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Date: February 17 and 18, 1992

/

Place: KEK Main Building meeting room (lst floor, next to Library)

Participants: (tw be)
Robert Kephart and Charles Grozis (FNAL)
Taka Kondou, Yoshikuni Doi, Yasuhiro Makida,

Hiroshi Yamaoka

Nobuhiro Kimura, Ken-ichi Tanaka and Akira Yamamoto (KEK)

Susumu Mine, Hiroshi Mukail (Toshiba)
Hideo Kakui and Isamu Oono (IHI)

LY

Agenda:
!
Feb. 17,
11:00 Opening addr@SsS .. ...uveeroceccaoorasaononnanes T. Kondou / A. Yamamoto
11:10 General progress at Fermilab.......coccevonnon. R. Kephart / ‘
11:20 General progress at KEK .. .....ceeroecnonooennn A. Yamamoto
11:30 Changing of magnet length and its effect....... Kephart / Yamamoto
11:4%  Magnetic force calculation ................... 5?:?&%3@?%
R. Kephart / R. Wands

12:15 Lunch break
13:15 Vacuum vessel

Tsogrid OpLION . ittt e C, Grozis

Honeycomb option.........c.ccvevvovecos-0...H. Yamacka / I. Qono

Digcussion on Profotyr= .. ... iuevecooonnon.all ;

=
‘o
a3
o

Coil and Magnet Supporting:

FNAL OpULlon. ..o curooanoneososocanaa.Co. Grozis
KEK OPLION . v v oo onnrosnooeononsssoaonanons Y. Makida / $.Mukail
DISCUSSLON .0t en o cunseenooorosonensonnoass all
15:18 Stability and guench analysis,............... .. ¥. Makida
15:45 Chimney daSign .eeeeeoecesooneoe sosoosccense.h. Yamamoto / C. Grozis
16:15 Cryogenics Scheme......c.oovoeeneososncnassasess ¥.) Doi / A. Yamamoto
16:30 Magnet Installation into the Detecto........... A. Yamamoto
16:45 SUMIMALY ¢ o v v aoooosooseoennsoaoasanosocssossscss T, Kondou / A. Yamamoto

17:00 Adjorn

Feb. 18,
o Fermilab - KEK meeting =—=—=—--=

9:15 Discussions for further work
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Date: February 17 and 18, 1992

Place: KEK Main Building meeting rcom (lst floor, next to Library)

Paxticipantsé {tw be)
Robert Kephart and Charles Grozis (FNAL)
Taka Kondou, Yoshikuni Doi, Yasuhiro Makida, Hiroshi Yamaoka
Nobuhiro Kimura, Ken-ichi Tanaka and Akira Yamamoto (KEK)
Susumu Mine, Hiroshi Mukai (Toshiba)
Hideo Kakui and Isamu Oono (IHI)

"
Agenda:
f
Feb. 17,
11:00 Opening address .........c.ciieennoronenanns ... T. Kondou / A. Yamamoto
11:10 General progress at Fermilab.................. R. Kephart | .
11:20 General progress at KEK ... .ttt ennn A. Yamamoto
11:30 Changing of magnet length and its effect....... Kephart / Yamamoto
11:45 Magnetic force calculation ................... K. Tanaka
R. Kephart / R. Wands!

12:15 Lunch break
13:15 Vacuum vessel

Isogrid option .............. s 0, Grozis

Honeycomb Option. .. ....c.... e s, H. Yamaoka / 1. Oono

Discussion on prototyess .. .. .......... e all 1
14:30 Coll and Magnet Supporting:

FNAL Option... ... et vrreonncannaneese..C

KEK option......... e e e / 8 .Mukal

DiSCUSSLON t .t e oo e C e e all
15:15 LY. Makida

A. Yamamoto / C. Grozis

16:15 Cryogenics Scheme.........vieonen c e tn oo Y., Doi / A. Yamamoto
16:30 Magnet Installation into the Detecto...........A. Yamamoto

16:45 SUIMIMA LY ¢ o o v o s v o a0 oo asooososnanasnsnnssasons T. Kondou / A. Yamamoto

