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No Abbe Error?

Ratchet Stop

*ratchet mechanism applies constant measuring
force to ensure repeatable measurements

Ratchet Mechanism
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Stiffness vs Compliance
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A generic Stewart Platform device. A Remote-Center-of-Compliance
An example of high stiffness (RCC) device. An example of a
parallel mechanism. Good compliant parallel mechanism. Low
positional accuracy due to high stiffness facilitates msertion and
stiffness. assembly tasks.
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Stiffness vs Compliance
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Stiffness vs Compliance
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Stiffness vs Compliance
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ZA(stiffness)ilt 1A(compliance)

X 2t H(static stiffness) vs S = 2 A (dynamic stiffness)

Mz+ kx=1
1

X Tetatic — ?
m i VS

Mz + kx = F(t)
k T = F?[l — cos(wt)]

Etz=Al Ao = & 2Hf1
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dA(stiffnesslit Ha(compliance)
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A (dynamic stiffness)
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ZA(stiffness)ilt 1A(compliance)

ending compliance): c, o 1/El
(torsional compliance) : ¢, o 1/Gl,
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Remind Tenslle Testl!

Elastic Zone Strain-Hardening Zone
N Plastic Zone Failure Zone
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Broken and new test piece
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KINEMATICS
CONTROLLED
ORIENTATION OF ROAD

WHEELS BY SUSPENSION
LINKS.

Prof. B. H. Kim
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\ » / ;
COMPLIANCE
CONTROLLED MOVEMENT
OF ROAD WHEELS BY

SPRINGS, BUSHINGS, &
PART DEFLECTIONS.
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Kinematics & Compliance

TOTAL SYSTEM

Precision Engineering
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Kinematics & Compliance
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9] Adl(Principle of Compliance)
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ASTSO X, HHENE

: Young's moudulus Shear modulus
material (xgl[)% N /m‘% (x10° N/m?)

Cast Iron 100 40
Steel 200 =0
Brass 100 a5
Copper 122 46
Aluminum Fit 25
Concrete 20 -
Granite 45 -
Wood 10{or 1) ~
Nvron 5 -
Bone 15 50
Ceramics{Al:Os) 400 —

P type 450 - 550

Cemented Carlide M type 510 — 570

K type 560 — 820
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Fre-load =
1000 Ibf

A1000 Ibf
pre-load is
applied to
a scale.

External load
removed

Ablockis
insterted and
the load is
removed. The
spring scale is
unaffected.

External load =
0-1000 Ibf

Any load may
be applied, up
to the pre-load,
and the spring
scale will not
move, as long
as the block is
stiff.,

External load =
1000 Ibf

Only when
the extemal
load exceeds
the pre-load
does the
spring scale
move.
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Tandem Arrangement of Duplex Bearings

Load Lines

Preload offset in outer race
5 —,I r_:a',vt:ilclad offset
loose neutral preload ///////// l\\\\\v\\

D |y \ED | & D

NN\ %%, \\\\\\N\\\//A////,

Bearing preload vs. life in miles

N7
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STEERING
KNUCKLE

PRELOAD
SPACER

SHIELD

/ﬁﬂlﬂk mza

Face to Face Mounting of Duplex Bearings

condition before (7 /////////// \\\\\
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\\\\\\\ ’////////
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Locknut in tightened

condition for ////// ////\\\\\\ )

preloading
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Back to Back Arrangement of Duplex Bearing \Load Lines
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Zero compliance realization

| Isolation table

i:L‘ Linear actuator
| Middle mass
Spring |=—=I] Damper

Base

I
A A

Ground vibration

I-PD controller

I .
-

+
(Gap sensor

Low pass filter Gy(s)

N

Gap sensor

7777 TTTTITTTTTTT

Basic model of suspension with a VCM

Prof. B. H. Kim Precision Engineering
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The end of Ch. 8
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L Zero mark is between 27 and 28 mm

d Look along the graduated scale to two marks that line up
(lbecome collinear)

0 Read from ‘outside’ scale - 0.60
A Reading is 27+0.60 = 27.60mm

Prof. B. H. Kim Precision Engineering
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0I0I3 = Ul &=

O Read the total sleeve marks : 8
= 0.5mm X 8 = 4mm

O Read the thimble's mark that lines up with the sleeve line : 15
= 0.0lmm (=1/100) X 15=0.15mm

0 Reading is 4+0.15 = 4.15mm

Prof. B. H. Kim Precision Engineering
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ASTSO X, HHENE

: Young's moudulus Shear modulus
material (xgl[)% N /m‘% (x10° N/m?)

