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ENGINEERING. SPECIFICAnON- INTE..BNAL CRYOSTATC6Ax CABLE 

:. INTRODUCTION 

~-, -:re ~r>:!::sed jrawl;igs ~ 374C•.S43-~~:9-25501e, t= :;7.i::: .. 542-r~8-.;.::>'::!E. 
:r;-: :l~t';:jj ?:.ss,=Mbi~e3 3.r9 for J(':H"r"soia:5 j,3ij'/~r/, :ha reiTla!ndet~ ;:6:t~'~ 

..~:; ·.:~:::·rl ~.: o~r':::ase j~r'ng Ff~'3E8 and ~{~SB9. The ~5ngtr:2· are 
:7"9 3./sr~ge '~r:~:~5 :ira ;!\/;:; and :0= ~lj 5t>:'~ic !;·e qucted as :.: ;:;:--'':2 ;:=;~ _ ::.:_:: 
~ :: r-;:a ::'cr' t €rmi nat;c,r~. 

1.1 List Of ,.Assemblies 

7"ne assa;r',Olles are ,:::~ tw::: t::n::=.3. Tre firs! na",e single 'dartlcal scc·ets;n ::;ach 
'::O!"::, ,.lir.lld :re sdc::r,d t:;;:;6 corsists of a soc~,etcn one end anj t''''ie' ::::i the :::;ther. 
~'ie Split cf:aCies bet'rieen the t'.-IO conr.ectors occurs in two ways. .::: "'stly fc;,r :t"s 
'::'S ,:::::ay:ab:e a spilt ::,f ::ables ;-12 t:::; one connector and 13-25 :0 !rd other ana 
sec:;n::l:y for tr.e 20 ar,d 20 coax ,:ables o;:Jd to one ccnnector :tr.:::i aver. to the other'. 

""'''':s r:umtsrs 'r: sect,ClnS i.~.i and :,1.2 include an aliowance "'or SC.3.res eir.e t:-;s 
':62: r':";::;:l'Ia tests. !=errr.;'aD ,./111 detaii the spare aSSemblies an,j t:-::se ~­

desTr;..,:t;.';:I/ tested ::::r'cr to man\.,jfact~re out an additional 6% nas ::Jeen adClSC "..: 
t:;e ;,~."t'ars. -:-h::: 3.ppralsal of trJe bl,j prices w!11 not inClude tnis ;'t;. 

ir-sr-e t:~"I!; oe 3. ~arge \'3;iat:cr: in lengths fer the cables ; iste~ ce!~'v'f 3. ....., :J :r,e 
r'T.3,nl.ifac:~.H'er sn'::)uid ex;:ec: :c fabricate C'::; a detailed ,1St ......... - be 5S ...ied r ,':';"' .'-, 

~3.r:..<':c.,:t..i;e, 'he t;)leran'::;e on lengths wi!l be :!: 8,5", 

1.1.1 Immediate Purchase 

':aCiS Cc'n nectar" Number AVdrage ~er.3:n 
. r... · ... , 
'-wi i }... End .: ~r:::lns) ,f;::et) 

.., "20 .::;...;. " 
.::: -' ....
30 6 ;;;..:....-. 
: 34 3..;. 2 ' .-'­

40 40 -, 32 
50 4-9 32 

, " ,,-,5C ;:: .:. --' 
~-":"2(' 00 33 '-' ­.- , .. , .. ,-. -,~ ..... ~; Spilt ':laj-ever. 32 

so spilt ~2-13 ::; :2 
2*26 split 12-12 256 20 

"':' .....30 6C 2*30 Split c,da-even '5 

930 
-5% ~ ,049 

----------~~'-~-~.-----------­
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1.1.2 Option To Purchase In FY 1988 

:·:u:: e 
. ',- : 

-'-' 
.:,:..:. 

SOlit ~2-1J 

r.,;; :ave r , :";P :;;:S o::)".::cr; Will De.Jr:er;:;c a: the same 'tllTie as :ne ·.:aCies ':cr Immediate 
::::..; rcr:ase ;Isteo in tr.e oreViCUS Section. 

