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SYl«JPSIS 

fi:1al P..:-port is dt:vot~,j t·:. tl~ LITt.£1 .:ix~cut10n of th~ ut.fr[)I) 

contra.:t ;3~/44 from Mav 19:39 ~..:. Jun-:. 1991. ThL; Report ·.:ever-: 

ba.:=i.C ~;t~~.;. f1n•j1n~. an.:! rt'.!sult::: of ti1':: LrTMJ a.:t iv1t i...-:.=. 

und&r the C'ontro.:.~t.. F1r1al P.~port ,:0nta1n~: tt-ar.- foll:.:.w:r,g 
.;.;.('t 1 cr1~;: 

L Elatorat lOrs ar,.j .j.:-l 1v;:,rv tc. Pr·:•J80:t Ar~a ,:.f tr~ ._:c.n~1t=-t"=" 

T~·~i-u-11..::al 8tJCur.tintat10r1 0r two mxlel.; 0f m1<.~ro:.; • .::0;:.e protctVt-'t'.':3. 

?. Pr.:nect An:,a ~rvu::i::s of trit LlT>.£1 Pt-r.::0r1r1~l ir1 tr,-:
f 1.?l·J .-..f optical do=:-::1~n ari.j Oj.Jtorr;;.·.::han1cai tai:,:-1ca~10r, ;Jf 

::i~.t i cal iri:~J. r Hf!IF.'nt .;. 
:3. Tr3l111n.r Sf-i""w"iC.:O.:: for n·..:- S3R('' :=ta!'-f i:·1 th<? f k!·i vf 

;r;i·:r0.:.::-o~ opt i~al di::-.:: igr1 and ·:)ptorr,;. . .::h:=:int·:a: :r~::u1u:·a.:t.u:·'=' at 

L!TMJ. 

_,... .. ~111-·~ ... - -·r '-VI.... ··= Iv: L:> • .. : 

Th1:; Rt-pc·rt coll'(:!ri.;.B: a t.1tlt? µ~.:..a tabl~ Gr :.-!r,t.:-r,t.:; ar.d 

th1rtv tJ,r~~ i:?.;3" ~~·~..:-::.of ti:-xt ar1•.t .;1:-: f f5 ·, ar,:-i.:-xi:;.,:;:. 
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IllT~IOll 

UNt~ G0ntract 39/44 i.s carried cut bv LITM:i a:~ c.~ntractir,g 

ser·~·1.::·es of tl~ Pr01~·:t DP ·3"iR.'86..-011 cofo:-o;rn1ng trit? 
€.3tiilli i.;t-'u~nt of tl"k' ~r.tr& r01 <)pt ical Tf.·.:h&•:J~·"')gy ~v.:-1.)pment 
-~ ·- .... Dr., n.~!TI~ ~ ~ - .-, •. 
~I. .~.~f'.1_· !, &.Jckno•;>"-' US t .) IT l Ci) • 

T!~ aim of U1lS Contra.:t i,; to to 
~stabl1sh;n=-1t. ar!'1 Je..:.:-lopn\3-rit of tr,;. at-:JV8 Ct:-ntre ic. Svr~~ 

~r, carrying ou~. u-~ work UJ);jer Coritrar.::t LITMJ us8:: ~-h~ 

fol iow1 fli stat~m1~nt or wo1 k UN IC(l Con tr ai:t Nc,SQ; 44; T i:-rm= of 

Ref-erenc~ dato.j Jur.~ 198& a.Rd Proposal .jatc-·1 Do::c&rrt::~r HJ8S ar11 
Apr 11 1989, wh1(:h L iTM:J subrrn t t.:-•1 to UN IDO. 

Through u·~ l i11Jlt:rr.::r.tat ion Gf th: s c.::mtract it l.~ i nt.:-rh..1t;,·1 

to sol Vb th€ t oli(·Wir1g probi~rrE: 

!. Tc. elaboratE- T.;,chn1cal Docum;.r,tatiori an.j c0~l~t.-s-

Know-r·a0if riackag.::- of two rrn-1err. vers 1-:.r.s cf r.1crc•.3·:·=·rr.=-
IJL. i'.c;t ~vfit:;; f 0r flJrt.h8r mariuf acture: at SSRC. 

pro·.; 1.j.;, 

equ1~·m3r1t ava1 iat.l~ 

or t ~ ::·0nt r acr. 
-:;. '!'.-. ·-'· . ._ prov1.:le 

shoul·.1 t-+:> conc8n~rati1d a!·:Jtm:~ ~:1E-:=1;;rn &1ri mai·1uf.::tct;.1r1r:i .:,f 
e 1 a.bor at i:-•J mi,_:;~ 0.;.::o(:k rrod& L;. 

4. Tc ~rov1di- the i~rc31;ilr;g ..;er·.:v:~3 ar:d UViffa.jir:g 

facll1tl.-:Js f0r the SSRC :~t,aff 1ri :J·i8 fHk~ ci.- m1(:r::,_;: . .::·:Jp-7 

0vt.1·.:al ::1831gr. arid oi:itorrechan1•:::al mar1ufai:::t1.ir8. 
fi")f pr·oµer r~al12at1or. or th·~ al"JO)V8 Contrz~t ~ro.Jbl~m:: th.:i 

,fo·1~l·'.:ip:rfjfi~ 1)f tta.: C(.1r.tra.:::t 1::'. carr1e·j out_ bv L!nl:. ir1 Uj.-· 

to·i low1.r1g basic .j1r2~~t1c.£1.;: 

- ·~olklrig c,ut T.:-.~rir11cal ~,cuntnU\t10n arid Knc-w-rlw packagt-; 

fc,; u-~ t.wo ;n;r.:TtJ:31:op.:: prctotYi.MS r1arrerj BIO~M - S,L; 

f .:-1 lo~;rH p tr a1 r.1 r1g f ·Jr t.t·i+:- SSRC ·.:taff tr• var! .~)u.~ r 1..:.1 .. 1 
of mi er 0:~·:;0V':1 cr1t i ·,;al 11e:= i ;sri ar1•j vi.it. :)~1:::liar• 1 cal f .'.\br i .;at 1 on at 
L f'!'..C: 

- ~xtfa.rt .:..::rv1ct-·; at t!·,_.;. ?re-_;,;..:~ Ar.;.a t-,v LITt.tJ :3Yf'Ctal1:;L~ 

cor1:~&rr11r1g o~t.1cal ar111 opt.::-;i.,..:.-;r.at:1 :·al n~1•1fa • .;tur~. 
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I ri t-i.Cf";(ifl:tarae.::- Wi r h t ri-:- Pr c,tocol ( Damas·~US. 16. 10. 89'; the 
WO&L .:.v.;:. aJ)tj ·:t~lrvery to SSRC Techr11cal r..:~umer.tat. ;or; of t.!-1':' 

micros-:o~ r>rGtotvp.:ls is .::arr1.ad oi..:t ~N L!TMJ eit the- r:.llc..inr1; 
tl"ut:>~ :=t&ps: 

i. Prt:tl im1nary Teci"ir11•::al Uo.:ument at 10E POC-20. ~ 1. :39 
2. 0€-tdt led DEs1gn Docu~ntat ic.r. ?DC- 15. 04. ·Jc 
3. fl.now-how packag•:- •:>t trtt- t w0 v..:, r :~ i or1·3 of m1 ·:ro3cc.pt:-

prot ot )t1:~s PDC-20.11.90. 
Total numb:tr of m1croscop.:- prototyp.;-s should tit:- - 20 unit::. 

1 01 Pr~11,,.. 1 •·ar·- ""'··-·hr··,-:i' '"1~-... .........,_r•3~ ·~· • • --~!.!_~_,y __ _!_':.':...!__~:.!-~·-..._,..-' Ua•~--_:- ...!_~~. 

At th1s .sto&p L!T~Ci wori.:~,j out Pri-l ur.1narv 0.-.:-:::-urrienta~ 10:1 

·.:onta1rilng scheroos of high qualitv m1•:ro:::•::opt- opt:cal :;y:::t!'.:nE, 

ba31c teatur'1s, bas!c 1jraw1ni$ of .::ont~IT\)Orar'..; r.~x~ular 

!M ,~r•J:.-copi:- des l gn~, wh 1 d-, for rr.::!j u~ ba= 1 s for t hf? f urt rl8 i 

wc.rL und~r Contract. 
rn particular, LITMJ d.::-s1gn~d ."'ew h1K"h qualit·; Achr·Jmatt..:· 

3erl~? ObJ~CtlV~E for m1cro:;1:0p~s BIOtEM - S. L :::uc!"-1 a·· 

4 x 0. l. 10 x 0.2~. 
Chr0ma.t i c Fr ;;i:-; with 

40x 0.65 , 100 x 1. 25 
ni:.:iw value:: of tt=tl".:hri1cal paramE<t:f!r'.;. 

CF 

~::1gn~d ev8r.i!.=.·~.::+s - 10x has a large ;J1::;tance of exit ~d;11i 

ar1(~ high l magEt qua l 1 t: v. 
Ur1or1 t~ rP,QU8s~ from t~ SSRC ar1 ad;jit ional :;1l'li{:il,.. .=-:t .:)f 

~r.r~8 ob_1ect :w . .: ar1<:1 two ~V~IJ1.:.,~~3 Wa3 11e::.1~T1A:j !':·v LiTM':l. 
Ir, :v:::-cor iar11

:.:- w 1th SSP.C' r ~·:t'JO:: .:t. ~ r • .:;. iio..:u;r..;.nt at, -:r1 r .:iq1.1 i r ..:-11 

·:1rn~.; ~l ar .. ;:-..:.r1•j1:< yt1v1r,,:r t.!"".~ r.::ir wr,a1.:- .:tl"it1 i-.. a;;1°: of .:u;:v1L:; 

opr i mi ::at. : or. -~·,.-J '~ll-:il it v .:--\.; =·~::; ~rr.:-r.t i: r 1 t.:-r 1 en:; a.1optf,•L 

: :?,.:,..:. Ar1r:.-1. i . Dr .~t t. F 1 nal f.:~~··~-' ~ .. 
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&. \~ell 

- +. o prov i .i~ the opt l cai ar,.j .:i.;:=.8Int.} \i work.=. he·;: w i ~ L !"ii g~..:, 1 

tamr..,:.r at ur..:. ::tab il it v a:-•• j c l;::ar. l 1: ,.:;..::~=; 

- ~~0 i::;;;::abli.sr, ·;ork1ni srt.:-s for .:-r~·:k1:-,~ lt7n-= ~ii: --;.:r,;:,.::.=..:- .. :,, 

r~port 
•r•· . . ~- .. ,-. f 

~.--~"':"j I.; 

n-.. --1-~ 1f Prof .- Rcj1~.- ....... , Pt·ot· E 0.1t • ~ i· · P1-,-,f ~ "·1-·-' -.i--r ·r· 1 ! • _:..::> ".II: ·~ • .J. 1 v.i•.,,- , , • . • 1 t .. _ , J. 1 :~ , ·~ •• h. ·-' 10:· 1' ·'-' 1'.J 1 • 1, 

Prr;f. B. F;uL1r1 L~- sut:.rn1tt.:u:i ; ~)88 F1roctl P..:-;.-crt, Ar1rii::x 'l~. 

Cxp.:-rt 3i:::-rv1.:-i:::= at th~ yrO.}f.,·-r. dr .. <:-1 Wd.3 ~-1r1al1z-:-.j ir, 

ai.::ceir.iarici:- with contract t8rIT"~ a~ fi::.·1~.1w.:: 

- Exp+-:rt n1i::>S1.Jri in m1.-;r.JO~·t :i:::= arrJ tt7:.=t ~·la~·~ f.:;t·r ~c~t_ •Gr1 

Mr. A. L ar: i ou,;n 1 ri;.:,, Mr. V. t·A3.ch+::k in.:-, Mr. A. TC·iJC·l ·::-·; ! : .:;.n ~:: .. l (; t.<: 

9. !2. 1990 - 4rn/ rn. 

ExPBrt :11L;.~1r.;n lr: r' 1:1~ rri8d·iari:c.: f.::i;~,r 1°.::at. lc·L. 

Pr•:.f. B. 8•1k1n ::-orr· re. o~ - 4. o.::;; 
'.:':~'. O•; ·· ~~·. Of.. L~·.:l 1 · 21.. m. 

Exp.;;-rt rn1;"='1 1Jr1 11'1 0pt1°.::ai ·Y·At:ir•'P!_'., .:)p;._:.._i : •. ;.:.:-mLtv, 
(j[Jt i ,-;ai ~ r:-.:r 1 r11,. 

:-:~m,,'m. 

Tct..:-il ..:.xr~n-" .3t:-i"l!·~-:.-~ wt~:,:..:: ?11'1:· ,r,-_.:•r··.~1 .. ! .:J :nm:r.-. 1:11.j ... 1 

rj,-; ;·, ~. ; ft.::' t . 
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:--..-, -.. ·-
:::. 00. FELLOWSHIP TRAIN I HG Pt=::~1GRAt..t.1E REAL I ZA i IO~~ ---------·- --·--·--------------- --

1. F~llo~~.;riir· train1r:i; pr;:: . .;rar: .. u..:- a~ fn.-:t_ wa::· r~ad.:- 1.;~. i:. 

tht- TERM OF REFERENCE, for i5 rrar1 oonth::: an·i .j~·:ot.t::--d t.:; opt.:·::: 

' .. ;ar.:7.;, 3. C:i t.e•:hnology and ri:-latt=-1i :i1=.:i[Jl lrt8:3. 

Dur n1g the- f i L~t r t?.chn l·::al <:xmr-=r .:-r:·:~ cf :-.. ~ L ITMJ 
r~pre:::~ntat i-y·-..= (Dama.sen.=. li=:·. 10. ;?'.~P it ·"a~ agr.:..:-•:l ~ 

'·' 

f & l l·Jws for 
LITMJ un:1t:ir pres~nt ._-::intr~t. follow.::,1 t.v 3.5 rr1.-1 n tr1-LvidtBl 

tr.~:nini in separa~ . .;. rt?levant f i.::~ds of sr.;.v1v. 

Tim-? durat 1ori of t.rair:1ng 1..-:Gu!.j t~ Jar,uarv tc Jun·3 or Apr~~ 

- :--f;pt,errtie r 

th€ L ITM:l an1i 

lQQO. Duririg th€- ::;~i:.:.nd te:::hr.1.:·al cc.:-.f E-r~r,c2 .::·r 
S:JRC rt-7pr~3ent at i v.:,3 < LE<n i rtir.:::v1. u::. 12. 89 ~ ! t 

that group tr .a1 n i ng of f, can•j i dat ~·=. for :.:; m:.nt h.= was decided 
&a::h :=.hould 

fol lowed by 

.;omroonce from 15. 02. ~~O. t;rn•...i., t.rairilfii :~X1011>:! rft:' 
ind l v l riual t rat n i ng f 0r 2. :=. mcr,tt·l:: .:-ac~·s : : , 

G8TT18nt1ng) for ? cand1dat.:-s, opti·..:-31 t&:;t1ng ari'J a::::i'.:-mblv ~·~-=-r 

oth~r 2 .:ar1d11:iat~s. opt1cal design for 1 train~,::,. ir1d1-.,:1:lua~ 

tr a1n i rig ir1 th~ field of Fi rie !it:-·:har.i c.:; fa!')r 1•.::at1 on .:;ty·u l.j 

al so corrrner1ce rrom 15. 04. 90 for U-18 p+:-r i o•i for ~'. ::1 rmn;: rs . It 
·1a:; ~r.:ied that ·~OiJr.::es 0f :3t-u.i".,: ha;1 t,(; la:; 8mpr..a:;1:; ·.Jr1 

pr act i cal : r a i rd ng ( ?0%) w i tii mi r: i rri1.Jm t 1·1..::cJr~t i ·:al -::-,j\j.~a.i. i •:i, 

( 30t) a.3 
fiJn.lamental:;. Extra m:;.r,E>y ~a'jab};.:, tc· LITt.,(1 f0r 1:d1v;.j•1al 

tra1'11r1~ :::hould r..>t:r -j..::cld8(j t.v IJN!D0.~.~8[.'lrai 1r1to i:c.r1.;1.j1?r1~.i·r.ili 

ur1d~r BL 3·1- 00 ?.ri-1 

"~1f111 gat. l •XIS. 

'.:oll'H i:hang.,::; in tr~ trdirllr1i; lJI·Jgramrr~;: w11r"." rrB·:i..:- aLd at;·!.:.1.:-d 

ui)l:,ri 0i11rrn1S LITMJ 8K~krt·::' VL?.it ~-\::.. Pr0.ii:tct Ar..:-2' r.+:.t'N8er1 

2f:i. 01. - 09. 02. GO. 1 Pr·;r: o . .::ei 1, Dama:::cu::: 07. CJ(. r;io;. 1~'.-:1 r.::, i dt:"r i rt·l 

tt1t ~.rair11r1~ r,1v~:n to tr1r.- felinw::; us U"i& P10_i8·~:1 Ar•-:.:1 .'.'·ind r,:.a; 

r~·<.cn.;: • ii:,r tr ,:1.1 r1 i r1i 

l t . .:.m~ a~ r \~· l 1 r::iw.::·. 

ar,.1 
I ., 
I '_, 



tr.:i1n1nt; ~ :: .-...... -
.a.·.· .. '._!,·~ 

t- ·-. 
'~ 

: 5. tJ;?.. 19'JQ) ; 

-:.·f 

t8_~t1;·1g (~~ ~~r3c·r~:=) ,c~~t t:.:al ~::~.=7lif: ;· l ~ .. .:;.r .. :~.-:-:·i;; 

ir~;:!1v~ 1 iual :r31r1.'i·lg f.::.1-- c-r.~ ,:ar, 1:!~(~3~t? f.:_.r ~.:. irt::.!"_~-l;· i~-. 

t:-.~ f !t-~G ·:Jf F1fo:, rit:-cha:il•.:3: t-::3.'°J: i,::-a~ 1.:..1.. 

Thi; at.vv~ tran:1r1g pr-Jgrammi:.: .: 0:in:=1:::t:; -·~ ~~·. ,-:, .... , ~ ..... . -· 
J. • _I:.:~ L . • .: . 

,....r~f~ :::--ra' P·-r-.--rt-·. iJ O! l_ 1 1 . l.. .A , .. ~ t""v, ...._. / • 

Mi.=.:; H. SHA~ AL-DEEti 9.nd M r. 

A. AL- ~fJjlJLLhM, 

' k. 

L& n 1 r.~r aij, LI Tt.U :0r,.J t":'b'.?.r. ;;1 ·:Ju~ tr a i rii ni? 
Trair.ir1~ wa.~ •:a! r i~d our .iur :rip; .-_.r,.:. :~·nt.~,. 

P: c_i.,:..:-t. 

·~l . .;. ·~ r;iir.3.s- .1f ~;tidv 

.... 
' '.J. 

.. ....... 
l l.. ~ 

- C:~. 02. ·dO; 

. .... ... 1 .. ' ' 

..t' t. I lt:" l l-1:.i 



stu;jy opt iGal 3.n.j phv::;1.:::a1 -l'T\:-1~han1.~a: pr·:.p"='rt t~.= 

opt 1 cal ~ lass~3 aI!d mat 8r i aL~: 

- .;tiJt:lY' tho; standardiZ<?.d in•jext->:= ·:Jf g-la.;3 qual.tv; 
- ..=tudv tht'.! gr1111:iing and pul t:3r11r1i of spr~r i•_-:.::11 a;-,.] r,~SJ • .:-

0pt1cal surfaces; 
- :;tu·iY optical lnstr11m:r1t:=. and rt-.acr1in~1 1e.::.; 

- stuijy tre toot.hods of a;sembl \! and d tsa:-:>s&rrbl :,: the t lc.·:k.:= 

In the appliance::,; 
::tu(j~: thH calculation of ..:i.zE- a.rid selecL•:·n ~;1n.J 0f 

lE.-nse:::- and plat_.=. workpi~ces; 
ma1 n lffit hods of opt I cal testing suct·1 e lem?r,t.; a;; :~l!rf ar.::o::

sha~ C!r-rors, p: 1sm r8::.0lut ion, rt-s1duai 2tres::: ..:u-,.1 :=.::. c.r,. 
Pra.:t.1cal tra1r.ir1~ was cc;r,..:~8rn.:id w1 th: 

tec-hr:olog1•.:::Jl Op:!rat1on:=: :3U•:h ?1;::: .~awir1g- c·f b'la:: .. 3, 

r;nnd1ng, srroott':ifig, pol ist-.1ng .j1ffE"rt?r°it t:v·p;:;.:-. of optio.::al 

surfac6.;; 

·:::~rr!l?nt ir.g of 112ris8':3~ 

- .:i=.mtr i ng cf len:.:.:8s; 
- te:::ting o~t1cal i?. .. .:>lni?nf:; ir1 w0rk::;h0p.:::. 

Each per::;;c!"i has made pract1cally at.iout 25 l&rG&s all .:>tag-~:.; 

fr.Jm thl?. 1>1g:nn1ng to the f in1sh. 
Gr-0ur.· tra1r•:ng wa? carri.::d 01.i!' by LITM) 3p~c1alL;t . .= u..::irig 

c)pti .:.:al W•Jr k;hop fac i l 1 t t 8:::.:. 

Aft.:-r c•Jmpi·~t.1on of th~ Grou1~· tran?Jng, LITM'.J t~a.::rj~r:~ 

pro·.;id.:-d ~ h;:. t 8St:; for 33~:::.sment of ::>yr i ar1 .:pi;;.: i al L:·~ . .:: 

U10wl~d~e i.n this fi6l(t 

Grou~· tra1ritn~ R~por-t :if 33RC 
.:ubm1tt~::i to LITMj, iJNIDO and 3~R(' r~)t1.:- Annex 7, Draft Final 

R.;port). 
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0pt1cal d~~~e:r• !:v us;.n5 :..In .. u ·:,~.;: 1cal d~.31~n an.j o~t.n:nzat ivri 
~OIT{.rUt~r pr0gramr.:- "OP~L". 

All rretj-t(;.}3 an..! ~.:, . ..:hr11(lut-s 3'l\.id1i;:-J dur1n~ :-.rau111i~ .==houl·i 
ttEt appl11:1d at '.3$K{' ft;r 20lva1~ var1ou:= pr0bi~m cci::-1';:-:ci.~d With 

...... _ .. l ~ 

.;.r~' .I..:. tdbr ,.:;at iOL 

~·lar1Bs. l~r1se~ .5i1·..! pr i:=-~= ~u...;h a.=.: 
rr~t.JtC .. js, te~r.n1que ar;.} ~.riew-h~·W c:0 ! dhr 1ca:.:. 

fabr 1cat ion; 
- aE ~tag.es of the pr ism tatr i.:at ior,; 

fil-'.;thods and kr1ow-hc.w of rr.~·.:rwtiJ~;:::_~ ~.:, 

fat.r 1cat ior,. 

pr ... Ki: i;:~= 2..1 t::t ·1f:lry uso:-1 .. ui 

f atJr i cat;. .Jr. at ::;:;RC. 

t ..,.·1 ·• ......... n. __ ,..h,,. r:"' -· .-....... :-,,.. ..... 
;,_; .; . .J ~ v ~ 11ial '} i-.h •...1•..: l<:"f.r.:: at, ..;_,t.1 

r ..... ·-~,-.,...,, ~i""l' ira t""·'• ...;>IJ Ul':'!'.1 ..._ 0 li &1~· 

7lio:> 1 r,d iv i .~ual 

C{·t.,.~ai t~Stlf;l 
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~·r .:it ot ;;~~=-=-- ~he 

ar.:- b'I v.:-r, t+.-l0w: 

_,..,_,. .. 1r~j1v1.jual tra&r,1r~ 

t~ f::.·llowir!l rni·:r.:.s.:ope ur11t2: rrc.ur,ts, 0f 
m1cr·.)-C·bJt?·.::t1'V~::, spriri\$3. wa.:~rs, axle.:.=. ~.:oar::. anct worm:;; 

(.·1 pra,:t1 . .:e !r: pc.-:.1~10rtlni ·)f m;.·.::~:...1ri!Cal worki:·i~•.:-t-:.=: rn 

rr&."'.t-il l'it?s and studv of 1 nf l ut:!nt i al fact: or~ 0f n-..e ~·.}r r.f-1 : i?.~~ 

W~CL::. 

m::och3rucal iiGrk~it-i::.:-~ tr. c·r~ :::.:-tt1r1? 1'1tr.u:1t r~:;~: .. ·al H1 -:.r·:i~r 

tc prov id.; high prec l.31vr1; 

':I Pract 1cal tnowh·di;,:. ir1 tt1t- fabr1cat 10r. -,;- er.~ Jt th.:

!TC:;t ·~nt !·~al pa:-ts of u-~ r."1•.:rc.::::0r·e;, narrely t~.,:. n03€-p1:0·~&. 

irr:luding :;uch o~rat10n::; as it3 oount trig, t.orirti, thr.:-a1 

.::utt' in~ and n.-operat 1 or. t .;.st mi; 

,j l ex~ r t i;nce 1 n 3haq:.rt~n i ng- of ;:;ut t.; r.-:., .j i a.vr •• :! .. ~11tt..:. r.: t ·=· 
r~roc,·;~ thin lay.::-rs [ G,Cl rrrn ) fro!".1 le.r,.= rrount.:: 

~: ..,x~ri~r.c~ in a~·l)!1:.;at10r1 of aiJ,jLti::i:-.al .1-:-·.-i·::.:-..; for ti-,.:
pro<1uct icn of ~oph1st 1cat!? pa:-t~5 and h1g~r pr~·::1~ ;.):--1: 

·~ourst7 

th,;., f·.)llow1n\S ::rltical ~art3 c.f th-7 rr.i.cras;:q:..:-: 

micro:;cn=:w of f1~ focus1n·5 rrHch...1r1i::m, lr:-n.; m.:;:1r.t.;;. 

All r11t1tho1.s an•1 t~:hr::qu..:·:: :Etu.j1~•:1 .jur:r.~ n·..:- tra1r.rn~ 

st-.vuli1 b:: appl ted at SSRC' for -~·:.lv1r1.=r var tc,:t~ "-'r :.r_,l~rn; 

·~Or:n~·:t:..=:-•j YI it 11 

~,r ct. ct '.iPt!f :::. 

flit~ f ahr i cat. i ·Jr, 

Fn:tly, th.:: F8ll•)W 1.= a.bl,:. ur1•it:!r2tar1d an.1 u.::r.5 u·..:- I.ITU') 

a.::s.:-rrbl1ng 3A:~or.:lir1l t,c. !Jt:!(IC_, ,_,rt1J~.:t OP·''.3YR.::3~ .. '0:l. 
::; •. :-:0:-,.j: './' r~ ·:.:;.r I . .::.jL"t? ·•ar 1·1•J::' ~r 0L·~~rn.:. i r. r;-.: .. :!-....1[.; .:al 

fabl-·f"··t •rr I ,d · L . .'.1 0 rfdl.. i rr;r 
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TElllll#AL SB:TIO# 

succ~sst•.iilY .:;c-1-:t?d ar,,j u-p:o r..:.;.5uH:3 obtaint-ct ·:an b-2 surmiar1::::ed 

as f ollotfs: 
A. De t a1 l~d T &·:hri i .:al De~:· .::~r.tat i ·Jn a,r,,j Kr1ow- rr-;w Pa-:::kag.a 

ni;c.:.s3ary ar,,j .=:uffi·:::1er,~. for tt-ie pro.1u.:-t1or, of trJt. two rod~l3 

of rr.1.:r.:•..;cop~ protc.t.}~r-s BI.:1t.£M-:3,L wer& .j,:.»:.=:-lc·r-t-d in tull 

~r::errie-r1t w1th Contr~t Tr?ril'E. 
:i-~ mH;roscope Techn!cal Qc,:::um:-r:tat ion dE-velc.pE<1 ~omplt-te-ly 

~<C!t:= .:0r1te~rary worl:j li-·.:i::-1 cf th.::- m~·:r0sc0t:-~ j.:;.;1gn of th€ 
clas..: ·.:on.:::E:rriE-•j. This -:1~.=:1~r, featur~s a h1gh-qualtty inage. 
rodular c~n,:~pt. ~as.:- of 0~rat1c>n, fabr1cabii1tv.~tc. In 
add1t1on. ~t 1s conci?.ptually ador)t.:,1j for S3RC opt1~al and 

me.:r.a:uc3.l !- ac i l 1 u ~-=. 
~h~ T ~ct"liil~al Docu('l)?r1tat.1on an·1 Know-how Pa.::kage were 

hand;;d over to 33RC by LITMJ arr1:1 stu;jied in d~~.::\1 l·.3 by SSRC' 

~rsvr,nel. L!:'MJ -.;pec1al uts made necessary comoont.s arid 

r&f1ri-:.rrer1ts Hi th6 ~-0currJ;-ni.at1or. as a re-sult -:>f ;Ji.:-J t&·~!-.r.1·:al 

E. Exp~rt 3d"/ ~C8;~ .:lt Pro _1;.?Ct. Ar~a w&r.;. ful i ·,· r~o~let.ed 
( 11 r.v'm i nst~ad .:.f 10 m/m un::1er Contr a.-::t). 

:t·r. E:<~!·t .::erVh"'...:3 r~sultad in ~U.::r u:-11.:i::-r.3tar,:jn1.t of 
.~""~ m-:::.,-.1-tn,.-- ar;. "U p""""r.. ~·c·--ar·· "llf~""-""·"'"' -t· 1.-,-::ilar.-.•nrr J.;.r,1 ... iao..-11 ~;;:;, i•.• !:!'-; i. 11.r.1•., 11-:! '1.:o:.;;, ~-..: ·-·~"=' 1..1 ,;-::lo 1-.1 & 

~qu1p·:-..=-nt, s..rrarig&~Lt cf a.1d1t lO(tal wori;3h:>ps at S'.3P.C . LITM:l 
r~ ' t ·.~A j t 1 ' t .. t.o ~~RC Sy--·-:; a, i.:3 ,.;. mau& ri:;-:orr~ra· a. 1 ons an. consu1 .a .. : ons _ .... oJ 

:3t.aft. 3.;; t.J th.:. lmprov.:-rro8nt of th& work ura-1.::r Proyi:t . .::t. LITMJ 

e-x~f=:rt.;; su~rv1..::"'d the final .:::t.~H3 of tht; fatr l•;at 1·Jr1, 

ass.;.rr.t.: y. a.:1 J u:;t, ng of mi ·:::ro3CGpB protot ypt:~ as u·18 rro3t 

crtt~cal arid irrc:iortar.t ..::~.8ps in t.rti: fulf1lm:.ir.t oft.ht .:;.:intract.. 

C. Gr oily and 1 nd i..,. i dual tr a1 riiLt; Jf :;;SRC p6r:=:·>r.r.r:. l ty L ITM:> 

1r1 .. h,;. fu-~1·1 of opt i.::a1 d~.;1gn; m1croor1t l(~S fabr 1.::.at~on; 

opt 1.:al :-. .:..::~ 1r1i, 3:3Sr?mblv a.rd adJust tr.g, f ;r..:.- r-f:,~hdr11c.:· 

f ·r-- 1 1~--1 1 tcH "'4i-1i 1 

Tw& !. . .,,~ l~c_,.j • r11iir L ITMJ pr C1i ~:~.::0:· .::: i)ar tic 1 r1at .:i .. 1 1 r, U.-::- tr air.i nl{. 

A:3 a r..::.;:ult. 0f tht:t rnt~r •. :;.~ ::-u1•.1 ~ff.;,~t1v~ tra1ri1r1w- th~ F.::llow.s 
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llec~ncJatlons 

Tr.us, tt")t. fir.3t st~p ir, t:ht:. 1?:;tabl1:5hm:-nt of ti-.~ :>r,tr.:- f0r 

Optical Technoiogy ~v8 lopment at SSRC has ~era !Tlr3ii.:- and at 
pres~nt it. i.; ess.::r1t1al to rr.ak& furt~r effort.:: ir. Hi--=-

r.r l. _,.,;!). r 1 ..1.1 'v' .. l. .. O .--:1· .:1' . ..,.,-, l ::.=... ._ i- . ~- ~ l 1 o· · · r " t- :·~ ~flc."•- '-''°=' .1v1·lt11e, 

3c1~nt:fic groups: 
- opt lcal n.strum&nt:: .j.:._; i ~ntir.3 

- ·J~t i cal syst t?lffi dB.31 iflt?.rS 

- t"'.::hnalogi.:~ts ir, OJ:;t lCal r.-.:.char11cs. a:::so:-rtt.>ly ar1•j 

ad3ustrrt?nt cf .Jpt ical instrum&rats. 
Th~s~ groups rrust. .:;arrv out ir1d..,pendi:-r1t ~or··~ 1r. d.:,s1~T1, 

technolo?Y ar;d know-how for n&w opt. 1cal .ji:;.·J8 lo~m:-nts. 

LITKJ COllTRltCT CXEI:UTIYE:S 

Prof. S.llodlonov 

/~ 
Prof. E.Putllin 
,--~ 
r ._4r?l.< ~, ---z-c.---

Prof. A. Shekmnl n 

~ 
Prof. B.Bukln 

Dr. B. Kotov 



Anne)( - 1 

TEC/INICAL REPORT OF Tllf: LJTMO 1-.XPt:RT' S MISSION OF 

DR.BOUKIN 

IN PROJECT AREA ( /JAMASCUS ) HF.1\11:."!-."N 
26. 01 - tJ. o:~. g1 
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! :· ;.: ~ :i 1 ::: ~· I r;:: I' or· t o 1 t ~. c J c ; n t ~ 1: 1• c r l ~- · I I I 11L! !11 • ;:: :.. 1 : 1: ;; i 1·1 ;: 1 • ~- • 

!~ i:i •! i o •IC•·:, I-' r ;.if • I. . lJ tJ ~ 1 ! i n ~ , t' rat . t.. '.)~. <:.; k :> n 1 c. .Ha.! !1 r . •i :..111 t 1 :! t;; 
;- ,. c J c .: t •: r· c. .i d! o :n =t:;. t; u:: , !.. v r 1 a ii c t. ~::: c 11 h.J. .__. 1 - .'. ti . t' ~ . i ~' ~! t:· . 

t. lntr-:>durt1on 

l-! r l I: 1 r. l h c t 1· :111 c ~:",. k u i !JN J UU cc n i 1· •• c l n;: • ~- j: ·I •I r (- I '-' l :: ~ 1_ ~ 

th~ p~~J~ct UP/~YH/~ti/Ot~, dCC~rding to prctac~I~ lcthfi:c~I 

c"nt cren:::: ~I reprc.;:;cr.l.:ili 11c~ c..f ~.:,;P.L ..,rid I J !!'~!.J .it I .::'1111yr::! 
I "'} . l :-. • ~ :Ji.J '.J , ~ .! • U b • 1 ~ :J 0 :1 :t ~ ::. I . 0 :J • l '.J: 11) c x '° r: r l :: c r v 1 c c ~ 1 n p r u -
Jc c t -. r:: ~ ~a :.; I:'! I d l: i J ~ i r, t 11 i ~:;. i o n c.. I l-' r cf • ~ e: ~ i o '1 o ·1 , ; '1· ;; t • 
P u t 1 ! i n c , P r o I . :~ h c c k o n i n .1 n <I P r o t . U .:> u k i n • 

~·ref. :.0. l<odi:>ro'l• i:,; the cxr1crt io the fi.:ld ::ii 11:ic~.::-crl1:: 

te:~ting :ind :idJu:oting, Gptical Jc~ign. Prof. I.. 1-'ulilinc. ·• 
the expert in the t ic:ld of thin fi 1111 cptical coating and opti
c:il c:ic11cnt=: fabrication. Prof. /\. :ihcchonino i-; the .-::tpC;rt 1n 
the field of 11icr-o-optic acco11bly and adJu&ling. Prof. ll. IJ.:>u
kin iG tho ~xpcrt in the field of fine mechanic~ fabrication 
;.1nd .:iccc111bly. 

1~; ~1m of cxpcrt'c ccr~1cc tta=: tc provide th~ i in~I ~l~g; ;r 
ru1croccope prototypes fabrication, a~~~~bly, adJuGt1n~ 3nd 
tc=ting acrording to tc,hnical documentation, kno~-hcu p~tkag~ 
and expert recommendation~. 

t.lcc;iucc of the limited fa-:ilit1ec of tt.c S~!-l( \:orkshor,, t \:a::: 
decided that only 10X •icro-objcctivc :ind microccopc u1th 
coarce ;ind fine focucing ll!echanicm, noGepiece uithout illuir.i
n a t 1 n !l :. y c t c 111 m u c t b c f a b r i c ;:i t c d , a ~ c c m b I i o d a n d a ·1 J u -; t c c! 
during expert'=: vi=:it. lheGc partc of microccopc arc the mo~t 
comr-ticated for fabr1c;:ition and ac~embly. 

Duration of expert's cervicc uas ~O dayc (1 H/H). 

~- ~in~I cta9c of micro=:copo optical clomont fa~ric.:ition 

~Y tho be9innin9 of expert ccrviccc tho following optical ~tc

mentc were fabricated: 

- Alruoct ~I I needed tcct platoc, 
- t\ I I I c n !.; c c f J r ·10 X m i c r o - o b J e c t 1 v c , 
- l~o lencec for lOX cycp1c,c, 
-- Pr i :ni. 

11 u r i n g c x p c r t ' o;; v i c i t I e n ~ c h e c I< i n g , c c n1 e n t i n g n n d c ·.> ..; t i n g 
proce::c~ were org~ni:ed ~nd ~S~C per~onnel w~: ~turl1tJ. 
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2.1. Contring :ind £e•enting oguip•ent inct31lj)tio9 

., .. 
ea.L. 

According to experts' rocoeeondation= LOH laser centring 
3nd ccacnting aachine Ml wac purchased by the project. 
£xpcrts h3ve carried out tho installation , 3djustin9 3nd 
testing of thic aachlne • 

Machine v3cuua cyste• wa::; corrected and required vacuua 
w.ac :ichlevod. 

Lens centring chocking prooecc wac tested 3nd ac a rccult 
exports concluded that this eachint •.ay be used for chec
king of 311 lcn:=ec er.cept front lenc. SSH(. spcci.alists 
were studied for aaking of Ion~ centring check u::ing HI 
aachino. ~or lens centring ~clng this aachinc experts 
recoaaended to f3bricate speci31 eaccive br3ss chucks , 
providing 3ccur3cy ond convinient of cementing procccc. 
Chucks dr3win9s wero developed by exports 3nd chucks were 
fabricated and adopted. 

Lene checking 

Checking ic the critical step on final stage of optical 
clc•cntc fabrication. Working places for micro-optic~ 
checking wore org3niztd according to expcrto' ro~o•~cnd.a

tions, SSHC pcrconncl w3c instructed and trained to ful
fi 11 needed checking opcr3tionG. 

A. lenccc centring checking 

~or this operation LOH laser ceaenting and centring 
m.achino has reco•aondod to ucc ~acuu• 3ttachacnt and 
tcfal chuck of thi: moohine. Ac a rocult of cxpetriGe 
thi: a:ichine cuit:iblo for centring checkin9 al I 111i
cr0Goopo lcn& <clnglc lenG Qnd ce•cnttd doublet> ck
ccpt front lcnG ~OX and lOOX •icro-objcctivc. 
lhe aoin ctcpc at the lcnc centring checking arc: 

- Chuck and pric• choioo and inctallation; 
- Optical vacuua volut and c~ced of rotation choice: 
- Lacer adjuoting and focuoing; 
- Optiaal oaplifioation cetting and detcraination <ca-

libration>; diaaotor':a qualitv ccti•ation during 
lcnc rotation ucing the occil loccope; 

- Centring valuo calculotion using two kind: of for111u
lao, one for cinglc lcnccc another for cemented dou
bletG. 

For cinglot angle of optical wcdgo is calculated and 
for doublet :ingle of light bca• dcvi:ition, according 
to drawingc. 
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All unitG of 10X •icro-objective·~ lon~cc except front 
lone were checked by SSMC personnel under expert's 
cupcrvieion and aG resultG all lcn9eG except 220002 
and 220001 are in tolerance. l.cnseG ?20002 and ~20001 
have great docentring <•ore than two tiaec greater 
than tolerance> and •uct be fabricated all over again. 

li. Loncos dia•cter checkin9 

~or lenses dia•ater checking was uced alcromctcr (ac
curacy 10 11icro•otors>. Al I lenGcs arc in tolcrilncc:;. 

C. Lenses thickness checking. 

for lenses thickness checking wac developed 3nd fabri
cated special device ucing •icro•eter and dial Indica
tor. [his device provideG checking of all lcncc:; 
thickness positive ac soon as negative with accuracy J 
aicro•eter. ro ;idjucting device for concrete lens mea
surement uso set of elide gage. ~II lenses for 10Y. 
•icro-objective wero aeaGured. fhe •o~t problc• to 
provide required thicknecG wa9 for front lone <220001> 
and lens 220002, 220003, 220001. 

U. lenses Gurfa~ec for• checking 

Lenses GurfaceG for• w;iG tested by tcst-plateG by ob
ccrvation Ncwton'c ringG. ~or all lonccc curfacec form 
was good, except loncos 220001 and front Ions. 

?.3. Lenscc cc11ontingi 

For lcnccc cementing was used LOH loccr cc~cnting and 
centring •achinc Hl and Gpccial brace chuckc. 

After teGting Gcveral kindG of cc•cntc ouch as oy~noacry
lato, Canadian balca• LOHO and Canadian balca• ·uuktil~ 
export:. Guggec;hd a~ tho bcGt Canadian bolco• "Oukti I". 

Cyanoacrylato oc~cnt very ctrong but •av caute a tcncion 
in lens and too faat no ti•o +o adju~ting. 

Method of using "Uuktl 1· balcam wac elaborated and toc
ted. rhe: method oonci:oh of tho followln!) !#top,c: 

- Heating b;ilsom in boiiing water; 
- Cleaning negative ond pocitivo loncec; 
- Cleaning the Gpocial brae~ chuck; 
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- Inserting the negative lens in the chuck and heating on 
a heat plate: 

- Putting one drop of balsa• to nogative lcno then put
ting positive lens; 

- Screwing chuck on ~pindcl Hl •achine and centring poci
tivo Ions until hot. 

lhis method ic adjustable and ca~v to training. 

2.~. Optic3I co3tina: 

. ; 

Programme of expert ccrvice on the field of optical 
thin fil• coating wac to provide fabrication of three 
layor anti-rofloction coating on the microocopo optical 
clements according to the drawing. 

rhe •ain points of thic program•o arc: 

Working out of the 
fluoride dopositlon 
substrate temperature 
ti on>: 

aluminium oxide and m3gnccium 
conditi~nc (determination of 
for monol itc laycrc dcpoci-

Uctermination of cubstratc tcmreraturc providing mi
nimum of zirconiu• dioxldo layer· porosity; 

- Calculation of the optical conGtants 
ziu• fluorldo, 
layer&: 

zirconium dioxide, 
for the m&1gnc

a lumin ium oxido 

- ~abrication of one-lay~r and three-layers anti-re
flection coatingo uoing a.m. subotonccc. 

Uevclop•cnt of rcco•mcndatlonG concerning 
thickniso checkln9 during deposition: 

layers; 

- Ocvclopment of the calculation alhorithm for determi
nation of optical conotanta and layer's thicknccccs 
o.m. cubctancec: 

- Ucvtlop•ent of the fabrication •cthodc 
ti-reflection coating on microccopo'~ 
montc. 

for the an
opti cal etc-
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3. Acscmblv and 11djuGtin9 of the loncec In •ounts and the mi
ero-objcetivos 

fhis ct;ige of tho work le tho moot critic.ii point of the all 
opto-mechanical partc of the contract and con~istc of the fol
lowing steps. 

3.1. Oraani:ation of the cpccial optical mechanical workchop 
for •icro-obtlcc as;omblv and toGting 

Accordin9 to oxport·s reco•m•ndationo, optical mechanical 
~ssombly and adjucti~g workchop wac orgoni1cd In a scpe
ratcd room. In this workGhop wore cstabl ishcd tho fol lo
wing working places: 

- Working placec for lens In mount adjustin~ and cutting 
with s111all ex11ct latho 8houblino 102, special cen-
tring chucku and autocollimation tube; 

Working table for Ions in mount cementing with special 
rotational dovico; 

Working tablo for lens in mount checking, with t~o dial 
indic11tor on nozzol, t~•plct:i for tho checking lens in 
mount and mlcro•etor; 

- Working tablo for •icro-objective asccmbly and adjuc
ting with cpoclal chocking •icroocopo, tools 11nd atta
chments. 

3.2. Shoubljn; - 10? lpthc jnstoll11tion and adJUGting: 

rhc cmal I prtciGion Shoublino-102 lathe WilG purchased 
spoci11lly for lens in 111ount centring and cutting. 

During oxports' ocrvicoG Shoubllne-102 l.itho inctallotion 
and adjusting were fulfi led a~ fol ,owing: 

Longitudinal and tranoveroe carricro movo•cnto w~ro 
adjuctcd to provide accuracv about~ micromotcr or dic
toncc 100 •m: 

- Adaptorc for centring chuck and autocol li•11tion tub~ 
wcro developed and fabrlcatod: 

- Adaptors; for two dial indicator which provide aceuraov 
reading of carrierc movomonto ~ micromotoro wore dovc
lopod and fabricated. 
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3.3. fixing lcnso:in •ounts 

According to technical documentation and kno~-how, packa
ge lcnccc arc fixed in •ount by comenting. lho first task 
was the choice of cement. After testing of many kind of 
cement "ALlLCO-ACL" cyanoacrylate adhesive type ll by 
AL~ATtCHNO co~pany (J3pan> was found the most suitable 
and available. lhis ce•ent provide ctrong and fast fi
xing, is eacy to uso. 

For lens in •ount cementing special 
uGcd. SSRC pcroonnel was trained to 
for all micro-objectivo 10X lensec. 

rotated device was 
•ake this operation 

3.4. Centring and cutting loncos in •ounts 

for this operation, s1u1l I prccioion Shoubl ino-102 lathe 
with special attachment was used. lhc main steps of this 
operation arc o: followa: 

- Spocial adaptor ccrew into the centring chuck; 

Lene in mount screw on adaptor; 

- Find the autocollimation i111agc from the firt>t surface 
of lens and adjust It by the first :;crew:; of tho cen
tring chuck to toleronted radiuc of rotation; 

- Oo the ~amo for tho occond ourf ace of 
cond scrcwc of chuck; 

lens :ind the so-

- Check radius of rotation for the third surface; 

C~t tho base diameter and facec of the mount "a: 
clear"; 

Screw off lone in mount and check the 
crometer,dictanceG from Iona to face:; 
tor,coloulate required cuttod valuoc; 

diameter 
by dial 

by mi
indi coi-

- Screw lono ~n the adaptor, ropooit the adjuctlng and 
then cut dia•cter and facoc. 

AG roGult of ••pori~entc, this proccGc 
realization by non-ckiilled perconncl 
high accuracy. 

i:; very 03$Y to 
and provide ~cry 

SS~C porGonnol was trained in thiG operation and made two 
:eta of lonceG in mounta of good quality. 



-----------------------------~--------------------

-i-

3.5. rochno!ogicpl process of gqsoabling, ~djucting and tcc
tin9 aicro-objgctivec: 

This process includec the following operation: making up 
a set of objoctlve units; washing aechanlcal pieces; 
clean the len:;1:; in aounts; setting a pole from the as:;m
bl ies and put thc11 In aount; adjusting obective for com-

, pensatc 3bcrration, checking parfooal distance and cen
tring. 

~or objective nGseably and adjusting it ic necessary to 
have the following tools and dovlccs: cupport for assem
bly, special wrenches, inspection microscope with teles
copic tube and illuainator, standard objective for compa
rison of obj~cti~a under tested, objective st~rtcst, 

mounting jig. 

Know-how package contains ful I process of micro-objective 
assembly .ind adjusting. High quality, reliability and 
officioncy of this procecs ic achieved thro~~h the use of 
adjusting tables and do•oilod typical mic~o-objcctive 

instruction. 

Uuring the objective adjusting such abrrations ac coma, 
spherical aberration and astigmati~m must be corrected. 
1:.1 imin:iting the co•• le provided by movir.9 the obJoctive 
component in transvorso direction uGing mountin9 J•9· 
Spherical aberration le co•ponnatod by celection required 
distance ring:; baGed on adjuGtlng table. Astig•oiticm io 
oliatinatod by rotation of objective component::. Ouring 
the ass•bly It lo nccocGary to provide tho required ob
jective parfocal diotance of ('1~+0,01~> mm in ::ize. It ic 
achlved by acing of di~tance ringo or cutting the h~ldor 
end objective, centring is provided by rotating the hol
der with objective ltnGoG. 

In ordor to to1:t the quo I ity of objective:: qua I lty con
trol is porfor•od. rhe tooting of lllicro-objoctivOG iG 
fulfilled according to the technical requirement:: inclu
ded in tho know-how packago. Objcctivo t~ct footuroo arc 
as follow: numerical aperture, magnification, image qua
lity, parfocal dictance and centring. 

3.6. Tc;ting of manufacturGd micro-objective 1QXQ,6~; 

Baosd on technical Oocu•ontation and know-how 
S~~C personnel with LlTHO cxportc fabricateJ, 
3nd toGted micro-obJ•ctive prototypo 10XO,b~. 

packQ!J<s 
a::ccmblcd 

lhiG achroma~lc objective hac orlginal nnd complicated 
deoign and providec; high-quality optical image (cla:::: ci-· 
- Chromatio ~ree>. New dtclgn micro-objective 10XC,6~ C~ 
wa:: m~r.~facturod at firat time. 
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Tc~ting of manufactured objective i~ pcrforacd in accor
dance with technical requirements covering objectives for 
micro~cope:; 8IOHEH-S,L. 

SSkC ctaff took part In tecting of objective und~r LlTHO 
e•pert~ ~uporviGlon. 

Hicro-objcctivo auct mett the following characteristics. 

h> Image quality io evaluated by diffraction image of a 
point given by the objective. 

Star-toGt Gpecimen wac uaod aG point object. Diffrac
tion image of a point muct be prccent ac a bright core 
with a concentric ring about it. ~or objective 10X0,65 
a discontinuity up to 0.3 of tho ring circumfcroncc 
length i~ allowed. AGsembled aioro-objcctivo without 
additional adjusting had a £mall aberrations <coma, 
spherical aberration and aGtlg•atiGm). 

hfter adjuoting t~e •icro-objectivc aberrations became 
nogligablc, email valuoc. Objoctivo iaagc quality ic 
calculated by comparison of the image given by ctan
dard objective, $1)vict objective high-quality 
<plan-objective> and German objective. 

rhi:; comparison :;howod that i11age-qual lty of 111anufac
turod objective not wor9c than other ~lcro-obJectivec. 

Becau:;e of optical componcntG and mechanical partc not 
coating tho image contract of tocted objective wac 
low. 

lccting confirmed the high ctabllity and non-cen:;iti
vity objective de:;ign to manufacturing error~ and cf
f iclcncy of the proceG: of centring lonccc in mountc 
which providoG high precioion centring nod requiring 
no £pccial workorc qualificotion. 

~>Magnification of tho obJoctivo wao 10X whon to microc
oope mechanical length of tho tube wac zct to 160 mm. 

C> Numerical aperture of objo~tive woo O.ti~. 

O> Parfocal distance of objtctlvo muct be <1~ + O.OJ~)mm. 
Somo correction of thiG objective feature wac mado by 
cutting the cupport end of the holder. 

£> Objoctivo decontring ~hould not exoeod +lo mm In the 
object piano. 
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Recultc of objective tocting conflr•od high-quality of 
optical design, tcchnicol documentation and know-how pac
kage, :ipprecl:iblc qu:ilification of the SS~C ~daft. Fel
lowship training and subGequont work confir•cd the abi Ii~ 
ty of SSRC ctaff for :icGombly and ;idjucting of :ii I mi
croccopo objectives independence. 

1. 'Fine 111ech:inicG f=ibric:ition 

~xpert cervice in the fiold f ino mochanicc fabrication was in 
tho two direction: final st:igo of microscope prototypo partc 
fabrication ani microscopo prototype aoGembly. 

4.1. final ctepc of microccopo pro~otyee parts fabrication: 

In accordance to technic\1 documentation and know-how 
package under the expcrtc' cupervicion , the main partc 
of microacopo prototype were fabrioatod ac follows: 

- ~ocuslng mechanisms of Uiome• L,S microccopc prototype; 

Id I iaechan i ca I pi ecec of mi croccopo eyop i oce: 
- 1\11 parts of monocyepiece; 
- 1\11 part:. of condencer f\-0.3; 
- Partc of co-ordinate stage. 

During proeoaG of fabric:itlon, ~ccoGc:iry corrcctionc on 
technical docuiaantation and know ·how package were made by 
expertc :ind SSRC moch:inical workahop pcrconncl wac trai
ned and have ctudled correctod know-how. 

4.2. l\c;embly of the •lcroacope prototype 

fhe moin problem wa: :iaacmbly of the 
for microscope Uiomem L,S containing 
cueing. 

focuaing mcchoni:m 
coarcc and fine fo-

lhc cituotion wac very critical bccaucc of the ~b:cnco of 
noce:cory equip~cnt no•ely grinding mochino for veo-w:iy 
cl idcc .ind grinding m.ichinc for Gcrcw. 

For thio reocon grinding wa~ change~ by lopping. tipocial 
lapc wore fabricated and nococcary correction in the 
know-how pockogo woro mode, poraonnel woe troinod. 

The fol lowing partc of focucing mcchonis;m were lapped: 

- Screw ond nut for fino foouoing; 
- cylindrical hoadc of boltc; 
- Worm ond ahaft; 
- ll<illc clidoc. 
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rhen focuaing mechanicm waa acacmblled, ~djucted and tcc
ted. hi I stepc of thic procecc were recorded and ctudied 
by mechanical workahop porconnol. 

1ccting of the focucing mechanism chowed it'c performance 
of high quality and better than tolcrcnced: 

- Coarse focuair.g movement range - ~Imm; 

- ~ino foouaing movement r3nge - ~mm; 
- ~ine focucing mechaniam ccalc - 2 micrometcrc on l di-

vi:;ion; 
Fine focuclng mcchanicm minimum movement - 0.2~ micro
meter; 

- lhc I act movement - 2 division: 
nonrcctilinearyty of the movement - leac than 10 micro
meterc. 

Trial a:ccmbly of all microccopo wac alco made to check 
goodncaa of microccopo partc fabrication and know-how 
vorification. Uocauce of tho chortage of time, all partc 
of micro~copa were noncoatcd. 
Rocultc of final acsombly proved tho quality of partc 
fabrication. 

~- Conclucion: 

lho main rocultc of cxpertlce diccuccion and rocommendatlonc 
arc the following; 

5.1. lechnlcal documentation and know-how pockage of two mo
dorn vercionc of micro:eopo prototype after correction 
and tecting during expert cervicca arc fully ready to be 
uced in microccope prototype fabrication. 

5.2. Manufactured partc of mlcroccopo prototype cuch ac mi
cro-objective ~OX0.6~, focu:::ing mochoni~m, co-ordinated 
:::tago nosepiceo eonfirmod high quality technical documen
tation ond know-how pockogc appreciable qual ificvation af 
the SSHC pcrconncl. 

