FT40. 545-EN-
/79

ENGINEERING SPECIFICATION
INTERNAL CRYOSTAT COAX CABLE

LXY
O
Ul

AUgUst 7,

APPROVALS

3am Arcrsan _QP %

Jim o oChristenson

Ren Madaras QP——-E):L‘
/\; .
ian Manrng E:!g&::

Peter emetny @.2&:&_‘




TABLE OF CONTENTS

.

introouzuion

‘LU st It Assemopiies
Y Immediate Puronass
“Li.E Touen To Purznass In Fy 1282
.G Loton To Purznass In Foroo1233
.4 Tprton To Purcnass In Fy 1383

.2 Envircrnmental

Z. Ccar's

2.0 Tyos 7f Zable

2.2 Conguctor

2.2 Frimary insulautcn

Z.+ Zresid

.5 .atis 31z

-.¢ Jaceert

2.7 Rippon Constructicon

Z.% Marterial Traceabliity
. Terminaticn
Z.' Cgnnecicrs
2.2 Socigering
< Strain Seief
4 Laopsiiing

[

-
4 NG
.1oEiscirizal
4,'.1 Eisctrical characisristics
4.0.2 Eiectrical Tests
4.2 Macnanrica
Il —- - - e T o o -
4.2.1 Mechanical Tesis
4,2 Environmenta
k] *
“ .

Tamperature Cyciing T231s

S, ~oproval Of Producticn Sampis
~znandix 1 - Probiem Materials For argzsn Purity
tprerdix 2 - Additional soldering specitications

Based on MIL-S-45742E

AZ,1 Certification OFf Personnel

AZ1 Inspector

sZ.0.2 Dperaicr
A2.2 TTC's And Eguigmant

22,21 Hetding Tocis
AZ2.3 wWoremanship
L Z.4 Tuatity Zconformance Inspection

AZ.4.1 Tne Hunared Inspection

~Z.2 Inspsction Methods

AZLS.1 visua Insgecuion

ENGINEERING SPECIFICATICN
INTERNAL CRYOSTAT COAX CABLE -

s
— L WL g

o

h on e

G Db £ 13 For Tt Tos £33 1o Lt oo

PP

[

EERES RTINS e TR0 1IN T ST RN Oy TR S SURFEUNS SO SR O TV I

wd



http:Purer.as

AUgust T, tESE ENGINEERING SPECI_F_IQATIQN cage T oIt vl
INTERNAL CRYOSTAT COAX CABLE

. INTRODUCTICON

FETITUAD WIZNes 'O purcnass 9123 ICA« Carie 3ssempDiiss 38 iITs
noTre srgicssd drawings # 3T74C0,242-MB-ZIEDIE Yo ST4D.E42-MB-I
12184 asssmplies ars for immsgiats dslivery, the remander
SROTTopurs Iurng Fo13gd nd FytE The isngths

2rige 8ns R e gucisd as

Tre first nave singie iderntical 3cC- 2818 >n z2ach
ot a sockst on one end and Two oo the other.

=t can ; CONNECIOrs QCcurs N twd ways., -~ rstiy for ths
=% cCoax zabis a sphit of cables '~1Z2 12 one Zonnector and 13-3% *o 1rs cther ang
sscondiy for the IZ0 arnd 20 coax zables odd tC one connecisr angd even 1T the cthsr,
Ths numbers in secnons LY oand L. o inctude an atiowance for sparses arg Ths
IERTruclive  tesis. Farmiiab  witl detall the spare asssmbiiss and tncss o oS
desiructivaly tested oror o manufacture out an additional 8% nas Deen addsc o
the numbers, Ths appralsal ¢f the Did prices wili nct inciude tnis 3.

Trere &t Dpe a largs varaticrns in langtnsg for the cabliss 8123 bsiw ana Ins
manufaciursr snoculd excect o fabricate o a detaile st w ke ssusd zZror 2
mzrutactura, The tolsrancs on isngths wiil be = 057,

1.1.1 Immediate Purchase

Sacie Zonnector connector Numar  Averages Lenain

urt; =gt {pins) End Z {pins) Fzet;

G 2C 2¢ 32 2z
TE 30 0 & 32
17 34 34 2 Sz
Io : 40 40 2 3z
.5 30 S 43 2z
Zs 5C =G 212 25
i 30 850 23 32
40 %20 spht cod-even 32 22
SC X286 sphit 12-13 z 2
&C k26 split 12-13 2EE z0
&L 2*30 sElit cda-svean ol 22

Cr W
PR
W O

i
(&
.