17:00 Adjorn

Feb. 18,
o e Fermilab - KEK meeting =~=—-—=—-—-

Discussions for further work
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Date:

Place:

and 18, 1992
KEK Main Bullding meeting room (lst floor, next to Library)

February 17

Participants: (tw be)
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Roberz Kephart and Charles Grozis (FNAL)

Taka Xondou, Yoshikuni Doi, Yasuhiro Makida, Hiroshi Yamaoka
Nobuniro Kimura, Ken-ichi Tanaka and Akira Yamamoto (KEK)
Susumu Mine, Hiroshi Mukai (Toshiba)

Hideo Kakui and Isamu Qono (IHI)

Agenda:
' |
Opening address ...t ittt T. Kondou / A. Yamamoto
General preogress at Fermilab.................. R. Kephart |
General progress at KEK ...t i ennnennnan A. Yamamoto
Changing of magnet length and its effect....... Kephart / Yamamoto
Magnetic force calculation ................... K. Tanaka

R. Kephart / R. Wands

5

Lunch break

Asogrid cotion

Honeycomb option..... ... neeen... ceee.. L HL Yamaoka / T. Oono

Discussion on prototyr all .
Coil and ™
FNAL ODTLOM . o ittt et et et e aecnme e e e C. Grozis

Y. Makida / S.Mukai
all

(EK opt

Discussic

0

tability and quench analvsis, . ... .. Y. Makida

Yamanmoto / C. Grozis

Chimney de

Cryvogenics SCheme. ..o v oo oroceonoasocaenssse Y. Doi / A. Yamamoto
Magnet Instzllation into the Detecto........... A. Yamamoto

SUMMALY e onvooooonsccos C e e e e e s e e a e e e e o a s T. Kondou / A. Yamamoto

Adjorn

e Fermilab - KEK meeting ——==—e=-

Discussions for further work



PS ASSOCIATES, INC.

5755 Oberlin Drive, Suite 300, San Diego, CA 92121

TEL (619) 453-3810  FAX (619) 453-9744

February 2, 1992

FAX MIESSAGE for Chuck Grozis: 15 pages including this page.

To: Chuck Grozis
From: Paul Slysh

Subject: SDC Vacuum Structure

The following are summaries of significant design and performance data from the
attached SST 150 for selected Aluminum 5083-TO and 2219-T851 isogrid

structures with skins on QD.

= Young's Modulus, psi
Rh Density, Ibs./in.’®
Fy Yield Strength, psi
Fu Ultimate Strength, psi
Mg Margin for General Instability
Mp(2) Ultimate Strength Margin
(For Uf, Ultimate Facior = 4)
A Node spacing, in.
Th Weight Equivalent Thickness, in.

(At half tolerance conditions.)

Aluminum

5083-T0

2219-T851

1.04x107
086
17,000
39,000
.08

009

7.0377

4195

1.08x107
102
48,000
62,000
01

1.126

7.0377

3771

Plots of rib cross sections and local flat patterns are shown on pages 6, 7 and 13.



Tb for 5083-T0 is 11.24% greater than Th for 2219-T851.

The location of the forming centroidal plane was taken to be .592 in. from the skin
for both structures. Forming analyses have not yet been performed to fine tune the
592 in. dimension.

Current estimates: Qutside Radius 81.102 in.
Inside Radius 78.902 in.
Forming Radius 80.510 in.

For the applied external pressure of 30 psi the internal line loads are 173 Ibs./in.
in axial compression and 2415 Ibs./in. in hoop compression.

Margins Mg and Mp(2) are positive as required by empirical and ASME code
analyses.
Conclusions:

5083-T0 Aluminum is an acceptable substitute for 2219-T851 Aluminum based on
the resulis of the above analyses.