~.3. At a rccult of followGhlp training ~nd 
SSP.~ Gtaff ready to produce myorobcopo 
pcndontly. 

t;.4. t'.xportG' roco111mondation:;: 

expert ccrvlcc~, 
prototype::: indc-

a) Jt ic ncccccary + . . ~y more attention for fabrioation 
,, 1atlvo lcnooo <No.2 and No.'1 f~r of front Ion::;, 3r ., 

mioro-objcoti1.c 
thicknocoec and ourrw. 

partioulDrly for centring, 
f o rmc ; 
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b> Pay more attention for Gurfaco quality of 
cause at present there are many scratches 
Gurf;ico:;; 

lcn:;o:; bo
on optica'. 

c> It is ncccscary to provide the optical and ~sGcmbly 

workGhop with more stronger tcapcr;ituro st;ibi lity 3nd 
cle3nl inesc; 

d} It is nccccc;3ry to cctubl i:;h the working place:: for 
checking lens thicknossoe>, surface quality, lens dia
meters. 

LI ·1 HO l Y.PLRl S 

f'rof. ~odionov 

1l~ --I}~ 
Prof. Putilin 

·~~~--r--
Prof. Shcckonine 

r:/?,-;ff/'~/? 
Prof. Bokine 

SSWC HLP~LSLNlAllVL 

Ur .... Hous~clly 

.. JJl', llt.'v1lif!1( 
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lechnical conference of the cxpcrl~ of Leningrad Jn:;lilutc of 
PreciGion Hc~h3nic~ and OpticG (Leningrad, US~~) ~nd Scientific 
t: i u d i c c ;in d H cc c ~1 r c h L c n i c r { ~i ~I~ C > N"' ti c n a I !' r o j c c t ~. ta f f < IJ '' m ~:; -
cue, Syria) 26.0~.1~91. 

Within the fr;amcwork cf UNl:HJ Contr;:ict rio. U~/'11 rcl3t.ing t~ 

the project OP/:JVIUU!i.'011, expert i;crvice nn•I tcohnic.11 contcrcn
c c c I I. n Mu c x I' c rt:; 3 n d t; pc c i a I i ct:; 0 f s ~ii~ c.: w c r c h c I d .it. IJ OJ m :H. c Ll ~ 

Lcbc~n :~/.0'1 - '.~O.O!j, l!J'Jl. 
H: c f o I I o \d n g r e p r c:; en l u l i v e:; i> f th c ab o v c m: n t i on c d ~ i d co took 
part in the expert Gcrvicc and conference. 

! rom LI I MU 

l'rof. ~- Hodionov Optical lJc:;iyn, lccting and adju~iing mi-
cro·-cptic::.. 
I ' r o f • L • P u l i I i n c , ·1 h i n I I I m , Up 1. i c r. I a h r i c a 1. i o n • 
Prof. ft. ~hckhoninc, Optical lcatinn and Aa~cmbly. 
l'rof. IJ. lloukinc. I inc Hcch:1nico I "hric'1li on ;ind l\t.r.cmlily. 

Fr om :.i~HlC 

IJ r . " • Mou or. c I I v , Pro j cc t ~J ;i 1. i on•• I U i r o c to r . 
IJ r . ~I. U i -~ r i 1 U c a J 1 o p t i c n I I) c r. i' !J n 
Lng. K. M;:1ya, lfc:1d, thin• i Im. 
L 11 !) • ft • 0 b c i 11 , Uc il d 1 up t i ca I W o r k !; h op • 
L n Q • D • 1'1d1 o ~ i , If o a d , M o c h ;i n i c -. I S v r. l c m D c c: i g n . 

1. /\ccortling b Protocol <Oorn.1ncu~, 0/.11.t~J~JO>, :J!iHC rc11uc:;tcd 
l. J ·1 M ll t o f i n ;1 I i 2 c t h c c I a I; o r a l i o n o f i. h c k n o ': - h o \..I p a c k a g c f o r 
m i c r 0 ·- 0 p t i c !; • m c c h il n i c il I f il b r i c ;) t i 0 n I ;] c :~ c Ill b I v I a d J u ~ t i 11 a ;) n d 
1. ~ ~ t i n g o f m i c r o c c o Jl c I' r o t o t v r• c c w h I ch h .- ~. 11 c c n h ;:i n d c d i. o 

LllMU oind ~i~I:(: ~.(lccialiclc !;i.udicd :ind dl:.cu:.ccd in dotailo 
th c t cc h n i c ;l I doc um c n t •l t i on '1 n cl m;) d c n cc ca !; ;l r v comm c n t:; .1 n d 
rcfir.cmcntc ;:1ccordi11g 1.o ~~Ht..: f<1r.ilitic:; ;ind rc:idy to L" U!•cd 
in f.1bric;1tion of micro:;copc prototypc:l. 
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;~. /\ccordin9 to LllHO oY.pcrt rccommc11J.::ition:: for tt.c ;1dv.1ncc.: of 
Hae 1•rojcc~ and uti I ii.ii.ion of the know-how 11ackagc ~~~l t;l~ff 
made th~ fol lcwing: 

;:: i I ' u r c h ~1 ~ <.' d r. u c h a :J d i t ! ~ 11 a I c q u i 1• m o n t. .-. :; = 
- Prcciaion Lithe "'.ihoubllne - 10:!". 
- La:;cr cementing and centring rua:hi~c - Ml. 
- II i !l h ::; pc <HI p" I i :: h i n !J m :1 ch i n c PH 1 • 
- Set of mechanical lcolo and ccccG:;oric~. 

b) Arrangement ot opto-mcchanicul wokrkuhop tor f ixin3 ~nd 
cent.ring lcn!•c:: in r11ou11tr.. ar.::cml.Jly and ;1dju::ting 111i-
cro-objcctivaa and micro:;copc. 

c) I al.Jricat.cd different. t.yl'C~• of chuckr. for lcnr. cementing, 
centring lcn:;c:; in 111ounb, tc111plct::~ e;tc ••.• 

l'art of equipment required for the optc-111cch~11ico:il uork~•hOfl 

·..t.i:; clcl ivcrc1I by LI IMO cxpcrtc. 

3. Lxpcrt t;c1·viccr. 1.:crc concentrated ••round rcali101t.ion of 1.cch-
o i c .i I 11 o c um c n t ;1 t i on an d know·· h" ~ pack a g c f o r man u f •l c t •Jr i no of 
111i~rocco11c rrototypcc; in t.hc fol louing direction~: 

- M i c r o - o p t i c ::; f :i b r i c a t i o n :l u c h n n I c n c c cm c n t i n 9 '1 n ,f c h c c -
king , lone centring ~nd coating 

Moch:inic:'ll f:'ltric:'ltion of complicat~il p:Jrt'.; or micro'.;copc 
cuch ~c focu~ing mcch~nicm, co-ordinat~I ct~gc , noccp1c
c c ; 

U Jl t. o -m cc 11 an i c •• I ••:;:;cm Ii I v and O£ d ju r. t i n g c f in 
mount~ of micro·objoctivc~ and eyepiece; 

- /\ c c c m Ii I v , •• d j u c t i n g ti n d t. c LJ t. i n g o f m i c r o - c Ii J c c t. i v c '· :1 n d 
mi cro'.:c.opc. 

f\ d c 1. ;.a i I c d t c c h n i c a I r c f> o r t 11 o ~. 
contJining the findingQ of their 

cuhmit.\.cd l1y I I I MU c x I' e: ,. t. !. 
mir.~ion <~cc Annex>. 
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lx~art ~crviccc at project ~rc:i were final i:cd 
ui th contract tcraH. ac fol I c1"~~ 

-J-

- Jc int expert mi~sion of prof.~. ~odionov, t. Poti l~nc, 
ft. Shcck~ninc from ~J.OJ to 9.02.19~0 ?m!ru. 

- lxpcrt in micro-optic~ ~n~ teat pl~tc fabric~tion Mr. ft. 
J v 11 n i o u c h i n c , I'! r • V • t1 ii c h c k i 11 c , Hr • ft • I o l' o r· o v f r c r.1 :/ ll • l •) 
to ~.12.l~jO 1m/m. 

- Lxpcrt in fine mechanical fabric•1tion, l'roi. ll~uU11c from 
2G.Ol to 1.03 ,21.04 - Z/.0~.1991 ~m/m. 

- l. x pc rt in opt. I c ii I cc at. in g • o J• t i ca I •• '- c e nil; I y. op l i c ~1 ! t ct• -
ting, Pr<-f. :3. HoJionov, E. Potilinc, fl.. ~ihcckonin-1 from 
~~.01 to 2U.0~.1~91 3~/m. 

lotal volume c~pcrt ccrvlcc~ ua~ llm/m inctcaJ 
c~nt.rac. t.. 

1. 1-in;il ~t;igc of i'ldividu;i• lr.:iining lor ~i~l·:l :11·c1~~t :.l.:ilf 1:0.l~. 

prov i ,Jc :I by L 1 r MU :i:; f o I I o :.1 !~ : 

l11L M. ~iw~dan 

- 2:~. 0 l . ~ 1 
i il f inc 

C2.'::>m/m). 
f o 11 r i c .:i 1. i o ri f r cm I J . I l . ~•'-' 

- Mr. I>. /\lilita::d in fine n1cch.inicc fabric;ition from 1~.J:'.~10 
- l~.01.91 (lm/m) 

lol~I volume of tr~ining ua~ ~G.~m/ru. 
H r • U b c i 11 w i I I :i r r i v c t o l. l I HU f o r i n d i v i d u a I 
c r o - o I' t i c c f il h r i c <i t i o n f r o 111 Z U • 0 ~. - 1 • 0 I . ~ 1 

tr.1inin9 1n 1ni
C~ wcokc). 

~. lho conclucion of the complete work under Contr~ct i~ r.umm~ri

z~d a:: followc: 

:1) ll~i<iilcd technical documon1.olion ond kno1l-hO\.J pockogc 
n c c c r. r, .1 r v :i n cl ~ u f f i c i n n t f o r t h o f il b r i c ;1 t i o n c f t h c t ~' c, 

ra o d o r n n1 o d c I c o t 111 i c r o c c o 11 c 1• r o t o t y 11 c c i.: c r c d c •1 c I " I' c ,j h y 
L(IMIJ in full a9rcomnnt ~lith Contr.1ct term:;. 

Ii > ·1 h c c k p c r t c c r v i c c c r c c u I 1. o d i n l• c 1. 1. c r u n d c r c i " n d i n g I) f 
p r o .; cc t mac h i n c r. , n 11 c ~ ; :; :i r v p u r c h :1 r. o o f b .1 I .Jn c i n !) c. 1J 1; : p ·· 
mcnl ;ind orro:.ingcn1cnt of :1ddiliC'n::il i.Jork::hop~ ::it ~:<.:J!I •• 
L lf MfJ c po c i ;l I i r. t:; m :J tic r c ~om m c n 1!.1 t i on:; an cl con r. 11 I ~ .1 l i o •Vi 

t o ~; ~; tH.: c t ii f f f o r l h c i 1n p r o v c m o n 1. o f 1. h c ;'I c1. i v i t. 1 c ~ u n -
tfc.r project. 
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c} fcl lcw~hip tr:iinin3 of the ~:>~C pcr!;onncl by LUHO tn 
vari~~::; field of •icrc~:cpc dC$ign and oplo-mcchanic~I 
fa::.·icdtion W.l::i fi11.;ilizc<I. /\~ .i ru;ult the f.::llow: .1c
q :.1 ! r c d n c c c !: z a r y k n o 1: I c d ~ c a n d p r a c t i c c 1 rt j i :: I' c n ~; a Ii I c 
f o r r c a I i ::: :i t i o n o f p r o j e: c t • I r :i i n i n g a n •I ::; 1.1 b :; c 'I u c n t -.: o r k 
c o n 1 i r m c d &1 n a I' 11 r i c i a h I c q u a I i t i c il t i c n o 1 l h c t c I I G w :: 
;1nd !3:.rnc i:; tat f. 

d> lhc ruain ~iru of :cnlr~ct a:: lo conlr1bulc l~ the c::la
b I i~hracnt of the Center for optical tcchnol<ljY dcvclolp
mcnl •it~;~!{(; ~oi::; conceptually :oolvcd. ~!J•~L pcr::;onn\:I 
cxprc~·;o1l :.;;iti:;f;)ction an.: olpprcci;:ition ot LllMO :ictivi
licG under Conlr~cl. 
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PR 0 0 F GLASSES 

Th.:- t v~.:..:: •Jf pr-0.ju.:t.:.d proof g· lasses rnust be as fol lows: 
SR3 - stand.ar.j pr·oof g lass.:-s f c·r· t~st 1 ng the working surfaces of 

.~:ontr·ol proof ~lass~s; 
._~FG - • .:;ontrol proof >4-la.sso:<s for t;:,sting the wod;.ing surfaces of 

-w0rking proor ~-lass.:-:::;; 

;..'FG - wor·king proof gla;ses for t.o:<st1ng th~ optical sur·face 
r·a.Hus value of optical details; 

SPG are m..10hined in paire::: ·~or1sist.ing of convex and concave glasses 

~P!:J .::ui:J ''l'l'PG of all tL.~ rai:ti L .::i1~ ifil.-i•-!t:' of th~ s111'6lr:. si~ri only. 

,=:PG c dd 1 1 '~orr·~sµorid t•j th.:. cur·v.:i.t.ur-.e of the detai 1 under test. 
'1r'PG rad1t a.r':! of the opµ0s1t. :::1gn to the detail's surfa(.:e curvature. 
Proc~( glasses .:u--.:- rr:.:i.rj;:. of ::::1.J.ch r_yµes :.:.if gl.::1.s:::;:~·s .±: FK-3 with quality 

v i&r~s 

d1.'Juhl ~ 

- r 1ot wur·-::;.:: th.:.i! 1 'B 2 
- riot woc:;e than ®2 

r~frai::t1i:1r1 - 11ur. woi-:-::'=" tha11 ® 



Rad1us of tt~ working 

surface of' proof' 

g 1 asse: s, mm 

fl"Oll 0.5 to ~.5 

Yore ~.5 to 5CXX1 

Maxurum possible deviation, 

norrtlf1r or Newlon rings 

ge-r;e. ral N local N 

0.2 0.1 

0.1 0. 0'1 

0. (Jj 0. (Jj 



MAXIMUM lEV!ATICll F~ ~ TABLE 

;~ l' Maxi niurr. d'=' ~ l ~t i un , h r 1 om n_omi 1 idl radius value, 
f 0 r c:1cc u r .:ii~· v ·~· 1 asse ::: 

~ Not111r.ai~~:v3ht~. 1-- ---~~:~-~---,-- '.-, .•.,~.;---I---
3 

class 

~~-I~:~-1- -(.-~- -'" -- ~ - ''~ ----+, -- ---~---·- ~3:=>_::-___ - i -- --·~~-__1~~----t---------
&i' ·Ji. ·-·· ._i . \-· ._:_ '._; I I 

~ l • -. ! 1.1.-J..,., f + : -, l-lf:; I 1). l 5 I 0. 3 
'---~-~-·__:__~_ ------ -·---- _-=:.:. .. =-----t---- --i--------il 
,, !::" .-......... • -. r,.i:; to -~· .-, . ' I 

0 .-, . '-
~. ~ - t• ·-:· .. ~- - - ,_.. •.· I f 
.- i ri:.' l 1 .dr:-•J 1 i I l ~ --. ------~ --. ·, :-,~-l-~; . - --1 -. Cit.~ u. 08 
a .. i-' I r:- •.• '·- •• '..i ._ • , __ • ! 
-· • ,- 1 · 1- I I •••·-·.I. u· .._.._, i 0.3 

; Ir,,_:: 1 Udt:'d -~· - :J4 !J. Of, 0.15 
1~~-~--~ .. -o --~o -10.-l:i -r

1

:- -- -----=]· -- ---- ---
,;· --- -- -- ---- --------,- -- ·-- --- - .- - -----------r----------
j~.ur-i:- u:;. e: to i:?. ::i j I i 

1' --~~··~~u.J::-·~--------1 ! Cl. 05 i _______ o_._1---
;;~;t;r o:- 1:~. t.:: t .-) 15. o~ I 

1j_ 04 

~ r r;.: i ._11.l~d L ____________ _ 
;, • \- • - ·1 i::- I• t 0 .•.• ,.... I ij••IJ1 C *'-'• ._, . ,; ... ('_.,_I I 

.. 1 ri·~ i 1Jdr:d I I 
L ---- ---:::--1 i 

~M:,r: n~~:J~:}a~o -;?,2. 0 j ~I L___ , 
~M.Jr·r-: ~-{2:? _to ':S°/. 5 l 

t. -~~ ~~Ji:-d ... __J ------- -·--
~ lj, . • •• • 1-=- " , "·so ,-. I 1fiYf._.: { ..--:: >I . •.-i '.., 'J ,.,., ~ .J ! 

0.08 

0.06 

0.05 

0. 1 ;~--·-~: ~.1.::~cj___ ----~----- __ c_; __ c_13_=+_ 
~M".Jr .:- 2t1~i. o to I 

i~~- ~;)~~~1~uded --~·-:~-:.----·+ ~:: ·---:-.-· -~-:--
10-bo::-o ! i OUIJ.o 1 cx:n-o ····--·--·-------"'.__ ________ .._ _________ .._ ______ _ 

1. ('Ff.3 r11.1.::;t t,ave accur._"::v class of u~ SH1, tt'1lh ttrose surtace tt1:1ll· 
won.1 rig 3Urfa..:r:: 1 s ·~·.~1mpart·d. 

~\'::~3 ;;r j :;t ti[t'v ~ -~·..:·u r .. 11.· i,, ,_. i..-:a..;:;.-:, A u •.: l :·r:c , w 1 th w tose su rt'ace ttl: i r 
it' CJ r ;., ; / ,t SLJ rf &..·6' 1 s . :omµared. 
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lleflliL>s Paromefrs of the workin! proo! J'Lass (wP6) 
~ Parumetr5· 

" A3 mm ~"r/§t:el llodius mm <tJ, 1n111 fl. '"'" ,v of' t1rowlnrf St n II ~ 
~- -- --- - ---

7 I 2 J u 5 0 I " I 
+ 4,130 8 6 I I 1200.oor 9,5 5.998 II 12 3 -

! 48,3IO I2 IO 4 2 :200.002 !0,5 -
I - II 156l I2 IO I 3 

3 
i 

I I0,5 + I0,?!5 12 IO I I !200.003 22.180 I 12 IO 3 I - -
I l ~ 5 4 i2IO. 00! 7,0 I 

9.204 -g ? 3 I - I 

5 !210.002 ?,5 + l 20,090 9 ? I 
! I - I0.209 g ? 3 -+--" 

E !2I0.003 9,5 - i 28,840 II I IO 3 
+ I I0.520 II IO I 

I 
I I0,520 II IO I 3 7 :210.004 9,5 - --

I - I2,?94 II IO ! 3 ! 

I 
-

i 24 320 15 IC I 3 8 :2I0.005 ! 13,0 -
?5:34o I5 IO I 2 + I 

1220 oo"t" I ' 0.0 I 5 9 t; 7 ! 

' 
i • J. j v,. 2,?CJ ? ,... 

3 --+ - ( 

I I 

[0 :220.002 I ,., ~ - 20,840 9 1 I 3 r,v 
+ I 5,916 ' 9 

I 
8 I I 

~220.003 I 
; I 

I I -
I 

! 5,916 9 9 3 [I ?,5 
._. I - 7 

' 
[4 !220.oct ro,5 



TctfLe N' (confinveo'j 

I 2 3 4 5 6 7 8 

24 240.00I 25,0 + 59,980 28 !5 2 
I - _I3,?40 28 20 3 

pc; 240.002 Z7,5 + I !3,?40 26 I5 I 
... v I 4!.?80 30 15 4 - --· I 26 240.003 28,0 - ?8,890 30 15 4 

- 46 .240 ~o 15 4 

v 240.C04 28,0 - 28,~0 30 15 3 
+ 802!?0 30 15 2 

~8 50.00I J 24,0 - I8,4Q8 25 15 3 
·- Z7. ?30 25 I5 3 ·-~- ·-

29 50.002 24,0 + 13,900 25 20 l 
- 18, ?50 25 15 3 ,______ -------

BO 50.003 I3,5 - 6,310 I I~ 12 3 
+ ? .1~5 !4 8 l 

t3I I28.II5 24 :tt 23, l40 
l 25 20 I 

-~ - !3,305 ! 25 20 3 -
32 !20, :16 1 

OCJ 32 15 4 28 '~ : I Z7 .800 
I 

32 I !5 3 L+-- I '-

B3 I !20. II? 28,9!0 32 15 3 -28,5 - i i - 42.?60 i 32 i 15 4 
3!,?00 l 32 I 15 I 34 I20.II8 28,5 + I ! 

26!.800 I 32 15 4 - I 

66 220 I 32 I5 4 ···i:; I20.2II 28,5 - ! ~c...: 60:810 32 !5 4 I - ·I -
: 

* .S jl n ., +"is for f/,e convex work in/ surface of/he WPG 

Sijn ., - "is /'or /he conca~e wo;/<io; sur/t:tce of /he WPB 
a 



'I ... -T E C H N 0 r n G I C A L P R O C E S S C A R T ;t/ ::£ 

l EQUIPMENT 

'~ W!!z \ I R 
~ 

b-- -c R _,_ ~ l. Grinding machine _,.....__. -~'1 ~-- -~ ~ 

~) ~ ·~ 2. Drilling machine 
\/ \ 

t t t 3. Rounding machine 

---- - 4. Curve - generator 
N ! CONTENTS OF OPERATIONS 

5. Pedal grinding machine 

I l. Stick the slabs to a blocking tool L TOOLS FOR MACHINING 
ti 

II ,, 
1Rd - to thickness tl= 1. Plane blocking tool .:.. e u .... e 

3. Remove the slabs and stick again 2. Dia.mnnd drills 

I to thickness t2= 3. Diamond wheel type 4 .

1 

Reduce ... 
. -

I 
5. I Knock off the slabs 4. Diamond wheel 

6. Clean up the slabs 5. Cup-type chamfering tooJ 

7. Stick the sheet glass to the slabs I ATTENDING MATERIALS 
I 

I 
8. Trepan holes in slabs to make blanks l. Microgrit WCA 

l 

9. Break off blanks ,, Blocking wax I .... 
10. Clean the blanks 3. Slabs of sheet glass 

11. I Stick the blaul<:s in to a stack with 4. Glass-cooling fluid 
-1 the length L= r 5 . I Spong~--,12.\Reduce the stack to diameter .1!3 

1113. ! Dismantle the stacl-: [ JIGS AND TOOLS 

I\ 14. I Clean the 
.-

blanks 1. Plane holder 0= 

\ ~5 ·I Re~uc: :: 
.. 

to thickness t3= ,, Collet chucks 0= .:.. . 
-----· 

- ' ,-.. .~ .. .... ~· . !· I ., • 1 ,I ... 6., Rc ..... uc1.: .. , tu tLi..Li.L ..... ~ ,,4 II ~· .
1 
E .e.ctt ic hotplate 

'I 11. 

1 

Bevel the tcchn-:ilogic.:\l chamfc:rs Ill MEASURING EQUIPMENT 
I fl and f2 ---
111e. Clean the blanks II 1. Gauge 

1

1

::!- ·~·· !-~::: cen~~c-~~:~1~~~55 t-1_-· -------~- .:n::~=~!l.· ~< M~-~~~~i~;~~~-~-------~~-~= 
·· I 0 -d;; · R' R'>- --··r 11 .., Ir:. 1. 1· ..... •"I." 

11 -· ~1, ..&...... • ··- i..•• •IH~. ii '-'· ,•-'r'••t'.' l.._·•llt.::'._t,. 

~_:_-j ::1-...::~•r.fe1· .;.;...:'";.:fl- __ , f~-----------1~~~-.JL l_ ___ ----------------



.... ~~- -~~~~~~~~~--~-----,.---------------------............................................... .. 

Tq#Le A/f --· 
lens 11lll o/ operol/ons of· mechcnicof workin~ uf ~Lon.4't; uce'ordlnp lo fecAnoLo;/cQ/ cq~/tll --
11~ 2 4 8 II I2 I5 16 /t/ofe£ 

f, mm f'z. mm fJ) mno J.. mm H Dleces. A• mm //( ~ mm ,('~ - ,,,,,, ~- .1n.1n -1 2 3 4 5 6 ? ~ q IO II T? 

200.00I ?,IO 6,?0 I0,5 ?O IO 9,5 3,94 4,5 6,18 4,30 /?1 P/1 ¢ 7mm 

200.002 3.20 2,?0 lI,5 82 30 10,5 ll,?5 2,5 48,50 2,30 

200.003 3,00 2,60 II,5 80 30 10,5 10,50 2,4 19,80 2,20 
·-

210.001 4.50 4,00 8,0 61 15 ?,O 9,43 3,? - 3,?0 

210.002 3,50 3,10 8,5 63 20 ?,5 !9,90 2,5 10,40 2,30 
-

210.003 3.90 3,40 10,5 ?O 20 9,5 10,33 2,0 29,05 l,80 
-·- -- -

210.004 5,50 5,00 I0,5 ?6 15 ·9 5 
' IO,?I 4,8 12,98 4,60 

·-
210.005 3.00 2.60 14,0 36 30 13,0 ?5,15 I' 2, I 24,51 I ,90 

..___ - -- ---· 
220.001 3,50 3,00 6,2 62 20 5,? 2,92 2,8 - 2,80 

- -- '--

220.002 5.85 5.35 8,5 82 15 ?.5 5,?2 3,? 21 ,00 3,45 
-- -

220.003 4.50 4.00 8.5 62 I5 ?,5 5,?6 3,? 6,10 3,50 
-

220. 004. 4,50 4,IO IO,O 84 20 9,0 6~?0 2,2 I6,63 2,00 
...__, __ - ----- --·- ,_ 

220.0C5 4.70 4,20 IO,O ffi 20 9,0 ? ,IO 4,0 12,24 3,80 
--

220.0C€ 5.50 5,00 II,5 I02 20 I0.5 8,79 4,? 79,8 4,40 
~---- - - .. 

220.0(]7 5.60 5,35 II,5 89 !5 I0,5 8,79 3,5 5.'i,85 3,10 
' 

230. Q()l 2.00 I,50 2,0 - - I,9 0,9? I,25 - 1,25 

230.002 2,20 I.?O 6,4 52 30 5,4 2,94 I,45 - I,45 
! 

~30.003 5,00 4,60 8,5 ?I I5 ? ,\5 3,?9 I,? ?O,?? ! ,40 . ·-·- ..... .. . -



. Tqt'Le N'I (co17f/t11./ed) 
·--

I 2 3 4 5 6 7 8 9 IO II I2 ----- ----· ----
230.004 4,2 3,70 ?,5 55 !5 6,5 4,I? 3,5 5,36 3,3 
--·--
2'30.005 5,5 5,IO 9.5 ?? !5 8,5 4,46 2,I 23,05 I ,9 
- --
230.006 4,8 4,30 9,0 88 20 P,O 4,84 4,0 9,14 3,8 

230.0(]7 3,? 3,20 lI,O 98 30 IO,O ?,95 2,95 350,20 2,? 
-~ -

230,008 4, I 3,65 II, 0 93 25 10,0 ?,5? 1,60 I24,2Q 1,3 
---- -

240 .001 12,8 12,:D 26,0 125 IO 25,0 13,95 I2,IO 59,?8 I0,5 
.. 

240.002 I6,? I6,2 28,5 82 5 Z7,~ 13,55 2,30 42, oo 2, I 

240. 003 6,2 5,?0 29,0 II6 20 28,0 " 46,45 5,50 79,IO 5,3 

240.004 I0.5 IO,IO 29,0 I02 IO ,.. ...... b 
~ >, 28,4~ 9,85 ?9,95 8,4 

50.001 8,2 ? ,?O 25,0 II? 15 24,0 18,@0 ? ,50 'Z7 '92 ?,3 
-

50.002 I3,0 12,40 25,0 125 IO 24 ,0 !1,62 ':3, 70 18,94 8,5 
-- ---- -

50.003 12,2 II ,70 14 ,5 IIB IO I3,5 6,50 II, "10 6,95 I0,3 R2 on ¢ 7mm 
·- --I20.II5 9,6 9,I 0 25,5 92 IO 24,5 13,50 8,85 23,20 I b.2 -··- - --

I20.II6 8,0 ? ,5C 29,5 110 I5 28,5 28,00 ? ,: J - ?,3 
-- lo- --- -·--- ·-·- _. ... 

-~-·--

120.II? 8,0 7 50 
' 29,5 IIO 15 28,5 29,12 ? ,30 43,00 7 'I 
- ·---·--120.118 8.~ 8,00 29,5 122 15 28,5 31,5C 4,50 262,00 4,3 

((1 (//} ¢Bf mm .=] ·-- --- -- --- ,___ 

120.211 lI,2 I0,70 29,5 109 IO 28,5 61, IO I0,5 0 f-G ,o 0 I0,3 -- - ---

~ 



T E CHNOLOG I C A L P..ROCO CE S S CART N2 

Rz\:I( -..,/) EQUIPMENT 

R-& ' l 1. Grindin& and polishina 
- --- - machine 

L ~ti~ 2. Pedal machine 
f 
1.- TOOLS FOR MACHINING -

N CONTENTS OF OPERATIONS 1. Mushroom-type arinder 
l 2. Cup-grinder N 

1. Stick pi+.ch pellets on surface 
Rl= mm { !:: pieces ) 3. Mushroom-type polisher 

N 
;_,. Block the blank:. on radius 

R2= mm ( 'i piecoes ) 4. Cu~-type polisher N 
3. Grind surface R2= mm,followi:id 

the sequence of ~teps: 5. Plane grinder 
.. Clean the bloc1-

6. Plane polisher 
'5. Poli~h .surface R2::; mm. 

ATTENDING MATERIALS 
6. Lacquer clean and dry surfaces 

of well-set details 1. Gri:.1ding abrasives 
7. Dismantle the l:..ock 

2 .• Polishing powder 
8. Clean the blanks I 

3. Sticking pitch 
9. Stick pitch p~llets on surrace ; 

R2= mm ( M pieces ) 4. ?olishing pitch 

H·. Block the blanks on radius 5. Protecting lacquer 
Rl= mm { M pieces ) 

lL Grind surface Rl= mm.follow~od 6. Spon&\3 
c.he sequence of steps: 

~2. Polish surface Rl= t·m. A.DJUSTHEti'T' 

1 Lacquer clean and dry surfaces 1. Mushrocm-type holder N 
of well-set details 

14. Dismantle . he block s.nd clean I 2. Cup--type holder N 
the bl nks 

I 3. Plane holder 
TESTING 

•, 1. Lens centre thickne~s t= ri.;;.1 MEASURING EQUIPMENT 
2. Surface form precision Nl= ; 

N2= 1. Thickness-measure aauae 
3. Polished surface cleanness Pl= ; 

P2= 2. Proof plete, m"fnifiiny 5.t 

·-



7ab'Le N2 

~ I !IN' of fechnolo#icdf Of'l'l'OfitJm; ot-corm.w IP tecA11o_ltJ,t1i:t7f pl"Oce~s cO'd ,./ 
l ens ,; __ l . _2 .1 I 4 I 5 9 ro I I I I g I I 3 

1 
n . u. 

I o ,M M M M ff,etr,·,:J'f'~'S 
"' "'"' pieces Hz mm pieces /?2 mm /?2 mm piem R1 mm pieces 1?1 mh} . _______ ...,____ - --- -- -· - .. 

5,99{3 I 4,_.J:t:-+ _LJ_ 4,I3 4,I3 I _5~98 __ l ________ g~_98 
22.!8 ___ 3 J_Q_,?15 l 3 ! _ 10,?I5 I0.?!5 I5 22,18 ___ 1_5 ____ 122~_!8 

_____ I0.209 _!_5 ___ _?O_._QO~. ' __ l5 l 20.09 20.09 _? I0.209_ .. ~? _ ___ 10._gq~ __ ----------

~ 
'2_10.003 26.84 3 !0~2 3 I I0,52 I0.52 15 28.84 !5 26 .. 04 __ --f. 

I 2C:C.OOI 
j2co.oc)3 

210.002 

-~J.9. oc~_ 24 . 32 15 ?5 -=--~ r 5 +-- ?5 . ~ ?5 • 34 ? ~4 . 32 ? ___ 2i.:.~2 __ 
220.002 20.84 3 5.916 3 I 5.916 5,9!6 15 20.84 15 20.84 I 

i=220.Qf4 -~- I~.4.41· I 6.9IB- I I 6.918 6-~918_ 716,444" ? 16-,44.4-· I 

, 210.0C~ 22.E6 I 4.656 1 l 4,656 4,656 15 22.86 I5 22.86 
?.3Q. 6~7 -f34_9. ~ __ ---~- - ? . ?62 I l._-___ 1_, ?_~?. ·· · ? , ?f.12 I5 34~. 9 15 _ 349. 9 
21g.09l_ I .§9.~~n:-- 1_ 13,?-1_ l I 13,?4 ___ .I:h~ 15 59,~~ !5 59.98 
_?4~.GQ2 --r~.I..: . .?8- - _J I}.?_4 _____ J_j_ ___ 13,J~_ ·- -- 13,?4 7 4I.?8 'I __ 41 ,?8 I r I 
24_0.Q04_ 80_)? . _} g_[:J._2_5_ ·---~ --1---28.25 28,25 15 80.l? 15 80.11 

t--50.:_Q02 Jo._'7-_~--· l !3.9 l I I3,9 _ 13,9 3 IB.?5 __ ,_3 .. _ IB.?5 
L_S0._003 . ~3I __ I_ __'?_.145 _ __l _t--- ?,!45 ?,_!45 l _6.3I l 6,3+ 
~I~C.I_I51 I3.3ow 23,44_ ~ 23,44 23,44 _I_, I.3.305 I 13,305 
' 1~0.118 j26I.8 I 3 3I,? " 31,7 31,? 15 26I,8 I5 26!.8 
L.__ ___ - ---------- ·- -· --- j • 

t 
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Ta6Le 1/?a 
Tested· poron1ef"erg 

Lens I 
Iv' a N' Surf: -~ueif 

t Pr P2 
A B A B i A B 

20C .OOI 4 ! 0,03 .... 3 C.3 C,3 0.02 C.l .J 

20C.CC3 I.9:!:C.I 3 3 C,3 C.3 C, I 
2IC.CC2 2 ! 0.I 3 " c ,25 C,25 0, C2 .J 

2IC.OC3 I.5:!:C.I <"\ .~ I"\ ,.. C.3 C, I .) .j \.; , .) 
2IC .005 I.6:!:0.I 3 " C.3 C,3 c I .j 

220.002 3. I:!: C ,02 3 3 0,3 C.3 c C:?. 
220.004 I.6:!:C.I 3 ~ 0,3 0,3 c,:;: ..... 

23C.OC5 I.5!0.I 3 " C,25 G,25 0, 02 .J -
23C.OC7 2.4:!:0,I 3 " C,25 C,25 0, C2 .j 

24C .OOI IO:!: 0. 2 i:: 5 0,3 0.3 ~.006 C,02 u 

240.004 I.8!0,2 5 5 C.3 0.3 0 02 
3C.002 IO:!: 0. C5 3 3 C,3 0,3 0 I 
50.CC3 8. 2:. G ,C5 " 3 0.3 C,3 C,I c.02 .j 

I20. II5 4,ffi:!:C.I 5 c:::. c .El c.~ J,OC6 0.02 v 

I20.II8 4:!:0.1 5 5 C.5 0.5 o. ~') ..,,.,_ 



TECHNO L 0 G I C A L PR 0 C 0 C E S S CART Jl!J-

Rz~,05/. . EQUIPMENT 

' \/(VJ 
~~ 1. Grindina and polishing 

- - -- - R R1 < R~ 
machine 

-- I t:J t 2. Pedal machine 
. 

I TOOLS FCR MACHINING 

N CONTENTS OF OPERATICNS 1. Mushroom-type arindar 

2. Cup-grinder N 
1. Stick pitch pellets on surface 

Rl= mm ( M pieces ) 3. Mushroom-type polisher 
N 

2. Block the blanks on radius 
R2= mm ( M pieces ) 4. Cup-type polisher N 

3. Grind surface R2= mm,followind -· 
the sequence of steps: 5. Plane grinder 
Clean the block 

6. Plane polisher 
• 5. Polish surface R2= mm. 

A'i-rEND~UG HA'l'ERIALS 
6. Lacquer clean and dry surfacE!s 

of well-set details 1. Grinding abrasives 
7. Dismantle the block 

2. Polishing powder 
8. Clean the blanks 

3. Sticking p~tch 
9. Stick pitch pellets on surface i 

R2= mm ( M pieces ) 4. Polishing pitch· . 
10. Block the blanks on radius 5 Protecting lacquer 

Rl= mm ( M pieces ) 

11. Grind surface Rl= mm,followind 6. Sponge 
the sequence of steps: . 

12. ~olish surface Rl= mm. ADJUSTMENT 

f.3 Lacquer clean and dry surfaces 1. Mushroom-type holder N 
of well-set details 

14. Dismantle ~he block and clean 2. Cup-type holder N 
the blanks 

3. Plane holder 
TESTING 

1. Lens centre thickness t= mm MEASURING EQUIPMENT 
2. Surface form precision Nl= ; 

N2= 1. Thickness-measure gauge 
3. Polished surface cleanness Pl= . . 

P2= 2 . Proof plate, ml{?mffln,r ti" . 

t 

-

' 
-



-~--~~---~~-~~~~--------.... --------------------~~-- .. 
Tq!Le lv'3 

,--
}/ N' fechnoL01icoL operotions gccordin to technoL0i 'ICdL ,oroces s cur I II 

Lens,./ [ I 11 2 3 4 5 9 IO II 12 !3 I ~emof'i's 
R1 mm iieces: ~2 mm ieces1 R~ mm i R2 mm ip;'ices: R1 mm 'p11;;..;c...;..es~_.:..;.R.:....1 _m;._m.;..._ ____ _ I 200.00~-- !I.56!_ -~-~-48~3! . .J....!!L_.. __ 48~~! ... _ .. __ 4_~_.31 : 6 I II.56I-t.:J> _ _._---=I=-=I~.5=6;,..;:.I _____ _ 

· 2 I 0 . 00 I 9 . 204 3? . oo I 3? 1 oo oo ~ ? 9. 204 +- 7 9. 204 : ~--····- ---···. ·-·--·· -·---····---··-·----···--J-------·-+-·------·-···--· -··· ........ -··---- .. -~-···.. ---- - -- .._ _ _.__ __ _ 

~---~~~-~~- -··· .!~cl~---r ··y- ;. !~~-~~§~---~·· .. +-····---I~-:~~!-···- .. !i~~~~·j-3~--~_!_q~· ····+3~ ____ IQ~2---+; ----
t· ;;~: ~§;~- · · ~ '. ~i~-11 -~ l rrb;6 .L ; 1 1~ '. 8~6 +-~~8~6 .J } t. -~ ~~1~~= :{ __ --~-}-~·..;_;;.~;:::__. --.----~-1...._,. ----
~--:-ooc ·--- · -8 79 , Y 1 79,8 -\. i l · i1)i 1-75,8 ' 1 t-g~ 7s r a JS · 

21c. CXH - Oo i l ii. 70 r I I 0. ?ff/ I 0. ?8? J 40 I .. 00 -40. ---~ . ~~ --=~·:=~L~:~=== 
23(.. 002 00 I I 2 . ?54 ) I j 2 • ?54 . l· 2 ''754 i 3? co 3? 00 : 

--~~~:~~:~-- ~~iJr l::~~~~:-if J:_~<f~:~:J-]:t~t~I_ lJ~~ -Ht- ~~_4HP~~~~f=~ , 
5C.OOI !8.408 6 _ _2?,?~ 6 Z7 ?3 ___ 27,.73 ! ... JB.4_9~ . . 1 .. . ____ !~ 1 ~08 ______ _ 

~i~~:iit --~:k 1L ·4ii5 _ _1_L -u~f?5:_ i_~~~- ;__ fa:~r · · .. t ··· fo:~Td ____ ·r , 
C)2~._21~ ..... 6~, 3:_ .. _:; r_~.32 .... __ I5 ?6..~.2.?. ..... j_~~-·3~ . ~~. -~2-·.~!. -···-_!~_ ·--~o._a_r __ ___ 

I 



To&l.e N~u 
Te5·fed porumeiers 

Lens Ii t 
JI AA/ SurfltPI 

.t:-'I .t:-',... 
• 3 A B L 
.d 

A B 

2CC.002 2::0.1 3 .... 0.3 C.3 Oi.I J 

210 .OOI .., 36 + c ... 'l 3 0.3 0.3 Ci.02 J. - .1 ..; 

2IC.004 4.3 :!:0.1 3 3 0.3 0.3 c i. 1 
220 .001 2.49 :!: 0. 01 3 .- C.3 C.3 c i.02 ...., 

22C.003 3.I? !C.02 3 
,... 

C.25 C.25 c.02 c.] J 

220.005 3,4 :!: c.r 3 3 C,3 0.3 c .I 
220.006 4:!:0.1 3 ..... 0.3 0.3 0 i. 1 .j 

230.0CI 0.92±0.or 3 ..... 
C.3 0,3 c ~006 .j 

23C .002 r,14±0.or 3 3 c ,25 0,25 0 .c2 
23G.OG4 3 :!: c .02 " 3 c .25 C.25 c .02 .j 

23C .006 3.5 :!:o.r 3 "" C.25 0.25 c .02 .j 

240.003 5:!:0.2 5 ~ 0 ~ C.3 0 .02 ..... . ...... 
50.00I 7 ! 0 .05 3 " C.3 0.3 c .1 .) 

120. l!E ?:!:C.I 5 !::: c.~ 0 h c .02 ..... ...... 
12C.1I'i 6.8 + c ... 5 ,- 0.5 0,5 0 02 - .1 0 

I20.2II IO! 0. I 5 5 0,5 0.5 0 .02 



T E C H N 0 L 0 G I C A L PR 0 C 0 C E S S C A R T N11 

R~v) EQUIPMENT 

R, -
• 1. Grinding and poliahin& 

---- ,_. ---- Rz machine 

L ~ 
R1-< R2 

2. Pedal machine 
. - TOOLS FOR MACHINING 

N CONTENTS OF OPERAT:ONS 1. Mushroom-type arinder 

2. Cup-grinder N 
1. Stick pitch pellets on surface 

Rl= mm ( M pieces ) 3. Mushroom-type polisher 
N 

2. Block the blanks on radius 
R2= mm ( M pieces ) 4. Cup-type polisher N 

3. Grind surface R2= mm,followind 
the sequence of steps: 5. Plane grinder 
Clean the block 

• 5. 
6 . Plane polisher 

Polish surface R2= mm. 
ATTENDING MATERIALS 

6. Lacquer clean and dry surfaces 
of well-set details 1. Grincing abrasives 

7. Dismantle the block 
2. Polishing powder 

8. Clean the blanks 
3. Sticking pitch 

9. Stick pitch pellets on surface i 

R2= mm ( M pieces ) 4. Polishing pitch 

10. Block the blanks on radius 5. Protecting lacquer 
Rl= mm ( M pieces ) 

11. Grind suri,ce Rl= mm,followind 6. Sponge 
the sequence of steps: 

,12. Polish surface Rl= mm. ADJUSTMEN·r 

. Lacquer clean and dry surf aces 1. Mushroom-type holder N ~ 

of well-set details 
14. Dismantle xhe block and clean 2. Cup-type holder N 

the blanks 
3. Plane holder . ' 

TESTING 
1. Lens centre thickness t= mm MEASURING EQUIPMENT 
2. Surface form precision Nl= . 

' 
N2= 1. Thickness-measure gauge 

3. Polished surface cleanness Pl= ; 
P2= 2 . Proof plate, mo1nifvJn9 §A 

• 

- - -



Tu!Le ,/I/ ,------·-------------- ·- ·---. ·- ............ ·- .... ·-· .. .. - . 

. //ti technoLot1icO'L operotions accoro'i1f to t~ 
L ens JI ~ ----·-1-··--·--- -··- --- 2-···- ·-- ----,---·;.f-- · ~r··-r-5· ··l·- ---·-·-·9·····-· ····· · r--- --- ·--·-T--!-1- - --· · -· ---- ---for_r_J +- ,,, 

Rt mm lf>1«es R2 mm ieces i 112 mm j' Rz mm iectS 
:--------- ... - . . . - ~---·------· ··-·· f - --- -··-------- -----··--·i- ··---- --------·- -
l 2?Q: OC? . _ .. 8, 79 . j I _ .. 50_~? .. ~- -· . 5j_,8_~---- . {.~<!~ .1. 

~ ~~~ :~- --- _ J:;~} + ~~ 1 r~~ :~ J~ :-~==~!~~-:~_:_: _ b~JLJ _ 

................ -· .... -........ ·······-·----·-·· .. ······--··-----

c/ln0Loe1icuf ,P/'tJce~~ corl ti' 
---·--ro·-··-.. ·--·II--lI2·---J I3 

~emqr/s M 
R1 mm p1~ces ~I mm 

fm-:~ -1~:~.----tfi~-=± 
--· ...... ·- --·-··- ···- -···-- ···--------·-··---------·-· ·---- ~-----

I 

' 



I I Tested· porome/ers ! 
I 

I LJN • ,.v Su/"f: 9'uoL 
• lens1l I t Pr I P2 : . A B A B A B 

: 22C .007 2,7 ! G.I 3 3 C.3 C.3 c I 
. 23C.OC3 I.09 :!: 0,02 3 3 C.3 C.3 c 02 

. 23C .008 0,9 :t O,I 3 3 0.25 0,25 c C2 



T E C H N 0 L O G I C A L P R 0 C E S S CART /./§ 

I ~ p ~~ ~ ~ EQUIPMENT 

R 'G- lh LJ ~ I 1. Optical centring machine 

~' ~ 
~ 

c: - -·--- ~ ----
f_E1 ~ 2. Pedal machine 

~ ) \ 
TOOLS FOR MACHINING 

N CONTENTS OF OPERATION 1. Diamond wheel type APP 

1. Stick the lens to the chuck 2. Cup-type chamfering tool 

2. Reduce the lens to diam. .U= mm 3. REMARKS:chamfering tools must 
be marked according to the 

3. Remove lens from chuck radius of curvature 

4. Chamfer onfRl= mm. I ATTENDING MATERIALS I 
5. Chamfer onfR2= mm. 1. El. corundum powder 

I 6. Clean the lens 2. Benzene ' spirit 

TESTING 3. Cotton cloth ~ 1. Lens diameter D, mm 
2. Decentring tolerance C, mm. MEASURING INSTRUMENT 
3. Polished surface cleanness P: 
4. Chamfer size fl, mm f2, mm 1. Gauge 
5. Lens focus distance f', mm 2. Magnifying glass 

~ 

• 



Ta~LellS 
·-----.------------------ -------

"of Parameters of' de/a1f s u/lder test ,....__ _________________ ,__ -·------ ---·--
aLen5 



r~~=:-

ll
L __ -------- -- --- -

TECHNOLOGICAL PROCESS CART tJ 6 

Put. the ·~emented detbils on 
ble witt horisont~l surface 
level 

10. l~entre the details in 

'L EQV IPMENT 

spirt. , 

2. Corl: 
a special ta- 4. Dropper 
ch~ckt~J. oy !•,'i ~>. 541.., ;: l"::l Dru ah I rj. Cot. t Jfi llGPkin 

cent.ring!, 7. Cott,on wool 
de·: i ~t::. :

1

· e Test. -- tube 
Put ~.he _:ent··::i·t:d d.-::tdils on th~ l.ev~l\~hec-1 9. SuH,ort. 
k~d horL:;onta.l surface. 10.Bamh,)O stick 

~I 

Clec...11 t.~.~ detci.ils finally IL= ----====--==:::1 ii MEASUR l NG INSTRUMENT 
r-I=_ =-===-====="f=l~!=~.l=. l=N=G=--"'-=-=====-...;;.;···cc·-.:..·::-...;:--.-==::-11L 

I Centring p~ecision 
I ., f.'lrfoc~ d~ann~ss Jl I Ce 0 trina device 

I._~:.:--~·;··.;;: =C=em::.;·-=~~-=--'~=~-=--'-=lb~-~=r=q=u=a=1 =i-=t"7"y ... =·-=·=-·===-"-'· ===;;;;;--;::::-==··'-"".!;;:=·.;;..·· .... --;.;.;.-~_,--=-=··· __ _ 



To6Le 6 
~s c Lens~ 

2.~C. CIC c ,.,. 2IC .OCI 
'._, 1 I ,..,.,.r onz 

.~J..v • '.J 

22C .C· IC c "T I 220.C02 . 'v J. 
:'"J2() r.r~ .... · .vv0 

220.C2C O,CJ 220.0C4 
220.005 

22C r-·:c C,C4 22C .OO:S 
• \.•v 

220.CO? 

23C.CIC o.cr 23C.003 
230.004 

z:c .02C r r,T 
,...., ' '- .i.. 

""C C"r ~;.,) . .....'-: 

2::3C rrv: • ~uC 

'"''T C"C ~.) ; . ..) G,C2 23C.L:C? 
2"C C110 

..) • VL-

:JA(j (T( _,, • l. C, I 
;r· "0" ,;._-±V~v,1 

24C.002 



·-.. 

IL TECt!NOLOG ICAL PROCESS ~ART 

!I 
11 

11 

II 
1, 

" l; 

I 

----··-····-

~ 

;1 CONTEN'l'S OF OPERATION 

1. Pre1-: ~inary pump out vacuum camera to 
P = t io __ ... - lo-• ) nur. Hg 

2. Clean the details with spirit ( spirit 

I rectified ) using cotton-wool tampon or 
degreased 1 ... ·.m napkir1. Instead of 

I.I rectified spirit· spirit - ether mixture 
uiay be used. 

II Details less thon ¢5mm siz.c;, are cleanned 
by rinsing out in spirit and distilled 
water 

II 

ll 

1. 
2. 
3. 

4. 

EQVIPMENT I 
Vacuum machine 
Spectrophotometer 
Machine f orcleanning 
detail 
Electrolytic bath 

ATTENDANT MATERIALS I 
1. Film-forming matters 

2. Spirit C,H~OH 
rectified 

3. Spirit-ether mixture 

4. Cotton wool 

II 3. Fill camera with air 
4. Fill evapc:rators with film-fo:ming 5. Lawn napkins 

matters ~ 
5. Put the details into a holder -~ _, Hg 6. Sq~irrel __ br•.ish 
6. Pump out vacuum camera to p=(10~10 )mm =-=============ll 
7. Fill te camera with working gas (air, I JIGS AND TOOLS I 

N ~ , Ar ) to p= io-J. mm Hg · · 
.,. 8. Clean the details in subnormal discharge 

( schedule is chosen according to 
instructions on vacuum machine exploita
tion ) 

1.Holders for fastening 
details 0n the recei
ving surface 

2.Plane-parallel plates 
040mm,wedge angle<0.5 
(for control in 
transmitted light) 

9.Deli~er the la¥ers uf Cr.Al Film thickness 
of Cr t~ 300 A Evaporation of Cr must be 
stopped at achieving transmission -20% 
Sediment~tion velocity of Cr( 2-5 ), of 
Al-1000 A/S . Evaporation of Al must be 

10. Keep the details in \'Es.cuu.m p· .. 10-~ mm Hg 
for 2-3 hc..ur:;) 

I ~1. Fi 11 ca.mera with air 

3.Wedge-sh~ped plates 
¢40mm,wedge angle>5~ 
( for cuntrol in ref
lected light ) 

I stopped at achieving transmission~ 0.1% I 

l!~. __ Take _t~1_: details out of th~- holder _ 
=-=============="":=!.!-===========================~! I 

II 1. Place cf spectral curve c 
IL the interval of.>.= ( 400 -

1 TING 
!lectancE(tested on special device in 

.J ) HJ" ) 
N 0 T E S : 

1. After 10-15 cycles of evaporation vacuum camera must be cleaned. 
2. Befo1·e filling evaporator with Al a.nneal the spit·al at 

t-(2000-2500) C during 20-30 minutes. 
3. La;,r C:r substance, en tungsten wil·12.· (0.8·1.0),mm in electrolytic bath. 

Electr•:.lytic composi ticn : C1·.., OJ - 40 g 
H~SO - 0.4 ml 
H~O - 160 ml 

E:!.ectrolysis sche.dule ·;cl tu.g;_.. 8 V 
current de 
electrolys.!. , 

~ 

!5-0. 20) A/cma. 
24 hours 



I. Ji :::: . Dr i 11 _:1:g 11achine 

1

1

l_ 2 ,0-o,2 

1

1 - 3 ·JRo~nd b1~ machine 

-------·================~· _____ 4. i PeJ~l __ b_· r __ indina machine 
J N I __________ .:_··-:JNTEN_Ts_o __ F ___ o_P_ERA __ T __ ro_N_s _1__ 

---.[=---~OOL;~ :oR MACHINING 

1. i ;::cic.K t..he .:>lab~ t.0 ~\ blocking tool 
I 

~lane -~locking tool 

2 -1 Ht•juc~' to •_ hickues:::> t .: 2.,2 -o,/ 111,., 

3 .
1 
Res Lick tik~ slabs by r1; pulling 

II 4. ! fiedu.::i::- t.:i ' .. hl..:-.k1-.~s;:, 

! E· . I fa~0c l> off r.he sl.3bs 

L~lD i~1~~~~: dr i 11 :s 

j~- ~ ~ ~ ~ idmo1~·i wheel type 

l:_J Cup· t.r pe. chamfer in& tool 

~ I "'l tt b ti.le e~n up le s_a s 

I 

' 
L 

ATTENDING MATERIALS 

1. El.corundum abrasives of 
grind size 

7.jStick the sheet gl~~s t0 the slabs 

. i .
1
. 

1 
, . 

1 
b ___ ::: -1 Bl_o_c_kin_~_ wax 

-· · r·"'r ~·i , ' · - in .., a ·· t0 mal~e up ---------u., ...... •'-'··~-~ .w _, 

· i:.d..3nks ('> 16 -o, ~- mm 3 ·j Slabs uf sheet &lass 
9 - I Break off ~;lank;; , ---- ----- -·-----------

' I' 4- · 1 ~lass--.~~oolln& fluid 
10.1 •.::leau tht: olauks . -

, ~ .• Spon~e 

1

11. ISti·:-k tht:- Llauks int.·'.d st..:i•:.:·1: with r'·'"=-1-.:.._ ____ -.-

' '1 the l.:.ngr.1 L= 50mm. (Mpiece.sJ l Ji·~~~ AND TOOLS 

1111:::. 1,i-:.eJu~c: t.b ::>t3ck ti..:. J1.:.1.mt:t.cr </>=llf812mm fl-=,------------· -

... ~-· 1 P .. -l_a __ ne _ 1 __ 1.0 __ 1_d_er 0= 
~J · 1 ~ism<sllt.lt:', r .. h~ St.QCK - - -------

! . l.. I h:lec~~_::.; hotplate_ 

I :; . : ~:::~ ~::: "::;::::log i : .• 1 d>afolct. ,i,[~~ MEAsuii;"~G EQUIPHENT 
1 i l. 1 Slidi~~ callipers I .~ 6 ·l::.~~~·~- ~-~i~- ~~~-~:_~~:_ ______ -- -· _________ J ···:·-rMicr-~;1:·~ter _______ _ 

r 
! . 'f EST INli l ___ .L_ ___ -

1 . : Tlud~uc~~: J =11 0-o ,.., mm. 
r Ir· '" ,.:. I ..: . !J H\me t t!r ~ ').{ o 12 1111;, . 