Lugust 17, 1388 ENGIMNEERING SPECIFICATION cazs 2ot
INTERNAL CRYOSTAT COAX CABLE

1.1.2 Option To Purchase In FY 1988

Zacie Lonnssts Connecior Mumter AWer3TE LEnETe
SR Enag 1 ‘pirg) Exg I pinss LTE=T

47 e B T D

Py —-— g — - - -

e o1 - D

o 40 301t Tdo-even > Iz

oz o SoHT 2=t 5 S
T AL LR
+£% o7
17 tarer Uup IS SoTiCn wili be Jers2 ai the same Ume as Ine carcies ~or immsadiaie
CUrCrasse [1sted N tre Orevicus se Ton.

Zacis Zonnector connscior Numeoer 4, esrage .sngtn
R athe zad 1 foins} Era & oins; (fzer;
T 2D 20 12z =2
1= U ¢ 128 26
.7 24 id B 26
o Ky} A TIE 2
=53 o oG JED 28
iU S0 £0 443 2
o 4G AL e spirt cgc-gven 123 L)
30 S 2x30 split cgg-sven 128 ZE
TIiad 1,472
2% 1,56C

Tg .znadcr shouid give the cost ang getalls of any mprovamant N Jshi.ery  Gat
c. ozrzoering the materails for this cption immediately.

1.1.4 Option To Purchase In FY 1989

umecer cf cabie tvpss Fsrmijab 2isCc wisnes tc cbfain an

Zuz T ire jarges n SoTise
curcrase afdaiticnal spares ¢t a ;‘-‘et undefined !erngith as gestalied peow. The vendor
srowd Susts a dshivary for these sparss from receipt of firm ordsr ana ar
nzicaticn of tne minimum size of acceptatle order,
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CRORN letal of-Toizele Connecior Numter LAuerages Lgngin
LT Zrz v opirs) Ernd Z 'pins; CTesT
= G =0 12 27
z 30 G 1z T
2T i4 4 s b
Z7 4C 4 12 i
Iz =0 5 H 5
z 20 St Tz G
4 2%20 spiit cdd-even 12 20
zzZ 20 %26 SEHT 12-13 12 25
S 20 2%30 sphit cdd-even 12 I3
218l TOE

.

Trhe sendsr snouid give th

g cost and detaiis of any :mprovement i d=ivery gained
cy oriering the materials fer th

5
his cpticn mmediately.

1.2 Environmental

Tnese catbises wiil be used in the D0 Zalorimetsr under construch
Loselsratsr Jaborator..  The apolicatucn i3 a mocsratsiy high ragl

“ads: and immersed n liguid Argon at a tsmperaturs of SETEI R =
areanreit,  During commissioning the cryostatl wili De raissd 1T a temgsraturs of

zisius 2007 Tanrenneit.

~rgZa Turity s of gparamcunt of importance.  Azgendix I stz Znsmicals that sncuin
L2 AavSided on the manufacture of this capie. If in doupt, any crhemicals wssd SNouis
Ce Lrought o the atiention of Fermi Naticnal Accsierater Lapcratory Tor 220020 E
Tre proiciyo® cacies witi pe tested by Fermiiab for any adverse sifect on purity.
“rgse assemblies will also be used in a crycstar that will te weidsd

azzzasibiz with a minimum expermental downtime of & months Tnersfor

T nesz wnits is of prime imporiance.

Z. CABLE

Riccon cabie consisting of 10, 15, 17, 20, I3 and I3 ccax units, The gsSsigrn ShTuis
retigct thig wide range of cCabise wicths arnd one opticn may g 10 maks uss =t =
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2.2 Conductor

Tne cEriral SCroucsiIr must De Tin o7 Sy Er SUIATSd, TRe SErTIrMAanrse Lrlse T s al

17E IRCTRNATICR 3 07 BIME IMIOriance T a AWS I8 Or oarger soiid soophsr-onromiums

LERIMiLMm 30y 3LLn as ROoO-132 Tay o8 agwisanie.