The 5083-T0 manufacturability and corrosion resistant properties in MiL. HDB. 5
are acceplable for this application




SST IS0 - SHELL STRUCTURE ANALYSIS

FERMIFA CONVENTIONAL IS0GRID ANALYSIS

S0C Vacuum Structures
SECTION: | FELEMENT: 1
ALUM 5883-T0 MACHINED-CAST

PLOT SCALE: .31 ENGLISH LUNITS

T SKIN THICKNESS
W PLATE THICKNESS -
B f:% L: B H L D T H s s ot e s s s e s e s e
B2 WEB WIDTH =
C FLANGE THICKNESS, OUTER -
T2 FLANGE THICKNESS, AT SKIN
SKIN FLANGE STEP ~m—mmmowem
R FILLET RADIUS FLANGE
RE FILLET RADIUS SKIN —remwm oo
R1 CORNER RADIT, FLANGE -~- -

R2 CORNER RADII, WEB - e
MAXIMUM SKIN WIDTH = o e
EFFECTIVE SKIN WIDTH =mmmmmmm o
I MOMENT OF INERTIA (X) mommmmemm——
At TOTAL RIB CROSS SECTION ARER ~--
Ar RIB CROSS SECTION AREA LESS SKIN.
X CENTROIDAL AXIS REL, FLANGE 00 —-
K NUMBER OF EFFECTIVE SKING, ==—m—o-
Kx MAX. NUMBER OF EFFECTIVE SKINS -
Th (1) WEIGHT EFFECTIVE THICKNESS -

i

I Fehb

ot

. 738
33472
.1B39472
. 831
L3516
. 376438
1.5851
19.846
19.846
.419439

e 53 0

1832
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(Key Points)

A lattice of intersecting ribs forming an
array of equilateral triangles.

Characteristics

- Isotropic (no directions of
instability or weakness)
Poisson's ratio = 1/3
Efficient in compression and bending

Advantages:

Fasily analyzed
Can be optimized f
loading intensities
Standard pattern for attachment
(nodes accommodate equipment
mounting without change)

Readily reinforced for concentrated
loads and cutouts

Redundant load paths

Less structural depth

or wide range of

ot

In use on major space programs, and
extensively investigated and tested on
space shuttle study effort, used in
industry



5)

February 7, 1992
C. Grozis

1ts

Fermilab has received structural
analysis and engineering for the proto-
type Isogrid shell from P.S. Associates.

Companies that have expertise in Isogrid
construction have been contacted for the
possibility of prototype work and
development, i.e. machining, forming,
welding. |

Two Isogrid ‘MM@ ~45"(1143mm) x 25"
(635mm) (material 219-T351) with full
size pockets have been machined at
Fermilab.

Welding samples of panel to panel joints
have been made using 2219-T351
material and T.I.G. welded wusing 2319
filler rod, 2 samples have been welded
with no detectable vacuoum leaks.

Two Isogrid test plates have been brake
formed (successfully).

Design/drafting work continues on the
prototype shell.



February 7, 1992
C. Grozis

We will machine another test panel ~60"
('ﬁgmmm x ~30" (762mm) (material to be
5083-H321). This panel will have the
exact circumferen-tial and longitudinal
weld joint config-urations as the
prototype shell panels.

The test panel will then be formed to the

1}
81.102 R (2060 mm).

More weld g%m tests will be performed
using 5083-H321 material.

The wmaterial for fthe prototype (probably
5083 aluminum) will be ordered from
the mill.

When all dimensions are finalized and

agreed to, we will send out a bid package
to vendors for the prototype plate

machining.



%*

Design Standards
Isogrid Shell

Cylinder to have a design collapse
pressure of at least 30 psid - external

Cylinder to have a safety factor of at
least two on Euler buckling caused by
the axial load.

Allowable stress that is permitted by
Section VIII, Division 1 of the ASME
Pressure Vessel Code for the aluminum
alloy wused.
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Date: February 17 and 18, 1992

Place: KEK Main Bullding meeting room (lst floor, next to Library)

Pazticipants} (tw Dbe)
Robert Kephart and Charles Grozis (FNAL)
Taka Kondou, Yoshikuni Doi, Yasuhiro Makida, Hiroshi Yamaoka
Nobuhiro Kimura, Ken-ichi Tanaka and Akira Yamamoto (KEK)
Susumu Mine, Hiroshi Mukai (Toshiba)
Hideo Kakui and Isamu Oono (IHI)

