Adjustments and flexures

Optical instruments and systems often require the ability to make small mechanical adjustments.

Like stages, the design must be carefully considered to
e Provide resolution for the adjustment in the desired degree of freedom
e Fully constrain all other degrees of freedom

Other important considerations
e Total range of adjustment
0 Sometimes, you require both coarse and fine adjustments
e How often the adjustment must be made
e Required stability for all degrees of freedom
e Required stiffness (from static or dynamic requirement)

Constraints
e All degrees of freedom must be constrained
e As one degree of freedom is moving, the others must remain constrained
o Kinematics (balls on hard plane, V, or cone)
o Pivot (suffers from friction)
o Flexures

= No friction

= Limited range

= Use geometry, materials to provide compliance in adjustment DoF, and stiffness
in others

Classes of adjustments
e Shims and spacers
0 Most stable
0 Used for one-time adjustment

(0}
(0}

Need to have a good way to determine the necessary spacer thickness
Details of the hardware are critical (follow the load path)

e Push-pull screws

o
(0}
o

Not as stable as shims(can add locking jam nuts.)
Resolution limited by thread pitch, friction
For one time adjustments, use potting epoxy to make it permanent

e Push against a spring load
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O o0O0oo

Can be kinematic

Most common for small tilt stages for fold mirrors

Details of point loads must be considered

Preload must not be exceeded in dynamic environment

For one time adjustments, use potting epoxy to make it permanent
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Shims and Shim Stock

1420 products match your selections

Shim Type
Shoulder Shoulder
=i )
Standard Shortening Shims for Shoulder Screws Lengthening Shims for Shoulder Screws
Specially designed precision washers that ~ These shims fit the shoulder diameter to These tight-fitting shims thread onto the
align, level and adjust parts in a wide shorten screw length. screw to extend shoulder length.
variety of applications.
Bearing Bearing
Shaft Shaft
Shaft Bearing Die Punch Shims
Also known as inner-race shaft spacers or ~ These shims are also called outer rim Place these shims under resharpened dies
washers, they fit snug to shafts and are spacers or washers and are designed for to restore their original height and extend
used for spacing between bearings and spacing between motors and bearings. the life of the dies.
gears.
Laminated Peel-Away Slotted Color-Coded Shims with Holes
Custom fit the shim right on your job site. ~ All have an extra-wide bearing surface. Designed for use with housings and cases
Just peel off the extraordinarily thin for bearings, gears, and pumps, these
laminated layers to get the thickness you shims adjust clearance on rotating
need. equipment. Holes allow you to fasten the

shim to a housing or flange.

Leveling wedges
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ADJUSTMENT

LOCKNUT
Push-pull screws SCREW e
- - T
o Provide _Iarge range of m_otlon . &\Q Ii‘&&
o Can achieve fine resolution _
Limited by thread pitch, interface details MOVING S LLTA L
o Self locking — jam nuts or epoxy \mn
. Can causes stress, distortion BASEPLATE
STACKED ADJUSTMENT
BELLEVILLE SCREW
Danger WASHERS '\_A_:F{ -
This provides only 1 degree of freedom controlled yoeve
constraint. _/Q IACK
It weakly constrains the lateral dimensions FIXED '
BASEPLATE —
MOVING
PART

FIGURE 7.15 Two commonly used locking methods. {(a) Locknut; (b} jack screw.
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CLAMP
SCREW
BUSHING

]
CLAMP

\ NUT
N R
N N

MOVING
PART VS
FIXED PART
FIGURE7.22 A linear mechanism with a threaded bushing and clamp screw suitable for applications requiring
disassembly.
CLAMP
,_U_/ SCREW
FINE T T o fe— MOVING
ADJUSTMENT N PLATE
™
COARSE
ADJUSTMENT DIFFERENTIAL
THREADS
FIXED —{ oo g o v - oy
BASEPLATE

FIGURE 7.23 A linear mechanism with a bushing using differential threads for finer resolution.

Micposi
http://www.harbingerengineering.com/
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Differential screw
18 PITCH THREAD

1& FITCH THREATD

‘?

. 58

ITRAVELING FIXED
PIEGE PIEGE

Newport product:

DM-13 Series Differential Micrometer

13 mm coarse travel with 0.07 pm sensitivity
Graduated increments of 0.5 pm

Accuracy better than 1%

Direct upgrade for SM Series Micrometers

Focus adjustment using differential threads
FOCUSING RING

Centration, rotation of A wrt
B must be constrained
LENS
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FLEXURE (2)

COMPRESSION
SPRING (2) \/g
ADJUSTMENT

SCREW (2)

FIXED
PART

FIGURE 7.19 A two-axis linear mechanism using flexures and screw actuators.

