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Absu'act:

Structural analyses of large precision cathode strip chambers performed up to the date of
this publication are documented. Mechanical property data for typical chamber materials

_, are included. This information, originally intended to be an appendix to the "CSC
Structural Design Bible," is presented as a guide for future designers of large chambers.



GEM TN-93-494

Table of Contents

1. Overview

2. Precision CSC Structural Design Concept

3. Sandwich Skin Materials

" 4. SandwichCore Materials

5. Epoxy Filler Materials

6. Radiation Length

7. Comparison of Gap Frame Designs and Materials

8. Gravity Sag as a Function of Sandwich Core Material

9. Parametric Studies

10. Thermal Deformation

11. Support Point Location and Gravity Sag

12. Bulge Due To Internal Pressure

13. Chamber Mode Shapes and Natural Frequencies

14. Chamber Twist

15. Copper-On-Mylar Cathodes

16. Miscellaneous 4-Gap CSC Finite Element Analyses

17. Creep

" 18. Single Sandwich Panel Gravity Sag

19. Superpanels

20. Finite Element Model Error Analyses

21. References



GEM TN-93-494

1. Overview

The structural design of precision cathode strip chambers is an exercise in producing the
iightest, thinnest, and stiffest functioning chamber out of the highest radiation length
materials. An understanding of the structural function of each component allows the

, chamber designer to avoid unnecessary mass.

This paper contains material property data, design formulas, and selected analytical results.
Sections are listed in the Table of Contents, Each section is preceded by a short index and
summary. Tllustrations of the chamber support structure draw upon the work of Draper
Laboratories and Simpson Gumpertz and Heger Inc. GEM Technical Notes relating to
chamber mechanical design are listed in the references section. GEM TN-93-350, Gravity
Sag of Sandwich Panel Assemblies as Applied to Precision Cathode Strip Chamber
Structural Design, provides an explanation the importance of shear coupling between
sandwich panels in a chamber. Not cited in the references are numerous unpublished ideas
informally proposed by the authors of this paper. Two examples, Gordeev's "discrete
posts" and Polychronakos' "cast low density fillers", are analyzed in GEM TN-93-460,
Comparison of Gap Frame Designs and Materials for Precision Cathode Strip Chambers.

Originally intended as an Appendix to a comprehensive "CSC Structural Design Bible",
this collection of materials is a snapshot-in-time of the state of the structural design of the
SSC/GEM precision cathode strip chambers as of October 21, 1993. It is recorded here for
the benefit of future chamber designers.

Understanding Chamber Deformation Is Critical gem_
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Outer supedayer chamber gravity sag magnified 1,000 times
e_

• Nonlinearorthotropicfiniteelementmodel is usedfor 3-dimensional
analyses

• Spreadsheetbending model is used for2-dimensionalanalysesof sensitivity
to geometricparameters and materialproperties

• Maximumgravity sag (A) is sum of long edgebending (B)and sandwich
panel sag (C)

• CMM measurementsof prototypepanels andchambers will provide data on
gravity sag, local heat source effects,internal pressure, and creep

GEM PAC Review, 26 May 1993 J.A. Horvath L_

t-l.
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2. Precision CSC Structural Design Concept

Contents:

System views of muon chambers (2 pages)

Cross section and plan views of cathode strip chamber conceptual design (2 pages)

Precision cathode etched copper pattern (1 page)

Sandwich panel and gap frame conceptual design (1 page)

CSC panel fabrication specifications (1 page)

Summary:

The conceptual design of the chambers is shown in the drawings by I.A. Golutvin and Y.
Kiryushin.

The muon system uses chambers whose size closely matches the maximum size single
sheet of copper plated G- 10 that can be etched into the precision cathode pattern.

The overall chamber structure is designed to behave as a single beam with shear
connections between individual sandwich panels.
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o,-1CSC Parer]Fabrication Spec_

Panel Definition: A 19 mm (nominal) honeycomb NOMEX sheet
sandwiched between two 20 rail (.5 turn) fiberglass (O-10 or FR-4;
NEMA specs.) face sheets. The fiberglass face sheets are copper
claded on the outward facing sides. The copper on one of the face
sheets is etched to provide aprecision cathode plane.

Specif;cqtions (priorttized)
1. Flamess

4 rail _}OOpm) over 2.2 m

,. 2. Parallel to
4 _! overJ.2 m

3. Net thickness(incl. face sheets)
20_ _0 nul (.25mmj

4. SQuareness
Diasonol n_asurements :tJO nul of each other

5. Length and wid_ dimensions
Not set at _iJ rime.
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3. Sandwich Skin Materials

Contents:

" Survey of sandwich skin material properties, ref. Hexcel TSB-124 (I page)

Survey of sandwich skin material properties, ref. M.C. Gill (l page)

Product data sheet for Gillfab 1045, fiberglass cloth/epoxy NEMA G-10 (2 pages)

Product data sheet for Gillfab I024, fiberglass reinforced polyester, like G-I0 (2 pages)

Product data sheet for GE Grade: 11635H, NEMA FR-4 (I page)

Micrograph of plated and etched fiberglass cloth/epoxy laminate (l page)

Analysis of generic G-10 woven fiberglass laminate (5 pages)

Analysis of generic fiberglass [0/+0/-0/90]sym "custom" (non-cloth) laminate (2 pages)

Analysis of generic fiberglass [0/+45/-45/90]sym "custom" 0_on-cloth) laminate (4 pages)

Summary:

The TDR Baseline sandwich panel skin material is Epoxy-Gillfab 1045 (equivalent to 1040
in all mechanical properties except maximum service temperature). It meets the NEMA G-
10 electrical specifications.

Generic G-10 was selected as the TDR Baseline sandwich skin due to a long history of Cu
, plating and etching experience by industry, its electrical properties, the adequacy of its

mechanical properties, and its low cost compared to "custom" laminate lay-ups.

. Since NEMA G-10 is not a mechanical specification, G-10 from different vendors may
have different mechanical properties. Its in-plane modulus varies from 3.0 to 3.3 MSI at 0-
deg. and 90-deg. (angle measured in-plane) but may drop below 1.8 MSI at 45-deg.

"Custom" non-cloth fiberglass laminates made of unidirectional plies provide mechanical
properties optimized for the application but at a premium price. In-plane properties become
isotropic by going from a cloth [0/90]sym to a [0/-45/+45/90]sym or a [-60/0/+60]sym
custom laminate.

b-t.
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4. Sandwich Core Materials

Contents:

Survey of various core materials and their densities and mechanical properties (3 pages)

Data for HRH-10 aramid fiber/phenolic resin (Nomex) TDR Baseline core (4 pages)

Data for polymethacrylimide foam (Rohacell) core materials (4 pages)

Summary:

The TDR Baseline sandwich panel core material was aramid fiber/phenolic resin (Nomex)
honeycomb. Hexcel corporation calls this line of Nomex honeycomb material HRH-10.
The lowest density/shear modulus ratio HRH-10 material, HRH-10-1/8-1.8, was selected
as the baseline. It has 1/8 inch cells and weighs 1.8 lb/ft3 (0.029 g/cm3).

Lower cost and better properties per unit mass were available with aluminum honeycomb
materials but they were not chosen because an electrically insulating material was required
to separate cathodes without introducing capacitance in the core.

Honeycomb materials have two different shear moduli due to their construction. HRH-10-
1/8-1.8 has a shear modulus of 1.5 ksi in one direction and 3.8 in the other. For CSC's
the highest shear modulus would be aligned to the long span of the chamber to better resist
gravity sag.

An alternate core material is polymethacrylimide foam (Rohacell). The lowest density
Rohacell available is 31-IG at 1.9 lb/ft3 (0.031 g/cm3). Its shear modulus is 1.99 ksi in all
directions Since it would be approximately half as stiff in shear in the long direction for

• essentially the same mass as HRH- 10-1/8-1.8 it was not chosen as the TDR Baseline core
material. Its virtue is its isotropic properties which allow it to better resist local loads such
as would occur it the sandwich panel were used for a flooring sheet.
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I).5- qooo b_ 'f" 'n,em_Com_q, .1)5-qooo LI"_._I-
llpql¢i•l Configuration _ _ Severalhoneycombcores have been testedlot _ _. The figurebelowshowsthe resultsOfthis
Honeycomb cores canbe customdesignedwith non-stwrKIwrdmechanicalpropedy evaluationtar HRH-10. The thermal conductivityconstanlva_es with cell sizeand core thicknessbecause the
oomblnalions tomeet a varietyof special•pplications. Inaddition to the halo•oral and over- air convectionaffectsinsidethe ceils. Note the followingvalues were ob_ined withthe heal flow fromtopto bet-
expanded taX) cell shapes HRH-10 Is availablein Flax-Cam*. a vow flexiblecam material lea of the panel.

reliefs, or machiningto oBmplaxand oomlx)undcuntalures. I-iexcelhas uniquecapabililiesto n. 03
machine paris to unusualconlou_ andto shape honeycombby anvarioly ofheat forming /

techniques. Contac_the nearesl l-lexcalSales Office for add_ion Information. I . O.S .

HRH-IO honeycombis available In the followingstanda_lsizes with the lolamnces as o.s
Indicated.

Products L W Tm t minimum kFt 1 0.4,
ParPm_l J

..... 0 03 1.0 _.S 2.0 2.StmX-lO U_,_ ,M'i:" am'* S" 36" 0.200" 29.3 Ho,,W,=_ _k_m-- W:Pm

M"* 2" M',6" 36" 0.200" 32.0 PmINrUn M ElevMed TempefMuNm

52".*2" lt0"± 6" 36" 0.200" 39.7 HRH- 10I_s blmn tested for shear and ¢mnpmuk0o Iblngth atolovl|od _ and lime oqDosufosup fo S00
hours.BecauseIhe Nomex Softensbetween450 to S00oF.the _ drop off rapidlyBtthoselempera_res; how-

HRH.10/OXMs_ldsis 38"* 2" "' !16".* 6" 36" 0.200" 25.3 ever.whenreturned toambient cond'dions.Idmostlill itsoriginalstrengthis regained.

Tolerancesoncut lhlckneN Me U fallows: leo -- __1 I

0.200" to 2.000" tolemnuewill be* 0.006" I| I

2.001" to4.000" tolamnce willbe .} 0.010" IX)
4.001" and over tatar•riCe will be :1:TI100

Special thicknelmtolorrx_ N WOnIS Other"L', "W"and "1" dlmonsionsera evMlable upon
so

m_lal request. For la_ vofumo mquimmems It may be possibleIo supplymn_ls to your _on_o
Ipedtic sizolit _ or noIM:k:lMionllchlrge. Tolarar_es on"L"and "iN"for piecescut to size 40

willm_end on the oore_ and l)eneldimensions.Tight Iolarancesm not alwayspossible o

because of the flex_e nature el mls core _e. _ i ,

HRH- 10 has been iw•luMed and alXpmvodfor numerouscoqx)rMe N)ecificotlonsand meets loo 10o 300 4o0 Boo

the requirementsof SAE specific•lieu• AMS 37_11Band MIL-C-81986. Amendment 1. In F.mm_ andTe__--.1=
adoption.HRH-10 meetsthe IoUowingparameters Imdproperties.

ConflgurM/on -- The call size of hexagonal cam will0ire the nonlin•l cell dimensions in r.4pp_N• 11m-- _ --AmM
inches acrossthe flats (nodes)Ofthe cell. Cell slzedelerminMionwill be made by meuudng r_ _ UJeOne,--IndeW,turn0whegwtheraw,lie will. b, am m_lm.lm Immm omsl Cmdm_ m_m.
_e length of 10 consecutive(:ellsin6 random locationsand evOmgingthe results. Oouble Womm_ _ _ mndmr,s_owN_h__ be_ _be mm_fe_dby_he_. Ir_eMb,v,nll_ rodek_I_ o_
laps wglbe permlfledas Iong as thocore t_onkets are withindensltytolerance. Unhanded _ _ _e d,ml)q.._md _ e_ _ onm. _ _ _'__ o_• non-mm_,m_0Pmm_LS*_r 0h_ nmb. _ _ _y
nodeswill be permlfted to the axlentthll_no openlngll_ger than throe _es lhe nominalcell mmnw¢i__ o,(m_. d_x__ _m.me_. _ o_ _ _h_me o__ I_ _nm_y_ _ _ _ _ _. _ _ _

I_ _y of_e mod,__r _ _nm_ledueeandUN_Imm_ _ m_ _ k_my wheW_ b _ _ Smmmen_mUmngfo
IdzeiS cradled and the minimummechlnicll pmpmlies a_e obt•in•bla. INill_ useCruxpoduct_e _otguemnleeeN wchuselstrN MpOle_lInlhngem0_a_realt'tWwe_ov_ im_uchusebyany

IIm,_m,_mqlencyTheIomgolnllmaynotbemmll_ o_¢q=tbym a0nmm_w_0n_ W_n_ MSaner.

Cw.my-- 1_ mlamn_onhom_o_ de,._ wh,nmmsu.xlona_ Of _i03 _ om_:
100 cubic inches ofcore willbe _ 10"/.. OubllnoCa•arm 94aM. 11MS OUblnBeUbvBd,(4_S)

FMme ReMJ,dm,me-- HRH.10 w011meet _ _ oxlinguiehing"¢lasslttcattonof FAA Air Ioloo Olll_e:
Crash WorthinessRulesand ReguildionsSeclton 25.853. Adlf_l_n.Tex_ ?11010._ lit0. Fire CRyBankBulMIn0. _0t IF-Abram.(8t?) :r)'4.2978

AGim_.Geoq_ 30092.Suile230.4725P_ CameraCir(:k.(404)449-9200

Water M/_Mfon-- HRH-10 does no1oxusIKI 1 _!1 water migrationin24 houm whentOsled Benevue.WI_ 80004._ 106.307S-- 112thAwmue.N. E.. (206) 822-2244
perMIL-STD-401B. Beth,. Cormectk:u106801.TwoSlo_t HillRood.(203) 790-8311FountainValley.Ca•emil 92708.Suite290. 17390Bmokhumt.(714) _82-3T/'S

M_chanlcal Properf/m;-- TId)la I lists_e HRH-10 pmd_ line and mechanicalproperties He:ce! _-- tlSSS _ lloulw_. _ C41_mla94M8 (41S)828-4200
when tested per MIL-STD-401B using 0.500 inch_oreIhickness. The "typical"values repre- HexcelS.A.m Pa_cMdustriel.Rue$ Bou_ons50.G-4840.Welkenraedl.Belgium.87-880785
son1the mean averageof • relativelylarge numberof test values oblained frommany blocks HexcelU.K.-- _ 27. TochnoTrlidlngEslate.GantonWay.BrambleRued. Swindon.Will•hire.SN2?EX.
of honeycomb.The "preliminary"values marked with 8 "p"are resultsfrom• lim_edamount 0733-61;W_02
of testing "Minimum"propertiesare guaranteed minimum|ndivi¢lualvalueswhen testedat Hoxcel-Gim41n-- 3 AvenueCondo_M.6M08 VlgeudmnneC4dex.FNmce.78-934_IHoxcel8raMlm Ay.JoamGuilhemdno.429. Sale48. SeeJoseDosCampos-- SP.BmsllCEP.123-231186
ambientconditions per MIL-STD-401B HoxcelFlUEast-- 22-I Ichiben-Cho.CNyoda-Ku,Tokyo102.Japan3-239-3941
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rohocell"PMIFoam
Chemical Resistance Bonding. Most comrnefcel oclhes,veso,e suable
ROHACELL Is tes,stan:tomany Organ¢ solvenls Polyeste, lind epoxy resins_ firm t,g_l boncIs

ROHACELL"WF s a hghlweighLrigid hagh-qualily.I:)Ol_n/flm_le foam I1_S developed !o II is however,not tes,slantIo alkalinemedia More The cwe shouldlake place under sutlcenl pressure
Iw1_'-tythe demand of lhe 8etoSlDlce¢)duSlryfor a h_h l;ltenglhCO_emaler,alfor advanced cornposde dolaled chemc81 ;eslst_nce clalais 8vadableupon 110make sure the cellsa,e properlyfilled wdh lhe
COnSl,uCl,onROHACELL Wr loam willwllhslBndaulocla_ Dtooesslngal leml_ralufes UDIo 360°F nmuesl bond-s ,es,n
and i_essures UDIo 100 DS,O_1_t!}2.hour lime penOd(cleDendmgupon den_ly and heal Iteatmenl) Syn_elK: rubb_-basecl Sol_rfl adhes_s are also
ROHACELL WF:hes an ¢,ol,op¢ fruChJre. IIO pressurecan be IIl_lcbd from all d_,ct,ons w_lhexcellenl Fllmmllbllity Datll Ilcceplable Soivenlttornadhes,ve syslemsmustbe
dimensional slabddy ROHACELL produces • Smallamount OIImoke as pe;mdled to I_sh oll before assembly asROHACELL

ilbums bul the lumes do nOIconfatnco-ome is very res_nl IOSOh,_nlcl_ffus_on
Typical mechlnclll propertlel" decompositionproducts The decomposdon Tobond ROHACELL too(he_male_iolsincom-