2.3 Primary insulation

Trne crimary inswaticn must 2e Terist Cor any Ciher suitabiea CAQIELION rE31ITaT
r

iy mer with gocs mechanical or
3 = TLeraling lamperaturs. F

~ies such as flexibility ang not cecomi
T ins
=CTively evacuatel and

nsulaticn can not be usad as ths zadis
graves as an indefinite izak in the c¢rycsiat

»

Tin cr 3ilver piated copper wira,  The 2ov/erage shouid be 30% or mors. A Toil anc
arain Aire  sniels s unacceptanie due 1o its reguced effsciiveness at  high
“ragusencias. A spiral wrap may ce preterred Jue 10 the ease O ierminaticn.

overall ricbon dimension for a & ccax cable inciuding any weavs Tioer
oW D@igw N inches.  Tnre sizée sheouid be scaled for the alts

2.6 Jacket

TgFlat or any other suitable ragiatiocn fssistant poiymer with 35cd  meonanicas
crogerties such as flexibility, abrasion resistance and not pscoming britiie at ins
Iperating fsmeeraturse,

The ripbon casis must be coicr ccdsc o dentify ccax cable numoer cne. TR ooior
Zo%ing may be included 1n the ~eave,

Inculd a woven approach be ussq Tthe fiors must o2 man made ang LNCuUInNT INCwC
te Ziven to the 1ssue cf Arger curity.
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2.8 Material Traceability

A ZZCoumenTt MULET ASCOMEany 2ach adeitivered assembly deiailing s catlnes
w323 TS Construction, Detanis of the process oDerarors, Lroc2ss ia%ons ans
JWaTy nsceciors s desirabla,

A& mimmpie ssual nspection of the material sheouid e carried cut gricr o .
2.ample s 0 yv.zually inspect tre gualbity of the shield and detect =tne or ot A
sciral zan.,  This s mades pessible due o the fransparsnt naturs of “gflsh, T
dzunt a shor+ sampie of the material should be sent to Fermilap for approvai.

3. TERMINATION

3.1 Connectors

The assemblies ars ¢f two Ly pes. Tha first navs singlie :dertizal scc-sts on =ach

and, wihite the second type consists ©of a sochel on ¢one and and twoe on the cther.
The zpiit of cables Cetween the two CInNnNeciors oOCCUrs in two ways.

I8 Ccax nabia, A spiit of cabies 1-12 tCc one connecior and 2-.5% o
the other.
I3 and I Coax cables. Tdd to one connector and aven to ths cther,
zacie 5 1o be terminated at bcocth ends by G.1 inch cenfer spacing 3CCrels

lomecaticie with Mil=-C-83803/7 and with the folicwing specification:-

No polarization
Beryllium Togpper zZcntacts.

Goid platsd z0.000030 Inchss over zo.00G027 nchel or 3o
flash over z0.000007 inches Nickel Patladium,

To mats with J.0257+.0027 square or round zins

Current rating ! Amp.

{1

x 09 7 ar G 4T

o

Insulatior resistanc
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CONNECIOr NEWATIC Matsrial JIass reintorcss ThErmciRIT I
i flammapitity rating 34 V-7,
Tamperature rating -3 I o #1035 I,
221308 o7 INE matng sonnecicors wili e given pritr 0 manuTacturs ars ne Jectior
¢ - DE zopelled IO oSnsure & Lorresi mate o these unvis.

T2 LONresliong Must De 3cidered as tests snow that unscldersd 10T tsrm.ocator s
TN tne gevers temperature envirorment.

Signaiicenter) sonductors must e scldered o 2do pins.
Ground(outer: conductors soldered to sven pins.

in a amali number of the assemblies the above connections wouid oce reversses. This
~iil Ge detaiied 'n drawings 1o ce :ssued prior o manufacturs,

Flux Cor flux ramovar on pin and sockst Conrsctions eads o Tadures 3L ow
i

temparatures and great care must be used during any cieanug cperations t© avoid
getting flux rsmover or devcelved flux onto the scockets. The veandgors attsntion

T
drawn 1o the issue cof Argen purity and the ust of problem chamicals givan
izoendic Y. One suitable solvent Tor flux remcval 1s Ethyl Alcohol.

