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AEELABBBFERELEL T —SHE  SREKA
¥ AAAMAE SRR - B RER T BT R
HET THTHMALZAH TRk 25 EHFS
BHEAEEERDER S REALATWH & PIDA 74
ARBFIBEARAHTHEREAZTNAEML  AAABARH
EARAHBBAOAREFRANREEREEF  MBAA
EREXAESHAZCHGE &8 [HBLER &
SIREAL A HEEME - B> B EIEK Z B
MBERRANL  BEFHBEANIAMARTABMERZELN
% °
HERBEBRIOUEMSEZR - K ERESES
Bg AR RAOEZAERNTR  BERAZEMNHKN
ZRBBAGRARRERAD - BATARENHETR
TR BARA S BN E KL ETE R B K (Remote Sensing
Payload)#y st & » BAZA N B E AP BRI Hags s » H
TRz — P AR EAL LA SRR 0 AR
B B A B AT o |
“EBAALE A £  BERARFE LS YR
EARBREN  BRARARAF LS RARYHHR
Mo BERBABHEALRBSERAY  UHARRKBL
PREEEBMBRZKE AR E ERBERLS
HERABHERANL  RERHATE SHLETHFR R
A o
ARATEAMEEMERZRAER  RELERT
HWE R ERMBALNE  ARREA SN 5S8R - FIoF
HBRARAFTOHFEALAGESBRAEN  CERERALLES
BAMESERE  AFEERBT "RBuofiak i

1



(Alignment & Assembly System)# Rl > A K LEHEA X %
G BRI Z A 0 R RAERE N - AR AT
LGB EAR ERARTREMNFARIN RSB LM
A8 B BT AR SR B T AZ B AR



—~FEBH
(—)E BB EAEABRABEAARER

RBRAARKALZ T ENE R RS L2
MIBERERAREA —RENTERA BELHBAAR
B8 ¥ B R o Schott Glass A# R4 LB HLEREY - B
— RS CHBEEREER IR B
Zerodur » 3t 3% 4T 3% 35 4 F 4 H M8 5 Trioptics GmbH 2
Moeller-Wedel Optical 34 &R A Mt L L EAE LA RY
wE HESBFREAAASAKHER - ARG ERR A
DI EE AR ER CBREL - BOE  BREAE
W4 F ~ AR EE KB (Modulation Transfer Function, MTF)
REOEBUSMENERNRBALE D - B A ARGEHT
VAJE 4548 BR S 38 AR B R AR B4R B & b B R SR M B
BRERITHRERBZRBRER TN ETHRZ NI
P E AR BRSO RE K T AMPAREITHS -

(=) T &% 5k Trioptics 22 S B o S K & @R H

ABRAAPOHBERS UHEERBEN - B 89 £5
REEHBALIBEAWEFRARARS > KGR Y
BBHE K B  BERRREACETSRE
BIRPOABEASZAHHE L OEF AL -

fEBATATSAELBAE - Yz B A EEEl
BTG BB b B3R 0 3RS @ 4& Bl Trioptics 2 8] #%
BT TR REK A% ARG HARREHRA
GRBRBEZR  AMRBEKRAEEE Y X ERNLLEL X
Sz T CHERERBRE > FTRRAYIRR TR EE X EEE
BMECHELE - BRBL - -ER BERE - KRBENFERA
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HERXARPOERA > AR TRIRBAERAREL -
(2)& FMhFE AR A4 NGRS R T HH

AEIZHRENATERRBSALE TRHMEN > KD
B EER HEER —BAMROBN - AT SCHFERERS
WK EEL S ROCBRARBESHANREE K
FRmTHEMEGFERA BEMER > SH9A 8 Hibio
IRKRELAENG T MBHE -

LOH Optical Machinery $2 OptoTech GmbH 34 A 18 B 3%
NELXLHEL I BB SR AP CHATLEBA S
NE T EHERHE o ATRATER NN EBEAE N K
Mm T B RTRBBRIEMA R E AT RER
ERRAH ) KORERABMAY BRI ERRMARKT
MR R AR AOZERGRAART CERBFZ— #
BAXREDHRE > TURSATCEALAHE WA LE
FENIEAE BEHARBEIQRUEDFRAEGNER -

(@)ZEAEERH B ¥ IS0 17025 RELF X

ABRAFPOAL/ABRKRATHR TR =T R EER
RoBBZIAEHPOHARRRE LI NIRRT EMNE
S BATAPSRE P H T ERE TR ZEREMN 4 (Chinese
National Laboratory Accreditation; CNLA)% ] 45 4 B IR A% %
ISO/IEC 17025 th X L RIR TR E * R RATHEZ R RHKE
B TERRRATREEALBESLH > E3 | tested once,
accepted everywhere ;| Z B4Z -

WBME > PHRBZRRIE B A ER GRS T IELL
SR & R R #E & B (Uncertainty) & 3% 45 > B A B AT ¥ B £ 7]
RABFT O ERAELTE RS EHRL > Bt EdARS



DR EAZERNASERE  THRERATAHAMITFER
RFE BHARPERBEIFAREAESE -

(R)RILARBTX AT E

AEEAXBHBENAFIEAE  EEAALRN BKAE
ERBAM B AL 153245 > AMBERNERZ FIEF
AEEENERLR  LEHFMERTREFELERE - &
& % & Trioptics ~ Moeller-Wedel Optical ~ Loh ~ Schott
OptoTech ¥ ABEASAH T AR S AT HEL LA
BEHERAFN BB NIEIRFEFHBRIRAS
o EEMALZ DR ERARERZREREGHH  HHRAKRP
SARBATREAHRABEARER KA L BOHRBGT B -
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(—) OptoTech 23]

OptoTech 2> S L7 1& B F 3f 7% 38 L4 M 30 > 1985 -4 3L
At Rio LRGSR m TN @i T Rk R E A Y
Bl BEIENI150% B AFRIREASLAE Tk
HREGPBEEASERTAET - AP SHERRANEIA
2R T BRI B AT R 0 BT R TIER @I
K HEBRE AR - CGH T4 & CNC v » CGH F3#%
BEPASNE AR AMRAERDZHRE - ZERE(wE
luﬂmCGI%&H%i#ﬁ@&m’ﬁ%$$ﬁ+&%%
Fvliskxﬁé%:#a )

B 1.1 CGH ﬂ"i*/"‘{?i CGH +# A

% CGH +# @& 2 RA R DAY #H(H A2 1 mm
£ 500 mm) ~ JE3K @ A A& (d B 4% 10 mm £ 300 mm) ~ B8R 48
BRI AARAEGEMAE > REEL F LR o T T
IEEPERBHAKRZMEE - EREERETE RS
BARR PHRGHE 10 REELEE > HILE | AW
TEERE - FPIREERARE > A2 BEBRMBRT
DGR AFLANEERBRA -

e B AT IR @ AR M M AE A ASM 300 CNC -
TR E ~ JEHK BRI R B & ¢ @ (free form)po T ; Ew T &
& % 10mm-300mm » 4 77 $&(twin cutter)e] B — e T & f2 &
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%, 7%, 48 B (rough-grinding) & 4= & (fine-grinding) (w @ 1.2) * &
ho T ey B % 0.00lmm - %M & A RBIERK BN 0 0 A
AN RRGARIBAFRAVROBEN  ZRERE
B AR @ 4 - R4k ¥ #(Conic Constant) ~ &y £ F
BR)ZBFERAEEA B C.OE=F  REHARETH
3| & 5 oy JF 3K & | A5 (Form) ©

B 1.2 twin cutter fv T2

# R4S PKS 250 CNC (@ 1.3) » THZEHERY
BAE & dh & 6915 % (Edging) » & A wT R+ A 250mm - £
FETHE 1 5Q0") ZRERT THRESERMI - LT HMIE
BV EAL - BINA B & ¢ & (Free form)&) o L o

Opto Tech &AM IENHBELET T —EMR/RKRY
Nk IMHAEER —X DA LRBERER @B ED B
#;(Diamond wheel cup) > #49#% % Kombi-Technology » £ 4}
R (o B 1.4)A777 @ A B & B RN K » REARE RS
NEAE T — BB BNANEHNAZSO®BES &
SEETHRR R B AR e £ o



B 1.3 PKS 250 CNC #4557 4%

B 1.4 Combi diamond wheel cup

MR Bk RN LHEE —2RAERA > A
— U E R > LBRE L AR R ey M
X TEMHL T 90 K 0 TEMAHN TH4ET 8
Tt kol 1.5 £ - MAKLHBEREAERITE @i
HIT BB R e BR AT EME > B 155 - &L
HAXTRARHEHEZFROAZRD - AALT AL
KL R aHFETHRALP-VHAIum % ZE 0.3~0.5um -

HBEREAAKE N IHEEE  ZAAAAEEXE
BIRELMASFE —SHHEERNRAME  ANTRARLEUMAE
BRAAEAMAKEZA -

OptoTech 2 3] B AT 441 Zeiss A~k B35 K 0 48 JE 3Kk @it
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Jeik o B Zeiss 34 E K » OptoTech #®3tit ¥ RAMRE X
W Zeiss B B3R 3 36 & £ ©1 484 OptoTech # & T Rkt &
B E o LHFXARETH _R2AH R RO LHEL
WERAOKCHBHER  ABNRA K2\ HRMEETR
ERBFH - BOULBAFREREFRMAKE  TREL
NHTHBEEASRETESMMARBETAIERIRE o
BEBE - ANBBERMA -

| .
B 1.5 JEk @it B mes

# %35 ¥ 5T B8] OptoTech /23] B# 2 # 4 39H HA A
CNC# &4h A ST RaB BBl Lhk
FAREHBAREL BLEBAHBETReBESNAE
Tk o sb#E CNC T ETRE AN A E X MA TR
FERZR HMEEZRIHESTHBARIBME  BABRSR
FIRANGE—REZETRAMARUHEAE A A wITAE
ZYER B HLEF  ERRROBHER I XBHEXIRE
FEBESRT POTRAERARANIEREEE TS
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o REFZERAH HELBESHMIKRS -

#5357 B E B OptoTech 2 3] 4§ K &40 /1 2 B
WMEBBRIEFSRE LENAHHLELHAERY B
RFUBEREHCAARKERECREHAERARA L
R PSRRI SAA %iﬁ%?ﬁ%f&éﬂ.ﬁ{?f@% B B8
RE -
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( =) LOH Optical Machinery

LOH 23] A M8 B + 37k i L4283 > OptoTech 2
S Bpeadfty LOH 8 Trihl > BmZ AN ABRZIME
AEG B 2.1) REEFAEZHIMASL AL Wk
B BREMNEARERSG RUBHEFLER - ZrdA
LEIEERBEEANMIRERBEAR A IH/E =
FHEEH—b— - POYIBENANIZCHRATHES
#o WREDESANRERBIERDEREEZIRNGE -

B 2.1 LOH 3 & &4 & &K

e+ > LOH # OptoTech & ZM &2 RIEHM > &
HREGRABELAEAGRENARIAFRESIFLH
e B R Z IR B RN — B e B G R
stsh d 7 OptoTech fw At $ » LOH &LB4 84 — LR E &
AEBE R FRRIANERFBEORV MM EEZAN
IR HBEEBMAFA —BOUKEREN  — R A& T
¥ TRVAMBZERG R b F A BRERT LT LR -

Euish LOH B R E — G2 THRBES 7T
R EAIERE > RUTE > RBRETE  WEESE &
RMEEE N SER SN EWK e > SR kT R F
ARSI XEREANFA S THL > wE 22 L
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ZheE o VAR LTALESS  REKDRIERDRER
BT 0 BRSO TREEER5E ~ SMEEELE D > LI
WARETHRANEEBS  MEERAENEET TR TH
*m%l#%ﬁ&mﬁﬁ’%?i%l#iﬁﬁiﬁ&%ﬁ

hRE ERBER RG> SHEEER M IESEE HFL
k&%&k&%%°Tﬁ£f%ﬁ%fﬁﬁ%’ﬂ%%l#
BuRHZETAE  BRRVIBRENEGTTELAR
o[ 23 BBER o T -

B 2.2 %himIT LR

B 23 #ERMIBmS
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W G DVD SHREA FRBANE DA BER
MIERMRMS  BANELBABIFREBSERTR
IR MVER TG (—& O d 1~25 mm) > B 2.4 A/
BRoH bEREREEBMS A E—ERAE T
A AF I HHEREENIEBRAEEZTRE -

B 2.4 R ok

BRI NLELEA BB TR TEREBHBRER
CNC a8 & Bl AL ARG ERTH  ALER
A ERGBEEM  BHAGHE MBI AE LOH
BRI E  ARFEA TR R REK
dosb bR E R AL LY -

BAAERRKUEZFERKBERLEAMB LK E CMUFRH
AHEFTHRE 29 AF RGN RS THZER
500 mm JEK @ ARG A B 2.2 #H2) > BAKRESIMS
PEbE R G BN ERETR RN T
RAH#HKRIIFR > —LBERE - I AREBHFTH
BEEARBE_ZFRAOHIKBEE NI R EEN KB
BA > Pt THERBFRMES  AFEE -
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SHFTRENAYHERMEHFLE > NZA YN
BXUTRAAHBLERS XM REE/ANTLE
Mo BmBAELARFEEZLRFUBEREZE » Bty
AR E EE o WA A HN R IR LR
POEEMR > BREEBABRAEREE  FORMEB L
EBFT RN - b ERBERBIFLABEEE > 5
o TAESGAT RS o
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(=) SCHOTT Glass

SCHOTT Glass %t R4t XS asist H B - 23
AL CEE BRARMASHBREF #RER 80
BB 488 T#HiE 16000 A ZHEESHRRLEE R
TRER - HBHREEE ARERBLAKEE - AKX
S bl TR2AERBLERTERIEAE  RAREE
Besh BARABRTFBIAMK - Schott EBEAEER
TREFE (D) KEHE - QRAKBRQ)EWRKA
(Zerodur) > B ATAEAKB TR K ©

B 3.1 Scott AHBRLEA

AYCBAEET 30 Ao uREREamETE £
T ERGAER M A Zerodur 0 AR L3 E R T) R H
ZHERPE AR ETRAE > BARBBEGRARM ST
TERAAREAHHNLREEEFR -

% 3.1 Zerodur ¥ 8E % &

AR 14

Expansion class 2 0+0.10¥10° K"
Expansion class 1 0+0.05*10°K’
Expansion class 0 0+0.02¥10° K"

Zerodur % —MEsskEMH > AAMBAHEK > X2
ARBERILAXBLGHVEEZRRE Sl R THSRFEPR




WP REARR T - RBBIEAS > Zerodur T 5 5 =
‘%\g& ’ 'kuﬁ3.l ﬁﬁ'l_\ °

B 3.2 Zerodur € ¥4

Zerodur MR Tk 327 XA LBERANEEH
EEARE HlRAERH  ALBFTEMURERE 4o
B 32 REAEBFUEANEAAZ O TR AR m T RA
EHREHX  BERELTEOS%  REXELZIHER €
—BRERNTE > ERBEREEH -

% 3.2 Zerodur M+t

Density 2.53 glem’
Thermal conductivity at 20°C 1.46 W/(m*K)
Thermal diffusivity at 20°C 0.72*10° m’/s
Thermal capacity 0.8 J/(g*K)
Young’s modulus at 20°C 90.3 Gpa
Poisson’s ratio 0.243

Knoop hardness 0.1/20 620

KA~ R RIS % > Zerodur & RE KR
A EBRz Bl E 33T ERERREFLK > class 111 7T
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HEER -

% 3.2 Zerodur ¥ & 52

standard|special |Class 3|Class 2|Class 1|Class 0
projection of all 2.0 1.0 0.5 | 025 | 0.1 | 0.03
inclusions in mm?/
volume of 100 cm’ :
average number of 5.0 5.0 4.0 3.0 2.0 1.0

inclusions/100 ¢cm’

Maximum diameter of individual inclusions in mm for different
diameters or diagonals of the ZERODUR part

in the critical volume

< 500 mm 1.4 1.2 1.0 | 0.8 0.6 0.4
<2000 mm 2.0 1.8 1.6 1.5 1.2 1.0
<4000 mm 3.0 2.5 2.0 1.8 1.6 1.5
in the uncritical volume

< 500 mm 3.0 2.0 1.5 1.0 | 0.8 0.6
<2000 mm 6.0 5.0 4.0 0 3.0 3.0
<4000 mm 10.0 8.0 60 | 60 | 6.0 6.0
Stress birefringence caused by (nm/stria) for parts with diameters or
diagonals

< 500 mm 60 45 30 5

<2000 mm 60 45 30* | 30* 5*

<4000 mm 60 45 30*% | 30* 5*

* only applies to the critical volume in the area of the operating surface.
All others as with special quality.