I_oduclso! ROHACELL llte no more Iox¢ than posde conslmclK)n,il is usuallyaccel01ableto use
AS]M Ilmseol bu,n,ng wood. when lesled according Io lldhesives IRiiglbletot lhe OtherI1rlllleriSI,fOrROHACELL"WFGRADES Test

Ptoperl_es _""nenll_l Sl WF 71 WF 110 WF 200 WF 300 WF Melhod IICCep_e0procedu,e$ The burn,ng behawot vllr¢_S exllmDie

Den$,ty Lbslcu 11 31 _0.l,r)44_,_,1 _ 69(r).11 _ 125/'dJ,_ I 187_f#._lle_ D1622 IlmonggtBdesBnddeDend$=nparlonlhelhckness Metals_Epowfl_ins. tubbetOtl_lyu_han e
• ]r_ns4esl_ent_lh PSI 227 312 " 525 / 852 " 1.49i J 13638 oflhemaler_landlhetaongmale,als When lldhes,_s:

Comp,ess-vesltenglh PS' 128 213 5_1 1.lg0 2.272 D_62_ _ wdhsuable ._kmScomDoslleparis no! Acryl¢ sht_#--l__ resins,
covetedat lhe edges meel lhe condd*onsO_FAR. Fd:)etglassreinlotcedpoil_ter (FRP) She_1--

Fle=u,a'st,e'_gm PS; 227 412 738 1.704 2840 D790 I_agtaPh 25853 (a)and (b) Polyesleror epoxy resins,polyutelhane adhesivesShe8-sl,engl_- J_SI 114 185 341 710 1.136 C273
MooJ..,'so' elaslc ly 1_$_ 10 650 14.910 25.560 34 000 53 000 13638 Handling Chlrlclerllll¢l . Fdm llo'hes_esmay also be used tobond I_e-
Shea-rnOOv'u_. PS! 2 Ca0 4686 8.236 D223E BIl_hlnlng. ROHACELL can be machined on high coted skinso_may be co-creed as tequ_ed
Shea"moou'us PSI 2698 4.118 7 100 21.000 42 600 C2_3 sOee0wooOwo,k,ngand I:)laslcsmach,nes Sl)eCIBl II_klllng or _mlll_. All cornmetcRI!1:)8,nls

- 1118ch_SfOr,*g@foam DlaslcSate also swlable vamshes, and lacquers, includ,ngmlrocellulose
| E=onga"o" al b,ea_( % 3 3 3 3 5 3 5 D638 AllI:)roducldustshOUlClbe removed from_ area Ioccwets may be sprayed at i_ushed ontolb* :':-: :-: 2.'-_,'._¢ "_ i.-¢5."_*el ,,i-,;.no-y _)G_e,o'_le _l_ume'_Melo_uoo,.qmues_,,.,

•,J dut,n0 mach,n,ng ROHACELL rot a smooth,glassysurlace the
SIIIndllrd shee! |lzes: Sheet ff_L'kness ROH_.CELL shouldnO_be cul us;n0 8 healeclf_. mElenal s filed and ssr_d ;he high hea!
R--O'-_.E,_L 5" wl: 43 3• )8 7 ,n 0 04 ,n |o 20 :n menf sznceI'h3r."ltuIv8;30%¢ may be formed tes,slance olROHACELL even allOWSCOahngwdh
RO'-IACEL: 71WF 433= 78 7,n 012,n Io20,n Ml_er_llSlelSthlln016 m thCk we IkO_ay_CImet81
_qO"ACELL110 WF 43 3 • 78 7 ,n 0 _0,n tO_ 7;' ,n onlyIvadable2t 7 x 393 ,n Thermoformlng. ROHACELL foams ate teacldy

IhermoformeOa: te.'nDerahJtesol FRP LMIthIIINL UIIua118mina1,ngmelhOclsmay be
RO'_ACELL20C W" 35_'"74 8,n 025,'1 Io126,n IG 320°F IO360°F usecl eg. handlay-UD M_erSPraysllndmolcGng
RO- _.-. ;.._IOCWF 43 3 _68 9 ,n 15 ,n onl_ WF 400°F IO420¢F melhOdS M_n,'numI_eSsutes are teclu_ed1oobla,n

CemiM**_ _._lmlAIml O_mlme _en e_mmmu_ Wr hea" l,ea:eC 4_0°F I0 440°F good peel Slter_lh ROHACELL foam can be co

However s,nce the heat _,_ent,onof.the rnllte-al is cutecl8t lemDeralures m excesso1350OF

Appliclltmns•A_'cr__. comDOS_IeSt,uctute , .. .... _.. _ .; . ;.... _ IOWoDoIC'StebelOreShOUIothet.*'tO'O'm_ngbetSke_1h8115comDleletheropier=i does not llec_t y!o seal _ sudac.ewhen Doiyeslerres,ns

• He,cable: folo-blsdes i;J:i ;::_ _2 _ _-_'_.u.-_. "" in 8clc1,:,o-,0 s_nDle,otm,r_ and Shapit_ wilh0 life tJ_l
• Anle-_nas'Raclomes O,e ? . . d_eand cavt.y block ROHACELL Can be formed by Irhemmple_l_. ROHACELL toem may be
• H,gh tennDe,a:uteSUDl:)Oflslruclures .._.__ _ .2Z.J__..___."_._, . _Cuum ,he,moform,ng blow molchng and vacuum co-moldeOwdh bolh reinforcedand unte,nlorcecl
" Eclge members for ho"_'Tcomb ! _ _ _ . I _g lechnoues lhermol:daslcs Please conlacl out develoDmen!

• H_ghlemDeralure Stablemodels "'i " i i[ These melhOClSCanbe used 1o8 hmfleClexle_ tar engw_=erslot more mforrnabon• W,ncl:ngand Ioohngmandtets O_ _ ROHACELL 110IG bul ate notrecommended lot

F#_tlBl_Bture..--,4. _h_P170 and 1>190grades II1_rtlnt Noelce

bmlmlmlelm_ll Nell Treating of ROHACELL WF "_,_,_.o,,_l_,,,_,= _=_,._-,_,_ _II_e _0110 N CO"II_UeO IS I #qlelly O_ qlOqlll_llll,O'_ 10¢We_'C"._

m IASl"llIOll_lllllmlhsnelll_ellllmBoqltm). "lrheD,ocess,ngbehav_o_o( ROHACELL WF III ele- _'m_,,_, u._ _ u,,_r su_¢.-_.e-':.

._Jm -Ir_ o BO q_ .1_ 4Ec..., _ lempe,alures is _re811yImprov_cIby heat llrelll- _,,=no,m.nl_mm,e-n.ne,-.es,,_ml>_ym_,e,o_-,_<_,..- o,r
I_ CfI",y*nlo,mlF,o*_o,W_ _e-eo Ioqe.e.._NOwaql_._"v

dlk" _: _ _i i_---_ ___ .. _ ii ; menl Heal lreahngcond_K)nsfor or Fm_SSFO_aPAmlCULARPURPOSEISMADE
Ome,m_wCmm_*nOm¢lLLwY r_O l_' I i J ] I . -_. : I,-.i 511WF--48 hOurS_l1360eF Nom,ng_e-,_slol_eWw,',esm,..m,ts,on,nm_en_ntO,tecomme-r,e*,w_$,0- Soes. I 1ram. 71 WF--48 hoursa1360eF _w,o.,,oc,Ksce,.,_._,l_.,,,_.o,,.,,,,_e.¢¢-_e

110 WF--20 hours at 320°F lind 28 hours !1136_eF "I_UCELL ,_o_ _,_W,w_,

"_'='_ss._- 6 10' _ _ _." _ WF--_) hoursEl 320°F and 28 hours III 360°F

• r,,,_-----=__ '; _;: = - :--_= 300mr-2. hoursa,360°r _/_" __/¢Ko_._ .ioncon=c_
m _ J (l_ _ _ = ..... _ "

"_e_';',., -_::::_._._.._::__--._ I_OmDl,yslorecl ,n, mo_slure,'npetmeabllt him retain"(1_ " _jlevard_a.,_l_. 0S 2 _ 03 011 02 06 J 06 22 pouchot keDI ,n anoven at 140°F _1_411 7710,I. i/i I ;1 I, I I I -h0'
--, - . :-_: s'::- *:-e; tl_h_O0 -too 0 I_ "_ _ PrK_lOfOrm,'lgo_hea'.lreal,ng pteClry

_un_---- ROHACELL Ioam at 250:!: 10°F _)r two hours



GEM TN-93-494

5. Epoxy Filler Materials

Contents:

Data sheet, Fiberite 954-3 cyanate resin, 350F cure temperature (2 pages)

Data sheet, Hexcel F185 epoxy resin, 250F cure temperature (6 pages)

Data sheet, Fiber-Resin FR-337/338 carbon or aluminum fiber reinforced RT epoxy (2 pages)

Data sheet, Ciba-Geigy Epccast 1617 A/B syntactic RT epoxy (1 page)

Data sheet, Grace Eccofloat TG-24/24A low density syntactic (2 pages)

Mechanical data, Anocast low density syntactic (1 page)

Material comparison chart, Ref. GEM TN-93-460 (1 page)

Summary:

• Alternative material choices show the most promise of achieving mass reductions
without compromising chamber stiffness and without increasing design complexity.
Materials having high stiffness-to-density ratios are needed only for load-bearing
locations (under bolts, near support connections, etc.) thus requiring less material to
carry a given load.

- Castable epoxies with high-mochdusfillers are optimal for all load-bearing
components.

" - Ultra-low density materials are optimal for lightly loaded components.

• An optimal cathode strip chamber structural design simultaneously minimizes muon
. scattering (mass effects), shear deformations, gravity sag, stress levels, and

complexity.
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A Data ShNt from A DmtaShoat from -L o_ _.

054-3 CYANATERESIN CYANATERESIN

• L.ow_, _ Iqlmt_ 1¢4 • m_SO'lm(_P_') o,,_t -'m--'_ OilllNllOl_. trrJmu_
molmmmllo,l_g .it, wi_n-_PF maso._(-_rc m_z_.C)
C_ rown awn4oeten_. Pqbedee9Sa,.3loI_m,,,dum_),. ' ew,,s' 14m

ando_ orpnmmmok:Hn9._.tm,_ ccntstwo ..
hourue350"F(ITPC). 8w,dootempermtu,rosm'e _'_. m,,_ _
mam_ _ • pom.o.a,eof,k_;.,,aS0-F(;_o-s_'c).

• .,_YJ'F_o2S0*F(-tS*C _g54-3mnbeimpmgnm_vl_hm.motto_ WaW,qMmlm._.. .' . 0.111' 0.10'
_o121"C)wnmoe iokummtocl_ictu_ondl msijlaJ_f_emandfabd_. CMF_Xm0'a. I 'HI
t_m_t,_,_.d p_t. "r_. ,,¢xx,m_ _/-,p promd_ forU_s._m*
cure.Nm' i_et-cum, tet.-?."r'herec0mmmdodcurepnx:m:lum;mC-g. NO_E_._-,,odm__L'vkim_ S,M=¢:ME

_4_ 325"F/wet. T_Jco!II_PO_mtlonofor954-3kdudopdrmyind 'p..m,w,,_,_.,,dL _. SS_SC,.,'_.,amo.see.a_emeato0em Oemm,e_.4
w_eremlmnm m _ randmo_. ,m_ m_,O

• Mm_mo oleal_¢; _ In mqulm(L
1_qCaU.NIAY lllm _

!
_w_ m,-w,im

111' |lm'_l _ 11_

• 3_J*P(177'_ _[Im TrollsIIIlq_ it U
T4mOeMomjlm.l,_ 114. _ _o _O__ ' '"'
Tm U',_Shin.q_ 2,4 " Im.,ll

Lmmm
, iI

' v_mle Gmmle,m_ Mm_lm Omlk 0.11_

-,,,,,o_,_ o.,, _ o.lo v,_.,m,_ o_ -
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• Avelbddelnalnodrlngo Pammwae,_m ttLW _ ;?2t

• /_BX:lll_Orpllig..fflOkl i _)_t_iP

pmoMsable t_w_-Tmymwu,,i Ira.
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_A-_,,_ _ Neat Resin Properties

IfBa=BLO QO AI_ _,vE. , -_. _. ar_.,t_ Spe_ _a_ty ......................................... 1_2o6gtcc"_
,_., "TODry .................................................... 171oF

Resin Systems for Advanced Composites Equilibrium Moisture Absoq_ion ................................... 7.0%r
........................................ Linear Coe_.,cienlof "lrhemzalExpansk)n ................ 4.75 x 10-s in_n_F

F185 ............................................ 7.2ksiTensile Modulus ........................................... 0.42 msi
TensileStrain ............................................... >9.5%

A Structural Adhesive and Co-Curing Grade Epoxy Resin F,_,.e To,0h,m.K.c................................ 40Sks_
369 MPa V-_

250°F Cure s_ Ene__ p.m.G,c............................. 34S
6.04 KJ/m2

F!85- is an advanced epoxy formulation csav,ne@_o-F ........................................ s-..,in.
designed for autoclave curing to offer very

sandwich and metal bon(iinghigh strengths
with moderate laminate strengths. This

system offers the highest available fracture _,os mmm_c...,_F,as

(d_ toughness250oFandstraincureresins.t°failure of the o= Tm .. T,m,.m_ nos.rm.2_._=,_.s0.,=,o_._=_
I _ I "

U J F_m, I
Uncured:
:. Senoaeassemb_sa,dw__ny,ppmcec_e -'
u Conlrolted flow ,_

:J Excetlenl lack and drape propedies

ExcegentfractureIoughnessandstrainIofailure" I ,e,
O Self extinguishing _ ,_
r.3Balanced tool and bagside peels on sBndwichpBnels
o Very high sandwich and melal bondingstrengths
u GoodlaminateI_operlies - ,_ ,e
tJ Certified to MIL-A-25463 A. Type 1. Class 2. and [

MMM-A-132 A. Type 1. Class 2 r 1 - l . J . * . | ,
• and 4e Go m ioo

Im_D_nmmm
• I l I

T,KlomorkHe_el _ tllM





Cure Procedure: _,..c,,_,,_-_so_,._._,_,_,,a_

A._ly vact,_o_22InchesHg _. _q_.._m _m_o.s._s?o._m c_em_z_m_ _e.[ _m_.ma z_zs_
B. ApI_ e5+ 15- 0PSIG Wessumlor_. M,m.o,.,_.s,,_z_o._as,,..e_,..c,,,,,_o,_.,_o,,,,,_smo
C. _ 45+ 15 - 0 PSIGpresst..-elot_." _,_. c,m,m_ owm._r,msw__ _m__J_a_,,
D. Ventvacuumbllg Ioalmospherewhenp,essumreaches20PSI. N_,,l_ k_._._ Izr_. su__o,_T_,,c._i, .4_,,_.17_4tim 3_z'a
E. Dunngcooldownwhenlhe padteml_atu_e fallsbelowt40"t:,pressurecan _i,.c_i,m,lm_- ,,mo,i.,_,u,_. o,_,,c_e,_ m_,s,_l_m

be rekevecl anti the _ panel removed _om the autoclave and debagged. **m,c,_s A -- Pw¢k,mJ*,_. _,_ : 8m,,m_ S0.B_e_o. w_,,,mm. _. 07-m5

"Typical tor HFIH10-1/8-3.0_. _:_L,4-Gem--.1.A,,_ueCa_m_ tf_J__ _. F,mc_._ g-:_He,m_l_me-- _b,JNO G_mmmmo.4_9.Se_ M.._m Jow 0m Cpmm -- SP.B,ml _ 1_._
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IlecUt 14I+-AIJh | NIt-olIIInlIIliMIIW _ _-__,_--il _,..__._..._lIIII _i
tw _ ,mmnu_ SNc_ fesmm et bllb sneeltl_ Jswdeus_, end ame el bsedUn8
IhmvoimamJl_ lmmen_aw,jmm.I_ ItI?-A_I cmtn mammN'4_Jmqmloramdio

m _ J.._l,Type n?.

o

lift. lifollmsm 77_. mlmms

lm)l_ItJl,_

asmpemms d, mmll_ tw _ edemas u sass_ J hOsadf_ If _ t4i?-A
_ W _ _ Ildlml 8ddlml18ocslt 1617ol.
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Edge Fillers (normalized to G10 woven laminate)
rho E d nrho n.E n.rl w m I * m2*

densW modulus radiation .mmae_d rmmmlzed _ vddlh needec nommlzod

materllad (glcm3) (ksi) length density modulus tadlalton lior equal sag (kmmr Is (k)ww is rho/E

.{cm) len]_ better) boiler)
_:a_,,,-,,,,o,p:n-33T) 1.66 s.ooo 34 006 1.62 17s o.66 0.30 0.32 o.s7
GIO wl)vlm Imitate 1.926 3.300 19.4 1.00 1.00 1.09 1.00 1.00 1.00 1.00

g_SS flbedrtimed epow 1.95 1600 21.2 0.96 0.49 1.09 2.06 1.99 1.91 1.99
Ciba-Gelgy (1617) "l_ 0.? 350 56 0.36 0.11 2.89 9.43 3.27 1.19 3.43

4[_ 2504: epoxy (9rr_4-3) 1.19 400 55 0.62 0.12 2.84 0.25 2.91 1.00 5.10

An0cast low-dens. _ 0.42 100 91 0.22 0.03 4.69 33.00 7.04 1.53 7.20
c,_ (1617)I 0.7 360 66 036 011 340 943 2.- 1.01 343
,,.,,oc,, ,,,,,,,-,:k,,,. I 0.42 100 107 0.22 0.03 5.52 33.00 5.98 1.30 7.20

Core Materials (normalizedto Hexcel HRH-l-1/8/1._)
rho G rl

shear ration nommlized no_ _ normalized

miderlM (g/cm3) modulus length density shear radiation rho/G

(k,,,) (cm) modu*us _,,_h
Rohacel131PG 0.0305 1.99 1.400 1.06 0.5686 1.00 1.86

_1 HRH-IO-f/9-1.ll 0.0289 3.50 1.400 1.00 1.0000 1.00 1.00

10120193
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6. Radiation Length

v

Conmnts:
Q

ri ref.M.Marx, SB (Ipage)Radiationlengthdataforselecmdmateals, SUN'Y

Routineforcalculatingtad.lengthofacompound,ref.T.Wenaus,LLNL (2pages)

RadiationlengthestimatesfortypicalCSC structuralmaterials(lpage)

Summary:

Materialswithhighradiationlengthsaremostdesirableformuonchambers.