e su.dering o;: aton shouild e carr?ed out to MIL-ETD-484 Reg = with tre
Zit.ora r ‘
zakbiz must exit the connector shelt at the ut corner on the CDD-PIN sids, making

ter
gle of 25 =+ &7 from perpsndicuiar tc pins {see Drawing # Z2740.243-M3-
The cable order will reguira a small fraction of the zabies wiih svan-gin

Ireit dimensions must match standard iong {2 “strain-reijef’) ocx=-g,sCct mecharism

it The rna*ch.ng header (eg Amphnenct 34Z2-216-xx21-4325, Ansisy 351Z-xx43 or MIL-C-
The maximum connectcr dimensions are 5/3 inch by /4 inch 2y -
shown in Drawing # 2740.343-MB-285G17, but the primar, concern s

he Iorrsct mats tc ths specified header,

> o

[4

jat

O
¥ ‘:
o

i

{

Tne use of strain reiisf to meet the siringent Tiswbitity reguirsmsnts is LDstieved 2
c2 gasential., Vendors will be asksg 0 lustrats their approach 1o this gprobiem in
their tachnical propesal and will b2 expectsd o groduce physical sampiss at The ims
ot any vancor visit
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(@]
o
i
a

Y

“he test as descriped in MIL-C-83503A Zaction 4

1

e - e
TR S

[CREC T - [ = - s : .

Sug T Tne nTexibis nature of coaxiar cabres it may be nscsssary 1o maks uss oY

SLox, Zotting or ciection moulding o provige strain r'e.iel The use -F T3 TyTe o7

Iornector e smisided cabtles may alsc necessitate the pottuing or injsction Mo '

ACCrzacn o gravent ahoris between shigids, The 28 exit qr\gie 15 oo

cg 3 anfor-es during any  sotiing cperaticns.

S22t nars most e o taken o prazvent any ooiting or mouwlding LCmpounds Mmisratind
2 trhe zoohsts, A YD % visual insgpacTion of Tnis is reguired.

2.4 iabelling

Zach &a3ssmibiy shouwid ke given a unigqu2 dentifier embosseg on o the surfacs
spposing tne mating face of both connectors, NG ink shouwld be used in tnis
Srosess. This identifier will be 10 characters long and foilow the format iisted
beiow:~
Tre details to be foerwarded prior to manufacture.

Fe tac wu! also provide adhesive barcode labeis for temporary attacnment 1o the
ass ;‘c Tre st results for sacn assembiy and the material baich ntIrmation
srcuid e ref‘er-:—nced 1o this number.

4. TESTING

4.1 Electrical
4.1.1 Electrical characteristics

The catle should have a mean characteristic impedance o 20 % 34.  Tne stardard
dJeviation acrcoss all cables should be less than 3% .

The veiocity =T propagation should be greater than £5% the speed cf light. Ths
starcard caviation across all cabliss should be less than 5%,

The attenuaticn should be better than 2.2 dB / 100 ft at ¢ MHz. The standard
-

deviation across all cabies should be less than 2%
The _Capacitanca icuid D

ser -fecot should nct exceed 80 gofF and a reducsd figur
advaniageous., The standard deviation across all cables shouid be lass t
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Trg IrIsstas oelwesn any  two cables within an
SaTEC i thelr characteristic impegance must be
D to 1 MHz arnd oy at least 40dB from 1 tc 10 MBI,

.Z. reasistance of tne ceniral conducicr should
~igid resistance shculd be isss than 220G / 1200
azrzs: ail zables should e i2ss than 2%

4.1.2 tlectrical Tests

The vendor will carry cut the following electrical tests or a 20ft = 2 sampre o7
zach zatch of single coaxial cable manufactured and svery 10th rael received within
a givsén zateh.  The fatch wiil be considersd tc have changed with 2vsery changs in
certral cocnductor, poiymer cor shield wire. A divergence of more than 2 stancard
deviaticns from the nominal should be cause ¢ reject the batcn. The samgies
should ba sent to Fermi National Accelsrator Laboratcry with the results following
the zests.

Characteristic Impedancs

Yeiocity of propagation

Attenuation

The folizwirg test shou'd be carried cut on a random 3 adjacsnt Co&ax ZAlrs oA
“andsm 5% samplie of the cabis assembiies. The distribution of the lengths of 1ns
same.es snould match that cf the order or pe weighted towards the longer cadies.

