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Preliminary Design Studies on
LDC Vacuum Pipes

Y. Suetsugu, KEK
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iln Loss factor
JIF

e Model for calculation

OM-:4200
#2DPLOT Total |ength =3.8m
Beam Az =0.1 mm

out €<— AX=Ay = 0.5 mm
o n —> Axisymmetrical (2D)

e L ——

T T T T T T T T T T ] |P
/.DO 1.20 3.80

®»70 pipe Calculate for gz =2 - 9 mm
¢ Extrapolate to g, = 0.3 mm
. . (Due to limited memory and time)
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e Results
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ki, and kot 1S different, since the
apertures at both ends are different.
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Loss factor

K total (two beams) ~7x10% V/C
@ o, = 0.3 mm

If g = 3.2 nC, Np = 5400 bunch,
and f, = 5Hz : 1 = 8.6x10™° A

~.P =kgl =~20 W (one side)

For reference;
at ERINGO08, for two beams,
Suetsugu: k = 8 x10* V/C Too big.
Yamamoto-san:
k =1.6 x10* V/C
Novokhatski-san:
k =5.5 x10*3 v/C

TILCO08-Sendai 4



e
1o

DN150CF _Flange
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Loss factor

o Effect of round edges at cone section

DN150CF Flange
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ilp Loss factor
JIF

« Effect of round edges

Type Loss factor (Kya)

LDC-1 6.81731x10%? 100%
LDC-2 6.71416x10% 98.5%
LDC-3 6.68828x1012 98.1%

Almost no effect on the loss factors.
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Dissipation of power

Loss factor

— Examples of lower modes in the structure

FRAME: 14 23/02/08 - 13:25:03 VERSICHIVA.200] | /HOME/SUETSUSU/MAPIAWORK_3/LOCI.TRC
FREQUENCY/HE 5.8166003200000 B+ o1
MAXIMUM ERROR OF CURLCURL-E  3.5316003074450E-02
MERN  ERROR OF CURLCURL-E  1.5700$43768024E-0%
MAXIMUM ERROR OF DIVERGEWCE-D  4.9493030243180% R HARMONIC MAGNST i 1

FraME: 25 23/02/08 - 13:25:03 VERE 10N (¥4 200 ‘HOME /SUETEDSU/MAPTAMORK_3/LECY .TRC
+FREQUENCY/ET 1.1013335360000Es03 o1
SAXTMM ERROR OF  CURLCURL-E 9710731606348 E401
WERN  ERROR OF  CURLCUML-E 655689239502E400
MAXIMUM GRROR OF DIVERGENCE-D  1.0605047862100K-07 TINR RARMONIC MAGHETIC ¥ s I

#CONTOUR

B, f = 582 MHz

—
conrca
a_— 1 obeuces
- 222030
1 ossE-03
2224830
11B-11 H !
NTERPOLATE. : 0 ! |
5 .
MLTER IAL

R
l+—bz

#CONTOUR

R
ILJr_AZ

Be f=1.1GHz

-9.30E-10
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Most of power will be dissipated at the cone

section.
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ilp Structural strength
(JLF

 Deformation and stress
Al alloy (Al5052, H34) 3 mm
1.013x10° Pa
Total length = 3.8 m
E = 7.056x10'° N/m?
y=0.3
Model  pressure Axisymmetrical (2D)
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Structural strength

e Result: Deformation

LDC 1 Deformed shape LDC_2
IS exaggerated. A
<0.1 mm
0 2.25 mm o) 2.25 mm
Deformation is much decreased by the
round edges.
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Structural strength

e Result: Deformation

LDC_2 Deformed shape

IS exaggerated.

LDC 3

ITEP=1

) I
420E-04 . 560E-04

EEEEEEEEE
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Deformation further reduces to a half.
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Structural strength

o
e Result: Stress (Von Mises stress)
LDC_l Deformed shape LDC_2
IS exaggerated. AN
- o < 3x10" Pa
0 9x10’ Pa 0 9x10’ Pa
Stress is also much reduced by the round
edges.
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ilp Structural strength

e Result: Stress (Von Mises stress)
LDC_Z Deformed shape LDC_3
IS exaggerated. AN

EEEEEEEEE

STEP=1

< 1.5x10’ Pa

................
........

(Yield strength of aluminum alloy is 2.2x10° Pa)
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ilp Pressure profile
o
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ile Pressure profile
e Gas desorption

— Pre-baking before assembling should be done.

— The chambers should be treated carefully after

the pre-baking to avoid any contamination.
— Water should be kept away as much as possible.

— Thermal gas desorption rate without baking:
« After 10 hours evacuation:
CO: 2 x107 Pam3 /s/m? (~ 2 x101° Torr | /s/cm?)
H,: 2 x10% Pa m3/s/m? (~ 2 x10° Torr | /s/cm?)
« After 100 hours evaculation (after 4 days)
EO: 2 X108 Pa m3 /s/m?(~ 2 x101t Torr | /s/cm?) ]
. 2 X107 Pa m3 /s/m?(~ 2 x101° Torr | /s/cm?)
» About 20 times larger than those after baking (O. Malyshev)
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ilp Pressure profile
JLF

e Pumps
— NEG strip : ST707 (SAES Getters), for ex.
— Aligned at the circumference of pipe

ﬁ:’ 4m NEG strip intotal =~ S 4=

To a small ion pump CO: 0.2 m¥s, C =0.3m¥s — 0.12 m¥s
@nd U PUMPS) 2 mils, C=1imls > 0.72

Ion or getter pu

DN4QCF Tér
prepumping port \&

(0433 @: ¢3 mm holes x 700

vacuum gaug around pipe, for example
0.092 rad
L/_hﬂ—'—, e
No pump
Race track profil
in BeamCal 2640
(proposal)

3170

3450
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iln Pressure profile

e Results
1E2 0 | —— 1.210" ! 1
: CO —e—Pressure[Pa]) H2 JRPUDREPS ~ S
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b} @
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[17] un
o o
O 4107 o 4107
? Ouz = 2x107 Pam3fs
2107 210"
Oco £ 2X10° Pa m¥/s —e—Pressure[Pa]
0 0
4 fgs g ips of Hie f i D T AR IR
z [m] z [m]

P ~ 1x10° Pa for Ha.
The assumed pumping speed is the minimum.
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ilp Summary
LT

Some vacuum properties of LDC beam pipe was
studied.

(1) Loss factor of one side for two beams is about
7x10%3 V/C, and the dissipated power will be
about 20 W.

(2) Structural strength is much improved by
Introducing round edges at cone section.

(3) Vacuum pressure almost less than 1x10° Pa
will be obtained without baking.
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:p Data
Ho

e Reference
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e Data

e Assumptions
— Distributed pumping to effectively evacuate these
conductance-limited beam pipes

— Use NEG strip : ST707 (SAES Getters), for ex.
ST 707/CTAM/30QD Strip

Typical Sorption Curves
Pumping Speed (em*ass em~zy  After some saturation

~ St707 NEG strip

100005 >
T / - . H:1 I/slllcr/n |
~ | ~ 600 l/s/m
1000; | \\| : —_
c ' A :
S N o
| | CO:0.1;l/s/cm?
100 & [ —
: [ 60 Ig/m
- 1N N
10 | 111l | {19 S ..I.Hl}" [ IV N R A
0.0001 0.0010 0.0100 01060 1.0000 10.0C00

Sorbed Quantity (cm™3 Torr/cm”™2)

Activation : 450 C x 45 min
Sorption: T= 26 C P+ 3E-6 Torr -
Ref. MFSPT.0004 Rev.0 Jan 5, 1984 P g has
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