, 3 · ! ~o(se. .$h3f'e e= .f5' I 

~ ;~l:o~:~'.~"~::~;' ·l:'.:~ . .9~~-~~ ~~~l)o --- ·--·-- j·::;;;;-·=· =---=-=="-
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I T E C H N 0 L 0 G I C A L PR 0 c ~ s s C I. R 1' t q 

!I 
Iv-· 

"j-
I 412 \/l ) EGUIFMENT 

ll t\: --2f~J2"' x~5tJ ,. V I 

1. Grinding and polishin& • ~ ~ .2 CIJOP1.fers Al =S 
~ ~- . - ~'~ =~ ~machine i: 

~I . p :ff~ l?;dal grinding and polishina 
_ I 1.1" rt(2 f) = ~S' lir.achine 

N CON'fENTS OF OPERATION TOOLS FOR MACHINING 

1. Make a block CM pieces) 1. Plane grinding tool'-"= 90 mm 

~. Grind surface l, following ";he 2. Plane polishing tool¢ :90 mm 
sequence of st..::ps, to the 
thicknes.3 tl= f, 'd--o,/ mm 3. Cur-type chamferina tool . 

3. Dismantle the block ATTENDANT MATERIALS 

4. Clean the blanks 1. El. corundum abrasives of 
grind size 

5. Block the blanks for machining 
• surface 2 2. Polishing power 

6. Grind surface 2, following the 3. Blocking wax 
sequer.c~ of steps, to the 
thickness t2= f, 5 ± 0,2 DUD 4. Protecting lacquer 

7. I Polish surf ace2 5. Polishing pitch 
' 8. I Lacquer clean and dry 

of well-set details 
surfac~s 6. Benzene, acetone, spirit 

JIGS AND TOOLS 
9. Dismantle the block 

1. Plane holder ¢> =80 mm 
10. Clean the blanks 

2. Electric hotplate 
11. Bevel the technological chamfers 

MEASURING INSTRUMENT 
/~. Clean the blanks 

1 . I Micrometer I 
,i -- ----

TESTING I 2. Proof plate R=~ 
,. 

'I 1. Thickness f, 5 ~u,2 mm - . 
I 2. Wedge shape e= 15' ' 

3. Su1·face form precision N=5; .d N=l I 
4. Polished ~urface cleanness P=IV I 

i 
5. Chamfer size 

--

• 



··'==--:-·.=-·- ··-- c - --- -- ··---·=-..o..._-:.-'-"-· --~-'-=----== - ·- ---'------~'-'"--' -------- -- -- -- ···-- =----·-.---~-=========-=== 
:, 
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T E C H N 0 L 0 G I C A L P R 0 C E S s CART A} -i~ 
-

I ~' . .,; on~ ribS O?JYV~l'+5" (:!/ ( V) EQUIPMENT - - ,... 
j 2 t 

~ 1'112 ..,3 1. Grinding and polishina 
~ 

~\ me.chine 
~ AAle =t;,S 

~ 
~ ...... &=S' 2. Pedal grinding and polishina 

37/)f.2 11.ttJ.2 iD&chine _,., -
N CONTENTS OF OPERATION TOOLS FOR MACHINING 

1. Make a block CM pieces) 1. Plane grinding tool <f>= mm 

2. Grind surface l, following the 2. Plane polishing tool¢-= mm 
sequence of steps, to the 
thickness t- =4, 3 -0,f mm -- -

3. Dismantle the block ATTENDANT MATERIALS 

4. Clean the blanks 1. El. corundum abrasives of 
grind size 

5. Block the blanks for machining 

' surface 2 2. Polishir.g pow~~r 

6. Grind surface 2, following the 3. blocking wax 
sequence of steps, to the 
thickness t·.:= -1, 0 -t0,2- mm 4. Protecting lacquer 

7. Polish surface2 5. Polishing pit,..h 
- -

R. Lacquer clean and dry surface;s 6. Benzene, acetone, spirit 
of well-sat details 

I [ JIGS AND TOOLS 

I 
9. Dismantle the block 

~ Plane holder ¢>== mm J. • 

10. Clean the blanks 
2. Electric hotplate 

I 11. Bevel the technological chamfers 
MEASURING INSTRUMENT 

~. Clean the blanke 
1. Micrometer 

-
TESTH1G 2. P1·oof plate R= u:> 

1. Thickness .1/,0 tq2 mm ·-
2. Wedge shape $ ~ 51 

3. Surface for"l precision N=5; AN= 1 I 
4. Polished surface c~anness P=IV I 
5. Chamfer size 0,3 ·ro, x'-t 6° I 

i 

. 
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TECHNOLOGICAL PROCESS CART ,, 

CONTENTS OF OPERATION 

Prelimin~y pum4 cut vacuum camera to 
P - ( 10 - 10 ) mm Hg 
Clean the de~ails with s~irit spirit. 
rectified ) using ccttoL-wo~l tampon ~r 
degreased lawn napkin. 

II EQV IPMENT I 
1~===~1 
I
ll !· Vacuum machine 

I , Spectrophotometer 
Iii 3: Ma.chine forclean 

r.ing details JI 4. Ultrasonic bath 

II ATTENDANT . -~TERIALS· I 
II 

1. Film-forming matters 

I! 
I 
I 

2. Spirit C, H.s-OH 
rectified 

3. Spirit-ether mixture 

I 0. Fill c~mera with air 
I 4. Fill evaprators with filrr.-formi:ig 

4. Cotton wool 

i ~ 
'1 .J • 

6. 
I 1. 

I 8. 
I 
I 
I 

It 

111~: 

5. Lawn napkins 
matters 
Put the d~tails into a holder ·> . .., 6. Squirrel brush 
Pump out vacuum camera to p=(lO-lO)mm Hg 
Fill the camera (w~th working gas ( air, j JIGS AND TOOLS I 
N :i. , Ar ) to p-lJ m:n Hg ::===============;1 
Clean the details in 3ubncrmal discharge 
( schedule is chosen according to 
instructions on vacuum machine exploita- I 
tion ; 
Heat the details tot= (250-300)°C 
Deliver the layers of Al,O~,HfO~,MgF~. 
controling by photometer on(\ =550 llU!l; 
sedimentation velocity ( 5 - 10 ) A;s 

l.Holders for fasteni~g 
details on the recei
ving surface 

i1 
ll 11. Cool the detail~ in vacuum p< 10.; to 

J 

2.Plane-parallel plates 
40mm,wedge angle<O.~ 

(for control in trans
mitted light) 

3.Wedge-shaped plate;. 
40mm,wedge angle>5"' 

( for control in ref
lected light ) 

!Utt :: t 40 - 50 )-? c 

I Jill camera with air 
I Take the details out of t~~ holder 

1,·1 TEST ING 
1. PlaGe cf spectral curve of reflectance(tested 

\L=:.r~-:: i_~terva.l of>-= ( 4~0 - 74.0 ) Mpl) 
on special device in 

N 0 ; E S : 

1. B.efcre making uonref lecting films on the details , test evapration of 
>-~·4 of the layers of Al 1_o:). Hf02, MgF2must be carried on using plane 

detail i~ of 40mm.These details must be placed at different distances 
f rcrn the ax!s of revolution of the detail holders 
El =f(: • 100 , 140 , 200 :nm not less than 3 details in a row. After 
evaporation, spectral tran~mission ( reflection ) curve measur~ments 
~re carried out fo~. details pl&~eJ at different di~ta.nces from the 
a;,.l..:i uf .nwolu tiun. D~v iat.ioi• v.:i.:ue .,:;f th~ pla.c12. of ). ex tr em must be not 
m~~~ . than ( 5 · 10 lt . The value ~f refractive ind~x must be fuund 
~.:L,.; T.;:,xt.1:.:.·m ; 1.•r R12xt.r~m i. 
..':.ft.to: .• : 1C: 15 ~:,~_;l(-.:;. ._·,f ('."/~1.P\..•.:: .... t..i..:. •• :..:. ..... ::i...u;11 

-.:~·..:_;~.i.~ .. 6 f.:iil ·_;;c·d ~·-· r-::.:,~ .. .:-·.:~ t!1~· i..::~ ... ~lp1n(:~lt 
. ft 

'-'• 

~~=l- ... ~ !. t.:,. 

c~mera must be cleaned 01 
:r.~:;t b(, -:hanged . 
.,:;f w~rk a.re chosen by th~ 

·1. ~·_L,:l$ le:;:; than 1mm ~i:;c :.re t:lc.:i.i:~j by rinziHg cut in spirit and 
:!1ztillc·d wat. . .:ir. 
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M A C K I N G 0 F P R I S M . EY-60 

N I CONTENTS OF 01 ·~RATIONS 

1. Starting workpieces of the size 87 v ~.4 x 25 mm (3 pieces) grind from .. 
two sides to thickness 2lhl4. Difference of thickness at the edges not 
more than 0,01 nun. Surface roughness .,.1 
Equipment: 
Tools: plane grinder ¢= (110-125)nun. 
Abrasives: el. corundum of grind sizes from 100 to 25 JGl· 

... . 
') Stick 3 slabs into a stack with their plane sizes. .... 

Sticking substance: shellac. 

J. Grind the block to gabarit sizes 85 x 52. Deviation linear measures 
0, 1 mm. Angles between the surfaces so·~ ~I • 

Equipment: 
¢= (110-125) mm. Tools: plane grinder 

Abrasives: el. corundum of gr ind sizes from 100 to 10 JIUll (included) . 
Measuring equipment: sliding ~allipers, angle-measuring gauge. 

~-~· 

Clean the block of slabs with running water. 

5. Cut the block of slabs into 4 stacks of the sizes 41, 5 x 25 x 63 mm. 
Equipment: 
Tools: 
Glass-cooling fluiJ: glycerine 20%, water 80%. 

·----
6. Make a block of 2 stacks to machine the surface of cutting of the 

si~~ 63 x 41. 5. 
Adjustment fo1· blocking: plane holder ¢ = (90-95) nun. 
Sticking substance: pa.raff in for sticking. 
Equipment: termostate (electr. heated hotplate). 

'/ . Grind the block su1·face of the total square ( 63 x 41, 5 ) x 2 to 
thicknes·s 23. 5 ± 0.1 mm. Difference of thickness .:..t the edges of the 
block not more than 0,01 mm. 
Equipment: 

~ = (80-85) mm. Tools: plane grinder , 

Grinding abrasives: el. corundum of e;i· ind size fr.::im 40 to 10.fA"' 
( included) . 

.; I.I .• . -. . ... - -~ '" ... r :" • '" .. '"Jr: '. ' I .. ca oUUllS eq u i PU.ell t . ra ~x "'"'"<el ' " "" 11un , p·: 1· Cle~'~ t1i~ bi~=~-~fj_::_bo w_~th ~~u~~~~1~;;~t~~: _ _ _ ____ -~~~~~~=~--
! 9.I Polish the block. Surface form precision and cleanness over the 

I diameter 40 mm= N::-1,0; AN=0,5; P=III. 
! I Equipment: 
I Tools: plane grinder ¢ = 80-85 mm. 
!l I P;:; li shing powder: microgr if CeO I I Me3.suring equipment: proof plate R= oP, diameter 45 mm. 



1 

10. 

11. 

12. 

13. 

4. 

- 2 -

2 

Clean the block. Cover clean dry surfac~s with protective varnish 

Restick the block by repulling. 
Adjustment for blocking: plane holder ¢ = (90-95)mm. 
Substance for blocking: blocking pitch. 
Equipment: termostate (electr. hotplate). 

Grind the second side of the block of the total square (63.X 41,5) X 2 
to the thickness 23 t 0,01 mm. Difference of t~ickness at the edges 
of the block not more than 0,01 mm. 
Equipment: 
Tools: plane grinder ¢ =(80-85)mm. 
Grinding abrasives: el. corundum of grind size from 40 to 10J''" 
(included) . 
Measuring equipment: mi~rometer (0-25 mm) 

Clean the block with running water. 

Polish the block. Surface form precision over the diameter 40 mm -
N=l, 0; d N:=Q, 5. 
Equipment: 
Tools: plane grinder </J = (80-85) mm. 
Polishing powder: microgrit CeO 
Measuring equipment: proof-plate R=v=> , diameter 45 mm. 

15. Clean the block. Cover clean and dry surfaces with protective varnish 

16. Dismantle the block. Clean the blank~. 
!~Equipment: termostate (el.l~otplate) 
~ Cleanning liquid: mixture of at.:etone··benzene (aceton-spirit). 

1
11. Re:i;:e~t the operations 6 ... 16 to machine the urface of sawing of 

IL_-t- the .rest two stacks. __ ----------- ___________ ------------------
1! ia. ! Make a block of 1 stacks to grind the surface. of cutting of the size! 
!! ! 53 X 23 mm. 

r l Adjustment for blocl-dng: plane holder ¢ = {100-105) mm. 
Sticking substance: 3ticking paraffin. 
Equipment: termostate (el.hotplate). 

ii l9 .-, --G~: i;1d---~he block surfa-ce of the total square ( 63 X 23 ) X 4 to the 
II thickness 40 :t O, l mm. Difference of thickness at the edges of the 

II I blo~k not more than 0,01 mm. 
Equipment: I I Tools: plane grinder </) -:: 80-85 mm. 

lt
l I ~~;~i~~!d~~rasives: el. corundum of grind size from 40 to 10.J~"' i ~ea".'_'_' ing equipment ' mi er 010e ter ( 2 5- 50 .11"" 2-_ __ 

~20. Clea~ the block with running water. ================ 

.. 
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21. Polish the block.Surface form precision and cleanness over the diameter 
40 mm - N=l,O;AN:0,5; P=III. 
Equipment: 

r;t = (ao-85) mm. Tools: plane polisher 
Polishing powder: polirit 
Measuring equipment: proof-plate R= u:: . diameter 45 mm . 

22. Clean the block. Cover clean and dry surfaces with protective varnish 

23. Re stick the block by repulling. 
Adjustment for blocking: plane holder ¢ = (100-105) mm. 
Substance for blocking: blocking pitch. 
Equipment: termostate (el.hotplate). 

24. Grind the second block surface of the total square ( 63 x 23 ) x 4 
to the thickness 40 t O, l mm. Difference of thickness at the edges 
of the block not more than 0,01 mm. 
Equipment: 

¢ = (80-85) mm. Tools: plane polisher 

l_ 
Grinding abrasives: el. corundum of grind size from 40 to 10 ]",.. 
(included) . 
Measuring equipment: micrometer (25-50 mm) 

25. Clean the block with running water. 

26. Polish the block. Surface form precision and cleanness N=l,O; 4N=0,5; 
P=III. Cover clean and dry surfaces with protective varnish 
Equipment: 

~ = (80-85) mm. Tools: plane polisher 
Polishing powder: microgrit Ceo 
Measuring equipment: proof-plate R=°'° . diameter 45 mm . 

-----· ---------· 
27. Dismantle the block, clean the stacks. 
---- --

Make two chamfers not more than 2 mm wide at the diagonal of each 
stack (4 pieces} at the opposit sides. 
Equipment: 
Tc·ols: plane- grinder. 
Abrasive: el.corundum of the grind size 20 .rrri. 

129. Place one stack into it.jig 10100 
' 

fasten it and saw in the diagonal 
direction. Ma.chine bj' two settings. 
Equipment: sawing machine 
Tools: diamond cutting wheel 
Adjustment: special adjustment -jig 10100 
Cooling fluid: glycerine 20% ' water 80% 

--- --
30. Repeat operation N29 with the rest of the stacks (3 pieces) 

.. 
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1 ? .. 
31. Block 4 half s of the stacks up to the adjustment. 

Adjustment: =pecial adjustment -jig 10200 
Blocking substance: blocking paraffin. 
Equipment: termostate (el. hotplate ) 

~~, Grind the gypotenuse sides of the blanks in the block. Difference ....... 
of thickness at the edges of the block not more than 0.01 mm 
Make the side of the small cathetus 0f the prism 21h14. 
Eqipment: 
Tools: plane grinder ¢:=(20-13o)mm 
Abrasive: el. corundum of the grind size from 40to 10 JID1 (included) 
Measuring eqipment: sliding callipers 

33. Polish the gypotenuse side of the blanks in the block. 
Surface form precision and cleanness over the diameter 40 mm-N=l.O 

AN=O. 5; P=III. 
Polishing powder: microgrit CeO 
Tools: plane polisher ( on pitch} ¢= (120-130) mm 
Cover clean and dry surfaces with protective varnish 

34. Dismantle the block to single blanks of prisms and clean them 
Equipment: termostate (el. hotplate ) 
Cleaning liquid: spirit 

-~ 

35. Repeat operation N31 ... 34 with the rest 4 half s of the stacks 

36. Chamfer sharp ribs of all the prisms to the sile 0.2 mm 
Equipment: 
Tools: plane grinder O=f:r0-100) mm 
Abrasive: el. corundum of the grind size 10 pun 

37. Place 8 prisms into Wlejig 10300 (4 prisms into each slot) to chamfer 
the :· ibs making the angle 30° 
Adjustment: special adjustmen~ig 10300. 
Blocking substance: blocking paraffin. . 
Equipment: termostate(el. hotplate ) 

8. Chamfer the ribs making the angle 30 • 
Chamfer size and chamfer place must correspond to the drawing 
Equipment: 
Tools: plane gr inder¢={120--150) mm 

28 ... 10 f'm Abrasive: el. corundum of the grind size 
·--

39. Dismantle the block and clean the prisms 
Equi~ment: termostate 
Cleaning liquid: mixture of acetone-benzene(acetone-spirit) 

-
40. Make a block of the same prisms to chamfer the ribs making the angle 

3d' f ror.l the second side 
Adjustment: special adjustment - jig 10300 
Blocking substance: blocking paraffin. 
Equipment: te1·mosta te ( e 1. hotplate ) 

---. ---
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41. Repeat the operations 38, 39 

42. Repeat the operations 38, 39, 40 with. the rest lS prisms 

43. Block S prisms into'tkjig 10300 (S prisms into each slot) to chamfer 
the ribs making the angle so· 
Adjustment: special adjustment - jig 10300 
Blocking substance: blocking paraffin. 
Equipment: termostate(el. hotplate ) 

44. Chamfer the ribs making the angle so• 
Chamfer size and chamfer place must correspond to the drawing 
Equipment: 
Tools: plane grinder¢:~20-150)mm 
Abrasive: el. corundum of the grind size 28 ... 10 Jllll 

~5. Dismantle the block and clean the prisms 
Equipment: termostate(el. hotplate ) 
Cleaning liquid: mixture of acetone-benzene(acetone-spirit) 

46. Make a block of the same prisms to chamfer the ribs making the angle 
60° from the second side 
Adjustme1"lt: special adjustment -jig 10300 
Blocking suostance: blocking paraffin. 

I Equipment: termostate{el. h0tplate ) 

![47-.1 Repeat th~ cperations 44 ~and 45 
!-- -- 1.. ··- - --- - ----------------··------- ····--·-·----·-- ---·----------·----

I - -
!~I 49 _ HRepe.:\ t the opera.tio1~s 13, 44, 45 with the .rest of the prisms 

49. Take off the film of protective varnish from the surface of the prisms I 1 Cleaning liquid: acetone, spirit 
L 



-----------------;-- ...,-.: . ---- - -

-1~ J)esionation tlame ; ~! ,,. ·, ct. <J i e,:,:;' ,., 
l--1r-+-~----.::::-------.i.----------.L-·-!__ ... --·--

1 I I 
~~-+-------------i--------------·--· ..... 

_}ot:um.e_nfo/i!J/J_ ! i 
i---ir-t--t--------------.i------------L-: ___ .... -· 

t1ssel11CL11 d1c.n-:1inq_ __ l__, ___ _ ltJ.100 /!~~ 
i 
I . 

~7 eta i l.s 
-t--.-

1 . 
t--t--t---+·-----------+-------------i---. --
t---1'-+---t-----------~-B_o_s_~ _________ L~--_ .. I lO.ltJ( 

Set S9uo1\J9 I I ; 
------1---:--·- - - --

set sr;uD', ... e I I : 
-t·--.-- ... 

Set S9LJO/"e --L (__' _ 

'2 10.102 
... 

10.103 1-' 

11 (Cl. IY'lt 

5 lt7. ff)S Set'evv : I! 
t--1~-+------------+-------------- -- ---- --

1 ! 6 10/06 605/;(ef 
1---11--t--;----------------1~.;.;;_ =-'---- --------1--- .. 

i 
I 
I 

--T----+-------------+-----------------t--. -
P I . 'j I __ fl//J OPT.17 / _5 i I 

7i Serew 114x10 --i--5 !--- ... -- , 
l---li--+·~-----------...;.._~~--~~-----4-----·. -· 

I 
! ; 

'---+--+ -+-------------:--------------~---r------- . 
r_ -~i- _j__ _ _! ___ _ 
I I i I • i 

---~~------------ ~---------~ I ,---1·-- ·-
i--tl-_,l-+--------1----------, --:---

; I 
..--...---- ------------1------------L_i_ . __ _ . I 
,__...._.___._ ___________ ..1-_, ________ _L _ _j____ - -· 

"I0.100. 
t--r-r----r----r---r---------------------··-· --· -·' .... 



1--------'1 · 
3 I 
7 r~ser~'ll 

[J . 

..------
! : . 

. ' 

I i ;e : Ge1.sl<ef (pos6j IS ;Lcrced_ ffellwen the .sel 
i ; i r;iucYN' ond /l;e c/e/01!. 
I ' ' 
: I 

I 

i I l 
I 1 i 
I I ! 
I I I 

\-·-:--! __.,r---r----.--1i--.t1._10_0.,....· 11_ss __ fl_.t;s em g L fl draw in y 

know - now packctfe 
-~t=----r----t--+-0::-f--:f;-;-i c-C---;' L:---:-t o-o-=-L---i--~-----

f or microsco/Je L_ 
__..~,__--··'.--"""'--~ 

BIOl1EH-S,L 
Project ;,ysrR/86/0ll · l I j MD 



... 

(00 

• 

15 -. 

. . 

//7 l 
: 

/. Hiit; hl't; t Ii'" 
2. T t1 J:e off f /,e sharp et{fes. 

11dferioL: lllvminivm "''"!/ F.11 
(}uanl .· I 

IP.IOI Bose 

Optical tool 
for microscope -t:I 

8/011Ef1-S,L 
Pl'oLect JIP/SYl/86/01( L I r1v10 
ton~ract "N8f/l/I/ ,~, 



I 

. 

• 

-,,,.,._.------....------------

J. Hllf. hll/. 1: ITll/ 
• I 1 2 

-~ 

. . 

2. Take off the sharp e"?es. 

Hdferial: l/Lvminium 11/Lof Fii Set St;uare 
.........._. Svanf: I l/J.102 

Know .. how packa1e 

Opfic'1l tool 
for microscope 

BIOME/1 .. S,L I 

l/THO 

(;( 



-~ 

I 

22 

I.. Hilt; hl'I; :t I~I~ 

2. Take off the sharp en'fes. 

Haferial: llluminium ALLou FSI 
Suanl:I 

know - how pacK~qe 

I:/ 

l!THO 



~, 

f 

I 

. 
2#Ml't fllfS 

"\ '1.S_ 

- ~ ~ 
c:> ~ ~ I - /; 

- ~ "'!!/ ~ 
.s 

20 

l Hilt ; h (l/; .,,· I~llt 

2. TaKe off the . sharp ed1es. 

11aferial: Aluminium ALLotf F.11 Set S9uare 
..,_...... /Jvanf: I 1a101t 

k'now- how pociape 
Optical fool 

for microscope 
8/0ME M-.~,L I 

Seal~ 

{:( 

Projecr IP/SYl/86/IJI( 
Co11froct //89/1./lf LIT/'10 



Material: 81"oss 
auont: '( 

' 
I 

: I 

H8 

Serew 
./O.IOf 

Know-how pacKa;e 

.. ._.._... _ _.....--i~ ~Opti~aL tool , 

~I 

SC!.1!.r.? --
2 •J , , 1 Df' microscope I 

BIOMEM-S,L , .__, 
ff'ojecf JP/SYl/~6'/Dll l 1-11

,,_,
1
.'D' 

.,...__.,._.._.,.__..,_, l'o n t tvat:. f N 8.!J Ji/I./ 



' 
f J 

•,,. . 
' 

• 

t 

• 

I .,_.__. 

e . /1afert~l: 11ksfotif 
• luant·: I 

10, 106 r; Iii/(~ f 

Optical. tool 
for microscope 

.. "' 

-

81011£/1-S,L I ..__ ....... ...._....._....,___,.~t-----..~~~~~ ........ -------~ 
.,_..._...,. _ _..,____...~ Prt1ject J1SYR/86/tm l IT 110 ' 

Con i,-u,;f. J/llll/lf 'i 



I 

21..5'. 50 

''' I 

------------.-r----rr----.,n----,,-

l1 
: I '\ 
1 I # 

it 

i. Hll/; hll/ ;Jif!L , -

. · .. 

~ 

2. Tt1Ke of the shal'p ed1es. 
/1ateriol: Aluminium llLLoy FJI 
lJuanf: I .. ltl.300 

/(now- how pqckape 

.. 

OpfJcdl··- tool · ;i./IP 

for microscof.e · 1:1 
BIOME/1-S,L I 

Pl'ojecr JP/SYK/85/lllt LIT 110 
cont /"Oct 1189 /l/'I 



·' ._ ' -

' ·. 

.... : 
-r ---- ~ -~ ·-;;· --

!~~-~- : ! : ~ 
0 •• - •• 

•"' r, • i_," '· 

~ 

. l'T' /.'' 
to--!-""""' i. ff /JI. I 1.!J • "' ',.;-, • 

r. · ' ' n~·,; ' 

I I 

Ha/eria L: l/lun1inium l/Llof F.11 
Ovonl: I 

·--........ ---'--· -I .. ·-' ·-. . 

. 

10.200 



..... -~ 
~ ~ 
~ ~ 
tl ~ 

~ ~ ~ 

~ ~ ~ 
-~ -~ 

~ ~ ·~ 

~ ~ 
"' ~ ~ ~ 

~ 
_(:) 

~ 

~ ~ 

" 
~ 

~ ~ 

--,,; 

..... 
co 

~ ~ 
It: 

~ -~ 
~ 

...... 

l 
~ 

~ 
l ~ cs 

--~ Q .. 

. .... ... • 

' ~ 
~ 

... 
~ 

~ 
~ 

~ 
~· 

~ 
" ~ 

I I 11§1 
£1 -

le) 

~ 

~ 
& ., ...._. 

t 
~ 



"!l -

1; 
r .-

~ 
~ ~ ~" ~ ~ ~ 
~ c: --·~ ~ -~ -~ 1' 

~ 1 "" ~ l 
" (:) ~ ~ 

'• 
I 

t 

I 
j1 
\, 





Lenirwrad Institute cl Pl'ecisian lllchanics anrl Optics 

F I N A L REPORT 

(project IP/SYR/86I011) 
cor,tract No 89/ 44 

.Amn 2.1 

Route charts Technoloeical 
Process cl llamfacture cl 
the llicroscope lfechanlcal 
Parts 

Leninsrad 
1991 



•--------------------------' 
CPERAT!G! 

'-----------------------------------'-·-------------'---------------------------' 
Nlt~P. !)t" 

?!ECES 

•---------------------------------'-------------'-----------------------· 

10.001 
, ________________ t _______________ , 

'--------------'--------------· . . 

'--'---------------------------'------------'--------------'----------· • ~JSIJF.!~ 

T!!filS , ___ ! ______________________________________ ! _______________ t ________________ t _____________ , 

. . . . . 
~!LL!;& MACHiriE' 
i.'!CE 

'--'--------------------------'-------------'-------------··--'---------------' . . . . . 

!002! CEITRE TH.~ l!O':.ES SY l'rARf.!N!i 
!!UT 

cmRE DRILL 

f-'--------------------------------1-----------~---'----------------·---------------' . . . . . 
!003! nRill 3 HOLES a 1.5 TC iHE 

!2 11 nE?TI' 
~ DRILL o !2H!! 

'---'--------------------------------------'----------------'-----------------~-----------------' . . . . . 

!004! !HU. GR!!CYE 56?.!2 t a~ rn T!!E 
!DEPTH 611 

' ~ILL a 8 s1 ~SL!~!~5 CALL!PE~~ 

, ___ , _____________________________________ , ________________ , _________________ , _________________ , 
. . . . . . 
!005! ~!LL 

! DEPTtt 
t.4H!4 t 7l! TO 

'--'--------------------------------------'----------------•-----------------'----------------' . . . . 
!006 ! "IU.. 6Rll!:VE SCH!2 t 20 TO Ti!: 

! ltlDY sm 
!---!-------------------------------------~----------------!-----------------'-----------------' 
!007! C~'T SCP.Ell HI 3 HO~ES TO !!IE 

! 4 11 DE?'l'lf 
I TAP"' 2 

'---'--------------------------------------'--------·-------·-----------------'--~--------------' . . . . 

!008! D!Jl.L SHAm> Ene:s 

'---'--------------------------------------'----------------'-----------------'~----------------' . .. . . . . 
'SHE'ET 1 '~~E OF S~EE'TS , _________________ , _________________ , 
. . . 

1 
i 



~· ....,...: 
·' 

- --
... 

l __ _.,___. ______ ...., 
ti 

~ ·---- -- --- --

~~Nl-IN•#lld S6:ttJ.2 

I i---

Qpe l'tJtion ~ 

11"' 

flJ.O(J I 

4f 
---- ....-! 

. I 

; ,(1/,/2 '. l- ----- ~ 

Op erg tt:on ..3 . 

_,.,.......· /) 
. ,~-

~:~ ...... \ . 
' ,,._ ___ ..,_ ..... ·- ' 
'\ A-. r . -~ 

'10 : ··..-+ ·..-C 

' .. ·< ... ~.--4---· 



-- ··"-,-

.- .. -

.-. 

~---- . :- -

;,;.- . -

,• --· -: 



: ___________________________________ , 

, __________________________________________ : ________________ , ___________________________________ . 
!IL~~;:~ 

~IECES 

'------------------------------------------'----------------'-----------------------------------' - . . 

'-----------------·-~---------------· 
I DI!OSillllS , _________________ • _________________ ! 

• A!.Ullil!ll! 
Ali.DY 

'---•--------------------------------------1----------------'-----------------!-----------------! 
I MllRt. STEP TOOLS !'GUii& 

TOOL~ 

•---•----------------------~~-----------1----------------1-----------------·---~-----------• 
!SHAilBUll - 125 
~l-JAIS Diiit~ 

•---•--------------------------------------·----------------'-----------------t-----------------~ . . . . . 

TOOLlffllJlER 

·---•--------------------------------------'----------------•-----------------'-----------------' 
I CE~TP.ItiG DP.ILL I 

I D 2 

•---•--------------------------------------•----------------•-----------------'-----------------' . . . . 
~(HK! DRILL H!Jt..E G 1511 T!l THE 9& 11 

~ DEPTH 
I l!R~:.L G 15H9 

'---'--------------------------------------·----------------•-----------------'-----------------' . .. . . . . 

!~ ~ DRILL l!Ot.£ a 18 u TO THE BO u 
DEPTH 

'---'-------------~-----------------------'----------------•-----------------'-----------------· . . . . 

!006! DF.[Ll Hl!l.E G 20 II 

'---'--------------------------------------·----------------'-----------------'-----------------· 
!007! BQRIIS HQ!~ u 23 HI4, l=60 I BOP.IM& CUTTER 
t ___ , ______________________________________ • ________________ t _________________ , ________________ _ 

- . . 

!008! BORING 
! DEP!fi 

HOLE G 23.2He !~ 
30 II 

!HE I ~ING 

'---•--------------------------------------·----------------·-----------------'-----------------' 
~009' TLtP.I o 25hil TO 

! LEl&HT W!TH CUT 
TiiE ;711 
F'~CE 

' TCCL!iOL.~E~ 

'---'--------------------------------------'----------------'-----------------·-----------------t . . . 



72 
c.-

' 30 
-~- -----

""; --- ~l 
"'), 

"'I '" " -1 



!---!--------------------------------------!----------------!---------------~----------~----~ 
I I llOP.l STEP roor..s 

•--•-------------------------------·-------
______ : _______________ . _________________ , 

!flO~ T'JP.I ~'.'E o ~.a a 1.i:, 

• 
'---'-------------------

' M!ITAIIIll6 TI!E S!lE 71 u 
iITI! CL'T FACE 

-l----------------·-----------------'------------~--· . . -

'---'----------------------------•---------------•---------------•-------------· . . . . . . 

!OH~ TR e C1 ~ !D THE I~ • 
I l£llfiHT 

I FGlll! Cb'TTER 

•---•-------------------------------------•------------!-----------------•-----------------• 
!Ot2! err SCP.El 1127 a o.75 

, __ , 
!013! 111.l SHARP EISE5 

, __ , 
-----------------!----------------!-----------------!------------------! 

!OH! CUIT lff Iliff CUT CffAllFEi! • F!IRll omtP. 
,_, ____ _ 

----------------------· -------•--------------· 
! ! I 45', lfAIITAI11116 f.51E SIZE 
! 76'1Z • 

•---•-------------------------------•---------- •-------------•---------------' 

--------------•--------------•----------------· 
2 

'---•------------------ --•---------------•-----------------'----------------· . . . 
lllIDATIDI 

·---·-------------------------------------·----------------'-----------------1-----------------' . . . . 
BLACK. THE 51..'P.FACE B - SREY 

·---'-------------------------------------•----------------'-----------------•-----------------' . . . . 

·---•--------------------------------------·----------------'-----------------•-----------------' . . . . 

·--•-------------------------------------•----------------'-----------------·-----------------' . . . .. . 

'SHEET 3 '!A!IE OF S."iEETS 3 ~ 

'-----------------~-----------------· . . . 



'-----------------------------------' 

!----------------------!------ - ------- ~----- --------------------------: 
I !Wl'IB[R !lf 
! PIECES 

'-------r--------------------------------t - -

10.kil 

. I PROFILE ! DIIOSilllS 
'-----

__ , ____________ , 
. -

! ROUlll Alllllilllft ! ~h!2 • 56b12 
! Al.LOY I 461t1' 

'-'------------------!-------!-----------!---------! 
! I ! lllK STEP EDUIPl'!EIT TlllllS ! !IEAS'JRlllli 

., TOOLS _____ , _____________ , ________ , _________ , 
- - - -

!001 ! llOll!T TIE ILAIW !ftILLillS IASHillE 
!VICE, 
! All6lE T ABi.E ,_, __ _ -------·-------•--------•--------•---------------' . - -

!002! COORE BY IW!ril6 OOT 7 ID.ES, ~ 

! !IAIITAIIIll& !KE SIZES SPECIFIED 
: CEITRI!llG 1!P.!ll I 

! D C U 

'-'----------------------'-----·---------•-----------------' - - . - - . 

!003! IRILL 3 ~LE~ D 1.5u TO THE 
! 13 • a !IEPT!! 

! nP.ILl G 1.5 11 ! 

•-•----------------------!--------------!---------------!-------------! 
!OM! HILL 3 lftl!.Es a 2.6 1t TO THE ! DRILL o 2.6 • ! 

-!--!---------------------------------!-----------!----------------!--------------~ 

!095! COUllTER-BORE 3 l!OLES, MIITAr.116 
! THE SIZES G '·3 II AltD 1.6 .. 

! CQIJITER BfliE 
! 0 ,.3 II 

'---·------------------------'-------------•---------------'-----------------· - - . - - . 
!006! DRILL 11 10 11 TO THE BODY SIZE ! ! DRILL 11 10 u !SUDillO CA:..!.!PEP.S ! 

·-·--------------------------------·----------------•-----------------'-----------------t . . . - . . 
!007! DRILL a 15 H TD THE BODY SUE ! ! DRILL D 15 II I 

·--•-------------------------------------·----------------·-----------------'--------·--------' . . . . 
!008! DRILL a 18 1t. TC THE 8~DV SiZE ! ! DRILL a !8 H 'SLIBill& CALLIPERS! 

!---!-------------------------------------!----------------!-----------------!-----------------' 
!009! BORE Hal.E o 29.2'H6 FOR THE ~IT ! 

! PASSES 
! 80Rlll6 CUTTER 1SLIDIN6 tALLiPERS' 

·---'--------------------------------------•----------------·-----------------•-----------------· . . . . 
!SHEET 1 'NAl'IE Of SHEETS - r 

'-----------------'-·---------------· . . 



~1 
~: 

~· i ~:~ 

-' 
.3 JC 

42~1.t. I 
-- ------ --t • 

" 5'tll.2 ~ ------·-
~· .,, =--1 

; 

llfero tior1 2.. 

c 

~r-t-' .... . 

~ 

+--· ;" 1'1 O·~ . <P 
RS 

0, 

ta.au~ J.v 

3·'4/(vJ 

A -

J 
1 Hl'711~~·1 ~ 

l 



..... ,_ 

·---~------------------------------------·--·----------------·-----------------'-----------------t . . . . 

• IOSUR!Mi 
TOOLS 

!---!--------------------------------------:----------------·-~---------------~----------~-----! 
~010! ~Ill £~VE c ~14 TO !HE Elli IHU .. !SL!DINS CALLIPEP.S' 

, 3 .5 .. !:?'!P. 

1---•-- ----------------------------------'----------------'-----------------•-----------------· . - -
'~I!! !'1:~ eP.OOVE c SO u T!i THE 9.l .. ! 

' =a'TH 
• Ft mes curm !!!E?THl'IETEP. 

•---•--------------------------------------'----------------•-----------------r-----------------• . . . . 
'012! ClJT C~ER 1 I 45' I CO'JllTERSilf. 

' { 90° 
·---~--------------------------------------•----------------•-----------------1-----------------· . . . . . . 

!013! OJT SCR!li !130 I 0.75 I TAP !!27 • O.'IS 

'---'--------------------------------------'----------------•-----------------•-----------------! . . . . 

I FILE, SCRAPER 

•---•-----------~-------------------------'----------------•-----------------·-----------------· . . . . 
!lf'EP.ATifPi 2 

·---·--------------------------------------'----------------•-----------------~-----------------' .. . . . 

~001 ~ l!IUKT l!!RlP!ECE ll:'rff RECE!TI~ 

! 761112 H 

' VICE 

·~-·--~---------------~-----------------'----------------•-----~----------'-----------------' . . . . . . 
!00£! ll!Ll 

! SIZES 
PL.ATE, llAIITAIK!NS 
~o u, 12 .. 

T!IE I !':!LL 0 ~0 H !SLIBill6 CALLIPERS! 

'---·--··-~-~-----~----------------------'----------------'--~-------------'-----~-~-------' . . . . . . 
!003! !till GROOVE, !tAIKiUIIIG THE 

! SIZES 6.Su, 4lu, 6711 ~D 6u 

'---'--------------------------------------'----------------i-----------------'-----------------~ . .. . . . 
!004! llill PLATE, P'.AUITAil?!IS Al6lE G 6G u 

•---•--------------------------------------•----------------'-----------------'-----------------· . . 
30'!0oS' MD SIZE !2 H 

•---•--------------------------------------·----------------'-----------------~-----------------· - . . 

'SHEET 3 'MA~ OF SHEETS 3 ' 
·-----------------'-----------------~ 



•---'--------~- .. ------------------------·----------------•-----------------•-----------------' 
• I I Ml'!K STEP 

. . 

E9'JIF!!Ell! 1!£ASUirllG 
!OOlS 

'---'~-----------------------------------'----------------•-----------------'-----------------' . - - . -
!009! TURI o 4!.BH10 TD THE SIZE I iOOUiOUlER 
, ___ , ______________________________________ , ________________ : _________________ , _________________ , 
- . . - - . 

5.5HH 

'---'-------------------·-------------------!----------------!-----------------!-----------------! 
!009! TUl!!I o 521112 TO THE SIZE 

I 14.5 .. 

!---!--------------------------------------!----------------!-----------------!-----------------! 
!007! lliULl HOLE a 10 • DRILL e 10 u !St!D!l6 CAU.!PEP.S ! 

•---•--------------------------------------!----------------!-----------------!----·--------
__ , 

!009! DRILL 1!111.E o l9ff12 • 1 !!Rill D 1!iH'1 !SUDill& CAU.IPEIS ! 

•---•--------------------------------------!----------------!-----------------•------------------! 
!009 ! llOP.E HOl.E 26 .25ff6 TD !!IE 

! llEIT P~SSES 

' Bll'<!16 C'JITER 

'---•--------------------------------------'----------------·-----------------1-----------------' . . . - . . 
!010! CUT CHAHFEP. 1 t 115' ' cuiJ11TEP.S1a 

(90~ 

!---!--------------------------------------!----------------!-----------------!-----------------! 
!Oll! cur SCREK P!30 • 0.75 - 6H TAP !!JO a 0.75 

•---'--------------------------------------!----------------'-----------------!-----------------! 
!012! FILE R5 <BPE!ICll-IKIRKING GPERATIOIJ I FIL£ 

•---•--------------------------------------'----------------'-----------------•-----------------' . . - . . -
!Oil! DULL SHARP EDGES 

!---!--------------------------------------!----------------'-----------------!-----------------· 
GPERAT!ON 3 

!---!--------------------------------------!----------------·-----------------!-----------------' 
COATIN& : AN9D!C Dl!DATION 

!---!--------------------------------------!----------~----!-----------------'-----------------'. 
THE SllP.f ACE C - &REY ENMEL 
SHA&REEI 

!---!---------------------------·----------!----------------'-----------------~---··-------------' 
!SHEET l 1NA!IE Of SHEETS j I 

·-------·---------'-----------------' . . 



'----------------------~------' . . 

-~~~~--------------------------!----------------!-----------------------------------! 

OPUATill!C 

SEE HET 2 

·-· • lllllll STEP 

•--•----· 
!001 ! llBClllT THE BtAIK 

·-· !002! FACE 

,_, ____ _ 
!003! CEITRE 

·-·----------·------
!OM~ IRILL llOL£ o 10l!9 !O TIIE 

!Ot!E!t DF 
!>IECES 

10.0Q.\ 

--· 

'---·-~~~~~- --~~-·-------· 
PROFILE I IIIOSIOllS 
·--~~~~-•-------~---· 

' RfllllD BM 
BRASS 

'055120 

---~~~~~- ------·---· _, 

E!IUIPIDT TOOl.S llEASURIN& 
iOOLS 

--'----------'-------------•----------' . . 

!SHAU!tl!I - !Z5 
~3-JAIS ClfUO: 

----~~~~-·-!---------!----------' 

____ , __ 
-----!------------!-------------! 

CEITRillS DRI~ I 

0 2. 
------'----------------'-----------------·-----------------· . . . . 

' DR!LL a 10 
'SL!!JIG CALLIPERS~ 

'--•------------------------------------•--------------'-----------------~-----------------' . . . . . 
20 u DEPTH !DEPMIETER 

•--•------------------------------------l----------------·-----------------'----------------1 . . . . 

TO !!!£ ' llR!t.L a !~ 

•---•--------------------------------------'----------------'-----------------'-----------------' .. . . . . 

20 u DEP!H 

·---•--------------------------------------'----------------·-----------------•-----------------t . .. . . 
!006! DP.ILL l!OL£ o 20H9 TO THE I OP.ILL 0 20 'SLinIN; CALL!PERS 1 

!---~----------------... --------------------~-------J--------!-----------------!-----------------! 
! 20 11 DEPTH 

! ... ·!--------------------------------------~-------J--------!-----------------!-----------------! 
' BDRillG CUTTER 'SlIDll& CAl.LIPERS~ 

!---!--------------------------------------!-------~--------~-----------------~-----------------~ 
! 20 11 DEPTH 

!---!--------------·-----------------------!-------~--------t-----------------~-----------------~ 
!IAllE OF SHEETS 3 I 

·-----------------'-----------------· . . 



t 



, ___ , ______________________________________ , ________________ • _________________ l _________________ • 

.. . . . -
I ~ STEP !fEASt:1UNa 

TllGLS 
'---'--------------------------------------=----------------! _________________ ! _________________ t . . . - . 

!008! TIJRN o 41.l!!'!a TO THE SIZE 

l---•--------------------------------------·----------------t-----------------•-----------------' . . . . . 

S.SHH 

'~-'-~------~--~---------~~---------'----------------'--------------~-r-------~--~---' . . . . 

~009! TURN o 52h12 TG THE SIZE 
! !4.5 Ill 

!!!Oi...HOlDEli 

•---•--------------------------------------~----------------l _________________ : _________________ ! . . . . . -
!010! Tt!P.X ERGG~E WlTH CUT FACE , 

llAINTAIMIN6 THE SIZES 
FORllCUTTER !S'~I~ING CALLIPERS' 

'---'--------------------------------------•----------------•---------------~'-~-----~-------' . . . - . 

! c 37h14, 1 AID 5.6H11 

•---•--------------------------------------~----------------'-----------------•-----------------! . . . . . . 
!011 ! TURI COWER, l!AIUAININS ANGEL 

! 20-0· t o•w 
r CUTTER ~AMG'l.E!!ETER 

, ___ : ______________________________________ , ________________ , _________________ , _________________ , 
. . . . . 
!012! T!lRN liP.OOVE ~ 31 t a, n~INTAINI~e GROC!'~E C'JTTER !SLID!!fll CALLIPERS~ 

•---1~------------------------------------1----~-----------·-----------------•-----------------· . .. . . . 

THE SIZE 11.5b12 

'---•-----·--------------------------~----'----------------'-----------------'-----------------' . . . . . 
!013! DULL SHARP EDGES 

!---!--------------------------------------•----------------:-----------------!-----------------· 
!014! CUT OFF li!IP.KPIECE, ~AINTAINING ' PARWiS OFF 

'---•--------------------------------------~----------------'-----------------'-----------------' . . . . . 
!THE S!ZE 17 II 1 CUTTER 

'---'--------------------------------------•----------------·-----------------•-----------------' . . . . . 
OPERATION 2 

~---!--------------------------------------!----------------~-----------------:-----------------! 
!001! ftDUNT NOR¥.PIECE 

!---!-------------;·-----------------------~----------------:-----------------•-----------------~ 
!002! FACE, "AINTAINING THE SIZE 

! 4 .5h!4 
TOOLHDLDER 'SL!DINE CALLIPERS! 

!---•--------------------------------------'----------------•-----------------!-----------------' 
!SHEET 3 'NA"E CF SHEETS 4 1 , _________________ , _________________ , 
. . 



l---•--------------------------------------'----------------·-----------------!-----------------t 

'---!--------------------------------------'----------------~-----------------!-----------------~ . . 

II I F:JP.~ CUTTER 

'---'--------------------------------------~----------------•-----------------•-----------------· . . . 
!OM! !UP.II IKSU:.E SROOVE I F!lR.lt CtiTiER '.SLIDINS CALL!PE~S~ 

, ___ : __________________ ~~----------------l----------------1-----------------'-----------------i . - . . . 

!l 28.8 I l.b H 

'---'--------------------------------------'----------------~-----------------·-----------------' . . . 
' BOP.!Na CUTTER ·~ICR~TE?. 

, ___ • ______________________________________ 1 ________________ , _________________ , _________________ i 

- - . . . 
CHA!fFE?. rnr:.L 

'-~·~-----------------------------------•----------------;--~-------------·--~-------------! . - . . . . 

!00?! TURN SCP.EiC ~30 I 0.75 SCREll 

•---'---~--------------------------------r----------------t-----------------!-----------------1 - - . -
!00!!! DULL SHA.Qr EDEES 

~---!--------------------------------------~----------------~-----------------~--------·--------! 

'---•--------------------------------------•----~-----------'--------·--------: _________________ : . . . 
OPERATION 3 

• '---•--------------------------------------·----------------t-------- --------•-----------------' 
!Ol.ll! GUTSIDE SURFACE Cu I Cr6 

'---·--------------------------------------'----------------'-----------------'-----------------' . . . . . 

THE SURFACE B - E~A~EL 
, ___ , ______________________________________ 1 ________________ i _________________ • _________________ , 

. . . 
~SHEET 4 
·-----------------i-----------------· 



·~---------------------~-~------· . . 
DPERATIIDI 

!~----~-~--~~~~-~-~--------------!-~-~--~~----!~-----~-~~---------------------! 
N!JllBEP. OF 
PIECES 

'--~-~~-----------~~~--------~~--~'----~----------•-----~--------~-----~~----~-· . . . . 

10.00!i 

'-----~-~~-----·~----~~--~~· 
PROFILE ! DIIOSilllS 

•----~-----~~--•~~---~-~----' - - . 
I ROUW AUJ!UliIUfl I 0 45 t 10 

All!lY 
!---!----~-----~~---~------------~--~!------~------~!--------~----~-!~~-------------! 

• llllP.K STEP EOOIPllE!IT TOOLS fl.EAS!JRIICG 
TOOLS 

'~-•----------------~----~---~--~-----•----------~~-•--------~---~--·~~---~----~-· - - - . - -
!001 ! llOUKT THE BLAIK !SHAUBLI!f - 125 

'3-JAIS amcx 

·~-·~~-~----------~---~---~~------•--------------~·~-----~-------•~-~~----------• . . . 
!002! Ctn BUT ENI! TOOLJ!{!LDER 

!~-!-~~-~-----------------~~--~---!~-------------!~-----~------~!--------~-------! 
!003! CENTRE CENTRING DRILL ! 

!~-!------------------------~------------!----------------!-----------------!-----------~---! 
!~! DRILL D 19h14 TD THE BODY sm DRILL o 19 !SLIDING 

!---!--------------------------------------!----------------!-----------------!-----------------! 
!005! T~'RN o 42bl0 ram.HOLDER !CALLIPERS 

·---•--------------------------------------'----------------'-----------------•-----------------' . . . . . . 

!006! CUT OFF MITH FACING "AINTAINI~G PARTING OF 
TOOL 

!---!--·------------------------------------!----------------!---------~-------!-----------------! 
THE SIZE 41i14 

'---'--------------------------------------'----------------•-----------------·-----------------' . . . . ~ . 
!007! DUlL SHARP EDGES FILE 

!---!---------------------··----------------!----------------!-----------------!-----------------! 

!---!---------------··----------------------!----------------!-----------------!-----------------! 
OPERATION 2 

!---!--------------------------------------!----------------!-----------------!-----------------! 
!001! "DUNT UDRKPIECE I ~ILLING llACHINE 

ANGLE TA&LE 
·---!--------·-----------------------------!----------------!-----------------!-----------------! 

!SHEET 4 !NAflE OF SHEETS 3 ! 
•-----------------t---·-------------· . . . 



: 

{ 

l 
~ 
~ 
..... 
._a ..,, 

. I 

tlpe /-cl Ct·c:r; f 

,-+ 

--

l 
- ... 

OJe.rot,·on ~ 

~ '\I! 

fldi/,1 r.-:cil ! 

• I 

' 

'.· T 

..... - __ _,_ 
: II! /,I. 

fO.tllJ6 

'~/(v) 



----------- - - -

!-!--------------------·--·-------·----------•----
! • ! TOOt.S ! !IEAYlll& 

TOOLS 
·-·---- -----!-----------!-------'-----· 
!IOi!! !Ill liROO'.'E !'.A!llTAI!UMG ! ll!UIIG Ell 

•-•---- ----------'-·------~---------!---------
! T1£ SIZES 221114 All 21l14 

•-•-------------- ____ , 
!lt3! Mill THREE ll{llES o l.4 B TII f!IE! 

! •Y SIZ£, l!AllTAlllllli T!E 

·--·--------------- ---· 
! SIZES: ll!0.1 All 36...+o.Z 

, __ , __________ __ 
!M ! !Ill TlllEE 6l!OOVES TO THE 

·-·---
! IOIY SIZE, trAIITAfllillG 

_, ___ _ 

----!--------!--------· 
! l!Ill EID 

----!---------!-------: 

,_, 
-------------!-------------~---------!--------! 

! TIIE SIZE 5 .. 
,_, ____________________ , ________ ; ___________ , ____________ 1 

- - . . . . 

!-!-·---------------------------!---------------!------------!--------------! 
! CfJATt!lG : MODIC DIIDAHOI 

!---!------------------------------------!----------------!-----------------!-----------------~ 

'--'--------------------------------•---------------•----------------'----------------· . . . . . . 
!SHEET 3 !NA!E iif SKEETS 3 ! 

'-----------------•-----------------· . . . 

------------------------------------------------------ ---



-.·. ·-- .. ·- -

.... ~------ -

-- .. --- . -

-- ... -- -:--i.: .. - .. --..... 

------- _____ ·;·: 

1_; ·: 



30.001 
30.002. 

I 
(/JI D.06 

- ------ - -- -------------

- --

h'urnte." o/ j;~:·c" L 
1101-//"9 30. :JOI 
IS~/,14 3(),001-1// 



-·-.;. ------

------ ... -. - ... 

•"·~·.:·~ .. ~ 

-:.: : ': .. : 

... - ~ - .. 

.. -.. ":' ~-=:=~~ _____ -:·: 

.. -

··r - --··- ~ . ~-·· 

- -- - - -:::·· "". .:.-· . 

. --.. 



--~--

~ 
~· 

~ 
.,,. 
~ 

--.-.-

~ 

• 

l.nr·-: _____ 
' I 

a 

I 

I 

I 

---~~--~- ~·~ 

-? j Ope 11t1·: ~·.:. 
30.002. 
30.003 

--· - -·-

- - - --- ------ ·-

Nun1lez " 3.0.002 

J().003 

f?e r ..;· t_' 

r-·-· -- -

I - I -. 

0--
:AO: 

- . 

.J.2 

O.I L 

---- --·------

116h If 
160hll 

A 
SO:t1J.11S 

7tl;!Q.OS 

~"' (v') 



---------------...... --·--·~-·--· 

-:=:- -,- - - .. 

... , ... -.. : : -.. : .. 

. ~~:. ----- :~~~:·:~ -=-~-:· 

·--... -
-~ -- : . - .,; 

···-'C'• ..... 7~ -. -



-----------------------------------

------------------------------------------ ---------------- -----------------------------------

------------------------------------------ ---------------- -----------------------------------

7.-.•. 

-----------------·-----------------

----------------- ---------- ·------

-------------------------------------- ---------------- ----------------- -----------------
"'-.·-

--- ------------------------------------- ---------------- ----------------- -----------------

. . --- -------------------------------------- ---------------- ·---------------- -----------------. -·-·~ 

. -~ 

--- -------------------------------------- ---------------- ----------------- -----------------
. - .. - -. 

-------------------------------------- ---------------- --·-------------- -----------------

----------------- -----------------·---·-------------------------------------- . :- ... •.-:: 
. .. - --- - -.. .. .: .... _ -. 7 : :-

-------------------------------------- ---------------- ----------· 

--------------------.~----------------- ---------------- ----------------- -----------------

-------------------------------------- ---·--------. -· ----- ·----------- -----------------

--- -------------------------------------- --~------------- ----·-- ---

----------------- -----------------



~ 
~ 

"> 

~~I : ~! 
..: ~--.o--·---- _. _ 19Sh 14 ---.... -

·- W' r r 

l' 

11Jt1.1s .· . --IS!o. 