Crosstalk

4.2 Mechanical

4.2.1 Mechanical Tests

The fotlowing physical tests shouid te carried out on t % cf the assembliss and tha
decocumentsd resuits and tested sampies sent to Fermitab.  Fermiiab wiil 1dentify the
S mi t

amplises 1o be Iszsisd. All these *tests tO be carried out at ambisnt tempearaturs,

The cable must pass the above electrical tests with a 150 Lb
crushing icad applied for a short duration to 2 inches ot
the cable assembly.
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The cabie must sustain at least 100 spnarg ocergs Y9I paEnc
with G285 inch bend radius) in any iccaton . Tha :ab s
must rcass the above electricatl tasis foliowing 1718 Tizs
cycling.

The zabiz will be stressed ‘n use 3¢ ~& ragulrs “ns o0&
withstand 50 pounds linear stress for a s
Aithout lcss of performance during cr after Ins
appiied., The cable must pass the above elactrical
this stress applied.

The terminaticn must pass the fcllowing twe Mil. 3psc.

tasts:-
MIL-C-33803A 4.7.8 Cable Retention
MIL-C~-83E02 4,7.10 Connector-Cable Flexing

The angle over which the cable is flexed snouid s 72 n
poth dirsctions from the ZE  exit angle of the cable,

4.3 Environmental

4.3.1 Temperature Cycling Tests

he vendor may provide separate pricing for the suilding of a facility tC carry out
“ns Toilowing test and should provide a price per cable %o carry out that test.
Farmi National Accelerator Laboratory can provide limited assistance with the Gesig
.

~4

@ n
 tre implementation of this procedure. The vendor may subcontract this tast to a
third carty.

All cable terminations should te cycled 5 times petween cooler than -120  Ceisius
321 Fanrenheit) and hotter than 32° Celsius (200" Fahrenheit). Liguid nitrogsn -3
suggested as tne mears of providing the iow temperature. The zontinuity and
zshorts test outliined bslow shouid bs carried out each time the assembligs navs

reached both the low and high femperature eguilibria.
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Continuity  ang  shcrts to all  other  zorrnsctors, Tre
continuity test to be carried out at greatsr tran 19V DT o
greater than I00 mA and ensure the resistance '3 oeglow 4 2
Tre rort tesT
o

for the signai path and 2 Q@ for the return. T
1o ke carried out at a minimum of 500 V¢ o
¥,

C an
an insuiation resistance of greater than 1 M{,

5. APPROVAL OF PRODUCTION SAMPLES

armi Natoral Accelerator Laboratcry (s prepareg 1o test a single zampiz of the zcax
e oricr 1o weaving (if used) and termination. This will allow approval of the
e at an =ariy stage.

Six weehks arter the acceptance of the bid thes vendor will provide two samples for
Fgrmi Naticrnal Acceieratcor Laboratory to test against the spscification. Production
o>f the remainder of the order should nrot continue until approval has tzen given,
which wiil pe done within 12 working days. Further sampies will be providea for
test if the first do not meet specifications and the vendor may inciude in the 2id a
pricg for these samples.

Twe weehs atter the abcove approval the vendor will provide Fsrmip dational
Acceleratcr Laboratory with the first 10 production assemblies for tesis wnich wiil
g compieted within 30 working days. These will form part of the order guantity.

Approval represents an acceptance of the cable and termination design.

Two weehs after each of the options for production has been taken up the vandor
wiil provide Fermi National Accelerator Laboratory with the first 10 production
assembties Tor tests which will pe completed within 30 working days. These will
form gart of the order quantity. Approval represents an acceptance of the cable
and termination design,
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APPENDIX t - PROBLEM MATERIALS FOR ARGON PURITY

Shiorinated and Flucrinated Solvants
Specifically 1,1,1-trichiorcethane and
tetrachioroethyiene as listed in MI_-STD-4540
Fire retardant
Foamed matsrials
Frecon
k.erosene

Natural Fibers
Siticon Rubber potting ccmpounds {e.g. RTY)

%]

bt B
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APPENDIX 2 - ADDITIONAL SOLDERING SPECIFICATIONS BASED ON MIL-S-45743E

AZ,1 Certification Of Personnei

A2.1.1 Inspector

Irscaction 1o be carried out by <Categery D or better gualitieg parsorne, Te
cerutication of Catsgory D pesrsonnel to be carried out as gstaiisd in the absve
specification.