1.1.3 Option To Pu rchase In FY 1989 

''::on ne,.:tor ':cnn~,::tcr ;·Jumter A'. era9s _-=t; '3:~ 
=!l d 1 (p Ins) Er,Cl :: :PlnSi :'feeti 

, -...: 
•= 20 128 26 

26 
i23 26 

50 26 
5(; 50 26 

'::5 

.3C Sp!i! ::rao-even 128 2t: 


SPlit ':::'dc-even 

~ ,472 

-'.e.3r.dor shOUld gi'v'e the cost an(J::letalts ot any ,mprovement !n :Jeil',er'/j3.U",8':l 
::: ::~;Jenng the materials for thiS cptlon Immediately. 

1.1.4 OptIon To Purchase In FY 1989 

::::we :.: -cr.e :arqe numoer of cab:e t/pes Fe~'mllab also '..... Isnes to cbtain an C;::!I:::~, c:c 
curcr:ase ?:.j~);tl::rr;al spa~'es at a fet undefined length as :::!etal:ed oelow. The ien:!o, 
sn:'::';,.l;j ':LJcte a ,::Jellvery for these spares from receipt of firm or"Oer an;:! 3r­

In::!:ca:J':n ·.:·f tOo': mInimum Size of acceptable :Jrder. 

-----"---_._---------- ­
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Connec::cr 

, ,-, 	 ­1 -,":'0 .-, ­" = j 

, ­
"'­

", :.2 -" ­-, - ,.:..:. . :2 ~(> 

40 
to 

split:Cld-e\ien 1:2 30 
1,)50 	 2*26 SPlit ~2-13 ':6 

2*30 split .::dd-even 1- ::"..i 

T::ai 	 .,C8 

;ne lend:,r sh·:u CI give the COSt and detariS of an:; ;mprovemen: :n je"very gair:ea 
cy,:rJer'r.g :he ma'Leriais for thiS option immediately • 

..... 
1.2 EnVironmental 

'~ese caClesl'llii be used in the C'O::al,:'r!meter '_.maer constr-;.,.ct;;:n en =:;::;",3.::":::'1 
.::.,c:e:er:,::r _3.borat:Jr>'. n-,e apDr ication ; s a moae,atei y hi gh raCia:icr en" rc,nmer,: 
" Rads! and ,mmerse:) r. liqUid Argon at a temceratur'e :Jf -',':,3 '::::151:...5' <'97 
:=:l'~:,e;~r~ait. DUling commiSSioning 1:!'-.e cryostat "'i!i !:ie raised ::J a :em;:3ra.:ui9:,f 
':1~' '':=lsi:..is 2(-0- =ahrenneit'i. 

':''-;;::'1 cur'it; S of paramount ·:)f Importance. A;:;:;endix I iists::1emICals that ,,;;C'~;:: 

::.3'</0, ::lej ::, the mant..;facture of '(hiS caOle. If in douot. any cr.emicalS '.... Sed sn':JL.o!::': 
::;e ;::;':')""911: :0 the atten!lon of Fermi ,\Jatlonal Accelerater LaD·;:;,r'ater'j "'cr :ippr':). 3.!. 

:"e prc!::::,ce caDres '..;ili De tested by Fermllab fer any ad'/erse ette·ct on ;:Ju,!ty. 

-r-8se assemblies Will also be used In a crycstar :hat wljl be.<Je!cisd cicse.::: ::ir,o _~,/ 

~::::::::22s:b;e With a minimum exper!mental :Jowntime ef 5 months tner",i"ore :;-;e rei:a!J: c.' 

::::1' ::;e.se units is of prime Impor'tance. 

CABLE 

2.1 Type Of Cable 

17. 20. ':S an d __, :::ax 
wlcths anj one cptlOr. cr:ay oe to :roar.e use ::r 3. 

------'----"~.. " '-.~~,~ ---------- ­
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2.2 Conductor 

:'-;S ~':"-~!!lat:!:·r; :5 ·:rf pr~me im=or!a~ce sc' a .:....'fV:-::: 28 ':Jf :art;er SOilj :;C;::D-:::;-:r.r~~.r."';:'..A;:­

·:.,~:ml\""m ~iiC)i :3t...·:n a3 ?D_f2:- .T:3/::e aO''1isac!e. 