RADIAL FILL SPACE WITH
ADJUSTMENT EPOXY AFTER
ADJUSTMENT

Y Adjustment
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Tapped holes for post

‘ adjpstmenl,

Ball Bearing Pivot Point WA TR Fara

Mirrar Locking Screw

Kinematic tip/tilt mounts

ACTUATOR
TIP

FLAT
SURFACE

CONICAL
(a) (b) SURFACE

FIGURE 7.11 Two types of common interfaces for the round tip of an actuator. (a) Point contact with a flat
surface; (b) line contact with a cone,
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MIRROR
Sy
SPRING
ASSEMELY\ ZRY2 _
A

T 7
777177777/ DIFFERENTIAL
INVAR —/
BUTTON

FIGURE 7.41 A tilt mechanism suitable for high resonance adjustable mirror mounts.
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Liquid pinning

OPTOMECHANICAL DESIGH
oA d adhesive s is called
locquid pinewg. This uses a the anourd & pen in

2 hale to provide adpustment, and means of locking the adustment

FLtED PiM

E.Hﬂm‘& PIN _CONNECTION

Biblography Rederences: 489

Flexures

OPTOMECHANICAL DESIGN

a Fu:ﬂmlmidn0<ﬂllidw=-ﬂh—mixu‘|'v2m.
flomurns have the
hmwdollnl'wnhbwam F‘N\Iwwtlwlmmm

O Savaral typas of faxures that ans ememanly used:

* Singeatip Nenre

* Twa s reeatiens] Aaurs

= Parallel speng guide

«  Circular conteur Merune bings

QA good figure of mert for selecting a flewure material is the reduced tensie
ﬂwm This is the rﬂndmmb‘»drq ma,mmdaﬁc

} of the
mnpu«nemm mumammlargwo,ri

=R
control is usualy requend. Fabrcatian meshods Sat h:wwymm
sw0ss 0 e oo should be seloctnd

O Atienbon dengn. Sunilarly,
ammomamuwm
Bibliography References: 3121, 3123, 3122
{Vukabratavich) 145

OPTOMECHANICAL DESIGN
O FP s compresson

v o [Eire ~ (frra_

R P YT Y]

s;rq [P nri_}
mh(}:r) P Lsinh (2 7))
ir)
V2 )
ihese:
v WP IENR
| Iz the flexare secton mement of ineréa
E Is the fexre material elastic moddus

Bikography References: 3125, 3126, 3127, 3128

(Mukabratovich) 148
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OPTOMECHANICAL DESIGH

O The radial stiffness of a bouid pen connection s given by:

OPTOMECHANICAL DESIGN

oL used 1o ng of lenses. The lens is placed in

BMW Iaqud perinang &mlﬂm and lock the lens in place, It a

T, L E, release agent & placed on the pins, i Ty be possibie to remove and
E=—d £ +G replace the sub, g the
R 1= adpstment
su8 CELL
Where: ?
K, Is the radial spring rate (stfiness) — Z
4 15 the pin charmter Fpinidh f
L 15 et kength of thi: adhsive Bond in contact with the pin ‘}
T Is the average radial thickness of the adhestve around the [
pin
¥, Is Poisson's ratio for the adhesive o
G, 2 thee shear modulus of the adheshe
T 5 given by
ky=NE
Where
LY I the: cverall racial stifness.
L] I the rumber of equally spaced hguid pn connections
L9 Is the radial stffness of 2 sngle quid pin connection

Bibbography References: 4.8.0

OFTOMECHANICAL DESIGN

SOME SELECTED METALLIC FLEXURE MATERIALS

HOTE: This assumes that e liqusd pin connections are all identical, and
equally spaced an & comman diameter

Biskography References: 4 6.9
2 (Vudabeatowich) 128

OPTOMECHANICAL DESIGN

O A single stip fecure i usstul for small rotations:

9 el

FLEXURE MATERIAL 9. /E x 100
ALUMINUM ALLOY
1100H12 1o
STAINLESS STEEL o
174 PH COND, H1150-M
STAINLESS STEEL 125
TYRE 304
TITANIUM
GAL-4V ELI e
TITANILM
a4
5255 ELI o
MARAGING STEEL
18 M (250) a2
BERYLLIUM COFFER T
% HARD i
Bihography References. 3123
(Vukateatoach)
CPTOMECHANIGAL DESIGN
QA e translabon
-~ FLEXURE

e MOV AN G
ELEMENT

)