BB BRETY  DXARBEHNIH  2m ALZ
Zerodur St h Bl KBRAYF—BR > FREFSBMUEHEZ
BEE o sboh o miBBEBRNZRAEIFLRER > BAMA
WHEAMHGEERT « AN Im I A4S X DsMkE
FREVR 30 mm &5 REPTIRFH G REMH

18



(mw ) TRIOPTICS

TRIOPTICS 7 &) At R 40 & £ %2 A & % &4 B4R
ZotEABUE THEARRFEREA - FOHFERAB
SEEETR GERBAEEINE BRTEZBHAENY
BAHRARBRVLEBRBEANNEREERENGE -

BN REBAENRARE  Z B RILEREE
R RIE
1. OptiTest : & OptiSpheric ~ OptiCentric $1 OptiAngle ¥ &

BARE > HEBOBRE ARER -GBRERE - AER

FEAMIF £ 56988 A ¥ CARRBR BB ER

% -

2. Prism Master : £FI%FRIAMHFEAENRE - KEE

B F X, T 2 & 4 ¥ (absolute )1tk ¥ (comparison line) &

Rl A o
3. Spherometer(3kf83t) : A—HEHFEBRR ERA B R FLY

BB RESABAXBEHFENRERZE - KPP ok

2T CABEAMERZAS

4. Autocollimator(B £ &) A H KA B YR A AREH
THrkBREEFABAE  AARIEFTRZ  BEAR
FHRFEHBITUERG L @ B €1 ~ F3EE (W
BA4D)XELERBRESE -

bz oh 0 NS B E T N8 P R RIS R BT R



HERBEARRABMEZIRUKS -

Measuring Straightness
along each line

A I | L F Computer generates output
of surface topography.

’ {
o) G Cc

B 4.2 F+@mFieE RS
RTFTRE L) BB HERREHBASH LT
1. 88 RA%KEEH TR BB

ey |
2 al

Ultra-preckion
fotary hokder

B T

Measuring Centration Measuring Centrafion in
in Reflaclion Transmission Mode

B 4.3 a4 A

HOBREBRAKRE IR EART S ARE S
(Transmission) $2 R 4t (Reflection)®#& F X, » T FR TR

20



B » & £ F 4% (Transmission mode) &% & & # A& & &
(Reflection mode)# 4+ F R B hEh A4 IRHEAN
BEEHNE CCD B $HA XBKEARFAHORE
HBAW MERETFSEE 0 & CCD AR &+ 745
LEsEEAMAH > LARSBFGFREREBUENK
N FREBRBOBRERLK
2. hEFRER
HRELHEMNRTBEERI  BEFE AP RMM
Btk HBRERGAZRABREFLAOTFERTHERTR
2L % @ (cat’s eye position) A & 4% K @ & ¥ & & (center of
curvature) R 4t @1 | B B A K E REE CCD £ #EdA£R
RERBEMEGE > TURFHFHABEFLZR D o TH
P

Focussing ___ tperm
Head Lens e ] -
Center of - L
Curvature -t \,'
(top surface) 2 [__ \
o e
e »
*“Cat’s Eye position” v Center of
Qurvature
Concave Lenses Convex Lenses (top surface)

B 4.4 ¢ % F2ER

3. & # & & (Effective Focal Length)

AEREERNERNEE —CoALENERERE £ E
HBEHOACBEREYE  TAFRNAZ T FREF L
43— Relay lens(3; headlens)i%  #EANB EHBAANRBEAE
CCD L » E#tmi-TdE 45 ¥454%0 -
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HE ARG ACCD LB BEEE REERETEMLL
TABERARER -5 F A B EHEHE relay lens sy £ FE
ERAFRAGOERER LMt E 46

Relay Lens

Double SiitRelicle

Collimator

- - Y=
Reticle Changer 7 Fﬂ}thanger
B 45 FHEREABRS

Collimator Sample Headlens Telescope
foor Sz § Ja, Sarn
d 7 ~ ‘ h.\\‘\ 4
/AR

‘]’Reticle Intermediate Image on
Image CCD !I!

-~ d d’ "

0% pod_ &
Joor  fsanms S Taom
. d .
Jomnrie = Jeou
d
4" fu S
d faom

B 4.6 A &Rt Hma

4. % £ & (Back Focal Length)
LS THAAEBEROME  BARABEARKRIER £

22



& TR 25 89 1 B (cat’s eye position) * d3 LR B ETUHE

RERHTERE -

5. B A K £ R](Wedge measurement)
BMYAREAZR AR LETREBSNRMBERR

BRRO T PGSR HERABAE CCD Rifg DeysERE > 7T

WARFF SR A 9 > &8 AR KR PR FATH -

Hoa A RBEEMAX T TEEF

Small wedge formula:
I g —a

8

a=(n-1)0

= beam deviation angle when passing
through the wedge

With a = df

5 d
{(n-1f

nf 6=2(n—l)f
B 4.7 %% A R EBMS

FMALBEBARERFTX O TRARREAERENE
BBEE ARABEARSET  F—Ch A RaRERYF
R EAER B PTB (Physikalisch-Technische
Bundesanstalt)Fr 4% iE. » 7T B RERE A B HR TR B E 8
AT B BB EREMRME -

6. ¥ 8 3% ¥ & Al(Wobble Measurement)

HAMABRAEERERAOALE R+ FRE TR
Presang o THEEAL CCD Leysheh > BP R EKBIESE
2 -RBPFLORECREVEHAULER  AEHHNS
o VoA iR R A T 6 R 3K air bearing #) S0 K

23



wE@EE -

/ Pinhole Reticle -

Wobble Error

Autocollimator

CCD Image

il Reflecting

- — Disk

Motor

B 4.8 8% £ EMA

MRdbz g FREEH B P 9185 F KBS M iRl
%% 0 e MTF B Rl& (ot
B): #i—#% MTF ER/EA B ARE
REZ G EERRBEATHARHMA
BEFERAZ A > A455 094858
k#F#H, S 0 FefEAH B8 sensors
£ R F A E(4#E On-axis)#
MTF & R] > B T RiRiRIFEE
BAEYMIFAERER KA
KRERXERAGEY B 4105
HERHERESD -

A—StHEPERAEN  ARAHCENHRME LB
BERBR - RERRGALLER UV Brans 8 &
SEBMKE  A—aHibSEh AR EB R 0 EE
BB ELBARELEANER  AHRMET LR RS
MEARKER -
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§ ok g e Mk b ek
s il

ﬂﬁi‘vﬁin

TH 4.10 + 4 $iin #85E MTF g,aj_i@

BB

I4Hé§ﬂm%$%b HopEAHEBEL

BATZ NS RIFARE  FAARERANEHFA DL
MmN A5 gt vakaRRESE EERREGTE)
EABAARNBEBHASARSELRABKBRENALER
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ERAANBERBGEMERER) @O -EE R REONHT
AR o A — IR AT ERE -

Autocollimator Pentaprism
] - ‘ =11
Aperture

Sample Surface /
Wavefront

By integration of slope measurements
nm accuracy of topography or wavefront
can be obtained.

B 4.12 %A RS
% — B H 5 0 1k B (Deflectometry) 8] & — 38 41k &9 57 4%
FOXZRARERNFEANRBFEE > BATAM 12 o4
B 4% > 2 —#& 3-D profiler X K89 R R & » & 44 F R0 48 ¢
BRE RERERRBE—BART AT LREKA
HBEwTEFT A —BHEHLBRRGA -

Wafer

B 4.13 27 &k th &k @ -F12 & Rl

Trioptics BATA THRA =+ 54 > & & & LA
BHRGRBLBENEERAR  ENARAHOE R AR
ERBEB AR BLEITEBEBRIHEMEE - A8
DU BEERGERRE O KEEVRER > ERBRRALE S
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OptoTech Concept for the Production of Aspherics

Grinding, Polishing, Correction




Basic Concept

The OptoTech generating and machine concept for the production of aspherics mainly aims at
optimizing two aspects:

- Avoidance of high-frequency surface aberrations which can only be inadequately eliminated by
subsequent corrective polishing, and which considerably reduce the optical quality of the
surface due to resulting tangent errors

- Considerable shortening of the process time in order to make the use of ashperics more
economical

The whole process consists of three interlinked steps:

- Grinding of the lens, leaving enough stock for subsequent polishing of the contour, which is
done when the lens is finished with the large-surface area tool

- Finishing (polishing) of the lens with a large-surface area, flexible polishing tool consisting of a
granite body which has the inverse aspheric form or best fit radius, and a flexible foam pad of a
suitable thickness which is glued onto the granite tool body and holds the polishing foil.

- Final measurement of the lens with a tactile, form testing instrument and topographic correction
with a small contact area tool.

Large-area polishing considerably reduces the process time on the one hand, but it also produces a
very long-wave residual aberration. Depending on the specific lens geometry, this residual aberration
fies within a range of PV 1 to 2.5 um. If a greater accuracy is required, this long-wave aberration can be
compensated for in a subsequent correction process.

The overall process sequence is divided up into two areas:

- One-time process steps, e.g. for determination of the polishing stock removal by the large-
surface area tool and the stock removal capacity of the topographic tool. These steps have to
be performed once for each surface type. If process variables, such as, e.g., the diameter of the
grinding tool, consistency of the polishing medium, and tool capacity are changed later, certain
adjustments in the process may also have to be made.

- Recurring process steps, such as grinding, finishing, and correction of the surface. These steps
have fo be performed for each lens which is to be produced.

Let's now talk about the individual process steps — from the setup of the generating machine to
corrective polishing with the topographic tool. The scaling in the contour images has been set to the
expected aberration and therefore only shows the trend, and not an absolute deviation. For details
about how to operate the machine in order to perform the steps described here, please refer to the
relevant documentation.



1. One-Time Process Steps

1.1 Setup of the Generating Machine

When producing an ashpere with a grinding wheel, two parameters in particular affect the accuracy of
the geometry:

- Position of the end point in the CNC file relative to the axis of rotation of the workpiece (lens).
Generation of the surface generally takes place from the edge to the center of the lens, the end
point of the tool thus lies in the center of the lens surface on the axis of rotation of the tool
spindle. This end point must be reached with extreme accuracy, in fact, even more accurately
than can be guaranteed by basic adjustment of the machine, because the position also
depends on the mechanical load which prevails during the production process, or, roughly
speaking, on the size of the lens.

- Diameter of the grinding wheel; if this deviates from the diameter which was used as the basis
for calculation of the CNC file, a radius error occurs, either in the convex or in the concave,
depending on the direction of the deviation.

Grinding of aspheric with a wheel-tool

These two variables must therefore be set first on the generator to meet the specific requirements
for the lens which is to be produced. It should be noted here, that the two variables are
interdependent in as much as a shift in the end point also causes a radius error.



1.1.1  Correction of the Contour End Point

Correction of the contour end point relative to the axis of rotation of the lens should be done before the
the radius of the tool is corrected, because this type of maladjustment also feigns a tool diameter error.
To achieve as uniform a stock removal as possible for the lapping tool, adjustment of the X-axis should
be done for the rough grinding spindle and the lapping spindle.

To determine the direction in which the X-axis needs to be corrected, the desired asphere is generated
with the tool spindle which is to be adjusted, the result is then measured on a form testing instrument,
and the surface deviation with the given asphere parameters and the best fit vertex radius is shown.

If the axis is maladjusted, the contour deviation will have two possible different appearances, as follows:

Convex Aspheres

Contour deviation in M-form: The tool did not reach the center of the lens
Contour deviation in W-form: The tool overran the center of the lens

Concave Aspheres

Contour deviation in W-form: The tool did not reach the center of the lens
Contour deviation in M-form: The tool overran the center of the lens

Depending on which spindle was used (i.e. whether the contour was followed from left to right, or from
right to left} and on whether the tool or the lens is moved when the X-axis is moved, an adjustment of
the X-axis must now be input at the controller in the appropriate input field of the OptoTech user
interface for the tool spindle in question.

For correction of, e.g., an M-form on a convex lens generated on an SM 100 with the left spindle
(generation from left to right), and movement of the tool with the X-axis, correction must be done in the
+x-direction (i.e. the tool must be moved closer to the center of the lens, because the tool didn't reach
the center). The drawings explain these as a case of principle.

Fig. 1: Measuring results after grinding with maladjusted end point Fig. 2: Result after adjusting the radius, M-structure

There is no general rule about how much correction is needed for complete compensation of the error,
because the amount depends on the shape of the asphere and on the tool geometry. The final
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adjustment should be made in steps of approx. 5um and then a surface should be generated again. Any
overcompensation is easy to detect, because the error image will change from M to W or vice-versa.

A W-form should be avoided on the test lens at all costs, because this is generally carried on throughout
the whole production process and is much more difficult to correct later than an M-structure.

An axis which has been adjusted in the way described will not be completely changed for another lens;
if, however, the test lenses differ considerably in size, specific, individual sefting may be necessary.

1.1.2 Correction of the Tool Diameter

The adjustment described in 1.1.1 exerted influence on the radius error of the generated surface. If
there is still a radius error superimposed on the asphere after the x-adjustment has been made, the tool
diameter has to be corrected.

To do this, a surface is generated with the parameters specified in the drawing and the actual vertex
radius is determined by adjusting the radius in the software of the measuring instrument accordingly.
Here again, the radius adjustment depends on the surface shape.

Convex Aspheres

If the radius is smaller than the desired radius, increase the tool diameter in the input field
If the radius is greater than the desired radius, decrease the fool diameter in the input fieid.

Concave Aspheres

If the radius is smaller than the desired radius, decrease the tool diameter in the input field
If the radius is greater than the desired radius, increase the tool diameter in the input field.

Fig. 3:Concave radius greater than the desired radius Fig. 4: Best fit radius; difference = radius correction

The tool radius has to be corrected by exactly the amount by which the actual radius of the asphere
differs from the desired asphere. A new CNC file must be created with the new diameter value and the
asphere must then be reground and measured in order to check that the new diameter is correct.

In the course of production too, the tool diameter must be checked and readjusted in the same way, i.e.
by grinding a desired asphere. However, this should be done on a surface which is not actually a part of
the production process, because a corrected CNC file will be used in the production run, which may
already provide for a radius error in the contour.



This concludes the setup of the generating machine. You can now go on to produce the tool or generate
the tool surface for polishing with the surface tool.

1.2 Grinding the Surface Polishing Tool

A suitable tool must be produced for polishing the asphere. This tool generally consists of a granite body
which has been ground to the required shape.

In most cases, the tool will be spherical. In some cases, however, it may be better for the pohshmg
performance at the edge to create the inverse of the asphere of the lens (reversal of the preceding sign
of the radius and the aspheric parameters) on the tool.

When choosing the contour of the tool, the thickness of the foam pad and of the polishing foil must be
taken into account (e.g. 4mm foam + 0.81mm polishing foil = 4.81mm). The effective radius of the
polishing tool when it comes into contact with the asphere is most important, because the tool has to
deform by at least the amount by which the asphere deviates from the spherical form.

The thickness and firmness of the foam depend on how much the asphere deviates from the spherical
form.