2.3 Primary insuiation 

T:-:e ::,,:1:'ir-/ ins",:atlcn m ... st De ;-=1'251 (;r- any ether SUitac:e raCliatlO[i :53,':::3., l 
p:I/:T1e:- ,"i:h 90CJ :l1eChani,::al pr:Jpert,es such as flexibility ana not cec.:m;l~g ::r;:::e 
'1t the::per"atlr1g temperature. Foam Insulation can not De used as :t:= :aule3::ai~r',::: 

t:ien ::s eT7actl\eiY eva::uatec and ber~a'les as an Indefinite ieay; in the cryostat. 

2.4 Shield 

Tir. cr 3;1',er Diated :opoer 'Nire. The ::o/erage sr:ould be 30%::,r 17,0re. A "'oil anc:: 
:raln .Nlre sr,lei: IS unac:epta!Jle due to its reOuced ef~ectj'yeness at high 
",eauenc:as. ,~spiral .-.Irap :nay DE preferred jue to the ease of terminat!::.r.. 

2.5 Cable, size 

-:-r9 fT,a" mum i)'/slal: ~'ibocn (l:me:;Sicn "',:;r a .;;.!:: c::ax cabie inCluding any ''''521.': ·;C2r. 

;~ ... 5::::, is :::;::0'''';(-, cei;::',v :n Incnes. ira s!ze shouid be scaled for the alternate :at:e 

2.5 Jacket 

Te"':s::Jr any other suitable ra::::at:::n-eslstant pOiyrr.ar with jocd mecna"icai 
;:nJ;:e,-t:es sucn as flexibility, abraSion :-esistance and not oecomlng brittle at tne 
:'f:eratir.g temperature. 

2.7 Ri b bon "Constru,ctiQn 

ShCL<:j .:1 'rlOven approach ::>9 usea :he T'er"s mU3t ue man maae ar.;) :rc"";'1t :,r.2 .... :::: 
Ce <;i.er. to the Issue sf An30r ;::ur;t~.. 

http:pOiyrr.ar
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"..... * ... ~ .""'.:.....:. ......' 
....,,,.. ........ _""J 

2.8 Material Traceability 

.~. ::::cumer;;: rr.;..s: 3.ccom\=any eacn ::H::liv'6rsd 3.SSer'1D!:; jetaili:lg 
~sej " ' ,:s:onstruction. Details 01' the process operators. 
-:;:"',5;:~t! ;,'scector's ;s desirable. 

.~ 3!:·~C'·= ;ts>...:ai inspection of tht:: matenal shcui:::l :::e carned Gut ;:;r':,'.;r' ::: ___ • 


e"ar.:OI6 's to •. $'.;ally inspect t!ie quallty of trie shield and detect tne ;,:;r-esence ,..,/. c;. 


sf::'r'3.1 ~ao. T IS ;5 made pcssible due to the transparent nature or 2Li::i. 

:j;::l.;n .i st~::Jr: samole of the material should be sent to Fermilao for- appro. a!. 


3. TERMINAnON 

3.1 Connectors 

The 3.ssembiles are cf two types. The first ,:a'-/e slr.9:e :der,ti·:::alsoc::·,ets on each 
·~n::L "d'iie :ne second type consists of a soch.et on one end and two on :he ether. 
Pie :::piit cf cables between the two c:Jnnectors occurs in t'\"IO ways. 

Soi!t :ac:es:­

25 :cax ~:::.b:e. A SPII t of cab,es 
the other. 

_'.J :::'(1 d ~_ "::0a:, ::ab I es. Odd to one :;onnec:cr and aven to :r,a cti"';er. 

"2: :ac!e ;5 t:: be terminated at both ends by 0.1 inch center soacing SCCH?ts 

:::;i';~catiole ."lIh :-.111-C-83503/7 and \"lith the foliowing speCification: 

No polari ::::ation 

Beryllium ·:o;:,per::ontacts. 

Gold plated ~O.000030 Inches over :::C.JOC03: 
flash over 2:0.000007 inches NicKei Paliad: ;;m. 

To mate With 0.025":.002" square or "our;d ::i1',S 

Current rating Amp. 

