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Precision Cathode Strip Chamber Structural Design

John Horvath
Lawrence Livermore Nauonal Laboratory

July 12, 1993

Abstact:
The refauonship between gravity sag of a precision cathode strip chamber and its
sandwich panel souctural design is explored parametrically. An algorithm for esumating
the domunant component of gravity sag is defined. Graphs of normalized gravity sag as a
function of gap frame width and material, sandwich core edge filler width and matenal.
panel skin thickness. gap height, and suppor location are calculated using the gravity sag
algonthm. The smuctural importance of the sandwich-to-sandwich *‘gap frame”
cornecaon is explained.
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CSC OBSERVATIONS:

AS APPLIED To CATIMOE STRIP <HAMBERS, A 'staB’ |
s ANALOGOUS TO A SAMDwicH PANEL.

—we orLu€  ®ouD THAT 1S ANECESIARY TO PREVENT
SLIiDING BETWEEN SLABRS 1S THE "4AFP FRAME. "l
TIT BomDS TOGETHEL THE <AMODWICH  PANELS.

—4+E  STRUCTURAL PURPOSE OF THE GAP FKAME
'S TS PREVENT SLIDINEG BETWEEN < AP WICH
PANELS,

TRE  &AP FERAME. MATELAL AAND 4EOMETRIC DESIGV
MUJST RESIST SHEAR 3D£For<Mm-/w,
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THE  CORE ofF A =ANDWICH PANEL BERAVES LIKE THE

oF AN I-BEAM,

BETWEEN ToP AND

FLALGE.

FLAMGE

I-2CAM

The facings of a sanawich panel used as a
peam act similarly to the flanges of an [-beam
by taking the bending loads — one facing in
compression and the other in tension.
Expanding this companson turther, the
honeycomb core corresponds to the web of
the |-beam. This core resists the shear loads,

BOTTOM

PREVEMTING  SLID/IMNG

FLAMNGES .
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< ADWICH

increases the stiffness of the structure by
spreading the facings apan. but unlike the
I-beam's web, gives continuous suppon to the
flanges or facings. The core-to-skin adhesive
ngidly joins the sandwich components and
allows them to act as one unit with a high
torsional and bending ngidity.
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TS ARITHMETIC HAS BEEM PROGRAMMED INTO |
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THE SPREADSHEET CALCULATES Liscempoy USIE THE
PARALLEL AX\S THEOKEM, THE SAME AS ABOVE.

TWE. <PREADSHEET MoDEL PRoVIDES RAPID

CALCULATION OF ASSEMBLY STIFFANESS

AS A FUNCTION OF VARIOus PARAMETER
VALVESDS,




normalized moment of inertia

Normalized Moment of Inertia
Vs. Skin Thickness, Gap Thickness, & Gap "Slip"”
Seven 20 0mm-thick Sandwich Panels
(“ideal" zero-shear glue assumed)

"n-squared” Rule-of-Thumb

o

o014 |

0.001 -

¢ / stack of seven 20mm-thick sandwiches

factor of 39 INCREASE IN MOMENT OF
| INERTIA going from slip-allowed to no-slip

- skin thickness = C Smm (baseline)

-- with 0.5mm skins and 10mm gaps S

is exact for a "solid slab”

D j
- / (skin=10mm, sandwich=20mm, gap=0mm)

....J)....
-

““’F

—
+
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gap = 20.0mm ("IDEAL" glue)
gap = 15.0mm ("IDEAL" glue)
gap = 10.0mm ("IDEAL" glue)
gap = 5.0mm ("IDEAL" glue)
gap = 0.0mm ("IDEAL" glue)
“n-squared” Rule-of-Thumb

ANY gap size (SLIP ALLOWED)

0.0001
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skin thickness (mm)

10

solid
slab
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THE EFFELT oF GAP FRAMES ON  DEFLELTION D/m

I THE °PREVIOUS AMNALTYSIS
(wiTH GAFS BETWEER PANELS) WAS ASSUMED PONDED
AcCRoSS THE G&GAPS WwiTH "IDEAL MASSLESS &GLUE.