So, the spheres for the granite tool body have to be generated taking the following into consideration:

Convex Aspheres (concave tool)

Absolute tool radius = best-fit of the asphere + thickness of the compressed polishing foil

Concave Asphere (convex tool)

Absolute tool radius = best-fit of the asphere - thickness of the compressed polishing foil

The outside diameter of the granite tool body should not be less than 90% of the diameter of the
asphere in size.

After the tool body has been ground, the foam pad and the polishing foil must be glued into place and
must then be left to stand long enough for giue to fully harden.



1.3 Determination of the Polishing Parameters for Large-Area Polishing

The ideal process parameters for the polishing operation must now be found for the large-surface area
polishing tool.

To do this, you have to generate a lens on the machine which has been set up in the way described in
1.1.

Next, the polishing tool and the lens are inserted into machine and are clamped. It has proven
advantageous to put the concave components (i.e. the lens, if the tool is convex, or vice-versa) on the
bottom spindle. This ensures that enough polishing medium collects in the middle area of the iens,
which is particularly beneficial for large lenses.

ni

Polishihg of aspherics with large tool

The contact pressure of the tool is controlled by entry of the length, whereby an input value of the actual
tool length minus x causes a compression by the amount of x. The compression should normally be in
the range of the amount by which the asphere deviates from the best fit sphere. However, the feed must
be determined by trial and error based on the polishing results. If noise develops during the process,
this is an indication that the contact pressure is too high.

Swivelling of the B-axis should take place symmetrically around the zero position of the best fit radius
and the swivel range should be selected so that the tool strokes lightly over the edge of the lens.
Depending on its size, the lens should be polished at this initial setting for approx. 2 min. It must then be
inspected to determine how uniform the stock removal was.

If the tool has not touched certain areas of the lens yet (because, for example, the aspherity of the
surface is too great), the contact pressure should be increased. If polishing did not take place right up
to the edge of the lens, the swivel radius must be changed to compensate that.

The changes which occur each time the parameters are adjusted are determined by polishing with the
new parameters for a couple of minutes and then checking the polished surface again. This allows you
to determine the most suitable polishing parameters and the required polishing time.



1.4 Determination of the Stock Removal by the Surface Polishing Tool

To calculate the stock allowance to be left on the lens when a batch of lenses is ground, you now have
to determine how much stock is to be removed by the surface polishing tool. To do this, the previously
used lens is ground over again and is given the ideal contour.

When polishing the lens, we recommend the use of a plastic supporting ring which supports the lens
contour tangentially at the edge, and therefore prevents the tool from being relieved too much at the
edge area and polishing the edge of the iens too much.

This lens is polished with the large-area tool at the preset parameters for the whole time, and is then
checked for overall polishing and is measured with a form testing instrument.

For this type of operation, the form error lies within a range of 6 to 15um , depending on the lens.

The measuring results are transmitted to the generating machine via the network and the appropriate
compensation tool path is calculated with the AspheroTool software.

From now on, all lenses are produced with this program file. This basically creates the negated error
function of the polishing process, so that after full-surface polishing has been done, only a very small
long-wave residual aberration remains.
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1.5 Determination of the Stock Removal Function of the Correction Tool {Footprint)

The final step of the one-time jobs is to determine the stock removal capacity (footprint) of the correction
tool.

To do this, the correction tool is brought into contact with a polished lens surface, ideally a plano-surface
made of the same material as the surface which is to be processed, ‘under pressure, at various
distances from the center of the surface, with the axis stationary but with the spindles rotating, for a
certain length of time. Due to the rotation, a ring-shaped, concentric groove is produced. This is called
the footprint and its depth and width for the given machining time are characteristic for the tool used, the
contact pressure, and the material.

From two footprints, the correction software can determine the stock removal capacity of the correction
tool for every point of the lens, which in turn determines the required dwell time in a certain area of the
surface, for later correction of an error function. From that, AspheroTool then calculates the feed
function for machining along the surface contour.

Ideally, the plano-surface should have a diameter of 70-100 mm. To determine the machine coordinates
which have to be input into the controller for execution of the footprint, you use the AspheroTool
software as if you wanted to polish that surface with the correction tool. As the tool iength, you select a
length which is approx. 0.5 mm shorter than the actual tool length in order to produce a certain amount
of contact pressure. However, the lower the contact pressure is, the less precise the footprint will be.
You then generate the job file for the surface and select two positions with the coordinates X; Z; and B
from the program listing, whereby one position should be 9 mm away from the center, and the other
position should be closer to the edge , but at least 8 mm away from it.

Before you actually create the footprint, the surface must be measured with a digital interferometer and
the measurement saved as a reference for the next measurement. The angular orientation of the test
lens must also be marked. The lateral resolution of the interferometer must be calibrated for the zoom
used.

Both sets of 3 coordinates are then entered in the appropriate input field for the footprint on the screen.
Select an application time of approx. 15 seconds. Select a suitable speed of rotation of the lens (always
the bottom spindie) based on its size, and set the speed of rotation of the tool, in the same direction of
rotation, to about 75% of the speed of rotation of the lens spindle.

Please note that the program should be run at 100% feedrate from the start, i.e. the surface should not
be approached at a slower speed whereby the machining operation could take place too soon. Also
make sure that sufficient polishing medium is supplied at the time the machining operation is performed.

Fig. 7: Footprint Measurement



The depth and width of both footprints are evaluated on the interferometer and the data are entered into
AspheroTool. The software now calculates the stock removal characteristics of the tool and is ready for
subsequent correction purposes.

2. Production Process Steps

2.1 Grinding and Finishing the Lens

The lenses in the batch are now ground and are then polished and measured with the compensation file
generated in 1.4.

Make sure that exactly the same polishing parameters are used as those used for determining the stock
removal. This also goes for the consistency of the polishing medium.

Polishing foil wear and the resulting reduction in polishing performance can be compensated for by
increasing the running time. If the changes are considerable, step 1.4 may have fo be repeated.
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2.2 Corrective Polishing

The measured results for the finished lens are transmitted to the polishing machine via the network and
are used by AspheroTool to caiculate the feed function for correction of the surface. The surface
parameters of the lens and the data for the correction tool are then entered into AspheroTool, the file
containing the measuring results is integrated, and the CNC file is then generated.

Every surface will have a different residual aberration and must be measured and corrected indvidually.

Correction polishing with zonal tool

Exactly the same machine parameters must be selected as those used for generation of the footprint.
Special effects, e.g. at the edge of the lens or in the center of the lens can be countered with the fine
tuning function.

- 1-2 correction steps are generally needed unfil the final contour is achieved. To prevent
overcompensation of the error, you can use the fine tuning shift function, by intially feigning a higher
stock removal capacity of the tool and in this way, slowly nearing the ideal contour. Even though more
steps are then needed, no time is lost, because the stock has to be removed from the surface anyway.
The depth of stock removal should always be kept as low as possible to maintain a favourable
error/stock removal ratio.



Fig.9 shows a in this way corrected surface. The max. accuracy depends on the surface shape witch is
to correct. Best results are reachable with surfaces having the “valleys" all on the same level. So it could
be advantageous to accept a larger PV for the pre-polishing, but to have a error shape wich is easy to

correct.

Berechnetes Profil Neuberechnung notwendig 20.06.02 08:44.22
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Fig. 9: Surface after the 2 correction cuts

Once a footprint has been taken, you can of course use it to machine a different type of lens to the
original one; you simply have to make a factorial adjustment with the Shift function. This allows you to
determine and catalog suitable values for various different types of lenses.
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Unique processing principles:
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separately controlled circuit

= Spherical polishing with Syn-

chrospeed or Variospeed
method & 20 — 280 mm without
changing the user interface

« Easy operation and program-

ming

Unique ~ suitable for ground

and polished surfaces

Large working range

- In aperture angle (hemi-
sphere)

- In departure to best fit
sphere 2 mm

@

* Low operating costs using ref-

erence lenses

=  Short set- up times
*  Short measuring cycies
= Easy to calibrate and easy to

use






Polishing of aspheric surfaces
of @ 20 — 200 mm (maximum
aperture angle of 80°) as well
as spheres & 20 — 280 mm

Control of the oscillation
movement and of the tool posi-
tioning using different data
concepts for the aspheric
specification  possible  (incl.
value tables).

Polishing with flexible tools,
customized tool design possi-
ble

Dimensions and weight

(w x d x h) 1600 x 1450 x 2280
mm

Weight: 1,900 kg
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Dynamic process control
Dwell times, spindle speeds
and polishing pressure can be
set simultaneously

High rigidity, solid design,
compact construction

integrated cleaning system
for the working chamber with
separately controlied circuit

Spherical polishing with Syn-
chrospeed or Variospeed
method & 20 ~ 280 mm with-
out changing the user interface

Easy operation and pro-
gramming thanks to graphic
user interface and online diag-
nosis

Energy requirements
Electric.: 400 V /50 Hz, 4.5
kVA

Compressed air: 6 bar, 60
I/min
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Pre- and fine grinding of aspheric
surfaces
@20 to 120 mm

Generating of rotationally symmet-
rical aspheric surfaces with dia-
mond tools in “single point” sens-
ing.

Pre- and fine grinding of spherical

Optimum adaptation to working

different aspheric geometries since

two working principles are used:

- 3-axis control with diamond cup
tools

- 2-axis control with diamond

wheel tools

lenses & 20 to 120 mm - * Reproducible accuracies thanks

to rigit, solid and compact design

» Flexible data format: different op-
tions to describe the aspheric sur-
face (incl. value tables)

= A variety of options to influence the
process and correct shape errors

» Spherical, aspherical processing
and edging (chamfering and cen-
tering) can be combined within one
job procedure, @ 20 to 120 mm

®= Easy operation and programming
thanks to graphical user interface
and online diagnosis

S i

Options

= Energy requirements = Tool changer
Electric: approx. 10 KW, 200-550 .+ aytomatic tool clamping
V, 50/60 Hz
compresses air: 6 bar
* CNC-Axes
5-8

* Dimensions & weight
- (wxdxh): 1,450 x 2,061 x
2,157 mm
- Weight: approx. 3,700 kg
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Easy-to-use, large 5.7" graphic display

2-spindie polishing machine for
spheres & 10 - 100 mm

Convex, concave

Features equivalent to CNC con-
trolled polishing machines
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Large working range with oscil-
lation for lens radii con-
vex/concave <= 150 mm

Compact design, only 800 mm
wide

Easy to use large graphic dis-
play similar to Loh-CNC machines
All axes automated for intelligent
job management

Automatic processing with
robotic loading system HS-3
(optional)

Low investment

Robust design
High reliability

Working range

& 10 - 100 mm,

radii range: +/- 150 mm,

pivoting angle: max. 50°, infinitely
variable oscillation over whole
displacement

Tool diameter
max. 210 mm

Control

SPS control, control panel with:,
5.7" graphic display (monochrom),
keyboard, machine control panel

Energy requirements
Electric:

400V, 50 Hz, approx. 2.5 kVA
Compressed air: 6 bar,
consumption: 80 — 120 I/min
Dimensions & Weight

(W x D x H):

800 x 1,250 x 1,800 mm
Weight: 930 kg

Option: robotic handling system
HS-3

Conumables & Tools
Various polishes and tools avail-
able from Loh Opticservice.






The A; is an innovative and flexible
robotic polisher designed to produce
aspheres from ground or pre-polished
components with speed and precision.
It complements the Loh G-System for
pre- and fine grinding of aspheres.

The A technology is flexible and easy
to use. It adapts effortlessly to different
component geometries and process
conditions. Use of standard polishing
slurries and cloths minimises costs.

Features

The A; pre-polishes the ground blank,
before corrective and finish polishing
using the integrated Precessions™ soft-
ware (with optimisation algorithm) for:
® Aspheres

e Spheres, plano optics & cylinders

e Prisms & other optical surfaces

® () 20 — 200 mm

o 7-axis CNC control enables automatic
figure control and fast polishing of
a wide variety of geometries
Breakthrough: patented polishing
head with pressurised membrane
tool creates a precision controlled
variable polishing spot
Polishes all standard materials glass,
ceramics, crystals, suitable metals,
semi-conductor materials, composites
The predictive Precessions™ software
optimises form correcting tool path
data based on an error map, which
has been computed from design
data & metrology information
e Imports CAD lens design data with
interfaces being created for most
standard industry software packages



Max. Tool Angle
45 deg for alt tools

Typical surface texture result
achieved by the process — Ra 0.5 nm

Optimum surfaces with Precessions™

polishing

The Precessions™ technique creates a

circular polishing spot which traverses

the surface of the optic in either a spiral

or raster pattern. The spot’s removal

function has a Gaussian footprint (as

defined mathematically). Using this

regular shape the software computes a

tool control function first to predict and

then to perform rapid corrective polish-

ing using the variables of dwell time,

spot size and too! pressure.

The Benefits:

¢ Effective form correction

¢ Precision form control

¢ Precessions™ also controls the
mid-spatial effects created by the
polishing tool

* Reduced correction iterations using
an advanced algorithm for corrective
polishing lead to increased produc-
tivity

¢ Shorter process cycles by running
form correction calculations off-line

Further benefits

* Integrated tool dressing and tool
measurement functions

* Installed metrology performs auto-
matic machine axis and positioning
calibration checks

e High form accuracy by prescriptive
surface control using Tool Path
Generator (TPG) to compute
tool path, tool-size and dwell
time information with respect to
component and tool geometry,
material removal functions and
other variables

¢ Low operating costs as the A
uses standard polishing media

o Easy to understand polishing
concepts, controllable technology

 High quality surface texture with
precessed tool technology

¢ Rapid job changeovers from the
Ay’s flexible configuration

 Precision control of the lens’ centre
and edge by controlling the pres-
surized tool and other process variables

Easy to use touch screen

Precessed tool

Precess

ve
Clearance

Cloth
Thickness

6.223

0.000

*10,000

“15.540

with graphical interface

Review Resuits

Typical Gaussian “Influence Function”
created by a precessed tool

Import Influence
Function

Optimisation
Process

Set Optimisation
Preferences

Import Error Map

Define Required
Profile
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6441-912°130

E-Mail: loh@loh-optic.com
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www.loh-optic.com

» Linear axes: X, Y, Z
= ‘Rotational axes: A, B, C, H

@20 — 200 mm
¢ Thickness: max..75 mm
» Orientation: vertical

Any materials that can be-polished

by traditional means can.be polished
on the A, including glass, ceramics,
crystals;ssuitable metals, semi-conduc-
tor materials; composites and ‘others.

20 mm, 40 mm and 8o mm

Touch: screen machine tool controller:
with friendly. user interface, Both Tool
Path Generator-and Precessions™
optimisation software are included.

May be imported’ from the Loh'T,
topography measuring device as well
as commonly used instruments from:
e.g. Veeco/Wyko, Zygo and Taylor
Hobson. Other interfaces can be
prepared on request.

* Form accuracy: 8o.nm p-v :

- Surface finish: Ra = 2 nm Ra on BK7:

« Controllable local polishing/figuting:
removal rates varying from _
¢0:05 mm*min. 1o 2.0 mm¥min.

Electric: 400 V (+10%, -15 %),
50/60 Hz, 8 kVA'
« Compressed air: 6 bar,

" air consumption: approx. 130 I/m

» Dimensions:(w x d x h):
1,160 X 1,850 X 1,950 mm
« Weight: 1,800 kg

Consumables

The Ay uses standard. pe

and cloths and saves. on operating
costs compared with: other systems,

A full range of slurries:are available:
Please ask your Loh .réprésen’gati e of
LoW's-Opticservice division. -+ :




1. ZERODUR® has extraordinary properties

What is ZERODUR®
and how is it made?