:nsu!aticr '-eslstaf1Ce 
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,::;:Jnnector in:::...clalicn iT.a:~r:ai jiaSS 

UL f!ammaoiiity ra:!ng 34 '/-':'. 

Temperature rat!ng -:.'::, ': ~o +1;]5 ,­

' ..... , .... ," .... 
~ c '........ : 


-~";~ :-:nnec"t;,:riS :1!ust be soidered as tests 5t1CW :r.at..; nsc,1 der ed 
-:;;.. n :re s-a,ers; temperature envlror.ment. 

3.• 2 Soldering 

~i';r:ai(:~nterj :o~idwctors :nust be soldered :OJdc: piGS. 

:';r":)~~d(cuter; conduct:Jrs soldered to even pins. 

--~ ... ,, ­
j !:I~'in ::i smal: n\...:mber CT ".:he assemblies the abOve connectlons.-Jouid :JS reverse:. 

,.,.;ii ;Je detaiied ·n j~aw,r,9s to De ,ssued prior to manufacture. 

F: '..; " en :':1....;<: remover on pin and socKet :onr:ect:onseads to fa,!ures lto'" 
temperatureS and great care must be used dUring any cleanu;:: operations to aVOid 

get'::i ,19 fl u,.( :"emO\/er ;:,r devolved fl U)( onto the sockets. The vencers att::ntion :::: 
~r·::."n~ ::, the Issue cf ,.~rgon punty and the :Ist of problem chemicals given in 

1C;::=:":c!i< l.::::'ne SUitable sOl lent for flux removal is Ethyl~lcohol. 

,:'e 30;der:r~g operation Should oe carried out to MIL-STD-454 Req :, ... Itr, tt~e 

:1C:~lt:;r3.; -eC;Uirements drawn from MIl..-:3-46743 as listed in ,u.ppendj)( 2. 

:at:s m-..ist exit the connector shell at the :)uter corner on the ODD-PIN sioe, rr.akll'g 
d,(. angle of 25' ± 5 from perpendicular tc pins (see Orawin'3 '* 374C.543-;'-"S-' 

::=C17). The cable order will reqUlra 3. sma!: fraction of the cabes With even-p:~ 

3r,e:1 dimensions must match standard long \19 'strain-reiief') :oc;-;,-~)ect mec:~arj3i'l 
:;1' :he matching header (eg Ampneno! 842'-316-xx21-435, Ansley 512-xx43 or MIL-<:­
.~ 21-;'e<). The maximum connector dimensions are 5/8 inch by 1/4 ;nch ':J/'"' 
i~;'1e l:leh a.s shown in DraWing :if 3740.543-MB-255017, but the primar) concerr. ;8 
::he ,,:;:rrect mate t::: th2 specified header. 

3.3 St.ra.i r) .Rei lef 

~he ,~sa of ..straIn rs!ief to meet the stri!'1ger.t 7te:':ibiii:y ;'''eq~irament~ I':' t-.ei~2:\;e::! :: 
:::e essential. Vendors Will be askeo to ,:lustrate their approacr. to tr.is crobiam 'r­
;:heir technical pr:Jposal and ·... ili be expected to ;::rod\...:ce physical samc:e.s ::it -:-,8 ~;r:'2 

e;.f ai1 'I .encor viSIt. 

-----------.~- ._._.._----------- ­
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2: ~;r~ (':;,1=7" '":c ;::::.ss :he test as described in ~·1IL-':-:~3502-A ·3~c~;c-n .!,7.:- :1::.::: 

:; ... e :'::; :~e :r,":9:-.:0:a nature of coaxla: ::ab!es it may be necessary to mahe '~32 :;~ 


ec:<,,,,l ;:;ot!!ng cr <'j2ctlon moulding :0 provide strain relief. i ~,e ..;sa ::;f :'".:3 :'/::;;;; ~, 


:,::r','~ec:::r -;,::;r S!"'ilelded cables may alSO necessitate the pot":::ng c;r Inj:::t:::" ::',::;;,.o':.::n; 


5.~cr::acn to ;;f-:=vent shorts tet~~"'I'een shieids. Ths 2·5 eXi: angf::;: ~5 -::r::: ~a; 3.:--.:.l , ..... -= .. 