TRS REVDING AMNALTSIS ASSUMPTION
AS

IN MRcHANCS,
= <TATED

FOR FPLANE BEMDING,
Al | | |
[ STALKL OF
= — 3 4 LABS
‘ l
BI /A Bl e Dy P
~ B <\ STACK OF
were T / % SLABS
e / Iu PLANE
/%‘ /\ BENDIVG
D
2
ALL cRuSS-SECTION PLANES Q.A) B-% D
REMAIL FLAT DURING REWDIVG

To AWHIEUE THIS LINKING BETWEEMN SLABRS THE GAPS

MUST B SPANNED AT SUFFICIENT LOCATIONS AND 1N
A MANNEK TAAT RESISTS THE SHEAR LoAD |NDUCED
PETWEEN SLARS,

—4E STALK oF SALODWICH PANELS

NegosS - SECIons REMAIN  FLAT DURME BEUDING

SHEAR BETWEEN SLABS CAUSES TWE ABOVE SECTION PLAMES
To wWARP, T™is RESULTS 1R AN ADD| TIONAL. COMPONENT
OF SAG CALLED Yeueald DEFLECTION

TUE SANDWICH PANELS AKE LIWKED TOCETHER
INTD A USANDwICH OF SANDWIGHES" By THE
GA? FKAME, IDEALY THE GAP FRAME Should
PREVEMT aMEAR DR FOKMATION (Sc1PPing ).
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Normalized Gravity Sag
Vs. Gap Frame Width & Gap Frame Materlal
Seven 20.0mm-thick Sandwich Panels, No Core Edge Fiiler,
Skin Thickness = 0.5mm, Gap Height = i0mm, NO SLIP ALLOWED
! T T T T 1 %

Materials “less stiff* than the sandwich ] ,/I-

0.95 -] panels are partially “carried” by the panels. t

Ty

0.9 i
E ~
-
BT
085‘ A l:,/"' - - = f’_/\ -
2 7 -
0 A < —t
> 08
>
o
(@]
8 0.75 —- - - -
N Materials "stiffer” than the sandwich
g 0.74—- ~~ panels "carry” part of the panel weight.
o _
e
0.65 I R - R
oed-—{-—4{  t—1 - - Y SRR B
0554 - R . AR IR
0-5 | T VY

0 5 10 15 20 25 30 35 40 45 50
gap frame width (mm)

The "IDEAL" gap frame material

adds no weight to the assembly and
ALLOWS NO SLIP {no shear deflection)
between panels.

~F- epoxy gap frame

"Vinny's" gap frame

G10 gap frame

"IDEAL" glue gap frame

S L B

aluminum gap frame

file: gfvmat base
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THE ©eFPECT OF SANDwIicH CORE EXE FILLEL
—

CORE EDGE FILLBR |S mPLy A SUBSTITUTE
FOR. THE SANDWIGH CJRE MATERARIAL,

LTS GFFECT onN DEFRECTON s PROPORT/IONMAL

™ TS RRRATIVE ‘REFECTIVE STIFFNEST' (AS DIScus/€D
IN RELATION TO GAFP FRAME LArFECTS),

THE owlLY? MINGR DIFFERENCE |4 TMAT <aRE
EDCE FILLREE DISPLALES HowEY LoMB MATEKIAL, SING
oM EYCOMB HAS RXD  mMopuLuS W THE. PLAWE OF
THE PANECS LIEHT AND STIPF EDE Fliell sues AL

G1s PRovIDE SOME RENEFT, BUT ADD MASS.
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sumed Material properues

\9
4

The following material properties were used in the normalized gravity sag calculations:

material

elastic modulus

mass density

elastic modulus

mass density

(ps1) (Ib sec”2/in”4) (MPa) (g/cm”3)
G10 laminate | 3,300,000 0.000180 22,759 1.926
€poxy 400,000 0.000111 2,759 1.190
“Vinny's” 9%,395 0.000039 679 0.420
aluminum 10,000,000 0.000254 68,966 2.718
Nomex core --- 0.000003 --- 0.029

Effect of Support locations

The normalized gravity sag graphs assume some constant support point locations. The
chamber mass is assumed to be uniformly distributed along its length. The chart of beam
deflection expressions shows that the maximum gravity sag is reduced by a factor of
4¥.6. 1.e. (5/384)/0.000268, by going from support at the extreme ends to support at

points .22

3L from the ends. Actual chamber sag will fall between these limits to the

extent that weight is evenly distributed along the chamber length and shear deflection is
prevented by proper panel-to-panel connection.

Conclusions

The mugnitude of chamber sag is highly dependent on chamber support location and
design of the gap frame. The gap between sandwich panels must be able to resist shear
deformation. The major component of gravity sag is due to beam bending if shear
deflection cun be avoided. Gravity sag increases by a factor of 39 going from an “ideal”
shear connection to slip-allowed between sandwich panels.

The mechunical connection between panels (gap frame and posts) will determine the
mugnitude of additional gravity sag introduced due to shear deflection. The design
purameters that influence this value are the geometry of the gap frames around the
perimeter of the panel. its mechanical properties, and the reliability of the panel-to-panel
attachment technique (preloaded bolts, adhesives, pins, etc.)
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