Zero Expansion

Homogeneity and
quality can be seen in
ZERODUR®

ZERODUR® is a glass ceramic that Schott has developed for optical, opto-

electronic and precision engineering applications. Through intensive material

research and technology development this glass ceramic has become a

material with extraordinary properties that can be supplied in blocks

weighing several tons or as small components, both with unequaled

precision. For this reason, ZERODUR® has become a performance and

quality determining factor in many spectacular applications in modern

technology.

s  Mirror substrates for large astronomical telescopes (for example up to
8.2 meters in diameter)

* Mirror substrates for x-ray telescopes in satellites

e Optical elements for comet probes, weather satellites, and
microlithography

e Frames and mirrors for ring laser gyroscopes

¢ Distance gauges in laser resonators

* Measurement rods as standards for precision measurement technology

ZERODUR® is an inorganic, non-porous material which has a crystailine
phase and a glassy phase. Glass ceramic material is produced as follows:

Using methods common in glass technology, suitable raw materials are
melted, refined, homogenized and then hot formed. After the cooling

and annealing of the glassy blank a temperature treatment follows in which
the glass is transformed into a glass ceramic through controlled volume
crystallization. During this temperature treatment nuclei form within the
glass, and crystals subsequently grow at a somewhat higher temperature.
The crytalline phase and the glass phase together then lend the glass
ceramic ZERODUR?® its special properties.

ZERODUR® contains 70-80 weight percent crystalline phase with a high
quartz structure. This has a negative linear thermal expansion, while that of
the glass phase is positive. The special composition of the base glass for the
glass ceramic ZERODUR® and defined nucleation and crystallization
conditions result in a material with extremely low thermal expansion which in
certain temperature ranges can even be zero or slightly negative, depending
on the ceramization program.

ZERODUR® is a material of the highest homogeneity, and even in large
pieces with dimensions of several meters displays thermal and mechanical
characteristics with nearly unmeasureable deviations.

The very small crystals and the low difference in refractive index between
the crystalline and glass phase result in good transparency in the spectral
range from approximately 0.4pm to 2.3uym, a prerequisite for being able to
test the internal quality of the material. No bubble, no inclusion and no striae
remain undetected

Thus, both tiny precision parts and massive blocks made from ZERODUR®
uniformly exhibit the same precise behavior.



ZERODUR®, unusual
in its properties -
easy to fabricate

ZERODUR®, versatile
in application

Engineers and scientists are continually discovering the glass ceramic
ZERODUR® as an ideal material for their very special tasks which call for the
highest precision.

ZERODUR® has a completely non-directional structure, and it possesses a
non-porous surface. Crystalline and glass phases have chemical
characteristics and hardness similar to those of optical glass so that
ZERODUR® can be processed using the same machines and tools as
optical and technical glasses (for example: cutting, grinding and polishing).

Therefore, ZERODUR® is the ideal mirror substrate for astronomical
telescopes and x-ray telescopes where changes in the mirror caused b
temperature would influence the quality of the observations. ZERODU
assures that better optical performance can be acheived using smaller and
lighter mirrors.

In ring laser gyroscopes ZERODUR® forms the temperature-independent
frame. Low helium permeability provides for long life. In microlithograph
mirror subtrates and other important optical components of ZERODUFg‘4
allow for precise imaging of structures in the manufacturing of microchips.

In laser technology, too, ZERODUR®s unusual linear thermal stability is
proven. ZERODUR?® rods used as distance standards assure stable, exact
calibration of the resonator distance despite temperature deviations during
operation and increase the performance capability of the laser.

ZERODUR® is a glass ceramic which is subjected to precisely controlled months' long thermal process after being
melted as glass in order to achieve zero thermal expansion. A 2-meter mirror blank pour is transported into the
annealing furnace.




The mirror blanks for NASA's spaceborne x-ray telescope CHANDRA is
manufactured from massive blocks using core drilling
and grinding processes.



8 thin-wall conical hollow cylinders placed inside of and behind one another
form the CHANDRA X-ray telescope. Using precise CNC-machining the material
is processed fto its very close dimensional and shape tolerances (0.1mm). A
device developed by Schott allows the handling of the fragile body.



2. Thermal Properties

Mean coefficient of
linear thermal
expansion

Homogeneity of the
coefficient of
thermal expansion

The most important and significant properties of the optical glass ceramic
ZERODUR are the extremely small coeffecient of linear thermal expansion
as well as the homogeneity of this coefficient throughout the entire piece.

Individual pieces of ZERODUR (discs, plates, rods) can be supplied with a
mean coefficient of linear thermal expansion o in the temperature range 0°C
to 50°C in three expansion classes as follows:

Expansion Class 0 0+0.02- 105K
Expansion Class 1 0+0.05- 105K
Expansion Class 2 0+0.10- 109K

f not otherwise expressly specified, material up to Expansion class 2 will be
supplied. Closer tolerance will be supplied upon request.

Figure 1 illustrates the typical coefficient of linear thermal expansion a.
ZERODUR exhibits a very slight linear expansion over the entire
temperature range. It is especially low in the room temperature range.
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Figure 1: Curve of coefficient of linear thermal expansion o of ZERODUR

The glass ceramic ZERODUR exhibits excellent homogeneity of the linear
expansion coefficient within the respective volume of a disc, plate or block.
The stated tolerances for homogeneity of linear expansion can be
guaranteed in the following weight classes for each part, provided that the
diameter of the part is at least twice its thickness:

up to 18 tons <0.03- 10K
up to 6 tons <0.02 - 10%/K
up to 0.3 tons <0.01- 10K

The measurement accuracy for a in the temperature range of 0°C to 50°C is
-6: 0.01 - 10%/K, the precision under repeatability conditions is + 0.005 10
/K.



Total change of length
is a specified
temperature interval

In certain applications the total change of length of oo ZERODUR® part within
a specified temperature interval is vital to its function (such as laser
gyroscopes). In the region of -50°C to +100°C it is usually smaller than
10-10°%, based on the total length of the part.

Upon request ZERODUR® can be supplied with smaller values. Material
with the smallest attainable value for the total change of length has a slightly
positive mean expansion coefficient Al/l (0°C to 50°C) of approximately
+0.02-10%/K

Figure 2 shows the typical relative expansion in length Al/l of ZERODUR®
relative to 0°C. The measurements were performed by CSIRO (National
Measurement Laboratory in Sydney, Australia) in the temperature range 2K
to 125 K and made by Schott in the temperature range of 90 K to 900 K.
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Figure. 2: Relative linear expansion Alll of ZERODUR®
Vibration-free mounted table tops made of ZERODUR® enable very precise

micropositioning of optical components. Changes in distance caused by
temperature fluctuations are avoided.




Thermal conductivity The measured (—) and estimated (-—) values of thermal conductivity A are
shown in Figure 3.
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Figure 3: Thermal conductivity A of ZERODUR® as a function of temperature.

Thermal conductivity A at 20°C [W/(m-K)] 1.46
Thermal diffusivity index a at 20°C [1 0° m?/s] 0.72
Heat capacity c, The measured (—) and estimated (--) values of heat capacity ¢, are

shown in Figure 4.
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Figure 4: Heat capacity of ZERODUR® in relation to temperature

Gp at 20°C [J(gK)] 0.80




Maximum application
temperature

ZERODUR® M

ZERODUR® may be used as a mechanical component as well as a window at
temperatures up to 600 °C.

Slight changes may arise in the thermal linear coeffiecient a (0°C to 50°C)
which can affect components of the highest optical precision, due tc
temperature treatments by the customer or user. If the final cooling rate RE
differs from the initial cooling rate RP, especially in the temerature range of
320°C to 130°C, the change of the coefficient of linear thermal
expansion a (0°C to 50°C) can be estimated by using the following equation:

) Re )
Aw (0°C to 509C) = 0.025 - logo- ﬁ; - 108K

Re: Initial cooling rate
Re: Final cooling rate

ZERODUR?® is generally cooled during production at an initial cooling rate of
0.1K/min. This initial cooling rate must be checked and confirmed in critical
cases.

The linear coefficient of thermal expansion does not change when the cooling
from the temperature above 320 °C carried out at the same rate as the initial
cooling. The glass ceramic ZERODUR® can be subjected to temperature
treatments up to 130°C without causing changes in the expansion coefficient a
(0°C to 50°C).

In the event of highest thermal expansion quality demands we ask for further
inquiry if it is possible to avoid cooling rates other than 0.1K/min (or an initial
cooling rate) in the critical temperature region during processing or use ol
ZERODUR®.

If a customer cannot influence cooling rate, we recommend considering the use

of ZERODUR® M, a material variation ZERODUR® (see product information No
10008).

Rods and slabs without thermal expansion are the subtrate of choice for measurement

cales, standards and on precision measurement technology.




3. Mechanical Properties

Length stability
over time

Young's modulus E

Bending strength

1"

Since 1973, 400mm long gauge blocks made from ZERODUR® have been
interferometrically connected to an' wavelength standard at the PTB
(Physikalisch-Technische Bundesanstalt, Germany). The rods are maintained
at 207°C and are shortened slightly but regularly. Interpolation formulas that
have been derived from previous mesurements on the basis of theoretical
consideration allows predictions to be made for the expected change in the
length of ZERODUR® relation to time.

In a formal analogy to the thermal linear expansion coefficient o the following
applies:

Li=tot+a-a
lo = Sample length in the initial state At = Time interval
A = Length aging coefficient { = Sample length after the time At

The value of A is always negative for isothermal storage. It depends on the
cooling process and on the age of the sample and has an order of magnitude of
IAI<107 per year.

The Young's modulus for a typical melt is shown in Figure 5 as a function of
temperature.
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Figure 5: The Young's modulus of in relation to temperature for a typical melt

Young's modulus E at 20°C {GPa)-mean value 90.3

The practical bending strength of glasses and glass ceramics is not a material
constant. It is particularly upon the following factors:

- Micromechanical condition of the tension loaded surfaces
- Size of the tension loaded surfaces subjected to stress

- Rate of load increase

- Surrounding medium, usually air

Except for individual samples the bending strength is listed as the failure
probability (Weibull distribution). measurement is performed according to the
double-ring test described in DIN 52 292 Part 1 Figures 6 and 7 show the
failure probability for ZERODUR® samples after processing of the test
surfaces with diamond tools (bonded grit) and with loose SiC grit, each with
different grit sizes.



(The area of each test surface subjected to bending stress equals S = 113 mm? the rate at
which the stress is increased is o, = 2 Mpals = 2N/(mm?s). The sample is surrounded by
air.).
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Figure 8 shows the bending strength of ZERODUR® samples as a function
of the size of the test surface S,.
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Figure 8: Failure probability F as a function of test surface area S..

The values for the test surface areas S,=113mm 2; are based on
measurements (Rate of stress (symbol)=2MPa/s. Test surface processed
with D 151, air as the surrounding medium.).

The values for the other test surfaces are based on calculations.

In practice the bending strength is often needed for a load constant in time
and not for defined load increases - as it measured in the laboratory. From
the nomogram in Figure 9 the bending strength under constant load can be
derived from the bending strength for a load increasing at 2 MPA/s. The
admissible constant load decreases as loading increases.
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Figure 9: The bending strength of ZERODUR® under constant load
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Other mechanical
characteristics

Application example
Requirement:

Constant load of 20 MPa over a period of three years with a failure
probability of 5% and a loaded surface of 113 mm?2,

From Figure 9 a bending strength under laboratory conditions of
approximately 42 MPa results from the straight line 10°s (approximate 3
years).

For the failure probability of 5% it can be derived from Figure 6 that the
sample must be processed with D 151 or finer to assure the value.

In many applications a value of 10 MPa can be assumed as a calculation
value for bending strength. This applies, example, to small objects with
scratch-free surfaces.

Poisson's ratio p 0.243

Density p [g/cm?] 2.53

Knoop Hardness HK 0.1/20
according to ISO 9385 620

High precision machining for complex structures
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OPTOMATIC AND

OPTOMATIC MICRO

DESCRIPTION

OPTOMATIC is the first fully automated op-
fical test insfrument featuring rapid, ulira-
accurate and objective performance
characterization of a wide variety of opti-
cal components and lens systems. Re-
sponding to customer requirements for in-
creased speed and accuracy in measure-
ment of optical parameters, OPTOMATIC
provides dramatically increased overall
accuracy and software conftrol of the
complete measuring procedure.

OPTOMATIC is horizontally set up and re-
commended where a large variety of
lenses has to be measured.

OPTOMATIC MICRO is vertically set up and
designed to perform measurements of
smaller optical components and systems.
Due to the vertical set up it is also perfectly
suited for measurement of centration errors.

APPLICATIONS

OPTOMAITIC has been designed to mea-
sure a wide range of optical parameters
related to almost all typical optical com-
ponents and lens systems.

* Effective Focal Length
The Effective Focal Length (EFL) can be
measured for all positive and negative
lens systems with focal length from & 1o
1200 mm. Virtually any existing lens
systems ranging from high performance
photographic lenses and microscope
objectives to endoscope, ophtalmic
lenses, singlets and doublets or molded
plastic lenses can be accurately meao-
sured.

FULLY AUTOMATIC LENS TEST STATIONS

OPTOMATIC
* Back focal length
Using a CCD-autocollimation head the
BFL of positive and negative systems
can be measured. In special set up, the
radii of curvature can be measured as
well,

OPTOMATIC MICRO

Fiange Focal Length

OPTOMATIC provides ideal measuring
capdabilifies for Camera Testing i.e.
Flange Focal Length (FFL). The step
motor driven Auto-Focus System and the
computer controlled data acquisition
permit quick, accurate and automated
serial measurements.



AUTOMATED OPTICAL STATION

* Centering Errors
The centering errors can be measured
either in transmission or in reflection. The
centering errors will be displayed as axis
deviation with accuracy of 1Tum and the
corresponding angular deviation of the
tfransmitted or reflected ray.

Angles and Power of Wedges

The unique versatility of OPTOMATIC is
underlined by the capability to measure
not only parameters of lens systems but
angles and power of wedges and 180°-
prisms or pentaprisms.

MTF-Measurement

OPTOMAYTIC is capable to perform on-
axis MTF-measurements in fangential
plane with a spatial frequency up to 100
lines/mm. In this way the user has a
convenient option to evaluate the
image quality of optical systems tested
for EFL or FFL.

SPECIFICATION

* Fully automatic and computer control-
led measuring process

* Menu driven soffware (Windows 95)

* Focal length range:5...1200 mm

* Focal length range:1...250 mm*

* Accuracy: 0.01% to 0.3%

* Lens diamefter:1...75 (100) mm

* Measurement time: 3-5 sec.

* Angle measuring range approx 1°

* Angle measuring accuracy: 1 arcsec.

* Optical power accuracy: +/-0.002 dpt.

» Centering error :+/-1 um

* MTF Test mode: automatic, on-axis
Spatial Frequency :0-100 Iip/mm

* Values for OPTOMATIC MICRO

TRIOPTICS

TRIOPTICS GMBH - OPTISCHE INSTRUMENTE

AUTOMATED OPTICAL STATION
OptiAngle

DESCRIPTION

OptiAngle is a PC-based Optical Test Sta-
fion that can accurately measure angular
displacements, centration errors and other
parameters of opfical components and
systems.

To achieve this, the system incorporates vi-
sual autocollimators and CCD-Cameras
connected to PC-frame grabbers. User-
friendly Windows-based software guides

the user, improves dramatically the mea-
surement accuracy and provides ad-
vanced data management. A large vari-
ety of modular optical and mechanical
accessories extends the range of applica-
tions. This modular approach enables
OptiAngle to be configurated or upgrad-
ed according to the operator’s require-
ments.