:)9 ' .. j~' -=nf'::H~~e:J :.j~r:ng a~j ~ott!ng operaticns.. 


:;,'~at ~,,'.l.re m""st :::2 tahen to pr-event ;],ny Pottlr.3:Jr mauldin;) .:.crr.po;..,,~js '!.i; .... ::.':, 

,,::; :~:e SCCh2;:~. A ~C'J .~ '/lsual InSj:9c't:on of tnls is :-equlreo. 

3.4 Labelling 

::as:; 2'.3S9l.,oi; sr:cwtd be given a unique Identifier embossea em t::> the surf3.ce 
:;PP:'5In:; :r.2 mating face of both connectors. No Ink should be used In tnis 
pn::::.ass. ThiS ~dant:fier will be 10 characters long and fOllow the format iisted 
ba!:\"i: ­

-. 
7r.: detailS to be forwarded prior to manufacture. 

Fermda::.-J11i also ~ro'lide adhesive barcode labels for temporary attachment to tria 
assen1t~;es. 7;....e ':a5: results for each assembly and the material ba:ch 'ritJrrnat!,=,~; 

sr,::: .... :d oe referenced to thiS number. 

4•. TESTING 

4.1 Electri.c.al 

4.1.1 Electrical characteristics 

;::8 cable should have a mean characteristic impedance ,JT 30 !: 3Q. Tne stardar'j 
je'~ iatlon ac:-oss all cables should be less tnan 3% • 

The ve:oc:tY,)T propagation should be greater than 55% the speed cf ;ight. 7r.e 
3ta::card :eV!ation across all cables should be less than 5%. 

P~e attenuation should be better than 2.2 dB / 100 ft at MHz. 7he standard 
c.:e"'latlon across all cables should be less than 2% . 

T~e .:.apac;tanc::: oerfcot should not exceed 60 cF and a re·juced f'qure .'Ie\; J 0" 

aavan:a;;eous. The standard deViation across all cables shouid De leSS tnan 2% . 

http:Electri.c.al
http:surf3.ce
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T": ":i_SS::3.:~, ::;et,"~'3'l any tvlO cables witnin an assem;:;:/ .,,::h t:::::r. :",;:::·e:; 
t~"'''''.::',a:e:::: in ::91: cr:aractenstic Impeaanca must be supo:-assea OJ at :east r;Jo5 
""c::" +~ i HHz .ird ;)y at least .:I.OdB from; to 1C jo1H:. 

-he :.::. resistance of t"1e :::eJ~:;al conduct.::::.r shoul::l not exce,::Q <>='~: .. 1':<::0 -::;C,. 


-:-r;e .3:"::eid ('esistance shcu:d be less than 30Q / leGO feet. 

Cl:~:"-':;3.ii cables should be less :han .2% . 


4.1.2 Electrical Tests 

The ",=:~dcrl'ilil carry out the follOWing electrical tests ,Jr. a '::')ft .:. '::n sarrq:::::::-:­
each :::ateh of .single coaXial cable manufactured and every 1'Jth reel received withi:1 
a;l/en batch. The tatch ''''Iii be considered tc have chan'3ed",'th a/er; change in 
certral c:::nductor, pOlymer or shiela ..",ire. A divergence of more than ;2 standard 
jeviatiens from the nominal should be cause to reject the bater.. The samp:es 
sr.ol.l!d be s8nt to t=ermi National Accelerator Laboratory With the resL;lts following 
the :eS'.:5. 

Characteristic Impedance 

VelOCity of propagation 

Attenuation 

r,e ~::II::'.",!rg ~est shou'd be carrjed::ut en a r-andor:l :; aOJacant coax ;::;a:rs :1'1 3­

~i'i~IJ::r:l 5% saIY,pie of :r,e cable assemblies. T:Je dlstr'buticn of the lengths of ":!':e 
siirr.,:::,es sr.ouid match that of the order or De '",elghted towar:::s the longer :a:Ji83. 