-......... -. -..- :.-._!.._._ _.._.r.u._=_, m o;UAT=m,LS ..t

! 1.01 O.It 0.1 43.3 I_t,II 4.12 II,W I 0,0_(0,_) l.tl2(l_)
1 1.0l 0.073 0.1111 4,51 IN.'( IOt " 123.6 _1 0113(0,1W) 1.I=
1 i fir) o.133 o.103 41_1.1 16 1 I.IM 04.= _ 0.1_(0.1711) 1_4(_)

L.i 3 l.g4 0.111 O.ISt _.(I 1P34 l.i N H 1.16 0._ --
4 901 fl.t 0.190 _,8 75.1 !.01 ? 16.10 M.$ +,+ 1.84L_ --

C 0 _.(I| 0.4_1 O._J (iO._ 163 I.?l ,=_._, _ 2.2_ J,,J --? 14.0J 0,_/_ 0.1 01,4 _.I 1.03 , 4T.0 O._it _) 1.306(300)

8 16,00 0 4310 0,_2 (k1._l $1.0 1.83 _ 24 30.0 8.14( 143) 1.2'4[_NH5)10 _.18 0.S07 0.341 0t,1 Im 6 i,73 I_ _4.0 1.__._!M) 1,03"J(6?)

13 _._ 0.I34 0.421 _.l 106 .t 1.0_1_ _ 01 _ "2 '_11iSi 14 _.03 0.M0 0 440 I1_@ 10G0 I.M 1183 "_1.3.1
lI X,_ 01 01 _.I Iit2 I.SI _,_ 14.0 I._1 N) I_)
32 41.03 0,M 0.83? 'fit.9 134.0 *. I.,51 li.lt I.M 4.N --

= =16 ,= ., .,, ,,, 1.54 -Cu :M 4D.S5 1.2_'4 0//112 1_,0 I_.g 1.44 II.M

Me M 111.03 1.tM7 l.ll IO0.l IG0 l.M ILI_ I.l| ?.,11 --
Xo 54 131.30 _.130 1.39 103.8 1611 1._4 |._" _ _JJ_?(3.m) ('/106)
w ?4 10545 _?_ 1._ 110_ 116 1.10 I./I 0,315 19.3 --
II°t ?11 10506 2_l 1._ 113.3 IIHI'.? 1.15 0._1,4 O.,,II_S ='1.46 --
I1_ _ MW.Ig II I.W 11&.3 1_ 1,13 (I.37 O_ 11.15 --
u _ _ no 3,:_ l._ 117.0 1_ 1.03 6._ _ m18._ --

i

H_ (304_0)
M}I a_!9 3_D X._ M,I i alo 1._

_(m,--,,) '1.0 003 I. _.= * I_2.3"_ L_ " 1._

HI (huhl_k,_;;.;.%-; _q_=K) 4,1.3 50.8 4.1= II._J8 _#1000 _ mO.O_' 1.|00
(Su511_o,,i_mSev31oKI 45.? 541 _.01 1_.11 _ _ O.140' I.!!0

H.i_k,mL_t=,_,(50 mole Ipe_',amt),_ 16.0 N.5 !.14 3g?0 ?'JJ0 0._1 l._

_.0 13.1 I 44 II.O 2.16 _J.815 -
N'a _.8 I_ I,_ 1.4'I _M ,I._ 1.1_
lkdrl H.! 1_ 1.3_ I.ll 2.06 4.03 i.56

(D_Os_) I/.4 IM !.2? ?M 1.1_ ?.1 2.15
Itu_tY_me. sch_ill_tor (C'H)_ IHI.4 8_.0 1.16 O,I 413.4 1.033 1.M1

_L,____.Pk_ilh u (Csl_O,j) H.2 J3.8 I.liS 03.1k5 ai34.4 t.ll.-I._0 m !.40
Pdy_l_k,,o_ (_=) M.I 1'0.8 2,00 _,I au4?.t 0._-O.N --
M_I_ (C_H_) _._ 16t I._ _._ I,? 1.3_ --

iikno'_ii,=aU_I_UU (P_,,a,,'J_)r 16.3 0t.I! i/1'3 38.3 "i2 ? 3,== 1,4?4

03,4 (M $ ', I.rJ M.3 (1=10) (I.IT?) (41fl)
_ C:II_ 55,'_ _11 3.3S 45,M (340_) O.liOD,(t,_?0,_)m(I.011)m
M_knJ_, CH,, 54.? 74.0 _ 41 _.i (64850) 0,433(0 TI?) (N4)
i_.ume C4110o 86.3 _.4 2.= 45.3 (10030) (2.I?) (1=?0)

Lilt 03.03 88.34 1.16 30.3S 14.11 I.I_ 1.303

_MA 010 pl_P 16.5 16.1 1.83 3S.85 _ISO 0.1-.0.3 I J_0.2,S,o
_ e,i M.2 IM _,0 11.4 1.1 --i . _ ---
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PolC.T£M._Ko,J_tk)E r-_r. Co_#uTl_¢ rA)_w _r_l_l 7_..or-_--
elo2(1).el,,Si

" Wlo2(1).nalorn.1
• Compute radiation lengtho d compound mmmlalL _?.(2).el.O
• _2(2).muom,2

pmmeter (m12nm_.047e) ! Flel_mn"2"Navogadro
mruc_re/element/ " _ Muffwith deskedcompound
nlalz
m_lm , done,,done_mk)2
m_xO nekn_elo2
characte_'t6 natal _- doi,,1,nel

endetructum Mufl(i),,lk)2(i)
IIIrUclureIComlPOUn(V imddo
IMegernMom
recordlebmlm/el dlmlmdOnll_rohocell
fllllW nelmn,i1)hacel

endolmcture doi,,1,nel
recordlelemonVC,H,O,N,Si etuff(i),,rohlcell(_
recordIcompoundrm_(20) enddo

_,.m,,.,(.__,,c,b,) P,_d_C:t,L.(_: .,no_.o.
recordIcompouncViohlcell(n_mhoceH) zmok,0.
w,,_.,(_n,_mh,=.,-o.o3),,,.-.-- O._ ;_/c,,_) do,.1._

" imok, mmol,etuff(i).el.l'stuff(i).nstom
paran_er (n_el02_) zmok,zmol+stuff(i).eLz'Muff(i).nMom
recordIcompoundrsioa(n_l_o2) enddlo
peremmor(dens_eio2,,2.e4) mdf=O.

• Zefl,=0.
P IIph_,l J137. xOeflinv-O.

CZa& do i,l.nel
C./b=12. Mufl(i).w-etuff(i).ol.o'stufl(i).nstorn/omol
C,X0,,42.7 lefl.aefl+stufl(i).el.a'stuff(i).w
C.nam_'_' zell.zefl_stufl (i).el.z'stufl(i).w
I-LZ,,1. x0effinvsx0eflinv+stufl(i).wllluff(i).el.x0
H.AII. enddo
H.XO,61.20
H.namo,,14ydrogen' w,,alpha'zoff
O.Z,,O. lc=lz"2"(1.1(1..HIZ'*2)4.20206-.0369"IZ"2*.0083"IZ"4-.002"IZ"6)
O._ !6. xi,=IO9(1440Jzoff"".666)/(Io0(1e3/zefl"".333)-fc)
O.X0=34.24 x0inv,,4."lllpha'rol2novllofl*zofl*(zofl.xi)"
O.nwne,,'Owgen' ._ (log(183./zefl".333)-Ic)
N.Z=?. x0,=1./x0inv/dens
N.A,=14. x0efl=l./x0elfinv/dens
N.X0,_IT.99 print*,'MaterialconstitulM$:'
N.nemk'Nilrogen' do i,,1,net
SLZ,,14. print•,stuff(i).el.nlme,'N_toms,=',stuff(i).nstom
.__A.2e.o9 inddo
SLX0,,21.82 .print*.oz,fc.xi,x0inv,tmol
Si.nwn_'SUicon' prim ",'X0incm. Folmuil: *.x0,'WelgMId mixture:',x0efl

" _,c,,(,.el.c I _tHA_.(.L "nd

rohllcell(1).nalorl_9
rohacell(2).el,,H _I_I.'IME'_ACE'_I,,,,IMIbE' __.
rohlcell(2).naton'_13
rohocel(3).el=O i_ I_1_ C)t J_) To,re Wenaus LLNL GEM4.3 wenausOIInl.9ovParticulars:lingerwen/usOilnl.9ov
rohw_,(3).natom_
roha_.ell(4).elsN
n:_acel(4).nmom-1
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7. Comparison of Gap Frame Designs and Materials

Contents:
,m

Analyses and recommendations regarding chamber gap frame design (18 pages)

Summary:

An original design of a discrete post gap frame by Anatoly Gordeev is compared to the
continuous gap frame design of the TDR Baseline chamber.

Ultra-low density castable materials suggested by Vinnie Polychronakos are compared to
other syntactics and filled epoxies.

A method of determining the relative desirability of chamber materials in load-carrying and
non load-carrying applications without detailed structural analysis is presented.

Based on comparative analyses, recommendations are made for the applicability of these
suggestions in the context of maintaining adequate shear rigidity and minimum mass.



Table of Conlenls J" UfL _B I. Sommary, and Conduslons _2" __ |_i .,i

Thefollowingkey palmswmmmrizethispaper:

]. Sommary, and ColKhlsions . 7here,tucriominclmmbernmssnchlew'dby_8 _mzll.discre_po_inlheSaP

2. Bndqwound lad lntroduclion j_me desisntv_orme wkenwerestore_r Io_ shear+_ij_zs by.approprimesizinz oI _"
Fig I: She_rDeflectionDue to"Slipping" posts.

Fig. 2: Lossof CrossSectionflatnessDueTo Shear o Alren_ri_ marmal ckoicesbm_rpor_di_ Q_ _p.ffa_ designshow fke

3. How Chmber Structure Influences Gravlly Sag incremingdeign comple_w. Mmerialshavm_rup sml_ss-to-_y ralmsarene_uco
Table i. EHccuvenessof ChamberComponentsIn"l)ureBending" only forIoxd-bcanngIocmions(underbol_. mar support_ e_) thusmqumn_

4. Evaluation of Mllerlllls less mlW.rill tolarry II givenlaid.

FiI. 3: BeamUsedforMalta Comparisons Cmmb/e _o_s w/& hi#b.modbluslillm are olslm_lfor all load-bearing_ents
T-hie 2. _ C_ ojr_e gq, j_+_, re_i,m.

S. Comp|.rtsmmnof Continuous and Disrrete.Posl GRIp Frames Ultra.low densi_,tutorials ore opnmnlfor I_" loaded cnmpnnems.Fig.4: Quaner.$ymmeu_Fmi_ Element Model

Fig. $: Displa_menlsx _MIforCase"'A" (NonnalizmiemBaseline) • An optimalcathodestripclmml_ gapflamecksiLmsimulmm_omlyminimizes muon
Table 3. ComparL_nnof G_p Frame Designs andM_erials scattering (mass effects), sheardeformations, gravity sag. su_ss levels, andcomplexity.

J Fig.6: Displacemenlsx .._III!for Case "H" Showing Loss of Gap Uniformity

Fig. 7: Moments and ShearForces In End-Region Gap Frame in addition, fromthe design perspe_ve _ is importamm am/d c/me tnwr_ce between

Fig. 8: Displacements x _10 for Case "B'"
Fig. 9: Displacements x 500 for Case "J" elecn'ical and muctural _ derails along the perm_er optw clmmber _ mere u no

$igni/icam mass rednclio_.

_. Co...... G,pF.,,. t_,.,, . 71,,+.-,+._. _+.o_..__,,_./o__.m,+_.._,_,_+o_:.,.s _+,d_.a.,,Fil:. IO: Isometric View of Cominuous Gap Frame commp/icmedi_bo_hare _rpeo.ed to sl_e the same re_ esmw Cmscrewposts

?. Dtserele-Posl Gop Frmme Details elecn'ical _ems in rkesame perimewr zom'L

Fig. I h IsometricView of Disc_e-Pmt Gap Frame . Separate zom,sakm 8 the dmmberlwrimewr_melectricolcmnp,_w, msonds_.c_ol
Fig. 12: Cross Section of Stack of Panels With Post de_aiispermi_/le._i&'lin/during _e design process _ accommoaaw me mevm_me
Fig. 13: Cro_ Section of a Discre,e Post changes in electrical com_menr sizes and Im._mt.
Fig. 14: Layout of Perime_r E_lecuonicsfor Outer 5uperlayerCSC

Fig. 15: Cross Section "A-A" ThroughEdgeConnector A designincm_rmmg o Ix,rimewrbolting la_em _ opl_, gap seal is emier n_
seal +m'+_rem.r pans.. The disc_-ImS_ .desi.",_ reo_m thateachbolt.he_ m troth

$. Loads and Stresses ends while mmm_inmg a lwoper lm_-ioaduuougn thechaml_ assemmy; a atmcul!
Fi_. 16: Load andShear Fot_ Distribution desig_t taskthat is more expensive to implement.

9. PrKtlcxl Comlderations

! O. Design Reeommendalions 2. Baekground lad llnlr_u_lion

Fig 17: CrossSectionof RecommendedEdgeD_gn An un-o_mizd. "cominuom" _ fame desi._ (similarmPit. !?)was pmpmmdfor_ GEM
P.A.C. Reviewheldin May 199_. Thiscksil_ _ a conm_nuomshe_rcmmection

11. Further Design and Analysis Tasks between sandwich panels, it used boltsalong the perneter o(the chambe_assembly to maimain
the necessary sham connection.

_ panels in a chamber assemHy. Bolts. which passed thnm_ ttmcent_ ol ttmposts from
o.e panel to thenext. estat_ished _ shear connecuon in _ assembly T_. pore were located
inside the _r gap framesta] andshat_ reale_sta_wtth anode electricalcomets m a
zone akmg theperimeterof thechamber. The dimensions of the perimeter _,._ionof thechand'_
were reduced thusreducing overall mass.

