)
INFN

Istituto Nazionale
di Fisica Nucleare

DCH mechanics

6th General Meeting LNF - S. Lauciani
(INEN-LNF)

12/12/2012



* DCH final configuration

o Safety factor analysis
— Endplate
— QOuter cylinder
— Inner Cylinder
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DCH F|naI Conflguratlon
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+100mm IéWD s.idle .
-11mm FWD side .

5mm cIéareance BEMt "

20mm clearance FEMC
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Endplate

Inner radius

First guard layer: 282.5mm
° First field layer: 287.5mm
Firse sense layer: 292.5mm
B 0 m: f’i: o -> .
| S — =S | 22.5 -> from outer radius (270mm)
a8 2 § ‘ CF-sandwich inner cylinder

ELECTRONIC
ENCLOSURE

M4 ENCLOSURE SCREW

INNER CYLINDER

SEALING GROOVE

M4 SCREW

METAL INSERT
METAL INSERT

ENDPLATE
STIFFENING RING

Outer radius

Last guard layer: 793mm

Last field layer: 788.1mm

Last sense layer: 781.7mm

27.3 -> from outer radius (809mm)
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DCH Configurations

Axial displacement
o] T T

'
o1k — Inner and outer stiffening ring have
| ] an important effect on endplate
£ behaviour (stiffness of whole
structure)
B \/_/ | 7 Sagitta
o8r ' ' i | I ‘ - Swln creep
. _leucreep
o7 ‘ ; ‘ ; ; ‘ 027 .............. ...................... - Snominal
200 300 400 50'2adiuS [mnis]oo 700 800 900 .

Load
Before stringing: 21400 N
After stringing: 18900 N

Max displ: 0.61 mm
Max Sagitta w/o creep: 0.28mm

Max sagitta difference: 0.02mm o

i | | |
300 400 500 600 700 800
Radius [mm]
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Safety factor

All the main elements are subjected to compression loads
An instability analisys is needed

* ENDPLATE
* [NNER CYLINDER
e OUTER CYLINDER

Important:
Instability values provided by analitical and FEM analisys are qualitative results

Instability is really sensitive to imperfection in geometry, load and materials
expecially for thin cylindrical shell

ASME and UNI standards suggest to use a SF > 4 for pressure vessel (steel,
aluminum)

Uncertainty in carbon fiber material propertis lead to chose SF > 10
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Endplate SF*
m gmm CF — quasi isotropic layup

2100 8
3000 8
4000 8

0.614
1.15 8
1.77 4.8

NCDAL SCLUTICIN

STEP=1

SUB =1
FRCT=309700
Uz (BVG)
REVE=0

DM =1.03102
M =—.74557
SME =1

CEC 4 201
15:42:1

FLOT NO.

—.74557

-.357666 .
—-.551618 —-.163714 .224191 .612095
DCH - CF structure — Instability

030239 418143 806048 1

AN

2
8
1

*21 KN load
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[074574570F 8] 8 - 0.25mm
Plain weave

2100 Conf :

Small displ -> small sagitta (>0.3) ->
probably no need to consider
overtension

Higher Safety factor
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Outer Cylinder - structure

e o 1mm CF — quasi isotropic layup
SECT = 1 DEC 12 2012

T - o Por i, OF4574570°- 0.28h#Emm

SHORL  : .

mat 1o s Plain weave

6mm Honeycomb

1mm CF — quasi isotropic layup
074574570~ 0.28h#6mm
' Plain weave

OCH — CF structure — wire load - SHELL181
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Outer Cylinder SF*
ot |Nomeomery limpamm limpamm
11 24

10.8 8
131 22 12.8 8.3

141 25.71 13.5 9

161 33.6 22.8 18.6

NCDAL SCLUTICH /ST
STEP=1
SUB =1 DEC 5 2012
FACT=673918 15:25:53
UstM (Bve) PLOT NO. 1
RSYS=0
DMX =1
SMY =1 ? E
CEC 5 2012
15:16:32
PLOT NO. 1
SLUTICH ? AN
CEC 5 2012
5589 15:11:54
(AVG) PLOT NO. 1
01052
01052
] _ —
0 .222222 444445 666667 .888889
L111111 .333333 .555556 LTS 1
DCH - CF structure - wire load - SHELL181
224737 .449474 .674212 .898949
.112369 .337106 .561843 78658 1.01132
DCH - CF structure — wire load — SHELL181
* 0 .22456 .449119 .673679 .898238
.11228 .336839 .561399 785958 1.01052
DCH — CF structure - wire load — SHELL181
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Inner Cylinder - structure

LAYFR STACKING ' 0.099MM CF -0"

FIFM = 0 .
s Dec 12 2010 Plain weave
TCOTAL = 3 PLOT NO. 1
SHTHN  :
FRCM 1 TO 3
3mm Honey comb
Layerd Materialy
0.099"Mm CF -0
theta Plain weave

DOCH — CF structure — wire load — SHELL1S8L

6th General Meeting LNF - S. Lauciani

12/12/2012 (INFN-LNF)

10



Inner Cylinder

Ccor——| o oy | i |l 2| s i

0.09 3 0.09 120mbar 108mbar  99mbar 86mbar
0.09_0.09 0.84mbar 0.74mbar 0.68mbar 0.56mbar

NCDAL, SOTITTCN ? NN YOS

Inner Cylinder - MNon linear analysis
STEP=1 E o , y‘31

160
CEC & 2012
16:33:17
PLOT NO. 1

SUB =1
FACT=06837.7
USTM (AVG)
REVE=0

DM =1.00008
SMX =1.00008

140 -

120

100}
B
=
© sof
g collapse
8
&
GO
40
20
0 1 1 1 1 1
0 -100 -80 -60 -40 -20 0
0 22024 .444481 666721 .888962 f
.11112 .333361 555601 .T77841 1.00008 \ 'De lection [mm] \ v J
DCH — CF structure - wire load — SHELL181
Collapsed structure cylinder

CF plies thinner than 0.09mn are difficult to handle and are full of microholes (effects on
material properties, gas tightening)
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Conclusions

DCH design is almost completed (80%):

To do:

e Enclosure (depend on electronic and supports)

e Fastening DCH-Enclosure Cyl-EP (Number, material and typolgies of
screw)

e Mechanical drawings

Parametric FEM model (90%):

To do:

e Effects of creep

e Tests (carbon fiber, sandwiches)

e Investigate Kapton-sandwich for inner cylinder (used in KLOE2 CGEM-
cathode structure)

 Model can be quite easily adapted to differents geometry and
materials