Crosstal k 

4.2 Mechanical 

4.2.1 Mechanical Tests 

The fOllowing physical casts should be carried out en ~ % af tt"le assemblies anCl 
jac:....;:-:entea res:....its ::l.nd tested samples ",ent to Fermilab. Ferm::ab will Identify 
samples to bt= casted. ,.\11 these tests tv be oarr:ed:lut at ambient temperature. 

The cable must pass the above electrical tests With a 150 In_.'" 
crushing load applied for a short dL;ration to .3 Inches ::1­
the cable assembly . 

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

http:Cl:~:"-':;3.ii
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The cabie must sustain at :east 100 snare as-r,:::::; L~: :),,:::; 
with 0.25 Inch bend radius) in ar.j iceat;or. "Trig _ats 
must pass the above electrical tests fcl!:)\'i:r'; tA;JS .:: 

cycling. 

The :::abiav'liil be stressed ·n use 30 :Ie ~'~au::e ":r.8 .,at:" :: 
·,.-/:thstand 50 pounds linear stress for a 3nor: ::!L;r~t;c;: 

dlthout less ct performance during or ::trter :"'.a ~:~·::.e s 
applied. The cable must pass the aoove e!ectrlcai tests.·.. ;tr. 
thiS stress apoiled. 

The terminat;on must pass the follow Ing t"'o Mil. Spec. 
tests:­

4.7.5 Cable Retention 

MIL -{:-:33!5G2A 4.7.10 Connector-Cable FleXing 

The angle over which the cable is f:exed sn:;;u:d sa 70 .r: 
oath directions from the 25 exit angle of tne caDle. 

4.3. EnyjronmelJ tal. 

4.3.1 Temperature Cycling Tests 

The vendor may provide separate Prioin:; ·or the :;,uildlng of a faellit! to c::lrry ct...t 
:ns: "'o:lowing test and should provide a price per cable to carry out that test. 
rermi National Accelerator Laboratory can provide limited assistance with the oe519r-: 
s'';; tre implementation of this procedure. The vendor may subcontract thiS test to a 
thl rd party. 

')"11 cable terml;1at:cns should be cycled 5 times between cooler than -1 90:elsius (­
321' Fanrenheit) and hotter than 93 CelSIUS (200 Fanrenheit). Liquid nitrogen ·3 

suggested as tne mear.,3 of providing the :ow temperature. The contin'..;lty ::mJ 
shorts test outLned below should be carried out each time the asserr.blles nave 
;eached both the low and high temperature equilibria. 
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Continuity ana shorts to all other :or,r,ec:ors. 7re 
::;ontJnLdty te3t to be carried out at 3rea:ar :na~i 1'.) V :';''';.1 

greater than :'00 mA and ensure the '-esistance :3 :Jelow ..j. ~1 
for the signal path and 2 Q for the r'eturr.. :r.s 3 1'0,":: :&3: 
to be carned out at a minimum of 500 V DC an:::: :0 rest fe­
an inSuiation resistance of greater "::r,an 1 ~/~\:. 

5. APPROVAL QFPRQOUCTIQNSAMPLES 

~';rmi I~ator',al~cce!erator Laboratory :s preparea to test a ~ingle sanpi= of the:oax 
::;;'l.ble orjor to weaving (if usea) and termination. This will allow approval of the 
,;able at an earl 'I stage. 

SIX wee~s atter the acceptance of the bid the vendor will prov de two samples for 
!=ermi ~jatlor.a: Accelerator Laboratory to test against the specification. Production 
.:)f the '-emalnder of the order :should not cor.tinue until approval has been given. 
wh:,:h wil i be Jone Within 15 working days. Further samples will be orovided for- te3t if the first jo not meet specifications and the 'Iendor may inclUde ,n the ::Id a 
price for these samples. 

Two ·,.;ae~s aTter the above approval the vendor Will prOVide i-er'ml:·la::;onaJ 
Acceleratcr L.aboratory with the first 10 production assemblies for tests which ·..lIi! 
be corr.oieted Within 30 wor~ing days. These will form part of the or:::er quant:ty. 
,'\poro'lal reJ:resents an acceotance of the cable and termination deSIgn. 