ADVANTAGES

Compared to the visual optical ftesting,
the image processing software provided
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with OptiAngle offers a lot of advantages:

increased accuracy by approx. factor 10

* measurement of high speed rotating

samples

it enables the measurement of smaill or

anti-reflex coated samples

it features automatic measurement

sequence with free selectable

parameters

extremely fast measurement: 1-2

seconds

high reproducibility of the measurement

results irrespective of the operator’s

qualification

* the measurement results can be stored
or printed out

APPLICATIONS
PLANO OPTICS

* wedge angle

* 90°-angle of prisms

* absolute measurement of 45°-angles

* paralielism of plane plates

* deviation angle through wedges and
prisms

* pentaprisms angle

* mirror tilt

SPHERICAL OPTICS

centration errors measured in frans-
mission and reflection while the sample
is freely rotated can be measured fast
and accurate,

cementing of lenses and achromats

The versatility of OptiAngie is underlined by
further applications as measurement of :

¢ radii of curvature

* back focal length (BFL)

» effective focal length (EFL)
* resolution or image gudlity

A typical application is the measurement of
back focal length and resolution efficiency

AUTOMATED OPTICAL STATION

for intra ocular lenses (IOL’s). A specific set
up of OptiAngle known as IOL Optical
Bench is ideally suited for quality control in
production areas.

CD’s and CD-ROM OPTICS

* alignment of CD-opfical heads
» wobble of rotating glass disks

SYSTEM OVERVIEW

The system components of OptiAngle are
of modular design so that for specific ap-
plications the components can be select-
ed and set up by the customer. For typical
applications complete packages are
available:

4-100-00 OptiAngle for PLANO and

SPHERIC components
4-100-01 OptiAngle PLANO
4-100-02 OptiAngle SPHERIC
4-100-04 OptiAngle VISUAL
4-100-06 IOL Bench

SPECIFICATION AND FEATURES

» Angle resolution; 0.2 to 2 arcsec depend-
ing on autocollimator and measure-
ment type

» Centration errors: 1 to 5 microns depend-



AUTOMATED OPTICAL STATION

ing on the measuring configuration.

Focal length range: +500 to -500 mm.

Accuracy: 0.3 to 0.5%

Radii of curvature: concave/convex: 3

to 300mm (extension upon request).

Accuracy: 0.02 to 0.5%

BFL: 3 fo 300 mm. Accuracy: 0.05 fo 0.5%

Sampie diameter: 0.5 to 75 mm

(160mm)

Measurement time: 1 sec 1o 5 sec.

Measurement wave length: centered

on 546.1nm.

Operation systems for software:

WINDOWS® and WINDOWS NT®

Software language: free selectable in

German and English.

Angle units free selectabie

On site calibration procedure.

Real time monitor display of the auto-

collimator image

Computer generated single cross for

initial atignment

Computer generated folerance circles

or angle graduations for quick checking

of production quantities

Automatic threshold i.e. automatic

adjustment to the sample reflectivity

info-window displaying the current

measurement parameters: mean value,

standard deviation, selected measure-

ment parameter, etc.

*» Storage. loading or export of files and
print out of the measuring certificate

PRECISION GONIOMETERS

DESCRIPTION

For accurate measurement of PRISMS,
POLYGONS, WEDGES, WINDOWS, PLATES
etc. TRIOPTICS provides two precision go-
niometers :

TRIOPTICS
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ZIN

COMPARISON GONIOMETER

The Comparison Goniometer usually
needs a reference prism with a known an-
gle. The Comparison Goniometer takes a
first reference measurement using the
master prism. Further measurements are
made relatively to the angle of the master
prisms. '

The system includes an autocollimator
mounted on the swivel arm and a collima-
tor in the ground plate.

The autocollimator image is taken by a
CCD-camera and further processed via
framegrabber, PC and specific software.
Measurements in reflection and trans-
mission are possible.

The PC-controlled Comparison Gonio-
meter features high accuracy and ex-
tfremly short measurement time |

A prism measurement fakes just the time
to press a key of the PC. Being accurate,
extremly fast and non-expensive, the
Comparison Goniometer is perfectly suit-
ed for production environment and larger
quantities of pieces.
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Prism Master

The Prism Master features accurate mea-
suremets of prisms angles from 0° to 360°, It
incorporates a precision rotary table and
Heidenhain rotary encoder whose cumu-
lative error is within 0,2 arcsec. The fine ro-
tary adjustment of the table is given by a
high precision micrometer or a precision
drive. A digital display provides an angle
indication with a resplution of 0.1 arcsec.
The instrument is computer controlled. The
software provides easy operation, records
of measurement data to a file and print
out of the measurement certificate. The

Prism Master does not need a master
prism, however, the measurement time
and the costs are higher compared with
the Comparison Goniometer.

SPECIFICATION

f Comparison | Prism Master
Goniometer
Measuring 0°-360° 0°-360°
Range
Master required not required
prism
Resolution 0.1 arcsec G.1 arcsec
Accuracy + 1 arcsec +0,5 arcsec
(with ACM
500)
Measure- Reflection Reflection
ment Mode | and Trans- (Transmission
| mission with special
accessory)

GONIOMETERS / OPTITEST

OPTITEST

DESCRIPTION

The optical testing usually requires a wide
range of set-ups (configurations) specific
to the application or the parameters to be
measured.

To cover the multitude of applications in
the field of optical testing, TRIOPTICS de-
veloped the OPTITEST which is a compre-
hensive line of equipment including the
largest range of basic optical instruments
and additional mechanical hardware,

To cover all conceivable testing set-ups,
the components of OPTITEST line are feo-
furing a modular design i.e. are inter-
changeable and compatible with each
other. The OPTITEST line, which is continu-
ously developed, includes a large number
of optical instruments:

» Collimators

* Focusing Collimators

* Telescopes

* Focusing Telescopes

* Visual and computerized Autocolli-
mators

* Autocollimators with Eyepiece Micro-
meters

* Focusing Autocollimators

* Focusing Autocollimators with Eyepiece
Micrometers

* Large Field Autocollimators

* LED-Autocollimators

* Diopter Telescopes

* Dynameter

* Binoculars Testing Instrument

* Square Body Telescopes and Collimators

* Positionning Equipment

* Refticles
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OPTITEST

Type Focal Tube Free Magnifica- Field of  Resolution
length diameter Aperture tion View* (arcsec)
(mm) (mm) (mm)

COL 100-38
TEL  100-38 100 38,1 30 6,4x 6°/3° 10
ACM 100-38

COL 150-38
TEL  150-38 150 38,1 30 9.5x 4 /2 7
ACM 150-38

COL 200-38
TEL  200-38 200 38,1 30 12,7 x 3°/1,5° 5
ACM 200-38

COL 300-38
TEL  300-38 300 38,1 30 19x 2°/1° 3,5
ACM 300-30

COL 300-57
TEL  300-57 300 57 50 19x 2°/1° 3,5
ACM 300-57

COL 500-57
TEL  500-57 500 57 50 31,5x 1,2°/0,6° 2
ACM 500-57

COL 1000-115 |
TEL  1000-115 1000 115 100 64 x 0,6°/0,3° i |
ACM 1000-115

*First value for collimators and telescopes, second value for autocollimators
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The product range shown in the table is
also standardly available in modified/up-
graded versions with following features:

2-axes eyepiece micrometer MICRO

2-axes eyeplece digital micrometer DIG! ;
Focusing Tube F |
Large Field LF [
Reticle changer RC |
Reticle and Filter changer RC/FC |

LARGE FIELD AUTOCOLLIMATORS

To meet customer requirements for testing
optical instruments with large field of view,
TRIOPTICS developed a new and unique
line of autocollimators, collimators and
telescopes providing a significant increase
of field of view. Equipped with suitable re-
ficles the Large Field Autocolimators give
for the same focal iength a field of view
larger by 50-150% compared with the
standard line.

OPTITEST
!
Standard | AC-Head | AC-Head
AC-Head | Eyepiece ; Digital
Micrometer | Micrometer
Autocolli-
mator ACM | 2 arcsec 1 arcsec 0.2 arcsec
500-57

LED-AUTOCOLLIMATORS

The LED-Autocollimators are light, com-
pact autocollimators made according
MIL-Standards (high and low temperature,
shocks, humidity etc). The LED-lllumination
enables a practically unlimited life period.

itength dio- |Aper- | Measu- | lution

(mm) imefer| ture | ring (arc-
‘ (mm)| (mm) | Range | sec)

TYPE ‘Focol Tube | Free ‘ FOV Reso
I

ACMI140- 140 40 30 | 4°/2° 7
40 LED :

| TYPE Focal | Tube | Free | Field of ‘ Reso-
length | di- |Aper-| View/ | lution
(mm) | am- | ture | Measu- | (arc-
eter ‘(mm) fing | .sec)
(mm) Range ‘
i
ACM 300-| 300 50 3°/1.5° | 35
57 LF 57 |
ACM 500-{ 500 50 | 1.8°/1,2° 2
57 LF 57 ‘
ACM 1000-| 1000 100 | 0,9°/0.5° ‘ 1
116 LF 115 {

The,angle resolution listed is related to the
standard version of the insfruments.
Equipped with upgraded reading de-
vices, the angular resolution can be signifi-
cantly increased. An example for a select-
ed focal length e.g. 500 mm shows the
range of angular resolution obfainable
with the same system:




OPTITEST / SPHEROMETERS

DIOPTER TELESCOPES

The Diopter Telescope or Dioptometer is a
focusing telescope measuring the power
of lenses in diopters. The results of the
measurement can be read off on a grad-
uated scale.

TYPE Focal | Field |Height| Range | Scale
length | of H (Diopten) | (Diop-
(mm) | View | (mm) ter)

DPT -5/45 7592 | 51045 | 0.2

DPT -3/41 8290 | -3to+1 | 0,1

0 |13
DPT-1/+3 77-83 | +3t0-1 | 01
DPT -5/45 7592 | 5to+5 | 01

SQUARE BODY TELESCOPES
AND COLLIMATORS

The collimators and telescopes with
sguare body have a cross reficle accu-
rately aligned to the body flat surface
i.e.mechanical axis of the instrument. The
sguare body is used as a reference sur-
face in solving alignment problems.

DYNAMETER

The Dynameter is used in optical testing
for measurement of the exit pupil and
magnification of various instruments.

BINOCULARS TESTING INSTRUMENTS

This instrument s used for testing the pa-
ralielism of optical axes of binoculars, im-
age erection and the infinity setting. It in-
cludes two precisely aligned collimators, a
double telescope mounted on a tilt table
and an adjustable binoculars holder. All
the components are conveniently mount-
ed on a stand.

TRIOPTICS
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AUTOMATIC SPHEROMETERS

SUPER-SPHEROTRONIC
for high-precision measurements

Super-Spherotronic is an automatic three
ball contacting spherometer designed to
meet the highest test piate calibration re-
quirements. Being the most accurate in-
strument of our line of spherometers,
Super-Spherofronic can measure the ra-
dius of curvature to an accuracy of 0.01%.

¢ To ensure that the highest available
accuracy values of radius measurement
are obtained, all Super-Spherotronic
components have been optimized and
perfected so that residual errors are
negligible.

SUPER-SPHEROTRONIC

* The test plates used for calibration of the
instrument are manufactured to high
quality standards o an accuracy better
than 1/10 wave for sphericity. The fest
plates are cerfified by NIST of USA, so
that the accuracy of Super-Spherotronic
is directly fraceable to internationat
sfandards.
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SPHEROCOMPACT

SPHEROCOMAPACT is an extremely acc-
urate and easy to use instrument de-
signed for saggita measurement of both

concave and convex surfaces.

¢ SPHEROCOMPACT is the first hand held
spherometer with a high precision linear
encoder which features bright digital
readout, micron resolution and excellent
absolute accuracy.

SPHEROMETERS

¢ The Spherocompact can be used either
as a hand-held instrument to take
measurements directly on the machine
or as a stand-alone instrument in the
laboratory.

APPLICATIONS
Due to their extreme accuracy and re-

peatability the TRIOPTICS spherometers
are primarily used for calibration of master

test plates, but also for any measuring

problem requiring high precision evalu-
ation of radius of curvature:

ADVANCED SOFTWARE

» The SPHEROWIN-Software package runs
under Windows 95 (in German and
English). The measurement results can
be displayed in ,mm" or ,inch™.

Only this soffware package
automafically recognizes when
measuring convex and concave
surfaces.

It provides a statistic evaluation of the
measurements including mean value
and standard deviation.

PARAMETERS SUPER-SPHEROTRONIC | SPHEROCOMPACT
Range of convex radii: +3mmto e +2,5mmtoee
Range of concave radii: -6mmto e -4 mmto e

Travel of linear encoder: +15 mm +15 mm

Diameter of part under test:

6 mm to 500 mm

5 mm...500 mm

Absolute accuracy of the +0,2 ym +1pm
linear encoder

[

l‘ Accuracy of measurement of | 0,01 % 0,05 %

radius of curvature

! Ring diameters

7,5 mm, 20 mm, 38 mm,
60 mm, 90 mm, 120 mm

6 mm, 12,5 mm, 25 mm, 50 mm,
75 mm, 100 mm, 125 mm

Optional

150 mm, 225 mm

150mm, 225 mm




MTF-TEST STATIONS

MTE-TEST STATIONS

DESCRIPTION

The computer-contfrolled MTF-Test Stations
are designed to measure the optical per-
formance of lenses and other image-
forming systems.

Measurement capabilities include:

« Modulation Transfer Function (MTF)
 Phase Transfer Function (PTF)

« Effective Focal Length (EFL)

* Flange Focal Length (FFL)

* Field Curvature

* Distortion

* Relative Transmission and Vignetting
* Astigmatism

* Chromatic Aberration

Our MTF Test Systems offer exceptional
levels of speed, accuracy and repeat-
ability. The equipment is easy o use and
can be configured for research or pro-
duction festing.

Known as OPAL (Optical Performace

Analyser for Lenses), the equipment range

includes the following:

« OPAL Vector - visible festing using a
linear photodiode array camera

* OPAL Matrix - visible testing using a 8-bit
digital CCD video camera

TRIOPTICS
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» OPAL MatrixPlus - visible testing using a
10-bit digital CCD video camera

* OPAL IR - infra-red testing using a single
element detector

» OPAL Video - testing visible or IR video
camera from the video signal

» OPAL CamTest - testing digital still
cameras using an edge target

TYPICAL SPECIFICATIONS
Vector Matrix Infra red
MITF +0.02
Accuracy |
MTF
Repea-tabili- +0.01
ty
Spectral 350-1100 | 350-1100 | 3-5um and
range nm nm 8-12um
Spatial Fre- | 0-2000 0-2000 0-60
quency c/mm c/mm c/mm
Range
Number of 256 768 x 1
pixels or 512 484
MTF mea- 50 100 2 secs
sure-ment m sec m sec
fime
Focal length 21000 mm
range
Maximum
aperture 300 mm
Maximum
off-axis angle = 80 degrees

i)
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TriAngle
Electronic Autocollimator
measures angles along three axes

DESCRIPTION

TriAngle, the new Electronic Autocolimator se-
ries of Trioptics integrates a high resolution
CCD-sensor and is compatible with all Trioptics
objective tubes. The compatibility with objec-
tive fubes of different focal lengths leads to a
variable measuring range and accuracy per-
formance. In this way the TriAngle series re-
sponds optimally to different customer require-
ments and can cover a large range of appli-
cations.

Electronic Autocollimator

The versatility of TriAngle is further enhanced
by the modular design which allows fitting of
different:

* reficles: bright or dark crosshair, pinhole, etc.
* illuminations: LED, laser diode, halogene lamp
e CCD-sensors: 1/3", 1/2" (Standard), 2/3”
TriAngle is designed for outstanding perfor-
mance and flexibility. Depending on the focal
length of the instrument, the standard measur-
ing accuracy varies from 0.2 to 2 arcsec and
the resolution is in the range of 0.01-0.1 arcsec.
Higher performance is available on request.

FEATURES

* integrated HR CCD-sensor
* variable measuring range
* it measures optics and aligns mechanics

The extensive software package covers a mul-
fitude of applications: tilf and wedge angle,
prisms and polygons angles, alignment of me-
chanical set ups, etc. Custom measuring pro-
cedures can be easily inferfaced with the in-
strument soffware program.