41 • 11 ,
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in GEM TN-93-350. Grm_rv _& o/ $and.'ich Panel Ass_dies as Applied to Precision Cmhodr
Strip Chamber Struclural De,tiRn..lull" 12. 1993. we saw thai high modulus/low density gap This paper is • foJlow-up to dull ellrlier work. We evaluate the _r dt_/eclfill ¢lmejlmem of

m_hing to the structure (excela around boiLs). However. the beam bending theory used in thai mall/ills. We alnallr/t ten combiaatio_ td"two lllmaeteg aesatms li_ six malenals or
paper aLca_predicted Ihal the gravity sag of a Slack of seven sandwich panels would be 39 times effec_ve_ in redumg mass wdhom c(mtimm,_g chamber stiffness. Material n_cal.
higher if slippmf occuned between panels. In other words, di._upling the sheaf cmnection I_. of sabstimticm at_ die only mms-i_luc_on _ considep_ here. We evaiuadle the
atrmmd the llerimeter between panels could _ total gravity sag by as much as It factor of 39 loss in _ _ty Ibm occurs for these sen c/mmber _ _ md maseria/
(limes Ihe beam bending Im_liction of appro_mmely I ram). combinm_ms and _ recommendations for _ _ IT-mint work _! include

in_s_p_m of"_emr" s_ffcm_ _c_qme_)
In GEM TN-93-350. we also saw thai shear "slipping" hmveen sandwich panels in the gap region
W.sulL_m shear deflecliem as well as local disiortions of cbamher cross sections, in "pure
bendmg" we ats,qmse the dabs shown in Fig lat. do nm slide oa each other. Sheaf"slidin£" 3. How _ ,_la'udm_ llmllamateu _
produces the increased _atvity _ seen in Fig. i b

The_ _ desireh,s neld_ sh_r de--minion, bmk_me _lh,,,,e sh_r,_ek_

Similmly. if the pa_l c_ aunenm staff eatm_ m she_. the _dLk_of eK_ Paete* mY rmp
a_x_ to each oth_. Sandwich panel _k_et canY mere of Ihe sa'uctm_'-Jmass m a typicai chamber

• d_iLm Table ! shoa_hedmmumceofthepaael skimasjbending-loadcanier. The applicatim
of beam bending eheo_ to • band _gioa oe_r sqx, dayer chamt_ with a grass-freer Idled epoxy

O. pp frm_ and a_ unt'd)ed.q_ly cet_ edge filJer pmdm:_ d_e t_'mll5 m T•ble !.

T__t_--o_ _ • _ _._. _. _,._ ._'_.__.__'_'__k'd"
Table I shou_theraasadi_lmlkmamdloadshaf_mracnammerm pumeenemg mcm¢
material choices listed.

-J b.
tl Table 1. Eflediveness 04Chamber ComponentsIn "Pure Bending"

Figure1" ShearDeflectionDue To "Slipping" qteftmal qtoftmal qto_ _.,,e_

Theponim of this'_mm-casefactorof .'t9"dm_occursdependson.amongmherthiags,chamber cempeoem chambermass _ mass _/n_s
pemnetet region design aml material chti:es. The enderlyi_ assumptioo of beam there, is that all ,,,14,d by _ cemed by _ _ of mass added .... I
beam cross sections will remain flat dining gravity sag. and thai even the most narrow or soft gap 0.Sfnm
frame will not permit sSIl_g helween sandwich panels. GIO laminate 219 "/7 38

rm___l st__

Designs meam to feduce chamber massram'.abo/m'n, me skear defomm6an. One musl maintain 2-¢"mm
bering _ she_rsuxctml _ekli_y*oco_ml tera,'i_ysag_n ligh_-nin_thechamb_. Cha.png eonUedel,my 18 "/ - ! l
flora atcontinumss gap frmsse In a di_tmlineous, discn_-lx_ frame removes ma._ from the core edl_,_ller
chamber perime'_r while _ chamber sliflness. Locating thesc disc_te pOSlSbetween 25ram
electrtmic c_ls is possible only if _cient spaleisatwilelde.The remo_! of matcrial gllels.lrd_f [ epmty | 2 9 - 3
from theperimeter reLeimzmust he balanced with thc added sheaf deformations Ihat resuh. Fa_. 2. XOP_
taken fsom a finite elemem analysis of atsemcturally inadequ_=,__ap frame des_n, clearly illuslra_s O.OITmm

the loss of cro_:scciion flatness neat a c'ma_ sePlXal l)oim. __,,,,,_,_ 4 ? 3

-- 19mm Nmnex

Pm_eycomb I I • - ! l

25Lg
/wrd_'e 16 • -16

In an .kleal. clmnbtt wi_h n_lil_hle sht_r deflecfi(m. _ pa_! slu_nscan_ _bom TT_ of the ksad
bmaddonly 39q tothetotal mass. Ho_¢ve_.smne resuh_ in Table I amdecepti_. The gap

Figure 2: Lossof Cross Section Flatness Due To Shear framedoes.o_seemmcarryitsown_ ande_ Norncxhoneycoa_co_appearszoi_
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5" oF I| ,m,,,_,i,_k_,d_ ¢(,_,,) --

ol any mmlyses by usmf a smmplebeamevalumim mettlmdas show. in thenext section. .I ! --_

!

Thefm_ eknmM _ smmnmz_l latarintl_ papercalculaechangesm_ _ff_. We _ t -- w_ el,_m_ how nmch mam_ we can _[cly I_novc froma compon_L _ _ _
impomm_ofacmlx,zm'smec'----..,,;c.1pmlzni..

I_3: Smn Usedr-or,,latedalC_
4. EvMmmlm, d _

T_ bemaemies am_ mpr_ rJ_a_,medloadq plas_s owm_ wei_ p wk
b d_is_ we obzervcO,e _: Tbe be_m sa_ m _e eemerdmew be_ is:

_,anmgqq_/./cnm_. GI01mmmemalelmdesim_ ftamemalmaJsin_izhaslhe be_msog - I[' ...... -"
i"-plameshem"_ of umlilledepoxy,m_lmfesa 25(lOFcu_e.a_l ismmcaslaNe.

"_megeq is lme_nemaldFmfibul_lol_ p is tJbebel_ dems_t_,w is MAel_am _. k _ _m

| _ EachofM_twoioadsom_s.qmmlpwk.commibm_m_mmsag.

._ * Cmt,m-fg_ rdledepo,tyis kl_ m, hme,jcembct_ edgefiller _,_e its_1Woperliesameacceplal_le _l_m lee disz_mm[!load[L,_adye_e_ls I_ bl_m_rbl (q >> p,hLIih_ :

" Ultre-lowdeasi_mewrialis_leelj_rligt_.loated_s. Theultm.iow_ 6eamseX ,= I(l q.=_£w

can_ s g'v_nmao _smrrcr,sou_ s"_ (andmass)of _-d_ comsxmmsauad_ a_dwen_J_l_msa_hy_lSE.'). TI_ wtdlbof s I_m (tllmprcdm_ d_ sa_
Io it also _s. [mwiej sagmd_ebmelmeforammaEzazk_)dwkledbythe_ keqpd_!.. I_luces the

parame_ ml* _4zicb is:
• lli_l,_'-_,ain#bers_t_memdmmbleqmxylgle_ Smv,eexmplesare

,, e.,,..,
cmlxm.al,minm_glass.mkevlarrd_rs, m_'* - T_ " B eWe know that a desirdde clmml_ frame mum,_ Ires/_. &.mun_.kig/_ _. a_ k_gb

rad/anc_ LingO. _.mosinffk_ismemmi_ul_isolatiom. Forinstancc. whefethesu_bdemmeslhe_medfo_the_fortmmtaliza6em. Thepmmmetct
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GEM TN-93-494

8. GravitySag as a Functionof Sandwich Core Material

Contents:
t

Summaryofgravitysagresultsforthreecorematerials(1page)

Analysis ofT DR Baseline HRH-10-1/8-1.8"Nomex" core (7 pages)

Analysis of WR-II-3/8-2.5 "ShelterCore" (7 pages)

Analysis of WR-II-3/8-4.0 "ShelterCore" (7 pages)

Summary:

On the basis of gravity sag alone, the stiffer WR-II-3/8-2.5 "Shelter Core" is the best
choice. However, since the density is 2.5 lb/ft3 as opposed to the 1.8 lb/ft3 for the TDR
Baseline HRH-10-1/8-1.8 core material, the benefit of the slightadded stiffness is erased.

The density of the sandwich core materialheavily influences the performanceof the muon
system, hence higher density core materials must provide a much larger stiffness
improvementin orderto be considered.
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9. ParametricStudies

Contents:

SL-3CSCwith andwithout lOmmthickx 25ramwidealuminumstiffeners(2 pages)

Gravitysagasafunctionof chamberdesignparameters(9 pages)

Summary:

lOmmthickby25ramwidealuminumstiffenersaddedtothetopandbottomof theside
framesin thelongdirectionreduceSL-3barrelchambergravitysagby40% whileadding
9.Skg of mass.

The locationof thesupportpointsawayfromtheends of the chamberhasthe greatesteffect
on the gravitysag (see the section on supportlocations).

Framewidthhas litde effect on gravitysag since mass is addedat non-optimumlocations
nearthe sectionneutralplane.

Sandwichpaneloverallthicknesshas a largeeffect on gravitysag since increasingcore
materialhas little effect onmass.

Increasingthe centralsandwichpanelthicknesshas some beneficialeffectwith nochange
in mass.

Adding(3-10 extensionshas a moderateeffect on gravitysag.
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Ira--3_ _ _ _ i
4t

c,..mim,w from) _::_::_::13_i_i_!::i_i52.3tl2 ItlAT1 010_ _!i_3_,_+_!::_ 22.759 O.O69 _iii_t_i_il
chamber Ioq_h (ram) _i!;_ii_:i_:_i_!!_ii_i!ii!ilI:_7.795 IdAT2 ol_W_pomy i!li_,_+++iii! 11.031 0.067 : _

smvjmchh (ram) 0.787 MAT3 C-_ (1:R-337) 34.483 0.060 _ _..

gap h (ram) ! i;::i::iiO_i_:iiiii!iii:!:+i0.394 MAT5 copper : te,_,_!_! ! 124.138 0.322 i i18;_+1_,i_iii_

,,, ,,,,. ,,,(,,,,,,) +++++_i:+++:+++_++++++i++++++++:++o.m_, rots ,m,,,,,O:_+,-:,_ +++:++iO0+_+++++i+i++2.7sg o.m+ * :i!++ _++?++++_.TII.OO"T
core __kmm+_w (ram) +i+ii+++++i+ii+++:5+i++:+i++_i+_i?++0.98ti MAT7 ullra.low clensily +++,TO0,_+ii++i++ 690 0.015 ?? 0_+,412:++:++I:+
eztommnW lmm) !:::: :i+:ii:!.i 0.000 MAT8 aNnlac_ (CO 1617-A) []!/_;_:ii '+ 2.414 0.025 :::+: 0+?:: _r it'q'])ill__

e_ h _me_ : +i:::+0+:::: :iii! 0.12_ MAT9 mylar 3.793 O.O+JO " 1:_ _,,,_:'_II_|_X
_u_ w(ram) ' ::::I+_ -::! 47.244 MATIO nomex• I._ 0 O.OOr94e873 0__

..:.....:.;., : , .-.--,::.:: _ i

Cu plaling l (mm) i i :::iO:O|_:::::il: O.OOP (rel=O.Ol7 MAT2 glass-libedepoxy gap kam_ 12.2 8.6 -3.6 19+43
prec.c_lh._Jlm_', t (mmm).::_ii:::.O_000i:ii!: 0.000 0.005 _Vn,Jee4_r) MAT6 Wow (!: 954-3) _ cornodip liilw 17.4 6.6 -10.8 27.70

,:,,,:.m+,,,_., (,..,) :(i!+iiiiii:O+_iiii!ii!i_o.ooo ._r4 .k.-,.. _ o.o o.o o.o ooo
l_m_,am.u4_Mss I_ i_!iii::::.::-_:.+-_i+ii:: 55.0 MATt G10 laminal _ _ 39.4 77.5 38.1 62.77

MATIO rmerm, • +.IIIWtO mmdmk:hcorn 10.8 0+0 -10.8 17.22

ch_ h (mm_) 200.0 MAT5 coOIpor cadl_ I_ 4.5 7.3 2.8 7.10

sandwichw Inn) 1330.0 MAT9 myler _ subente 0.0 0.0 0.0 0.00
core w (ram) 1280.0 tmJuir+ _ 15.7 0:0 .......... -15.7 2500

18 corn h _am} 19.O roods-1 Imci. = 16.5 hmlz I Iolads = 1OO.0 IOO.0 O.O 159.21pb)= 3003
l m,e_.u,,,.l ppm co,,,,,x_r,_ e.w..io_ s.,.,.e_¢o,, ci.o_ camd._ Tot._

P ,,,,,,eu,.,,.; "P.me+;+ s.71"m+1o s.sme.+m o.oooe.oo o.oooe+oo 7.s_+Io o.oom+oo _.oloe+i2 p,q,,_)
In.L : 3.440_07 7.g00E+06 2.414E.07 O+O00E+00 O.O00E+00 S.941E+05 0.000E.00 6. Z04EA7 (num_4)

umlght4 = 0.17S§ 0.0543 0.0774 0.O000 0.0481 0.0199 0.04)00 0.3752 (N/n_)
mares4: 17.9348 5.5500 7.9135 0.O000 4+9189 2.0291 O.0000 38.35 (g/ram)

•, 3.S00 3.S00 3.500 3.500 3.500 3.500 3.500 .... (mm)
E ,= 22,7S8 t 1,034 2.7S9 GII.S)6G 0 124.138 3.793 2_.440 {MPa)

minisdamity = 0.0C1926 0.0018S0 0.001190 0.002710 0.000029 0.008932 0.001387 0.018032 (g/mm_3)

. wL dm'milv ,, 1.11S_E*O$ 1.1110_-0_ 1.1641E.05 2.61SOE-05 2,1127E-07 ILTIOE.gs 1.3STE.OS 1.78SE-04 _:)L_" -o.mm ,.738 0.7=6 o.ooo _ k,*,rl e.;r:m o.**e --- I
sum Ek_a. : 2.r_4_ " 3.037E+07 2._*07 O._E,O0 O._,_E+O0 2.509E+07 GC,,q_,,,F_.O0 3.._,OE+O_ _ k_,2)

In.L = 82.65 18.9tl 58.00 0.00 0.00 1.43 0.00 161.05 _in"-4)

we_WI : 1.00 0.31 0.44 0.00 0.27 O. I I 0.00 2.14 (ll_m)
rrms_ : 2.594E.03 8.02_E,,_1 1.144E.03 0.000_+00 7.114E-04 2J34E-04 O.O00E+O0 $.$46_-03 (Ib mc"_m)

Jef_ ,- 137.110 137.80 137.80 137.80 I37.1t0 137.80 137.80 - - - (in)
E= 3.300.000 1,800,000 4OO.OOO I0.000.000 0 I0,000.000 $SO.O00 - - - r_rm_2)

rim# _ , 1.TaPTE.04 1.7"alE-04 _.I fOE.O+ 2.S._E-04 2.S_E.OS 8.33_.04 I.,_+4_-0+ 1. ,a2E-03 tlb _)
,,t ,,+# = o.o_ o.o+7 o.o,_ o.o_ o.oo, o.322 o,os, o.sso m,+,,_

anm_A = 9.3100E+03 3.0000E+0"3 6.6S00E+O3 O.0000E_0 1.7024E+05 2.27171_+02 O.0000E.O0 1.B94E+(]H5 (mm'_)

sumAy = 9.3100E.05 3.0000E.0S 6.6S00E+05 0.0000E_0 1.7024E_07 2.2717E,O4 0.0000E_0 - - - (ram,*,3)
Yrm=sumAYIsumA = 1.0000E+02 1.0000E.02 1.0000E+O2 0.0000E_I0 1.0000E.O2 1.000OEtG2 O+O000E+00 - - - (ram)

sum AyA2 = 1.275OE+08 3.7875E+07 9.0440E+07 0.O000E+O0 2.3153E+09 2.8658E.06 O.O000E._O 2.574E+09 (mm,_)
Yn.L*AY : 9.3100E+07 3.0000E+07 6.6S00E_4)7 0.0000E.00 1.7024E+09 2.2717E_D6 O.O0(OE+,K)O - - - (mm_)
mm Ioo= 1.93_,E.02 2.5000E.04 2.0005E+05 0.0000E+O0 5.1214E.06 5.4711E-03 0.0000E.00 5.347E.06 (ram"4)

AyA2-Yn.L'AY = 3.4401E+07 7.87SOE.06 _.394OE+07 0.0000E.O0 G+1286E.O0 5.9407E.05 0.0000_.00 - - - (mm'ql)
am:Morttoo = 3.4401E44)7 7.9(X)OE_D4G 2.4140E.07 0.000OE+O0 6.1799E.0e S.@40?E+OS 0.00OOE.00 6.850E+06 {mm_)