;wo weeld after each of the options for production has been taf-.en up :he vandor 
""iii provlae Fermi National Accelerator Laboratory With the first 10 prodLic::or. 
assemblies for tests which will oe completed within 30 working jays. Tl;ese '10/111 
form par~ of trle order quantity. Approval represents an acceptance of the cable 
and terml nation desi 9 n. 
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APPENDIX 1 - PROBLEM MATERIALSFQRARGQN PURITY 

<:::1lori nated and FI wor! nated SOlvents 
Specifically 1,1.1-trlchlo:"'oethane and 
tetrachloroethylene as listed In ~'1E.3""D-de-d" 

Fi re retardant 
Foamed materials 
Freon 
r·.erosene 
Natural Fi bers 
Silicon Rubber potting compounds (e.g. RTV) 
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APPENDIX 2 ~ ADDlTIONAL .. SQL.DeRING SPECIflCATIONS6ASED ON MIL-S-45743E 

A2,1 Certification Of Personnel 

A2. 1. 1 Inspector 

:r'scac':ion to be carried out by <~ategory 0 or better qualifiea persorr:e!. T'~e 

:;er:l~icat!<Jr. of Category 0 personnel to be carried out as detalied In the aO:)'.'9 
Specification. 

A2.1.2 Operator 

Soiderin3 operations to be carried out by Category E or better qualified personnel. 
The c;:rtlficatlon of Category E personnel to be carried out as detailed in the abcve 
3pecification. 

A2.•.2 J001 s . An.Q... E.qu ipment 

A2.2.1 Holding Tools 

Toois, fixtures and materials :.Jsed to hold or restrain wires and components shali be 
of a '::ypetJhich will not damage or deform wires, leads. wire Insulation or 
:::omponents. If toothed clips are utilized, the jaws of the clips snail be plast:c 
cc·\/ered. 

A2.3Wocl<.mansolp 

T'le worl---manship. utilized in accomplishment of the orocesses spe:::;ified !"',ereir, snail 
be of a levei of quality adequate to assure that the processed products shall meet 
tne performance requi rements of the appl icable product j rawi ngs and specif!cat;ons. 
relative to these processes. The solder connections shall have a smooth, bright 
appearance with metallic luster and shall not have a chall-..y. gritty or :rr9gu:ar 
2:.ur'faca, nor exhibit pOints (peaks), pits, scars, fractures, trapped flux, foreign 
:naterials or have holes which expose base metal (where the bottom IS not vIsible. 
t3,"posed metal will be assumed). The connections shall be completely covered oy 
solder to the extent that no base metal is visible, including the copper ends of C'...It 

'tJire or leads. Solder spatter shall not exist on adjacent components or surfaces. 

A.2.• 4... QlJaJj.ty......C.onfQ.rman.c..e"....In~p.~:tJQn 

A2.4.1 One Hundred Inspection 

Each :5oide:--ed connection and its associated 'Niring o. :eads srlall be i!3~at;/ 
i 1-..... rl;nspected to determi ne conformance to the requi rements specified herem. 1-.:>1.0'\...i 

be!O'.<J are defects of particular interest. 

http:QlJaJj.ty
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Sol der spatter 
Cold solder joint (This is of particular Importance ~s ce:d 

soldered Joints fail when temDsrature 
cycled) 

Rosin joint 

Incorrect :nsulation clearance 

Damaged insuiation 

Damaged conductor 

Excessive wicking 

Solder pOints 

Pits, scars or holes 

Fractured solder c::mnect:ons 

:nsufficient solder 

Dewettin 9 


A.2•.!:i....lnsP.ectJQoMethoos 

A2.S.1 Visual Inspection 

'/isual inspection shall be performed using a minimum of 4. times magnlfica'!:..:n. 
l..Ighting shall equal or exceed 100 foot-candles (1071 Im/m2 ), 

-------_.... -_.__... _--------­
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EXHIBIT C 


Fermilab Subcontract General Provisions 

(FL-l) 


with 


Addendum I to FL-l 

(FL-30) 


Clean Air and Water 

(FL-24) 


Sub-Subcontracting Plan Submitted in Accordance 

with Public Law 95-507 


(FL-54) 


and 


Small Business and Small Disadvantaged Business 

Sub-Subcontracting Plan 


(FL-55) 
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