MEASURING PITCH, YAW AND ROLL ANGLES

For the first time an Autocollimator can mea-
sure angles along three axes. A proprietary re-
flector design combined with a sofisticated
software enable the measurement not only of
the two classical filt angles (pitch and yaw)
but of the roll angle (rotation around autocolii-
mator axis) as well.

PRODUCT RANGE
’7 Code Type Resolution Reg%oggei.hfy Accuracy Description
(arcsec) (arcsec) (arcsec)

3-103-061 | TA 100-38 o1 0.5" 25" TA 100 - 38
3-103-062 | TA 150-38 ) ) .77
3-103-063 | TA 200-38 1.3" | Focal length (mm) Tube diameter (mm)
3-103-064 | TA 300-38 02" 1.0° The delivery kit includes:
3-103-065 | TA 300-57 0.01 1.0 + TriAngle-Autocolimator
3-103-066 | TA 500-57 01" 0.5" * Frame Grabber
3-103-068 | TA 1000-115 0.05" 0.2" * Software on disk
3-103-069 | TA 1000-140 ‘ 0.2" * Inferface cables
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rotation device combined with vacuum

AUTOMATIC CENTERING AND lens holder is available.
CEMENTING STATIONS » The dispenser is precisely positioned by
means of a stepper motor stage. The
DESCRIPTION dispensing fime is coordinated with the

lens rotation.

The Automatic Centering and Cementing
Stations infegrate assemblies of TRIOPTICS
OptiCentric-System for ultra-precison
measurement of centration errors with au-
tomated cement dispensers and UV cur-
ing systems.

» Alignment of optics by means of a piezo-
electric device with 0,1Tum accuracy.

* The process of inspection, alignment,
cementing and curing is completely
automated. The different steps of the

« The measurement of centration errors is process are programmable.

PC conftrolied and can be carried out
either in TRANSMISSION or in REFLECTION. SPECIFICATION
To achieve this, the system incorporates * Accuracy for centfration measurement:
electronic autocolimators with CCD- 0.1 to 5 microns depending on the
Cameras connected to PC-frame gralbo- measuring configuration.
bers. « Centering mode: transmission and
reflection

+ The mechanical posifioning assemblies * Sample diameter: 0.5 to 300 mm
include a range of high precision rofary * Measurement time: 1 sec
holders with bell chucks and air bearing * Measurement wave length: centered

rotary tables. Alternatively a direct lens on 546.1nm.
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* Mechanical positioning: These products incorporates high preci-
precision rotary holders sion off-axis mirrors coated from UV to IR,
lens rotation device with vacuum holder

* Dispenser and UV curing fully
automated

* Operation systems for software:
WINDOWS® and WINDOWS NT®

* Software language: free selectable in
German and English.

¢ Angle units free selectable

* On site calibration procedure.

OPTICAL COMPONENTS AND

MOUNTED OPTICS

OPTICAL COMPONENTS

The optical components offered by
TRIOPTICS include a large variety of:

BEAM EXPANDER
* lenses
* achromats
e prisms
* projection lenses
» spherical and flat mirrors
» off-axis paraboloids

Dimensions up to 1300mm, surface accu-
racy up to A/20. Materials include giass,
ceramic, silica. These components are
available in standard (catalog) sizes or
(most of them) as O.E.M. products made
to customer’s own drawings.

MOUNTED OPTICS

Any of the above mentioned optical
components can be ordered mounted
ready for use, either in stfandard or custom
made mounts, In addition a standard
range of :

¢ reflective laser beam expanders
* reflective tube collimators are available. OPTICAL COMPONENTS



INTERNATIONAL AGENTS

are listed below.

FRANCE

TRIOPTICS France

27 Boulevard du 11 Novembre 1918
BP 2132

69603 Villeurbanne Cedex

Tel: 0033 472 44 02 03
Fax: 0033 4 72 44 05 06
e-mail: triopticsfr@compuserve.com

CANADA

Harvard Apparatus Canada
6010 Vanden Abeele
Saint-Laurent

Quebec H4S 1R9

Tel: 001 5143350792
Fax: 001 5143353482
e-mail; 102263.2131@compuserve.com

ENGLAND

Armstrong Optical Lid.
55 Greenglades
West-Hunsbury
Northampton NN4 oYW
United Kingdom

Tel.: 0044 1604 760840
Fax: 0044 1604 760840
E-mail: armoptical@aocl.com

BRAZIL

Eikonal instrumentos Opticos Ltda.
Caixa Postal 66151

05315-970 S&o Paulo, Brazil

Tel: 0055 11 212-1290
Fax: 0055 11 813-1327
e-mail: eikonal@ibm.net
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To contact our international agents visit our Homepage at:
hitp://www.trioptics.com For your convenience some of our representatives

CHINA

Golden Way Scienfific
Rm. B306 Sigma Center
494, Zhi Chun Rd.
Beijing 100080

China

Tel.. 0086-10-88096218
Fax: 0086-10-88096216
E-mail: weizhigi@goldway.com.cn

JAPAN

FIT Future Instruments Trading Inc.
1-3 Nihonbashi-Ohdenmacho
Chuo-Ku / Tokyo 103

Tel: 0081 3 3666 7100
Fox: 0081 3 3667 7094
e-mail: fit@blue.ocn.ne.jp

KOREA

Sam Joong Optical Industry
Room 406, SungDo Bldg.
123-2 Nhyen-Dong
Kangnam-Ku, Seoul 135-010

Tel.: 0082 2 547 3497
Fax: 0082 2 547 3498
e-mail: SAMOPT@hitel.kol.co.kr

TAIWAN R.O.C.

UNICE E-O Services Inc.
No. 25 Chung Ming Road
Chung Li / TAIWAN, ROC

Tel: 00886 3 491 2245
Fax: 00886 3 491 2243
e-mail; unicel@ms4.hinet.net

TRIOPTICS
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Visit our homepage for the newest information on the activities and products of our
company!

TRIOPTICS™ Website provides online photos and product descriptions of our line of
optical test equipment. Typical applications are detailed, helping the user to select
the most suitable measuring instrument for his test problem. A direct link to our e-mail
address allows fast, easy contact.

in addition the TRIOPTICS 'homepage provides a listing of our international agents,
information about the major exhibits and downioads of the newest software ver-
sions.
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TRIOPTICS Homepage: http://www.trioptics.com
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TRIOPTICS GMBH - OPTISCHE INSTRUMENTE
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Trioptics GmbH + Optische Instrumente
Hafenstr. 39 - D-22880 Wedel / Germany
Phone: 04103 - 18006 - 0
Fax: 04103 - 18006 - 20
E-mail: info@trioptics.com
http://www . trioptics.com



Structure - Operating principle

Brief Overview

Collimators, Telescopes and Autocollimators at

a glance

llluminator ~ Condenser Reticle Objective

\

Collimator

A collimator projects a reticle to infinity.
It may be used for testing instruments
that require an object at infinity.

Eyepiece  Reticle Obijective

Telescope

A telescope has a reticie in the focal plane

of the objective. It may be used in connection
with a collimator for directional
measurements.

Hluminator Coliimator
reticle
Condenser

Obijective tube

Eyepiece
Evepi . Beam splitter Objective
yepiece reticle

Autocollimator

An autocollimator is a collimator and a telescope
in one instrument. Autocollimators are high
precision angle measurement instruments.

MOLLER-WEDEL

IHTERRATIONAL



This table helps you to select the correct instruments

First find the measuring
task in the left column
below. Then choose

a suiFabIe method l:,
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Collimators, telescopes and autocollimators
Terms and definitions

Optical imaging:

The transformation of a ray bundie from an object point
O into another ray bundle that intersects at an image
point O'".

Real image:

The real intersection point O' of a convergent ray bundle
emerging from the optical system. (a)

Virtual image:

The apparent cross point O' of a divergent ray

a) b) 9] bundle. (b)

in the limit case O' lies at infinity. In this case

there is no difference between real image and virtual
image. (c)

MULLER-WEDEL

[
Rear focal point F'" |
The image point located on the optical axis at which
an optical system focuses an optical beam parallel to
the axis. } e H H
Front focal point F:
Ray bundle from this object point located on the optical ()Y
axis (F) is transformed by the optical system into a beam o) ™ y
parallel to the optical axis. l \' oY

A

Front and rear principal point H, H":
Points located on the optical axis which are the image
of each other at equal height and direction: I

Front and rear focal length f und f'

The distance between F and H and between F' and H'.
Usually the refractive indices of the media in front of
and behind the optical system n; and n, are equal:

n, =n, =1 (for air) and f = -f".

F Clear aperture or aperture diaphragm (d)
\ for collimators, telescopes and autocollimators the
clear aperture is determined by the free aperture of
(+)f._j’ the objective mount.

Aperture ratio

is in this case d/f. This ratio is a measure of the
image brightness.

|

Field angle 2 ¢: Field stop (2y")

The angle between the principal rays originating is determined by the free diameter of the reticle.
from two marginal object points. Its size depends  The field stop 2y' determines the ray bundle

on the field stop and the objective focal length. emerging from the object.

The free diameter of the retical functions as a

field stop. o Telescope magnification V: N

I ol e messe of e dnerdn of - w seung o iy Vet

' pes and auto- B Setting to a finity distance: f =

collimators. - ' “ g
f, = Objective focal length v =»L1'(.1;+%) =
f, = Eyepiece focal length f2 = =



Collimators, telescopes and autocollimators
Terms and definitions

Field of view y: Objective Eyepiece
Is the diameter of object field at the adjusted distance
which is seen by an observer. Its size depends on:
M Field stop and the diameter of

o _f the reticle

YEY et B Objective focal length f
B Object distance e Field of vi )
The field of view gives the measure of field expansion of ~''©'C &' VeW @Y Crossline oy
testing and reading telescopes set to a finite distance.
Refractive index n: Optical path:
A material constant which determines the The change in the path of the light due to the difference

_FFLOPagat:O” of alight w_a\:je in'th(;e rfglev;nt n;]ediurp. between the speed of light in the medium compared to
e absolute refractive index is defined as the ratio vacuum. It yields the product n-| with n as the refrac-

between the light velocity in the space and the tive index and the length of the path. The optical path

medium: creates the physical conjunction between the vibrational
n =S frequency which yields from the wave nature of light and
- C the density of the respective medium.

Refractive index is wavelengthdependent.

!
Geometrical beam splitting:
Geometrical splitting of the illumination and observation
beam. Geometrical splitting yields a smaller field of view
but higher brightness and a less scattered light. It is used
for very small objects, e.g. prisms for endoscopes and
miniature mirrors.

Eyepiece

Physical beam splitting: I

The physical beam spilitting is commonly used with
autocollimators. Both iliumination — and observation paths
use the full objective aperture. ’

. T




Collimators and telescopes
Structure and operating principle

Collimators
A collimator which projects the image of a reticle to
infinity. Consequently, a bundle of parallel light

emerges from the collimator. An image to the rear N
cannot arise. {’@%
The main components of a collimator are: L%

W Tube with objective \

M Adapter sleeve with reticle lluminator ~ Condenser Reticle Obijective
M llluminator

The reticle is located in the focal plane of the
objective. The emerging beam is parallel.

A collimator with tube extension can be set to
finite distances as well as infinity. In this case the beam is convergent or divergent and yields a real
or virtual image of the reticle.

Telescopes
In industrial metrology telescopes are normally set to
— infinity or to a finite distance. Their main
= components are:
B Tube with objective
Eyepiece Reticle Objective B Adapter sleeve with reticle
B Eyepiece

Collimator and telescope.
A measuring combination for testing
angular direction.

A collimator together with a telescope both set to
infinity from an unit which measures the difference in
angular direction of collimator to telescope. If the

! - Collimator Telescope
angle between the axes is o the crossline image of Y
the collimator reticle is displaced by "y" in relation to - A

the centre of the reticle in the eyepiece of the ®@ﬁ}<_l.
=\

telescope.
A parallel displacement of either of the axes does @
not effect the angle measurement. ]

. Y :
O tocal length of the objective ‘ J

MOLLER-WEDEL

=
=
=
=
==
&
=



Autocollimators
Structure and operating principle

Autocollimators ,

A collimator combined with a telescope adjusted to

infinity becomes an autocollimator.

An autocollimator consists of:

B Tube with objective

N Autocollimation head with collimator- and
eyepiece reticle

M Eyepiece

B lHluminator

The autocollimation head serves as sleeve for

collimator- and eyepiece reticles. The autocollimator

head with eyepiece and illuminator forms a self-

Eyepiece reticie Objective tube contained unit: autocollimation eyepiece.

llluminator

Condenser

Collimator
reticle

Eyepiece Beam splitter Objective

Autocollimation eyepiece
| + objective tube with objective

Autocollimator

Autocollimation

Autocollimation: an optical procedure where a reticle image which is imaged back onto itself can be
observed. Autocollimation is a sensitive procedure to detect small directional or tilt errors. It is
generally used with an autocollimator set to infinity together with a plane mirror. To form an image
in connection with spherical surfaces, the parallel beam path is converted into a concave or convex
beam path via an additional objective, (achromat). In such set-ups autocollimation images emerge if
the focal plane of the attachment achromat coincides with the centre of curvature of the surface.

Autocollimation is a procedure for directional testing. The accuracy of this measurement method
is independant of the distance between Mirror/Autocollimator or Collimator/Telescope.

Autocollimation operating principle

The autocollimator projects the image of a reticle in
a parallel beam of light (collimated light) onto a
mirror which retroreflects the light bundle back into

the autocollimator. That is how an autocollimation
image is formed.

If the mirror is exactly perpendicular to the optical

axis of the autocollimator the beam of light is

reflected along the same path. When tilting the

mirror the reflected beam enters into the objective

at an angle. \

Depending on the angle of the reflected light \%
bundle the autocollimation image is displaced to a h
greater or lesser amount. The displacement of the Vi
autocollimation image in x- and y- direction provides \-\\—‘~
a measure of the angular displacement of the mirror. \L’

a=— f = focal length
of the autocollimator objective




Collimators, telescopes and autocollimators

Applications in the optical industry

Determination of optical parameters

B Radii of curvature of spherical surfaces

The autocollimator is adjusted to a finite distance.
Autocollimation images occur at both the vertex and
centre of curvature of the surface. The displacement
"' from one sharp setting to the other corresponds to
the radius of curvature of the surface.

MOLLER-WEDEL

M Focal and back focal length of positive and
negative optical systems

Collimator K is set to infinity. A graduated scale y in

the focal plane of the collimator is projected into

the focal plane of the specimen P. The size of the

projected image y' is measured with the microscope

and the focal length read off from the scale.

Testing objectives

B Testing the flange focal distance
If a plane mirror S or a film F is located exactly in the
focal plane of the objective P the autocollimated

image appears sharp and free from parallax. F P
B Testing the image quality —t— i I ..... ;
The collimator is adjusted to infinity. = 5 ‘ ‘

A resolution test is projected through the
specimen (objective). The projected image is observed with an eyepiece.

B Testing of distance setting

The autocollimator is set to the distance which is to be tested. In the image plane of the objective is
placed a mirror or a film. If the specimen (objectives) is set to the corresponding distance the
autocollimation image must appear sharp within the permissiple tolerance.

}\ Testing optical components for
J angle errors
a) / M 90°-angles and pyramidal errors with glass prisms

B Comparison of prisms with master prisms
B Testing wedges and plane-parallel plates

Testing optical instruments

: y B Image quality

\ W Parallelism of the optical axes and image erection
in binocular instruments

B Distance setting

.




Collimators, telescopes and autocollimators

Applications in the optical industry

The variety of our collimators, telescopes and autocollimators allows the optimum arrangement to
be set up according to the individual measurement task. For measurements occuring often we offer
complete instruments:

]

Measuring Combination MELOS 500* ‘ m

Versatile applications: i

M Testing radii of curvature, focal and back focal length
of optical components and systems.