'~ ~~ 
____ .,__-:._ ... ' 

-• --t•• • ----i~ --- -_ ~ m ~_I]-
-- -- ---· ---- · ~ -- - 11si i.2 __...4 

111 f u.c.fc • 
y 

2-

·---·---- /,· 



-.. -:-· 1=--:· 

---·--------------------------------------

·" ,~ i 

-=··~:-: -: --- . -

~-- ....... ~ 
- - .:. < - i.:: ... ~ 

.. · : !\·~·- - --:=··-, ~ 
----j -----

-. - ' 

___ : _______ ~----------- ------------------

.. --:--

--~ ---::-···:-: ... - '- .. ---·--:: 

-::-··--:-: .. --:- ... ::--: 7 . - - --- -

~:· -·· .. : 

·.:..., ... 



:,'"/",..,! 
_;,,._ 

·-··· -

: 

--- .... ·~---

!" •• - ' 
~- ·:·~·· -

... ·- -. -

::· :.•. 

-~-· ':' 

~· ·--.-~ -"· -":'~--

-- - . ·- ----· 

-----------------·-----------------· 
-~ .,,- ·: ·~·.: -· . ·:~:: 

·--· - -- --·- .. - .. --· 



... 
' 

,..,.,, 

.,._,.~· 

,,·-:----:-

:·- -_"".'-- -. .: 

... -~.-: --- -

... -... ---~---·-



I 
I 

i 

I -~"-If.I:> 
I . 

I 
I ·r--r 

.... l!_~!IJ .. Z. ~ 
' 

~---__ 10~:. o_.o_s_....,·.._- .S-O:!l.I I 
,- ., !- ... _.- ...,s :u.1~ · 

: ' 69.! Q./ . r-
!IS- t (). 2. 

/-'~2.:S-611x4.S~S:S/-2.62mtttJJ??~:(tJ_~: _ 



-".' ~·- -

. '\.-: 

... . : 

---------------- ---------- -- ----- -----------------

--~---------·-------------------------·---------------- ----------------- -----------------

----·-------- ------------------------·-··-------------- _________________ : __ ---------------



-:-:::··: 

~·-~- .. - .-

"'•-: 

: .... ·r:· 

~~ ~·.::-:. - --. --- ~-:- .-::· ~. - --=-
!\:- ·~-----:--:- .. 



-·- J' ! .· . 
./ - 1 

t\& . 
~; ..... 
~: 

' 
14Qhl/J -~ t-----------

- IJpe,.oi1p17_2 --

~ --~ 
70t/J.2 .. ~ 

~---·-

3.y (v'} 



. .. ... :-: 

-- ·: .. ---

.-... - -.. ,.,. ... =--. .. "'!·- - ., -

t,; 

.. -

• 

-.... , ---- -.. ·- . ~ " 



• 

-· ... ':'· :'!'-. ':' 

'_, ---- .. -.- v~;: : ..... 

, ..• •: ... :. - - •.: ...... : ... --:----:: 

.. - .. - -:- ...... 7 

.. ----

---- .. .,,-- .... 

. . :"''"' ·- .. ---: -:: 



IJpe-rerlt o '? ___ ..;$ 

.so~ 11.0.5-

. " . 

&Ot•.~ 

/:!l}.2. 

~. 

IJ~4-:~LL1~~1-:~' ~I 
~..-.tDN~f. 'V. _ ~ 

~ ~> Gt r -{J -- 1 
.:; i 60U.3. I A 

:;t =-~:-.:- -~ : ~·- ~- -i-
~--- . 
JJ/,JendiflH_____ 3.~(v") 

r -
-· . - - :..!:£ -

{1tflf.2-{I/ _____ . 
3

S 2x~/.6 - -- . ---.t:: . 

~ ~ r-- .. : .,,s: ~ ~ \ ~ I ~ IL . -·-' ·t-- --~·\._ -- - - · · ··· - · . 7.6to,z 1 
--' •4 

, \ 4 xH !.-l!fh.S.IS'hlllK{l21J: 10°) 



---:·_:--·: -------

:.. ·_ -~ 
.. -:: :·· -

-------------------------------------- ---------------- ----------------- -----------------.- ,- - .-. .. ... : --- -

.... .. -~ - --:-···. - . -- --- - -. - - - - . . - - --- -- - -

- -.:. ... --- ":' -:- • ., .: ~ t .- . ~ . ·. . - ... -

-------------------------------------- ---------------- ----------------- -----------------
·- ---- ·= :-:-· ... , -: - . -- ... - . - - ... - -

-------------------------------------- ---------------- ----------------- -------------- --
' .. ~.,,:-:-~ --··- - r··:-···_· 

--~;. - . -~ ':"•. -... ..... . . ... - • •... I 

-. - , 

- - •11: 
..... -:; 

, .. 

1 ••• 



: .. 

- -------------------- __________ " ___________ ---------------- -----------------------------------

: 

''·'"'". , .... 

·"::--:.:- -- . •,·-: ---· - . l - -~-" - -.. "::::; 
·1·-- ·- ----- - -

;.. .. : 
.•. •. ---.·-~ -- -.... -- . -

..... ,,r: 

-~---------------

..... ~ -... ~ . . ... . - . 

- ·1 -- - -

.... -, 



I, 

L 

- . -------·-------+--



---------- ____ ., ... ___________ - -----

--- ---- -·--- ------------------·----------------

------------------------------------------ ---------------- -----------------------------------

----------------- -----------------

------------- -----------------
. - ... ! .. ':'~: 

----------------- -------------------- ---------------------- -- ·- - --·, 

-------------------------------------- ---------------- ----------------- -----------------
.... -. -: ... ,:- "'t: ---- . -

-------------------------------------- ------ -- ----
.. - -- ... -.---- .. -
. -: =-.: 

--------------------- ---------------- ---------------- ----------------- -----------------... :* ~---.- . : -.. 
-- . - --. 
--- ---------- ------------ ---------------- ----------------- -------------- --

: : . : ~ :- . -

-------------------------------------- - ------· ------- -------- -------- ---·-------------
.. 

---·--------------------------------------
····:. w• ... ~,~:': -;·.-· ·_.•••,•. 

-: -- .... ; ... ; 

-------------------------- ··- - ------- --------- ------ ---- -----

·----------------------- -------------

... '7 ...... 

-- ---- --- ------------ -----------------



'-IV•UVQ 

~ 

~1X1f1:on J 
flC/6.~= '" s.~(v) 

~T--.-~-+-+-~~---~--+--
~ 
~+-~'L...L.'.L.A~~~!!l!!!~.azmlll::=i~ 

~ • 

~pe11ttf /tfJn .2. 
~ --

~ 

"& F' P.1.J I -.:, 
Do. 

[ I 
_, 

I 
--~ 

J.~ i· 

·I J.£\ 
J 

6-8 



. ·= 

....... - ... --·--· 

---- - -· .- ---. -... ·-

~· ~ -

:- ... -- .. -. - .... -. - -.. -
- --

- -- .. , ... 
. -.. - - . - - . - -



-:::·-·-

...... . - :-.::--

. ·=-

. - -- ' ----- . ·-

... --: -- ... 

.... - : -- ---- -



---------------------- - ---- ----------- ---------------- -----------------------------------

--·----------· ---------------------------- ---------------- ------------------------------------

- -~-:-·.::: ... : 

--------------------------------------- ---------------- ----------------- -----------------
-- ·- - -.-

------------------ ------------- ---- ---------------- ----------------- -----------------
.... -.- -. : 

-------------------------------------- ---------------- ----------------- ----------------~ 
..... ·: -~ -. ----- ·- :.·--_: _, 

. -:- .. 

-------------------------------------- ------·- ------- ----------------- -----------------

.,, - -. - ;~ -- -. : ----- ·- -~---~~-: 

-------------------------------------- ---------------- --- ------------ ------------------

-------------------------------------- ---------------- ----------------- ----·-----·------

-------·------------·----------- ---·------· --- ---··- ·-·-----. -----------------

----------·------------------·------··- ---------------- ------ ---- ------ ------------



- --. - • - - ,! • 
:' - - • ..::. ..... 4 .. _ .... 

. . ... ~ - •. : 

.... -.... -

... --....... -: 
. -· ... -. ' .. 

~ . ':" : . .. . ... ':'-. 

~-~:~·.: .. :: 

-·-:·:·-·: 

v. - ... _ -

- ---- .. - . ; 



- !/pel'l/-4_:1!.!L_~---
I A A-A 

~3.lrJI./ 

. 
:.. ; 

l. 14SNll 

~ 1431/ff 
""'<" 

~~~H ~:+R~~~I 
:a: {!] 

// 

2.. 
---~ 

.A..-· 

'!; {v) 

~ 0 J.S~ I.I~ 

I ~Ir 

I( 

~ ~ 
0, 

~-+-----------------..... " ' ~ 

' 

~ 

~ l,S -



...... ~. v• -- - . 

---'--------------------------------------

I 

J 



._ ... ,. 
~ --

- ......... .. .- - :_.::· 

-.~,-.-

. ': ::'- - ~. -

...... ":': ·-· 
-·.,-· .. ---... -_ .. 

- • ! 

-~=--· . 

..... ··-

. , ..... =. ..~ -~:: 

""!··-··-:·-. : = 

·=---

- ~ .:- -
• r - - • • - - .• 

.- =--"' - -. -

~-~-~-- ----~:·~. .... ;:.--.·: .. 

.. . .. -- ... .. . - ·-. - . . -. . 
: .•,.·,-. 

=---'--------------------------------------

-:.- ... !.:'.: ·-. -

-- ·- ... -:------. 

-.:.--- -
·; -... -,,. _: 

.: ---. : ... --- - - - : 

-:-: .-:--:: 

- ...... -



--- ··--. -

.- . - -. ":':,;. -

-.:-------.· 

,-



: - : ; 

~-- .r: 

= =:.; ..... .::· : ·~: 

•_':' 

--. --· ~·. ·: 



--------------------------------------~--- ---------------- ----------------

·:':'"' -- . ~--

------------------------------------------ ---------------- -----------------------------------

-... ~. -·-. ': 

--------- --------- ----- -· ·--- -·------ --------- ------- -- --------------- -----------------

-------------------------------------- ---------------- ----------------. ---------------- ,,. 

-------------------------------------- ---------------- ----------------- -------------·---
: ~-- ~- -------.- ·-- -

--------------------------------------- --- ------------ ------·---------- -----------------
~ .. -. . •. 

-- - -

-- -------------- -- -------- ---------------- ----------------- - --------------- ---. ---
- ~ - - ... - .: - ·- '7 .. : : - ... 

. =~ -. 



l.2/(vJ 

SO:!o. f 15 :!I/.( 

'·' 
2.s - jc. 

80111~ 
.3 

·~--- -·· ·-

I I 

m= O.q ~ijhi 
z~6o 

9-F 
h: 0.94 
~ ': 11° 



---------------------------

-------------------------------- ----
---------------- -----------------------------------

--------- ---------------- -- ------------------------------ ---

--------- --------. ------------------------------ -------- ----------------

·--------------------------------------------------------- .. - .. - :":' ... -- ~ 
~--

·-.. ----·-- .... 
-------------------------------- ----- ---------------- ----------------- -----------------

? --: • ------·- - .... ,:-· 

-.:.- .. -. ': -·-·":"·::·~ -----~----. . - -- ----------------- --------··---- --

----------- ----------- -------------- -- -- ------- - ----- - ·-- ------- ----- ------- --·-------

"': .. -
------ ·--------------------------- ---------------- --------------·-- --------- -·-----

: . -: ---
. ------ - -- ·- ------------ --·--------------

- :: 

----- ·---------·----------
.••""! 



-·--··------------------·----------------- -----------·---- --------------- -------------------

----------·------------------------------- ---------------- -----------------------------------

::-:·:::·.; 

-------------------------------------- ---------------- ----------------- -----------------
-~~-- .:-~ 

;::. - -- -~~- .. -- - .:,t 

-------------------------------------- ---------------- ----------------- -----------------

--- -------------------------------------- ---------------- ----------------- -----------------.,-- . 

---·-------------------------------------- ---------------- ----------------- -----------------
-.. -. :=: ~ 

--=~·- ::. 
--- -------------------------------------- ---------------- ----------------- -----------------

-------------------------------------- ---------------- ----------------- -----------------
~---'!'---. -- --

--------------------------------------- ---------------- ----------------- -----------------

-------------------------------------- ----------- ----- ----------------- -----------------



------

/r1:0,S 
r-...33 
_g_F 
h-= f. f2'5 
'2c~~t · 



. - :" 





I t' 
.! ,.: 

-\@>-~-; 

¢12 
... A 
·~~··. 

/ 
/ ,/ 

I 

" .. '/ ·.- ~/ 
... 

J.!/(v) 

I 
I , 

.' 





. -



-... - -

. -':' 



~r~- .... --""""., 

J 

£S 

I 9.S 

bt[!ll9_h_t ~corrugoiion_ tJ.6 





-------. -



I 

~ 

1 
11 ~ 

./0 

.I~~ 12.S 7., 
..39 

II~ M 

-~-r 

~1 

tS:!l.2.. 

9 

~-A 

O.l-1.11S 
20'J10 

A 
; -.. 

..;: 

O. lm•x 

"-

"' 

l.S 



·------------------------
---:,;-·•. 

---------------- -----------------------------------
------------------------------------ . -"': ~= 

------------------------------------------ ---------------- -----------------------------------

.. = 

----------------- ---------- -- -----
. -.... ':'.: .. -. ~ 

----------------- -------------

-------------------------------------- ---------------- --- -·----------- -----------------

-------------------------------------- ---------------- -----------------·-------------

----------------------- ------··--- ----- ---------------- ----------------- --------------
.,.-:: ·:.··-:"'• .... -: ,.. .. ~--

-------------------------------------- ---------------- -----------------

----- ----------------- ----------------· 
--------------------------------------

----- ----------- ------ - --------
---·---------------

..1-- -· .. --

----- ---------------- ------ ---------- ---·-----
-- ---------------------·--------

------- -·---------- -·--- ------- ---- ---

- . - - -. - - - - - - - - . - --- - ---- . 
--- --------------·---------- --- ·-------

. . . ,;• 



. ~- -: 

- -... ------ .... 

··-,-~~·.:.: 

----·~·::-. 

:: . 

... . -: 

.. • = 

. ·.~. 



__ , ' -
~ 

~ • 
I -·-

~ 
~ 

- -· 
. ~· ~ -~ 

"' . d 
It "' ....... ~ 

-r"' ~ 
' . 

LJ • ·~'~ . 
' 40 ~ -.. 

-

2. 



, __________________________________________ i ________________ -----------------------------------t 

~------------------------------------------ ----------------~-----------------------------------: 

! ___ , ______________________________________________________ • _________________ : ________________ _ 

'" r 

~."'t! :-~-~.,:"!' ;.,: __ - :.-: . 

1---! ______________________________________ : ________________ , _________________ . _________________ ; 

!---~-------------------------------------- ----------------~----~------------;-----------------

: ___ ; ______________________________________ : _______________ -·-----------------

r ___ :--------------------------------------·----------------:·----------------·-----------------· 

"';;,.-"I:~~~-••• 

·" 

--------------------------------------·---------------- -----------------·-----------------

---·----------------------------------- -- ---------------- ----------------- --------------·--



::E 

·~ 

'--------------------------------------·-----·----------
! ~ 

~-JI. .. ··_: 
=-~.:· 

!---r--------------------------------------~----------------
!{'f2: ... r.; ·--·--- --- - -

f, 

E---i--------------------------------------·----------------:-----------------·-----------------
~."':.:• -.-:. ~:: --- ... __ _ 

---·--------------------------------------·----------------

---·--------------------------------------·----------------·-----------------,., .... ,:; ... ·-.. . .; 

'---·---------------··----------------------

!---·--------------------------------------

' . 

- :. e 

-----------------·-----------------

--- --------~-----------------------------· -----------·--- ----------------- -----------------
I ":"'""'., .. __ ... 



--, 
I 

t ~ 

I.~ . 

s-s -.,, 
~l6 



:"-~i-!",J:.T•--:_,. ---- . .:.: 

------------------------------------------·----------------=-----------------------------------

------------------·-----------------
;.. ... ~:.... --

------------------·-----------------

! ___ - ______________________________________ ; ________________ , _________________ ; ______________ . __ : 

. . 

"' ,. 
{ ___ ; ______________________________________ : __________ ~ _____ : _________________ , ________________ _ 

, ___ , ______________________________________ , ________________ -----------------

: ;;- ~ r.·, 

: ___ . ______________________________________ ; ________________ -----------------·-----------------; 

'---'-~------------------------------------ ----------------!-----------------

, __ _ 

C";""='~ 
.: ... ~-

'.":':·~· ' - . :;.:..: .. 

______________________________________ , ________________ -----------------·------------------

·------·-------------------------·-----·-----------·----------------------.,, -
f ___ ; ______________________________________ , ________________ • _________ _ 

i--------------------------------···----; ________________ ----------------- -----------------



r ____ ------ -------------------· ·-------- --- . ------- - -- ------

_________________ 1 ________________ _ 

: 'l"'.-~:""'~·P"'·";~·:"" -· .···:: .. :;._.":: 
; _________________ : _________________ ; 

! ___ : ______________________________________________________ • _________________ ; _________________ ! 

" " 
-~f"!!'C 
~ ...... _ 

(~--·------------------------- ------------'----------------·--------· ________ : ________________ _ 

!---f-------------------------------------- ----------------r---------------· _; ____ _ 

: ___ 1 ______________________________________ ; ________________ • __________________________________ : 

___ ! ______________________________________________________ , _________________ -------------

~---•--------------------------------------

---·--------------------------- ·----------~----------------·-----------------

·---'-------------------------------------- --· ------------- -

---'-------~·-------·----------------------
. . ----· ·---··----- -----------------

.. 



-----------------------------------------------------------

------------------------------------------ ----------------·-----------------------------------· 

( ___ , ______________________________________ -________________ . _________________ . _________________ . 
' .... ' ·' -~~·-... __ _ .- .. :""··~ .. .,;-.-::-:..;..,. - ':; 

-~-. -
'---'--------------------------------------'---------------------------------- -----------------
,~ ..... , -
,'.J'>1 ... 

.. r'•·ir'r' 
·~;...':. 

~-- ... ;.,..
;_~;~·. 

---t-------------------------------------- ________________ , ________________ _ 

: ___ : ______________________________________ ·----------------~-----------------

; ___ '. _____________________________________ _ 
----------------·----------------- -----------------

; ___ , ______________________________________ ----------------·-----------------·-----------------
~lftr.;. ! -;·:.•- ·: ~..:.i-: --."':· ~,,..· "';':: 

. --- --·-

-------------------------------------- ---------------- ----------------- -----------------

--- ______________________________________ , ____________ ., __ _ 

• ___ i ______________________________________ ; ________________ ·---------·-------·-----------------

, c 

!---·--------------------------------------
•-'•-'•~ r "''·':• ":·' 

--- --··-- ----------------··-------- -··· -- ......... _, _________ ---·---- ... ·----



.,:jQ.iJTY 

! 

71~.l 

-~,i ;t.t·1· A -
... ···-- -- . -· 

4tO.I 

I 

------'.-J...!iZ.~-6H 11 Q.5 •120'! f~ 



------------------------------------------ ---------------- -----------------------------------
:-:. ;-:-:-· ----- -~ 

--- -------------------------------------- ---------------- ---------~------- -----------------

~--- --------------------------------------·---------------- ----------------- -----------------

--- -------------------------------------- ----------------·----------------- ------------------._ ~-: .. 

'--- --------------------------·----------- ---------------- ----------------- -----------------
~ ""; ~ .. ----

·-------------------------------------- ---------------- ----------------- -----------------
•·"" . ~- -;: ' ........ 

: _____________________________________ _ 
---------------- ----------------- -----------------•JI,. ... ~~- .. ·":"•~.

. -: .. ·l - ••• ~: 

~:·~ ... -' 

--- -------------------------------------- ---------------- ----------------- -----------------
I-:'"' ---

---~-------------------------------------- ---------------- ----------------- -----------------

---·-------------------------------------- ---------------- ----------------- -----------------· 

---·-------------------------------------- ----------------·--------------·--·-----------------

-------------------------------------- ---------------- ----------------- -----------------

--- ----------------------------·--------- ----------------

--- --------------------------------------- ---------------- -----------------·---------------~-

~---!--------·--------------------------·-- ---------------- ----------------- ----------·-·----



------·-----------------------------· 

------------------------------------------ ---------------- ----~------------------------------

~------------------------------------------: ________________ ; __________________________________ _ 

'" ~·-; -...... -

----------------- -----------------

----------------- -----------------

! ___ --------------------------------------·----------------·-----------------·-----------------

---'-------------------------------------- ---------------- -----------------t-----------------........ .,.. 

---·-------------------------------------- ---------------- ----------------- -----------------; -,,.!"':.~ 
_:.·~ --.: 

---·-------------------------------------- ---------------- ----------------- -----------------
C'""T~ 

--- -------------------------------------- ---------------- ----------------- -----------------

--- -------------------------------------- ---------------- ______ " ___________ -----------------

'.------------------------------------~- ---------------- ----------------- -----------------· 

, ___ ;--------------------~-----------------·----------------

. ___ ;_~------------------------------------·---------------- ----------------- ---------------- .. 

---·--~----------------------------------- ---------------- --------·-· ------ ------- --- -----

---'------------·------------------------- --------

----------------- ·-------------



-----------------------------------

------------------------------------------ ---------------- -----------------------------------

------------------------------------------ ---------------- -----------------------------------

: ----------------- -----------------

-----------------·-----------------
~~ ·-~· -; .... 
~-- - . __ :: 

. ' --- -------------------------------------- ---------------- ----------------- ------------- ----· 
... :-,-:·--:-,·~ 
:~::..- - .; 

---·-------------------------------------- --------·------- _________________ i _________________ • 

:-~~;.~ ,.._ ·-
: ___ . ______________________________________ ----------------·-----------------·-----------------

---·----------------------------------- -- ---------------- ----------------- -----------------· 

. ___ : _____________________________________ _ 

: r.:. · .. . ., . .,,.,.. -... :- - ---------------- -----------------
-: :-; ' 

-------------------------------------- ---------------- ----------------- -----------------
.... ·. =- - --'!".·-: ____ ~ ------~ : 

;---·-------------------------------------- ---------------- --------------··--.,. e- .. 0: .. • • ~ .. ,. "!" •• -

- •.. 1; . - -- ... -
... - -- . - -

-------------------------------------- __ ., _____________ ----------------- -------~---------

·---·-------------------·------------------ ---------------- -----------------·----~------------
',,~~ t .. ,. 

------· ·-----------~---------- ---------------- ----------------- -----------------

------------------·------------------- ........ 

. ,; ... -



0 pe l'a ~f ~11 i 
--~-· ~------ ·- . ~ 

-v • .., .... , 



-------------------------------------- ----------------·-----------------·--·---------------
-:- _., : :""~ .:C" 
- ' - ·- ! - • -

··-~?~,.--.. ,._ --~. -... 

; ___ : ______________________________________ . ________________ : _________________ ; ________________ _ 

---·--------------------------------------
,"I.. : .. 

... ·- . 

---·-------------------------------------- ________________ , _________________ -----------------

---r~--··--------

' 



------------------------------------------ ·--------------- ---------------~------------------

---------------------------------·--------!---------------- -----------------------------------~ 

: 

-------------------------------------- ---------------- ----------------- -----------------

--- --------------------------------------·----------------!-----------------·------~----------
~ ,., ... ' ; 
;:·,,. 

!--- --------------------------------------
_________________ : _________________ . 

t ___ , ______________________________________ , ________________ , _________________ , _________________ • 

---·-------------------------------------- ________________ : ______________ ·--·-----------------

---·--------------------------------------·----------------·-----------------

. . ·-------------------------------------- ---------------- ----------------- -----------------

--- ---------------------~---------------- ----------------·-----------------
1" . .. ... 

: -- ... . 
, ___ ·---------- ·--· -------- ·--- ·-----------

--- --··--···-------· ·----------- ---- ···---- ------· ·-------- ---·--- .... ________ -- ----· -

·"----------··-· ----· --··------ - ······--- --· ---------· ----·-- ------------·· 

---~ ... ---- .. ·-·------ --------



9t-..--::.ii;-·:-:•. • •• --.:-.- -..: ... 

!------------------------------------------'----------------·-----------------------------------· 

'------------------------------------------·----------------·--

-........ ':'"-

! ______________________________________ ----------------·-----------------

---·--------------------------------------
:l\.'\f' i.;·: .... P.• !'11r.·.~ 

=~- 'l" 

----------------·-----------------
- ~ .. :. .... ... -=-*.: r''·".:-'.;' - --

" - -

---·-------------------------------------- ---------------- ----------------- -----------------

___ ; ______ -------------------------------·----------------

;---'--------------------------------------=----------------·-----------------·-----------------
, '"I.·':' r• ... 

, _________________________________________ : ________________ . ________________ _ 

- •. - ~ 

---·-------------------------------------- ---------------- ----------------- -----------------

---·-------------------------------------- ------------~--- --------------~-- -----------------

--- -------------------------------------- ---------------- ----------------- -----------------

r ___ 1·-------------------------------------

----------·------ ' ___ ..,. _______ ,.. ____ _ 

'--·'~-------·--~-----------------··--- _____ 1 ___ , _____________ ; ____ _ 



llpe11otians i 

q ---

.$I 

-Nuhi~li1 ,,.,. ]) J), ! 3 
~..-......was 

.30.02.3 !Oh l't 'NII/' Q,S' 

30.0Z# }2hl; :f,SHI~, o.s 
-

~o.oz3 

30.024 



•: .. ' . 
! __________________________________________ . ·---------------'·----------------------------------· 

.""'.'"'1--: ... "f"":I":•! 
..; .:.."'.- .. _.,, 

""'T-~-:io -.. .:.~~: 1'\; ~ ..... .:._- \"· 

------------------------------------------ ---------------- -----------------------------------

r •• . ·'" ; -... ._ ~ . 

':'·'"· '~~ _ ... -._ ... 

_________________ ! ________________ _ 

., - . 
_________________ : ________________ _ 

, ___ : ______________________________________ , ________________ . _________________ . ________________ _ 

·~··'· .. ; ."J~.L ..... _ " 

---·-------------------------------------- ----------------

t ___ • _____________________________________ _ 

! ___ , _____________________________________ _ 

---·-------------------------------------- ----------------

---·--------------------------------------·----------------
'!'"'!~ ·.~ r:~ --- ----

_________________ ; ________________ _ 

~·.· . 

----------·--·--------··----·--------- - --------- ------- ---------·-

'·--'--- .. ------·----



30.02.I 



-----------------------------------! 

. =------'--------------=---------~~--------~---------= . . . 

_, ~-----------~--"'!"--· ______ , 

'------------f-------~-----f 

---~---------------t----------~-----~----~-----·-----~-f 
~~~!~ 
r~ts 

----~~-~--------_.:. ____________ ,~----~--------!---------------!----~-~--~-----~ 
~!!~t:'¥~ti: - !~ ' 

' l-I~ r'~ttrr 
=..-...,--______ ----------------•-----'-----· , _____ ----------!---------..:.. ! 

--------------~-----------------~----------------'-----------------!-----------------f ~.. . . 
-'tt~ ~ 26r.!4 re N 25 n LB~T~ t 7~~tlaE~ :~i.ID:~~ t~J .. rPS'fS! 

':l----------------~----~---- ! ______________ ~ --------~---- !------------~--- 1 

·: ,:!_;.;!---------------------------------- ~ ----------------:-·--- ----·------- : _____________ -___ : 
!o;.&,; • re~:4 
-!' _,. 

,t--~l-------------------·------------------•----------------~-----------------'-----------------; . . . 

'-·!~!--------------------------------------!----------------'---------------·-;-----------------~ 

!·--!--------------------------------------'----------------'·----------------·-----------------f 





!~---~------------------------------·---------------'-----------------------------~: 

·;;, _; ~- !~-~-----------------:-----------._;_ !----------- ! ------------- .. -------------' 

----,~}:~:-~~ ~IU. H:j_E ~ !~ ?: T~ ~ ~~~~ ~ ~~:~: ~ :..s~' 
- ::, ! ZS ti 

,.,:-:"' 

~~!~-!--------------------------------------:----------------'----------------;-----------------~ 

; ___________________ --------------·~-----------~------------~----~------, 

~ ... '.; !-------------------------li--~------'-----------•-------------t' .,.,. 
.a.: 

!------------------------------~----!-------------~-'---~~--------: _______________ , 
~J1 ~. ~!~T~If!~ ~ srIE 

-, 1~-U f -

·--------------------~---------------f-----------------f-------------~--i . . 

t_ 

----------:-----------~-----!----~----------: ________________ ~---'-----------: 
~~ ~!~ : Ol!!IC~ ~m~TI~\ 

lll:~I:;£- ET~~ !:1 ~~T !'f ~~ 
.,·! _____ :__ ______________ .-!-----------...;._!-----~----!-~-----~----! 

'------------------------~-------~----------------;--~------------~---------------: 

.;~,~~~~~f __ ; _________ •------·-------------- I ------r--- ;--------------~ ------------ _1 

-:,_zo1,f 

:~:~~ !----------------------------------- ! -------------- ~ ----------------- _______________ ; 
-: '~;t~ ,· 

!:-
-·--~--------------------------------------~----------------~-----------------~-----------------! 

'---~--------------------------------------:--------~-------~-----------------;-----------------' . - -

-------------·---'----*·-----------

____________ ..___. ____________ ~-



30.031 

> •• ,_. ~ 
..._-_ .-·.' .:-

~ . 



,. I 
·' . 

-c-i-------------------------------- '---------------• ---------------------------
ti~?~~ 

?!~rES 

-----.. ------------------------:---------------!-----------------------------------! 

. . 
----------------- ------------------

! _________________ ? ___ ~-------~----~ 

t ~~'t] ~Lt~~ti!t;~ 

~~~C'{ -

!~--:--------'----~--------------!--------------!---------------'---------------~ 

-· 
~.:.~------~----------------- r ___________ ! ______ . _______ , __________ ' 

: S~.:~~!~ - t~ 1 

:!-J#.li~ th'!:~!( 
: !---~-----.;. ________ ------------ ~-----------~--'---

J ~~f :..':.~ ~rg. 
----~-...,,... ·-

------!-----------------~ 

!----~---------------------------------:----------------~-----------------; _________________ t 

--~-~~-·-1_:_~-_:.-~-~-"_i_h~.- ~-! ________________________ : -------- ~---------------;-_______________ ' _______ ...: _____ • : 

._ ... ~~r. ~rL~ ::.: .. {~£ • ~~~~ :2:~t ~ !~ ~E 
,-c.,.;_ 

c ·.,.;_ ;_~- ~------------------------------------- ~ --------·------- ~ ------· ----------- - ---- ------------ t 

~, ~·~!}5 ! 
! 

<,:__~--------------------------------------¥---------------- _________________ , _________________ , 
rf' · .,,,..,. 

.. L~!~: :~,,:~ :: E!~z~ 11 :'~~,·~r~:·-:; r~: !!'!~':. ---:J- ,_ 

!---!-------------------------·------------t----------------'-----------------'-----------------· 

!~--~--------------------------------------t ________________ t _________________ , _________________ , 



:: 

-~-----------------~~---------------~----!----------------'-----------------------------------' 

~~~~ 
~··'•--£ __________________________________ ~ ----------------!---------------- f- ----------------- !' 

' ',._ ~ 

~~·---1--------------------------------------!----------------'-----------------~-----------------~ <;:,,*'~ -

.. -
~- ·--

-=-·--------------~-----------------------·----------------! _________________ : _________________ , . ~ - -
' -