-id II _ v4.0
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iSL-3_,,_ _--_ (1011-_"::__-'___;___ ,_L iS I "_LJr _'b D it.,D I 7_!_:__i__ 4

toIF

ohm, bet, (ram) -ii_;-iiii!iiii_a_:ii;_-iiiii::__, 52.362 MAT 1 010 _ iiii__iii-!.i_! 22.7S9 0.069 i_i "i 1.92"."4_iii_:ii_ --

wndmch h (nvn) i!i_.!::::i:i:!!!iiiii_:_!!!i!!_i!i!!!iiiii0.787 Id_T3 _ (FR-337) 34.483 0.060

,.:. ii ii; ii!iii0sii!i::i!iiiiii!io.o MAT4 .,.m..- o JlOlWJ'
glP t, (ram) ?;i_:ii!_il:.ii_ i_:_!i!ii!:i_i!ii:_ 0.394 MAT5 cqplpe_ _f_j!i_!! 124,130 0. 322 ii!i- 0_|_1 jl!l_,l__

_p trame w (ram) iiii:!iiliiii!ii_51i_-!!iiii_ii_ili0.984 MATE, el:O. (F 954-3) 3501:: _ii#_;_ii i_!ii_ 2.7S9 0.1)43 _i

......:. ....................... 0.984 MAT8 affrdactic(CO 1617-A) ":_ii350_i_] :] 2.414 0.025...... ] -:: ]: ./ . : : .:;:: .: . .:

exiomion h _mm) i iililiiii!i0!iiiii!]i!i:i:i:_!. 0.394 MAT9 my_ 550_0001 :. 3.793 0.050 _: 1_:38_g_i __

Cu ptaling, (ram) I i]:iii!Qi,0i_ii!]:ii:iiii 0.001 (re,=0.0,7 MAT2 glass-lilx,/epoxy 9ap Irm 11.5 4.0 -6.7 19.43

pmc.cd_Wbstr. , (n_-) !]i!i]i!i]iiiO_!]i:.i:.iil] 0.000 0.00S v#mylart_ roTS _ (F ___,A-_3) _ corn _ _ 1&.4 3,T -12.7 27.70
crs.cal_atd)str, t (n_n) ii]il]:_iiiiO_]ii]ii::i:.]i:'i 0.000 I_ - -MAT4 aluminum extensions 5.6 44. I 38.5 ' 9.'51
han:hamre_liii_s (g) ii:!!ili!:_::ii!iiiii:iii 55.0 MATI GtOlammlm _st_ 37.2 43.3 6.I 62.11

MATIO nomu • 1.01b_ sand_ cote 10.2 0.0 -10_ 17.22

chmlM)Mh (men) 220.0 MATS copper ca_hodopianos 4.2 4.1 -0.1 7.10
mmdlmchw (ram) 1330.0 MAT9 m/_ cal_ mbeWaze 0.O 0.0 0.0 0.00

corn w (men) 1280.0 hrdmr+ u_l 14.8 O.0 -14.8 25.00

cornh (ram} 19.0 mode-S Imq. = 23.9 hertz j _ = 100.0 100.0 0.0 168.72
weight (lb) = 371.2

__'_df_qs _ Imme tom edge Her e_Jermxm sanrbkhc_e _ calhode absmm Tolds
mm Eke& = 7.829E.11 8.7171E_10 6.6S9E.10 7.9B4E+11 0.000E_30 7.375E.10 0.000E_00 1.809_.12 (Mpe mm_)

| In.L = 3.440E+07 7.900E.06 2.414E.07 1.158E.07 0.000E _DO 5.941E_4)5 0.0001E+00 7._61E+07 (mm_)

wetghl/I : 0.1755 0.0S43 0.0774 0.0266 0.0401 0.0199 0.0000 0.4018 (N/nmm)
mmmeq: 17.9348 5.5500 7.9135 2.718<) 4.91B9 2.0291 0.0000 41.0($ (g_m,m)

Iong_ = 3.500 3.S00 3.500 3.500 3.S00 3.S00 3.54)0.... (ram)
E: 22.759 11.034 2.759 68.966 0 124.138 3.793 233.448

mmm_ = 0.00t9H O.O01m 0.001190 0.002718 0.000029 0.0(0932 0.001387 0.018032 (g/ram*3)

(N_.m,'3)WL = 1.90SE-05 t.illOE-05 1.164E.05 2.660E-05 2.8271E-07 8.740E-0S 1.3571_-05 1.765E-04 1__
-- _ 0.434 0.434 0.434 (deed Joed) 0.434 0.000 --- -

_ sum Ein.a. = 2.r_/z:+u_ 3.037E.07 2._20E+07 2.7_1E+08 O._E+O0 2.._._+07 O.C_E+O0 6.301E+0_ _m mA2)
leLa.: 82.65 1tl.9tl 511.00 27.111 0._0 1.43 0.00 188.87 (in_)

= f.O0 0.31 0.44 O. I5 0.27 O.11 0.00 2._ (Ib/'m)
mUS/! = 2.594E-03 8.026E-04 1.144_-03 3._31E-04 7.f14E-04 2.934E.04 O.O00E+O0 5. 939_-03 Ob sec'_)

lenglh : 137.110 137.110 137.110 137.110 137.80 137.80 137.80 . . .. (in)
E= 3.300,000 1,600.000 400.000 10.000,000 0 18.000.(_0 550._P0 - - - _2)

mass d_nsity = 1.797E.04 1.726E-04 I. 1IOE-04 2.536E-04 2.696E-06 8.333E-04 1.294E.04 1.682E-03 Ob seL"v_m_)
._ _ = o.o99 o.os7 o.o4_ o.o9_ o.oo_ o._ o.o5o o.65o pb_._

•,.:.,-.-,w_. _7.em _7.H _7.o_ _7.99 _ ke, 9 _7.H 9.N --- t,,,_
sum A = 9.3100E+03 3.0(X)OE_3 6.650OE.03 1.0000E+03 1.7024E.05 2.2717E_D2 0.O000E_O0 1.904E_5 (tam'v2)

sumAy = 1.0241E+06 3.3000E+05 7.3150E+0S 1.0750E+05 1.8726E.07 2.4989E44)4 O.O(X)OE.O0 --- (ram"3)
Yrm--m_ AY/sumA = 1.1000E+02 1.1000E.02 1.1000E+02 1.0750tE+02 1.1000E+02 1.1000E+02 0.000OE_0 - - - (mr.)

zum AY'V2: 1.4705E+08 4.4175E+07 1.0441E.08 2.3125E.07 2.6728E.09 3.3429E+06 0.0000E+00 2.995E_4_ (mm_)
Yn.a.'AY = 1.1265E+08 3.63(X)E+07 8.0465E+07 1.1556E+07 2.0599E+09 2.7488E+(_6 0.0000E+00 - - - (erm_4)

sum Ioo= 1.9396E+02 2.5000E+04 2.0005E+05 8.3333E.03 5.1214E.06 5.4711E-03 O.0000E_(X) 5.355E+06 (mm'_)
AY,v2-Yn.a.*AY= 3.4401E+07 7.8750E.06 2.3940E+07 1.1569E.07 6.1286E_De 5,9407E_v05 O.O000E_O --- (ramA4)

Ioo : 3._.01E+07 7.9000E.06 2.4140E+07 1.1577E+07 6.1799E.08 5.9407E_05 O.0000E+00 6.966E+08 {mmA4)
_ clmmlx_ v4.0





•o_erCSC. Sgas_ps@10mm,_Ommx128Smm,mw_h.2smm t_ oP q
• cecal sand_ _:krms varied/ramL_mmto80ram(chemIN_rINcknmsIt_l emmant_t_mm)
• skinm_cknessvaried#ore0.SmmtoS.0mm
• maxm_ (W_ (0.0S0mmpan_saghasb_n _ m _ _m_r_)



b" o+ q
•ouwCSC, 6(mgape@ lomm,12Mmmwlde,2Smmwlclokmne,eklnmk..O_mrn
•chaml_W_mvuded(tom3000ramto3600ram
• _ tr,=_.m vuded_ 20nvnto_n_ (_ mlemm go_ trm. lmm m m_mm)
• _ m_uuon(O.OeOmm_r_ mOr_ _e. addedtoUeamNncUng)

OuterCSC,6 gasgaps,7 pan_ @ 20ram,ar_on_ x 1200ramx 20omm

o.es ............
i ....... • .... ", ................................

.... mmdmO value_ tram _ , 0.612
p

06 ................. : ...... :...... :
value for O_mm_ , 0.S24 ' '

J '\ .........
_ ' :

\ ' I_mdmO_ tW_ _OmmGIO_ . 0.440

o,s ,,........., : "- ,'e -- _,IE . _ -',"'''_"--'--- - II

04 * i ; ' * _----_--. , i , , , I

o _ 2 a 4 s s ? e e _o





• ._.csc, ew,.w,m@sm, s3oomx_x_,_, _.,_,,,., 'I or.
•_wneext_monvaried#ore0 toeOmm(oOOeOtotopand_) ......
• a_n_mm vamOfromO.SmmtoS.Onw.(ehmm,r _ h**doonmmot i_mm)
• __ (O.O_mnper_uO h_ _ mOOeOtoN,m _)
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10. Thermal Deformation

Conmnts:
a.

Summaryviewgraph (1 page)

Slab thermal deformationcalculation (2 pages)

Summary:

Thermal deformation of a slab is proportional to the first power of temperature and CTE,
the second power of length and width, and inversely proportional to the first power of slab
thickness.



Thermal Deformation Levels Are Acceptable

• Thermal deflection of a homogeneous slab subjected to a linear temperature
gradient through its thickness is

w 8 = 8 + 8 = "tL2+ w2)"
¢X AT

I thermal L w 8 h
/

where, L = length
W = width
a = coeff_mt of thermalexpansion= I1.3x10-6/°C

= th'ckness
_'T = :2/_C/9.Omx thickness

chamber length (mm) width (mm) thickness (mm) deflection (mm)

outer superlayer 3500 1300 200 0.004 _.
middle supedayer 2600 11O0 188 0.001
inner superlayer 3500 770 170 0.004

lab

GEM PAC Review, 26 May 1993 J./L Horvath
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11. Support Point Location and Gravity Sag

o

Contents:
o

Analysis of gravitysag of TDR SL-3barrelchambervs. supportpointlocation (3 pages)

Calculationofshear,moment,curvature,anddeflectionfunctions(6pages)

Beam deflection"specialcases"chart,ref.Don Carter,LLNL (lpage)

Summary:

The optimumsupportpointsfor a uniformlyloadedbeamarelocated0.223L fromthe ends
of thebeam.

Supportat the extremeends resultsin a gravitysag 48.6 timeshigherthanthe optimum.
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GEM TN-93-494

12. Bulge Due To Internal Pressure

Contents:
b..

Summary viewgraphs(4 pages)

Chamber with external plenum, quarter-symmetry model and deflection results (10 pages)

TDR Baseline with 3 internalposts, quarter-sym, model and deflection results (8 pages)

Chamber without plenum or posts, quarter-sym, model and deflection results (7 pages)

Hand calculation of bulge using simply-supported edges for upper bound value (3 pages)

Spacer post design detailand comments (1 page)

Summary:

Panel bulge is proportional to the 4th. power of unsupported span, 2nd. power of
outermost sandwich thickness, and 1st. power of outermost sandwich skin thickness. A
hand calculation using simply-supported edges (no edge moments) provides an upper
bound to the expected value (0.359mm for SL-3 TDR Baseline chamber). A finite element
model provides the actual value and the deflected shape (0.064mm for SL-3 TDR Baseline
chamber). The internalspacer posts carry high tensile loads to react the pressure load.

An external plenum, or bladder, eliminates the bulge on all cathode planes and transfers it
to the external bladder itself. Spacer post tensile loads are reduced to the minimum amount
needed to maintain contact for controlling the cathode-to-cathodespacing.



External Plenum Simplifies Spacer PostsINNI II NI Ill lUll II il II NNIN

eximlpleusestwoplenum
sandwichpanelsantigaps
( lOmmsandwichpanels
withO.5nvnskinsand
Smmplenumgaps)

spacerpostsinsideplenum plenumexpands0.6ramunder
0.2"H20 internalpressure

Z

,_T_,
Ilillp. loci* #actor • 0.|1MN_*83

. Externalplenum eliminatesbulge on all cathodeplane sandwichpanels

• Spacerpost design is simplified since only small tension is neededto pull
panel stack together(no internalhoneycombreinforcementsare needed)

• Leak-tightnessrequirementis eliminatedsince spacerposts would terminate
inside theplenum

GEMPAC,qevA,w,26May1993 JA.Horvo:k

of InternalPressure on Baseline Chamber gem_Effect
ii

• A finite elementmodel of an outersuperlayerchamberwith a 25ram epoxy
honeycombedge filler anda 25ram GI0 gap spacer frameproducesa 64 micron
bulge for a 0.2 inch H20 positive internalpressure.

• A finite elementmodel of an outersuperlayerchamberwithout spacer posts
predictsa 175 micron bulge for the same internalpressure. Thereis a sensitivity
to paneledge moment restraint.

Pout

i iI]illilllilllll|l|l,lllllllllllllllllll|lllltlllllllllllllllllllllJlllltlllll I

lmI
Irrrr P,. m]
ITTTr m]

[iw IIIlIilIIIIL_IIIIIIIIIIIIIIlH_IHIIIIIIIIIlIIIIIIlIIIIIIIIIIIIIIIIIlIIIIlll Lm _.

Pom

• Panel bulge is proportionalto
4th. powerof unsupportedwidth
2rid.power of outermostsandwich thickness
Ist. power of outermostsandwichskin thickness

- • Outsideplenum or additionalinternalposts being evaluated

G£MPACeeview,26May1993 L _ __ _ p ./.A.Ho.=h



Spacer Posts Use Tension To Reduce Panel Bulge

C
4to0, _ale emteo . 0, Nll[qM ¢;t_, Male #a4te,. • LIImRHM

- • Outersuperlayerchamberwithoutspacerposts bulges 175 micronsunder
0.007 psi (0.2" H20) internalpressure

• Threespacerposts reducethemaximumbulge to 64 microns

• In bothcases only the external sandwichpanelsbulge since pressure is
equilibratedon both sides of the internalpanels

• Chamberinternalpressureproduces tension in the spacerposts

• Spacerposts must be designedto restrainagainst overpressureswithout damage

,-,-,, n,t- ,,_-... _,_u,,.. aoo:t JA. ltorvath

.,Spacer Posts Limit Bulge Locally Oe_

3 spacers(Baseline2)
quarter-modelof outersuperlayerCSC

10 spacers
reduceImige80')6belowBaseline2

.£. 1 7
alu. oaale _atto* , 0.1QR.t_

• Internalspacerposts limitpanel bulgeby applyingrestraintatdiscrete points

• A plenumat theoutersurfaceswoulduniformlyrestrainbulge without spacer
posts

GEM PAC Review,26May 1993 JA.Horvmh
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i "t 4 •

GAIn 1.0372t..,_ C g-lmlllocZleml le--OS sofller)
GIK; 1.0312e44)1 o O--IIlllC211ull {1.11e+05 Ibllnl|

Clio ouler - • .'" 1420 preloure 12Smm epony framed OCA 2.0216e+OT © o-emllec21mmZ I:1.11o-03 Ibllr_)
c flle cepxprmqO PI_A 0.3 c PolSSon-bl
c Oulrler-eymmetry model MICA 0.3 c PolSlon-cl

c Blsellne-2 with 1three spacer posies PRC8 O.3 c Pillion-ohihlo file IS used to Ilenerlte NIKEIO Input. 11140 2.01040+6 ¢ ilmm3 (1.1 Iblltl)
AOPI 2.O C gll_blolly ollho|ropl¢ dellnltlolrl

O Irtorld Input for CSC outer Iupertoyer chlmdl_lr AI t.O c al for I-veclor
4= • wire leyerS A• O.0 c V for 1-vector
C Is3402mm eet2BOm hs20Owm A3 O.0 c z for 1-vector

edoe frlmm ee26mm 01 O.O C s for d-vector
end trlme u-,•ms 02 _: c y for d .... lotc sandwich panels (?) 11o10mm (1lime curl • O.Smm skins) I)3 c • for d-veclor

o Olpl Ill 11-1Omm ENOMAT

C Procedure for UNICOS: MAT 4 I o It)ely 141; filler

tnorld lelntlle run Inorld E 2.?llOOeqHm)R C g-mmilec211ml2 or OPI (O.deeOe psi)lip O.T emrpo nodes PR O.21 c pollSon's rifle
c continue mike NIKE30 Input RHO 1.10OO1--O3 c glee3 (120 Ibtft3 • 0.O1 IblIIIlMIL)

_ Inorldo oulllle.l chenoo name ENt3MAT++ vl oullllo, l edll club2.1

clrd:lllld vllue colmllen111 MAT IS t c ell)ely cenflr Iplolr dlr--11)Olll
c
C 6:11 II only print1 I•111 s11op to hip ISEMI o Invokes collOplod thin shell IormJIIIllon

• 1 RO perc4mI Of core E 2.TROOo40E c O-W_llec211m2 or 0P11 (0 404011 pS! )
:

I (xJller size PR O.211 ¢ polllon'l r111io0:3 3
@ 1:4 1 tlorlge opllon In core Rm 1.11001-O3 c oleo3 1120 IbleI3 o O.O1 IbIIt2/MIL)

o lee 1 Incomp1111011 modes for bricks elhl 2.6 o outer dlmdpnllOn In l-dlrecllol2 It ctr.n (ms)
0:• 1 shell Oeomelrlc silliness flog Ithl 2.6 c outer dimension In t-direction (ms)

_r_ : chen•e boundlry celmlllIlenl I[NOMAT
O node lift (code •) l.Z trimS, ttlod

MAT II I e epolly splicer holf--IDOStl
bol 141 horvlth liE+ c Invokel +ol llpled lhln lhell formul1111on
tv I E 2./100eeOg o omlsec2111m_ or OPo (O.4eeOa psi )
141(30 o Oenerole Nil(Ell) Inl_J1 PR 0.2• c polsson'I TIlle
ANAt. lITAT C Italic lnOlyIlS N 1.1l(OOe-0S c 011ml3 (120 Iblf|l • 0.0| IblII•IMIL)
NSTEP 4 c mr of lime stops stht l.S © outer dimension In t-direction (ms)
DELT •.!i0Oo-01 c tin tlop slate |thl 6.0 c outer dimension In |-direction (ms)

ENOMAT
© el_.-itep Ioed curve

LCO I IS O.O O.O O.• O.0• 0.4 O.t O.00.• O.O 0.4 1 .O 1 .O •TART c 111ndwlch ponel ekll_l (elfernol I .e. no pressure)
1 13 16 ; t 13 16 : -1 ;

c MAV o IO In ,-.dlreo111on (normal to panel) O. 107•. 117Ot.
o O.O O.0 1.0114000*O) O. 600. 026.