B Testing prisms for angular errors

B Testing wedges and plane-parallel plates with
autocollimator f = 140 and f = 300 mm

|

Universal Collimator*

to test optical instruments for:

MW Resolution

MW Distance setting

B Angular accuracy of reticles

f = 500 mm, free aperture 90 mm, field of view 10°

with interchangeable reticle in cassette in system.
Extension to an autocollimator or telescope is possiple.

Camera Testing Instrument*

Setting and testing of:

W optical units

M multiple component systems
(e.g. camera objectives,
afocal systems)

in the finite and infinite range.

* Ask for detailed literature.




Autocollimators
Applications in the machine tool industry

l

Measuring the straightness

Determination of the differences in height by displace-
ment of the base mirror in stages corresponding to
base lenght in each case (distance between pins).The
mirror is inclined at points which are not level.

The difference in height A h ist: Ah=tan‘oxb
o = Mirror inclination

b = Base lenght of the base mirror

AK = Autocollimator

B = Base mirror

Measuring the flatness

lhe straightness of the 8 lines AC, BD, etc., is

neasured. Since each line has two common

neasuring points with other lines in other direc-

jons of measurement, the various contour lines can

»e linked together. Evaluation gives a topography

»f the measured surface.
- Guide

3 - Base mirror

J - Deflection mirror

AK - Autocollimator

viL - Measuring lines

|

Measurement of parallelism

B Measuring of the parallelism of aligned shafts

Mirror S is first positioned at test piece P, and then the

autocollimator lined up with the mirror to fix the position

of the autocollimation image. Subsequently the mirror S is

positioned at test piece P, and the position of the auto-

collimation image noted. The displacement of the

P P, autocollimation image yields the deviation from the
parellelism.

|

# Measurement of parallelism of adjacent or
superimposed bore holes

vlirror S is fixed to a mandrel D and is placed in the

sore holes to be tested. A pentagon prism P can be

ssed as the deviating mirror. The displacement of the

witocollimation image yields the deviation from the

»arallelism. |
I

| f=o=———mi)|

NHne

AK




Autocollimators

Applications in the machine tool industry

Quality assurance of machine tools

The new generation of electronic autocollimators*
from Moller-Wedel offers access to new ways of
assuring quality of machine tools, production
facilities and machines of any type. Wherever
highest angular accuracy is wanted:

B In the production and assembly of machine.
M For inspection, service, calibration.

B For the continuous
monitoring of
production
facilities.

Straightness ’
The straightness of a
machine bed, the
angular slope of the
slide or the parallelism
between paths or axes.

Right angle
measurement
Between axes or
machine components,
or between spindie
and slide travel.

This versatility enables rationalized quality
assurance and forms a basis for an economical
solution of problems.

Our electronic autocollimators measures without
contact using a light beam, electronically
controlled. Computer optimized optical systems
and the most up to date microelectronics
guarantees good quality and unique reliability.
The technical features speak for themselves:

B Electronic sensing with
CCD-lines

B Resolution: 0.05"

B System accuracy:
+0.25"

B Measuring range: £1000"

M Integrated microproces-
sor with standard
software for typical
applications

M RS 232 interfaces for
computer and printer

Flatness

The flatness of large
plates and levelling of
machine bases.

Calibration
Calibration of dividing
and rotary tables with
highest precision.




Autocollimators
Applications in the assembly line

Integration into automatic assembly lines

B Automatic monitoring of angular positions

B Compensation of drift phenomena with optical and mechanical set-ups.

With the availability of standard (RS 232 and IEEE) interfaces the electronic autocollimator* can be
integrated into monitoring and assembly systems. A computer can compare the actual angle values
of several autocollimators with the nominal values and compensate the deviations by suitable adjustment
and control devices.

MOLLER-WEDEL

/\ S, Sy, S, - Mirror

/ L4
/ AK 2 . . o
Monitoring the position of a multi-axis system

Automatic mirror adjusting during
assembly

Example: Adjusting a mirror to the
optical autocollimator
axis, PC controlled

SM - Stepping motor

ASE -  Control unit

Autocollimator

Deflection mirror

Mirror

Autocollimator

| Example: Adjustment of an opti-
AK-Head § o cal set-up using an
o electronic autocollimator,
N PC controlled
om0 m f SM - Stepping motor
‘ AS Control unit

AK-Display - Controfl unit ASE ‘

INTERMATIONAL

* Pleacs ack fa datailad infarmation



Autocollimators

Applications in the laboratory

Autocollimator

i

|
By connecting the control unit of the electronic
autocollimator* to a computer it is possible to make
long-term studies on the stability and drift properties
of equipment to develope angle scanning units, etc.

SM - Stepping motor
ASE - Control unit
S - Mirror

—

gomm o m

AK-Display

AR RN \

-1

] ] I T [ |
0 10 20 30 40 50 60 h

Long-term studies of the drift properties of a positioning set-up with hybrid-/stepping motor. The test
arrangement consists of a plane mirror, an electronic autocollimator*, an IBM compatible computer
and an output device.

Autocollimator to be calibrated Reference Autocollimator

(specimen)
S N
N -

Calibration of
autocollimators

Both the reference- and autocollimator

to be calibrated are aligned to a

double-sided plane-parallel mirror on a

precision rotary table. If the table is

rotated by a small angle both the test AK,
and the reference autocollimators will

show a change in angle. The difference

in angle reading will be the error in the

test instrument.

AK e

AN

{
Olaz = Olara

* Please ask fo detailed information




Autocollimators
Applications in the printing and scanning technique

|

Measurement of parallelism of rollers
Mirror S is mounted on a V-block with two
spirit levels (L) on the top surface. The V-block
is placed on the first roller and levelled in
longitudinal and transverse direction. The
autocollimator is adjusted to the mirror S and
then the block is transferred to the second
roller which is then adjusted to the auto-
collimator so that the longitudinal level shows
Zero and the eyepiece crossline stands
symmetrically. After this both the axes are
paraliel to each other. Use of an electronic
autocollimator shortens the measuring time
and improves the accuracy.

AK - Autocollimator

W - Roller
S - Mirror
P - V-block ‘
L - Level \
3  —]
_—  — | —
I' _____ Frame
|
!l === Travelling carriage AK
| i
! |
] | ‘
_..'1_ ..... H—— JUE PO PR JE SR I
|
{ -
L - N Y e
1 | lZAu Bt N
! [
! [
’ e ge—
| Slideways
o

— Angle measurement in the structural components of photoscanners
B Examining errors in the slideways.
The scanner objective is replaced by a plane mirror and the autocollimator aligned to the
mirror. As the mirror moves along the slideway the angle measured by the autocollimator will
change'if the rails are deformed or if there is a play in the bearings.
The autocollimator will measure angular changes in two axis as a function of time using
suitable software.

[NTERHATIONAL



Autocollimators

Applications in the 3D-metrology

Testing the ram movement on 3D-

coordinate measuring machines

An electronic autocollimator can test the pitch
and roll movement of a ram simply and
precisely. The measuring accuracy depends on
the flatness of the mirrors strip. MOLLER-
WEDEL produces mirror strips with a flatness
better than 60 nm up to a length or approx.
600 mm. A Test Certificate can be supplied on

Mirror- —— Ram request.
strip -

Precision guide

S, - Deflection prism
S, - Position of the deflection prism after

:_g_m I .. ram movement
”;\ A, - Autocollimator
il As,, - Roll angl
I AK ., - Roll angle
_Tu':_l‘ ! ;

i -

A :lL.

Testing angles in production

W Measure facet angles of prismatic specimens with
specular reflecting surfaces

B Measure deviation angles of optically transparent
prisms

The electronic autocollimator* allows quick relative

measurements of angles from specular reflecting

surfaces and of deviation angles of transparent

prisms in comparison with an etalon.

A software program is available to automate

measurements. Futhermore the software

permits the electronic autocollimator to be

used in conjunction with the 1ISO 9000 system,

thus linking measurements with quality assurance ) )

systems. MOLLER-WEDEL offers complete systems @ prism angle @ Deflection angle

including tested and certificated etalons. ;

AK 1

COM 2

com1

AK - Electronic Autocollimator
COM - interface

* Please ask fo detailed information




Examples for Applications of
Collimators, Telescopes,
Visual and Electronic
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Autocollimators
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1. Introduction

Autocollimators are high-precision instruments for measurement of angular settings. Principal
field of application are calibration and measurement tasks in optical and mechanical
engineering.

In the following a selection of examples from the wealth of applications is presented. The
applications are roughly divided in two areas - optical and mechanical engineering. With this
collection of examples we would like to give you an idea for the solution of your specific
measurement problem.

The description of the measurement tasks is made for visual autocollimators. Nevertheless in
most cases a computer aided evaluation by attaching a CCD-camera or with an electronic
autocollimator ELCOMAT is possible, too. This kind of evaluation offers the advantage of
enhanced accuracy with shorter even measurement time.

How autocollimation works

The autocollimator projects the image of a reticle marking in collimated beam path to infinity.
A mirror in the optical path reflects the beam back into the autocollimator. The reflected
beam generates the autocollimation image.

When the mirror is perpendicular to the optical axis, the beam is refiected into itself. When
the mirror is tilted with an angle «, the incident ray enters the objective oblique. Depending

the angle of the ray bundie to the optical axis, the autocollimation image is shifted from the
centre.

The amount of shift in x- and y-direction is a measure for the tilt of the mirror;

a= _2y? , f = focal length of the autocollimator.

1-1



2. Applications in Optical Industry

Testing of Parallelism With Collimator And Telescope

Set-up:

o Collimator with reticle S115 (single crossline)

s Telescope with reticie S127 (double crossline) and double micrometer
¢ Index table or Goniometer

e Adjustable holders

First, read the angle between the optical axes of the telescope(collimator) and the front
surface under test.

There are two autocollimation pictures: one from front surface and one from the rear surface.
If both coincides the front and rear surface are parallel to each other.

If both pictures have a distance AY from each other the surfaces are not parallel. The
distance AY is measured with the aid of the double micrometer:

Ay cosa

Ap=—220F
2fyn? —sin’ o

where:
Ap:  Wedge angle
Ay: Distance of the autocollimation pictures
n: Refractive index of the glass plate
f: Focal iength of the telescope
o:  Angle between the optical axes of the teiescope (collimator) and the front surface
of specimen to be tested.
I

241



Testing of Wedges and Plane Parallel Plates

Set-up:

¢ Autocollimator with double-micrometer, collimator reticle S115 (crossline) and eyepiece
reticle S127 (double crossline)

or

e Autocollimator with collimator reticle S 115 (crossline) and eyepiece reticie S304 or S401
(reticle with graduation in mm)

and

+ Supporting table with mirror surface

* Vertical stand

* Plan-paraliel glass plate (mirror coated)

Adjust the supporting table with reflecting coating to the autocollimator. Put on the test
specimen.

Turn the specimen in such a manner that the read out of the x-direction is zero. Read out the
deviation Ay .

The deviation from plane parallelism is determined as per:

Ay
Ap=+—
MY
where:
Ag: Angle deviation of plane parallelism
Ay: Distance of the autocollimation image from its zero-position
f: Focal length of the autocollimator

In the case that the table is not mirror coated use a plane parallel mirror with known error and
put this mirror on the supporting table. Then proceed as described under a) and b)

Ay
2A¢
AQlTTTIT e
a) b)



Testing of Transparent Wedges -
Evaluation by Double Cross

Set-up:

¢ Autocollimator with double-micrometer, collimator reticle S115 (crossline) and eyepiece
reticle S127 (double crossline)

or

» Autocollimator with collimator reticle S 115 (crossline) and eyepiece reticle $S304 or
$401...8431 (reticle with graduation) '

a)  Adjust specimen to autocollimator in such a way, that one image of the collimator
reticle is centred in the eyepiece reticle.

b)  Rotate the specimen so that the angular deviation of the other reticle image is zero in
x-direction. After reading the Ay respective Ag, the angular deviation § can be
calculated by (B<5°):

Ay Agp
=f— or =t—
P 2nf F n
where:
B: Angular deviation from planarity
n: refractive index of glass
Ag, Ay: Distance of the autocollimation image from its zero-position
f: Focal length of the autocollimator
>
<
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Testing of Transparent Wedges -
Evaluation by Reference Mirror

Set-up:

e Autocollimator with double-micrometer, collimator reticle S115 (crossline) and eyepiece
reticle $127 (double crossline)

or

« Autocollimator with collimator reticle S 115 (crossline) and eyepiece reticle S304 or
S401...8431 (reticle with graduation)

and

e plane mirror

a)  Adjust the reference mirror to the autocollimator in such a way, that the image of the
collimator reticle (single cross) is in the centre of the eyepiece reticle.

b) Insert the specimen and adjust the angle to the optical axis of the autocollimator so,
that it is smaller than approx. 5°. Rotate the specimen so that the angular deviation of
the other reticle image is zero in x-direction. After reading the Ay respective Ag, the
angular deviation B can be calculated by (B<5°):

A A
(P or B=t——2F
2n-1)f (n-1)
where:
B: Angular deviation from planarity
n: refractive index of glass

A, Ay: Distance of the autocollimation image from its zero-position
: Focal length of the autocollimator

AY

AN
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Testing of Transparent Wedges -
Evaluation by Angular Deviation

Set-up:

» Telescope with double-micrometer, eyepiece reticle S127 (double crossline)
or

+ Telescope with eyepiece reticle S304 (reticle with millimeter graduation)
and

« collimator with reticle S115 (single cross).

a) Adjust the telescope to the collimator in such a way, that the image of the collimator
reticle (single cross) is in the centre of the telescope reticle.

b) Insert the specimen and adjust the angle to the optical axis of the autocollimator so,
that it is smaller than approx. 5°. Rotate the specimen so that the angular deviation of
the other reticle image is zero in x-direction. After reading the Ay respective Ag, the
angular deviation B can be calculated by (f<5°):

p=t—2Y
(n-nDf
where:
B: Angular deviation from planarity
n: refractive index of glass
Ag, Ay: Distance of the autocollimation image from its zero-position
f: Faocal length of the autocoliimator

]
L/

g
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Testing of the 90° angle of a 90°-Glass Prism

Set-up:

¢ Autocollimator with double-micrometer, collimator reticle S115 (crossline) and eyepiece
reticle S127 (double crossline)

or

¢ Autocollimator with collimator reticle S 115 (crossline) and eyepiece reticle S304 or
S401...8431 (reticle with graduation)

and

¢ Vertical stand (e.g. MELOS-measuring stand)

Adjust the autocollimator to the base of the 90°-prism. Three bright reticle images appear in
the eyepiece. One from the base and two from the internal reflection in the prism. When
rotating the prism around roof edge, the last two image remain in place. If the 90°-angle
deviates from squareness (Aa), the images from the internal reflection are separated by a
distance 2Ax respect. 2A¢. When additionally the images are separated in height, the prism
has also a pyramid error (AB). The errors can be calculated according to:

Aa = iﬂ or Aa =% —A—(P
2nf n
Ay A0
AB=2— or AB=+—
P 2nf P n
where:
A Error of the 90°-angle
AB: Pyramid error of the prism

AXx, Agp: Lateral separation of the reticles images from zero-position
Ay, AB: Vertical separation of the reticles images from zero-position
f. focal length of the autocollimator

2-6



Testing 45° Angles of 90°-Glass Prism

Setup:

e Autocollimator with double micrometer, collimator reticle S115 (single crossline) and
eyepiece reticle S127 (double crossline)

or

¢ Autocollimator with collimator reticle S115 (single crossline) and eyepiece reticle
S411...8431(angle graduation)

and

» Vertical holder (for example MELOS-Measuring stand)

Adjust the autocollimator to one of the short faces. There are existing two autocollimation
images of both short faces which do only coincide if the 45° angles are exact.