-1 

~~~---!--------------------------------------'----------------t---~-----------_ .. _________________ ; 
~ ~:: ii 

:~""-·.,,·~::i __ '--------------------------------- .. --------------- ~ - ---------------- ;-~------------- ! 
'~":.··2"~ ";, • . • ~ 

X: u;: iW:"P'ZEC! Til ' !'~~~E~ C<F !'" 

!:t!TER -. 
·-:~!---------=-------------·---------~-----------~l--------------': 

..-:-: ~;!£ ;g u 
t: 

r_:__~-----------------~------------------~---------------'-----------------t-----------------~ ,.. r . .. -, 

·; : .. :·;;~·l~:~· l--!-----------------------------. ------------- !----------------':' ---------------"':'::,: 
! 

,.:'.f, 
·- " ... \<:· "'f .. ; !~-!----------------------------!-------------: _______________ ~ -------------··---! 

.,: 2.~ 
.,,\' ·~:~ < ~;0?\~'j_ ~------· ___________ :..:.:~~~---------• ____ i-______ ~_; _______________ • r ----------------: ' 

;-

f---'--------------------------------------i----------------·-----------------~-----------------! . -

·---·--------------------------------------·---------·------:-----------------·----------~ -----. ~ ,- .,.,- (.. 

~---·--------------------------------------·----------------·-----------------~---------------~-' 

r ___ ;-----------·-------------------~--······-----~----··---r-----------------·---------~--------



~ f------------------------------------------'---------------~'-----------------------------------~ - -

--------~~------------------------t ________________ 1 ____________ ~~-------------------! 

; _________________ r ________________ _ 

- !------·~----_..;.-----~~-------------~-t ____________ _;_~~'-----------------~---~----~--~--~l 

Tl":P.Tl'
'.;.l"::_:r 

y 

I------------~-----;:---------------~-!-~----~-~-----~-----------------'~-----~-----:__-; 

?F!:~ 

~----,;_.---------------------------~--~-'---------~-~----:---~~----------!-----~~-------~; - - -
-~ .. ,, 
:,;~ ::;~;. 

- !.;. ___________________________________ ' ---- ·----------- ! ----------------: ___________ -----. ~ 

________________ ; _________________ • _________________ ! 

- -

·~--'--------------------------------------'----------------~-----------------'-----------------· ... . . -

.'.:'~-_: ~ ------------------·-----------------·--- '--- _________ '""." ___ ; -------··---------; -----------------. ·.'· . -

!---!--------------------~-----------------:~---------------'-----------------:·--------· 

!---!--------~-----------------------------:----------------:-----------------!---------------·-~ 

'·--·------~---·--------------·------------'----------------: _________________ : _________________ ~ 

! --- .. --. ------- ... - - ~ ------ .. ---·------ t 



~-----------------------------------; 
". ·'":,.;. 

~------------------------------------------; ________________ , __________________________________ _ 

er=-~::: 
·---~ 

:___ _____________________________________ ; ________________ , ___________________________________ t 

- ' '---------------'----------------~ 

. . -----------------·-----------------· 

- ~ . -
.--------------------------------------t---~----------;----~_;.,---------~~----------------f '"~~ .... :- 11n.ri.:...· !'t-'f'~ .-n;r·~~ . •rrrr ft ~r>&l"tt'tl"' .. T-.:..- ~ _,~ - - "-:;.er ;:rt!" C~..:i.:---!~:C°'; ;~.;:_;: :i:~ztr~!\;; 

;:;~-, T:r'.'!~~ 
·:·: !------------------'------------ ~ --~-----------. --------------!--------:. ________ ; 

-~t'!fr :FE !L~~ ( 1rr~ ~E~r!"TI~Gi !~!~:.~~ ~,~:~r~E ! 

~~!rE ·1 

'----------------------------~---------~----------------'---------~------'-----------------! . . 

~!: ~ !e~~~' .:: ...... __ .. -··- ._: 

--------~~-----? _________________ ! _________________ ; 

.. -_!,;.:.._ ! __ -______________________ ,: _____________ :--------------- i --·--------------, ---------------- r 

' 
'-'--'---------"---------------------·------·----------------'-----------------1----------------! 

''-~-'--------------------------------------'----------------~-----------------'. _________________ ; 

b :t -j~! 

..... 
"w 

'-~-'------------------------------~-------·----------------; _________________ , _________________ , . . 

~--'--------------------------------------'.----------------•-----------------·-----------------: 

'-~-'------------------------·-----~-------·-_______________ : _________________ , _________________ : 
~ . . . 

!-~-·--------------------------------------'----------------'------·---------· -----------------



. 
L• 

c 

f I i 
.. xj 

IJ;eration 2 

Hl6-6HA l.lmqx.(120-tD)0 .. 
~ 

6±0,2 ..... ·., 



·. 

~----~~------------------------------------; ________________ : ___________________________________ : 

_f 

"' " 
!~-'--------------------------------------: ________________ , _________________ ; _________________ . 

. . . ----------------- ----------------- -----------------

________________ : __ ~---~--------~-----------------t 

!---!-------------------------------------~'------~---------·-----------------r-----------------~ 

______________________________________ ; ________________ . __________________________________ _ 

--!--------------------------------------F----------~------•-----------------1~-----------~---~ 

'=---------------------------~---------~----------------'-----------------·-----------------
-.{! 
· .... .:. 

_! ___ • ----------- ---------- _____ ... ---- ------- f --------------~.:.. 

,_ 

f---·--------~----------·-------------------·----------------~-----------------~-----------------: 

-· 
f ___ r_·----------------------------r ___ .,. ___ : ________________ ·----------------- -----------

'-~~; ______________________________________ . ________________ . _________________ -----------------

~.;.-- r ----------------.:0---·~------- ------ ---·~ .. - . -

----------------·--------·-------- -----------------

-------------·--·-----------------·-----------------

-----------------'-----------------

-· 

- 1 

-~ 

~ ·:j 
~ 
-~ 

~·~ 
~.:'z 

1 
_j 



SUQ :U-4 

-C·'"··.·~ ... -~ 
- ' - ~ '.::.';-..-. .. 

:r- ·;.;~-

-. 

-·--·--------·--------r-----·---·--·-------------·-----------------------------------

! __________ ..:_~----·-----------------~ 

l----------------------------~----~--'-------------~-r-----------------·------~----------
~~ii'·.~,< .....__,. 

. . 

~--~'---------_;. _____ ; _________________ : _________________ ! 

r~~ • ·~,...~,...; 
-.~:..-···:~.:. 

~,.;,._t--------------------------------------- r ---------------- f ----------... ------- .. --------- --------~ 
-~~:~~2 ! '!!' • Er~~F.:: ~~r~r~~~r~a ~~ 

·._f- ~- ~!!E! ::;r:~~ J ~ .Q r: ~~~~ o ~! 
·~ ~";f.:_:..:...;. !-----:: ____________________ . ___________ :--: _____________ ~ ----------------- ·-----~----------- ! 

·~~~OU~'. 
T . I ,.. C'•·'\ f CC••" A-'T 1 

~-~ ~ •• ! ~~~~·~= 

'"'" ~ ~r-.~-ir: 
~"'~;...;.-:_;-::: 

-'£~--'--------------------------------------~----------------!-----------------·-----------------· - . . 

~---!-------------------------------------- ----------------·------~----------: _________________ ; 

!---'--------------------------------------'----------------'-----------------·--------------·--· 
,.; 

~---·-------------------------------------- ---------------- ' ---·---------------·-----------------



;-

614 
. ~. -· ,--

. :fl.l•'to ·-- .... 

l3 
····~r·---

~t~ -
~1 ' 

• j 

j_ ------.. --

'.2.Sill 



_·:'.2'/ 

. ~~~~-~--------------~----~----------·----------------·-----------------------------------' 

t-------------------------------------t----------------~-----------------c _________________ ; . . . 

"'""~ r.. "~'" !l.;.tt. .,.~:, •• 

~A'!"~~.-.t~'!'~:"" 

. --·'. ~-·_i.;.·'l~ 

----------------'--------~-------: ________________ _ 

-~~--------------------~--------------! _____________ .,.:-__ t _________________ , _________________ , 

- . - -

~------------------------.:.:_~---------------------------r-----------------=-----------------

·!--------------------------------- ... ---- ~ _..;.. _______ :-:------:----------------- ~ ----------------- ~. 

-I 

---------------------------------~--!----~---------!---------~----~-:--~-~-----~-~--~·-
., 

--~~~--..;._ ___ ..;.~----~---------------------!---------------!----------------- :------~-------- ~ 

,: 
"1i--------~~-----------------------'--------~----~--'-----------------'-----------------' . -

•--------------------------------------~----------------·---~------------~-----------------t 

, ... <\,::'~(!:~'--'------------------.,,------------------ '---------------' -----------------. ---------------- ~ 
~~"!Ool~ 

'·· 

='"· ~_.:tb~ '-·------------------------------------ ~ ------------ --- ~ ----------------- ~ ----------------- .. 
!~ - I 

. ~---!--------------------------------------:·---------------~-----------------·--------------~--'. 

:~--!--------------· -----------------------'--~----~--------:-----------------1-----------------: 

,!-~-'-------------------------------·------~----------------~-----------------1-------~---------· 
r.·11~:- r·~ e~!"-=""~ '7 ,_ '"1':.··- ....... -- - .... 



~'re~~ 
'!)~~:""-,.. . .:.::.:....:.: 

'-----------------------------------~ 

r--------------------------------• 

·----------·--~·---~~----------~ 

;---------~------!--~~---------= 

-!~---------- __ .;_ ____________________ : ____ ~--~----;-----~-------•-----~--~:__-! 

~l----------'-----------------..;._-1~------------1--~---------'--------~-l --.~ ~" ~ ,,.. 

~ '~------------...;~------------- ~ ____________ _;_ i----------i--------- ! . . . 

·<:,~!-------------------------------- ~ ----------~---- ! ------------ --·_t. ·---------------- f 

C{fJ!'i!f!'!~ ~!L~:~ ~~!~7~!~!~; 
E!ZES S?ECI~!ED ~!!~ t~s:r;~~~ 

:----------------~-----------------·-----------------' 

' SI!:s ~.2 ~~ ~~~ i ~ :.~ii 

..... __ ·------------- ------------- - ---- ------- i ----------------. -------------- --- • ----------------- '. 
ti£T .. TA.;'.r1'• ,._ 
. "'!~.l. ~;.;\;.:t.: 

t---'--------------------------------------~-~--------------:----·------------t-----------------: 

-~!-;--~--------------------------------------~----------------; _______________ .. _: ________ #·--~·---; 
m::. 
-rµ~ 

i-.-'----------------------------------·--p·----------------!-----------------'------~----------' 

( 



-----
~ --. ----

- -----
~- '· 

.J,_.,,,, .. -
'·~ -.. -:: ... ....... ,. 

:t .. . ~, -
~ ..

. ""'· .--.... . --: -
, - -· 

• 

1·ftilffii 
' -



$ 4 ;;:, M.& ttiQJ§j 4,9 &;<wc;c;: 4,_M ¥.A 

'~----------------------------------------·---------------:·----------~-------~-------------
=-~,.--~ ..... =--,..----· __ .. It~~<~~-;: 

~J_s 

:i___ --~-~--------~-----------~-~--·--------------~'---~-------~--'--~-----~-~---· 

. . . - . 
-------------- ----------------·----------------- -----------~--· 

-'-------------------------!---------~------;,_... ___ r ____________ , . ~ . . . 

: ________________________________ : ________________ . ________________ : _______________ __ 

--------------------1----------------t-----------------·------------~---
' ~Ill ~if ~!~i~!~~ iHE 5!!ES'. 
! ii.~ H, ! H :_1m ~ ff 

---------'--------------~--~---~-------!-----------------• 

!--,-_-~ _______ _...:.:_ ____________________ ! ________________ 1_~------------~-:-----------------: 

., ___________________________ ; ------------'-------------- ~ __________ ,:.· _____ . 
*---~-------------! _________________ ; 

;;c.q 



ASSEl'IBL Y PROCESS OF THE UNIT 30 .010 .. DRl \.r'E" 
'1.'.:. 

2.3 

NAME A!'.'D CONTENT 
OF OPERATION 

COMPLETE ASSEMBLY UNIT 
30.010 WITH THE FOLLOWING 
ELEl'ENTS : 
PARTS : 
RING 30.018 E!:EF. N1 

. SLEEVE 30 .019 REF. N2 
SPUR GEAR 30 .021 REF~ N3 
SPUR GEAR 30 .022 REF. N4 
WASHER 30 .003 REF. N5 
~ 30.024 REF. N6 
t(NQB. , 30. 029 REF. N7 
KNOB 30.031 REF. NB 

STANDART UNITS 
REF. N11 - SCREW M3-6y -1 
REF. N12 ~ sCREw M1.6~6g-1 
REF. N13 - NUT M5-6H -1 
REF. N14 - WASHER -1 
REF. N1S. - WASHER -1 
WASHING 
WASH THE PARTS IN BENZIN 
AND DRY THEM FOR 15 MIN AT 
20oC 
BRING THE PART F\'EF. N2, 
30.019 INTO THE HOLE OF 
THE PART REF. N3. CHEEK 
FOR THE EVENNESS OF REF.N2 
PART ROTATION : 
UF THE PART IS ROTATING 
NONUNIFORMLY OR WITH DIF
FICULTY ABRASIVE PAST MUSTI 
BE APPLIED. 
WASH THE PARTS IN DENZIN 
AND REMOVE THE AB~ASIVE. 
<HOLD THE PARTS IN BOILING 

. WATER FOR 30 min TO CCM
PLETEL Y REMOVE THE ABRASI
VE> 

EQUIPMENT 

ASSEMBLY 
STAGE 

DEVICE 
TOOL 

BENZ IN 
TANK,, 
BRASH 

COMMENT 



ASSEtmLY PROCESS OF THE UNIT 30.010 .. DRIVE 11 

t..rAME AND CONTENT 
OF OPERATION 

2,.,~-: ~E PARTS REF .N2 AND 
; ·::r,~;: REJ=' .N3, l"IOUNT WASl-ER 

" ;;,,;/' ·-· .. N5, AND SCREW PART 
.N1 30.018 
tJST RING REF~Nl TO BE 

AIN. Tl-ERE t.10 AXIAL 
Y !S·:NO ilXIAL PLAY· WHEN 

·-REF .N2 IS EVENL y RO
TING: 

•• :~ POSITION GF REF .Nl 
~TH scREW Mi .6 REF. Ni2 
;INCORPORATE 30.022 REF.N4 
INTO THE ASSEMBLED COMPLE
IE SET. 
"BHECK SMOOTH AND EASY RO
TATION. 
FIT-IN, IF NECESSARY 
WASH CAREFULLY PARTS IN 
BENZ It..f. DRY THEM. - . 
LUBRICATE PART REF.N4 CSEE 
IT.EM 2. 5} MOUNT REF .• N4 ' I 
TWO WASHERS REF.N6,WASHER 
REF .N15, SCREW-ON PART _ 
REF.N 7 30.029. CONTROL I 

-TO-HAVE MINIMUM AXIAL PLAY 
IN A SMOOTH AND EASY ROTA

~ TION OF PART REF.N4 
2.10 SECURE PART REF.N7 '-WITH 

NUT P.EF.N13 AND WASHER 
REF.N14 

2.11 INSERT THE ASSEMBLED GEAR 
SET INTO HOLE OF PART 
REF.NS 

. _ T-IGHTENITS SCREWS M3-6g 
. REF .Nl 1 

EQUIPMENT DEVICE 
TOOL 

SCREW 
DRIVER 

SCREW 
DRIVER 

I 
I 
I 

c k'4 _u; 

c 2 ) 

-
IN ORDER TO Il"IPROV-
FRICTION PROPERTIE 
ENBRICATION WITH · 
MOLIBnENUM DISUL 
IS USED 

ABRASIVE PASTE , 
2-3mkm GRAIN SIZE. 

(COTTON CLOTH 



ASSEl1BLY PROCESS OF THE UNIT S-0.020 GUIDE ~ITH BUSHES 

NAME AND CONTENT 
OF OPERATION 

COMPLETE THE ~EMBLY 
UNIT 30 .020 MITH THE 

· FOLLOWING 
PARTS .: 
GUIDE REF.Nl 30.006-1 PIE

CE 
JJiJsf-1 REF.NE 30.028-4 PIE

CES 

-~;1:~ ... ~tE _'PMTS IN BEN
ZIN ".~ l>RV FOR 15 min 
. T t=20"JC- ;; . -

EQUIPMENT 

EMBED 4 THREADED BUSIES BENCH 

OF ~,ARl' _Nl _ 30 .006 
.· '-" 

~ ~-:. . ~ _.,,,.,. 
I 

I 
I 
I 

I 

DEVICE I 
TOOL 

COMMENT 

I 
I SCREW 
PRESS 

I 
1 ' 
I CHECH AL ;GNME:-IT A 

I 
THE BUSH . THE Fl 
TE SURFACE 

. -

I 
I 
I 



~·"".V"°-·~~~~.~~T--,,...._.--.,,.-~~----,.,...._,_-._ ~

~' . 

-

HOLD - DOWN 30.030 ASSEMBLY 

_,.,.__:··. 

,~.~~~f ~ 
"'5!-1ING --

.-'-' 

::~ 
-

··-
" -. 

-
~- r 

(. 

;;:-· JfASH THE PARTS IN BEN- ASSEl"'iBL Y 
#!~~:.,:,;~,·+. ~lN AND DRY FOR 15 inin CTAGE -~ 

~T' t=2ooe 
-~-~' "1T CF-RING ~0.036 REF.N9 

'Ifn"O GROOVE o9 .2 OF PART 
·. a0~034 REF .NS SO THAT THE 

•JENT SPRING COIL COULD GET 
INTO A 1 mm WIDE GROOVE. 
BRING LEVER 30.035 REF.N7 
INTO COINCIDENCE WITH HO-
LE o5. 7H7 AND THE FREE • :: 
BENT SPRING COIL INTO CO
INCIDENCE WITH THE LEVER 
GROOVE FIXING IN WITH 
SHAFT 30.033 REF.N3 
AXIAL TRAVEL SHOULD NOT 
EXCEED 0.1 m~ WHEN THE 
SHAFT IS COMPLETELY 
TIGHTENED AND THE LEVER 
LOAD IS SN. 

I 
I 

-·-

r-
·--- 1_ 

.r 

'· 

TANK 
FOR 
BENZ IN 

BENCH 

r 

,-

= 
::: 

THREAD OF SHAFT 
REF.N3 MUST BE 
LUBRICATED WITH 
GLUE CEMENT 

. ·~ 
'l 

· 1 

l 
j 
·~ 



0 GBERAL -: ASSEMBLY " COORDINATE C 2 } 

" 
...:;;:=' ======== 

EQUIPMENT I 

I 

.;,.-_ 

• 

DEVICE -1 
TOOL 

SCREW 
DRIVER 

COMMc.~T i 

I 



!DE!lAl i\SSE!!!l'f • CBDIMTAl STAGE • I 30.000 

I lfAl!E All Cl!llTEIT 
OF OPEllTillf 

Clllll'l.ETE ASSE!lllY Q'IIT 
30.090 l:ITI! 11£ FUU.OllI!S 
lllITS 1111 FARTS : 
30.010 "IRIVP l!Ef .11 
!V.020 "GUIIE lllH IUSllES• l!EF. 12 
l0.030 •fill-nm• l!EF.IB 

PIRTS : f 
&Ull!E - 30.001 - 8 PIECES REF. 119 f 
GUlDE - 30.001-01 - 8 PIEtB REF. 119 
Ea!DE - 30 .002 - 1 PIECE REF. IU 1 
6UI!IE - 30.t-93 - 1 P!EtE REF. 112 
GUIDE - 39.004 - 1 PIECE REF. 113 

· - f(JIIE - 30.005 - 1 PIECE REF. !l!fi 
SEPARATOR - 30.007 - 2 PIECES REF .116 

. SEPARATOR .:. 30.008:- 2 PIECES REF .117 
IACr - 30.009 - 1 PIECE REF.111'1 
RAtl - 30.Mt - ! FIECE REF.129 
FlAlliE - 30.0!2 - 1 PIECE REF.N22 
SCP.Ell - 30.013 - 4 PIECES REF.1'124 
SPRII& - ;G.014 - 4 PIECES REF.125 j 
Nll'-llER - ~0.015 - 1 PIECE REF.126 I 
STMD - 30.016 - 1 PIECE REF .N27 
STAllART U!IITS : 
ml A, I!! .2-6g REF .ICU 2 PIECES I 
: A: ll1.6-6q REF .133 - 4 PIECES 1

1

· 
saD A, 1!2 -.Ag REF.134 - 1 PIE!:E 
SCREW ! , 112 .:;:.,.6§ REF .!.."JS - 1 PIECE •

1 SCRElt B, t!2.~-6g REF .136 - ! PIECE 
SCREW B; !fl -Otj REF .!137 - 4 PIECES ii 
SCP.EK A, t!2 -6g P.EF.N39 - 6 PIECES 
SCREW A, 112 -69 P.EF .540 - 6 PIECES 
JAl.L 2 .5 REF .Ml - 40 PIECES 
SCP.El A, I'll -69 REF."43 - 1 PIECE 
PIN 149 f 6 REF. 1146 • 2 PIECES 
PII 148 f 12 REF. 147 - 2 PIECES 

EDUiPIOT DEVICE 
TllOl 

= 

::. 

I 

l 

. ,, 



EiEIWl. ASSE!BlY • com!!AiAl. ST& • I 30.000 3 J 

" .. !IAf!E All!) ll!lltlT ElllIPIDT DEVICE CIDlllm 
Of Clf!EP.A!llll Tl!lll 

IAS!UE 

: I 
r ·-HSI! !!IE PM!S II BEIZll Ml IRY 

lllE!I Fiii 15-ia IT t=!O't 
ASSmt.IllS 

I PUr 4 PMTS 30.001 SEF.19 llTO 11£ 
ASSE!flf CASE 30.010 REF.12 SECllUr:G 
110 IITH SCl!EllS IEf.139 11.2. 
El!IEI 2 PIIS REF .M7 m REF .I\! 
llTit THE 111.E II PllT 30.005 REF.It% 

I AB !Din' lit! SPR!E 30.014 REF.125. 
SET PMr 30.Ge2 REF.111 Ill THE PIIS :. I 
liD Cl!!PflESS Tf£ SPRlllES SECIP.llE TIE I 

2 , ,- !t.om! 111H 1m PIIS .1.._ I I .2, lllmfT TIU &llillES 30 .001 l!Ef .l'l SECn- i 
I R!llE THE!I llTH lW SCllEIS REF .1133 · 

. l ml Ill EUilES le.GO! !£f .!Cf Im I ,·;.,~ 

TIE SPPOSITE SillE Of NIT 30.005 
llEf .1114 SECIJUIE TIO IITI! SCIEllS 
l!Ef .139. 
CHAP.EE !AU.S REF.Ml IITD SEPAU-
TIIRS 30.007 REF .1!6. --

. ' PUT SEPARATil@S IITH M.LS • Tf£ 
PlllS FRiii Tll OPPOSITE SlllES (f TIIE c 
ASSE!IBLT II U'E! 3.3. 
Bftlll6 THE AW.J!!Lf II!H SEPARATORS I .:,, 
llT!! ERfllVES OFASSE!!ltY l!EF .12 :?0.020 
All! TIE OPPOSITE SillE IITH SCREIS I SCREi 
REF.139. l llRIVEP. 
Tl&Hm TKO scam REF .1131 • 

"' RE!IOVE TEtmll&ICAl PIIS RELEASIIG I :J.5 
SPRIN&S. I 
THE GUIDES llUS! TRAVEL mmu 
IUTHOIT JERt.5. 

•• A55E!l8L Y OF THE SECOID COORD!llATE 
v 

TRAVEL &UIDES. 



• li9ERM. ASSEllBU • tmIIATAL STAGE • I 3'.000 t 3 ) 

·~r m __ ".PARTS 30.001-01 IEF.110 1110 TI!EI 
lil!lBVES IF TIE ASSE!lltf·CA!iE 30.020 

---·· .,,,.,._,_ llEF .12 sm1u• no 11TH sao 
l!TH !!EF .I 39 ( Ill .2 1. -· .· 

iii BIEi 2 PIIS !IEf .W · MD REF .M7 !11!0 
- TIE lllE DI PART 30.90\ IEF.113 Ml 

. • lfllllT 1111 SPRill&S 30 .Ott . ll£f ~1125. ~: 
, . SET PIRT. 30.003 llEf .112·-_ DI TIE 
; __ . PillS --~ TIE SPRill&S, SE
if~-: am&:-tat ""_fM! 30.093 l!EF .112 IITH t;::. ljl: PtiS sl.&.t ·;::_o. _ 

1:~ ilDrt M _:~18 30-::C0:..011EF.110 
~-; " sQt!llS ~lJl'JH.111 SCllEllS l!EF .l:Q 
i~ · l!lllT 111 &BiiE$~3oM!..fl REF .llC : . 
-~~- m~ TIE IPPlilltSl'i:- If' TIE PART 

.. ~ .. -.. -,_,_~~,,,_t:~ 30~i*R£f!~l3, ~ 1lEl IITH 
,;: Sd!EISdu.m~ 
'";~ aMRSE litts REF .•u 111to SEPAP>.

tll!S 30 .008 REF .117 PUT SEPMATllRS 
llTH !AUS Ill TIE PIIS FRiii TIE Dl'
l'USITE SIDES OF THE ASSEDl' II I 
ITE! .\.4. " I 

·· RIIS THE ASSElllLY lllR SEPARATORS 
INTO 6ROOYE llF ASSEllBLY REF .112 • 

·. 30.902 fROll TIE OPPOSITE ::.511£ iiITH I 
SCREI REF .13'1. 
fRtl! THE llPPtlSITE SIDE llITH SCREiS 
!I&HTEK SCREW REF.!35 
REllOVE TEC!fK0!..116!CAt. PillS REl!ASI~ 
S!'fINGS. 
THE GUIDES lfUST TRAVEL Sl!OOTHLY 
11TH11UT :ms. 

5. ASSalBLY DRIVE liITH P.ACKS 
5.1 lllllftT AABY 30.010 RU .I! IITD THE 

HOlE CASE, SECIJRIIS DRIVE IUTH SCREW 

EIUIP!O! 

· 1 

DEVI~ 
Tl!Ol I 

SCRer 
RIVER 

l 

CO!llElT 
L 

" . 
- - - -;.-

-· --

. --
-. 

,.. 



.~. I < - IDlllT . Utt 30 .OU REF Jl201 SECIF.IE 
• HE! IIT!! SCREli !!Ef .Ill? PRIL!llillARY. 

THE fRA¥El !RIST BE Sl!OO!H!..Y. SECU-· 
Riii& SCREllS l!Ef ;3? :IIISH. 
llM GUIDE SECl!U COOltJHllATE l!F 

· TitAVEl. II THE EITP.91 POSIT!llll. 
RACK 30 .oot REF .119 SECUP.IIG llIIB 
SCREllS l!Ef .llft PRELI!llllAP.Y. &IUSUNSI 
CLE.~ Bm!EI ·SPUR &EAR Al! 

·.;;,f..:.•."':·:.:,~.>:'.'"E•·~· . RACl, SECURING THE sa!El!S FINISH • I 
l!fl!JIT PART la.012 P.cf .N22, SECURING 

. , ID lllTH & SCREllS P.Ef .M. THE PART 
30.016 REF .1127 SECURING llITH TIKI 
St:REllS REF .N37. . 
llllOIT TllE PART 30.015 REF.1126, SE- I 
CURING HER lfITf! Tllil stREllS 30.tUl 
REF .112ft. - - I 

:·.:. B. lllUllT ASS911LY 30.030 REF .!J30 , SE
CURII& llEI WITH TIIO SCREllS 30.013 
REF.124 • 

I 

I 
I 
I 
I 
t 
I 
i 
I 

EOOIPt!UT DEVICE I 
TIK!t i 

stREll I DRIVER 

l 

I 
I 
I 
I 
I 
I 

= = 52 ii 2 7 :: === 52 

I 

I 

I 

== I 
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!....,!...__. _____________________ ,, ____________ !----------------~-----------------!-----------------! 
Fe flil5Cr 

·---···-·------,------------------------------!---._. ___ : _______ !---.-------------!-----------------! 

!---!--------------------------------------!----------------!-----------------!-----------------! 

!---!--------------------------------------!----------------!-----------------!-----------------! 
!SKUT 3 !IAllE OF SHEETS • ! 

'-----------------!-----------------! 
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'-----------· 

SEE SHEET 2 

CPERATilll 
!---------!--------------

IUllER llF 
! PIECES 

_______ , 
PllfFILE ! llllEISIGIS 

·-------' - . 
! Rfllll 1AR 
! me. A'15 

! 0 5 • 50 

·---·----·----------•-----'-----------
118 SlEP 

-::!4::-!'---------------•------- ------- -------
<,; .. !tel! 9m' THE ._. !SllACIUI - 1215 ! . - I 

r !3-JAIS DUX 
-, !-!--------....------ ------ ------ ------

!te2!, l1IT TIE EB 
·! 

! TllilUIUER 

·-·-··~--------'-------- -------•--------

! . 

!003! Tiii o 3.5e9 TD THE l.ElliHT 
!- !llF 11 • 

!CUBIIG CAl.l.IPEiS! 

·-·---------·----- ------•--------•---·--C• 

! IHtRll& liRIU. 

·-·------- -----!-----!------- ______ ,_, 
!Its! DRILL o 2.51112 TO T!£ DEPTK 

! 5112 
! R!LL o 2.5 

·-·---------·----:-~--!------!-------!--------' 
!006! l!EAll HOLE 0.2 I 45• 

! OF AT t~ST 8.2 + 0.2 
! COUITEISillK ! { 90• 

!-!-------------------!-----------~----------!----------! 
!00'1! CUT - OFF THE mPIECE TD TI£ 

! SIZE OF 10 II 
! PMTING Off 
! CUTTER 

!SlIDillG CAU.!PERS! 

!---!-----------------------------------!---------------!-----------------!-----------------! 
llPERATHllC 2 

!-!~----------------------------------!-------------!-----------------!---------------! 
!001 ! ml THE llORt:PIECE 
I• I 

!SHEET 1 !llAllE Of SilEETS 3 ! , ________________ , _________________ , 
. . -



' ---



·---·-----------·------------------------!----------~--~----------------!-------------~ 
! I - SiEF 
,_, 

·--------!------------~--------------!------~----! 

•--'-------------------------•-----------•-------------•--------
l- SIZE ~ .8 !Ii? 

-r 

·----·-----~-----------------'----------!------------!-----------! 

·r 
·:!-!·------------------' '-------------· . . .. 

l 

------•------------•----------
' •' ,. 

:_~::·1_-... .. ·---------------·-------!----------~---------!-------! 
i 1W11E1 C l!EAT TB TllE 960 41 J 

..:·~ 

·-·--------
- ' ll!ATI~ Dilil TD Tl!E 201£ 

·:! <; II WATER HRC l!-63 

____________ , ______ _ 

!_:.._!------------- ------!--___..::...__ ____ !-------- '-·------·-----' 
! I 

!-!-

l'BATilll ~ 

' &iUO!IG 
lfAOIIllE ,_, ___ _ _______________________ , ________________ , ______ __: _______ , ________________ , 

.. . ~ .. 

,_, ___ _ 
--~-------------!-------------!------------!-----------------! 

!"3! Ml I O.l , PfAiflTAillll6 THE SIZE 
! 9.51112 

!--·!-------------------------.-·-----------!----------------!---------------~-----------------! 
llPDATl!ll 5 

, ___ , _____________________________________ , ________________ , _________________ , _________________ , 
~ .. . .. . . 

COATII& : Cff!!ICAL OIIDAT!l!lf 
lllPllE&llATlOlt BY OIL 

!--..!--------------------------------------!----------------~-----------------~-----------------' 
!M OF SHEETS 3 ! 

~-----------------'-----------------! 



.... !!PW ;. ¥ ~·"""' . ,P Cf (4 I ii _ i 

_____ , _______ , 
!IPERATilll 

-------------------!--------!------------------! 
IUl8ER llF 
PIECES _____ , __________ _ ___ , 

l 
~' 

H0.008 

PROFILE ! IIllEISllllS 

! Al.1111111111 ALUIY! 125 t 50 
! RMI BM 

~!,-----------·---- ------ ------•-------
· .. ,_ti} llllllK STEP 

<~··{+!'! 
TllllS IOSURillG 

Tllll.S 

r:',:;_~i-~ IBllT T1£ UK !.,._II -1215 !-----• 
f. • ! !3-lAMS CHD 'r:t...i __________________ _ 

!oot! CUT TI£ EU 
'',..:. 

,_._, __ _ 
!003! Tilll D 20 

!IF37• 
TO ll£ l£l6HT 

'· 

•-------=-··-----' . . . 

! TIJllilue 
!-

!Sl.111116 CAU.IPERS! 

!-!----- --------- -------!---------!----------! 
!OM! Tiii a 11 lllTH attTJI& SHOllllER !SLIDI!IS CAll.lPERS! 

'' !..-!-----------------!------!--------!----------! 
! TO TIE SIZE Of 25 • 

' . 
•--•--------------------------•----------•-----------'--------------· . .. . . . . 
!805 ! TURI TIO ClfAllfERS 1 t lt5° AID ! ClfAftf ER TOOL ! 

!·0.5 • 45• 
!---! .... ·---------------------------!---------------!----------------!-------------! 
!006! CDTRE ! CEITRillG DRILL! 

!--!---------------------------------!---------------!----------------!----------------! 
!007! DRILL FDR REAllIIG o 4ffll TO THE ! 

! DEPTH OF 20 H 
! DRILL a3.9 11 ! 

! ..... ! ......... --------------------------------!----------------!--------,--------~-----------------~ 
!008! - C REAll > THE CllAlf'~R 

! 0.5 • 45• 
! COUITERSINK 
! { 90' 

!---!------------------------------------!----------------!-----------------!-----------------! 
!SHEET 1 !NAllE !IF SHEETS 3 ! 
!-----------------!-----------------! 

$ !i.4iji 
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!---~--------------------------------------~----------------!-----------------!-----------------! 
! I ! lfflR( STEP 

'-'------------------------· . . 
'M! REM THE !!OLE 0 1~11 .ro THE 

! IEPTH !If 16 H 

EGU!PllOO TOOLS ! llEA..C!.IRilli 
TOOt.S __ , ________ , ___________ , 

! !!EAllER o %H11 ! 

'--•-------------· ---•---· =-----
__ , _________ , 

!018! Tilll A 2 • Flli'TE WITH C!IA!!fE- ! 
~Ill& 1 • %5• 

! PAii!IIG llFF 
! CiITTER 

. . 

!---!---- --------!-------!--------!-----------! 
!II~! CUT - llFF THE llORIPIECE TO THE ! PARTIIG OFF 

·.~ ...... ______ _ 
·---'--------•-- -----•---------• 

!SIZE Of 35 II 

·--·-! __ , ________ ,_. -----· 
. . -

DPE!tATiOll ., 
----·· -----' ---!--· -----! 

! f1Iltli6 llACHUIE! 
! C TllfX PRISIU ! 

;_·-!----------------------!---------!----------!------
. :!802! Glm FOR IRIU.116 l!AI!ITAIIIllG I - ! COOER DRili. ! 

,!~!-------------=-------!--------!------------!--------: 

•· ·! ~ SIZE Of 7.5 ! 0.2 
i 

!-· !-------------------------!----------!-------------!-------------! 
~003! DRILL A HOLE Fl!R R!AIUM& o1.6Hll ! ! DRILL o 1.5 u ! 
1 __ ;, __________________________________ , ______________ , _________________ , ________________ , 

. . . . . . 
!Oh! IRilL A !'.!It£ FOR TllREAIING !13-6g ! ~ DRILL D 2.5 II ! 
, ___ , _______________________________ , ________________ , _________________ , _________________ , 
. .. . . . . 
!005! REAi! A iWLE o l.6H!1 ! REAfl.ER o 1.6H11 ! 

!---!---------------------------·----------!----------------~-----------------!-----------------! 
!OGO! CUT A TtrREAD !13-6HNH1'S THE SIZE ~ ! TAP I'll 
• ___ , ______________________________________ ! ________________ , _________________ , _________________ ! 

. . . . . . 
!007! CALIBRATE MITH A REAl!ER THE 

! Al?AL HOLE o 4H11 
! REAllER o 4H11 ! 

!---!--------------------------------------!----------------!-----------------!-----------------! 
!SHEE! 3 ! NA!IE OF SHEETS 3 ! 
'---··------------F-------------·---t . . . 
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! If ! llR STEP 

OPERATilll l 

··-·---------------

-•---------•---
EIUIPIDT iOOlS llEASURII& 

TlllS _____ , _______ -------

------!---------!---------
!81J1! IDT All llEl!OVE T1£ mPIECE ! llILUI& IUIDIIIE! 
I I 

. {' ; •-------
' !tie! IILL 20 liRllOV£S lD BODY SIZE !11Vlllll6 

1 . !ATTICIKIT 
!FACII& lllll 
!CUTTER 

·-···-· _, ______ -------·-·------
• - 't 

·-·---------------· ----!-------!----·-----•--------
I ,..:_, ___________________ --------

-----•------·-' 
' ~ 

f ... 
·-·-•------------------- -----
' ,• 

!.....-~----------· ·------·-·------ -------- _________ , 
' I CCITilli : llOllC OlllATlll IL.ACK 

·-·-•-------------------
, _______ , -· . --

llE OOT SIDE •ACE EllAllEl 

·-·------ ------!-------!---------! 

,_, !------!---------! 

·-·---------------------!------!---------!-----------! 

!-!-----------------!-----------!-------------!-------------! 
!SffEET 3 !IAllE Of SHEETS 3 ! 

t-----------------·-----------------' . . . 

-------------------~----------~------------------------------~----~~~~~~~~~~~~~----~ -----
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I. -•· 

.. 
! • 

------'----·---------
I ... Df 

PIECES 

PIGFIU ! 11111519&5 

,_, -------------- ------ ------•------
! I ! .. 5lEP EllUPIDT llB.S 
! 
!---! 
!•l! llUJ TIE ... !Sim.II - 1215 ! 

!3-• aux 
!-·-! 
'~! arr TllE Ell ! TlllUllllEI 

,_, 
!803! tDll£ ! C£1TR!I& lllll ! 

!_;_! 
!OM! IRlll A Rlll.E 0 6.~ TD TIE ! IJRIU. o 6.6 a ! 

! IEPTII !If 14. 
!-!-------------·-'-------!--------!------
!095! - o 81111 TD TIE EPTH llF 4.2 ! 

! llTH IOTTOfl llllE.Rai'TTill6 
! IOVI~ C'JTTER !SlHillG WIPERS! 

,_, ___ _ 
----------!----------!--------!------------! 

!006! CUT T!IE ED TO TllE SIZE llF ! MTER !IEPTlllETEI 
! 41112 ( + 0.12 J 

!-!------------------------!------------!----------!------------! 
!007! - A C0I£ < 20'0' ! 10' Tl! 

! TIE D£PTif Of AT LEAST 12 a 
!-!---------------------------------!-------------!---------------!----------------! 
!OOI! 8llRE A &ROOVE I TO o l0.3HH, ! BORIIG CUTTER !SUDII& WIPERS! 

! IAilfTAINill& THE SIZE ~12 - I 

!--!----------------~------------!--------------!--------------!---------------! 
!009! - TfE HOt.E FOR Tf!E THRW 

! 110 I 0.5 - 6H 
! IOR!ll& CUTTER !SLIII"6 WIPERS! 

!---!---------------------------------!--------------!-----------------!---------------! 
!SHEET 1 !IAllE Of Si!EETS 3 ! • 

!-----------------!-----------------! 

.., ____________________________________________________________________ ~~~~~~~~--~--~-
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·-·---------------- ----------~· 
! I ! •mP 

·-·-------------- ------------ ------
!tit! BE TIE DWfB O.l I '5• 

"" t 

,___:, _______________ ------------------
!Ml! mr • 1m11 mt • t.5 
! 

!Ill! !Bl • l!lll I m:Ml.l&IST I 
! 

·~·---------------
! !ti 11£ lEIE!I IT IB5t U .IH!! 

! at omo 

·--------------- ------ ----

~!-------------- ------------ -------' 
!tlt! mt lff '!IE BP& Tl DIE 
• ! sm IF u .au ·-··---------------- ---- -----·-------, 
! 

l'BATiril 2 ! SHllUllUI - 125 ! 
! TYPE CGU£T 

~ !~!------------------------------------------· 
!Ill! Biil Ill RE!DVE BE IRP!al 

•-•-------------- --------
!lie! arr T1£ Ell THE SUE 

! 

!-!--------·------
! IF U.51tl1 
! 

· !Sl!IIll& CALLIPERS! 

--- ---·----!-----~ 

!...;;:..!--------------- -•-------!----- ---·---
!093! lUlll 1 lOCU TC T!£ lElSiH lF 5 ! ! TllllHlllE! !Sl.Illl& WIPE!S! 

·-·------------------- --------!--------!-------! 
!tit! TR FDR THE 1-- • I 0.5. - 6'! !SLIDII& WIPERS! 

!-!--------------·-----· --------!---------!-------------!--------! 
! TD DIE lEl6Tif Of 3 .1 • 

!-!------------_;!------------!----------!-·----·-----' 
!905! '!1111 TIE liROOVE 1 TO 11 7 .3t.12 , ! 

! IAIITAJIIll& Tll£ SIZE OF 3ff12 
!-!---------------!--·----·----!----------:--!-------·---~ 

!HET 3 ~-IF SHEETS i ! 

!----------------!----------------! 

----------------------"-----------------"----~----·--
- -- _j 
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·-------'-----------------'-·-------~----' 
I llOlll STEP Ef!UIPl!EIT '!'£.S 

!906! 1'111 TIE OfAKFE! 0.5 t 451 

. ·-·------·-------------------------'------------'-------------·--------------
Cl!HEP. 

•-··-•------ ·-------·----•----·----------•------------' 

,_, ______________ _ 
-----!----------~------

_____ , ___________ _ 

,_, 

!= 

·-· -· , __________ , 
-·------------' 

3 

,_, '----------------' 
CDATIIS Ca/li6Cr !fA! 

·-· ---'----------~'-----------------'-----------------' 
FIIISH 

•--•-------------------------~------'------------'-------------'-----------------' .. .. . - . -

!--!~-----------------------------------!--------------!-----------------!---------------! 

•---'--------------~-----------------------'--------------'-----------------·----------------' .. .. - - . . 

'---•--------------------------------------'----------------·-----------------·-------------~-· . . . . - -
'.SHEET 3 '§All£ llF SriEETS 3 I t _________________ , _________________ , 

. . . 



·------ -· l!PEl!ATI:ill 

---~--~--~--~---- ------~-·------------- ---

140.911 

EIUIPllEIT 

PIKF!LE ! IIllEISIE 

! ... !Al 
! 11155 

Ii 12 • 20 

!--------!------
TflllS I IQSlaillG . 

Till.S 

!Sllllllfl - 1215 ! 
!HMS am 

-------------- ----·---·------ ----

!003! Tiii Fill DITTillS THE TIIRW ! TllllUllU!ER !SUIIIG CAU.IPERS! 

·-·- _____ , _______ -------•-------
! G lOb'I TO THE !.El&TH OF !2 • 

!~!---·-------
__ , ______ , ______ , _____ ;. __ , 

. .. . .. 
!Got! Tiii o 7!1!2 !C TIIE LEl61H !IF 1H12 ! !Sl.IDI!IO WIPERS! 

'-'----------------·-----------•------------•-----------· .. . .. - - . 
!805! Tiii TIE CffMFER 0.5 a 45° ! DWIFER TIJOl. ! 

!----!--=--------------·---!--------------!----------------!--------------- ! 
!006! TURI 2 MITH CffAllFERil6 0.5 I 45° ! 

! TD a 8 lfA!ITAllill& lh£ SIZE 4 
! PARTillG OFF 
! CUTTER 

!SUDllltG CALLIPERS! 

!---!---------------------------!---------------!----------------!----------------! 
!007! M' THE THREAD !10 a 0.5 - 6g 

·---~--------------------------------------~----------------!-----------------!-----------------! 
!SHEET 1 !IME OF S!!EETS 3 ! 

•----------------'-----------------1 . . . 
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,_,, _________ _ __ , ____________ , __________ , ________ : 
! I ! 

------·- ------'-------·------' 

•-•------------------'-,------!----------!-------' 
!to!! RILL !llE e 4.5 TD THE IEP!H 

! IF 4.5 • 
'-'------------------
!tit! CtT - lff T!IE mPIECE TD THE 
! ! SIZE CF 4 • 

! IRill G 4.5 11 ! 

----- _________ , _______ _ 
! Pl!TillS OFF 
! amat ,_, ·----------------- --------- -------'----------

,_, ______________________ ---------•-------- •--------

•-•------------------- ------ -------•-----------· 
•-· _, 

___________ , _________ _ 

•-•-------------------!----------!-------!-------
!112! lllll lilHIO\'E 0.8Ht2 t t 0.15 II 

,_, _____ , ______ , ___________ , _________ , 
~IEPtll TG !GIY SIZE 

·-·---- ------,---!--------!------------!------------- ~ 
! - I 

·-·-----------------' --------•-----------'------------·----------------' . . . . 
D!'EP.ATil!I 3 

!-!------------------------------!-------------!--------------!----------------! 
! CIAT!llS tu I li&Cr l!AT Fiii! SH 

!---!-----------------------------------•---------------!--------------!-----------------~ 
!SiiE£T l !IAllE Of S.~EETS 3 ! 
'-----------------·-----------------· . . . 



·~--------------------· . . 

------·------------!------!---------------------------! 
llJllllER OF 

! PIECES 
·. 

·---------!-----!----

1'9.012 
SEE SHEET 2 _, 

PRIFILE ! IIIDSUllS 
---·-----'-----

·---·---------- -----•-------!---------!------
! I ! 

'-'-----·---------
EBUIPllEIT I TOOLS llEASUIIlli 

. I TlllLS 

·------'-------------' 
!SllAU8l.II - 1215 ! 
!~-JAIS CffUCf. 

·-·-------·-------!---------!--· --------~ 
______ , 

!Ote! CUT TIE ED 

,_. _, 
!083! Rn o 101it2 TO THE l.EllSTH OF 

! 12. 

·! TlllUOt.DEP. 
__ , ________ , _______________ ,:.,;__ __ _ 

- . . 
! TOO!JtllU!ER ~SLIDIIG WIPERS! 

•-•------------------------!--------------!--------------!----------------! 
!004! TllN FllR THE THRW 118 S 0.5-lig ! 

. ! TO THE lElliTH OF 5.? a 
! TllOUlllUIER !SL.!DIN6 CALLIPERS! 

!-!----------------------------!-------------!---------------!-------------! 
!005! TURI SROOYE 1 TO 11 7.2 u ! GRO!JVE CUTTER ! 

!-!-------------------------------!---------------!-----------------~-----------------! 
!006 ! CUT THE EID T!J THE SIZE OF 

! 5.5H12 
! PARTING Off 
! CUTTER 

! DEPTHllETE!~ 
, ___ , ________________________________ , _______________ , _________________ , _________________ , 
.. .. .. . - .. 

!007! TURI THE ClfAllfER 0.5 S 45' 

'---•-------------------------------------'--------~-------'-----------------'-----------------' . . . 
!SHEET ! !NAllE OF SHEETS 3 ! 

'-----------------'-----------------' . . 
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!--!-------------------------------------'.---------------!---------------!----------------! 
a STEP l!EASUF.INS 

!C-OLS 
!---!--------------------------------------!----------------!-----------------!---------------! 
!008! CUT 

! T1£ 
THE THP.fAD P.S t 0.5 - 6H 
DEPT!! !JF 15 H 

!---!--------:.__-.~-------------------!-------------!-----------------!--------------! 
!009! COORE ! CEri!RllG lliiil~ '. 

I 

'---•-------------------------------•---------------•-------------'--------------' .. .. .. .. . .. 
~010 ~ MIU. FeR THE 

~· m riE DEPTH 
l!S t 0.5 

15 .. 
IHU!.l 

!..'.~!-----------------------------!--------------!-------------!--------------! 
CllAIF..R TllOL 

•---'----·-----------------------!-------------~----------------!--------------! 
!01!! CUT THE THREAD I!~ I O.~ - EH TO 

! l1IE !!EPfr! OF AT tD.S7 !C.2 11 

!"--!------------------------------•--------------!-------------!------------! 
!013! curr 

~SIZE 

ori- · THE it!IRKPIECE 
l!F 10.2 u 

Tut: PARTUIG 
TOOL 

!SLICING CALLIPERS! 

,_. _, __ 
----------------------!-------------!----------------!-------------! 

t 

·--·-•----------------------------!------------!--------------!------------! 

!--!------·------------------------!--------------!----------------~------------~-! 

!---!---------------------------------!----------------!----------------!---------------! 
!001 ! !!IUIT AID REllflVE ftE llDP.f.P!ECE TYPE COLLET 
!--!_:__.__ _______________________ __ 

--•---------------'----------------•----------------' . . . . 
!002! CUT THE EICD JG THE sm !IF 1011 ! TOOUU!LDEP. 
I · I 

!--!-----------------------------------!----------------!-----------------!----------------! 
!003! BORE THE CHAllFER 0.5 l 45° CHAllFER !OOL 

!---!--------------------------------------!----------------!-----------------!-----------------! 
!Shill 3 !NAllE OF SHEETS 3 ! , ________________ , _________________ , 
. . . 
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!---!---------------------------------•---------------!--------------!---------------! 
I £1WIPIOT 

,_, ___________ _ 
'------------!-------------!---------------! 

CHMFER TOOL. 

·-·---- ----------!--------------'--------------!- ·-------' 

'---•---------------------------'-------------•-----------'------------' ... .. .. .. - . 

~---!---------------------------!-----~-------!----------'----!-------~~--
!JPC...RATHll 3 t 1 VERSIOI I 

,_, ____ _ 
-'------------•----------•-----------' - ... - . 

,_, ____________________ , _________ , _________ , __ _, . . - .. .. 
!toe! llilt A SI.OT 

IF 1 ! 0.!5 
0.81f12 TG THE DEPTH! 

TD BODY SIZE 
l!IS! !UU. 

·-·-------------------!---------!------------!--------;;--! 
!IPERAT!Oll 3 ! 2 VERSIOI J 

, __ , ________________ .;_ ____________ , _____________ , _____________ , ___________ , 

!---!------------------------------------!--------------!-------------!--------------! 
!001 ! !!UT AID REl!OVE THE llORKP!ECE !IACHIIE 

VICE , ___ , __________________________________ , ______________ , _________________ , _________________ , 

!002! FILE THE GROOVE FILE 

!---!-----------------------------------!----------------!-----------------!---------------! 

!---!--------------------------------------!----------------!----------------~-----------------! 

!---!-·------------------------------------!----------------!-----------------!-----------------! 
! CDATING Cu I Cr6 !'!AT FINISH ,_ 

!---!--------------------------------------!----------------~-----------------~-------..---------! 
!SHEET 3 ! PfAllE DF SlfEETS 3 ! 

!-----------------~-----------------: 



'----------------------------' . . 

aPERATIOI 
'-------------------------------------'----------------'----------------------------' . . - -

, ______________________ , 

SEE St!ET 2 

,_, 
• 

Ml!'.BER OF 
PIECES 

H0.013 

-•-------
EIKIIPIDT 

PROFILE 
•----------'---·----

RUD 
STER 

IAR 
Al2 

T!lOlS 

D 8 t 81 
___ , ___________ , 

. . 
llEASURUI& 

TOOLS , __ , ___________________________ , __ 
·-----~ ----------~------------: 

!001 ! llOOIT THE It.All !SHAUBl..IM - 1215 
!l-JAMS CIW ,_, ·------------------!--------------!-·-----------•----.-------! 

!002! CUT THE EID !OOU!lit.DER 

, ___ , ____ _ 
-----!-----------!---------------!-----------------! 

!003! COORE 
! 12 .. 

CDTRIIG DRILL 

!---!----------------------------------!------------!----------------'----------------! 
!004 ! C'JT [!ff THE Bl.MK SIZE Df 81 u ! PARTING OFF 

' ct!iTER 
!SlIDIIG CALLIPERS~ 

!---!----------------------------------!---------------!--------'-------!---------------! 
!005! RESET WRKPIECE 

!---!-------------------------------------!----------------!-----------------!-----------------! 
!006! CUT THE END TOOL HOLDER I-

!---!--------------------------------------!----------------!---~-------------!-----------------! 
CEfCTRINS DRILL 

!---!--------------------------------------!----------------'-----------------!-----------------! 
!SHEET !NAllE OF SHEETS 7 ~ , _________________ , _________________ , 
. . 
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·-· ____ , 
---- -----·--·----

! • ! 

·-·----
~51iAiiiilII - &CS 
!!It.£ IDTI!ES, ,_,, ________________ ------ ------
!T!lVEU.IIE 
!SDI!, ll!tll& ! 
!IE 

'-'------------------~ ----- '---------•---------
!OR! 1111 a 4.t!!li Tl! '!RE lEE!ll 

! mm! , __ , ________ _ 
!113! Tiii liRODVE G 3.9, !110011111& Tri 

! 1IE SIZE 2.6H!2 

! TlllCILl£I 

-•--------' . -

,_,, _______________ ---·--- --- , _____ _ 
~ 

!OM! TIIRI e 6.271!11 TB !l!E lBETil 
, __ , ________ _ 

! ft12 
, __ , ______________ _ 
!905! Tiii liRllCWE 2."11112 I "'12, 
I ! lrAIITAil!llS TI£ SIZE 51!11 

!9..IIIll& tAil.!PBS! 

•------•-----· t-------· 

----------------•---------
,:,__, ___ _ ------·----•--------' -· 
!116 ! Tllll e 6!!11 TIJ T!£ DY SIZE 

'--'------------------!----------!-----------!--------~ 
!00'7! 1llll e '119 AT TEU!IKU&ICAL 

! SIBU TO !Hr ll!a;ltf 70 • 
!SlIIHE ~IPERS! 
!!IIC!HllF:Ei 

!-~--------------------'---
___ , _________ , ___________ ; 

!-~----------------------------!-----------!--------------!----------I 
!001 ! l!DlllT MD 29.0'/E llllRKPIECE ~ !!ALE coras, , 

! DIUVI.S 005 
!---!-------------------------------;·-----!----------------!-----------------!--------------! 

'IA!!£ Gf ~EETS 7 • 

·-----------------•-----------------· . . 
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'-'------------------!-----------!--------!-------! 
~ I ! m srtP IUS!Ull& 

----- .--- -- --- ---· - - - -iiiii.5-- - - • --,_, ____ , _________ , ________ , ______ _ 
!II!! 1r&.L ~ &EAR t=t.4 r-:2 

! Ftr !O-F er =S.os 
~ Sltl.E l!Ill 
! Qffl'E! ·-· -•------ _______ , ___ _ 

l!'ERA!!lll • 

-•---------·--------

'-'-----------------~---------!-------!-------! 
t=6 f!cR:rs 

·-·-----·-------·------ ----~---------!-------! 
5 l SEE Sl!E! l 1 

·-·---------------- ------ -------!-------! 
! litilllE 
! NIDIIllE 

-----'-·------ -------r 

,_, , ______ , ____________ , ______ . 
. . . 

,_, __ _ _______ , ---------!--------------!----------! 
!001 ! ll8llllT MD IElt9VE llOPDlECE ! SHAl!Stilt - 125 ! 

,_, ____ _ ------------!---------!-------------~----------- ! 
!002! C'!T llF TIE P.!&llT ~ llF 

! ll!lllr.P!EC£ TQ !!IE SIZE 70hI2 
I TYPE Ct!U.£! ! PARTING ~F 

; CIITTEP. 
!---!-------------------- ·--- ~ -------------!---------------!------------- ! 
!003! T'JRI CIW!fER 0.5 I ~5' 

·---·------------------------..-----------t--------------t-----------------?-----------------i - - . . . . 

'-----------------'-----------------' . - . 
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---------- ------- ----

·-·---- -----------!-----------!---------!---------! 
! I ! T"'4S 

·-·-------------------!------------~------------!----------· 
7 t Sil Si££T ' } ! !!lll!IG llACHillE ! 

!-!----
__ , _________ , __ ,;. _______ , 

- - . 
!001 ! 8aT Al! !l9!UVE II!lrPIECE 

------------!-----!------'--------
!I02! •tll 2 lllllES BY IUIR(ll& OUT 

! llITH mtR£ a 1.6HU m THE IUY! 
! SIZE 

'-'------~---------

! IRlll & 1.6 

~ FILE 

'-'--------------------•----------'------ , ______ , 
,_, 

~---------!------ '----------! . -

·-·---·---------------!---------!-----------!----------! 
7 

,_, ___ _ ---------------!----------!-----------!----------! 
COATill6 CHI!!ICAL OIIllATil!I 

·--•------------------------~-------!----------~------------! 

: .. _. __________ _ ---------!--------!-----------!-------------! 

·--•------------------·-----------'-------------•--- __ , . . . .. .. 

!--!---------------------------!-------------!--------------!-----------------! 
!SHEET 7 !IAl!E OF SHEETS 7 ! 
'-----------------•-----------------' . . . 

---------------------------------------------------~--~--~------- -- - -



------ --- ------- ~ 

111£1ATillli 
•-------------· 

HO.Olf 
SEE SllEET 2 

PlllFii.£ ! IIllEISICllS 

! ... !illEET 
!.S 

51511112161112 

'--•--------- --- _________ , 
! I ! lllll STEP EIOIPIDT TilllS l!EAUII& 

TlllS 
•-•-------------- -------!-----!-----

! IILLII& lllDlIIE ! 
! VICE 

'-'--------------~·-·------------
!082! llll TIE SURFACE, MllTAIIIE Tl! 

! TIE SIZE 3.3fll! 
·-·----· ---------- -----
!803! IILL TIO lillllllVES, trlllfAIIIIE TIE ! 

! SIZES B, 421l12 

! Ell IILLIIG 
! CUTTER 

•-•------ ·-------•-----·--'----

__ , _____ , 
. . 

!£.!III& CAU.IPERS ! 

'--------· . . 
! ID1Rili6 llRill ! 
I 

•-•----- -------'-·-----'-----
!005! RILL TUO Ill.ES D 2.4Hl3 ! MILL D 2.4 

!-!--------------------!-------'------
! COU5TC.!;SINK 
! { IJO• 

, ________ . 
. . 

·-------------' . . 

!---!---------------------!-----------!------------!------------! 
., DPERATil!I 2 

!-!-------------------------------!-----------!--------------!--------------! 
!001 ! llMT THE llORKPIECE ! llillill6 llACHINE ! 

! VICE 

!---!---------------------------------!--------------!---------------~-~----------------! 
!002 ! IILL TEETH Of RACl ! FACill6 !ILL 

!---!--------------------------------------!----------------!-----------------!-----------------! 
OPERATION 3-

!·--!--------------------------------------!----------------!-----------------~-----------------! 
! COATll& : CHillICAL GIIDATIOll 

!---!--------------------------------------!--··-------------!-----------------!-----------------! 
!SHEET 1 !IAllE OF SHEETS 2 ! 

!-----------------!-----------------! 
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.._ ______ -----"--

'-----------------------------------! 

·-----------~~-------------------------!----------------!-----------------------------------! 

;-=.. 

!~-----------------------------!-------------'-------------------------------! 

! ,, 
1%0.016 

'--------------'--------------' 
PF.OFILE ! Dl!OSillllS 

•--------------'----------------· - -
, R008 BAR 

STEEL , ___ , 
'----------!------------!-- ---~-----!--------------~ • ~ STEP TOOLS IDSURII& 

TOOL~ 

•--•----
_____________ , ____________ , _______________ , ________________ , 

.. . .. . 
!SHAUBLI~ - !2!5 
'3-JAllS tJllCK ' . 

•--'------------------------------------'---------------•----------------•---------------' - . . .. 
!002! CUT Tl!E Eli! 

•--'-------------------------------•--------------•----------------•--------------' .. - .. . . .. 
!003! Rib o 9 1112 TO !HE t.asTH !!F 

10 .. 
I TllOUIDOO '.SLID!IS CALLIPERS' 

, __ , _____________________________________ , _______________ , _________________ , _______________ , 
- . . .. . -
!004 ! TURI o 4H11 !O THE la&Tlf 

! 6ff12 
Of :StIDillS CALLIPERS! 

'--'--------------------------------------'----------------'---------------- ·-----------------· 
!"'! TURI FD! THE !!fREAI 112.5 - ti; TOOLHGLDER '.StIDill6 CALLIPERS! 

'--'--------------------------------•---------------'-----------------'-----------------' .. .. . . . . 
TO T~.E LENGTH OF 2.SH12 

, ___ , ______________________________________ , ________________ , _______________ , _________________ , 
.. - .. . . . 
!006 ! TURI THE liROOVE • ' TO o 1.a GROOVE CUTTER 
, ___ , ______________________________________ , ________________ , _________________ , _________________ , 
- .. - . . . 

!007 ! TUU THE CHAllFER () .3 t lf5" CHAftFEl! TC-Ol 

'---'-------------------------------------'----------------'-----------------'-----------------' - .. . . . 
! NA.-rE OF SHEETS 3 ~ 

'-----------------'-----------------' . . . 
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, ___ , _________________________________ 1 _______________ • _________________ , ____________ : 

.. .. . . .. .. 

• lff!P.r. STEP EIUIPIOT iOOlS l!EASURIIE 
TOOl.S 

!---!----------------------------------!-----~~----!----------------!----------------~ 

!---!-----------------------------------~--------------!---------------!----------------! 
PRIS!I 

'--'------------------------------------!----------------!-----------------!----------------! 
SIZE OF 8.5 1a Ftw.llING A SPHEP.E 

I RH.S 
FDRKINS CUTTER !SUDIE CAUIPE!15! 

·---·---------- , ________ , ______________ !----------------'----------------!-----------------! 

•---•--------------------------------------'----------------'-----------------•-----------------• - .. - . .. -

•---•--------------------------------------•----------------•-----------------'-----------------~ .. .. - .. . -

/ 

'---•------------------------------------•----------------'-----------------•----------------· .. .. - .. .. . 
!001 ! llOOtlT MD RElfDVE T!fE llCRf.PIECE !ILLI!li llAtM!NE! 

'---'-------------------------------------•----------------•----------------•----------------' .. .. .. - . -
!002! llILL GP.OO'iE 0.6+0.1~ Of 1.2!0.!5 VICE ' DISK f!IU.!llli 
, ___ , ______________________________________ , ________________ , _________________ ; _________________ , 
. .. . - .. -

!I J!C.PTH TO eDDY SIZE 
, ___ , ______________________________________ , ________________ ; _________________ , _________________ , 
.. .. . . .. .. 

!---!--------------------------------------!----------------!-----------------!-----------------! 
CGAWIS : Fe I Cr6 llAT 

!---!--------------------------------------~----------------!-----------------!-----------------! 
FIUSH 

!---!--------------------------------------!----------------'-----------------!-----------------! 
~SHEET 3 !NAKE OF SHEETS 3 ! 
'-----------------'-----------------· . . . 

..,:·-' 
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!------------------------! . . 
llPERATICI 

------------------!-------------!----------------------: 
~i!!BER Of 

! ~IECES 

•--------------------------!----------!------------- ·--------' 

1~.017 
SE£ SHEET 2 , ________ , ________ , 

. . . 
PROFILE ! DIESil!IS 

!--------!-------' 
! Rfl!IQ !AR 
! STm. ,_, ----·------------!---------!--------!---------! 

! I ! lllRK STEP ! EGUIPllEIT 

•--•---------·-----'-
!001 ! !IOUlff TIE Bl.All: !SHAllBLIN - 1215 

!3-JYS am 

TOOLS 

'------ --• 

!DSURill6 
TOOLS 
------' 

!-!--
!002! CUT THE Ell 

------!-------!--------!--------! 

·-·----------------------!-----------!-------!-----· 
!003! TURI o 1 .Siil! Tl! THE lEIGTff OF !SLinil6 CAU.IPERS! 

I· , __ , _____________ _ 
·----·---!-------------!----------!---------! 

! 8b!2 FGRll!lfi A COIICAL SURFACE 
! { 45 t !1 

·-·-------------- ... ·---------------'--------------•--------------•-----------· .. . . . . ... 

!004 ! TURI FOR THREAD 113 - 69 TO TH£ ! 
! WGTH Of 4.5 n 

! TOOUfDLDER !SLIDIK& CAl.l.IFERS! 

'---•--------------------------------------'----------------•-----------------!-----------------' . . . .. .. .. 

!005! CUT THE TU 113 - 6q 

!-!-------------------------------------!----------------!-----------------!----------------! 
!006 ! TURN THE CONICAi. SURFACE 

! { 1510' ! 0630' 
• 

!---!--------------------------------------!----------------!----------------!----------------! 
!007! TURI SPHERE P. 0.7 

!-!--------------------------------------!----------------!-----------------!-----------------! 
!008! CUT OFF THE llORKPIECE TD THE 

!---!--------------------------------------!----------------!-----------------!-----------------! 
! SIZE OF 11 11 FDIHIING A SPHERE ! 
! R 3 

!···!--------------------------------------!----------------!-----------------!-----------------! 
!SHEET 1 !~APIE OF SHEETS 3 ~ 

~-----------------!-----------------! 
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'--------------!------------~----------------'.----------------! • llDRl SiEP !!tASt!RIM& 
illOlS 

!-!------------------------!---------------!--------------!----------! 

!-!-----------------------!----·-----!-----------!-----------! 
!CHU! mt 4ID RE!m'E TH£ ll!JRKPIECE llILUIS MCHillE! 
,_,_, ___ _ '-------•·----·-----!-----------!----------! 

f arr Bt!SHIIS Ill AUllUII!ll! IUDYP VICE 
,_, ___ _ 

---•-----------•-
!802! ft!ll liP.OOVE 0.41!12 llF 0.8 !: 0.15 DISl !IIllI& 

I 0.,1!12 

•-------------

'--•------------------------'---------!-----------!-----------! 
II DEPTH TD BODY SIZE 

,_,_, _______ _ ---------!-----------!·-----
OPERATIGX 3 

,_, 
--------------·-·------~-; ___ __ 

aJATilll& Fe /lil 

'-------· . . 

-----•---------' . . 

!--!-----------------------!-----------!-------------!---------------! 

, __ , ____________________________ -!-------------!-------------'.----------~ 

!--!---------------------------!-------------!-------------!--------------! 

!--!---------------------------------!------------!---------------!----------------! 

!-!-------------------------------------!---------------!----------------:---------------! 
!SHEET 3 ! IAllE Of SHEETS 3 ! 

'-----------------'-----------------· . . 



'----------------------! . . 
OPERATION 

!-----------------------!----------!-------------------! 

D!'EF.AT!~ IP.AFT 
!U!8ER OF 

! PIECES ll.AIK ________ , ________ ----

140.01! 

•------' - . 

PRflFILE ! II I!IEISIUllS 

! IHIUID BAR ! n 6 I 10 
! srm. 

!-!-----------------------!---------!--------!----->---! 
!:I ! ! EOO!PIDT 
I 

!-!---------------------!----- --1 

!001 ! llllllT TIE lll.AllK 

·-· !002 ! arr THE EID 

•--•---·-------

!SHAiiBtll - 1!15 ! 

!3-JAIS our 
----------!---------!----

----!--------~---------! 

!EA!imill& 
Tlllll.S 

!003 ! TURI o 5 h9 TO Ui£ LEl&TH OF 
! & • Fil! TIE Tl!WD 

!SUl!Il6 CALLIPERS! 

•-f-----------------------------~------------•------------ '---------i . . . . . . 

!004! TURI THE CHA!!FEF. c.a • ~S' 
! < 4S t !~ 

!--!----------------------------!------------!---------------!-------------! 
!005! arr T!!E Tlil!EAD fl5 - 6' TO TiiE 

! WGTH OF 4 u 
! SCRElf CUTTER 

'---•---------------------------------'------------'----------------*---------------' .. . . . 
!006! CUT OFF THE WORKPIECE Tll TllE ! F!IR!IIliS C'JTTER ! 

! SIZE !!F 4h12 FOR!f 116 5Pl!El!E P. S ! 
!---!--------------------------------!--------------!-----------------:----------------! 

!---!--------------------------------------!----------------!-----------------'-----------------! 
OPERATION 2 

!---!--------------------------------------!---------------!-----------------!-----------------! 
·!SHEET 1 !NAllE OF SHEETS l I 

!-----------------!-----------------! 
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·-·-------------------·-------'-----! 
! I ! 1 EIU!PST 

•-•-------------------'- ---!---------!---------' 
._, _______________ _ 

·-·---------------- -----
!90!! !Ill EllllV£ 0.81112 IF 1 f 0.15 
r • 11 l9lml TI! 1111Y SIZE 

_1 ____ . 

IISl llii.l 
! O.mu2 

·-··----------------- --------- ·-------- --------
-' 

·--·----------·------------ --------

·-·--------·------------- ----------- -----

•-•------------------------•-------- ----- -----------' 

•-•-------------------!----------~--------! 
COATDI& DOICAL l!IIDATill!I 

·-· -----·------------' 
_____ , _______ , 

- -
IllP!!E&IATIC! BY fi!l 

!-!---------------------~----------!------------!-----------! 

!-!-- ------------------!---------!-------------!------------! 

!-!-----------------------!------------!----------!------------! 

!--!----------------------------!----------!----------------!----------------! 
!SIEET 3 !NAllE Of SllEETS 3 ! 
'------------- '-----------------' - . -



·---------------------------------· . . 
OPEIATIOI 

'-·--- ----------------•-----------'---------------------------! . - . 

lUtBER llf 
! PIECES 

!-------------------!-------·-

, ___ _ 
! EllUIPftEIT 

, ________ , _______ , 
- . -

PROFILE ! DIIDSilllS 
!----------!--·-----

•---------' . . 
TOOLS 

·--------' 
llEASiJRillG 

TOOLS 
---•---------· . . 

,_, __ _ 
---------!--------!----

!001 ! !!BT AD !IE!IOVE THE lilAU IITII ! llILUIS !Wl!UIE ! 
RESETTIKE ! VICE 

•-•---
!002! lllLLIIG IUP.IPIECE TD THE SIZES 

! SPECIFIED 

•--------'------------•--------' - . - -
! EID !!Ill !StID!ll6 CAU.IPE!S! 

,_, ___ _ ----------·--- ----!--------!-·---· 
__ , 

! FILE 
,_ , __________________________ , ____________ , ______________ , _______________ , 
.. .. - - - -

!-!-------------------------!---------------!-------------!------------! 
IJPE!tATIOI 2 

!---!----------------------------------!------------!-----------------!--------------~ 
!901 ! PKIUIT AID RE!!Oli'E THE l!IR!CPIECE ! ll!LLINS !IACHillE ! 

!-!------------------------------------!--------------!---------------!---------------! 
!002 ! KILL SR!K!VE 6, llAINTAIMII& TO ! END KILL !SLIDING CALLIPERS! 

! THE' SIZE Of 3.7H!1 
!---!----~---------------------------------'----------------!-----:-----------:-----------------! 
!OOl! DRILL BY IWIKING OUT lnTH 

! CENJRIN& 2 HOLES ~ 2.9H1l 
! CENTRIN6 DRILL ! 
~ DRILL o 2.9 

!--!----~-----------------------~---------!----------------!-----------------!-----------------' 
! TO 'THE BODY SIZE 

!---!----~---------------------------------!----------------!-----------------!-----------------! 
!SHEET 1 !NAllE OF SHEETS 3 ! 
'-----------------'-----------------' . . . 
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•---'--------------------------------------•--------------~-----------------•-----------------' - . - - . 

' IC ' TOOLS l!£ASilP. !!IS 
'!llOLS 

!---:-------------------------------------:--------------~--------~:-----------------~ 
!904 ~ COIJ!TERBCIP.E T¥il 

! THE 2 II !lEP'!!! 
C 5 H 

'---'----------------------------------•----------------'----------------•-----------------' . . 
!005! DRILL BY !WIKINS Oli'T ~I!!! 

COORIIE 2 Mm.ES FD& SC.'9 !I 2 ,_. _, ______________ , _____________ , 
. . . 

rn THE 119!! SIZE 

•--•---- ·------·~~~~·-----!----------!------------:---------! 
2 t!IUS, lfAIITAilili6 

SIZE 0.3 • 45• I ( 99 • 

•--•----------------------!---------!-·---------:------------! 
TAP I! 2 

·-·----------------------•----- -•------------'---------------i . . 

TD THE BGllf SIZE 
, __ , _______________________ 1 __________ , _____________ , __________ , 

... . - . . 

•-•------------------------------•--------------'-----------•-------------· - - . . . -

, ___ , ________________________________ , _____________ ; ___________ , _______________ , 
. . - . - . 

'--•--------------------------•------------•-------------·----------------' - . . . . . 

C!JATiliC CHE.~!CAL DIIDATIGN 
, ___ , ______________________________________ , ________________ , _________________ , _________________ t 

.. . . .. . . 

, ___ , ______________________________________ ! __ ------------'----------------•-----------------' .. .. . . . 

'---•--------------------------------------·----------------~-----------------+-----------------' . .. . . 
1SHEET 3 1 RA~E OF SHEETS 3 I 

!-----------------~-----------------: 



·----------------! - -
, __________ !-___________________ , 

OPE!ATIOI RAFT 

----------•---------!-------------------! 

,_, ____ _ _____ , 
! !I ! 

·-· 

·-----' 
PROFILE ! IIIDSIDIS __ , -· 

! IUl!ll!!m IU.GY! 
·----!-------!----------! 

TllfllS ! llEASUi!ilE 
TOOl!i 

1-----------'-- -
! IILLIIE !fAC.llillE ! 
! VICE ,_, _________________ -____ , 

- - -
!002 ! !ILL SURFACE C llAllJAllIX& TO 

! TIE SIZ£ 7 • 

, __________ , __________ , 
- - -
: oo rm.LI& 
! CUTTER , ___ , _____ _ ------·-!---------!--------!--------------! 

•-•------------------------•--------------=-------------, ________________ . .. . - - . . 
!GM! Kill. StlRfAa A , !IAIK;AI!C!le T:l 

! TII£ SIZE 6~!2 

'. 00 !ml.Ill:: 
! C-JT!ER 

•-•----------------------------------·--------------'----------------'---------------' . - .. . . 

'--1------------------------------- '-- ----------- '--------------'----------------I .. .. . .. . -
!006 ! l!IlL 6ROOYE , llAINTAil!llG THE 

~ SIZES 3~ t 29 MD 3 11 

! 99 llil .. LI!iG 
I CUTTER D 10 II ! 

'---·--------------------------------------•----------------•-----------------'-----------------' .. - . - - .. 
! Tl! !HE DEPTli % II 

!---!--------------------------------------!----------------!-----------------!-----------------· 
!~7! DllU. SHARP EnGES ! Fii..E 

!---!--------------------------------------!--------------~-!-----------------!-----------------! 
!SHEET 1 !llAllE OF SHEETS 3 ! 
'-----------------t-----------------' . . . 
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!-!--------------------!---------!--------------!--------! 
! I ! llORl'. STEP ! EOOIP!9T TOOlS ! l!EASiJ!nWi 

TOOLS 
·-· ----------------!------!~------------!-------------! 

llPEEATI!l!C 2 ! llIU.IMS !IAOIIIE ! 
! VICE 

·-·----------------!---------!---------!--------! 
!001 ! lllOO AID Re!iJl,'E !HE BlAllK 

!-!----------------!----------!-------------!-----------! 
!002! IRill BY IW!Kill& OUT lltri ! CElTiIN& GP.ILL,! 

! CEITRII& ~ HOLES FOR SCREll ! l!Rill o ~.5 
,_, __ :_ ________ ·------!-------!---------!-----------! 

! 113 - 6H T!t !HE BODY SIZE 

!-!----------------------!--------!------------!---------! 
!003 ! DRILL BY MP.Kii& llUT llIT!I 
I ! CEITRll& 2 HOLES FDR SC!!EV 

! CElTRiliG DRILL,! 
! llR!Ll 0 i! .2 ,_, ______ _ ------!---------!---------!-----------! 

! 112.5- 6H TO THE llOIY SIZE 

,_, __ _ ----------!------------!-------------!-----------! 
!004! REM THE FOUR CIWIFEl!S O.S a 45• ! ! ClltlN!ERSINK 

! { 90° 
'-'---------------!---------- !------------!-------------! 

! CUTER~INK 
! { 9011 

'--•-----------------------!-------------!----------------!---------------! 
!006! CUT Tl!P.EAD II FOUR llDLES 113 TD ! 

! THE BODY SIZE 
! TAP K 3 

!-!--------------------------!--------------!----------------!----------------! 
!007~CUT THREAD II TW llOLES 112.S-6H! ! !AP fl 2.S 

! TO THE BODY SIZE 
!---!--------------------------------!----------------!----------------!-----------------! 
!008 ! DULL SHARP EDGES ! FILE 

!---!-------------------------------------!----------------!----------------!-----------------! 
OPERATION 3 

!---!-------------------------------------!----------------!-----------------!-----------------! 
! COATIN6 CHIMICAL DIIDATIOI 
! THE SURFACE B - &REY ENAllEL 

!---!-------------------~------------------!----------------!-----------------!-----------------! 
! CHA6REEM 

!---!--------------------------------------!----------------!-----------~·----!-----------------! 
!SHEET 3 
!-----------------!-----------------! 
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size tl-il/,19 -CUtter 

Mill blunt 
scraper 

The tumtnc of' 
the ll:>lder to 
D15h6 ts mc:le as 
follows: 
1-st pllJs-0.15-
2-d pw-0. 099 
3-d pai:s-0.01• 
After ev•rY ~ 
to ohfok the l•n: 
oentr1aw_and to 
oentre ttw leJW 
if necessary 



~-

• 

• 

· tlo 1-. and oontent of 
operation 

- 3 -

Stu'-8t Devtoe.tool CG• ant 

--....... --~------~--~~---~~~1~~--~-~~-----
:4. 9 Atmve the &Sselbly 

. tr. \he lathe. 

' 

81•'L. tn m1der 
with opt.teal ld&t.ure. 
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Tn 

Forceps 

Depth 
lnilloator 
·~ 

Speotal oell 
oOntalner 

Thread 
ooll•t 
Clll.1I0.5) 
D1mnoncl 
tool 
lloro•ter 

' . 

• 

210.020 

~ .,.. 
' 



• 
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- 2 -

... and content ot lqut~•nt DeYloe~tool tcJ Jtnt ~ 
ope111tlon 

,p,R:f 
DI . ..S. the hol! r1l1!JS dt.-ter .· .· .1111 

-'. P thi ~:WI blh
~·c: ztm md drJ .U.. durlns 
··~. 15 llin at t.;.mc .· ··•a .-. the lens tn the 
~. : · · h>lder. 
'6. 'IAwlY thin unlfora layer 
;_ - · Of h91'9t1c anent In 

•the holder sroove. 
& 5 Re.we superfluous · 
- lwrwtlc o..nt by a 

cot.ton ..S wtted ln 
acetone. 

7 Prel1•fioentr1~ 
7,, 1 w11•1r_ in Benoh 

the oluak ot the lathe. lathe 
7.2 Centre tlw lens tn 

the holder observtnc vi
sually the run out Of 
the 11~ flaslws t"l'Oll 
the wo lens surfaces 
nt press1ns u. l•ns by 
a stick to St.riv• for 
u. nashes to be stat1-
onarv whll• the holder 
1s be 1nr rotated. 

7.3 RellOV• the -Jlt>ly 
f l'Oll the lathe and ~t 
It on a horlzontal_elate 
on the holct.r end ~. 
{try tht -•1 Y... durll'll 
24 hours at t.-20" c. 

8arrboo stick 
Cot.ton ... 

Foroeps I 
InJector 1 

B::ztoo stlc:k I 
~~~I 

Trea:I oblok 
C•Sx0.5) 

~1=rx~~x 
Baltloo st 1ck 

Horizontal 210.me> 
plate ~ .,. . 