@
Agenda: 3 |
Feb. 17,
11:00 Opening address . .....veeeineeennnennnenon.. T. Kondou / A. Yamamoto
11:10 General progress at Fermilab............0...... R. Kephart | '
11:20 General progress at KEK .. ... onennennnn, A. Yamamoto
11:30 Changing of magnet length and its effect....... Kephart / Yamamoto
11:45 Magnetic force calculation ................... K. Tanaka
R. Kephart / R, Wands

12:15 Lunch break
13:15 Vacuum vessel

Isogrid option

Honevcomb option.......... e . Oono

Discussion on ProtoOUYE™ .. ... .. uinenen.on. ;
13:30 Coil and Magnet Supporting:

FNAL OopTLon. ..o .oos e e e e . .CL Grozis

KEK Opbion. ..ttt e e et aen e Y. Makicda / S.Mukai

DiSCussion ... ... - R
15015 Stabi guench analysis.,. . ... ... .. ....0... Y. Makids
1 Chimnev design ... ... ... wovoennsena..A. Yamamoto / C. Grozis
16:15 Cryogenics SCREME .. ..o oo acooercnososcsanos Y. Doi / A. Yamamoto
16:30 Magnet Installation into the Detecto........... A. Yamamcto

~ 1 A -
16:45 SUMMATLY v e o vs oo s es e onoenoeasonosonoasesosos T, Kondou / A. Yamamoto
17:00 Adjorn
i
Feb. 18,
e Fermilab -~ KEK meeting ———=—=-

9:15 Discussions for further work



Om

s, e,
H s S
| S S

Ci
ot

L

HYamaoka

-K
| H

KE

| Oono

H Kaku

ontents

C

.
"

o
L]

5

sl

|

.

Ne

C

B

i

o
LS ST T

|
H

e,

w

b
[—

SN
[
S .

ee——

@

/

U

Ny

NS

S
L L

Iold

HA—

e

L

ot

o

%ﬂ

J

-
o




‘awﬁv;ﬁﬂn%p“”"zﬁmﬂ /‘W"‘}"*
YRR SINIS L] Qﬁ

e brazed honeycomb shell and
is possible application to the
SDC ourer shell has been studied.
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5. J23i07 concepis

j Ihers are 4 theoritical equations,

@ [ CYLINDERS UNDER THE UNIFORM
“XTERNAL PRESSURES |

[ STRUCTURAL ANALYSIS OF

] S%ELLSﬁ

| © Cor

exiensional stiffness method

Dined equivalent bending and

Equivalent bending stiffness method
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|L-20 _Z.Zulared mhe axidl

wan” 4

“ompressive siress o

cross sectional area
68537 mm?

éi@) KEZ@NK?( Applied magnetic force )
- = 82467 kg + 80000 kg
The qxai zmwmf%%“VW siress

(D) M?Z@NTQ ( No magnetic force )

- 82467 kg + 0 Kg
the axial compressive siress
ce =121 kg/mm *
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(Applied magnetic force)
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%Th@ cross sectinal area of the foil
10f the unit cell Is
Afel = 878 mm?

he cross sectional area of the

(Effective ﬁﬁﬁkﬁ@@@ of the core Is

iﬁ}%g%@hﬁ effective thickness is
| te = 72%x3 411

=/1 mm




6. Weight reduction mis@

If we designed a vacuurn vessel wilh
a sclid plate,how much fthickness will
be required?

(NASA-SP8007)

0.855 E Jr
(1-p2)  (R/AYZUL/R)

FPcr=

R 7@%(} mm ., E : 7000 kg/mmy

. 2 ]
salid =500




. Summary of honeycomb design

Cryostatl inner radius

outer radius
total half length

Honeycomb Outer Vact
Alminum alloy
Total thickness

Skin thickness

- L i S

Effective thickness

L

Welght reduc
Radiation

~ton ratfio
thickness

um Shells

double
hexagon
/.1 mm
1/3.83
0.0798X0



9. Brazed %mm&y@@mb shell R

Mv. Oono ”%@Hﬁ;s“mg abou t
thi¢ part.