A2.1.2 Operator

Scidering operations to ba carried out by Category £ or better qualified personnel .
The cartification of Catsgory E perscnnel to be carried cur as dertailed in the abcve
Specification.

A2,2 Tools And Equipment

A2.2.1 Holding Tools

{

Toois, fixtures and materials used to hold or restrain wires and components shall bz
cf a Iype which wiil not damage or deform wires, leads, wire irsulation o
omponents. If toothed clips are utilized, the jaws of the clips snall be glastic

SCVEersd.

[

A2,3 Workmanship

=)

The werkmanship, utilized in accomplishment of the processes specifisd hereir, shall
ot a levei of quality adequate t¢ assure that the processsd products shall meet
performance requirements of the applicable product drawings and sgecifications,
tive tO these processes. The solder connections shall have a smooth, bright
arance with metallic luster and shall noct have a chatky, gritty or :rragular
, nor exhibit points (peaks), pits, scars, fractures, trapped flux, foreign
s or have holes which expose base metal (where the bottom is nct visible,
.cosed metal will be assumed). The connections shall be completely covered by
r to the extent that no base metal is visible, including the copper ends of cut
or leads. Scider spatter shall not exist on adjacent components or surfaces.

3
m

3 1 {s v oot CF
)} y 8D oo
D ¢
N W o
38
a # W

4]
A
e o]
)

(L
6]

71

b3
!
U

A2.4 Quality Conformance Inspection
A2.4.1 One Hundred Inspection
Each soldersd connection and its associated wiring or igads snall be sisuall

inspected o determine conformance fo ths regquirements specified herein. i3
below are defects of particular interest.
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-
<
[{%]
j o
[4]]

Sclder spatter

Cold solder joint {This is of particular importance as coid
scldered joints fali when temperature
cycled)

Rosin joint

Incerrect nsulation clearance

Damaged insulation

Damaged conductor

Excessive wicking

Scider points

Pits, scars or holes

Fractured solder connections

Insufficient solder

Dewetting

A2.5 Inspection Methods
A2.5.1 Visual Inspection

Vi

23V
Lig

n

al inspection shall he performed using a minimum of 1 times magmficar on.
ting shall egual or exceed 100 foot-candies (1077 Im/mée).
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REV. BESCRIPTION
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SHIELD SIGNAL SIGNAL SHIELD
PIN #2 PIN #1} PIH #1 PIN #2
Ve \ /
0 A
(o]
oo S0
00 00
10 O
of S0
C10] 69
103 O
0 8o
(] 00
L] 00
10 00
a0 90
alw S0
N’ o]
s 90
" 09
00 00
oD o0
oo 00 l l ety
ag % ITER|PRAT NURBER DESCRIPTION OR SIZE
88 08 PARTS LIST
00 05 VHLESS OTHERMISE €P€C. Jomiciwaver | i, JOHNSON 3208
Dg‘ 80 swtviom | wersns | wwos  fommm wy | U.A. SOUTH 3/31/08
!D ¥ O‘L\ 1 L14
N APPRUVED &Y
\p:,; $s5Q USED oy -
PREFERRED -
HIRE CONNECTOR 1S N PATERIAL -~
SPLIT BRRREL TYPE PIN %49
' &, FERMI NATIONAL ACCELERATOR LABORATORY
51 UNITED STRATES DEPARTHENT OF ENERCY
58 POSITION DB EXPERIMENT
IDC CONNECTOR S8 PDSITIDN 1DC CONNECTOR
scaLt FILNED . ORMUING nEv.
37T4@.543-168-255216
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50 POSITION
1DC CONNECTOR

HOTES!:

1. CABLE CHRARCTERISTICS :
cARLE 0.0. .33 18,
InrEDANCK 8 oHms (Men, 3

VEL. OF PROF,  B.88 CHOR)
R, CABLE 81 IS IDENTIFIED BY CITHER
Sy COLOR DR €Y & LOLDRED MEAVE

CABLE - DESIG.

SIGNAL GROUND S1GHAL
PIN PIN CHAMNEL
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EXHIBIT C
Fermilab Subcontract General Provisions
(FL-1)
with

Addendum I to FL-1
(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)




