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Abstract

Many of the foils in the AGS H20 electrostatic septum
failed during 2004 heavy 1on run. An analysis has been
performed to find the cause of this foil failure.

This analysis is based on the thermal effect of the

energy that beam deposits 1n the foil.



Heavy Ion beam hits Electrostatic Septum

In the heavy 1on (gold) run the foil septum is not the extraction
device. So there is no electric field applied in the cathode.
There 1s no extraction of beam takes place. The circulating

beam continuously hits the foil until the foils break.
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Possible failure Modes of Septum Foil

1. Melted by instantaneous beam energy
2. Broken by thermal shock stress

3. Broken by thermal stress at high temperature

4. Broken by vibration and wave resonating



Calculation Approach

Beam energy: In each circulation when beam hit the

foil, the direct blocked beam will

deposit energy in the foil. The fraction of
energy deposited 1s based on the ratio

of Gaussian distribution and foil section

area.
Heat transfer: a. Foil internal energy
b. Conduction to neighboring material.

c. Radiation to surroundings

Thermal stress: Thermal Shock and stress



Gold Ion Beam Properties

Beam Energy: 10 Gev (atomic Weight:197)
Beam intensity: 1x10° ion/pulse

Beam size: 5 mm diameter (Gaussian distribution)
Beam circular area: 19.635 mm?

Pulse length: 50x10~ sec (may be in 4 bunches)

One revolution time: 2.5x10° sec



Gold Ion Beam Energy

Deposited Energy per 10n:
E=(1 Mev/gm/cm?) X (Z?)x density x L

E= 1.453x10" Joule

Where:

Density of Foil: 19.7 gm/cc, (75W 25Re)
/=72

L=.1 cm (.035", foil width)

Deposit Energy per pulse: 1.453 Joule (1x10° ion/pulse)



Fraction of beam Hits Foil Estimation

Gaussian distribution Function
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Energy deposited in the Foil

Beam distribution : 3D Gaussian, o = 1.25 mm
Volume of the Bell shape Gaussian distribution: 3.133
Volume of foil cut through Bell shape (slice): .002533
Ratio of Volume, cut out slice to total volume: .0008085
Total beam energy in one pulse: 1.453 Joule

Energy deposited in foil in each pass: .00117 Joule
Number of circulations to dump all energy: 1242 passes

Total time for 1242 passes: .003 seconds.



Physical properties of Foil
Size: .001” thick x .03” width

Free length: 1.5 cm
Density of Foil: 19.7 gm/cc, (75W25Re)
Specific heat of Foil: .14 J/gm.K

Cross section area that hit by the beam: .127 mm?
Volume hit by beam: .11mm? (.002 gm)
Weight of foil hit by beam: .002 gm



Mechanical Properties of Foil

1. Matenal : Alloy, 75% Tungsten and 25% Rhenium
(75W 25 Re).

2. Young’s modulus: 62x10° psi

3. Melting point of Foil (75W25Re): 3,393°K.
4. Mechanical Strength: (.2% yield )

at  20°C, 249,000 psi

at 1,200 °C, 59,000 ps1 to 78,000 psi1

at 2,000°C, 6,000 psi to 7,000 psi



Natural Frequency of Tensioned Foil

Lateral vibration frequency of tensioned foil:
p= L |Te
2 W-L2
Where:
T 1s the Tension: 58,000 psi
g 1s acceleration of gravity

W 1s weight of unit length
L 1s free length of foil

F=1,870 Hz
Beam circulation time: 2.5 us (400,000 Hz)



Wave Speed In The Foil

Wave Speed 1n the Foul:
E
V = —

p
Where:

E: is the Young’s Modules: 62.37x10° psi
p is density of foil: 19.7 g/cm?

V=4,562 m/second

Wave travel distance in one pass: .009 in (50 ns)

Wave travel distance between passes: .45 1n (2.5 us)

Foil Width: .035”



Excitation by the beam

1.Excitation by one pulse
a. Pulse length: 50 x 10 second
b. Full pulse travel distance: 15 meter
c. Bunch number: 4
d. Each bunch travel distance: 3.75 meter
e. Wave travel distance 1n foil: .009 in (1/4 foil width)
f. The beam hits the foil as a shock.

2.Excitation by circulating beam

a. Circulating time: 2.5 x 10-¢ second

b. Wave travel distance in foil: .45 1n (12 foil width)
c. Frequency of Beam hits coil: 400,000 Hz

d. Natural frequency of foil : F= 1,870 Hz



Radiation heat from Foil

Radiation heat from fouil:
Q=¢AocT?