Dace: February 17 and 18, 1992 /

Place: KEK Maln Building meeting room (lst floor, next to Library)
Participants: (Lws be)
Robert Kephart and Charles Grozis (FNAL)
Taka Kondou, Yoshikuni Doi, Yasuhiro Makida, Hiroshi Yamaocka
Nobuhiro Kimura, Ken-ichi Tanaka and Akira Yamamoto (KEK)
Susumu Mine, Hiroshi Mukai (Toshiba)
Hideo Kakui and Isamu Oono (IHI)
| Agenda:
Feb. 17,
11:00 Opening address .. ...c.eetnernonneenoonnneness T. Kondou / A. Yamamoto

11:10 General progress at Fermilab.........covneun.. R. Kephaxrt | '

11:20 General progress at KEK ... ..o eeeeennnnns A. Yamamoto

11:30 Changing of magnet length and its effect....... Kephart / Yamamoto
11:45 Magnetic force calculation ..............00.... K. Tanaka

R, Kephart / R. Wands

12:15 Iunch break
13:15 Vacuum vessel
Isogrid option ......... C et s e a e e ..C, Grozis
Honeycomb option...... Ce e sesaase e ses ... Yamaocka éw
Digcussion on prototyr= .. .........enn.....all ‘
14:30 Coll and Magnet Supporting:
FNAL ODRCLION . 0o e i e nnoncnecnnancane....C. Grozia
KEK OpCdOn . o et e it e it s e e an o toa e naanennen Y. Makida / $.Mukai
Discussion ....... e e e e e e e e e e e e e all
15:18 Stability and quench analysis, . ... ..., Y. Makida
15:45 Chimney desigr ... ..t ot A. Yamamoto / C. Grozis
16:15 Cryogenics Scheme............ e e e e e e Y. Dol / A. Yamamoto
16:30 Magnet Installation into the Detecto........... A. Yamamoto
16:45 SUMMAIY ¢ oo o s v oevaoeoenasnoeoscsscos e T. Kondou / A. Yamamoto

17:00 Adjorn

Feb. 18,
i Fermilab - KEK meeting ==—==--

Discussions for further work
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9. Brazed Honeycomb Shell R&D

(1) Characteristics of Honeycomb
- Brazing processes
- Mechanical Strengthes

- Weldability

(2) Outline of R&D Honeycomb Vacuum Vessel

S

- Configuration of R&D Vacuum Vessel

- Parameters of R&D Vacuum Vessel

(3) Fabrication of R&D Vacuum Vessel
- Fabrication Sequence

* Bending of Honeycomb Panels
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Pt
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(D Corrugating @ Assembly of cores

@ Brazing of cores
and face sheets

Brazing processes of honeycomb panels,
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Weldability of Brazed Honeycomb Panels
( in welding facing plates together)

+ less Deformation
(large Stiffness)

« none of Cores melt down
- no affect to Brazed Joints

B

-no defect in Welded Joints

Conclusion : Easy to Weld
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Parameters of R&D Vacuum Vessel
with Brazed Honeycomb

Vacuum Vessel
Inner Radius
Outer Radius
Total Length

- 1700mm
. 2050mm
- 2400mm

Outer Cylinder (Brazed Aluminum Honeycomb)

Material

Total Thickness
Skin Thickness
Node Configuration

«««««

Inner Cylinder
Material
Thickness

Bulkhead
Material
Thickness

0 6951/4045

»45mm

™

¢

. 3.0+3.0mm

. Hexagon
7. Ilmm

: AS083

* 6mm

» AS083
> 25mm
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- Width of C-Channel

Width of ENDRING
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Concept

3 POINT BENDING
with Bending Roller

4 POINT BENDING

\E\“:M ) -

Shearing Force
Distribution

Bending Moment
Distribution

L

Possibility of

Expected

Cores Collapsed None
Fossibility ‘Qf Expected None
Shearing Deformation
Bending Size Limited

Long
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Date: February 17 and 18, 1992
Place: KEK Main Bullding meeting room {(lst floor, next to Library)