' 

• 

1 
l 
·1 

.] 
l 
j 

! 



• 

• 

• 
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F.qulpmnt Device. tool Cc111rat. 

= lndl

CI** telp
l•t ftr SID 
Ct.&t0.'2>111 

=·:1th .•.. ~Gf 

., ... JltT 

n. tum1nr or 
the holder to 
D16h& ts_..• 
follows: 
1-st. pms-0.15-
2-d .--o .. -.. 

lftorc•ter 3-d p--o.. 01• 
Cutter Af'Ur •'8J'Y "88 

to check the lens 
oentrtnr_n to 
oentre u. lerw 

De~ 1r neoesnry · 
tniUcator 
Check tellP'"' 
let tor stu 
US.2t().C.)• 

Cutter 

CUtter 
210.020 ,,. ,,.. 



[ • 

~-
_,_ 

llo llm9 IDI oontent of F.qul.-nt Device.tool Cc:ll I nt 
- operation --

8.8 Dull stsp ectaes. ~ ScraPer 
9 .. Cl. 1 - Cleail!JI set I 
1.1 mS le l•ns in t11t (Jptlcal lllx-

-

mlder wtth optical tun CJOlll)O-
mature sit.ton 

(10-15)1-
•:.!:Jlln ~ 
=.r11i~-
peuv1.-ether: 

10.. Cheokl. Testtnt 

lr.!!Jc 10.' Check the asselDly c . I i " . . 111 
oentrtc. cleanness ilnd 11-tht SIDS (6.2,t 0.,02). nil Oater 
C4.6t 0.02>-.. oheok tell!P-

la for Sl7.eS 

(6,2t: Ocf> • 1 (4.6!0. >• 

210.mo .,,. .,,. 
• 

• 
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f4llr-nt DiYiOi., tool Col I 8 nt 

Tank 

BaOJo stid~ 
For-cwps 

lnJector 

I 
i 
I 

8llnboo stick Prel i•lnal'Y 
lf!llntfYanr oentr1111 
slillB ls-8x 
8a8.ioo stack 

ffor1mntal 
plate 
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11ol N9ll and content oi Equipment 

' operation • 
~ 
< • OentriDj (see drawir&! 

BaSis ~, HIS•OIS' 
~1 

~.,. . '. 

~-ure thl Si~ fl'Olt 
Ul& ool"-r er...1 • It C to 
thi- llllrtS surface " " 
arid calculate th& holder 
.tr.d cut.t iSW value to 

•1 Si7.e <g..,)•. 
lllunt - assellbled Lathe 

. , .. ur.1t tn th& oent..r=iIC 
ch.ick holder 

-

.,. Cintre tte lens tn 
thi holder. -r,tss1ble 
shin or the • '! and 
• C • surfaoes curvature I 
cer1tre illlft being no 
mr• than QOS • .. 

-

and O,fl6" •· :_ 
=ttvelt· cer; the ens surf ace 
.. 8 • by m>Vllllr lt over 
thw plane surface of the 
oentrans ctwk; .-.cl 
surf a» .. c .. by irlCl 1-
nlPS 1 t over the sphert-
cal surface of the oent-
rtrw cblck. 

4." Tum the hol~ Slk>Othly 
to da•nston 11/,Blt' 
1n t., ~.. and out 
the hold&r encl ".1J" as a r.:1 i•1narY operation. 

4.5 asure the stze troll 
the holder •nd " l> S to 
the lens surface " " 
.xi calculate ta. holder 
end cut.t. ~ value to 

- size (if,'1 112> • . 

4. 8. ~ the holder end 
~ • to the value, oal-, 
cu!at.d 1n the operation .. :,, 

7 Cut t,he holder erad "A " 

• tb tht value calculated 
in tht operation 4. 1. 

4.8 Dull ~ed_P·· 
I• . 

210,oso 
Ll1IS , ••• 

t 

Device. tool t~nt 
I 
I 

Depth 
indicator 
check I 
teiiplat for I 
t.he Stz.e 
C IS""'2>-. 
centrirc I 
chuck with aa 71 depth ofl 

-lfo1.: I lM. L• . -. 
.:J .91 I 

Test-adj us- I tU'f device 
- CA I 

Cutter 
11iorOD1&twr 

Depth ln-
dlcator 

: 

The tumt fllJ of 
to the holder 

D15h5 is made as 
follows: 
1-st pass-
2-d pass-

O.l5nn 
0.09nn 
0.01nn 3-d pas-

ol..ck te..,- After eve rY pass 
the~ le~ let to th& to cheok t 

stze C~t14~ centrt'l _ 
• f centre he 

and lo 
lens 

ssary · tf ne~ 
CUlter 

'~ 
PT 

Mill blunt PT• soraptr 
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llo ..._ and content of 
operation 

- 3 -

__ ..,_ _________________ ,..,_ ______ t---------~-------
4. G ...,_ the •s••ly 

,..,. the latht. 
-

r s CB'I - Qiiii ens ln ~lder 
With optlcal •tztute. 

BalltJoo st1ck 
Optical 111x
ture 
Cotton -
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... ~-~-=-

''t •..... ldtr lrl .... 

-~ ...... dry 1t citr"l1* 
' ts llln. . 

" .. 
,t•• tael 11G tft\ 

'-=-stlok 

lnJeotor 

...., stick Preli...-Y
lfilntfYllW oentr1ne 
rlim Bx-• 
8.llJboO stick 
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._ 8lld oantent of' 
operation 

&1UtP91'lt Devtoe, tool Oa111nt __ .._ ________________ ,.,_ _____ . _________ ~-------

Cutter 
llioro•ter 

Depth 1n
d1cator 
chick u..
l•t to tm 
st• (117 -cutter 

lftll blunt 
Scraper 

The turn1111 of 
the holder to 
D15h6 ts Dade as . 
follows: ~ · -
1,;st pass-0.15-
2-d ~-0 .. 0IJm -
3-d pap-0. 01• 
~r.:~PT:s --
oentrtns ~ ~-o 
centre the lens 
If neoeuary . 

---------------------

I 
l 
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-3-
I 

tlo - lllm -and oontent- of F.qut,.nt Devtoe,tool 
aperattcn 

-~1n1Dlder 
w1\h9-lo;.i at&ture. 

Biibao stlok 
Opttoal ··tin 
Cotton .a 
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tlo ._ ID1 content of 
operation 

Equ1il9ftt Devtoe. tool Con ant 
-

~ 

l .......... : ... · -~··ty 
pieces u. assellbl1111 
unit. · 
IGlder - 210. 008 
i.-. - no.a 

I 
..... ldertn.~ Tank 

~tne n dt'Y tt dur1111 
15 ldn. 

l1 M: holder 'Bait~ sttok 
f g ..Wr Cotton wool 111 and . • Forceps 
·ilri!wtthC:~ 

8nd dry it durilll 
15 min at t-arc 

a2 ~ly thin unifon1 Balllboo stick 
layer of the her.tic 1a1n1rv1nc 
ce•nt in the holder x x 

• 
croove .. Jilass 6 -8 

3.3 M>unt lens 210. 006 
oroeps 

in the holder and press 
1 t to the holder eild..-

&4 lblnt the ...m1Ji in Bench Thread clmck 
the ot..ak of .the ett~ lathe 
(bEes ... the thread 
lll.3JO. 5 and the inside 
holder end). 

8.5 Re.we superfluous 88ltlboo stiok 
heiwtio oe•nt ~ a 
cotton wad-wtted in 
aoetone. ae atntre the lens tn the 11111n1rx1~ Prelt•t 
holder otlservt"fithe ,1_ x- x a.ntrtnr 
n.m-oot er tfJJ mg iS 

. 
,. 

• 
of ltsht fmn two lens ' surfaces Visually and 

210.060 pr8SS1{11 the l•ns by the 
Sttok to st.rive ror the "T nmhn to be stat1onary 
while the holder ts .,,.. 
bttn, rotated. 



• - 2 - ...... ,...,. .. 
No' Nme Md content of' 

operation 
Equ1pmnt Device, tool Co-i-nt 

-
. 3.? a.;ve the asselllblJ Horizontal 

rrc. the lathe •tJ'4 plate 
it on the hortmn 

- elate on:_U. holder enl 
- E ", ~the asseeR£ 

c1ur1nr 2' hours at 

• Qt_ntr1ll. 
Depth t.1 lllBfi size n.. 

the iltlder end " E " to tnelioator 
tfttl-~"B" chtok 

~ 

aid cal ate the IDlder ~let tor 
end outttnr ~· t.o thlt Sil» ___ , 
size (6,tllO. >• C5.t5t0,CE) -il.2 llbunt the -•led Lathe aentrtnr 
milt tn the oent.rtnr du* with a 
cluck holder · r :_pih or 

Holder 

'93 Centre the lens tn 
~'f.a. ... 

the holder: adlltssible 
shift of the " B " and Test-adJus-
" C " surfaces curvature ~131 device 
centre 1-r. betnc no 
DDre ttmn .1 -. 
and 003 ... 
~tvelJ .. •• Ce re the . ens surface 
" C " by mvigs it over 
the plane surface of the 

The tumtnc or oentrinc ot.lok, a 
surface " 8 " by the holder to 
inolin~ it over the D15h6 is .... 
sphert surface of the follows: 
oentriPS cb.lck. 1-st pES-0.16-

4.4 Tum the holder SJll>Othly Cutter 2-d pass-0.0DllR 
to di•nsion ,8'15h6 Micrometer 3-d pms-0.01• 
in two passes.and out After ev•~Pll'8 
the holder end " A " as to oheok t lem 
&anl ill11*:Y operation. oentrf, md to 

4.5 the holclfr end " E " oentre he lem 
to the value calculated it' ..,....., 
in the ,,;ration 4. 1 to 
to size 5, 45t0, 02) nn . 210.(l;O 

• __ 4.6 Dull sharp •ctses Mill blunt .,. 
I . . Scraper Pi .. ,.. 



• 
No a- and content of' 

operation -
5 Assellbly 

8iiilrs ~Stfi mad 
holder 'T'. 

5.1 llallSUl'e the retll st:ae 
ot the-holder hetf: 
calculate the hol r 
end cuttl~aJ.ue 
to st:ae 6. - 1. 

5.2 Cut the. holder end " A " 
to tht value oaloulated 

(3. tn ys-rettan 6.. 1. 
-Du!:.....-. 

' ..,.. . ·• -llbly 
h'm u. l.U. 

6 81:111\J. ass allbled 
unit With optical 
ldature. 

7 a.ckilf. CfiiOk assellbly 
centric. cleimness n 

size C 5. 45t0. <R)• 

• 

• 

- 3 -

F.quipmnt. 

na., 
.... Ill ... 

-

Dav1oe.tool Cclll Int 

Thickness ..... 
Cutter 

11111 blunt 
-~ 

a.mo 
stick 
Cotton ... 
Optical 
ldxture 
Testtnc 
device 
1111n1ry1111 

][ 

filass -8 
ndlcator 

Check 
tellplet for 210.CEO 
size .,,. 
(5,,'5t0.<E) - T 

.· 
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.No 11818 mld content of Equtpmnt Device. tool Ccn ant 
operation -

-
1 lllkiaw-!I! a set . 

1.1 --s••t Of p1"9s _ the &SSellbltnr 
unit. · 
Holder - 220008 
Lens - 220001 

I .....,., Tmk 
. . Ider in ben-

ztn. ..s dry it c1ur1nc 
~~ 15 llln. . -

3 Assellhll csee araw nc> . 
a1 lbunt the lens in the . Forceps 

tDlder. 
3.2 lll:asure the stze rro. Depth 

the outside tl>lder end ini:lloator 
to the plane lens sur- f- Support 

- face ani:I calculate the 
h>lder end cutttnr value 

aa to size 0.2-0.06. 
S1>e91al cell Aemve the lens frm the 

tl>lder put it into a cOntatner 
~tal container, 
hiw1, l'lUIDrs. 

&4. Mark ~-holder dt-ter Marktne tool 
~~ with the lens Scraper 

• 

' _J,.B'I ~tfm 
,Les are Ui tiriid 
Ml1x0,5 and the end "D'" 
(See draw1'1Sl· 

Dlamnd Thread 4.1 lb.Int the hi> der tn the 
lathe collet. turn1nr col let 

Lathe . 

• 

4.2 Turn the holder surf809 Dt811Dnd Dlalll>lld 220.CMO 
" C " Prior to chrolB- turntnr tool "T t1z1lJ. to size JJ6h1 f and Lathe M1oro119ter 
out t holder encl to .,.. 
the valu:i,oaloulated tn 
the ope~ ton a 2. . . 



• - 2 - • 

1lo Na9 and content of F.qutpmnt Device. tool Conmt 
operation 

-
4-3 Altmve the mlder frOll u. l.U.. 

'"'' lb.mt the b>lder in a 
-

device ror ohromttztnc e!= the surflloas '131112 ... 
eav nc uncovertnc only 

the suifaJ8 .. c ... 
-

5 a..o.tl~ig( Chrmigm. 
' e=inc 

6 
l.1 --~ SillCC ~ holder met 

the lens with the smB 
. ,....r. 

6.2 ~ U. holder Badxx> stick 
'1C dt-ter ft·2119 Cotton wad 

and the IJ'OOY9 Wi h ben-
zine and ~· durinc 15 •in at t 

6.3 ~ly thin unifona layer Injector 
hermetic ce•nt in BBllboo stick 

the mlder IJ'OOY8. ll!llni'li!.11. Jilass x-
6.4 MJunt the lens in the orceps 

- . ~ oolder. . 

6.5 Renove superfluous Bani>oo stick 
hen.tic ce•nt by a 
cotton wad wetted in 
acetone • 
NOTE: If el>C)Xide ~ 
uncl ts useCI instead of • 
herl8tic ce•nt. the 
operations 6.3 and 6.4 

6.3 are·~· n8118ly: 
lb.Ult the ens in the 
holder and appl)! unifona 
layer of er:xte<I COlll>O'"' 
und into t clearance 
between the holder and 
the lens. Re1110ve super-
fluous epoxies by a cot-

220.040 ton wad, wetted in aoe-
tone. PT 

• 
7 Prel tmtnarx centrt~ p,.. 
7.1 EUrit thi asseiti!{ n Bench Tread chuck 

the chuck of the 1 he.~ lathe (Ml1x0,5) 



• 

• - 3 -

-

llD Nam and oontent of' F.quis-nt Dev1oe.tool Co-mt 
opent.lon -

7.2 Centre the lens In llJlni~I~ the h>lcler observtnc vi- 1lass ii[-
sually the run out Of 

Butoo stick the 11-- f"lashts tn. 
the tm lens surtmes 
and pnss1nc the lens IJJ 
a stick to strive for 
the n-. to be st&i-
omry While the holder 

7.3 
IS b8111C rotated. 

Hortzontal ..... u. -•• nbly rr... the ltttht ... ppt plate 
ltona._.1.-.ir, 
on the· hDlder_ end . . ~ 

(lry the •t ·~ durilll 2' hours at c. 
8.. Centrt91 
8.1 aasure the size fl-. =Inell• 

thl holder end "Ir to 
the lens surfaoe "r met Check temp-
cal.oulate the h>lder end let ror size 
out.ti~ va1'• to size (5. t.tO.<rl)• 
(5.1-! .al)-.. 

8.2 M>unt the msellDly in Lathe Centrtnc - -

the centrtnc chick ob.ack with 
h>lder. fl. depth of 

Holder 
l~ ~~ 8.3 Centre the lens in the Test- Jus-

holder: adlltsstble shift tine device 
of the lem surfaoe "r 

• 
curvature centre 1-
alSt be no 11>1'9 thml 
0.01.- admissible de-
=ure of the lens sur-

"A" from beinr nor-
llB1 to the holder out-
side dt .. ter ts·2'. 

Centre the lens sur-
reoe "r ~ .:wtns 1t 

220.040 over the p ane surf.,. 
of the oentrtnr clxlok ~ and the lens sUrf.,. "A" 

• 
by tnolininr it over the ~ ~rioal sUrfaoe or the 
oentrinr otwok. 



• 

• 

• 

- ' -

No Nam mad content of 
operation 

•· 8. ol Tum the holder smoth 
ly to dlmmston -.3h6 tn 
two passes and oUt the 
holder en;I T as a pre-

- lillinary ~rat.ion. a 6 lltEUi'e the size rro. 
the holder end "I" to 
U. lens surface. "A" and 
calculate the holder end 
outtt. re_ value to size-; ,_. 

. C5to.m>• .. a. 6 Cut ti» holder end "I" 
· · to the vaJue !'Blculoted 

.. in the Ol*ration a 5 - • 

I:? Turn u. ohmlber O.-b45 
· 8 Cut the hOld&r end~ "D" 

to tt. val• calculated 
In the operation 8.1 -

8. g INll Sharp edps. 

9. Cleanilf. 
9.1 Clean lens in ti-. 

holder With optical 
mixture 

10.- Checkilll 

10.1 Check the a55eni>ly -
centric, cleanness and 
the sizes (5,1~0,02), 
(5t .0,CE)lllL 

F.qutpmnt Device.tool Cotant 

ter 
Cutter 

Scraper 

Clean1gc.set 
Optical mix
ture COlll>O
sit ion 
(10-15)%
ethrlin hy
dro ysic al
hohol 85% -
f:~roleuna et.;. 

Test1nr 
device 

='l:t" 
Indicator 
check teq>-
1 es for stzes 
c 5, 1 t o .. 02) , I 220 .. °'° 
(5'! ~.t'rl)• PT 

PTs 
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,- --
No NCD and content of Eq\atpmnt DeVJce. tool Ccllllint 

- - operat.1on -
t ~inr-~a set. ~up a t or pieces 

the Vilt'* untt 
~~~~-.Ill 

2 ~ Tank 
lder ln btn-

ztr.e and dry tt dur1111 I 
16 •in. I 3 At;sellbl~ -

3.1 8arlboo st tel~ Deji'iase a holder 
~ wtth benzine mid Forceps 

t c1ur1ns 15 aun. at c . 
3.2 llNnt ta. lens 1n the 

holder • 
3.3 ~1~ thin uni font l:r8r 

o t henettc ce•r• 
lnJector 

1n the holder llWY•· 
Bench Thread cback a' ablnt tht -•1{ ln 

the om.ck ot the athe lathe -

- (bases are the thread 
HJllD,S !'J!;,t- UW1de 
holder end'. ) • 

Prel11Unlr a5 Remve supei r'luous B811boo stick 
he.-.t10 oe•nt by a ...,.,rx·~ centrtns 
cotton wad wtted In slass x- x 
aoetone. 

y -· 
ae Cent.1'9 the lens 1n the 8mrl:xx> stick 

holder oblervtns v1sual-
lf. the run-out of the r ashes t'J'Oll tm lens 
surfaces and presst"'Ji 
the stack to strtve or 
the tlalhls to be stat&-

• 

onarY wlUle the holder 
;$ i, • t .... ,. 1 r•rr r,.,.1 · '' . t,I 

&s biul rotat.a. 
3.7 RtR>vt he asseR>ly Hortzontal 

rroaa tht lathe and rt plate 
1t on ta. hortzonta "fP eir on the holder end 

", *" the --·~ P•es 
dUrinr 2' hOul'S at. t• 3 



• - 2 -

No NM& and content of &luia-Rt 
operat1on -

.& ~ntruc ts~ drawu;g) leaiS(;s are Ji.-:1<1145' 
ar""1 "F • 

4-. l ~asur-e the size froll r• !older end •A j, to 
U• l~ surface " " 
and calculate the h>lder 
.;nd oott~ value to 
size (lf,1 •>• 

4. 2 libJrat. th&. -.sellbled Lathe 
ur11 t tn tfli. centrtnr 
chuck holder 

-

4. a1c~rat-r-e the lens ira 
th& holder. adaaisstblt1 
sluft of the " C " a.a 
•• & " surfacrrs curvature 
centre lllaP bf. inr no 
mre than 0,01 •· 
arad 0,01 •· 
re~t1ve1y. 
Ce~ re the ens surface 
" " by movtrc it over 
the plane surface of the 
centrtl'll ohlok; aid 
surface " I " by tncl 1-
ntrc tt over the sphert-
cal S\b face of th& cent-

• r l I'll chuck • .. , Turn the holder r!T.thly 
to d11Bnston - t~I 6 
tn two ~' and out 
the holi:ler end "E " as a 

4.5 
~ l t•tr.arv operat ton. 

asure the st~ frOM 
~ the holder end " E " to 

the lens surface .. e .. 
and calculate the holder 
end outt t~ value to 
stze C Ito, > • 

4.6 Cut the !older end 
" " to the value. cal-
cu ated 1n the e>perattora 
f -=: 
4. t,, 

4.7 Cut tilt holder end " A " 

• tD the valu. calculated 
an the operation 4.1. 

4.8 Dull 8halJ' ~s. -

e2o.om UBI•-.. -

Devtce• tool Cownt 

Depth 
indtcator 
clwck I 
t911Plet for 
t~ ( - .. 
C.entrilll? 
cl-* with a 
itJi~hof 
Holder 1•1,;. L•___ -. 

~- ~- . ,,,,,, 
Test-adJw;-t131 device - c 

nr o: 
to -

Jnade-as 

CUttwr 
The tum1 •t"ro.ter the holder 
D13h8- ts 
follows: 

Depth tn- 1-st pass-
dtcator 2· d pass-

0.15---
0.09• 
0.01 ... oblck te~ 3-d pass-

let to the -Arter eve rbt~ stze (5'•442} to oheck• t 
.. .centri"fi and to 

lens 
ssary -

centre he 
Cutter if nece 

1~ 

'T 
Mill blunt PT• sor_,.r 



• 

• 

Halle- and cont~nt of 
operation 

4.9 Remve the a;sellbly 
froM the lath&. 

5 Cleani\1 
Clean e~ ln holder 

Wt th opt lcal •l xture. 

6 

- 3 - 220. om 
IBIS 1•:•U9 

8Mt>oo stick 
Optloal MtX
ture 
Cotton wad 

UillnifYUll 
rlass -6x-8x 
te .. let for 
· 1111>let 
or~ •d08J 

lndtcator·. 
T~ttns -
deViC$- CD 
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• 22QO&O .,.., .... 
~··· 

·-• ..... oontent of' 
~lcn 

'F.qutpmnt O.vtoe.tool Uo1•1nt 

-
1 

~•"= .._ ... -a . - .. 

• ......__In~ T .. 
mne -1 dlj It duritW 
t aln. : 

3 .,..lft. IDI•r 8.1 Blllboo stlak !iii •Ith blq:t• IRI Foroeps 
durl .. t& ldn. at e. 

3.2 lbunt the lens tn the 
holder. as !r>Uethln qntfona l:rr lnJector 

l»n8t1c oe• 
8.4 

tn the holdtr lfOOY•· 
Bench Thread olmok lbunt the nit tn the olUJk ' the: athe latht 

(b•l·S ... the thread 
If II~~ and the Inside 
holder end "I=* ) • a6 Aemve superfluous 8mlboo sttok Prell• hen:t10 oe•nt lw a ~'IC'l~!.lz oentrtrs co ton wmt wtted tn 
.. tone. 

• 

as Centre the lens tn the a.too stick 
holder obsentnr visual-f{, the run-out of the 

ashes fl'Oll two lens 
surfaces and PJWSI, 
tlw sttok to strtve or 
the flashes to be stett-
onery wht l• the holc»r 
ts bet, rotated. 

&7 Remve he ..,.llbly Horizontal 
frOM the lathe~ plate 
tt on the hort p_. R!fl on the holder end 1 

", ~tt.~ .,... 
c1ur1ns u hours at 8 

• 



• 
No 

' 
4..1 

f.2 

1.3 

• 4.4 

4.5 

4.6 

4.7 

• 
4.8 

- 2 -

._, and content of F.qutpmnt 
operation 

Cent.r1rw f,see {f!1rwl BaSiS... ,,. , 
anc1•F" 
Mtasure the size ~ 
the holder end " " to 
tht lens surface " ' " 
and calculate the ix>lder 
end cutting value to 
size ( S *4•>•. 
liult the ~led Lat.he 
untt tn the oentrtnc 
chlCk tolder _ 

220.D<O LSISI•---
Devtoe. tool eo-nt 

Depth 
imllcator 
check 
~let for 
the sir.e 
CAQOI)-. 
Centr1nr 
duJk·wtth a 

!~or 
_ der 

Centre U. lens in 
the holder.· allatsstble 
shift of the • C " and " a " surfaces curvature 
centre lllllP- betnc no 
mre than 0,0 I •· 
arxi O,lH -. 
~1velt· the ens surf'ace 

by IOV11JC it over 
the plane surface of the 
oentrlfll ~; and 
surface " '" py 1ncl1-
nt~ 1 t over the sphtri-
cal surf ace of U. cent-
ring ot.Jok • . 
Tum the holdej; Slll)Othly 
to di•nston 13116 
in two passes, f'f out 
ti. holi:ler end " " as a ft: l tminan operation. 

asure the size fran 
the holder end " E i to 
the lens surt"aoe " " 
and calculate the holder 
end ou,ttnc value to 
size C ,lftqO" nn. 
~ the hOlder encl 

" to tlw v,\lue, cal-
oulated in the •ration 
4.5 
Cut the holder encl " A " 
tb the value calculated 
in the °"'ration 4. 1. 
Dull s~ ~clees. 

lerm.IL. 

L-11.6• 

Test-adJus-
~181 devtoe 

cutter 
micromter 

Depth in-
dtoator 
ol'llok te 
let to tr:-
size ~,'tt~l2) -cutter 

Mill blunt 
scraper 

The tumt ne of 
r to 
Blade a: 

the hold9 
D13h6 ts 
follows: 
1-st pass 
2-d 

-0.15or 
pess-0.09m 

-0. 01M 
ry~. 
the le: 
and to 

3-d pass 
After eve 
to check 
oentri"( 
centre he lens 

oessary if ne 

'T 
PT3 



• 

• 

• 

-3- R20.060 
UJ1SI••111t 

No ... and oontent of F.qutpmnt Devtoe.tool ea-nt 
operation 

'- 9 Remve the msellbly 
rn. the lathe. 

5 

6 

Clemlt\li 
Cleal ens in holder 

With optical 91xture. 

8:11& ... 1, 
centric; 01..,....slzes 

.t0.02) and ltl/MJ,02 

%shoo stick 
Optical mx
ture 
Cotton -

''lf::'!~ax 

~·.~··.··ttr.t for .~~- · 
Ind oator. 
Test.Inc 
device- CD 
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..... ........ 
lo ._ a content of' 

operatlan 
E'quipmnt Devloe.tool Ca nt 

t ., •• t arr-a set or 
pteces the BSSelllbl tnc · 
mtL -
•lder - 220. 012 
...,. - llO. (II) 

v.M#Pt.1c1er in benzt• and c1ry it utnc 
16 llin. 

3 A5snlbly_ 
3. 1 Delftlla ·the holder 

IJ'OOY8 •1th benzine 
ind dry It durtgg 
15 ldn at. t-20'C 

3. 2 M>unt U. lens in the 
holder 

3.3 ~ly thin Wltform layer 
h91'19tlc 0819nt tn the 
holder IJ'OOVe. a' M>unt tr. assni>ly in Bench 
chJok of ti» lat.t»Cbases lathe 
are the threat lll1x0.5 
mi the tnstde holder 
m,t) 

a 5 At.we superfluous 
t.netto oe11tnt by a 
cotton wad-wetted tn 
acetone. a 6 Centre the lens In 
the holder ot..rvtnr 
Visually the run-out 
ot u. 11lrht nashes 

·~ t'rOll two l•ns surfaces 
and presst~ the l•ns by 
the St.iok to strive for 
flashes to be stationary 
while the holmr ts 
be1nr rot.at.cl. 

~ .,, n,"....,.,,, .. • J.,.. •• ,.,., ........ 1 •• 

a.7,Ntaove the assem!y 
froln the lat.he and put 
it on the horizontal 

f?l~. ~t~~=:.:ot~ 
durtns 24 hours at..t-200 

~--............ --.:...........~-~-------·---·· 

Tri 

B.-00 stick 
Foroeps 
Cotton wool 

lnJeotor 

Thread otaJck 

8alllboo stick 

Buboo stick Prel imlnm-y 
lflllnifvinr oentrtnr 
class 6x-8x 

u,. • ., ..... , ....... ,, 
Uorizonta.L 
plate 

• 



- 2 -

No ._ and content of Equlpmnt 
operation -

' eenta csee inr) 
&..1 lltasure the size tro. 

the holder end " E " to 
the lens surface " D " 

,- and calculate the holder 
erm cuttioc value to 
size (6.43!0.~)• 

4.2 lb.Int the asselllbled Lathe 
unit In the centrinr 

. otuok holder 

4.3 Centre the lens in 
the holder: admissible 
shift of the " C " and 
" B " surfaces curvature 
centre 1-. betnr no 
mre t~ o. <le •· 
and o. -. 
re~ctt vel{i. 
Cen re the ens surf ace 
" C " by mvigr it over 
the plane surface of the 
centrtnr chuck. and 
surface " B " by 
inclin~ it over the 
spheri surface of the 
centri111 chlck. 

'·' Tum the holder S111>0thly 
to di•nsion 013h6 
in two passes,and cut 
the holder end " A " as -

4.5 
a freliminary operation. 
Cu the holder end 
" E " to the value 
calculated in the 

4.8 
~ration 4. 1 • 
DUl 1 sharp edres 

5 Assent>ll 5.1 .. asure.he real size 
of the holder heilt>t 
and calculate the holder 
end outti~ value to the 
size 4,5h1 

220.070. . 
U'llSI• _,. 

Devloe. tool 
. 

. 
Depth 
indicator 
check 
te11Plet for 
the size 
(6.43t0.CE) -Centrinr 
chuck with a r depth or ... 
Holder 
le~h 
L- • 90 nn. 

Test-adJus-
t131 device 
- c 

Cutter 
microl9ter 

Cutter 

Mill blunt 
scraper 

Thickness 
fie~-blook h-indi-
oat.or 

Couasnt 

The tumi nr of 
to the holder 

D13h5 is lllade a: 
follows: 
1-st pass-
2-d pass-

o. 151111 
0.09n o. 0111 3-d pass-

After eve 
to oheck-t 

ry~· 
the le: 
and to oentrt"f 

centre he lens 
ssary if neoe 

220.070 
PT 
PTs 



No Nal8 and content of 
operation 

-
5.2 Cut the holder end " A " 

to the value calculated 

5.3 
in operation 5. 1. 
Dull sharp edps 

6.• Ren>ve the asseni>ly 
from the lathe 

6 CheckilJ. ChiCk m;senbly 
centric.cleanness and 
S1Z8(6.43+0.~) .. 

7 Cleani~ Cleanhe asselllbled 
unit With by optical 
mirture. 

• 

- 3 -

F.quipmnt 

220.070 
I.DIS, • ... 

Device. tool Colatnt. 

cutter 

Mill blunt 
scraper 

llpcrli "Xi!.'L 
J:lass z-
ndtcator 
~Olll on 
·-·=·t ror 
t._·stze 
(6 11 '3t011 CE) -Test1nc 
device- CD 
Optical 
•1rture 
Cotton wad 
Bant>oo stick 

nm 
220.070 

~ 
~s 

-
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t 
• Tp 

~l•rlnben-
Zl .. ml dry tt durtnr 
16 atn at. t;.aoc. _ = 

3 cr•1~ a1 Lathe Collet M>unt ti. hDlder in 
the lathe oollet. 
Bases are the surface 
'16.5 md the end 'T. 

3.2 Tum the ~e e.51112 
tO a dept of o. --. 

3.3 Dull shan> = • a' At.we the ho der frm 
the lat.he. a& ltMlnt the holder in the Lathe Thread ool-
lathe oollet. let(lll3I0.5) 
8as9S are the thread 
lll3IO 5 end the end"C'" 

ae ~ lhe throulh hole Cutter 
.66H9. Check l8Ul9 

tor stze 

M"Jhe oone surface 
~·66H9 

3.7 = lndi-
t , kee81ll the 

as stze(3,5 t • ~"'"' Tip with 
RellOVe the holder from lens 
the lathe. 

' Chemical oxidation Chroliaiu.- 23).040 

• 5 .lli>lY 
f!:tnr PT 

5.1 ~thi lens tn the Forceps p,.. 
holder 



• 

• - 2 -

-
' 

No Mamt and oontent d 
operation 

F.qutpmnt Device. tool COi •nt 

- " 

5.2 Mlasure the size· fl'09 Depth 
the outside h>lder end inClioator 
to the pla.ne lens - -

SUrfaae and oaloulate 
tht holder endoutt1nc 

5.3 
value to size o.~ .. 

~l&l oell ._ve the lens · · 
the hol(er put it into container 
a special contatner ha- .. 
Vi~ nlllDers. 

'-' Mar · the holder ~face 1tark1nc tool 
~5h12 with- th8 lens kraper 

r. 
I Tuml!fgthe holder • . 

ellor- ~lztm 
s are tfii tlfiid 

Ml3ll0., 6 and the end"C' ". 
C See draw1'1f) 

Dtamnd Thread col-6. l llilunt the h0lde1• in the · · lathe oollet. turri1nc let( Ml3x0. 6) 
·-· - ..... lathe 

6.2 furn the holder surface Dtanond tool 
"F'' prior to chronati-
zing to size '6h12 and 
out the h:>lder end ~ 
the value calculated in 

6.3 
the operation 5. 2. 
Re111>ve the holder from 
the lathe. • 6.4 M>uni the holder in a 
device for ohromat1z1ne 
jiroteot1]! the surfaces 

.,56H9.. ~6H12,oone 
surface S ~ ' and 
leavtnr unooverinr only 
the surface "F''. 

7 ChromatiZi!!I Chromium-

8. Asseni>ji =tnr 
8.1 Seleot t holder and 

the lens with the 58118 
nunt>er. 

8.2 ~ease the holder 230.040 
tnr surface '1,.56H9 8aDi>oo stick P,e 

and cone surface 8 t 30' Cotton wad 

• with benzine and dry 
~~ durtnr 15 mtn at 

p,.. 



• - 3 -

No Nam and content of' 
operation 

F.quti-nt 

-
8.3 li>unt U. lens in U. 

h>lder. 
8.4 Apply thin uniform layer 

tJ:xies OOll>OU1ld into 
clearance betwen 

the h>lder and the lens. 
8.5 Remve ~rfluous co. 

pound:- by he ootton wad. 
wetted in .,.tone. 

9. Pre1Af91!!§oentrtnc o.. 1 Bench rr:nim: ortt.*YJr.. lathe 
13:8.r~~he~rf .. O' .. 

9.2 Centre U. lens in the 
holder observlnr visual-
ly the run out of the 
1111¢ flashes from the 
two lens surfaces and 
press1~ the lens bY a 
a stick to strive for 
flmhes to be stat.Iona-
rY while the holder is 
being rotated 

9.3 Renove the a;sed:>ly from 
the lathe and rat it on 
a horizontal p ate on 
the holder end "Ci'.dry 
the asseni>ly d~nr 
24 hours at t- • • 

10. Centri!!f 
10.1 Miasurehe size from 

the holder end "C" to 
the lens surface "A" and 
oaloulate the holder end 
cuttifll value to size 
5,5-441. 

10.2 M>unt the mseni>l~ in lat ht 
tilt oentrlfll chuc 
holder. ~ 

10.3 Centre the lens in the 
holder: admissible shi~ • ot the lens surface "A" 

... .. tar•• .. 
("""11& i..-

Device. t.oOl ton.nt 

Forceps 

BalltJoo stick 
Cotton wad 
Mtlln1~1 1lms x!.lz 

Thread chick 
CMl:U0.5) 

Banboo stick 
-.in1~1!.1 rlass x- x 

Horizontal 
plane 

Depth 
1nCl1oator 
Check 
teq>late 
for size 
5.5-opf 

Centr1nr 
otaack with 
1eap.:pth or 
Holder 
le~h 23>.040 
L-1 .93 p,. 
Test-adj us-
ti91 device .,,. 
- T 



• 

• 

- ' -
' ~ &111.0ID 

No Nal8 and oontent of 
operation 

curvature centre illlllP 
mst be no mre than 
OP. ._ adldssible de
liarture of the lens sur
face "B" f'rolll be inc nor
IBl to the mlder out
side diamter -2•. 

- Centre the lens surface 
"A" by mvi"' lt over 
the pl.. sutrace of the 
oentrtns otu::k IDI the 
lens surt'aDe "B" by In
cl lnlnc 1 t over the 
splwriOal surface of tt. 
centri'11 cbJck. • 

10.' Turn th8 mlder smothly 
to d119DS1on D15h6 in 
two passes and out the 
mlcter end "E" as a pre-
1 imi nary operation • 

10.5 *asure the size from 
the h>lder end "E" to 
the lens surfeJe "B" and 
calculate the holder end 
cutt1~value to size 

10.6 ~r~he lx,~r end "E" 
to the value calculated 
tn the operation 1fl 5. 

10.7 Dull shafp edps 
10.8 Cut the hi>lder end "C" 

to the value calculated 
in the operaiton 1t.1. 

11 Cleaninc 
11.1 Clean t1W lens in the 
- holder with optical 

mixture. 

12 /Check inc 
12.1 Chick t1W assenbJ,y 

oentr1n1, ole~. the 
Sizes ( 41.0, Q'l) , 5; 5 •O. 01 • 

I 

uar1••1a 
(ftr:alllt J-.J 

tQU1pmnt 6'v1oe.tool &...nt 

Cutter The tumtnc of 
Uicromter the bolder to 

01~ ts lllElde as 
follows: 
1-st pass-0.15aa 

Depth tndt- 2-d pass-0. oa.. 
cator 3-d pass-0. 01• 
Check tenp- After every ~ 
let for size to oheok the len: 
(4t0. <E)• oentrtnr alld to 

centre the lens 
if necessary 

Scraper 

Cleani111 set Optical 
mixture 
008')0Si
tton: 
(10-15)%
ethyl 
~=rt~ 

Test inc 
device u.n1ry1rw 
1lass 5x-8x 

85%-petro
leum 
ether 
230.040 

Pase4 · p,.. 
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· · · · .~ Cheok tenp-:-
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I lets for -- -

I S1,Ze$(4'!:0. 02 
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... 

•~ 
IJO.«I 

I. 

lo .._ ~ oontent or F.qutpmnt Dtvtae.tool Oa1. 11nt 
ope Ion -

t 

~" -.' ~ ; ~•;;;1;/:t· 
. l•r -a•.011 

..... - 2JO.(J(JI. 

e 
_..,_l•r in bell-

Ta 
Zlne d dry It durllS 
16 llln. 

• 
3 AswDlh . a1 8-bao stiok Oeifiiii ~ holder 
~ nth benzim md Foroeps 

t durtnc 16 1110.- et c . a2 lblnt. the lens In the 
holder. 

3.3 :t'U. thin unifona l:rr lnJeotor 
htnettc oe• 

&4 
tn the holdtr lf00\'9• 

Btnoh Thread obJok ... the ·-••lr.n. U.olu:rkofthe lathe 
Ct.•s are the t~ed 
ffffJ•AS and !1J' t tde 

&6 
holcWr end • ) • 

B&JJoo sttok Prel1111 Re.we superfluous 
heiwtto oe•nt ~ a =ri~!.1L oentr1111 
ootton Rd wtted tn 
.. tone. 

• 

ae Centre the lens In the 81111boo sttok 
holder ot.rvtns vtsual-
~run-out ot the 

. fl'Olft two lens surr.,.. and prne1, 
the st.tole to Strive or 
u., n111ws to be .ia.1-

• 

omrv whl 1• the holder 
ts b9111ft. roteted. 

&7 Atmve -llbly Horizontal 
trOll thl latbt ~ plate 
1 t on thl horl 'rs-e~ an the holder end 

". ~ tl)t -·ei&, ,... 
c1ur1nr u hoUrs at 
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tlo ._ and oontent of F.qutpmnt 
operation -

' Centrl!I[ l see drawtml 
Baiis are M 13 .. as 
and "E• • • 

6.1 118asure the stze ~ 
the IDlder end • • to 
the lens surhoe • A " 
and oalculate the IDlder 
end out.tins value to 

4.2 
stze C~7t0.02>• 

Lathe ltJupt • -••led untt in the oentrtns 
otmok IDlcler 

4.3 Centre the lens 1n 
the IDlder. ,._1ss1ble 
shift of the •A •am 
• 8 • surfaces curvature 
oentre t- betnr no 
m ttmn o"s •· and 2' 
~lvel{i. 

the ens surr .. 
• A " by ll>YilJS tt over 
the pl.. surfice of the 
oentrtnc ob.aok; and 
surf.-" 8" ~ tnolt-
ntgr tt over th8 sphert-
cal surfaoe of the oent-
rtnc ohJck. 

"'' Tum the hol'f, smothly 
to dt•nston ~h6 
tn two ~. out 
the holi:ler end .. C" as a 

• 

4.6 
~l t•inarv operation. 

asure the size f'rOln 
the holder end " C " to 

• 
the lens surface " 8 " 
and oaloulate the hOlder 
end outtt~ value to 
Size ( s.g 4'' -

4.6 Cut the' lder end 
"C " to the value, oal-
oulated tn the operetton 
6.& 

4.7 Cut the holder end " E " 
tll the value oaloulated 
tn the ~rat.ton .4.1. 

4.8 Dull shark ..... 
• 

. 

23().050 ... ,. ... 
0.vtoe. tool Oolmnt 

0.pth 
lniltoatc;r 
oh9ok 
te111Pl•t for 
the size 
~, ... 
atmk ~th a 

depth ot w ... 
Holder 
lensth 
L-1.,111 .. 

Test.-a:IJus-
~131 device 

Cutter 
llioromter 

Depth in-
dtoator 
chick te~ 
let to the 
stze 'S!'"ff -Cutter 

,,. 
Mill blunt ,,.. 
sor•r 



• -8-

No llflle mid oantent of' F.qut.-nt 
operation 

- -

L9 AHove U. estllbly 
rn. u. ~ .the. 

5 Clem11 
CIWi ens In b>lder 

•1th optical •1:at.ure. 

6 1111&, llSlllblJ 
centric; 01 .... ss.stms 
s;11s*•.Of ..s 6,1to,02 

• 

• 

• 

23().0SO 
•t=mmLm 

Devloe.teol Ccn 11nt 
. 

llPllDo stlok 
~loal Illa-
tin 
Cotton wd 

=~· ~ let 
6,l-0,02 

tncflcator. 
Testtrw 
devloe- CD 

.,. .,,. 
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No ._and oontent of F.qutpmnt Devtoe,tool ODmant 
operation 

1 

2 

Mlkinr-YP a set. 
... up . .. p 

. 
. - a set or ieoes 

the iS991Dl1nr unit 
Holder - 2J/J./JfZ 
Lens - z JO.IJfll 

--~. 
~Ider in ben-
zine and dry it durinr 
15 llin. 

3 Asselllbl!. a 1 DeiiiiSi the holder · 

We with berE1ne and 
t durtnr 15 mtn. at c . 

a2 lb.mt the lens in the 
holder • a 3 Apply thin uniform layer 
or-ti» herwtlo oe•nt 
in the holder Jr90Ye. 

a' lbmt the assemly in 
the otuJk of the lathe 
C bases are the thread . 
Hl,•O,S and tl•.i6stde 
holder end ~ 11~ ) • 

a 6 Re.we superfluous 
henBtio oe•nt tr! a 
cotton wad wetted in 
acetone. a 6 Centre the lens 1n the 
holder observins vtsual
lY the run-out Of the 
flashes frolR two lens surr..a mi presstnr -
the stick to strive ror 
the flashes to be stati- . 
onary while the holder 
is b8inr rotated. 

&. 7 Re.we the -mly 
t'rOll the lathe - put 
it on the horizontal 

elf!, ·-~t~ ~~t~ 
c1ur1nr 24 hours at ~ 

Benoh 
lathe 

Tank 

BMboo stiok 
Forceps 

lnje:tor 

Thread chuck 

• 

BMboo stick Prel i•inary 
lflllnifvtnr oentrinr 
1las 6x-8x 
BMboo stick 

Horizontal 
plate 

• 
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- 2 -
Ll'llS , .... 

No Nemt and oontent of' 
operation 

F.qulpmnt Devloe. tool Colnnt 

-
' Cent.rim {see drawigrl 

BaSis are #4tS1tO.S 
ard":Jf" 

4.1 llNl;ui9 ttw size from Depth 
the mlder end ":JI " to Indicator 
the lens surrace " c " check 
and calculate ttw mlder te111>let for 
end cuttinr value to the size • 

4.2 
SI~ Ci;G,02)• 

Lathe ~h=ml\ lblnt -- llSS8lllbled 
unit in ttw oentrinr clUJk with a 
ob.tok mlder n =-'th of 

Holder 

4.3 Centre the lens in 
lef,h L- ,, __ 

the holder, admissible 
shift of the " 8 " and Test-adj us-
"C " surfaces curvature tib1 device 
centre image being no - c 
mre than o,ot- Diii, 

and ~01 -· 7" 1ve1r. Ce re the ens surf ace 
" " by 111>Vi1Jr it over -

the plane surface of the 
centring chuck; and 
surface "(3 " by 1ncl1-
niog it over the spheri-
cal surface of the cent-
rinr chuok • 

cutter 4.4 Turn the holdY, sDDOthl y 
to di•nston f5 hG micro•ter 
in two passes, and out 
the holi:ler end "A " as a 

4.5 
~l 1minacy operation. 

Depth in-asure thf size from 
the holder end " A " to di Cat.or 
the lens surface " 8 " chuck tepp-
and calculate the holder let to the 
end outtl~alue to s 1 ze <c•tO.Gt 
size C6 't nn. nn 

4.6 Cut the' ho der end 

• 

''A " to the value, cal~ Cutter 
culated in the ~ration 
4.5 

4.7 Cut the holct.r end " l' " 
• th the value calculated PT in the o"'ration 4.1. 

4.8 Dull s~.•dles. Mill blunt PT• scraper 



. 
• -\:-~1 

~ ~' , 
• -a- U.WSI•_,. 

No Nlmt mid oontent of F.quipmnt Devioe.tool Cmnnt . 
operation - .. 

-. 
4..9 Ramve the --..1y 

from the lat.he. 

5 Clean1\1 8allllxx> st1 ok 
Cleen ens In holder Optical mx-

With optical llizture. ture 
Cotton -

6 ·1· :tl:'f'Yinc ~ lJ. asselllbly c~ -6x-Ba 
centric: cleanness.sizes __ .. let for 
:S.3t0,02) and(6,•~qoz)- "." -- te111>let 

ror=o2 
1nd1 • -

Test Inc 
devtoe- CD 

.,,. .,,. 

• 

• 
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• 

No 

1 

2 

3 
a1 

3.4 

3.5 

3.6 

a1 

Nam and oontent of 
operation 

MakiDK-YR a set. 
Mike up a se( or pieoes 
of' the '8SS4Jlt>l 1nt · unit 
Holder -lj.jOl/J 
Lens - 2 · .()~ 

Westline Wasn the holder in ben-
zine and dry it durinc 
15 min. 

Assed>ll Degrease ne holder 
~ve with benzine and 
~At during 15 min. at 
~ c. 
~t the lens in the 
holder • 
~Ir_ thin uniform larr 
o t hermetic cem&n 
in the holder groove. 
at>unt the asseiit>lr in 
the chuck of the athe 
(bases are the thread 
~'! •4 S' flr!d..jbe inside ho der end,, ). 
Remve superfluous 
hermetic cement by a 
cotton wad wetted in 
acetone. 
Centre the lens .in the 
holder observifll visual-
lr the run-out of the 
f ashes from two lens 

·surraoes and pressti 
the stick to strive or 
the flashes to be statt-
OnarY while the holder 
ts be 1 't rotated. 
Remove he asseDbly 
from the lathe and fut 
tt on the hortzonta 
p,la,te on the holder end 

! ", dry the asseriJilt 
durtnr 24 hours at ~ 

230.0T() 

F.qutpmnt Devtoe. tooi ec-nt 

Tank 

8ant>oo stick 
Forceps 

Injector 

Bench Thread chuck 
lathe 

Bant>oo stick Prelimi 
U.Oi~i!.1 rlass x- x 

oentrinr 

Bant>oo stick 

I 

I 

I 

Horizontal 
plate' 

I P~e 
I 1 
I P@les 
I a 
I 
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No Hane sad content or EquiP1119nt 
operation -

' Centrt!]( ~see drawigrl 
BaSis are f.3 .. 0, S" .. and"1' ~·. 

4.1 MeEUre the size from 
the hOlder end " E' " to 
the lens·surface "C" 

:·- and calculate the holder 
9rid cutti_~value to 
size C ltto, · )nm 

4.:2 lblnt the.ES&Jllbled Lathe 
urit t tri the centring 
chuck holder 

,. 
~ 

4.3 Centre th6 lens in ~ 

the holder, admissible 
shifl of the " B " and 
" C " surfaces curvature 
centre i~ being no 
mre tnan ~02 nn, 
and 0,01 ... 
resrroti velr· 
Cen re tti9 ens surface 
" C" by mY11Ji it over 
the plane surface of the 
centring chuol, .i and 
surface "B " by incli-
nior it over the spheri-
cal surface of t.he cent-
ring chuck. 

4.4 Turn the holder sJJDOthly 
to dimension ~ 15h6 
in two 1?85ses, and out 
the holaer end "A " as a 
~eliminary operation. 

4.5 asure the size from 
the holder end " A " to 

• 

the lens surface " 8 " 
and calculate the hOlder 

4.6 

end cuttiai value to 
size C4f #. 12) nn. 
Cut the holder end 
" A " to the value, cal-
culated in the operation 
4.5 E 

4.7 Cut the holder end " " 
Ua the value calculated .. 4.8 
1 n the o"'rat 1 on 4. 1 . 
Dul 1 shar~ edges. 

230..010 
LDSI ...... 

Device.tool Conent 

~ 

Depth 
indicator 
oheck 
te111>let for-
the SiZIJ 
(tdJ,Of)na 
Centring 
chuck with a 
IJI ~th of 
Holder 
le~h 
L- 5,'1na. 

Test-adj us-
ttfl device - c 

Cutter 
micrometer 

Depth in-
dioator 
chuck teq:>-
let to the 
size (~ ltl#l) 
nm 

Cutter 

P,e 
Mill blunt P,es 
so raper 

• 
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• 

• 
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Noll Name and content of 
operation 

-t- . 
4. 9 1 Rem0v12 t.ne ass~rrbl y 

5 

6 

! from the lathe. 

Cleaning 
Clean lens 

1
w1th optical 

I 
' 

in holder 
mixture. 

Check in~ 
Check tie assembly 

~:ntri~j cleanness.sizes 
r r.0,011 and(S:2 ±. 0.02) 

- 3 - 230 010 
LEllS IN BOLDER 

Equipment Device.tool lcornrrent 

Bamtoo stick! 
Optical mix-
ture 
Cotton wad 

Magnifying 
glass -6x-8x 
templet for 
'!Op1 templet 

for 5, 1-t 0,02 ' 
indicator. 
Testing 
device- CD 
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ROlJTE CHART 
TECBllOLDGICAL PROCESS 
OF ASSEJIBLill6 AllD CEllTllillG 
THE LEllS Ill 1BE BOLDER 
IUKM-llCM 

Nol Name and content of 
I 
Equipment 

operation 
-
1 Making-uE2 a set 

Jt:ake up a set of 
pieces of the assembling 
unit. 

I Holder - 230.014 I Lens - 230.030 
I 

2 I Washing 
Wash th0 holder in ben-

izine and dry it during 
15 min at t-20C. 

3 Assemblt 
3. 1 Degreasehe holder 

fitting diameter 
D8,5HQ and the and dry 
it ~uring 15 min at 
t-2 

3.2 Apply thin uniform 
layer of the hermetic 
cement in the holder 
groove. 

3.3 M::>unt lens 210.005 
1 n the holder . 

3.4 M::>unt the assemblr in Bench 
the chuck of the athe lathe 
( bases are the thread 
M13x0. 5 and the inside 
holder end-"E"). 

3.5 Re1TOve superfluous 
hermetic cement by a 
cotton wad-wetted in 
acetone. 

3.6 Centre the lens in the 
holder observing the 
run-out of the flashes 
of light from two lens 
surfaces visually and 
pressing the lens by the 
stick to strive for the 
flashes to be stationary 
whtie the holder is 

I being rotated. 

230.080 
L£llS Ill BOLDER 

Device, tool Conment 

Tank 

BanOOo stick 
Cotton wool 
Forceps 

Injector 

Thread chuck 

Bamboo stick 

Mainifytn~ Preliminar 
~6x- x centring 

stick 

2!0. 080 
P,e 

Pies 

y 



• 

• 

• 
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230.080 

LEllS IN BOLDER 

No l""""'_N_ama __ an_d_c_o_n_t_e_n_t_o_f __ Equipment_ I Device, tool I operation _ 

3.7 Rerrove the assembly Horizontal 
from the lathe and put plate 
it on the horizontal 
P.late on the holder end 
' D ", dry the assembly 
during 24 hours at t-20C 

4 Centring 
(see drawi ;1g) 
Bases are M13x0. 5 and 
end "E". 

4.1 ~asure the size from 
the holder end " D " to 

!the lens surface " 8 " ' 
and calculate the holder 
end cutting value to 
size (Q.71±0,01)rrm 

4.21t.t>unt the assembled Lathe 
unit in the centring 

!chuck holder 

4.3 Centre the lens in 
,the holder: admissible 
·shift of the " f " and I" C " surfaces curvature 
·centre image being no 
roore than 0, OZ mm, 
and 0,05 mm, 
respective 1 y. 
Centre the lens surface 
" f " by rrov1ng it over 

lthe plane surface of the 
centring chuck, and 

'surface " C " by 

I 
I I Depth 
indicator 
check 
templet for 
the size 
( 9. 71±0,01) 

mm ,. 
Centring 
chuck with a· 
gap depth of 
26 mm. 
Holder 
length 
L-24,86rrm 

Test-adjus
ting device 
- CA 

I 

Conrnent 

The turning of 
the holder to 
D15h6 1s made a 
follows: 
1-st pass-0. 15rr~ 
2-d pass-0.09rr 
3-d pass-0.01rn 
After every pas 
to check the le 
centring and to 
centre the lens I inclining it over the 

spherical surface of the 
ce~tr i ng chuck. 

4.4 Turn the holder srroothly 
to dimension ~15h6 

Cutter 
Micrometer 

I if necessary 

in two passes.and cut 
the holder end " A " as 
a preliminary operation. 

4.5 Cut the holder end" D" 
to the value calculated I in the operation 4. 1. 



• 

• 

• 

• 

Nol Name and content of 
I operation 

4.6JDull sharp edges 

i 
I 

5 1 Assembly 
BaSes are ¢t5h6 and 
holder end "D". 

5. 1 ~asure the real size 
of the holder height 
calculate the holder 
end cutting value "A" 

1 to size 4, h11. 
5.2 Cut the holder end" A" 

to the value calculated 
in operation 5.1. 

5.3,Dull sharp edges 
5.4i~errove the assembly 

6 

7 

It rom the lathe 

· Checking 

Check the assembly 
centric, cleanness and 

size (9.71±0,01)mm 

Clean in~ 
I Clean t assembled 
1
unit with optical mix-

1ture. 
I 
I 

- 3 -

Equipment 

-

Lathe 

' 

230.080 
LENS IN HOLDER 

Device, tool 

Mill blunt 
Scraper 

Thickness 
gauge 

' I 
I 
I 

1cutter 

I 
!Mill blunt 
' ·scraper 

Magnifying 
glass 6x-8x 
Indicator 
0.002 on 
it3H6 
telJl)let for 
size 
(9,71±0,01) 

mm 
Testing 
device - CD 

Optical 
mixture 
Cotton wad 
Bamboo stick 

Conrrent 

I 

I 
I 
I 
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Tecln>lQlical Promss ot Assellbli11R. 
Adjusti11R and Testi11R c:I the llicroobjecti ves 

• 

• 
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llOUfE CllAllr 
Tlrlll«JUJBICAL PllOCESS 
OF ASSEllBLill6. ADJUSTill6 
MID TESTill6 TBE llJCllOOBJB:TWE 
CF 4 JdJ.1 
Kl«W-IMM 

No Haire and content of Equipment 
operat.1on 

1 Making-uQ a set 
Make up a set of 

assent>les and pieces 
of the objective 
assent>ltes: 200. 010, 
200.020. 200.030 
Bush~ 200.012 
Cap . 007 

2 Washinf.an 
Wash mec teal pieces 
with benzine and dry 
them during 15 min at 
20C. 

3 Cleaning 
3.1 Blow and clean fitting 

inner surface of the 
case with optical mix-
ture. 

3.2 Clean lenses in the 
holders 200.010,200.020, 
200.030 with optical 
mixture. 

4 Asserol~ 
4.1 t.t>unt asserols 200.010 

200.020, 200.030 in the 
case sequentially and 
fix them with the bus-
hi ng 200. 012. 

5 

5. 1 

ZOO.ODO 
CF 4 ~.1 

Device, tool Corment 

Tank 

Cleaning sei Optical 
Rubber hand mixture 
PwrK COqx>Siti-

on:(10-15)% 
-ethyl 
hrdro1rsic 
a coho ,85% 
petroleum 
ether 

Force~s 
Wrenc 

200.000 
Inspection Page 
microscope 1 
( 1314) Pages 
Linear 4 
object 



- 2 -

• 
No Name and content of EquipMent 

-

5.2 t.easure the deviation 
of the parfccal distance 
from that of the stan-
dard objective with re-

5.3 
gard to.its sign. 
Select;a distance ring 

of required thickness 
and insert it into the 
~88 between the assembly 

. 010 and the case 
200.007 in the case of 
the deviation measured 
is positive (mi,~rosco~ 5 stage is lowered) .&o tO S. 

5.4 Cut the case end as 
rruch as obtained in 5.2 
if the deviation is ne-
gative (microscope stage 
is raised). Go to S.6. 

5.5 Release the bushing 
200.012 and put the dis-
tance ring as in 5.3 
through the clearance 
between ass. 200.010 and 

• 

the case 200.007. Tigh-
ten the bushing. 60 to 5. 1 

5.6 Unscrew the bushing Lathe 
200.012 and produce the 
assembls 200.030, 
200.020. 200.010, 
and rings from the case 

on a support. 
Cut the inner end of 

the case as in 5.4 as 
much as obtained in 5.2 
Reassemble the objective 
as in 4. 1. 

5.7 Check the parfocal dis-
tance as 1 n 5. 2. 

6. Objective centring 
6. 1 JiSunt the objective in 

the inspection micros-
cope (1314) and bring 
the object into focus. 

6.21 Coincide the object 

Device, tool 
object 

Standard 

200.000 
CF 4 x 0.1 

Comment 

objective in 
parf ccal 
distance· 

. 

Wrench 
Cutter 
Support for 
assembly 

200.000 
Inspection P,e microscope 
( 1314) Pies 
Centring 
plate 



• - 3 -

No Name and content of 
operation 

Equipment 

-
point image with the 
center of eyepiece re -
ticle by rroving the ob-
ject on the stBie. Ro-
tate the stage with the 
object and define the 
point image shift. 
If it~s-beyond the to-

lerance the objective 

6.3 
centring Rl.lSt be done. 

Rerrove the objective 
from the inspection mic-
roscope. 

Ui15Crew the bushing 
200.012 and produce the 
assembls 200.030, 
200.020 and 200.010 from 
the case, as the pole on 
a support . 
Mark the ~le and the 
case by t same positi-
on two lines ~d rotate 
the case by 90 at first 
Reassemble the objective 
as in 4.1. 

6.4 Repeat 6.1, 6.2, 6.3 
to provide the centric 
required by selecting 
the case angle of rota-
tion regarding to the 
pole . 

• 7. Coating 
7.1 coat bushing end "B" 

with enamel and micro-
talc followed by drying. 

8. Finish testing: 
8.1 Test microobjective 

perfomace according to 
microobjective documen-
tation and "Technical 
requirements for objec-
ti ves". 

• 

Device, tool 

Wrench 
Forceps 
Support for 
asserrt>ly 
Marking tool 

Squirrel 
hair-brush 

200.000 
CF 4 JL0.1 

Co111nBnt 

Depending 
on the mic 
roscope de 
sign it is 
possible c. 0 
rotate the 
rotat!ng 
bushing 
with micro 
objective 

. 

200.000 
P8ie 
p es 
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• 

• 

ROl/lE CBARr 
TECBllOLOGICAL PROCESS 
OF ASSEllBl..1116. ADJUS11116 
AllD TEST1116 TBE 111CROOBJB:TIVE 
CF 4 i0.1 
KllCW-lltN 

No Name and content of Equipment 
operat.ion 

1 Making:-u2 a set 
Make up a set of 

assembles and pieces 
of the objective 
assemblies: 200.010. 
200.020. 200.030 
Bushing 200.012 
Cap 200.007 

2 Washin~ 
Wash mec ical pieces 
with benzine and dry 
them during 15 min at 
20C. 

3 Cleaning 
3.1 Blow and clean fitting 

inner surface of the 
case wfth optical mix-
ture. 

3.2 Clean lenses in the 
holders 200.010.200.020. 
200.030 with optical 
mixture. 

4 Assembl~ 
4. 1 M:>unt assembls 200.010 

200.020. ~00.030 in the 
case sequentially and 
fix them with the bus-
hing 200. 012. 

5 Provision of the obJec-
tive arfocaI aistance 
0 t . mm in s ze. 

5.1 un e o ec ve n 
the 1ns~ect1on micros-
cope (1 14) and bring 
the ob~act into focus. 

200.000 
r.F 4 i0.1 

Device. tool Conment 

Tank 

Cleaning set Optical 
Rubber hand mixture 
plll'N< compost ti-

on:(10-15)% 
-ethyl 
hrdro1rsic 
a coho .85% 
petroleum 
ether 

Force~s 
'fir enc 

200.000 
Inspection Page 
microscope 1 
( 1314) Pages 
Linear 4 
object 
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• 
No Name and content of Equipment 

-

5.2 ~asure the deviation 
of the parfocal distance 
from that of the stan-
dar~ objective with re-

5.3 
gard to. its sign. 
Select a distance ring 

of required thickness 
and insert it into the 

• 
~88 between the assembly 

. 010 and the case 
200.007 in the case of 
the deviation measured 
ts positive (microscope 
stage is lowered) .&o tD 5.5 

5.4 Cut the case end as 
much as obtained tn 5.2 
tf the deviation is ne-
gative (microscope stage 
is raised). Go to 5. 6. 

5.5 Release the bushing 
200.012 and put the dis-
tance ring as in 5.3 
through the clearance 
between ass. 200.010 and 
the case 200.007. Tigh-
ten lhe bush1 ng. Go to 5. 7 

5.6 Unscrew the bushing Lathe 
200.012 and produce the 

• assembls 200.030, 
200.020. 200.010. 
and ring~ from the case 

on a support. 
Cut the inner end of 

the case as in 5.4 as 
much as obtained in 5.2 
Reassemble the objective 
as in 4. 1. 

5.7 Check tra parfocal dis-
tance as in 5. 2. 

6. Objective centrini 
6. 1 M5unt the objective in 

the inspection micros-
cope (1314) and bring 
the object into focus. 

• 6.2 Coincide the object 

Device, tool 
object 

Standard 

200.000 
CF 4 x 0.1 

Coriment 

objective in 
parf ocal I distance· I 

I 
' 

I 

-

I 

I 
I 

Wrench 
Cutter 
Support for I assembly 

200.000 
Inspect.1on P,e 
microscope 
( 1314) Pies 
Centring 
plate 
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No Name and content of Equipment 
operation 

-
point image wt th the 
center of eyepiece re -
ticle by rrovtng the ob-f ect on the stage. Ro-
ate the stage with the 

object and define the 
point 1~ shift. 
If tt~s- yond the to-

lerance the objective 

6.3 
centring rrust be done. 

ReIJDve the objective 
from the inspection mic-

• roscope. 
Unscrew the bushing 

200.012 and produce the 
assembls 200.030, 
200.020 and 200.010 from 
the case. as the pole on 
a support . 
Mark t,e ~ole and the 
case by t e same positi-
on two lines ~d rotate 
the case by 90 at first 
Reassemble the objective 
as in 4.1. 

6.4 Repeat 6.1, 6.2, 6.3 
to provide the centric 
required by selecting 
the case angle of rota-
tion regarding to the 
pole. 

7. Coating 
7.1 Coat bushing end "B" 

with enamel and mjcro-
talc followed by drying. 

8. Finish testini 
8.1 test microobjective 

perfonece according to 
m1croobject1ve documen-
tation and "Technical 
requirerrents for objec- , 
ti ves". 

• 

Device, tool 

Wrench 
Forceps 
Support for 
assembly 
Marking tool 

Squirrel 
hair-brush 

200.000 
CF 4 JdJ.1 

Conrnent 

Depending 
on the mic 
roscope de 
sign it ts 
possible t 
rotate the 
rotating 
bushing 
with micro 
objective 

. 

200.000 P,e 
p es 

0 



• 

• 

• 
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No 

ROUrE CHAllt 
1ErBllOLDGICAL PllOCESS 
OF ASSEllBLillG. ADJIJSTillG 
AllD 1ES11116 1BE lllCROOBJEx:rIVE 
CF 10:a0.Z5 
ICllCM-Bai 

Name and content of Equipnent 
operation 

--
1 Making:-uQ a set 

Make up a set of 
assembling units and pi-
eces cf the objective 
assembles: 210.020. 
210.030, 210.040,210.050 
Ring 210.011(2 pieces) 
Case 210. 014a 080 
Bushin~ 210.012 
Cap 21 .013 

2 Washin~ 
Wash nee ical pieces 
with benzine and dry 
them during 15 min at 
2~. 

3 C~eaning 
3. 1 Blow and clean fitting 

inner surface of the 
case with optical mix-
ture. 

3.2 Clean assemblies 
210.020, 210.030, 
210.040,210.050, With 
o~ical mixture. 

3.3 t a pole from the 
assemble 210.050, the 
ring 210.011, assemble 
210.040,the rin~ 210.011 
the asserrbls 21 .030, 

3.4 
210.020 on a sup~rt. 
Fit the case 21 .014 on 

the assembled pole and 
overturn the gole and 
screw in the ushing 
210.012 into the case 
against the stop to fix 
reliable. 

Z10.000 
CF 101llJ. Z5 

Device. tool Conwnent 

Tank -

Cleaning sef: Optical 
Rubber hand mixture 
plll'N< co~.siti-

on: 10-15)% 
-ethyl in 
hrdro1rsic 
a coho ,85% 
petroleum 
ether 

Support for 
assembly 

\,./ieoc h 
210.000 
P,e 
Pages 

4 
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Ho Name and content of Equipment 
operation 

-
4 Adjustment 
4.1 one rrust iriake this ope-

ration in accordance 
with the "Typical micro-
objective adjustment". 
unit in the centring 
chuck holder 

-. ; 

• 
5 Provision of the objec-

t Ive ~f'ocaI a I stance 
or (:Io-. 0!5~D'lll ~n size. 

5.1 M5unt the o jec Ive in 
the ins~ct1on micros-
cope (1 14) and bring 
the object 1 nto focus. 

5.2 ~asure the deviation 
of the parfocal distance 
from that of the stan-
dard objective with re-

5.3 
gard to its sign. 
Select a distance ring 

of required thickness 
and insert it into the 
~~ between the assent>ly 
1 .020 and the case • 210.014 in case the de-

viation measured is po-
sitive (m1crosco~e stage 
1 s di f J:d) . Go to . 5 

5.4 0ut case end as 
ITllCh as obtained in 5.2 
if the deviation is ne-
gat1ve (microsco~ stage 
is raised). G c to S.6 

5.5 Release the bushing 
210.012 and put the dis-
tance ring as in 5.3 
through the clearance 
between ass. 210.020 and 
the case 210.014. T1gh-
ten the bushing. fc to S.1 

5.6 Unscrew the bushing Lather 

• 210.012 and produce the 
assembls 210.. 050, 
210.040, 210.030, 

Device, tool 

Inspection 
microscope 
( 1314) 
Linear 
object 
Standard 

Z10.CJOO 
CF 1"11D. 26 

Corment 

Adjusting 
the objec 
tive on co 
ma is nede 
by trans-
verse m:>vi roao 

objective in 
parf ocal . 
distance 

210.000 

Wrench 
P,e 

Cutter Pages 
Support for 4 
assembly 
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No Name and content of Equiprrent 
operation 

-
210.020 and rings 
210.011 from the case on 
a support. Cut the inner 
end of the case as in 
5.4 as rruch as obtained 
in 5. 2. Reassent>le the 

5.7 
objective as in 3.3. 3.4 
Check the parfocal dis-

tance as in 5. 2. 

• 
6. ~cttve centr1ni 
6.1 t th0 objective in 

the ins~ction micros-
cope (1 14) and bring 
the object into focus. 

6.2 Coincide the object 
point image with the 
center of eyepiece re -
ttcle by noving the ob-
ject on the stage. Ro-
tate the stage with the 
object and define the 
point image shift. 
If it 6 s beyond the to-

lerance the objective 
centring DllSt be done. 

6.3 Renove the objective 
from the inspection mic-
roscope. 
Unscrew the bushing 

• 210.012 and produce the 
assembls 210.050, 
210.040, 210.030, 
210.020. r1~ 210.011 
from the case as the 
~e on a support. 

k the ~le and the 
case by t same pos1t1-
on two lines and rotate 
the case by 90 at first. 
Reassemble the objective 
as i n 3. 3, 3. 4. 

6.4 Check the objective co-
ma and astigmatism. If 
they are beyond the to-
lerance the corection of 
these rrust be done in 
accordance w1th the "Ty-

• pical mtcroobjective ad-
j ustment" .. 

Device. tool 

Inspection 
microscope 
( 1314) 
Centring 
plate 

-

Wrench 
Forceps 
Support for 
asseroly 
Marking tool 

%10.000 
CF 10ll0.%5 

Conwnent 

210.000 
P,e 
Pages 

4 
I 



• 
No Name and content of 

operation 
-
6.5 Repeat from 6.1 to 6.4 

to provide the decentric 
required by selecting 
the case angle of rota-
tion regarding to the 
pole and checking the 
objective coma and as-
t1iJTBt1zm evry step. 

7. Coating 
7.1 coat bUShi ng end "B'' 

with enamel and micro-
• talc followed by drying . 

8. A.sseroly 
8.1 Fill in the objective 

case holes with hermetic 
sealant. 

8.2 Renl)ve hermetic sealant 
excess by cotton wad 
wettted in acetone. 

8.3 Screw in the objective 
cap 210.013 onto the 
case. 

8.4 Clean front lens by 
cotton wad wetted in op-
tical mixture. 

8.5 Put the objective in 
the container. 

9. Finish 
• 9.1 Test mtcroobjective 

perfo~e according to 
microobjective decemen-
tation and "Technical 
requirements for objec-
ti ves". 

- 4 -

Equipment 

Z10.000 
CF 10Ji0.Z5 

Device, tool Conment 

Squirrel 
hair-brush 

Bant>oo stick 

Bant>oo stick 

. 

Cleaning set 

210.000 
Page 

4 
Pages 

4 
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RWTE CHART 
TECBllOLO GICAL PROCESS 
OF AS'SEllBLillG. ADJIJSTillG 
MID TESTillG TBE 111CROOBJECTl'IE 
CF 4011.0. 65 
ICJl(M-lllJI 

No Name and content of Equipment 
operation 

-
1 Making-u12 a set 

Make up a set of 
assent>ling units and pi-
eces of the objectiv~ 
assent>les: 220.040, 
220.050, 220.060,210.070 
Holder 220.013 
Case 220.014 
Rings 220.017,220.013, 
220.018 
Iris 220.019 
Screw 220.021 
Spring 220.022 
Cover 220. 016. 

2 Washin~ 
'flash mec ical pieces 
with benzine and dry 
them during 15 min at 
20C. 

3 Fitting in of the 
horaef witn the case 

3. 1 screw 1n tne thread bu-
shinf "A" in the holder. 

3.2 App y a frap of oil 
on the ho der surface 
and fit the case on 
the holder. 

3.3 Provide the easy and 
dense running of the 
holder tn the case by 

3.4 
reciprocuting fl'()tton. 

Rerrove the holder screw 

3.5 
out the thread bushing. 
Clean the holder and 

the case by a napkin 
wetted 1n benzine. 

3.6 Apply a grop of oil on 
the holder and the case 
and fit the case on the 
holder , then fix it 

I wtth the screw 220.021. 

220.000 
CF 40JdJ.65 

Device, tool Corrment 

Tank 

Thread bu-
shing "A" 

Hair-brush 

220.000 
Hair-brush Page 
Screw-driver 1 

I 
Pies 



• 

• 

• 

• 

- 2 -
220.000 
CF 40i0.65 

Equipment Device, tool Comment Nol Name and content or 
-1-1-o_pe_ra_t_i_o_n ______ t------t-------1-----

4 Assembly 
(see drawing 220.000) 

4. 1 Blow and clean fitting 
inner surface 013H6 with 
optical mixture. 

4.2 Clean the lenses in the1 
holders with optical 1

1

' 

mixture. 
4.3 Set a pole from the I 

assemble 220.070, the 
ring 220. 017, the assemb. , 
220.060,220.050,the ring 
220. 023, the assemb. 
220.040 on a support. 

4.4 Fit the holder with the 
case (operation 3) on 
the assembled pole; 
overturn the pole and 
screw in the thread ring 
220.018 into the holder 
against the stop to fix 
reliable. 

4.5 Screw in the thread bu
shing "8" into the case 
220.014 against the stop 
with the holder . 

5 AdJustment 
5.1 One must make this ope

ration in accordance 
with the "Typical micro
objecti ve adjustment". 

Cleaning 
Rubber hand 
pump 

Support for 
assembly 

Wrench 

Thread bu
shing "8" 
wrench 

Optical 
mixture 
compositi
on: ( 10-15)% 
-ethyl 
hydrolysic 
alcohol,85% 
petroleum 
ether 

Oisassemblv 
the ob Jee-· 
ti ve as 
follows: 
screw out 
the thread 
bushing "B" 
then thread 
ring and 
produce the 
assembls. 
from the 
holder but 
front lens, 
the thread 
ring 
220.023 



• 
No Name and content of 

operation 
-

• 
6 Provtsion of the objec-

tive ~arf'ocaI a1sEance 
of (4-t0f£15)mm in size. 

6. 1 ftt>unE t objective in 
the inspection micros-
cope ( 1314) and bring 
the object tnto focus. 

6.2 Measure the deviation 
of the parfocal distance 
from that of the stan-
dard objective with re-

• gard td 1 ts sign . 
6.3 Select a distance ring 

of required thickness 
and insert it into the 
gap between th~ assembly 
220.040 and the holder 
220.013 in case the de-
vtation measured is po-
sittve (microscope stage 
is dipped). · · 

6.4 Cut the case end (see 
drawing) as much as ob-
tained tn.6.2 as if the 
deviation ts negative 
(microscope stage ts ra-
1sed). 

6.5 Unscrew the upper thre-
ad bushin~ "B", release 
tl1& ring .20.018 and put 
the distance ring as in 
6.3 through .the cleara-

.-, - .,) -

Equipment 

220.000 
CF 40JC0.65 

Device, tool Corment 

must be 
sloped in 
the holder 
Required 
set of dis 
tance rin gs 
providing 
air gap"C" 
ingredient 
must be 
placed on 
the ring 
220.023 

I 
Inspection i 

microscope 
( 1314) 
Linear 
object 
St:.andard 
objective 
par focal 

in 

distance 

220.000 
Wrench Page 

3 
Pies 



• 

• 

• 

• 

- 4 -
220. ()(}() 
CF 40x.0,,65 