Where:

¢ 1s the emissivity of Foil : .5
A is the radiation surface of foil: .089 cm?

o 1s Stefan-Boltzman Constant
T 1s fo1l Temperate: 1500 °K

Q= 1.187 Joule/second

Equivalent Energy Deposit from beam:
H=468 Joule/second (.00117 J/2.5 ps)
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C-Core and foil model
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Temperature rise in the first pass (50 nsec)
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Temperature rise After 20 passes (50 usec)
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Temperature rise in the first 20 passes (1.0 psec)
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Temperature rise in 500 passes (.00125 sec)
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Temperature rise After 500 passes (.00125 sec)

Room T: 300°K
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Temperature rises in the foul:

. Each pass of the beam will deposit .00117 Joules in the
foil. The temperature of the foil will be raised up 3.78°K.

. After 20 passes ( 50 usec) , the temperature of the foil
will be raised to 375.7°K.

. After 500 passes (.00125 sec) , the temperature of the foil
will be raised to 2194°K.

. The temperature rise 1s a direct function of passes of beam.

. In such a small time scale not much thermal conduction takes

places to transfer heat out. The heating spot 1s almost the

same size as the beam size.



Tensile stress of foil under spring tension (initial condition)
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Temperature distribution in first pass (50ns)
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Thermal Shock stress

Room T: 300°K

Duration
Time:50ns

AT=3.78°K

H20 foil thermal shock

Material strength:

at  20°C, 249,000 psi

at 1,200°C, 59,000 psi
to 78,000 psi

at 2,000°C, 6,000 psi
to 7,000 psi

1,682 psi

Spring tension:
57,185 psi
Total stress :
58,867 psi
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Total stress when temperature rises (spring load + thermal stress)-1

No. of passes: 5 No. of passes: 10
T=300°K T= 337°K

Max.c=57,185 psi Max. 6=57,675 psi
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Total stress when temperature rises (spring load + thermal stress)-2
No. of passes: 142
T=837°K
Max. 6=71017 psi

No. of passes: 58
T=521°K
Max. 6=62,507 psi
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Total stress when temperature rises (spring load + thermal stress)-3

No. of passes: 225
T=1152°K
Max. 6=79,355 psi
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Total stress when temperature rises (spring load + thermal stress)-4

No. of passes: 392
T=1783°K
Max. 6=94877 psi
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Thermal stress and temperature at 1470 K, (no. of passes 308)

T=1470°K
t=7.7x10"%sec

H20 Foil Tamperature

FEE 24 2005
08:29:49

PLOT NO. 1
NCDAL SCLUTICN
STEP=1

SUB =20
TIME=.771E-03
/EXPANDED

TEMP (AVG)
R3YS=0
PowerGraphics
EFACET=1
AVRES=Mat

SMY =294.478
SME =1470

W o=1
¥y =k

v =1
*DIST=.605911
*xpo o=—,102214
*YF  =,216659
*EE = 1260y
VUP =7

M |

Max. 6=87,326 psi

FEB 24 2005
08:21:12

PLCT NO. 1
NCDAL SOLUTICH
STEP=20

SUEB =1
TIME=20
/EXPANDED
SECV (BG)
PowerGrarghics
EFACET=1
AVRES=Mat

DMX =.003738
SMN =.150E-05
SMHE =60255

=1
e i

v =1
*DIST=.46289
*xpoo=,122118
*YF  =,025734
VUP =7

=k

BE00REENN



Thermal Stress rises along with temperature rises
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Thermal stress in the foil:

. Each pass of the beam will deposit .00117 Joules in the

foil and raise the foil temperature by 3.78°K. In 50 ns this
temperature rise will generate a thermal shock of 1,682 psi.
The 1nitial stress 1n the foil from spring load 1s 57,185 psi.
Since the thermal expansion is very small, there 1s almost no
reduction in the the spring load. The shock stress will add to

the spring tension stress.

. When temperature rises the thermal stress increases too.

. When temperature rises the strength of the foil reduced.



Conclusion

. Each pass of the beam will raise the foil temperature by 3.78°K.
. The thermal shock will add 1,682 ps1 to the spring

tension stress. This stress 1s not big enough to break the foil.

. In 50 ns pulse time, the stress wave travels only .009”,

a of foil width. There 1s no stress wave adding up effect.

. Natural frequency of foil 1s 1.87 KHz. The frequency of

beam passing is 400 KHz. There 1s no resonance vibration
effect.

. When the beam continuous hits the foil, the radiation 1is not

enough to cool the foil. The coil temperature will be raised
above 1500°K. In this point the foil will break due to the
stress exceeds the strength of the foil.

. When foils break at 1500°K, the aluminum core may melt.
Melting temperature of aluminum is 933°K.