Measure the distance between them, either with the aid of the eyepiece-double-micrometer
or with a graduated eyepiece reticle.
AX _ é?_ _Ap Ao

AR = — A —_
P=ami 2 o m 2

where

Ao Error of 90°-angie (to be measured in
a separate step; see testing of the
90° angle of a 90°-glass prism) :

AB:  Error of 45°-angle

Ay: Distance of autocollimation images in the image plane

f: focal length of the autocallimation telescope

n:  refraction index of the prism

45°—Aa~AB



Relative Measurement of Angular Error of Prism

Set-up:

» Autocollimator with collimator reticle S115 (crosstine) and eyepiece reticle S127 (double
crossiine)

e Autocollimator with double-micrometer, collimator reticle S115 (crossline) and eyepiece
reticle S127 (double crossline)
Reference prism (master prism)
Swivelling holder with tiltable supporting table
Adjustable holder for second autocollimator

The reference prism is positioned on the tiltable supporting table. Both autocollimators are
adjusted to respective surfaces of the prism. The fine adjustment of the prism to the first
autocollimator is done with the adjustment screws of the supporting table. The fine
adjustment of second autocollimator is made with the adjustment screws of the adjustable
holder.

Now the reference prism is replaced with the test prism. The prism is adjusted to the first
autocollimator with the supporting table. At the second autocollimator the distance of the
reticle image in x- and y- direction are measured. The angular errors can be calculated
according to:

iﬂ and AB = -_FQ(—

Ao =
T of

where:
Aa:  Angular deviation of the prism
AB:  Pyramid error of the prism
Ax:  Lateral separation of the reticles images from zero-position
Ay. Vertical separation of the reticles images from zero-position
f: focal length of the autocollimator
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Testing of Objectives

Set-up:

+ Autocollimator with tube extension and collimator reticie $201, S$202 (Siemensstern),
S211 or 8212 (resolution test) and eyepiece reticle S111

e plane mirror

e adjustable holder

Testing of the flange distance

Place a mirror or a film exactly in the image plane of the objective. If the autocollimation
image appear sharply in the eyepiece, the position of the object is correct.

Testing of the distance setting

The autocollimator with tube extension is set to the distance to be tested (virtual setting).
Place a mirror or a film exactly in the image plane of the objective. Set the objective by
distance ring to the selected distance. If the distance setting is correct, the autocollimation
picture is shown sharp.

[T
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Radius Measurement of Concave Spherical Surfaces

Set-up:

« Autocollimator with collimator reticle S201 or S202 (Siemens star);

» Attachment achromat (f = 50 / D16 to f = 500 / D50 depending on the radius to be
measured.)
Please note that f > r

e Measuring slide with length measuring system or MELOS stand

The attachment achromat converts the parallel beam to divergent or convergent beam (finite
setting). If the autocollimator is focused to the vertex of the surface an autocollimation image
occurs. The second autocollimation image occurs when the focal point of the attachment
achromat coincidences with the center of curvature of the surface. The translation range to
move the autocollimator from one picture to the next corresponds to the radius. When
measuring transparent lenses additionally pictures form the back surface occur. That has to
be taken in mind when selecting the corresponding pictures for radius measurement.

The measurement is done as follows:

a) Move the autocollimator along the translation slide until a sharp picture occurs
(Siemens star sharp). Index the position.

b)  Move the autocollimator to the next position until the picture is sharp. Index the second
position. The difference of both index positions is the radius:

r=AL

AL




Radius Measurement of Convex Spherical Surfaces

Set-up:

» Autocollimator with collimator reticle S201 or S202 (Siemens star);

» Attachment achromat (f = 50 / D16 to f = 500 / D50 depending on the radius to be
measured.)

e Measuring slide with length measuring system or MELOS stand

The attachment achromat converts the parallel beam to divergent or convergent beam (finite
setting). If the autocollimator is focused to the vertex of the surface an autocollimation image
occurs. The second autocollimation image occurs when the focal point of the attachment
achromat coincidences with the centre of curvature of the surface. The translation distance to
move the autocollimator from one image to the other corresponds to the radius. When
measuring transparent lenses additionally images from the back surface can occur. That has
to be kept in mind when selecting the corresponding images for radius measurement.

The measurement is done as follows:

a) Move the autocollimator along the translation slide until a sharp image occurs
(Siemens star sharp). Index the position.

b)  Move the autocollimator to the next position until the image is sharp. Index the second
position. The difference of both index positions is the radius.

AL
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Flatness Testing of Reflecting Surfaces

Set-up:
» Collimator with collimator reticle S201 or S202 (Siemens star)
o Telescope with tube extension and eyepiece reticle S115 (single crossline)

By using the tube extension the distance between the objective and the reticles increases or
decreases. In this case the telescope is set to a virtual or real object. The telescope head
can be displaced by measurable values in both directions from zero position. .

a) If the Siemens star is sharp in Zero position of tube extension the surface is fiat.

b) If the Siemens star is sharp only after displacement of the telescope head through, the
surface is spherical.

¢) Ifthe Siemens star has a different sharpness within the single test-directions the surface
is irregularly curved. The different directions are to be adjusted sharply one after the
other.

The deviation from flatness (radius) is determined from the equation:

[ 2fa
AL-b
where
r: Radius of curvature of the surface
f: Focal length of the autocollimator
a: Linear extension of the projected light bundle on the surface
b:  Width extension of the projected light bundle on the surface

AL:  Displacement of the telescope head (tube extension)

LT ~F S =)
P DA ¥
. 8
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Control of Wedges and Plane Parallel Plates

Set-up:

e Autocollimator with collimator reticle S115 and eyepiece reticle S127

and

e Autocollimator with double micrometer, collimator reticle S115 (single crossline) and
eyepiece reticle S127 (doubie crossline)

or

¢ Autocollimator with colliimator reticle S111 (single crossline) and eyepiece reticle
S411...8431 (reticle with angle gtaduation)

and

e Plane parallel plate or reference wedge

o Tiltable table

Both surfaces of the specimen should be flat and polished. Adjust both autocollimators with
the help of the plane parallel plate or reference wedge. insert the specimen and tilt it in such
a way, that the single crossline is centred in the double crossline of the first autocollimator.
Rotate the specimen around the optical axis, until x-axis reading in the second autocollimator
is zero.

Read out the displacement of the autocollimation image of the second autocollimator by
means of the double micrometer or the graduated reticle. The angle error calculates for use
of micrometer as per:

Ay
rp=+2Y
P =0

where
Ag:  Angle error of plan-parallelism (wedge)
Ay:  Offset of the autocollimation image
f: Focal length of the autocollimator

2
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3. Applications in Mechanical Engineering
Adjustment of Two Surfaces Parallel to Each Other

Setup:

« Autocollimator with double micrometer, collimator reticle S115 (crossiine) and eyepiece
reticle S127 (doubie crossline)

or

¢ Autocollimator with collimator reticle S115 (crossline) and eyepiece reticle S401 (reticle
with mm-graduation)

or

¢ ELCOMAT

and

¢ Vertical stand

¢ Plane parallel mirror

a)  Put the mirror on one of the planes. Adjust the autocollimator in such a way, that the
autocollimation image is in zero-position.

b)  Put the mirror on the second plane and adjust the latter to the autocollimator. For
determination of deviation from parallelism do not adjust the latter but readout Ax and
Ay. The angular deviation the angle from parallelism can be calculated from:

_ AX _ 4y
T o P=
where
o Angle between surfaces in X-direction
B: Angle between surfaces in Y-direction
Ax, Ay: Distance of the autocollimation images from their zero-position
f: focal length of the autocollimator
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Adjustment of Two Surfaces Mutually Perpendicular

Setup:

¢ Autocollimator with double micrometer, collimator reticle S115 (crossline) and eyepiece
reticle S127 (double crossline)

e or

* Autocollimator with collimator reticle S115 (crossline) and eyepiece reticle S411...5431
(reticie with line- and grad graduation)

s or
» ELCOMAT
and

o  90°-prism

« Pentagon prism
¢ Adjustable holder

Set the 90°-prism on one of the surfaces to be tested. Adjust the autocollimation telescope
by means of the prism to a plane.

After alignment of the autocollimator set the prism to the second surface to be tested. Use a
pentagon prism to deflect the light bundie exactly by 90°. Read out Ay or Ag to determinate
the angle between the both surfaces as per:

B=90°+% or B =90°+Ap

where
Ay, Ag: Distance of the autocollimation image from its zero-position
B: Angle between surfaces
f: Focal iength of the autocollimator

~

A




Parallel Setting of Rolls

Set-up:

« Autocollimator with collimator reticle S115 (single crossline) and eyepiece reticle $127
(double crossline)

or

e ELCOMAT

and

o Prism with flat mirror and cross-level

a) Adjust the prism with the reflecting mirror at the first roll to the cross-level; put the
longitudinal-level by means of a corresponding set-screw at the zero position. Adjust
autocollimation telescope to the mirror so that the reflection graticule is in the centre of
the double graticule.

b) Put the mirror on the second roll and turn it to the cross-level. Align the rolis so that the
longitudinal level is at zero and that the reflection graticule is centred in x-direction again
in the eyepiece graticule. Now both rolls are parallel.

c) In the same way with unchanged position of the autocollimator additional rolls can be
adjusted, too.

a)
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Pitch and Yaw Measurement of Slides

Set-up: ,

o Autocollimator with collimator reticle S115 (single crossline) and eyepiece reticle S127
(double crossline) and eyepiece double micrometer

or

¢ Autocollimator with collimator reticle S115 (single crossline), eyepiece reticle S411...5431
(reticle with angle graduation) or S436...5445 (reticle with line and grad graduation)

or

o ELCOMAT

and

* Adjustable holder

* Base mirror

e Tripod

A plane mirror (base mirror or mirror with magnetic clamp) is fixed to the table. The
autocollimator is aligned to the mirror. The table is moved in steps or continuously. If there is
a pitch or yaw error the autocollimation image moves. The extrema of the image movement
are registered and the angie error determinates as per:

A(P = )’maxz_f Y min or A(P =P ~ Orin

where
Ymin» @rmin- Minimum value,
Ymax, @max: Maximum value,
f: Focal length of the autocollimator

With ELCOMAT 2000 or ELCOMAT vario the measurement is more precisely and the
measurement time decreases rapidly.




Straightness Measurement

Set-up:

e Autocollimator with double micrometer, collimator reticle S115 (cross line) and eyepiece
reticle S127 (double cross line)

or

o Autocoliimator with collimator reticle S115 (cross line) and eyepiece reticle S411...S445
(reticie with angle graduation)

or

e ELCOMAT

and

e Base mirror

e Adjustable holder

Set mirror on sled. Adjust autocollimator to the mirror. Displace sled and observe the
autocollimation picture. Each tilting of the mirror in the guiding direction and each turning
effects a deviation of the autocollimation picture from the zero-position. A tilting vertical to the
guide can be tested by a rectangular prism instead of a mirror.

Move the mirror by the base length of the mirror (100 mm or 50 mm) and read out each
angle difference Ao to the previously determined angle.

Ay
rp=+2Y
P=E0

where

Ay: Distance of the autocollimation image from the previous position (zero-position)
f: Focal length of the autocollimator

The height difference from the mirror position to the previous position is than:
Ah=b-tanAg
where

b: Base length of the base mirror

With ELCOMAT 2000 or ELCOMAT vario the measurement is more precisely and the measurement tim
decreases rapidly.

ah
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Planarity Measurement

Set-up:

¢ Autocollimator with double micrometer, collimator reticle S115 (cross line) and eyepiece
reticle S127 (double cross line) '

or

¢ Autocollimator with collimator reticle S115 (cross line) and eyepiece reticle S411...5445
(reticle with angle graduation)

or

o ELCOMAT

and

» Base mirror

e Deflecting mirror

e Adjustable holder

For the measurement of planarity of surfaces several straightness measurements (p. 3-5) are
carried out. The straightness measurements form a geometrical pattern, e.g. the "Union
Jack" pattern (fig. a). The deflecting mirror is put at one end of the line of measurement and
adjusted such, that the light beam from the autocollimator is deflected in the direction of
measurement. A straightness measurement is carried out using the base mirror. A ruler can
be used as a guide way for the base mirror. This procedure is repeated for the other lines of
measurement.

The height profile of the lines is combined to a two dimensional pattern, here the "Union
Jack”, by linking at the intersection points (fig. b). This evaluation is most easily carried out
on a computer, for which a special evaluation software is available.

With the use of the ELCOMAT 2000 or ELCOMAT vario the accuracy can be increased with
an even shorter measurement time. In this case the time-consuming manual data input is
dropped.




Squareness Measurement between
a Vertical Spindle and a Machine Bed

Set-up:

¢ Autocollimator with double micrometer , collimator reticle S115 (single crossline) and
eyepiece reticle S127 (double crossline)

or

« Autocollimator with collimator reticie S115 (single crossline) and eyepiece reticle
S441...5431 (reticle with angle graduation)

and

+ Adjustable holder

e Tripod

+ Two plane paraliel mirrors

+ Pentagon prism with wedge

The measurement is done in two steps:

1. The Autocollimator is adjusted in straight view through the pentaprism to the plane
paraliel mirror at the spindle. Then the mirror is turned by 180° around the spindle axis.
The vertical deviation of the reticle image is read out and divided by two. The mirror is
realigned by this value. After a second rotation by 180° the vertical deviation should
remain constant.

2. A second plane parallel mirror is put on the machine bed. By the pentagon prism the light
bundie is deflected onto the second mirror, so that a second autocollimation image
appears. The deviation from squareness can be calculated directly from the vertical
distance of the autocollimation images according to:

Ay

where:
Ay, Ag: Vertical distance of the autocollimation images,
f: Focal length of the autocollimator
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Parallelism Measurement of Cylindrical Bore Holes

Set-up:

» Autocollimator with double micrometer, collimator reticle S115 (single crossline) and
eyepiece reticle S127 (double crossline)

or

* Autocollimator with collimator reticle with collimator reticle S115 (single crossline) and
eyepiece reticle S304 (reticle with mm-graduation)

or

¢ ELCOMAT

and

+ Pentagon prism

o Flat mirror

o Adjustable holder

The mirror is fixed to the head side of a spine. The spine is placed in the first hole and the
autocollimator is adjusted until the image is reflected in the middle of the measuring range. If
test holes in parallel above each other a pentagon prism is used to deflect the light bundie by
90°. Read out the position of the micrometer drums or the eyepiece reticle with mm
graduation. Then the spine is placed into the next hole. Again the values must be registered,
and this must be done for each hole. Read the valued Ay or Ap and calculate the angle o
between axes of bore holes as per :

where
Ay, Ag: Distance of the autocollimation image from Zero (coincidence) position
f Focal length of the autocollimator.

AX HIIIIIIIII|‘[I J}————— AX
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Testing of Accuracy of Rotary Tables and Index Tables

Set-up:

e Autocollimator with double micrometer, collimator reticle S115 (cross hair) and eyepiece
reticle $127 (double crossline)

or

o Autocollimator with collimator reticle S115 (crossline) and eyepiece reticle S 411 ... S431
(reticle with angle graduation) '

or

o ELCOMAT

and

o Polygon

¢ Adjustable hoider

Adjust the reading of the rotary table position indicator or of the index table in such a manner,
that a whole number is displayed. Place a polygon on the table and adjust the autocollimator
to one of the surfaces in such a manner that the image of the projected reticle is in the centre
of the eyepiece reticle.

There are two measuring methods:

1. Rotate the tabie with polygon by angle 360°/n (n — number of polygon sides). Measure the
distance Ax relative to the zero position with the aid of the double micrometer. The error is
determinated as per:

_AX

Ao =22
?=

where:

Ag: error of the table in measured area

Ax: distance of the autocollimation image from its zero-position
f: focal length of the autocoliimator

2. Rotate the table with polygon until the autocolliimation image of the next polygon surface is
in the centre of the eyepiece reticle. Read out the angle position of the table. The error is
determined as per:

360°
Ap= -9
n

where

Agp: error of the table in measured area
n: numbers of polygon surfaces

. angle position read out of the table

b ——————f———j|- - - - - - - I | N

E—

f\ - i)
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