~~~~~~~~~~~-.-~~~--.~~~~~--.-~~~~-

Nol 
I 

Name and content of 
'1peration 

nee between ass. 220.040 
and the holder 220. 013. 
Tighten the ring and 
screw in the thread bu
shing "B". 

Equipment Device,tooi 
I 

6. 6 Unscrew the upper Lathe Cutter 

'flrench 
thread bushing and the 
screw 220.021, and pro-
duce the holder from the 
case. Cut the inner end 
of the case as in. 6.4 
as mush as obtained in I 
6. 2. I 
Reassemble the objective 
as follows: 
mount the holder in the 
case drive the screw and 
the thread bush1 ng. 

6.7 Check the parfocal dis
tance as in 6. 2. 

7. ~jective centring 
7.1 unt the objective in 

the inspection micros
cope (1314) and bring 
the object into focus. 

7.2 Coincide the object 
point image with the 
center of eyepiece re -
ticle by nDving the ob
ject on the stage. Ro
tate the stage with the 
object and define the 
point image shift. 

If tt's beyond the to
lerance the objective 
centring must be done. 

7.3 Remove tr.e objective 
from the 1nspect1on mic
roscope. 
Release the thread bu

shing "B", drtve the 
screw 220.021 out and 
rotate the holder 
220. 013 by 90.. until the 
next hole coincides with 
the case groove. Drive 
the screw into this hole 
and tighten the thread 
bushing. 

7.4 Repeat 7.1, 7.2 and 7.3 

Inspectior: 
microscope 
( 1314) 
Centring 
plat~ 

Wrench 

Convrent 

Depending 
on the micro 
scope design 
it is pos
sible the 
rotation of 
the rotatio 
nal bushing 
w1 th objr·c
t i ve 

22C.OOO 
Page 

4 

Pages 



• - 5 -
220.000 
CF 40JL0.65 

No Name and content of 2quipment D~vice,tool Conrrent 
operation 

to provide the decent-
ring required. 

8. Assent>!~ 
8.1 screw out the thread Wrench 

bushing "8" from the 
case. 

8.2 t.t>unt the spring 
220.022 and screw in the 
iris 220.019 into the 
case. 

8.3 Check snooth running 
of the holder in the 
case. 

9. Check in~ 
9.1 Check t objective Magnifyin~ 

cleanness glass 6x- x 
9.2 Check the objective Inspection 

centring and parfocal microscop( 
distance. ( 1314) 

10. Coating: 
coat iris 220.019 end Hair-brush 

"8" with enamel and dry 
1 t. 

11. Assembl~ 
11.1 Fill in the holder ho- Bamboo stick 

11es with hermetic 
• sealant . 

11.2 ReITDve hermetic sealant Bamboo stick 
'excess by cotton wad 
wettted in acetone. 

11.3 Screw in the cover 
1220.016 onto the case. 

11.4 Clean front lens by Cleaning set 
!cotton wad wetted in op-
tical mixture. 

11.5.Put the objective in 
the container. 

12. Finish testing 
12.1 Test microobjective 

perfomance according to 220.000 
m1croobject1ve documen-
tation and "Technical 

P,e 

• requirements for objec- Pies 
ti ves". 
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llWfE CllAllt 
TEX:llllOLD6ICAL PllOCESS 
OF ASSEllBLill6. ADJUSrlll6 
AllD TESrlll6 TBE MJCllOOBJErll'IF 
CF 100x1.25 
IUICM-JDI 

No Name and content of Equipnsnt 
operation 

-
1 Mak1ng-u2 a set 

Make up a set of 
assent>l1ng units and pi-
eces of the o~ect1ve 
assent>11es: 2 .040, 
230.050. 230.060.230.070 
230. 080. 
Holder 230.015 
Case 230.016 
Rings 230.01Q,230.022. 
230. 023. 230. 024. 
Iris 230.021 
Screw 220.021 
Spring 230.025 
Cover 230. 018. 

2 Wash in~ 
Wash mec i cal p 1 eces 
with benzine and dry 
them during 15 min at 
20C. 

3 Fitt1nf in of the 
hoiaer w th toe case 

3.1 screw in the thfeaa bu-
shigf "A" in the holder. 

3.2 App ya frop of oil 
on the ho der surface 
and fit the case on 
the holder. 

3.3 Provide the easy and 
dense running of the 
holder tn the case by 

3.4 
rec1proc1t1ng m:>tton. 

Rem:>ve the holder from 
the case and screw 

3.5 
out the thread bush1 ng. 
Clean the holder and 

the case bbea napkin 
wetted 1n nztne. 

3.6 Apply a grop of 011 on 
the holder and the case 
and fit the case on the 
holder • then ftx it 
with.the screw 220.021. 

230.000 
CF 100i1.25 

Device.tool Colml9nt 

Tank 

Thread bu-
sh1ng "A" 

Hair-brush 

230.000 
Hair-brush P,e Screw-dr1 ver 

Pies 
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• 
No Name and content of Equipment 

operation 
-
4 Assembly 

(see drawinf 230.000) 
4.1 Blow and c e8¢ fitting 

inner surface 15H6 with 
optical mixture. 

. __ ; 

4. 2 Clean the lenses in the 
holders with optical 

• mixture and put in the 
container. 

4.3 Set a pole from the 
assemblies 230. oao,&u~hi30~ 23 
230.070, 230.060, 
230.050.the riga 230.024 
the assembly 2 . 040, 

4.4 
on a support. 
Fit the holder with the 

case on the assembled 
pole. 
Overturn the pole and 
screw in the thread ring 
230.019 into the holder 
against the stop to fix 
reliable. 

4.5 Screwin in the thread 
ring 230.022 into the 
case 230.016 from the • side of the front lens 
against the stop with 
the holder end. 

4.6 Screw in the thread bu-
shing "B" into the case 
againts the stop with 
the holder end. 

5 Adjustment 
5.1 One must make this ope-

ration in accordance 
with the "Typical micro-
objective adjustment". 

• 

230.000 
CF 100x1.25 

Device, tool Corrrnent 

Cleaning Optical 
Rubber hand mixture 
punp conpositi-

on: (10-15) 
-ethyl 
hrdro1rsic 
a coho ,85 
petroleum 
ether 

Support for 
assembly 

. 
Wrench 

Wrench 

Thread bu-
shing "B" 
Wrench 

Disassembl 
the o~ec-ive 
follows: 
screw out 
the thread 
bush11g "B 
arv:t the 
thr~ad rin 
230. 01Q. 

% 

% 

y 

" 
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• 
No Name and content of Equipment 

operation 
-

- . 

• 
6 Provision of the objec-

t Ive ~arf'ocaI a I sEance 
of (4 .7t0.l)IM1 in size. 

6.1 M:>unt the objective in 
the ins~ct1on micros-
cope (1 14) and bring 
the object into focus. 

6.2 ~asure the deviation 
of the parfocal distance 
from that of the stan-
dard objective with re-

6.3 
gard to its sign. 
Select a distance ring 

of required thicknes~ 
and insert it into the 
~~ between the assembly 

.040 and the holder 
230.015 in case the de-
v1at1on measured is po-
s1t1ve (microsco~e stage 
is lowered ) . G-o o o. 5. 

6.4 Cut the ring 230.022 
end as much as obta 1 ned 

in 6.2 if the deviation 
is negative (microscope 
stage is raised) .Go t06.6 

6.5 Unscrew the upper thre-
ad bushing "B". release 

l 

230.000 
CF 100x1. 25 

Device.tool Conment 

Produce t he 
a<:>sembl i es 
from the 
holder but 
front lens 
ring 
230.024 
Jl'R.lSt be 
stop~d in 
the lder 
Required 
set of dis 
tance rin gs 
must be 
placed in 
air gaps 
"B" and"C" 

Inspection It is ne-
microscope cessary to 
(1314) apply the 
Linear grop of 1 m-
object me rs ion 
Standard ( oi 1) on 
objective in the object 
parf ocal plane 
distance 

230.000 
P,e 

Wrench 
Pies 

230.000 
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CF 100x1.25 • No Name and content of Equipment Device.tool Conment 

operat1on 
-

the ring 230.019 and put 
the distance ring as in 
6.3 through the cleara-
nee between ass. 230.040 
and the holder 230. 015. 
Tighten the rtng and 
screw in the thread bu-

6.6 
shi ng "B". &o to 6.1 

Unscrew the thread ring Lathe Cutter 
230.022 and cut it as Micrometer 
in 6.4 as·much as obtai- Wrench 
ned in 6. 2. Screw in the 

6.7 
rini into the case. 
C~ck the parfocal dis-

• tance as 1 n 6. 2 . 

7. Objective centrin~ 
7.1 MJunt the objective in Inspection 

the ins~ection micros- microscope 
cope (1 14) and bring ( 1314) 
ttie object into focus. Centring 

7.2 Coincide the object plate 
point image with the Depending 
center of eyepiece re - on the mic 
ticle by noving the ob- roscope de 
ject on the stage. Ro- Sign it 1S 
tate the stage with the possible t 
object and define the rotate the 
point image shift. rotating 
If it~s beyond the to- bushing 

lerance the objective with the 
centring must be done. mtcroobjec 

7.3 Rerrove the objective tive 

0 

• from the inspection mic-
roscope. 

Wrench Release the thread bu-
shing "B". drive the 
screw 220.021 out and 
rotate the holder 
230.015 by 90° until the 
next hole coincides with 
the case groove. Drive 
the screw into this hole 
and tighten the thread 
bu~hing. 

7.4 Repeat 7.1. 7.2 and 7.3 
to provide the cent- 230.000 
ring required. Page 

8. Assembly 4 
8.1 Screw out the thread Wrench Pies 

bushing "B"from the case 



• 
No Name and content of 

operation 
-
8.2 M:>unt the spring 

230.025 and screw in the 
iris 230.021 into the 
case. 

8.3 Check srooth running 
of the holder in the 
case. 

8.4 Clean front lens by 
cotton wad wetted in op-
tical mixture. 

8.5 Put tbe objective in 
:.he container. 

• 9. Checkinr.e 
9.1 Check t objective 

cleanness 
Q.2 Check the objective 

centring and parfocal 
distance. 

10. Coating 
Coat iris 220.019 end 

"B" with enamel and dry 
1 t. 

11. Assembly 
11.1 Fill in the holder ho-

lles with hermetic 
sealant. 

11. RemJve hermetic sealant 

• 
1excess by cotton wad 
wettted in acetone. 

11. Screw in the cover 
1230.018 onto the case. 

11.4 Clean front lens by 
!cotton wad wetted In op-
tical mixture. 

11. Put the objective in 
the container. 

12. Finish testing: 
i.1 Test microobjective 

perfomclbe according to 
microobjective documen-
tation and "Technical 
requirements for objec-
ti ves". 

• 

- 5 -

Equipment Device.tool 

Cleaning set 

Magnify in~ 
yiass 6x- x 
nspection 

microscope 
( 1314) 

Hair-brush 

Bamboo stick 

Bamboo sticl< 

Cleaning set 

230.000 
CF 100x1.25 

Conment 

. 

230.000 Pie 
Pages 



• TYPICAL lllC~B:TWES 
AD}USrllEllf -BtM 

ObJectlves: 10JdJ. 25 
• 40JL0.65 • 

1oon.Zfi 

ASSEllBLY MID ~llEllT 
OF llJCROOBJfXT. E USlllG 
STAR-TEST 

Nol Operation content Device.tool Conrnent 

1 Check-mic- ' Outside telescopic 
roscope with tube surface D1JSt 
telescopic be graduated in 
tube the tube length 

scale. Base tube • 1.1 Place the illuminator 111 umi nator length (160 nm )is 
in front of the check- marked bearing. 
microscope. Illumination sys-

tern consists of: 
1. 2 Screw in the objective Microobjec- - condenser with 

40x0,65 in the nosepiece tive 40x0,65 an ~rture iris 
and place th~ eyepiece Eyepiece 10x diap agm. roounted 
10x into the tube. from the on the microscope; 

check-mic- - illumination 
1. 3 Set telescopic tube in roscope set ( built-in or in-

the base position - dependent which 
160 mm. includes a i:y. 

collector. fie d 
1. 4 Place the star-test- Star-test iris diaphragm.) 

specimen on the micros-
cope stage and focus the 

specimen 

microscope at it. 

1. 5 Set up illumination so 
that the condenser aper-
ture diaphr~m image is 
coincided wi h the ob-
iective exit pupil. fil-
ing it fully, and col-

lector field diaphragm 
image coincided with 
the specimen. 
(Kohler type illum1na-
tion ) 

1. 6 Select some star-test 
specimen object points 
of a proper form and fix 
the specimen onto the 
stage observing through 
the microscope. 

Page • 1. 7 Screw out the objec- 1 
t1ve from the microscope Pages 

6 
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• Nol Operation content Device.tool Conrnent 

1. 8 Screw in the objective 
under testing in the no-
sepiece ( without the 
outside cap ) . 

1. 9 Set up nounting jig on 
the objective case 

t.t>unting jig 

1.10 Focus the microscope For objective 
at the specimen with the 100x1.25 put on the 
tube length equal to dro~ of inrnersion 
160 nm. . (oi ) on the speci-

men 
1.11 Place the i~e ~int 

in the center o t 

• eri:piece field of noving 
t microscope stage . 

2. Check coma aberration 
in t~ mlcrooB]ectlve ana ]ust It. 

2.1 Focus the microscope 
to the best image of the 
object point in the cen-
ter of the field of view 
using focusing mecha-
nisms. The image of the 
point due to diffraction 
is a central core disc 
surrounded by a bright 
ring. 

2. 2 Check the coma aberra-
tion by viewing the dif-

• fraction i~e of the 
central pain . If the 
coma is present the ring 
in diffraction image has 
one dark discontinuity 
(break) from one side 
and is non synrnetrical 
form. If the size of 
the ring discontinuithe 
is nore than 0,3 of t 
whole ring the coma 
value is non-tolerable. 
If coma is toletable go 
to item 3. 

2.3 Elimin~te the coma er- Screwdriver 
ror br roc>ving the second P,e 
objec ive component in 

• transverse direction Pies 
using roc>unting jig 



• 

• 

Nol 

3. 

Operation content 

screws to strive for the 
coma to be in tolerable 
viewing image of the 
point during process. 

Check theypherical 
aberration ana 
eliminate it if necesse
~ (For objectives -
.mxo. 65and 100x1 '25 
only) 

3.1 Check the spherical 
aberration presence. Re
focus the microscope at 
equal values up and down 
using fine focusing me
chanism and observe the 
changes of the diffrac
tion irrage of the cent
ral point during refocu
sing. If there is a mar
ked difference between 
up and down refocused 
images of point changes. 
there is a non-tolerable 
value of spherical aber
ration. If spherical 
aberration is non visia
ble go to i tern 4. 

3. 2 If spherical aberra
tion is present, it is 
eliminated by objective 
air gap adjusting. 

• The first step is to 

• 

determine the value of 
spherical aberration. 

3.3 Set up the tube 
length equal to 165 mm 
and repeat i tern 3. 1. 

It the spherical aber
ration value is reduced 
( i.e. non synvnetrica
lity of refocused images 
changes ts reduced, re
focusing value being 
equal) tt is necessary 
to increase tube length 
step by step (step value 
ts equal to 5 Dll'I) with 
spherical aberration 
checktn. a~ each step in 

- 3 -

Device. tool Conwnent 

For objective 
10x0.25 the follo
wing operation 
will be made on 
i tern 4, after 
item 2. 

Page 
3 

Pages 
6 
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• Nol Operation content Device.tool Corment 

accordar ·e with item 3.1 • 
Stop if .:spherical aber-
ration is not visible. 

.. 
Read tube length which 
corresponds to spherical 
aberration absence. 

If the tube length 
equal to 165 nm leads to 
increasing the spherical 
aberration value instead 
of reducing it, it is 
necessary to set u~ the 
tube length equal" o 
155 r.rn. then check the 
s~herical aberration to 
e tmtnate :t b~ reducing 
the tube !en.gt step by 
step ( step value 5 nm ) 
Read the final value of 
the tube length. corres-
ponding to the absence 
of the spherical aberra-
ti on. 

3.4 Ustng a special adjus-
tment table for this 
mtcroobject1ve one IYllSt 
determine required air 
gap increments. corres-
rending to the tube 

ngth reading. 

3.5 Rerove the rount1fli 
jug from the objective 
case and screw out the 
objective from micros-
cori. isasserrt>le the mtcro- Wrench 
object!ve, then add re-
quired set of distance 
rings providing air gap 

Distance ingredient and re-assenr 
ble. Micrometer 

3.6 Repeat the adjusting 
process starting with 
1 tern 1. 8 

-· 4. j.;• 

Page 
4 

4.1 Set up tube length Pies 
• equal to 160 nvn. 
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Nol Operation content 

4. 2 Observing diffraction 
image of central object 
point estinate the asti-
gnatism value. 

Presence of astigna-
t!sm leads to two dark 
discontinuities in the 
bright rt~ surrowlding 
the centra image. core. 
These discontinuities 
(breaks) are synnetri -
cal at both sides of 
core . In fine defocu-
sing the di~ntinuities 
rotate by g . 

If the size of the 
discontinuities is less 
than 1/4 of the whole 
ring the astigmatism ts 
tolerable and the adjus-
tment of the objective 
is finished. Screw out 
the objective from the 
check-microscor:. 

If the objec ive as-
tigmatism is a non-tole-
rable it is necessary 
to try to eliminate it. 

4. 3 One 11llSt screw out and 
disassent>le the mtcroob-
jecttve and rotate the 
ront lens or last mic-

roobjective colJl)Onent 
around the optical axis 
at the angle of 4S' 
and then re-assent>le the 
objecttve.Repeate the 
adjusttn~ process star-
ting wit item 1.8. 
without checkin and 

4. 4 If astigmatism is not 
eliminated, rotate this 
co~Qent by the angle 
of 45 once nore and re
peat item 2. 

4.5 If ast1gmatizm is not 
eltm~nated rotate in the 
same manner the next 

- 5 -

Device. tool 

Standard 
objective 

Wrench 

Conroont 

Page 
5 

Pages 
6 
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Nol Operation content 

conponent and so on. 

4.6 If after all conpo
nents being rotated but 
astigmatism not elumina
ted, objective is waster 
If on fails to eliminate 
the astigrratism by rota
ting all the objective 
corrponents the objective 
is to be rejected . 

6 -

Device.tool Conment 
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CALCULATION OF ADJUST~NT TABLE FOR 
40JdJ.65 MICROOBJECTIVE 

1. Fragment of the table of paranEters variation influence 
on spherical aberration coefficient W L . oo~o 

Parameters name I Parameters 1ncrerrent: Spherical ~rration 
I coefficient 1ncremens 
I 

Tube lenght AL - 10 - AWL. - 0. 030 
I 
I 

Air gap 1-2 Awi-r o.05 -
I 
I 4 Wj.t-! 0. 083 

2. Calculation of therlJ-i required increment of the air gap 
for the spherical aberration compensation under condition the 
tube lenght 1s changed by 1 mm: 

,,.-
~ w ----

i.·1. 4li" 6L 
"J ·1 

0.030 0.05 

---- - 0. 0018 -
0. 083 10 



- 2 -

• 
3. Adjustment table for 40x0.65 microobjective 

Tube lenght under condition Air gap increment required 
spherical aberration coll'1)ensatior, i ;."''i 

ad J-l 

130 - 0.06 
135 - 0.05 
140 - 0.04 
145 - 0.03 

• 150 - 0.02 
155 - 0. 01 
160 0 
165 0. 01 
170 0.02 
175 0.03 
180 0.04 
185 0.05 
190 0.06 

• 

• 
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CALCULATION OF ADJUSTtENT TABLE FOR 
100i1.Z5 MICROJBJECTIVE 

1. Fragment of the table of par~ters variation influence 
on spherical aberration coefficient If 

Parameters namel Parameters increment I Spherical aberration 
I I coeff tcient incremens 
I I 
I I 

Tube lenght I AL - 10 - I 4WL - 0.040 
I I 
I I 

Air gap 1-2 I 4 lj_l- 0.06 - I 41 ~.1-i 0. 060 
I I 

Air gap 2-3 I .4 w2_~ 0.06 - I 4 WJ - 0.105 
I I 

2-3 

2. Calculation of thefl' - required increments of the air gaps 
for the spherical aberration corrpensat1on under condition the 
tube lenght ts changed by 1 mn: 

... 4WL fjl'J-Z 0. 040 0. 05 
~1'1-Z - - 0. 004 -

4W3J·l 4L 0. 060 10 

r:- 4W1.. A I' l-J 0. 04 0. 05 
ol'Z-3 - · - - 0. DOZ -

~ Wg2 • .J Al 0. 106 10 

• 



.. 

• - 2 -

3. Adjustment table for 100x1.25 microobjecttve 

Tube lenght under condition Air gap increment required 
spherical aberration corrpensationl fr 1-2 

,,.,-
~--3 

130 - 0.12 - 0.06 
135 - 0.10 - 0.05 
140 - 0.08 - 0.04 
145 - 0.06 - 0.03 

• 150 - 0.04 - 0.02 
155 - 0.02 - 0.01 
160 0 0 
165 0.02 0.01 
170 0.04 0.02 
175 0.06 0.03 
180 0.08 0.04 
185 0.10 0.05 
1QO 0.12 0.06 

• 
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Ted•IDlOl(ical Process or Adjust.Irv 
or the Eyepiece 10z 
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ROUTE CHART 
TECHNOLOGICAL PROCESS 
OF ASSEMBLING THEE YEPIECE 10x 
KNal-JlCTti 

240.000 
EYEPIECE 10x 

No I Name and content of I operation 
Equ;prr€nt!Dev1ce,too~ ;Comment 

1--------~i ~~~~-~~~---
i 

3 Cleaning 
3.1 Examine visually the 

It.older 240011 to have no 
lfin. burrs, mechanical 
!damages and coating d.s-
turbance:. 1 

3.2 Blow th~ holder 2400111 
by air using a rubber I 

:hand pump. I 
i '.:'.lean tht- 240011 hol -
! d~r lns1de surface with 
!optical mixture. 
I 

3 -;, ·1 t;'c.mov"' t 'r1° ~ ""'f ···e.-• \...> • ~v . t::'" • ~ ~ V 1.:-1 • .:> 

1240003, 240004 and tne 
as:;embl y 240. 010 fr·om 
the container-. 

3. 4 Check the l ense:.:; 
240003, 240004 as id 
240010 visually to have 

I 
i 
I 

Tank 

I Container 
I 

I 
Magnifying 
glass 6x-8x 

!Rubber hand , 
I I pump 

: Bamboo ::; t i ck I 
!Optical mix-: 
ture compo- i 
s l ti on ( 10- : 
15)% ethylinl 
hydrolys1c ; 
alcohol 85% j 
petroleum 

• r 1 ~ ' 

t:tnt:r 
j Forcep:;; 

Magnifying 
glass 6x-8x 
Cleaning set 

Page 
1 

Pages 
2 
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- 2 -
240.000 

EYEPIECE 10x 
r 

No I Name an1] content of 
I of:ic2r at ion 

!Equipment Device,tool lcorrment 
I I 

-,no damages of the lens 
surraces. 

3.51 Clean the lenses 

1

240003, 240004, 240010 
with optical mi xt.ure at 
least 3-5 times pe~ one 
surface. 

3.6 Put the lenses into 
the container. 

4. Assembly 
4.1 MOunt subsequently the 

!
lens 240011, the ring . 
240005, the lens 240003, ! 
the ring 240006,th& lens· 
240004 in the holder 
240011 and screw in the 
r j ng 240007. 

4. 2 . Clear:'. the outside sur-, 
'race o! the lens 240010 
with optical mixture. 1 

4. 3 Screw the ._;ase 240012 
onto the holder 240011. 

4.4 Screw the bushing 
240008 onto the holder 
240011. 

5. I f i !""! l sh cht-<?k in accor-1 

ld1ng o &yepiece ec ni
cal ReRuirements 

5.1,-cFiecK the eyepiece for 
claann&ss. 

5.2, Check overall and at
i tachrrit-nt .._. l men;; ions ac
! ::;:;.;-.j 1 r:g t 0 °: h~ dr<.i.W H1g 
1~3J;~70,5; ~28 h12; 
1~23,2f7. 

5.3
1

' Chee~ th& eyepiece fo-,i 
cal dictance. 

1 I 

I I 

!Container 

!Forceps 
jWrench 
i 

lc1ean1ng 
~ - - t I ::-t:! -

.------. 

F'age 
2 

?ages 
2 
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The present technical requirements extend to 

biological medical laboratory "BIOMEM - L" and student 
"BIOMEM - S" microscopes - hereinafter referred to as 
microscope intended for bright field transmitted light visual 
investigation of specimens. 

Microscopes are used for laboratory research and 
studies in the field of biology. zoology, cytology, histology, 
hematology et al. 

Microscopes are designed under lllXiular concept and 
offer a choice of accessories sets. 

Maximal microscopes magnification: 
"BIOMEM - L" . . . . . 1000x 
"BIOMEM - S" . . . . . 400x 
Minimal magnification of microscopes "BIOMEM - L" and 
"BIOMEM - S" . . . . . . 40x 
Mechanical length of microscope tube ... 160 mm 

Object co-ordinate stage of microscope "BIOMEM- L" 
provides the specimen displacements in two inter-perpendicular 
directions within at least 26x76 mm expiration with 0.1 mm 
verniers. 

Illuminating system of microscope "BIOMEM - L" uses a 
halogen lamp KrM 6-20 supplied from a built-in power unit of 
6v. 20wt of supply line (220 ±22)v. 50Hz alternative current. 

t Microscopes "BIOMEM L" and "BIOMEM - $" are 
manufactured to operate in rooms with the air temperature from 
+15° to 35"C. 

1. Technical requirements. 

Microscopes must meet the present technical 
requirements and documantation sets, and also specifications 
on objectives for microscopes and specifications on eyepiece. 

1.1. Main parameter·s and characteristics. 
1.1.1.0verall sizes should be no more than: 

"BIOMEM -L" - 382 x 375 x 250 mm 
"BIOMEM -S" - 342 x 242 x 200 mm 
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1. 1. 2. "BIO~M - L" microscope mass should not exceed 9. 0 kg 
and "BIOMEM - S" microscope - 6. 5 kg. 

1. 1. 3. The displacement of the condenser in the microscope 
must be sufficient to obtain an unage of the illumination 
system field diaphragm in the object plane. 

1.1.4. Mlcroscope rr~st provide for the coincidence of the 
field diagram image centre of the illuminating system with 
the centre of the microscope linear field in the image plane. 

1.1.5. Any object point image brought into coincidence with 
eyepiece cross-hairs must stay there after the action of (10~1) 
N force on the object stage stand ( in any direction). Residual 
displacement within the object plane should nQt exceed 5J4m. 

,.. 1. 1. 6. M·ter the microscope is focused the spec1men image 

• 

must remain sharp under the action of load ( 10.0!0.l )N being 
applied normal to the object stage for 5 min. 

1.1.7. Microscope stage must rrove along the focusing 
mechanism guide parallel to the axi3 of Slght of the 
microscope; the value of deviation must be no rrore than 15'of 
arc. 

1.1.8. Aperture diaphragm image of the condenser must be 
concentric to the ex1 t pupi 1 of the 40x objective; the value 
of deviation must be no than 0. 2 mm. 

1. 1. 9. Lost mot 1 on of the f I ne feed mechanism should not 
exceed 4_,µm throughout the working range. 

Comment: t.bvement range of the stage actuated by the 
fine feed me<.:nan ism under one turn 
from the stops is inoperative. 

1. 1. 10. Specimen image on which the microscope is focused 
must continue to remain sharp when the stage is rroved by 
rotation of its knobs in both directions to the value of 5 mm; 
defocusing must not exceed 6 pun. 

1. 1. 11. Any point i rnage of the 
remain sharp when obJect1 ve power is 
magnification objective to any other 
and 100x);defocus1ng must not exceed 

focused m!cro:;cope must 
chantred over from greater 
of tts set (except for 4x 

50 .}f m. 
1.1.12. Any point of the sp&c1men stage brought coincident 

with the eyEtp1ece cros:;-hairs must stay there while any 
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microscope ob~ect1ve of its set is changed over; iffiaie shift 
must not exceed 6 JT1Jl. 

1. 2. Marking. 
1. 2. 1. As specified by the drawing each microscope nust 

have the following marking: 
microscope legend. microscope type. trade mark of 
producer plant and an ordinal nwriler in which two last 
figures rrean two last figures of the microscope pro
duct 1on year. 

3. Test regulations 

3.1. Manufactured microscope must oe tested to check the 
conform1ng of its parameters tc the r•resent technical 
requ i rerrents. 

3.2. The scope and sequence of tests 1s given in Table 1. 

Test feature 

1 

Microscope overall dtrrensions 

Microscope mass 

Poss1btiity to obtain a field 
diaphragm image 

Poss1b1l1ty to make the f1eid 
diaphragm image centre co1nc1-
dent with that of the linear 

Technical 
requirements 

2 

1. 1. 1. 

1. 1. 2. 

1. 1. 3. 

Table 1. 

Item 

Test 
methods 

3 

4. 11. 

4. 12. 

4. 1. 
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field of the microscope 

Location of the spectnen image 
after th?. action of the load 

on the stage stand 

Specimen 1f'l'lage sharpness under 

i. 1. 4. 

1. 1. 5. 

the load on the spec1nen stage 1. 1. 6. 

Pa:-alleltsm of the stage rrot1on 

of the m1 :;roscope ax1s of sight !. 1. 7. 

Concentr1c1ty of the condenser 
aperture diaphragm image and the 
objective ~x1t pup!l 

Lost rrot1on of the fine feed 
mechanism 

Sharpness of the specimen image 
when rrov!ng it by co-ordinate 
specimen stage mechanisrrs 1n ho
rizontal plane in both directions 

:. 1. 8. 

1. 1. 9. 

as far as 5 mm. 1. 1. 10. 

Specimer1 1mage sharpness when 
renewing the objectives 

~o(;at.: on of :;peel men l mag.:

wh&ri renewing the objectives 

Marking 

1.1.11. 

1. 1. 12. 

1. 3. 1. 

4. 2. 

4. 3. 

4. 4. 

4. 5. 

4. t. 

4. 7. 

4. 8 . 

4. 9. 

4. 10. 

4. 14. 
--------------------------------------------··--------------

3.3. All tests must be carr1~d out under normal weather 
0 

cond1t1ons:a1r temperature (25! 10)C, relative air hum1d1ty 
~ ~ 45-80%, atrrospher1c pressure 8.4x10 - 10.7x10 Pa 
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4. Test methods 

The list of equipment to check microscopes is given in 
the Appendix of the present technical requirements. 

"BIOtEM-L" is checked to meet the requirements in 
i terns 1. 1. 3 .• 1. 1. 4 .• 1. 1. 5 .• 1. 1. 6 .• 1. 1. 7 .• 1. 1. 8 .• 1. 1. 9 .• 1. 1. 11. • 
1. 1. 12. when the light source - halogen l~ 6v 20wt is on. 

"8 I OtEM-S"::. s checked to meet i terns 1. 1. 5. , 1. 1. 6. , 
1. 1. 7. , 1. 1. 8. , 1. 1. 9 .• 1. 1. 11. .1. 1. 12. when the outside 
illuminator (0U-19type) with a filament lamp is on. 

4. 1. Ref. 1. 1. 3. "BIOtEM-L" is checked using a centring 
plate,object1ve CF 40x0.65 and 10x eyepiece of the set as 
follows: 

4.1.1. M:>unt the eyepiece into the eyepiece tube. 
4.1.2. Place the centring plate on the microscope specimen 

stage. 
4.1.3. Screw in the objective 40x0.65 into the nosepiece of 

the microscope. 
4.1.4. Set up illumination (Koehler type) after having 

focused the microscope on the cross-hairs of the centring 
plate. 

4.1.5. Close the field diaphragm of the illuminating system 
to the half of the microscope image field size. 

4.1.6. By rroving the condenser along the optical axis of 
• the microscope make sure visually that an adequate sharp image 

of the field diaphragm 1n the eyepiece field is quite possible. 

4. 2. Ref.1.1. 4. "BIOMEM-L" is checked using a centring 
plate. 7x eyepiece. objectives CF 4x0.1 and 
CF100x1. 25 of the microscope set as follows: 

4. 2. 1. Direct the eyepiece 7x to face the light source which 
provides visually untforfl'l 1llum1nat1on of the background, for 
example, an area of the sky or a uniformly illuminated sheet 
of wh1 te paper. 

4.2.2.Viewtng through the eyepiece and rroving its eye lens 
reach a sharp image of the eyepiece cross-hairs. 

• 4.2.3. Insert the eyepiece into the microscope tube. 
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4.2.4.Place the centring plate on tt1e stage of the 
microscope. 

4.2.5.Screw the objective CF4x0.1 into the nosep1ece of the 
m1~roscope. 

4.2.6.Bring the front lens of the condenser out of the path 
of rays. 

4.2.7.Reroc>ve the holder with a frosty glass from the 
condenser. 

4.2.8.Focus the microscope on the centring plate 
cross-hairs image. 

4.2.Q.Brtng the image of the field diaphragm of the 
illumination system into focus by roc>ving the condenser along 
th'3 opt1r.al axis of the microscope. 

4.2.10.Make visually sure that tne field diaphragm image 
centre can be brought into co1nc1dence with the eyepiece cross 
-hairs by centring the fteld diaphragm irrage roc>v1ng the 
condenser horizontally using screws in the condenser stand. 