O.O
MAT 1 1 HLL o Epo•y-Olllflb 11040 16-10) B I I 11 1 3 1 10001111

E •.•RIRo4)IO o O*+amlsl_•llw2 13.3o44)0 psi ) IS 11 I 11 3 1 11 0101011
H 0.20 O polsson'S retie MATE t c Epouy-Olllf110 JOt0 (O-tO)
11140 1.121•0-0_1 C glee3 1110 101113 • O.01 IblII•IMIL) LCT• ; C repels the port • times
THICK 0.0 C mm thickness _ --100. ; MZ 100. ;

ENOMAT t.REP 1 • : C use 111141• clones
ENO

MAT 2 I ¢ Eposy-OI l 1t110 1040 (O-1OI
E 2.•01110•10 c O-mmlsoc•lld (3.3e4dDe psi) START c Sllr_lwlch ponel skins (InllornllI gop-top)
PR 0.26 O polsson'l roll• 1 13 10 : 1 13 IS : --1 :

1.11:Pl(•e-03 C glmm3 (1_0 Iblff3 • 0.01 Iblft21MIL) O. 1076. 1?01.
ENOMAT O+ 600. 626.

0.0
MAT 3 2 c HRH-IO-IIO-I.O (honeycomb) 0 1 I 1 1 3 1 100011

EC O.•310QlOT C g-Mllec21111111_ (O.Oe4kO_ Ibll_) 0 • ! 1 3 1 I 010101
EA 6.03100+02 C O-Ilml/sec21mm2 (e-O!5 sollerl
EB 6.03100002 c g-mmlsec211Mk_ (e-O6 Softer)



G O,2in. H20

HATE I c I[pomy-Olllfeb 1040 (0-10) BEaM c Spac, POSts
LCT • : c repelit the pert • limes rl 000000 O. O. -100.

MZ •0 : • ! 000000 O. 0. -IlO.
MZ -60 : MZ 20 : f t 000000 O. O. -YO.
MZ 10. ; MZ 40 t IIZ ?0. : r t 000000 O. O• 60• _ .

LREP 1 2 3 4 IS • : o us• the • clones rl 000000 O.O. 40
ENO • 1 000000 0. 0. 20

• I 000000 O. O. -10.
START o slindwich penel ok•nil (internal oep-boilom) 01 0oo0o0 O. O. 10.

t 1:3 16 : 1 13 16 : -1 | ri 000000 O. O. 20.
O. 10?0. 1701. • t OOOO00 0." O. 40.
O. 000. 026. r t 000000 O. O. 60.
0.0 • t 000000 O. O. 70.
0 I 1 1 1 _1 I 100011 rt 0000o0 O. 0. 00.
o I I I 3 1 I 010101 •t o0oooo 0. 0. 100.
PR 1 1 1 2 • 1 I 4•.000 0 O. 1• e upward pressure lOFtS-moo.2) ri 000000 ll31i. 0. 100• _ .

o 0. Z In. 1420 • 1 000000 030. 0. -•0.
dE MATE 1 ¢ I[poxy-Oi | I feb 1040 |O-tO ) • | OOQO00 •3•. 0. 70

LCT • : O repent the pert • limes rl 000000 •30. 0. -(SO.MZ -70. ; MZ -40. : MZ -10. ; rt 000000 03•. O. -40•
IdZ 20. : MZ gO. 8 • t 000000 030. O. 20

MZ 1102 • r l 000000 030. O. -10.i.IREP _ 4 • II : • use the • olono• rt 000000 03•. 0. 1•.
f END r t 000000 •30. O. 80.

r l 000000 03O. O. 40.

_lb •TART c eendwloh pllnel frlpmoO r t 000o00 •30. O. I;0.
I 13 1• ; 1 lS 1• : 1 • -- rl 000000 •30. O. YO.

0. 10•0. 1701. r t 000000 •3•. O. •0.
O. 0OO. US. r t DO0000 030. O. 100.
0.0 20. 0 c end of ©oordlnelo I;peclfle•tion
0 1 1 1 • • • o remove the honeyomeb reoIon 1 • I • 1 2•
HATE 4 c •pony HC filler 2 3 I • I _O
LCT • : MZ -t00. : MZ •0 : MZ -40. : MZ -10 : MZ 20• ; MZ 60. : MZ llO: 3 4 1 • 1 20- . . .
LREP 1 • 3 4 • II 7 : o rolpollt the pert • times 4 • ! • I 20

END lI• 16 I ;_O
• ? t • 120

• TART G _ fr•mO• • • 1 Is 1 20
1 13 16 ; I 1) 16 | 1 • ; • • 1 6 1 20
O. 107o. 1001. • lO 1 6 1 20
o. •Go. 02•. 10 11 I • 1 211
o.o lO. 11 12 1 • I 20
O I I 1 • • • o remove wire SlOP reoion 12 13 1 • 1 2•
MATE 2 @ Epoxy-Olllfeb 1040 (0-=0| 13 14 I 15 I 20
LCT • : MZ -•0. : MZ -60. : MZ 20 : MZ 10.-" MZ _O. : HZ •0. : 16 1• 1 • I 1
LRIEP I • 3 4 • • ; O tiNs•el the pl_rt • limes 10 1¥ I • I 1

ENO 17 10 1 • I 1
tO 10 I • 1 1

START © samdwich panel honeycomb 10 20 1 • 1 1
1 13 ; 1 13 ; I 2 : 20 21 1 • 1 I
O. 1•T•. 21 22 1 • 1 !
O. •00. 22 23 I • 1 1
0.0 20. 23 24 1 0 1 1
HATE 3 o HRH-10-110-1.0 (honeycomb) 24 26 I 0 1 1
LCI • : MZ -100. : MZ -70. : MZ -40. ; MZ -10. : MZ 20. ; MZ 60. : MZ ilO. : 26 2• | • I 1
LREP I 2 3 4 6 • • : c dupllceto • times 28 27 ! • 11 1

ENO :' 2" 1on: , ,c of el•met |14meretlon
( C do no1 Include splicer posts ENO

) c do not Include spalcor postsENO





Sample Problems _-_F_T_ _| C H- 715H0_/.._ _t__ (?_--_ _% U_-_'_
\ )

B. SimplySupported Plate L) k) b _-.._ U _) ( Fl_l_y_. _,.£,fJ'U_ L.OA_)

(fromMIL HDBK-23) _ E..P, t'_EJ(C _ "1"5_ "" I?,,q) -.,
iJ iii

ss "-T'- UniformLoad

,w.. I ]=
ss _ "L" ss = 4ft p : 20 psf = 0.139 Ibs/in2

SS .... _lf li If II li II il II Illi II I1 li if 11II il II II IJLllll

a =8ft Simply supportedall four edges
s>b

1. Determine Plate Coefficients: 4. Check Core Shear Stress:

b 48 Ksp b (0.37)(0.139)(48)

a 96 0.50 '_* : h 1.020 : 2.42 psi

Gb 43,000 85(0.93)*

R : _ = 21,20"-'-'O: 2.03 F.S.= 2.42 =32.7

USER = 2.5 (see Figure 8) *CorrectionFactorfor 1" ThickAI.H/C, TSB 120

"_Ettfh2 5. Check Facing Dimpling:V=

2b' hGc_, 2E,rt,1,
o'_,="_"LsJ

V = "_(10.1x 10')(0.020)(1.020)2 = 0.023
2 (48)2(1.020)(21,200)(0.89) o, ,.,o.,roo:o}.

FROM FIGURE 8 K, : 0.0105 : _89 L0.-'3"_'J:64,560psi
FIGURE 9 K_ : 0.103
FIGURE10 K3 = 0.37 64,560psi > 24,000 .'. NOTCRITICAL!

2. Check Panel Deflection: 6. Check Facing Wrinkling:

_t,: 2K,pb'),, rEct,],/,
Ettt h_ _= = 0.82 E_LE_tc.I

2(0.0105)(0.139)(48)'(0.89)

[(7o,ooo)(oo o)l'
A = (10.1,,I0_)(0.020)(1.020)_= 0.066 Crc,= 0.82(10.1,,10")l('_.ix I-'_('_-.000iI

97,500psi

3. Check Facing Stress: 97,500psi > 24,000 .'. NOTCRITICAL!

(:3 = K_pb_ (0'103)(0'139)(48)_- = 1,617psi 7. Check Factor-of-Safety:
ht_ (1.020)(0.020) MINIMUMF.S.(FACEYIELDING)= 14.8

24.000
F.S. = = 14.8

1,617

 z-lt
Hexcel Corporation 18
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Figure8-- K,.fordeterminingmaximum deflection,A. offlat Figure9 -- Kz, for delermining,facingstress,O'_,of flat
reclangularsandwich panelsa > b reclangularsandwich panelsa > D
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GEM TN-93-494

13. Chamber Mode Shapes and Natural Frequencies

Contents:
i.

Summary of TDR chamber natural frequencies (l page)

TDR chamber with G I0 frame, outer superlayer, details of mode shapes (7 pages)
TDR chamber with GI0 frame, middle superlayer, details of mode shapes (7 pages)
TDR chamber with G I0 frame, inner superlayer, details of mode shapes (7 pages)

TDR chamber with epoxy frame, outer superlayer, details of mode shapes (6 pages)

Summary:

Natural frequencies of 3.5m long chambers tend to be low due to their length and limited
thickness (limited by overlap of chambers and maximum muon track lever arm). The
limited thickness produces a low stiffness. Adding mass to increase stiffness also
produces panicle scattering and thus should be avoided.

Changing the "frame" material from relatively "stiff" G10 to "soft" epoxy reduces the
lowest natural frequency by 25% due to loss of shear stiffness in the chamber. This
linkage between frame design and chamber stiffness is documented in GEM TN-93-460,
Comparison of Gap Frame Designs and Materials for Precision Cathode Strip Chambers.



[_ Bare Panel Natural At 19 hz
_)f

FrequenciesBegin

frequency (hz) for first six modes

mode# 1 2 3 4 5 6

outer superlayer 20.6 22.4 30.0 57.4 61.3 63.8

middlesuperlayer 28.9 38.9 45.6 90.3 90.6 92.0

._ innersuperlayer 19.7 32.0 66.8 77.6 83.4 113.7

• Barepanelsare sandwichpanels,edge fillers,andgap frames.
(Not includedare detectorwires,copperplating,circuitboards,gaspipe,heat sinks,
bolts,cables,or connectors.)

• Barepanelfrequenciesarewithin5% of loadedpanelvalues.
The effect of addedmassisestimatedusingthe expressionfor a spring/masssystem.

f= ]_--2_

An increaseinchambermassof 10% willdecreasethe naturalfrequencyby 5%.

LLL050593-04
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Outer Superlayer Chamber: First Six Modes
I< }K) E/q ol)._" _ 0 O T'E/_E_

20.6 hz 22.4 hz 30.0 hz

leO4' Ottit ,tete_ • 1.141Bet_ '4e4hllt tit. trJle m_t_ • I Illm_ II_*.ltte II.tD. •lit" •1418° - I.II_ll I t

Iloo • I_._MmlMI_4M IlmI - l. llltltl)

57.4 hz 61.3 hz 63.8 hz

._ .. _" ......Illtl III II I4_INI * II.:_lJ(41 Ill II #°el ! t • P 11 II Oltl lip I;tep. tell@ #8_tO_ • jIIt4l I It Ill

0

-g
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Middle Supedayer Chamber: First,,Six Modes

I<_J_rM_'rlc ¢..?FO_T- AT" F._OJ
Iz._,_+,_ _,-I)) _ib pf^_E Ar[0_)

28.9 hz 38.9 hz 45.6 hz

j J J
. Be • • . • • . t _. • . • oNlkllIIIu I 1111111' • lal_ •1 14kllImlll el • lille Ilwcl.r •.|mIal'44}$ Ill I1$ Illpo le•|l IOIIP • IlIt II

I
...J

3 ..... II_Nw/l_ ell.Ill ..... it ..... el _i_11_ II1.1111 .... |K II .... Iqlel'll•_" (el.Ill ....,ll,.l+ - e.,l_l'wl.,411 I,_.,,l. • . le,.l+ • l_II'IP•ll.lll

90.3 hz 90.6 hz 9?_.0hz

3:

I"
J J , , J .... .,............ f_i¢ • ,Ii+c11.- . • . i.i• llell_i ii_ iililt- H•ll Iml,_I • •.II'll lel I •lip. •; • • fill" It mlkll lll_ •

GEM PACReview, 26 May 1993 J.A. Horvath _
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Inner Superlayer Chamber:, First Six Modes
lt,,E__Tt_la-'¢ . _I-117(."c-/c5.r.-I_A_'Le/" _)'0EMo0E/'/_OE'_.E',oD

ll,_-- )'_-rt(- M t)uo0Tf ,_ 7- .I_'/uP.t r

•L.f_ 9,t-)D K-)0 F-g/) _ AS-_ut¢£0
ell sa,.e...,..l,_-seTpP e|l._,=, _. ) CK oa,*eB_l_#,lleV_ s_ _ • _ ¢
II.,B • I.IIIIIIIeOII IIeB • l.ll_.iilll • - : •

19.7 hz . 32.0 hz 66.8 hz

A J A
,,leo..,eel,l •,,....i o •.I_ oaeem.sl,) eL•• I e - I _ ol ¢-., e.._)e| ses. 0 4, • - O.lal-ll .e e.,,qt)

!

i .
_ ll4111PlillleIII i IW4WB) car 111,1ol)lleOiellllleItlli o4,mql)) 11¢ lima- _

t e...l,'llll-ll 10.,. - • Nllig-lll _,. - IB _l 111 I)e.,e-

77.6 hz 83.4 hz 113.7 hz o

x
mN

gA A ......
o.. o "1" " ": " 0else. eelllelll,lSle • 0.11111411l_e# IS lllop.._,,le¢ m II llllel _" II else. el,el. l,les,_ • 0 _ Ol llll_.,eil'

-,J
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14. Chamber Twist

,8

Contents:
45

Summary of results and requirements for TDR Baseline (3 pages).

•Analysis of chamber twist due to an applied force-couple (3 pages)

Calculation of chamber torsional rigidity from applied torque and observed twist (4 pages)

Description of finite element analysis model (4 pages)

Edge straightness for 4-comer support with imposed Imm comer displacement (2 pages)

Summary:

An applied torque produces a twist value. This information produces torsional rigidity
values for each superlayer chamber which can be used to predict chamber twist for various
mounting orientations and offsets of the center of gravity.