Participantsé (tw be)
Robert Kephart and Charles Grozis (FNAL)
Taka Kondou, Yoshikuni Doi, Yasuhiro Makida, Hiroshi Yamaoka
Nobuhiro Kimura, Ken-ichi Tanaka and Akira Yamamoto (KEK)
Susumu Mine, Hiroshi Mukai (Toshiba)
Hideo Kakui and Isamu Oono (IHI)

Agenda: |
Feb. 17,
11:00 Opening address ..........cc.iveennnnnnn.. ce... T. Kondou / A. Yamamoto
11:10 General progress at Fermilab.................. R. Kephart | '
11:20 General progress at KEK . ... voenensnnnnn. A, Yamamoto
11:30 Changing of magnet length and its effect....... Kephart / Yamamoto
11:45 Magnetic force calculation .........c.eonun... K. Tanaka
R. Kephart / R. Wands

12:15 Lunch break
13:15 Vacuum vessel

Isogrid option ......... el ., Grozis

Honeycomb option..................... e H. Yamaocka / 1. OQOono

DLgCussion On pPrototyr=2 .. ... all (
14:30 Coil and Magnet Supporting:

FNAL OpPLLOM. oottt it et e e e et e e C. Grozis

_KEK_opt Makida / S.Mukai |
15:15 Stability and quench analysSis, ... ve e, ... Y. Makida
15:45 Chimney design .................. ceee e a. AL Yamamoto / C. Grozis
16:153 Cryvogenics Scheme. .. .. vt onoonoenoonsononns Y. Dol / A. Yamamoto
16:30 Magnet Installation into the Detecto........... A. Yamamot.o
16:45 SUMMALY o oo v nveecnnooooccooosons e e T. Kondou / A. Yamamoto

17:00 Adjorn

Feb. 18,
o e Fermilab = KEK meeting =—=m-=-

9:15 Discussions for further work
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TRANSMISSION OF LOADS TO CALORIMETE]




Dat

Place:

e :

February 17 and 18, 1992 /

KEK Main Building meeting room (lst floor, next tao Library)

Participants: (tw be)

Feb

11:

11

11

11:

11

15:

16:

16

16:

17

00

210

220

3215

$ 15

15

30

:00

Feb.

9:1

5

Robert Kephart and Charles Grozis (FNAL)

Taka Kondou, Yoshikuni Doi, Yasuhiro Makida, Hiroshi Yamaoka
Nobuhiro Kimura, Ken-ichi Tanaka and Akira Yamamoto (KEK)
Susumu Mine, Hiroshi Mukai (Toshiba)

Hideo Kakui and Isamu Oono (IHI)

Agenda: |
Opening address ........ieeumnnereennnnnnnnnn T. Kondou / A. Yamamoto
General progresg at Fermilab.............0.... R. Kephart /
General progress at KEK ... ccetvinnumennnnnns, A. Yamamoto
Changing of magnet length and its effect....... Kephart / Yamamotao
Magnetic force calculation ........voeunreun.. K. Tanaka
R. Kephart / R. Wanda

Lunch break
Vacuum vessel

Isogrid option ........vereioenncnnnnnns....C, Grozis

Honeycomb option.,..........c.cvviveenenn,.. . H. Yamaoka / T. Oono

Digcussion on prototyr=a .. ... eeeon....all |
Coll and Magnet Supporting:

FNAL option........... e e s e e a e ea..C. Grozis

KEK OptlOn . et i it et cnetn o s enoos Y. Makida / §.Mukai

DIsCUSSI0on .t it et e e all
Stability and quench analysis,.........veeuona. Y. Makida
Chimney design ..........00c0ce.. cereaseess s AL Yamamoto / C, Grozis
Cryogenics Scheme........cocoonsnconcnsencosson §Y: Doi / A. Yamamoto
Magnet Installation into the Detecto........... A. Yamamoto
SUIMIMB LY o v v e v oo oo e nonooeoooooscssossasososass T, Kondou / A. Yamamoto

o o Fermilab - KEK meeting ~=—==-

Discussions for further work
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