4. 2. 11. Bring the front lens of the condenser into the ray 
path, and closing partly the field diaphragm check, as above, 

the possibility to bring the centre of the field diaphragm 
image into coincidence with the cross-hairs of the ey?.piece 
for objective CF100x1.25. 

4. 3. Ref. 1. 1. 5. checking is done using obJect-micrcmeter 
• OMII,eyepiece 7x, objective CF40x0. 65 of the microscope set, 

pressure gauge BHOJIAM-ill-1( I0-42. 13. 131) 1n the following way: 
4.3. 1. Repeat il 4.2.1.-4.2.3. 
4. 3. 2. 3crew the ob]ectl ve 40x0. 65 into the m1croscope 

nosep1ece and put it into the ray path. 
4.3.3. Put the object-micrometer OMIT on the microscope 

stage. 
4. 3. 4. Set up llluminatton with the microscope being 

focussed on the object-micrometer. 
4.3.5. Brtng the tmage of any point of the 

object-micrometer line (boundary one ts preferable) into 
coincidence wtth the eyepiece cross-hairs. 

4.3.6. Press the stage stand with a pressure gauge until 
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the marks on the pressure gauge pror~ ~01ncide with the edge 
of stationary bushing. first from the right side and then from 
th~ left. 

4.~.7. V1ewing through the eyepiece take tr~ reading and 
make sure that the displacement of the object-microm&ter line 
relative to the eyepi&ce cross-hairs does not exceed 1.5 
d1vision of the eyepiece scale which corresponds to the 
ri;;qu 1 rement in L 1. 5. 

4.3.8. Repeat items 4.6.6. and 4.6.7. pressing with a 
pressure gauge upon the stand first from the l~ft ,t.hen from 
the right side . 

4. 4. Ref. 1. 1. 6. checking must be done 
specimen (RI0-836-020). eyepiece 7x. weight 
( I0-33. 23. 394) as fol lows: 

4.4.1. Repeat 4.2.1. - 4.2.3. 

us1ng a lined 
( EHOJIAM P-11 ) • 

4. 4. 2. The greatest magn1ficauon object1ve of the 
microscope set is screwed into the microscope nosep1ece and 
brought into the ray path. 

4.4.3. Place the lined specimen (Kl0-836-020) and weight 
CEMOJIAM P-11);( 10-33.23.394 )on the stage. 

4.4.4. Repeat 4.3.4. with the lined specuren. 
4.4.5. Make sure that in 5 minutes the specimen image 

remained sharp watching time by a stop-watch with the minute 
• counter scale capact ty of 30 !lllnutes and minute counter scale 

factor cf 0.5 minute. 

4. E. Ref. 1. 1. 7 checking 1s done using the ooJ€Cti. ve CF4x0. 1 
(of the microscope set). eyepiece 15x. plane-parallel plate RJO 
-924 M-004 with a cross-hairs applied to one side and silver 
plating to the other, a lamp KrM 6-20 of the m1croscope set or 
a lamp PH 8-20-1 with the appropriate supply units being used 
as follows: 

4.5.1. Repeat 4.2.1. with an eyepiece 15x 
4.5.2. Reach a sharp image of the eyepiece graticule by 

viewing through the eyepiece and moving the running part of the 
eyepiece over the thread. 
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4.5.3. Repeat 4.2.3. 
4. 5. 4. Put the plate KIO -92~004 on the microscope stage 

with the silver plated surface downward. 
4.5.5. Repeat 4.3.2. with the obje0tive 4x0.1. 
4.5.6. Switch on the lanp KI'M 6-20 or PH8-20-1. 
4.5.7. Observe in reflected light, illuminating plate from 

above. 
4.5.8. Focus the microscope on the plat.e cross-hairs image 

and make it coincident with the cross-hairs of the eyepiece, 
then focus the microscope on the plate cross-hairs image 
reflected from the silver plated surface and ensure that the 
displacement of the plate cross-hairs does not exceed 2 
divisions of the eyepiece scale which corresponds to the 
requirements in 1.1.7. 

4.6. Ref.1.1.8. checking is done using Lhe centring plate, 
microscope (MHP-~ype). objective CF 40x0.65 and eyepiece 10x 
of the microscope set, as follows: 

4.6.1. t.t>unt the eyepiece in the microscope tube. 
4.6.2. ?lace the centring plate (I0-28.41.921) on the stage. 
4.6.3. Repeat 4.3.2. 
4.6.4. Repeat 4.3.4. with the centring plate. 
4.6.5. ReITOve the eyepiece and ITOunt the microscope (MffP-4) 

instead; focus it on the objective exit pupil; observing the 
image of the condenser aperture diaphragm on it so much that 
its one edge could touch the circumference defining the 
objective exit pupil, and ensure that the exactly opposite 
edge of the aperture diaphragm image is spaced no ITOre than 
two divisions of the microscope scale from the exit pupil of 
the objective. 

4.7. Ref.1.1.9. checking is done using the objective 
CF40x0.65, lined specimen (KI0-836-020) and eyepiece 10x of the 
microscope set, as follows: 

4.7.1. Repeat 4.3.2. with the objective 40x0.65 
4.7.2.Repeat 4.3.3 . 
4. 7. 3. Put the 1 i nE·d specimen ( Kl0-836-020) on the 
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microscope stage. 
4.7.4. Repeat 4.4.4. 
4.7.5. Focus microscopi:- on th~ sharp Il'T\age of t.he lined 

spec:roon by turning the !'1ne feed knob ..::loGkwise and take the 
first reading (odd) from the scale of the fine feed 
knob.Defocus the microscope by turning the fine feed mechanism 
knob clockw!se;refocus it by turn1ng the fine feed mechanism 
~~not .::ounterc lock and 1:C'U<e the second reading (even). 

4.'7.6. Repeat 4.7.5. two times rrore. and calculate the 
arithmetic mean (a 1 ) of triree odd readings,calculate the 

arithmetic rooan (az) of three even readings find the 
difference (a" -a~.j of the arithmetic means of even and odd 
r€-a.J1n~s. Ensure that ti1~ difference obta1ned does not exceed 
two d1 v1s1or.s ·~f the fine fee1j mechanism knob scale. 
~asuraments are made in three points: in two &xtreme points 
during two revolutions of the knob up to the upper and lower 
~tops and appr·oximately in the middle of the op&rat ion range 
of the fine focusing mechanism. 

4. 8. Ref. 1.1. 10. checking ls done by means of the 
objective CF40x0.65 and eyepiece 10x of the microscope set 
using a lined speclmar. CYJ0-1318-000) to check the mechanisms 
of th& :;pc:ic1men stage travel, as follows: 

4.8. 1. Repeat 4.3.2. 
• 4.8.2. Repeat 4.2.3. 

• 

4. 8. 3. Put the l 1ned specimen ( KI0-1318-000) on the stage 
securing it between the holder and clamp. 

4. 8. 4. Repeat 4. 3. 4. w1 th the lined specimen ( I©-1318-000). 
4.8.5. By means of the stage co-ordinate travel mechanism 

displace the lined specimen to the position in which the 
specimen line edge falls within the eye;i1ece fie le; refocus 
the microscope on the 3tage image of the specimen line. 

4. 8. 6. Focus microscope on a :5harp image of the specimen 
line by rrov1ng the lined specimen long1tud1nally 8 ttmes every 
5 mm (deviation no rrore than 0.5mm) and taking read1ngs from 
th& fine f~ed mechanism knob scale . 

A ~ 7 U~I.-~. ,.J. • IVIO.l'.e sure tr1at. the d1f't'ererice between two successive 
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;.:; d1 visions or 

on a sharp image 

thi:- fine feed 

of th& specimen 
lines by noving the lined specimen in transverse direction 
W! th: r1 the who:e range of the spec 1 men lines 6 t 1 mes every 5mm 
(oic-v1at10n no rrore than 0.5mm) and taking read.rigs from the 
fifo? feed mechanism knob scale. 

4.8.9. Repeat 4.8.7. 

4. ~- Ref.1. l.11. checking is done using a 11r.-=- .specimen KIO 
-1336-020, 

• 1 ('I .... 
~- ti. t:,. 

2yep1ece 7x, as foliows: 
Repeat 4.2. 1.-4.2.3. 
Repeat 4. 7. 3 . 

4.9.3. Screw objectives CF10x0.20 and CF4Cx0.6E of the 
m1crosc0pe set into the nose piece c.f the m1croscope and bring 
the obJect1ve CF 40x0.65 intc the ray path. 

4.9.4. Repeat 4.4.4. 
4.9.5. Focus the microscope on a sharp image of the lined 

specimen. 
4.9.6. Take the first reading from the scale c.f the fine 

feed mechanism knob. 
4.9.'7. Bring the objective lOx0.20 into the ray path by 

turning the nosep1ece, and focus the microscope on the sharp 
image 0f the fieid specimen by returntng the knob of the fine 
fead mechar, ! sm. 

• 4. G. 8. Take the secc.nd reading r rom tr1e scale or tht- fine 

' 

fe&d mechanism knob and en.3ure that two readings differ no 
mere than by 25 div1s1ons of the fine feed mechanism knob 
s;;a .. a. 

4. 10. Ref. 1. 1. 12. 

alternatively checked 
all object1 ves of the microscope set are 

us1 ng a cent.r1 ng plate J0-28. 41. 921 and 
eyep1ece 15x, as fol lows: 

4. 10. 1. Rep&at 4. 2. 1. , 4. 5. ~~. , 4. 1. ~. with eyep i r:-cE- : 5x. 
4. 10.2. Repeat 4.6.2. 
4.10.3. Bring the least magn1f1cat1on object.1v.;. into the

ray path. 
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4.10.4. Repeat 4.6.4. 
4.10.5. MaY.e the image of the centring plate cross-hairs 

coincident with the cross-hairs of the 15x eyepiece and focus 
the microscope , if necessary. 

4.10.6. Any other objective is brought into the ray path by 
turning the nosepiece, focus the microscope and make sure that 
the plate cross-hairs image remains within the eyepiece field 
diaphragm which corresponds to the requirements in 1.1.12. 

4.10.7. Repeat 4.10.6. with the rest. of objectives of the 
microscope set. The objective position in the nosepiece must 
be changed four times. 

• 4.11. Ref.1.1.1. overall d1mens1ons of the microscope are 

• 

checked by measuring usio6 a measuring reel with the upper 
limit of the range of 2m , the scale factor of 1mm and the 
third class of precision. Ensure that the requirements 1n 
1. 1. 1. are met. 

4. 12. Ref. 1. 1. 2. the microscope mass is checked by 
weighting using the balance with the weighting range (0.1 
10)kg, scale factor 15g, error 0.5 division within the scale 
range (100-2500)g, and 1.0 division within (2500-10UOO)g. 

Make sur& tr1at the requirements in 1. 1. 2. are met . 



• 

• 

- 13 -

APPENDIX 
List of the required equipment for microscope 

testing. 
------------------------------------------------------------

Name and 
designation of 
equipment 

Main feature Item of TR 
using the 
eiuipment 

Comment 

-----------------------------------------------------------
1 2 3 4 

-----·-------------------------------------------------------
Microscope 
(MID>-~ type) 

Centring plate 

Eyepiece 7x 
(eyep1ece
micrometer) 

Transmitted 
l i ght specimen
mi crometer( OMII) 

Pressure gauge 
( BHOJIAM ill- 1 ) 

Lined specimen 

we 1ght 

15x eyepiece 

4.6 

4. 1. , 4. 2. 
4. 6, 4. 10. 

Magnification 7x 4.2. ,4.3, 
scale factor of 4. 4. , 4. 9. 
the graticule 
(0.100~ 0.005)mm 

Measurement range 3. 
1 mm, seal e factor 
0. 01 mm. 

1 mark 10N 4. 3. 
(deviation no more 
tha11 the 1 i ne w1 dth) 

Mass(1.000t0.005)kg 

15x magnification, 

4. 4. ,4. 7., 
4. 9. 
4.4 

4. 5.' 
g-rat1cule scale 4.10. 

factor (0. 100~0.005)mm 

to be 

purchased 
to be 

purchased 

to be 
purchased 

to be 

purchased 

to be 

purchased 

to be 
purchased 
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I 11 urni nat0r 
( OJ1-19 type) 

Lined specimen 
for checking 
stage travel 
mechanisms 
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Measuring reel Measurement range 2m, 
scale factor 1mm, 

Balance 

3-d precision class 

Weighting range 0. 1-
10kg, scale factor 
5 g, error within the 
scale range(100-2500)g 
+0.5 d1vis1on,(2500-

4. 5. 

4.5. ,4.3., to be 
4.4. ,4.6., purchased 
4. 7 .• 4. 9 .• 
4. 10. 

4. 8. 
4. 11. to be 

purchased 

10000)g ± 1.0 division 4.12. to buy 

Stop-watch Minute counter scale 
capacity - 30 minutes, 
scale factor of the 
counter - 0.5 minute 4. 4. to buy 

------------------------------------------------------------
Note: It 1s allowed to use al ternat 1 ve equipment for 

testing in case it provides for adequate test 
pararooters according to the technical 
requirements. 
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The present technical requirements cover obJectives 

for biolog1cai and medical microscopes BIOMEM-S,L. 
Th~ obJectives are manufactured to be used in rooms 

ll " with the air temperature from +15C to 35C. 

1. Technical requirements 

The obJect1ves must meet the present requirements and 
those contained in the set of documentation for objectives. 

An example of designation of objectives to be ordered 
and in documentation for other products is as follows: 

"ObJect1ve CF 40x0.65 tube 160/0.17". 

1.1. Main parameters and dimensions. 

Actual values of numerical apertures of objectives must 
correspond to those engraved on the obJect1ve case. 

Value dev1 ations should not exceed those given in Table 1. 

Aperture value engraved 
on the objective case 

Up to 0.500 
From 0.500 to 1.300 

1.300 

Table 1. 

Li mi t i ng deviation from 
objective aperture engraved 
values 

~+0.025 
L-0. 010 

±0.025 
±0.030 

1. 1. 2. ObJect1 ve magnification value:;; are to meet the 
reiqui rements specified . 
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1. 2. Characteristics. 

1.2.1. Exterior design of t~e an objective. coating and 
attachment means mu3t meet the drawing requirements. 

1. 2. 2. Surface finish defects of optical surfaces of uni ts 
(lenses in ho~d-er3) W!t:.h1n light apertures must correspond to 
surface f!nish classes specified in drawings for optical parts. 

Surfaces of optical parts must be clean. Grease 
stains.drop filITG, traces of cement and optical mixture are 
not al lowed. 

1.2.2.1. In addition tc defects allowed by the given 
surface finish ciass a deposit as S•.)me dust, cotton hairs, 
naps is allowed on the inner surfaces of objective lenses. 
Their number and sizes should not exceed the ~alues of the 
surface finish given in Table la 

Objective numerical 
aperture 

Up to 0.3 inclusive 
from 0.3 to 0.65 
inclusiv& 

From o.65 to 1.40 
inclusive 

Table la 

Allowable surface finish class 
I'OCT11141-84 

4 class for all surfaces 
3 class for 1-st and 2-nd 

surfaces of the 1-st gap 
4 class for subsequent surfaces 

2 class for the 1-st i:mer 
surf~e of th& 1-st g-ap 

3 class for the 2-nd and 3-d 
inne-r surfac~ of the 2-nd gap 
4 class for subsequent surfaces 

The number of ::>peck:; of dust and ~oints to 0. 004 mm 
ln diameter, as wt-11 a;; the number of scratches and hair to 
0. 002 mm in width is riegl8ctt-d. 

1. 2. 3. Attachment th:8ad and a collar end of the obJect1ve 
• case mu:3t t.~ .:.:lt:a1 wit.hout r1aving any cuv1t1e:; or chipping. 
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1.2.4. Diffraction image of a point given by the objective 
should represent a bright core with a concentric ring around 
it. 

The objectives with the aperture up to 0.3 a 
discontinuity up to 0.5 of the ring circumference 
al lowed , and with the aperture above 0. 3 - up to 
circumferefi~e length. 

1.2.5. The image quality of the objectives 111.lSt 
as that of the reference objective. 

length is 
0. 3 of the 

be as good 

1.2.6. An object points located on the perpendicular to the 
collar plane of the ob3ect1ve passing the intersection point 
of the thread and the collar plane must be projected by the • objective on this perpendicular. 

The deviation reduced to the object plane should not 
exceed the values shown in the values in the drawings. 

1. 2. 7. Parfocal distance must ~et the values in the 
drawings. 

1.2.8. Objective~ to aperture with an immersion liquid rrust 
be sealed against it. Ingre.3s of immersion 1 iquid onto the 
inner surface of the object! ve lenses is not allowed. 

1.2.9.Attac~nt sizes of objectives and microscope tubes 
must ~et the standard ISO 4/5"x1/36" ISO 8038-85 "Screw 
thread to objective" 

• 1.3. Marking 

• 

1.3.1. Each objective must have in a special place a mark 
indicating the name of the producer plant, magnification 
value, aperture, ~chan1cal length of the tube and the 
th1ckness of the cover glass, and also_, an ordinal number ;_n 
which two first figures ~an the last two figures of the issue 
year. 

Depending on the type of the corrected aberration the 
ob J ect i ves have the fo 11 owing Jes i gnati on: CF for chromatic 
free . 
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2. Objective testing 

2. L In order to test the quall ty of ob3ect1 ves quality 
control is perfor~~d. 

2.2. The present requirements, a set of design 
documentation and a reference objective confirmed in a 
routine way are the ma1 n documents for tests. 

2.3. The sequence of tests is given in Table 2. 

Table 2. 
------------------------------------------------------------
Objective test feature Item 

-------------------------
Technical Test 
requirements methods 

------------------------------------------------------------
Objective aperture 

Magnificat1on 

Objective exterior des1gn 

Objective surface finish 

Thread and collar end surface 
f i rii sh 

Objective centring alld image 
quality 

Object po1nt on th~ perpendicular 
to the collar plane of the 
obJective 

Parfocal distance 

Frontal l~ns tightness 
Attachment sizes of obJectives 

1. 1. 1. 

1. 1. 2. 

1. 2. 1. 

i. 2. 2. 

1. 2. 3 . 

1. 2. 4 .• 
1. 2. 5. 

1. 2. 6. 

1. 2. 7 

1. 2. 8. 
1. 2. 9. 

3. 1. 

3. 2. 

3.3 

3. 4. 

3. 4. 

3. 5. 

3. 6. 

3. 7. 

3. 8. 
3. 9. 

• Marking 1. 3. 1. 3. 10. 
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2.4. If the tests yield negative results the obje~tive is 
to be returned to analyze reasons of defec~s and to find the 
ways to rerrove them. 

After the remJval of defects the objective is retested. 
2.5. If tht- retest results are still negative the testing 

of tr~ objective is terminated and the ob3ective is re3ected. 
2.6. All tests and checks nllst be carried out under normal 

wether conditions: 
•' 

AntJient temperature (25 ± 10)C, 
relative humidity 45 - 80% 

~ ~ 

atrrospher1c pressure 8. 41L10 - 1. 7 ... 10 Pa 

3. TEST METHODS 

The list of the equipment to test the objectives is 
given in the appendix. 

3. 1. Ref. 1. 1. 1. the obJecti ves are checked using a desk 
disk-apertometer. 

The objectives are checked with the desk 
disk-apertometer as follows: locate a glass plate on the 
stage of the check-microscope; set the mechanical length of 

• the m1croscope tube to 160 mm; insert a 7x magnification 
eyepiece into the microscope tube and screw in the test 
obJecttve; focus the m1crosc~~e to the upper surface of the 
p:at& expoSliit; ;,t :: 3r: :llum1r1ator (ou -19 type); place the 
JL3c-apertomett:r instead or the plate on the stage of the 
microscope; subsequent the eyepiece with auxiliary microscope 
( MHP-4 type) being the pupil of the obJecti ve and the d1sk-
apertometer 1 nto a sharp focus; determine the 
d1sc-apertomeLer ririg wrnch can be stiii v1s1ble 1n the exit 
pupil and find the value of tt1~ ObJP.Ctive aperture from it. 

Repeat the observation at least three times and make 
sure that the objective aperture value does not exceed the 

• limiting deviations given in Table 1. 
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3.2. Ref. 1.1.2. when measuring linear magnification of the 
objective the microscope mechanica.i. length of the tube should 
be set to 160 mm. Place an obJect1 ve-m1crometer on the 
microscope stage to operate in transmitted light; insert an 
eyepiece with gratitude into the nncroscope tube. Bring the 
image of lines of the object-micrometer into a sharp focus and 
find within what number of divisions of the eyepiece scale 
falls. 

Linear magn1f1cation of the objective is calculated 
from nl.0.1 

where 

v - ---------
OB n2.0.01 

V08 - linear magnification of the test objective, 
n1 - numher of divisions of the eyepiece scale, 
n2 - number of divisions of th& 

GbJect-m1crometer ,mm, 
0. i- scale factor of the eyepiece . mm, 

0.01- scale factor of tht:: obJect-microrreter, mm 
Make sure that the actual linear magnification of the 

ob3ective corr·espori.js to that g1ve:1 in the drawing and the 
.jev1 at1011:3 do :tot ..:-xceed 57.. 1n lh'=" ab.;;:..:ilute value. 

3. 3. Ref. i.. 2. 1. meetli1g the drawings during production of 
the obJect1ve parts and units should be checked. 

• 3. 4. Ref. 1. 2. 2. the uni ts (lenses in holders) are checked 

• 

to the standard tecr.n i que ( I'OCT 1141 · 34) . 

3. 4.1. Ref. 1. 2. 2.1. assembled ot°'jectives are checked in 
transmitted scattered light using a 4x magnifying glass 
according to Table la in the present technical requirements. 

~ 4 ~ R t~ • r ~ u. • ~. e . L G. u. the objective:= ar& checked in scattered 

3. 5. Ref. 1. 2. 4. , 1. 2. 5. checking : s done using check 1 ng 
microscope incorporating an 1llum1nator (0U-19type); a set of 
i::yepieces ('7:<,10x,15xj, a set of diffraction (point) and lined 
:::;pee i men:::;, rotational hold8r and a :::;tandard obJect i ve based on 
the i ma.gt:: quality. 
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When checking the 0b]ectives the mechanical length 
of the tube is set to 16C mrr~ 

Centring (coma on the axis)qj- the objective is checked 
~ follows: when focusing the microscope to a point specimen 
the point image looks like a bright central core to which the 
first bright ring ad3oins; evaluate visually the width of the 
bright ring discontinuity and make sure that the latter does 
not exceed the allowable value. 

When checking res1dual spherical aberration in 
ob3ectives using diffraction and lined specimens it is 
necessary to compensate for the residual spherical aberration 
by changing the tube length and to make sure that it is within 

• the allowable value. 

• 

All other residual aberrations should be checked 
using a point specimen in comparison with aberrations of the 
standard obJect1ve. 

Make sure that the aberration of the test objective 
is within that. of the standard objective. 

When checking an objective with A~1.0 using a lir.9d 
specimen it is necessary to apply immersion liquid onto the 
frontal lens of the- condenser. 

3. 6 . Ref. 1. 2. 6 checking should be performed with the ins
pection microscope (1314)incorporating 15x magnification eye
piece with a graticule, ob3ect as a cross-hairs (centring plate) 

ObJ&cti ves are checked a::; follows : screw in the test 
objbctive in the inspection microscope (1314) and bring the 
object Image to a sharp focus; bring the image of a selected 
point of the obJect en the microsccpe stage. 

Rotate the microscope stage and make sure by the 
eyepiece graticule that the va~ue of the shift of the object 
point image does not exceed the value specified. 

Comment: Depending on the microscope design this checking 
may carried by rotating of the rotational bushing with tested 
ob3ecti ve. 

3. 7. Ref. 1. 2. 7. the checking is carried o•Jt using 
inspection microscope (1314) incorporating a set of objectives 

• 1n the required parfocal distance, a set of lined specimens, 
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measuring eyepieces. 
Checking is done as follows: screw in the standard 

objective in parfocal distance into the tube; put the lined 
specil'IC-n on the microscope stage. Focus the objective to a 
sharp object irr.age by moving t.he stage of the microscope( 1314) 

set a stop a;;d take the reading fr(.>m fine feed knob scale with 
the scale factor 0.002 mm. This reading is taken as zero. 
Substitute the standard objective by the test one. Bring the 
microscope stage to the stop with a coarse feed knob viewing 
thr01..1gh the eyepiece. Focus the objective to a sharp image of 
the objact by turning the fine feed knob and take the reading 
"n" from the knob scale. Determine the parfocal distance of 

• the objective from: 

• 

where 

H ~H_!:nnrwn ··r .. SI -· ~~ ..... " ) 

Hr - parfocal distance of the test objective.mm 
H 51 - parfocal d i stance of the standard 

objective taken from the certificate. 
mm; 

n - number cf divisions of the scale of 
the microscope stage displacement fine 
.feed knob. 

3. 8. Ref. 1. 2. 8. checking is done as follows: place the 
test objectives on the stage with the front lens upwards. 
Apply a drop of an immersinri liquid onto the surface of the 
front lens and al low the obJecti ve to stand in this posit ion 
for at least 4 hour:;, then d1 sass8mble the objecti ve:3. 

Make sure that lhAre is nc irn.mersion liquid in::;ide the 
objectives. 

3.9. Ref. 1.2.9. checking is done using gauges and snap 
gauges classes. 

3. 10. Ref. 1. 3. 1. checking is done by comparing the 
• object.1 ve :;et with that given in the present requirements. 
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4. Service instructions 

4.1. Objectives should be protected against shocks falling 
down and contamination. 

4. 2. It is essential to reroove dust from outer 
objectives with a clean soft brush prewashed 
alcohol and dried. 

surface of 
in ethyl 

4.3. Immersion objectives should be used at the ambient 
11 

temperature not lower than 15 C. 
4. 4. M'ter operation tne immersion 1 iqu1d should be rerooved 

by a napkin wetted in benzine or alcohol . 

APPEND I)( 

List of equipment to test the objectives 

Name 

Oisk-apertometer 

Glass plate 

Check-microscope 
with a telescopic 
tube 

Feature Technical require
ments item using the 
equipment 

Comment 

3. 1. 

3.1. 

:i>f' ve /'r.;H./ 
601 f_J "'/HO 

I I 

.j)v ..;v Ir/'·:/ 
, , i ;- ·'""" .... I / . 

. I - -
(j 

3. 1 .• J 3. 2. J 3. 5. to {r:.1. 
1-1 

" 
Huygenian eyepieces 7x,10x.15x 3. 1. • 3. 5. I(' tdj 

Illum1nator OH-19 

Aux1 l iary 
microscope MJ1P-4 

( MIR-4) 

~1. 1. • 3. 2 .• 3. 5. 

3. 1. 

( (, l:1 1 1 

I 

/r / ('/ 

( 
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Object-micrometers " '> /D 6(L(f u. ~. 

Eyepiece with a 7( I.,,(,.{ I 

gratifule 10x 3. 2. r/ 

Magnifying glass 4x 3.4 7 ,- f ~n , ~ >? 
Ii 

Diffraction (point) /((u lo specimens 3. 5. f) 
- tl(// Lined specimens 3. 5. J 3. 6. /r_,1 

Standard objective 
;: {' lay in image quality 3. 5. 

inspection 7-<'c/;h t"ra.C ~c~ 
microscope( 1314) 3. 6 .• 3. 7. t~ develo/H·c-/ iy 
Standard objective t.I7Hc -: 

-~~-~~~~~~~-~~~~~~~--------------~~~~-------------(~-~~(~ 
Note: Any alternative equipment application is allowed in 

case test parameters can be provided for in compliance 
with the present technical requirements . 
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The present technical requiraments extend to eyepiece of 
microscopes BIOMEM-S.L. 

The eyepiece is designed for visual observation. 
The eyepiece for BIOMEM-S,L microscopes is mar1ufacture~ to 

be used in rooms with air temperature from 10C to 40C and 
relative humidity no nore than 80! at the temperature of 20C. 

1. TECHNICAL REQUIREMENTS 

The eyepiece must meet the present specification conditions 
and relevar.t documentation . 

1. 1. Main parameters 
l.1.1. Actual values of focal distances should meet those 

given tn the appropriate drawings. 

1.2. Characteristics 
1.2.1. Exterior design of an eyepiece, coating and 

attachment means should meet the drawing requirements. 
1.2.2. Surface finish of optical parts should meet the 

requirements given in drawings. 
In addition to these defects a deposit as poin~s and specks 

of dust visible at the edge of the eyepiece field of view can 
be allowed of their total amount is no rrore than five units of 
up to 0.03 mm in diameter. 

The distance between the front focus and the collar end 
should meet the requirements in the drawings. 

1.2.3. Eyepiece - to- microscope tube attachment sizes 
should meet the requirements (I'OCT 3361-75). 

2.TEST REGULATIONS 

2.1. Eyepiece should be quality control tested. 
2.2. The present requirements, documentation are the main 

• documents. 
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2.3. The scope and sequence of tests are given in 

Test feature 

Focal distance 
Exterior design.coating 
and at tachrrient means 

Surface finish of 
optical part:-; 

Attachment sizes 

Item 

Technical 
requirements 

1. 1. 1. 

1. 2. 1. 

1 " • 
-· ,::,, • .1.. 

1. 2. 3. 

Table 1. 

Test 
met:1ods 

3. 1 

3.2 

3.3 

3.4 

2.4. Tests should be carried out under normal conditions: 
.:> 

ambient art temperature (25± 10)C, 
relative humidity 45 ·· 80 %, 

i.; t; 

atmospheric pressure 8.4,10 10.7. 10 Pa 

3. TEST METHODS 

The 1 i st of equipment required for testing· eyepiece is 
given in Appendix. 

3. 1. Ref. 1. 1. 1. check mg l;; done as fol lows us1 ng 
focometer. Consisting of a collimator with a scale in the 
focal plane, a stage with a holder for the test eyepiece and 
measuring microscope w1 th eyepiece-micrometer. 

Insert the test eyepiece into the stage holder with the eye 
lens facing the collimator. Bring the collimator scale image 
into a sharp focus and find within what number of the eyepiece 
scale divisions the selected number of the collimator scale 
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divisions falls. Calculate the focal distance of the eyepiece 
from the following equation 

N' • aE 
f' - f• --------

eyep. coll N.b.V 

v;here 

obj. 

f • - focal distance of the test eyepiece, mm 
eye 

f' - focal distance of the collimator objective; 
coll 

W - number of di visions of the microscope 
eyepiece scale; 

N - number of divisions of the collimator 
scale; 

V - microscope objective magnification; 
obj 

a - scale factor of the microscope eyepiece 
E scale.mm 

b - scale factor of the collimator scale, mm. 
Make sure that the focal distance of the eyepiecB 

differs from that in the drawing no roore than by 5%. 

3. 2. Ref. 1. 2. 1. meeting the drawings is checked. 
3. 3. Ref. 1. 2. 2. checking is performed using 4x magnifying 

glass by focusing it on the surface of each optical part. 
3. 4. Ref. 1. 2. 3. meeting the drawings is checked using 

11 mi ting gauges. 

4. SERVICE INSTRUCTIONS 

4. 1. Eyepieces should be protected against shocks and 
falling. 

4. 2. When using eyepieces it i ::: necessary to re1rove dust 
from outer surfaces of lenses with a soft brush pre washed in 
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alcohol or ether and dried. 

Appendix 

List of equipment to test eyepieces. 
----------------------------------------------------------------

Name of 
equipment 

Feature Technical requi-
rements item Co11111ent 
using the equipment 

---------------------~------------------------------------------

Focometer 
( optical bench) 

>l.agn i fy i ng 
glass 

Limiting gauges 

~asure:nent 

range from 0 
to 100 mm 

Magnification 
4x 

3. 1 

3.3 

3.4 

be 
purchased 

be 
purchased 

be 
purchased 

--------------------------------------------------------------
Note: Any alternative testing equipment application is 

allowed in case it provide test parameters in compliance with 
the present technical requirements . 
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Lenirwrad Institute ti Precision llecbmics and ~ics 

F I N A L REPORT 

Circ>Ject IF~1) 
contract No 89/44 

Tecmical noa-ntattm m 
F.quipment rm- As!Mtllbltrv and 
Adjust.Irv cl the Ill~ 

300. ooo Centrirv chuck 
(the air gap 55 rrun) 
310.000 eentrtrv du* 
( the a1 r gap 26 mm) 

320. 000 Auto-collimated tube 
(Centring Ad3usting Device) 

leniflll'ad 
1991 
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300.000 <DIRIIE aD2< 
(the air pp 55 •) 
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f. Carburize in depth ho,& ... 12 except 
fhe surfaces E.F. G,fl and fhread 

holes Mand N 
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0 ) n* 51,5 ... 56 HR C 3 

Sphere R 49 -IJ,os_ 2.1114,, h 14, t I ~14 

/.t 0,01 E 3. *The dimensions for inlormation 
4.~*The a~·mensions and r1Ju3hness 

qre af fer cocrti ng 
5.Check the cllmension L hy the f,:mplall 

S h R54 (-t0,05)~1f R.54 before fhe fi~fing in. 
'fJ ere ° Fit in <-fhe clirnens.1 on l a,?d f/n~ 

q~ / I/I o,QLI~ piece JIO. 016. Contoct must be no Less 
~ I than 9.i 1. . Check fhe pi.~cs far cc,,;ac'i 

'/ by paint. 
·,,-/ 6. Check flit: dt~easio~ Kb~ the f!::r .. p!.atc: 
/ l<. 119 befor1e f1ft1ng 1n fil 1n /"he. 

dim.;nsion ti end the o/c:t JlO. C.'t 
I 

Coiitact must 6e no !.ess f,?on 65 i~ 
·~ 

Check for contact by P·71:7t . 
7. Measure fhe a'lrnension Paccurate. 
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1. PURPOSE 
Auto-collimated tube lS designed tG the ce-r:tr1:1g lE-nse.s in 

the rrounts directly during centring or1 the lathe arid to test 
centring of lenses in the mounts at the te.::hnical inspection. 
Mi•.:roscope provides the centring test of· single and cemented 
~&nses also. Centring of lenses of any :: '.11ckr,ess fr0m 3 to 200 
mm in diameter can be tested with thi.3 ·::iav1ce. 
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2. Technical data 

Angula m.s.gn1f1cat1on (when setting tht? obJE-Ct1v~ 
to infinity ) ........................................ ~ 9 

a 

Eyepiece magnification ................................ 15 " 
M1n1mum scale factor of the eyepiec~ grat1cule,Ii'JT1 ..... 0. 002 
Scale factor of the eyep1~ce graticule when 
satting the objective to infinity: 

in angular measure ............. 15·· 
in 1 i near mea3ure, rrun. •........•• 0. 1 

MGasurement rarig-es of the distance between the 

ob3ect 1 ve tub~ er1d and the plane observed, mm .... from -r60 
to + __ ....-::> 

and 

from - • v<> 

to - 160 
Focal distance of the obJect1ve, mm .................. 40 
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3. Arrangement and operation or the device 

An autocoll1mat1on methc·d lS used to t~.-=t lens centr1ng. 
The device consists uf an autocoil:rrat1on tube and a 

stage which has a fitting socked for fluoroplast 1C rings arxi a 
vacuum channel connecting with a pump ;;1a a rubbE-r hcse. 

Ir: the aut·JColl1mation tub€- tay_-:; of li~ht frorn lamp l 
t:' .... 
1 1':>· 

1 ) 
.1. , via the condensor the- mark 

( cross-hairs ) 
When the obJE-Ct1ve 
the optical axis 
;_;urva'C. ur~ ceritre t~ o_ 

The lmage of the 

cut in the alun11n1um layer of the m1:rror 3. 
cons1st1ng of lenses 4 and 5 is m:·ved along 
of the dev1ce ~hE- :rie.rk lS pro1ecte.:f to the 

the- f 1rst sphe-r1cal -.=· the t&st ~ens Cl. '-1:. 

luminous mark after reflecting from the-
surf ace iS pro3ected en to the mirror 3 and examined through , 
the microscope. If th& opt1cal axis of th& lens ( the ax1s pas-

.31ng the curvature centres of the- be:!: surfaces of the lens ) 
does not co1nc1de w1th its rotat1cr: axis, there will be 

observed a beating of the luminous mark image in the field of 
vision of the eyepiece. Decentring is evaluated from the scale 
of the graticule 7. This is the way t.::. f1nd the dec~ntr1ng of 
the upper surfac~ of th~ >·n.3. Th8 lower ;;urfac-e- l :es w1 th its 
sphe~-e on the support ring, so : t:3 curvature ·..::ent.re is on the 
~eometrical axis of the lens, if lenses ar-e centred. 

Shield glas:; 8 proti::-ct:5 the dev l ce from chi pp1 ngs when the 
m.itocol l i mat lOn tub.;:; l '.=: be-: :1? rroum . .:-i:\ on the .::entri ng mach1 ne. 

The bas& 9 ( Fig. ~; .J 0r U1.;- ·1-:-v1-.::..:. has a vertical column 
10 with a l1ni?ar ::::·::al.:-. Au~_o(·oll1111.at10ri tube 12 is secured 0n 

the column by rrie-ans of the :;tand : !. :'h.s- stand can rrove along 

the column tc.geth&r w1 th tilE- tl.:be w1 th ::.t:e ~;el1,.J of the !1Ut 13. 
The tur)E- i::: ar·, c.~~.err1~H l ve rriag-n:f io..~at :on aur,ocoll 1mat ion 

m1cro:;cope. The tube 1~ with an eib;i:-.~t ;vi:- ;n the holder 15 

rrov1ng ins1d8 the tul)>:- lS .. ;cr..:-wF.-J into t.h8 case of th& 
autocollunatlcn m1cr-c.6..::o;}&. Thi;. tub8 ha;: scales of pos1t1ve 
anc negative ::::r~c1r.~n .:Lstar1;e;; 1r1 ·>:'11Um::-tre-s and rel&vant 
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s..;al'6- factor.:; of 

the 

i::-yep1ece grai.Icule tn m1crorr~ters. 

objective to the posn1vt= :;pe.:1men 

- :.:iS:.·J~ tho6- t.ube ( the oppos1 t~ side of tile Gb3ect i ve ; . 

Th~ i lluminat i0n system is roounted in the cr-.uck 16. The 
light source ( lamp PH12-30 ) is fastened inside the chuck. 
There are two screws 17 to ad3ust the illuminat1on system or. 

':'h-=:'.LE- 1:3 a vacuum -:l1ann&l 18 at th€ base or the device 
wh1ch is conn~cted 

device presses the 

checking. When being 

with the pump through a hos~. Th~ vacuum 
lens to the .support ring dur1ng its 

rotated the lens rests on the pr1sm 19 
with ltS lateral surface. Screws 20 ar.:- ir:tended :.o :nount the 
pr1srr. a•;cording to the diarooter and height of the :est piece. 

Inter-perpendicular inclination of the tube 1s done using 
control screws 21. A knurled nut 22 s&rves for m1 :::-orrietr lC 

di:~placerrent of the objective in the tut& . 
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4. Operational sequence 

jiarr:~~er. :'h~ r1ng ~s se~ected so that its diarriE-ter could be a 

b1t :ess than that cf tht- tt-st lens s1n.:2 th-= latter must rest 
w: th i ts ba-:;t- surfac;e. Gn the 

4.3. Adjust p0s1t1on -.:· 
'-'l 

·-~-·+-·.-.r ~ .. ~ .. h. ~·,-~~'"'',-mat·'"'~· ~i~~-. :-"'-'·-= ! '- J.v i '--'~ 1...1-::- au ... ·...:·~·-·.:..:.!·' i·-':I 15.:.;:u i:- • 

spc.t when setting the Gbject i ve to "6" . 

;hos: 

?ut a plane-parallel plate in th~ 2entre 
stage. Set the objective 3lternat1·1~ly :::o 
accord1 ng to the posit 2 ve :3pec i men 

: rrag;,:. 

l 1ght 

of +:.he .:3pec i rrer1 
",~· arid "5" 

rj i:?.t 3.IK'ES an 
aut-:col l i maLon i mag-e of the mark of t!~;.;. plate when ::;c-tt i ng
the o!Jject1 ve to ".~· mu::;t be near l.he ..:8ntre of th~ tube field 
of vision. At the same tune the light spot of the obJ&ct1ve ir, 
the position "6" when focussed to the plate ( using cigarette 
paper ) must b;;- in t.hE- cen~re of th& socket for rings. 

4.4. Mount a rratch1ng prism. 

4.5. Put the test lens on the ring or the base surface, the 
lens being centred relative t'.) the r 1 ng· by sight ) . 

4. 6. M:iunt the prism with respect to the l&n::;: :;o that the 
lens end is against the prism ( in a cem:?nted lens the end of 
the lens which is a filling one in a:::-:;.:.!T'bly, L; ri:-::;ting on the 
pr1srr~ ). 

: n order to check decentri ng of a s 1 n~le ler.:; it i:; 

e:;:;ent l al to know the radius of th~ upper surface and for a 
cemented len:3 - the position of the aui:.ocollimat1on points for 
all surface-..:: rF.-lat: v~ to the upper :;urface ( upper ::;ur face ls 
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the 1.::-ns surface- ..:lose:3t l.G tht- tub-= ., . The test surface 
curvature centre shown through upper s:.irr aces is ident::. :-··~ed as 
an autocollimation point. 

positions or autocoll1mat1on are found from 

..:f-rrl':?-nt i ng ) • If one knows the pos1t10:·: .:;,fan autocoll1mat1on 
point it lS necessary to find the pos1t1on cf th& objective 
and tube for the test surface from the table ( see appendix ) 
or by calculation. The lens decentr ! :-ig· is check hi by b€-at lng 
c.f t ~"" ....... 

- '1t' autocollimation image of the ITk:'Sk in the t-y2p1ece f1eld 
of v1sion when the test lens IS rotatrr1g around its ax1s. 

,.., 
fast checking it ror lS necessary to keep a log CG follows: 

Test Distance Spec l mer: TuuE- A: lowab~e Allowable 
.;urface surface between 
radius radius autocol-

1 imation 
point of 
the tE-St 

:;urface 
and up
per sur
face 

1 2 ... .) 

'-' 

distance pos 1- decentring beat lng 
scale ob- t1on of a mark 

jective on 
position thE-

col urnn 

4 6 

in divi-
s1ons 

7 

Data for the columns 1,2,3 arid 6 can be taken from drawings 
for test pieces wher8a:; those for tht- columns 4 and 5 - from 
Tables ( See appendices J. Data for th.:: column 7 are obtained 
by calculations. The Tables can be ai.;pl I ed only l f in zero 
pos1t\on of the linear scale on th~ co~urru1 10 the tube end 
touche-s the upper plane of the fl uoroplast ic ring. 

The data 1 n thi:? Tabl-:-:; arE- cal cul ate 1J from the formula 
a + k -r d - r, ( 1 

where a - di:3tance between an autcccl:1mat1on po1nt and the 
len::; upper ::::urface; 

k - r.:JbJE-Ct i W: .::pP.Cl!llE-n <j1:3tanc.;- { po:3l t lOn according 
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to the scale of tube specimen dista'1ces ~; 

d - lens thickness; 
n - position of the tube on the column. 

N o t e: When calculating it is necessary 
account the sign of values "a" 

design value of "k" must be in mil:: metres. 

to take into 
and "k"; the 

4.7. Set the objective and tube on the column to the 
divisions relevant to the test surface. The luminous mark 

which starts rroving with the lens displacemenet must be 
visible in the field of vision. 

If the distance between the autocoll imation point of the 
test surface and the upper surface is not large then 
autocollimation image of the mark can be easily found without 
using the tables. 

In this case it is required: 
4. 7. 1. To set the objective to the di vision "6" according 

to the scale of specimen distances. 
4.7.2. To bring the light s~ot from the obJective into 

foes on the upper surface of the lens by rroving the tube 
along the column ( using cigarette paper ); care must be taken 
that it should be in the centre. 

4.'l.3. To notice using the linear scale the position of the 
tube on the column which must correspond to that of the 
focusse-d light spot on th& lens :3Urface. 

4. 7. 4. To lower ( if the surface is convex , or to lift ( 
if the surface is concave ) the tube by the value of the 
curvature radius of the test surface. 

4. 7. 5. An aulocoll imat1on image of the luminous mark must 
appear in th\3 f 1eld of vision of the eyepiece. 

5. Technical condition examination 

5,.1. Align the po::;1t1or1 of the tube a:; lndicated in 
:3ubdiv1s1on 5. 2. If the cond1t1ons of this subdivision are met 
when.>screws 21 are ir, a mid-position, the instrument should be 
adjusted by tilting the tube with the released screw~; 23 which 

' . 
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fasten the tube to the stand axis and the axis to the stand. 
5.2. Put an object-micrometer on the stage. M:::>unt the 

obJecu ve against the scale factor tested. Strive for a sharp 
image of the graticule of the obJect-m1crometer by JTXJVing the 
tube along the vertical column. Count the number of "t .. 
divisions of the eyepiece graticule in "m" divisions of the 
object-micrometer graticule image and find the scale factor L 
of the eyepiece graticule in micrometers t.o measure decentr1ng 
from the formula m . 1000 

L .,. ( 2 ) 
4 t~ 

Iri ~n1s manner check whether the scale factor of the 
~raticule in its different positions. 

Departure from the scale factor engraved on the tube must 
not. exceed 10 pct. 

6. Mal ntenance 

Device should be ma.inta1ned clean as any precision 
measuring instrument. 

The outer surfaces of optical pieces are cleaned from dust 
with an ether degreased squirrel hair brush and then with a 
clean napkin. If there is a grease stain on the glass surface 
the napK1n should be slightly wetted with ether, making sure 
there is no ether under t ~e lens chuck. 

7. Storage 

Vfnen idle the instrument must be stored in a tool box. 
Unpacking and storage can be done :n a dry heated room free 
from acid or alkaline vapour:::. The temperature of (;?,0+10 1C 
and relative humidity no more than 80% must be maintained in 
the room. 

For a long-term storage unpainted parts must be covered with 
an anti-corrosive greas&. 
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Append1x 1 Table Gf autocoll1ma~1on points pos1t1ons on the scales of 

autocollima~ed tube. 
( Autocoll imauon d1stances ::tr~ positive 

Aut0collima.t1on Seal-? p0s;.t1cn Scale ' t or ta.: or, J1stance-r - , 
.J.. lens thickness, Ob"c~•iVP ~m' vert1cal J~'--l.. ~,<.., I 

mm 
·:::olumn~ mm 

a k i 

• 1 " .-, 
4 t;, .. .,:. 

0 +6 60 ') or A 
k '± 1-10 +6 '?O ') or A .... '± +20 +6 ,-l("li 

2 or 4 Ou 
+30 +6 90 2 or 4 +40 +6 100 2 or A 

'± +50 +6 110 ..., 
or 4 ~ 

+60 +6 120 ..., 
or 4 ~ 

+70 +6 130 2 or 4 
+80 +6 140 2 or 4 +90 +6 1 c::' ...... ') or A J.U'-' ..... '± +100 +6 160 2 or ~ 

'± +110 +6 1 "'('\ 2 or 4 .J.. IU • +120 +6 180 ,, 
or 4 .:;,. 

-t-130 +6 190 2 or 4 +140 +6 200 2 or 4 
+150 +6 210 2 or A 

'± +160 +6 '"''J() 2 Gr 4 .<.t:..u 

+170 +6 230 2 or 4 
+170 -16 10 g 
+180 -16 ?O 'd 



-t ,-, - .L k, -

• +190 -16 30 ·~ 

+200 -16 ~o ;;J 

+210 -16 :::;,'") i; U'...-' 

+·??n ""-··-- -16 f:1Ci ~I 

+230 -16 '?O ;d 
+240 -16 30 g 
+250 -16 90 (• 

~ 

+260 -16 .i.QC; g 
+2?0 -16 1 •I 0, ,-. 

~ .ll..' ;:i 

+280 -16 120 g 

1 2 3 4 • 
-t-290 -le· •. -.n 

i.~1\,) g 
+300 -16 ~ 10 g 
+300 -20 100 1') 

.Lu 

+320 ..,,... 
120 . ') -c . ...; l <..• 

+:340 -20 140 ...... 
10 

T35C: <)("'--.._u 160 1 '::. 
.LU 

+36C: .-,"""' -0u e.o ..... 
c,l 

+380 ~,-.. 

-0v 80 21 
+4CC -30 .. (' ..... , " . .:.uv .::....1. 

-t-.;;::c •-:Jr-. ' '·'(', ""1 -t..JV ... .::......, .... .:. 

+500 -30 200 :21 
:::~n 

T._;t_l•.J -50 E.O '?A 
<...•"% 

+600 -50 100 34 
+7.JD -50 200 34 

----

Th·3 fa•::tor is 15 "when the autocollimation distance+ lens 
thickness 13 more thar1 + 700 mm ·n1th" "posit.1.::,n on the 
ooj&cr:.i·ve scale an.Jany po.31tior. on thr::- ·fort1cal column scale. 
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• Appendix 2 
Table of autocoll imatiori points positions on the· scales of 

tube. 
( Autocollimation distances are negative ) 

1 2 3 4 

0 +6 60 2 or 4 
-10 +6 50 2 or 4 
-20 +6 40 2 or 4 
-30 +6 30 2 or 4 
-40 +6 20 2 or 4 • -40 +7 30 6 

-50 +7 20 6 
-60 +10 40 9 
-70 +10 30 g 

-80 +10 20 g 

-80 +12 40 11 
-90 +12 30 11 
-100 +12 20 11 

-100 +14 40 12 
-110 +14 30 12 
-120 +14 20 12 
-120 +20 80 17 
-130 +20 70 17 
-140 +20 60 17 

• -150 +20 50 17 
-160 +20 40 17 
-170 +20 30 17 

1 2 3 4 

-180 +20 20 17 
-190 +20 10 17 
-190 +30 110 25 
-200 +30 100 25 
-210 +30 90 25 

• 
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-220 +30 01". 

{_,II-· 25 
-230 +30 70 9i;::;: 

-..t..J 

-240 +30 60 r.i;::;: 
..:.:..t....I 

-250 +30 5(: 25 
-260 +:3(: ,1 ...... 25 '±'-' 

"""(\ -t:.,1 u +30 30 25 
-280 +')('; 

<JV 2r. v ni;::;: 
~ ... 

-290 +30 10 25 
-300 . ,...,(\ 

0 or;:: T0V 
t:..t..J 

-:300 +50 200 35 
-:340 +50 1 (\('. 

l. L'"-· 35 
-380 +50 120 35 
-400 +50 100 35 
-440 +50 60 35 
-480 +50 ,.,r. ":•h 

~'...J Ul..' 

-490 +50 10 35 
-500 +50 n 'JC:: ,_. 

:...Ju 

Th~ scale factor i:; :E "when the autccolllfnat!or: di:;tance + 
lens th1ckne:=:s ~s nlC!'e than - 500 mm with " " pos1 t ion on the 

objective scale and any po;::;1tion on the ·.;ertical column scale. 

?ig. ~ - O!:·LCe.l lavout cf the instrunient. 

Fi£". 2 - Ger:eral v~e·-h of the instrurriE-~·it. 
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Technical Doa•mtatim m 
Equis-nt for AssellblinR and 
Adjusti111r at the Micrascq>e 
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370. 000 Auto-colltnated tube 
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Technical description and service manual 
or testing device 

1. Purp:;se 

... 

The testing device is intendt-d to test the parfocal 
.j1:;tar.ce and residual decentring of obJect i ves. 

2. Techm cal data 

i..ength of the microscope tube w1 th 
a rotation chuck, rrun............ . . . . . . . . . . . . . . . . . . . . 160 
Scale factor of fine feed knob scale,:run ............ 0,002 
Scale factor of the eyepiece graticule, mm ......... 0,1 
Blacklash of the fine focusing 
mechanism no more than, mm ......................... 0,004 
Eyepiece magnification, factor ...................... 10 

3. Design of the device 

The testing device is a microscope with a built-1:-1 
illumination system, a rigid tube, rotational stage and 
mechanisrrs of fine and coarse focusing. The anicroscope is 
equipped with two renewable rotation threaded chucks to 
.;crew- in standard and test objectives ( OB 4/5" x 1/36" ) , and 
with a gauge-standard to measure parfocal distance. 

The testing device comprises: 
1) Eyepiece with a graticule 
2) Set of obJects ( lined specimen, centring plate ). 
3) $tandard obJect1ves 

4. Device ope rat 1 on technique 

4. 1. Par focal d i:3tance check i rig. 

Checking- is done as f()l lows. 3crew the rot at ion chuck 
1.bu:;hing) 330010 into the tube. Scrl?w the :;tai1darrj obJective ir: 
j.;a:focal di~::tance lnto the rotat1or1 chuck 330010, put th~ 
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lined specimen on the microscope stage. Focus the microscope 
to a sharp object image by moving the stage with c~arse and, 
if necessary. fine feed knobs, the fine feed knob being near 
the middle position of the travel range. Set gauge-standard 
in parfocal distance (330019) and take the reading from fine 
feed knob scale. This reading is taken as zero. Substitute the 
standard objective by the test one. Bring the microscope stage 
to the stop with a coarse feed knob viewing through the 
eyepiece. Focus the objective to a sharp image of the object 
by turning the fine feed knob and take the reading "n" from 
~Qe knob scale. Determine the parfocal distance of the 
ob3ective from 

H1 = Hsr .± N 0. 002 

where H r - parfocal di stance of the test objective, mm 
H~T- parfocal distance of the standard Objective 

taken from the certificate, mm 
n - number of di visions of the fine feed knob scale 

Draw a conclusion concerning the suitability of the 
objective. 

4.2. Objective centring checking. 

Objective centring checking is done as follows: 
the rotation chuck 330010 into the microscope 
standard Objective into the chuck. Place the 

screw in 
tube and 
specimen 

(centring plate) on the microscope stage. Focus the microscope 
to a sharp object image. Bring the Object cross-hairs centre 
tc that of the eyepiece graticule cross-hairs by moving the 
object. Make sure that the object cross-hairs centre remains 
stable when the chuck is rotating. Substitute the standard 
objective for test one and watch the value of the object cross 
-hairs centre imag"e displacem3nt and also the value of the 
cross-hairs imag~ beating when the chuck is rotating. Knowing 
the scale factor of the eyepiece graticule and the allowable 
value of the given m3.gn1flcat1on ob3ect1ve decentring, draw a 
ccnclus1on on the Objective su1tabll1ty. 
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with screws (330020). 
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inter-decentr1ng of obJect1ves is 
up the set one uses a rotation chuck 

In this case objective centring is done as follows: 
Screw the rotation chuck 330020 into the tube and the 

obJecti ve of the least magnification in the set into the 
chuck. rrount the centring plate on the microscope stage and 
Focus the microscope to a sharp object image. Coincide the 
cross-hairs ce. tre obJect image w!th the cross-hairs centre of 
the eyepiece graticule noving centring plate and strive for 
these centres to be without offset when chuck with objective 
under the test is rotated inter-travelling the object and the 
obJective in the chuck with the screws 330012. 

M:>unt successively the objectives of other magnifications 
starting with the lowest one in the given set and watch the 
value of offsetting the cross-hairs centre of the centring 
plate. Knowing the scale factor of the eyepiece graticule in 
each case. draw a conclusion whether it is allowable to 
include the test objective~ into the set . 

. . -
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