TDR Baseline cham,,ers were extremely stiff in torsion due to their continuous side frame
which formed a closed section beam.

When all four corners are supported in z (quasi-kinematic) and a lmm displacement is
imposed on one comer, the long edges remain straight to within 2 microns.
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Al;gnment Requirements for the GEM Muon System
/

/

Table 2: The local alignment reqirements (jo_ = 30ram)

, F_tor , Parameter Eequirement _ol_,,

Monitor _"_ 25#i i

* resolution

..... t0#
Monitor 0'*_'m'°_ "#, , 20_

positioning cr__ ,, I0/_ ,

Monitor Di_t_P 30ram

defocuJing Dist_#" 30ram lOp
Diat__ 30ram

...... ' ii ,

- ' ._ D: _ ±1.5ram ,
,_[ D_ _ q'l.fmm

, '_/ _ , ,.D__ ±l.Sn_m

_lmrad

'Superlayers R'_._ _3mrad 12p
b..9 i|, '_ , '

.positioning" _ _-" ±_mm .....
D_ q'3mm

• D_ 't +3ram _._o +
._f R_ +l.Smrad ?lJl_

." _ p,o_" -l-l.Smrad ' 5'
Chamber 'o',fz,u lO0,u, "lOp

non-flatness Sag,_ 200#

Total _'*o'_,_ 25p 21p ....
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Long-EdgeDisplacementDeviationfromLinear
vs. NormalizedLong-EdgeLocation

for SL-3 (Outer)Chamber
with lmm ImposedComerDisplacement
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15. Copper-On-Mylar Cathodes

w

. Contents:

Summaryviewgraph for $L-3 CSC with Cu-on-mylarcathodes(1 page)

Deflection as a function of mylarthickness for51.tand 7g coppercathodes (1 page)

Spreadsheetbending analyses showing massdistribution(2 pages)

• Summary:

Copper-on-mylarcathodes havevery little effecton chambergravitysag.

The thickness of the mylar andadhesive must be accounted for in determiningcathode-to-
cathode gap size.

Only the precision cathodes need to be copper-on-mylarsince the coarse cathodes do not
have preciseetched patterns.
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' miD I I il lid i I I Ill I .:,.+;,:_ ._ ._.. _:.:_ _.._:._ _ _. _-._ _.*._

'_st.s_.-... ,-,,,,17_ c. _ ('re,._d.) rl _____L _ -- -- _ I II IIIIII

I -- - I -- II

chamb_. (ram) _ili!ii::iiiii_i_ii::iiii_:_iii:i52.362 / MAT1 G10 Imminmtto 22.759 0.069 iiiiiiiiiii::!;1.11_iii!:_ii!ill __ -
length (mum) 137.795 MAT2 gOmm-Ilibec/epow 11.034 0,067 i!i!_!ilfiiii_ i!!::iiiii:i!!_i

ammikadchh (men) 0.787 MAT3 _ (FR-337) 34.483 0.060 _1_.
_. Cram)i_iii_i_i_i_i_!;i_iii!_0o_o _w_r MAT4 _ oo.0oo 00_ ..Lr,_..._C5er_,,m,,w-,,_

. (,,.,,) !:i;iii_iii_i_iii_i!iiii!ii!i_o.e,, MATS _ _ _,-3)3_ 2.759 oo,_ |?jl_ ,0"..gap
.............................................0.984 | MAT7 utnra4mmdormity 690 O.015 !!i!i_i_iiiOi4_[.!iii_::f:.!!:i ,,.,.%

,,...w,m,,,(,,,m);i!iiii_iii!!i!:!_ib.i!iiiiiiiiiii!!i!ili0.000 MATe _ r",.__e_7._)!;;::i:i;;_SO.O00;;;i_i;i;!_2.4_4 0.0_ !ii_!ii,;"i_iiiiiibi_ii_i!i!:_ii:i_i!:ili
uionsion h (mm) ;_!!iii_!iiiii_;;':iiii_:_;_iiii:_iiiiiii::;;;iii0.000 MAT9 mylar _: ;! 3.793 0.050

Cu pdatk_, (ram) iiiil;:iiiiiiiii_;_iiiiiii::i! ,7.2,, ] IktAXlO frame, • 1.811b/I13 0 0.00_04_673 !!!!i!i]!b__! iI u III_-__-_-_-_-_,.c,,,._) i:_::::!i!!iiiiii_Si_i/iii!i_ii! .,.
,,_ _..(.x.)iiiiiii!iiiiiiiiiii_iiiiiiiiiiiiiiii _ _ ,. o__,, ,,,. ,. _ ,oL_ _,,_. --.-- P_)

Gu platinOt(mm) I!!!!::!!i!ii!!!i:iiO_()_iii!i!!!!i:_!i0.001 " (ro1=0.017 _T2 glass-ltber/epoxy gap tramo 12.2 8.6 -3.6 19.43
prec.cad_subslr. I (rm) fii!i::::iiiii!iiO.;_ililiii!!ii O.000 0.005 ,o#myL_) i MATe epoxy (F 954-3) _ core edgo ior 17.4 0.0 - 10.8 27.70

_.,_.,,, ,m) i!ii_,iiii_:ii;;iii:'_i oooo MAT4 _ .,,,m oo o.o o.o o.oo
_._s (g) ,iiiiiiiii!ii._5000!iii!!i_i 55.0 MAT1 OlO lamina_ mmhwchskins 39.4 77.5 38.1 62.77

MATIO noermx9 1.Slb/tt3 wnduk:h _ 10.8 0.0 -10.8 17.22

chamber h (ram) ! 200.0 MATS coplper caemdeManes 4.5 7.3 2.8 7.10

w (ram) 1330.0 MAT9 _ m_ calh. mbslmle 0.0 0.0 0.0 0.00
core w (own) 1280.0 [ hecilm,. _ 15.7 0.0 -15.7 25.00

corn h t[mm} 19.0 mode-1 Imor : 18.5 hertz i __ tolatls : 100.0 100.O 0.0 159.21
, _ _ = 350._

_ a_na _ kmm Corn_.Inmf_kw ezdlomdca_ _ corn caSmdo _"io,_ mJdS-,,;,,_m T_• | ..... 1-

11 sum Ein.a.: 7.829E+11 0.717E.10 6.659E.10 0.000E_4)0 0.(X)0E+O0 7.375E+10 O.O00E_4X) 1.010E+ 02 (Mpa mm'_)
_ -- 3.440E_)7 7.900E+06 2.414E.07 0.000E+00 0.000E 44)0 5.941E.05 0.00OE_00 6.704E+07 (mm'_)

weigh_ = 0.1755 " 0.0543 0.0774 0.0000 0.0481 0.0199 0.0000 0.3752 p_/mm)
mmml = 17.9348 5.5500 7.9135 0.0000 4.9189 2.0291 0.0000 38.35 (9/ram)

k,ngm = 3.500 3.500 3.S00 3.S00 3.5OO 3.500 3.500 - -- [men)
E: 22,759 11.034 2.759 68.966 0 124.138 3.793 233,448 !(MPm)

mmmdomlty = 0.001926 0.001B54) 0.001190 0.002718 0.000029 0.008,932 0.001387 0.018032 (g/mm_3)
do,mdty = 1.085E-05 1.010E-05 I.IG4E-05 2.660E-OS 2._71E-07 0.740E-05 1.3571E-05 1.7651E-04 i(N/mm_3)

= o.7z8 o.Tze o.Tzo o.ooo (dmd bed) 0.TZO o.oeo - - - ,_'(mm)
sum ElnJ. = 2.727E+08 3.037E+07 2.320E+07 O.O00E+O0 O.O00E+O0 2.569E.07 O.O00E+O0 3.520E+08 (lb in*2)

: 82.05 Y8.98 58.00 0.00 0.00 f.43 0.00 181.05 (tn_)

weigh_ -. 1.00 0.31 0.44 0.00 0.27 O. I 1 (1.00 2. 14 !(Ib/in)
mass4 : 2.594E.03 8.026E-04 I. 144E-03 O.O00E+O0 7.114E-04 2.934E-04 O.O00E+O0 5.$46E-03 Ob _)

length = 137.80 137.80 137.80 137.80 137.80 I37.80 137.80 . .. (in)
E: 3.300,000 1.600,000 400,000 I0,000,000 0 f8.000._0 550.000 - - - (Ib/in_2)

mns densily = 1.797E-04 1.726E-04 1. 010E.04 2.536E-04 2.696E-06 8.333E-04 1.294E-04 1.682E-03 (Ib secA_mA4)
,_ _. 0.0_ 0.0_7 0.043 0 0_8 0.00_ 0._2 0.0s0 0.550 _,3_

sumA : 9.3100E+03 3.0000E+03 6.6500E+03 O.O000E.O0 1.7024E+05 2.2717E.02 0.0000E_00 1.894E+05 (mm'_2)

townAy -- 9.31001E.05 3.0000E.05 6.6500E.05 0.0000E.00 1.7024E.07 2.2717E+04 . 0.0000P+00 - - - (mmA3)
Yna=mJmAY/wm A = 1.0000E.02 1.0000E+02 1.0000E.02 0.0000E.00 1.0000E_2 1.0000E+02 0.0000E.00 - - - (ram)

sum AY'V2= 1.2750E+O8 3.7875E.07 9.04401:+07 O.O000E.O0 2.3t53E+O9 2.86581:44)6 O.O000E.O0 2.574_+09 (mm'_4)
Yn.eL'AY= 9.3100F..+07 3.0000E.07 6.GSOOE.07 O.O000E.O0 1.7024E.00 2.2717E.06 O.O000E.O0 - - - (_}
aura!oo : 1.9396E.02 2.5000E_)4 2.0005E.05 0.0000E+00 5.1214E+06 5.4711E-03 0.0000E.00 5.347E+06 (mm'_)

AYA2-Yn.e.'AY: 3.4401E.07 7.6750E.06 2.3940E.07 0.000OE.00 6.1286E.08 5.9407E.05 O.O000E_00 -- - (mm_)
Ioo : 3._.01E+07 7._-°000--E+06 2.4140E.07 0.0000E.00 6.1799E.08 5,9407E.05 0.O000E+00 6.850E+08 (mm_4)

... -_:<=%a,_.._r"v4.0
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chember w (ram) _ii_ii_i_3_O:!_ii!!i::ii_52.362 " MAT 1 G10 laminale [!!i!_i:__iiiii_i 22.759 I 0.069 __ --dvmVoertenOlh(ram) ii!iiiiiiiiiili_S_iiiiiiiiii!i 137.795 MAT2 glus-libe#epoxy ,i!ii::i_j_!e._!::!iii::i 11,034 0.067

smqdvv_hh (ram) ::ii::iii!!!ii!ili!i2_ii::ii!i!i::!iiii!iii_ 0.787 MAT3 C-fiber/epoxy (FR-337) |!:!i_iiS!__i!i_iiiil 34.483 I 0.060 _)_a""._ %,,,.f"_
_ (ram)ii_iiiiiiiiiiiiiO:_S:iliiiii_i!_i_::_0.020 MA'r4 ,,_-_,m lii!_#__i!::ii:] SS.9SS O.Oge

_ w(,,,m__i::_::_ii!i::i!!_i_i_i_ii!_:!!iii_i_::!!_i_:0.98,,, MATe .,)oxy(,:954-3)_,: I::_:400;000:::I 2.759 0._3 _
extensionw (ram) i!:iii::!!iiiiili::iO::ii!:!!ii::ii!ii:i0.000 MAT8 syntactic(CG 1617-A) I !:_i:ii:350,O_,:::_:ii:ii:l 2.414 0.025

i ::_i_:._o,ooo::_I 3.793 0.950exlensionh (n",'n) iiiii!!iiiii::i!!!ili_:.:.:::ili !i:.!i:::: 0.000 MAT9 mylar i:!:!;:i!:iiiii::i:::::O::ii_iii:ii::!::iii!iCu platingw (ram) iiiiiii :1!_i :::iii::ii 47.244 MAT10 nomex • 1.SIb/tl3 0 0.001041673
.,..._,,...(.) :iii!iii!iiii:_S_6:i::iiiii:iiiii!il

CU plalingt (ram) I:i;iiii:ii!ii_:ib051ii:iiiiiiiiii0.000 ref=0.017 MAT2 glass-tiber/epoxy gap'lrame 12.1 9.0 -3.1 19.43

prec.calh.substr, t (rnm)lii::iiiiii::ii::_:.Ob:.:.!::i_!iiiiiI 0.004 0.005 w/mylar) m'l'6 epoxy (F 954-3) 350F core edge _ 17,2 6.8 -I0.3 2"1.70
,_,.,,, ..,,.,. ,(_)l:i!i!i!i!i_ii:_!iiii!i!ii!iiI 0.004 MAT4 ,,,,*,.m ..,,,,,*,,- 00 00 0.0 o0o
ha,mm+.U._,. (g) li_iii_i!iiii!_bb0:!iiiiiii::il55.0 MAT1 G10 laminate sandv_h skins 38.9 80.5 41.5 62.77

MAT10 nomex • 1.81MI3 sandedchcore 10.7 0.0 -10.7 17.22

-- --h(--) , 2oo.o i .T5 copper cahxle--13 22 0.92.09

_ Jsandwichw (ram) I 1330.0 MAT9 mylar calh. subslrate 4.3 1.5 -2.8 6.99

core w (ram) I 1280.0 hrdwr + ulil 15.5 0.0 -15.5 25.00
coee h_.__._..m__ 19.0 mode-1 _ 18.0 hertz J lotals = 100.0 100.0 0.0 161.19

354.6

I _-.k'w_ _ _ _ _ _ exlmlsim_ sandwichcote calhode calhode sub,Jdrale Tols_

,_ sumEIn.a. = 7.829E+11 8.717E+10 6.659E+10 0.000E.00 0.000E+00 2.169E.10 1.447_.10 9.72_E+ I 1 (MI/m mnV_
In.eL= 3.,t40E+07 7.900E.06 2.414E.07 0.000E +00 0.000E.00 1.747E.05 3.815E.06 7.043E+07 (mn_4)

weightfl = 0.1755 0.0543 0.0774 0.0000 0.0481 0.0058 0.0195 0.3808 (N/nnn)
rnass/!= 17.9348 5.5500 7.9135 0.0000 4.9169 0.5968 1.9971 38.91 (g/ram)

kmglh = 3.500 3.500 3.500 3.500 3.500 3.500 3.500 -- - (ram)
E = 22.759 11.034 2.759 68.966 0 124.138 3.793 233.448

mmmdensity= 0.001926 0.001850 0.001190 0.002718 0.000029 0.008932 0.001387 0.018032 (g/mm_3)
wL density = 1.885E-05 1.810E-05 1.164E-05 2.660E-05 2.827E-07 8.740E-05 1.357E-05 1.765E-04 (N/mmA3)

= o._s 0.78s 0.78s o.ooo (dmak_m') O.7_S 0.78S --- [,Tim)
s_n Eln.a. = 2.727E+08 3.037E+07 2.320E+07 O.O00E.O0 O.O00E+O0 7.555E+06 5.041E+06 3.389E+08 (tb in'_)

In.eL= 82.65 18.98 58.00 0.00 0.00 0.42 9.17 169.21 (in'_4)

I_i_hb7 = 1.00 0.31 0.44 0.00 0.27 0.03 0.11 2.17 (g_in)
mass# = 2.594E.03 8.026E-04 1.144E-03 O.O00E+O0 7.114E-04 8.630E-05 2.888E-04 5.627E-03 fib sec'V_m)

ienglh = 137.80 137.80 137.80 137.80 137.80 137.80 137.80 -.. (in)
E: 3,300,000 1,600,000 400,000 10,000,000 0 I8,000,000 550,000 - - - (lblin_2)

mass density = 1.797E.04 1.726E-04 1.110E-04 2.536E-04 2.696E-06 8.333E.04 1.294E-04 1.682E-03 (tb uc'_/tn_)
wt. density = 0.069 0.067 0.043 O.OS8 0.001 0.322 0.050 0.650 (Ib/in'_3)

_______,,_:ement= 30. ;2 30. _2 30.12 O.O0 (dead k,xl) 30.12 30. _2 - - - (mas)
sum A = 9.3100E+03 3.0000E+03 6.6500E+03 0.0000E+00 1.7024E.05 6.6816E+01 1.4400EH)3 1.907E+05 (ram*2)

sumAy = 9.3100E+05 3.0000E+05 6.6500E+05 0.0000E+00 1.7024E.07 6.6816E.03 1.44001:+05 - - - (mmA3)
Yrm=sumAY/sumA = 1.0000E+02 1.0000E+02 1.0000E+02 O.0000E.00 1.0000E+02 1.0000E+02 1.0000E+02 - - - (ram)

sum AY_V2= 1.2750E+08 3.7875E.07 9.0440E+07 0.0000E.00 2.3153E+09 8.4287E.05 1.8215E+07 2.59OE+09 (m_4}
Yn.a.'AY = 9.3100E+07 3.0000E+07 6.6500E+07 0.0000E+00 1.7024E+09 6.6816E+05 1.4400E.07 - - - (m,m_4)
sumIoo = 1.9396E+02 2.5000E+04 2.0005E+05 0.0000E+00 5.1214E+06 1.3920E-04 1.2000E.00 5.347E+06 (mm_4)

AY_v2-Yn.a.'AY= 3.4401E+07 7.8750E+06 2.3940E+07 0.0000E.00 6.1286E.08 1.7471E.05 3.8153E.06 -- - (mm_)
sec__'__nioo = 3.4401E+07 7.9000E+06 2.4140E+07 0.0000E.00 6.1799E+08 1.7471E.05 3.8153E+06 6.884E+08 (mm_4) "id; al _ v4.0
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16. Miscellaneous4-Gap CSC Finite ElementAnalyses

Contents:

No frame on long edges, frame on ends only (2 pages)

No sandwich core material, frames on all edges (2 pages)

Support along ends and along one long edge (2 pages)

Massless solid "post" added to center of chamber (3 pages)

12.5mm wide G-10 frame, skin thickness = 0.5ram (2 pages)
25.0mm wide G-10 frame, skin thickness = 0.5ram (2 pages)
25.0ram wide G-10 frame, skin thickness = 1.0ram (2 pages)

Baseline 4-gap CSC analysis using non-linear NIKE3D analysis code (2 pages)
Baseline 4-gap CSC analysis using linear GEMINI analysis code (2 pages)

Summary:

Various extreme conditions are explored in order to develop an understanding of the
relative importance of components or support conditions.

