesr Contact stress Daflection Rmajor Rminor
Fbnthres -4, 7 |sigthres -1.94E+07 -(.368 |delthres 214E-06 | -3.41E-04 | -3.40E-04
Fbnfour -4.7 |sigfour -1.94E+07 -0.368 |delfour 214E-06 | -3.41E-04| -340E-04
Ball-Groove 3 Cortact ellipse
Groove normal forcss Contact siress Deflestion Rmajor Reminor
Fbafive | -4 7 |sigfive -1.94E-07 -0.368 |delfive 214E-06 | -3.41E-04| -3.40E-04
Fbnsix [ -4 7 |sigsix -1.94E+07 -0.368 |dalsix 214E-06| -341E-04| -3 40E-04