Biliography References: 3.12.13, 3.12.14
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Bitkography References: 3125, 3126, 3127, 3128
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OFTOMECHANICAL DESIGN

a IfP s in comprassion

5
\

Ergs
) - (2]

£ 15 the fiexure matsrial lasbe modulus

. s the maximum flaxurs strees

Bibbography References: 31213, 21214
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OPTOMECHANICAL DESIGN

O There i 3 charge in length of fareshorening of a parallel spring gudy
flamar due o motion in translation. Due ta this change in length tha moton
of the flexure in trarmskabon 15 nof truly hnear. There is cross-coupled mobon
betwoen transiation and vertical motion of the flexure. The amount of cross-
coupled mobon or foreshortening is gen by:

AL = L[l—;—asm[%ﬂ

Whara:
a 13 the eross-couping c fereshartening of the Nexare dug
1o translation
L Is the paralel speing guide kength
5 I the linear trarslaton of the paralkel spring guide

Bibhography Heferences. 3.12.16

(Vukabratorvich) 15
OPTOMECHANICAL DESIGN

O A two sirip fiexurs prvet is useful for small rotatien angles. This typs of
flexure is commercally available from Lucas.

LN

- b

u

WP s in compression

w5l

O HPisintension

w - (B ()45

/ ) L2
Where:
1 16 the single stip moment of inedtia
E Is the elastic modulus.
¥ = (PREN)S

Q  The shift of mstant center of rotation (AR) as the pivot is rotated & estmated
by:
AR = 0248L

Bibliography References: 3124, 3121731218 31211

(Vidkabratovich) 155
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OPTOMECHANICAL DESIGN

9  Paralel spnng quides arne vulnerabie 1o emor. If the transiating foece (F) is
6t apphod nadway bitwien B s, thi g camiags pachos o tits
as it o displaced. The pilch angle () s estimaled from

h {fiexure widch = B

Q Kh<<l b THEN

Biblography Refarences: 312 16

(Vidkabratouich) 153

QOPTOMECHAMICAL DESIGN

g |

O Lucas Free-Flex pivots; the diameter of the largest pivot is about 26 mm, and
it kaad capacity is appraximatly 1000 kg narmal o he axis

Bibliography Refarances: 312.21,3,12.22

[Vukabratovich) 15
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OPTOMECHANICAL DESIGN
3 I a parallel spring quide has assembly errors, the moving carriage pitches or
filts 2 it is chsplaced

O 1f the fexures differ in length, the pich anghe (8] is estimated from.

o Slatance Setween fleeuren

(a8
o358

Whie:
L s the flgwure length
aL s the Remure length dference
5 s the carriage dsplacement
b s the dstance between Sexures

T 1f the Nexures are ol assembled parallel, the pitch angle (8) s estrated by:
s

o- (251
Ay
]
Bibliography References: 31216

(Vidcabratouich) 154

OPTOMECHANICAL DESIGN

O For bending apphcations where a well defned center of rotabion = needed o
where greater stffness than a single strip flexss would Ge, a circular
conour flemre can be used.

i

¢ R
A Pz F
3 HD2 N o

B

It

O FNIR) <51 and  [(hy2R) << (WIR). F=0

Q@ Then the bending silfness is estimated by,

Where,
E Is the elastic modubss

EBohography References: 31221, 31222

(Vukabralovich) 157
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Flexure stages
Tilt stage

(e

Translation stage

]
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Capacitive sensors
(proprietary)

High-

performance
(Thor Labs) PZT actuators (PI
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Special Issues with flexures

Simple Flexure

+ rotational movement, r

* orthogonal displacement, A

Double Flexure

* no rotational movement,
+ orthogonal displacement, A

Adding complexity to improve performance

= In-plane rotation

= Parasitic motion not di-coupled

= As soon as the stage moved, Fx
developed some “local” y
component

J. H. Burge

= In-plane rotation minimized
Parasitic motion reduced or
cancelled

m Less cross-talk

(from James Wu 2007)

University of Arizona

J%:*ﬁﬂ
—
Compound Flex:re

* no rotational movement
* no orthogonal displacement

= In-plane rotation constrained
= Parasitic motion reduced
= As soon as the stage moved, Fx

developed some “local” y
component
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Flexures

Tip-tilt mirrors

discrete vs analog

J. H. Burge University of Arizona 13



Use mechanical advantage to get finer resolution

LOCKNUT
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ADJUSTMENT
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FIXED
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FIGURE 7.39 A tilt mechanism with coarse and fine adjustments using single blade flexures.
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