Non-linear analysis using NIKE3D allows the prediction of membrane sag of 0.5mm G-10
skins without sandwich cores, providing an upper limit to the effect of skin-to-core bond
failure. Supporting along one edge gives an upper limit to the effect of chamber "pairing"
in phi. Varying parameters such as frame width and skin thickness provide insight into the
sensitivity of gravity sag to these values.
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/

2 readme
3 "_/%

4 directory: _ O, Jf
5 .411762: csc:noedge [all. ]
6

7 objective:

8 Test effect of quasi-kinematic mount on overall deflections.

9 Remove side frames and observe change in deflection pattern.

I0 Compare with 25ram and 12.5ram wide frames to study shear coupling.
II

12 Quasi-kinematic mount (4 points in z)

13 node I: x y z displacement restrained (code 7)

14 node 15: x z displacement restrained (code 6)

15 node i13: z displacement restrained (code 3)

16 node 120: z displacement restrained (code 3)
17 skin thickness = 0.5mm

18 3500ram x 1289mm x 140ram

19 4 gaps @ 10mm, 5 panels @ 20ram
20

21 observations:

22 max. deflection = 4.449mm

23 deflection at edges = 4.449mm
24 deflection at center = 4.263mm

25 Curvature due to shear-free edges is apparent.

26 Deflection is only four times greater than the 1.161mm value for 25ram frames.

27 Panel separation varies severely along length. (Most apparent from side. )

9.8Top three gas gaps close at center of span (analysis shows overiap).

.9 panel deflection = 0.053ram (4.6% of total)
30

31 (Solution time = 604sec. or $25.17)

32 (Total run time 60.5 sec.)
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1 file: _ _. )
2 readme

3 dJ_ Cj[_

4 directory: I_ _, ( ,

5 .4117672: csc: nocore [a11. ] {_/ %.
6 _f

7 objective:

8 Remove all honeycomb material to see effect of it's presence.
9

I0 Quasi-kinematic mount (4 points in z)

11 node 1: x y z displacement restrained (code 7)

12 node 15: x z displacement restrained (code 6)

13 node 113: z displacement restrained (code 3)

14 node 120: z displacement restrained (code 3)
15 skin thickness = 0.5ram

16 3500ram x 1289mm x 140ram

17 4 gaps @ 10ram, 5 panels (no cores) @ 20ram
18

19 observations:

20 max. deflection = 14.43mm

21 frame deflection = 0.4992mm (3.5% of total)

22 skin deflection = 13.93mm (96.5% of total)

23 Catenary sag of skin dominates.

24 Skin weight not carried by side frames as with honeycomb core.
25

26 25 step load curve needed for solution.
27 79 stiffness reformations needed for solution.

28 (Total run time 1,183 sec. can be reduced by using 8:9 = 1)
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I file: _/
2 readme

3 "7-_-c,F"

4 directory: _ = ,_ [5 .4117672: csc:edgesup [all. ] -L_-,.,

6

7 objective.

8 Observe effect of supporting one long edge An vertical direction.

9 This represents a bounding condition for linked panels (the improvement

10 achieved if the paired panel edges are infinitely stiff. )
11

12 Quasi-kinematic mount (4 points in z)

13 node 1: x y z displacement restrained (code 7)

14 node 15: x z displacement restrained (code 6)

15 node 113: z displacement restrained (code 3)

16 node 120: z displacement restrained (code 3)
17 Also nodes 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, & 39 (code 3)

18 skin thickness = 0.Smm

19 3500ram x 1289mm x 140ram

20 4 gaps @ 10ram, 5 panels (no cores) @ 20ram
21

22 observations:

23 max. deflection - 0.661ram

24 compared to max. deflection of 1.161mm w/o edge support.
25

26 (Total run time 60 sec. can be reduced by using 8:9 - 1)
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2 readme
3 _,u_ _ /l
4 directory: •, f_
5 .4117672:csc:ctrpost[ail.] _c O,_
6

7 objective: "
8 Identify effect of center post on deflections by adding a /
9 248mm x 575mm post through the center of the CSC.

10 The post has the mechanical properties of G10 but is massless.
11 This represents an extreme boun_Ing condition on the beneficial
12 effects (if any) of the gas gap spacers on overall deflections.
13

14 Quasi-kinematic mount (4 points in z)
15 node 1: x y z dlsplacement restrained (code 7)
16 node 15: x z displacement restrained (code 6)
17 node 113: z displacement restrained (code 3)
18 node 120: z displacement restrained (code 3)
19 skin thickness - 0.5mm
20 3500_ x 1289mm x 140ms

21 4 gaps @ I0_, 5 panels (no cores) @ 20ms
22 Solid massless G10 post (247.8n_ x 575.0mm) at center of CSC.
23
24 observations:
25 max. frame deflection - 1.048mm

26 compared to frame def. of 1.108 without large post.
27 Reduction in panel sag from 0.053mm to 0.012mm due to unrealistic
28 250ms post width in model.

30 (Solution time 77 sec.)
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LI
I file:

2 reactme _A-= O. F ._..
3 ,41

4 d_l,rec'cory: _/'I.,
5 .4117672:c8c:frml2.5 (a11.]
6

7 obJectlve:
8 Observe the effect of reducing the frame width from 25m to 12.5_.
9 Do this MM removlng material from _he outer edges (reduce total wldth).
10

II Quasi-kinematlc mount (4 points in z)
12 node I: x M z displacement res_aAned (code 7)
13 node 15: x z displacement restrained (code 6)
14 node I13: z dAsplacement res_ained (code 3)
15 node 120: z dA_lacement restr_Lned (code 3)
16 skin thickness ,,,, 0.Smm
17 3500ramx (1289mm - 25au) x 140a_a
18 4 gaps @ lOmm, 5 panels (no cores) @ 20nu
19 frame width 12.5mm . ___

21 observations: .-_.- o _L, ,

22 Max. deflection - 1.211mm _
23 frame deflection - 1.158mm (95.6%)
24 panel sag - O.053mm (4.4%)

25 Reduction of frame width by 50% (from 25ramto 12.5_n) caused a .:
26 4.3% increase in maximum deflect:ion (from 1.161mm to 1.2ilmm).
27

28 Solution time 80.3 sec. ($3.35)
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file: _ = o.S
2 readme

4 directo_j,: ,J
.411762 :csc:ver0202 :quasi [all.] _/_.

6

7 objective:
8 Test effect of quasi-klnematic mount on overall deflections.

9 Compare to case where all fou_ corners aze pinned in x,y,z.
10

II Quasi-kinematlc mount (4 points in z)

12 node I: x y z displacement restrained (code 7)

13 node 15: x = displacement res_ralned (code 6)

14 node 113: z displacement res_alned (code 3)
15 node 120: z displac_ent restrained (code 3)
16 skin thickness - 0.Smm

17 3500ram x 1289mm x 140ram

19184 gaps, 10ram, 5 panels @ 20ram ,_,_a_ ':"-'__ _ ,.....j,,._.'(_L20 observations:

21 max. deflecT.ion - 1.161mm /' _ _

22 frame deflectio_mm (95.4% of total)

23 panel deflection - 0.053mm (4.6% of total)

24 Deflection of frame in sU_ple bending dominates.

25 Panel weight carried by side frames.
26

27 (Total run time 60.5 sec.)
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,  ize: K_...,lol ,.E

4 directory:

65 .411762:csc:ver0202:tlmm[all.] /7._,_p.. _._,_,,,_
7 objective:

8 Test the effect of increasing thickness of all skins to 1.0mm

9 Compare with t = 0.5n_n base case.
10

11 Quasi-kinematic mount (4 points in z)

12 node I: x y z displacement restrained (code 7)'

13 node 15: x z displacement restrained (code 6)

14 node 113: z displacement restrained (code 3)

15 node 120: z displacement restrained (code 3)

16 skin thgickness - 1.0mm
17 3500mm x 1289mm x 140mm

18 4 gaps @ 10ram, 5 panels @ 20ram
19

20 observations:

21 max. deflection = 1.131mm

22 frame deflection = 1.067mm (94.3% of total)

23 panel deflection = 0.064mm (5.7% of total)

24 Deflection of frame in simple bending dominates.

25 Panel weight carried by side frames.
26

27 Increasing skin thickness 100% reduced maximum deflection

28 from 1.161mm @ t = 0.5 to 1.131mm @ t=l.0 (2.6%)
!9

30 Panel weight increased 4.1kg.
31

32 (Total run time 60.1 sec.)
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1 file: _/Mt_ I </_£_

3
4 directory:

5 .411762:csc:ver0202:ver0202g[all. ] (_; ; ,J$)
6

7 objective:
8 Model CSC with GEMINI.

9 Compare turn-around time of GEMINI run with NIKE3D runs.

10 Compare these linear _ results with non-linear results.

11 List advantages/disadvantages of each.
12

13 Pinned corners (like NIKE3D directory .411762 :csc:allpins [all. ]) °
14 skin thickness = 0.5ram

15 3500ram x 1289mm x 140ram

16 4 gaps @ 10ram, 5 panels @ 20ram
17

18 observations:

19 max. deflection = 0.664mm

20 frame deflection = 0.608ram (91.6% of total)

21 panel deflection = 0.056mm (8.4% of total)

22 Deflection of frame in simple bending dominates.

23 Panel weight carried by side frames.

24 Comparison with NIKE3D
25

26 GEMINI NIKE3D

27 max. def. 0.664 0.686

28 frame def. 0.608 0.619

._9 panel disp. 0.056 0.067

30 run time 41.8sec. 60.5sec.

31

32 GEMINI advantages:

33 Shorter cpu time.
34

35 GEMINI disadvantages:

36 No orthotropic material model.

37 No material input generation through INGRZD (must use SLIC)

38 Lengthy model setup time due to hand editing.

39 Not a significant cpu time savings.
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1 file:

2 readme _e 6_ |

3 _Y_ U Iw _u"

4 dlrectory"

5 .411762:csc'allpins[a11. ] (_ pIN_)

7 objective:

8 All four corners restrained in x,y, z-displacement. _,/1.r
9 Compare with quasi-kinematic and kinematic support.
10
11 Pinned corners

12 node I: x y z displacement reatrained (code .7)

13 node 15: x y z displacement restrained (code 7)

14 node 113: x y z displacement restrained (code 7)

15 node 120: x y z displacement restrained (code 7)
16 skin thickness = 0.5ram ,.

17 3500ram x 1289mm x 140ram

18 4 gaps @ 10ram, 5 panels @ 20ram
19

20 observations:

21 max. deflection = 0.686mm

22 frame deflection = 0. 619mm (90.2% of total)

23 panel deflection = 0.067n_n (9.8% of total)

24 Deflectlon of frame in simple bending dominates.

25 Panel weight carried by side frames.

26 Compared to quasi-kinematic support, deflection is reduced

27 from 1.161mm to 0.686mm (41% less)
28

:9 (Total run time 60.5 sec.)
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17. Creep

Contents:

Adhesive bond Line summary viewgraph (1 page)

Sandwich panel material viewgraph (1 page)

Summary:

Bond-line shear between sandwich panel skins are prone to creep. Proper selection of
adhesives and low stresses will reduce susceptibility to creep over life of the su'ucture.

The abstract for GEM TN-93-508, Estimating Creep Deformations of Large Precision
Cathode Strip Chamber Panels, by S.J. Wineman reads as follows:

"Existing work on the creep behavior of honeycomb panels and glass-reinforced epoxy
panel skins was reviewed. Creep data for glass-reinforced epoxy is used to obtain a lower
bound for creep deformation of the panels. An upper bound for creep deformation would
depend on the properties of the adhesive and the fabrication process. Therefore, creep tests
of prototype panels are needed for a better estimate of creep deformation."



L_ Adhesive Bond Line Shear Stresses Are Low

bond line between
skin skin and gap frame

shearstress< 20 psihoneycomb
edgefi_r

gapframe

bondfinebetween
hor_jcombandskin
shearstress< 1 psi

• Thermoset adhesive bonds resist creep (oven cured)

• Roomtemperature adhesive bonds are stable if the bond line shear stress is
lessthan 700 psi which is 10% of ultimate

• Stress in region of extemal s_s is controlled by designof the connection

LLLO50593-01



SandwichPanelMaterials Influence Long Term Stability

• In general, high temperature bonds are stable and room temperature
bonds are not.

• Bond lines under shear are most likely to creep if stress is above 10% of
ultimate or the operating temperature is I-_gh.

• The critical bond linebetween the honeycomb and the face sheets is
_-- 0.005" thick. Precise control of adhesive visc_y that is needed to form
.,J

adl-._sivefillets is difficult for room temperature boning syst_.

• Bondingis best performed at the same humidity the part will experience
during operation. Water can take yea_ to equilibrate by diffusion.

• GI_ fibers are "dirt cheap", but Kevlar fi_ are more water resistant.

• Standard edge seal materials with 50% fiber content _ transmit _ and
are well suited for honeycomb edge bolt regions.

• "Nomex" is a geredc term covering a variety of perfo_ance spedfications.

• Employinga plastics_alist to review ver.<lorprocesses is essential.
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18. SingleSandwichPanel GravitySag

Contents:

Two independent finite element analyses of single OR panel gravity sag (2 pages)

Hand calculation of single panel gravity sag (2 pages)

Summary:

A single TDR SL-3 sandwich panel simply supported at the ends sags about 20ram under
its own weight.
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19. Superpanels

Contents:
w

Superpanellayout, SL-2 panels at 5.0m x 1.9m (3 pages)

Superpanelgravitysagcalculation(ipage)

Summary:

Maximum gravitysagof4ramisnowdominatedbycenterw/t.edgepanelsag.Thisc.ould
bereducedwithoutaddingmuchmassbyusingstiffersandwlchpanels(i.e.sandwlcbes
with thickercoretoseparateskinsmore).
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Z MIDDLE SUPERPANELS
UPPER ARRANGEMENT

DIMENSIONS ARE IN MILLIMETERS
LENGTHSAREOVERALL

ANGLES INCLUDE HEADERZONES
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20. Finite Element Model Error Analyses

. Contents:

Element meshdensityerroranalysis(7pages)

Sandwichskin shell elementerroranalysis (5 pages)

Summary:

The requiredmesh density of Hughes-Liushell elements for adequaterepresentationof
sandwich panelskins is determinedby performing a series of analyseswith differentmesh
densities. The maximum deflection is plotted against the number of degrees-of-freedom
and an asymptoticlimit is established. Excessive mesh densityslows down convergence
while inadequatemesh densityunderestimatesdeflectionand overestimatesstress.

The use of shell elements ratherthan solid elements for sandwichskins introducesa slight
errordue to the geometric definition of the element. For a sandwich skin thickness of
0.5ram the shell approximationerroris about4 percent.
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Finite Element Model Error Analysis
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