Cast Iron 100 40
Steel 200 =0
Brass 100 a5
Copper 122 46
Aluminum Fit 25
Concrete 20 -
Granite 45 -
Wood 10{or 1) ~
Nvron 5 -
Bone 15 50
Ceramics{Al:Os) 400 —

P type 450 - 550

Cemented Carlide M type 510 — 570

K type 560 — 820
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Epoxy—granite (polymer concrete)

*Epoxy granite can replace cast iron and steel for superior
vibration damping, better performance, longer tool life and lower
assembly cost.

L\
Mixing Procedure

Prof. B. H. Kim Precision Engineering
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SN 2X1 DHIE(2d moment of area,
area moment of inertia, 2" moment of inertia)

T 24 THE HA Mzo AHE

nd /64 d=12
1017.36 113.04 100

K12 h=10
8333 100 88.5

A /12 h=15, b=6
1687.5 90

rlds'-di")/64 & =15, &i=10 %8
1993.2 98,175 :
L]

(' - Y12 hy=14, hy=10
2368 9 849

hy = 21, by =7
(bhe® - Bm’y12 | T2 I ek D2 W N
e el o= 849 R Py D

MOMEVT by 38T RACTIOW

e a=10, d=16,
lad’ hzg(goﬂ]/lz h=10, t=3 795 | A
j E 90

Ve

CéniRozps
0% 11—+ -1— -T-
'|

e A property of a shape that is used to predict its
resistance to bending and deflection. AT
e |t is not the same thing as the moment of inertia, /

which is used to calculate angular acceleration. MorseThy gz
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bi2  phi2 b/2 3 3
I,*,:ffy?dA:f f dyda::f lh;d:=£
5 b/2 J —h/2 b2 0 4 12
b2 hi2 b2 bxh
Iy=f/m2df1=f f m“dyda:=f hz’ dz = —
/. —b/2 J —h/2 —b/2 12

Using the perpendicular axis theorem we get the value of J,.
bh®  hb®
—— =

12 12 12

J;:Ix-l_l‘ = [bz

I circte = ffyz dA:f (rsinf)* dA = ]02” /(:(rsmgf (rdrdf) =

fhf 3 sin® Bdrdf = fh ! sin = 1.rr"1 ‘ in® —%{l_ﬂﬂﬁz.ﬂf]

2 2r
T cirele = ff’r dA = f f (rdrdf) = f f ridrdd =

Ir 4
-

=f — df
T

Now, the polar moment of inertia about the z axis for an annulus is simply, as stated above, the difference of the second moments of area of a circle with radius s and
a circle with radius ry.

Jz = Jz,rg - sz =

m T iy
4 4
—ry — =T = —
22 217 9

Alternatively, we could change the limits on the dr integral the first time around to reflect the fact that there is a hole. This would be done like this.

J, = ff dA = /zﬁf ¥ (rdrdf) = f[rdrdﬂ—

(‘-"24 —f14)
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Example calculation of moment of inertia

22 £/2
Ig,md:f[fpmzdlf':f pE sdﬂ:_ps—)
5 —#/2 —Ui?!

where m = psf is the mass of the rod.

s« The moment of inertia of a thin disc

2 R R-’[
I gisc = ff[ﬂ‘-“zﬂ: f f pr? srdr df = E?rpsT =
/ o Jo

ol - -
where » = TR ps is its mass.

« The moment of inertia of the compound pendulurr

L 2
Ip = Igpod + Mioq (E) + Ic gisc + Maise (L + R)?,

Prof. B. H. Kim
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O 2aAM QHIE([Polar moment of inertial

M|
=12
2034.72 113.04
0.1406#" h=10
1406 100
m(ds~d;)/32 dz =15, d;=10
3986.33 98.125

|
I h=15, b=75 Sz = [ raA

. o J =the polar moment of inertia about the axis x
1447 24 1125 x"1eP
o dA = an elemental area

o r=the radial distance to the element dA from the axis x

12 | 15 | 20 . 3.0 | 40 | 60
0.1661|0.1958 0.2633|0.2303|0.2983

e A quantity used to predict an object's ability to
resist torsion.

e |t is not the same thing as the moment of inertia,
which is used to calculate angular acceleration.
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