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General components of the barrel calorimeter

Absorber

Internal ring N

Cryostat rail

Maria Soledad Molina Gonzalez

Carbon composite cryostat

pler See

I

ATLAS ecal layout

+«———— Directly connected
<« - — — = Dependency

V1 WIRES AND COLD

ELECTRONICS

EXTERNAL RINGS

Tooling for
the prototype ABSORBERS

Pierre Karst (ST2410245_01)

~

PS

Absorber

INTERNAL RINGS

Stainless steel Fiberglass

0.10 mm 1.8 mm Lead 0.05 mm

External rings

| I @1 mm hole
‘ mm

Spacers will be pins,
‘Paper .
honeycomb A printed mesh or
spacers paper hOneycomb, as

https://allegro.web.cern.ch/plots/ecal_barrel/ecal_barrel/

= in ATLAS experiment
Absorber cold test Internal ring NEEEM hitps://cernbox.cern.ch/s/LoWw7zzxiBODV7L
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https://indico.cern.ch/event/1428213/contributions/6241919/attachments/2972283/5231125/Preliminary%203D%20Modeling%20for%20CFEB%20Installation%20and%20Cable%20Routing%20in%20Allegro.v1.pdf
https://plm.cern.ch/p/CAD/number:ST2410245_01:AA.02
https://allegro.web.cern.ch/plots/ecal_barrel/ecal_barrel/
https://cernbox.cern.ch/s/1oWw7zzxiB0DV7L
https://cds.cern.ch/record/331061?ln=es

Test beam prototype

A Itis considered a sector of 15°, meaning 64 absorbers out of 1536.
o This configuration returns a complete detection zone of 200 mm.

\
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External rings first approach o w —

A

> I

o 3>

First study for the needed external rings was made by considering a half barrel of 63 t
ton and 7 rings. 63 ton = 65 ton (detection zone) + 10 ton (others) i 12 ton
(Archimedes)

Only one ring, modelled by 1D elements, is studied. So, the load is 9 ton.

Displacements out of the plane of the ring are constrained and the ring is supported
vertically in the sides, simulating the rails.

Maximum displacement would be less than 3 mm if the inertia is about 8.5 E+6 mm?. ——— 1200 —
The section showed was selected as starting point for future analyses. O (& pmaa
EXternaI rlngS . . V: 1D external rings Static Structural Intertia study | section
Maximum displacement Radial Deformation FCC-ee _
10 E}:fi;:rz::ttmnal Defarmation( Hxis) ﬁ

——d_max [mm]

Cylindrical Coordinate Systern

.
i3 Time: 13 /’
2.927 Max
2,321
1715 :
11082
~ 050201 || *

y = 4.60E+06x 8-95E01

8.43E+06, 2.93

-2.10EM

-0.70014

-1.3152

-1.9212 /
-2.5272 Min g r

' ad

1.E+06 1.E+07 b \\__“),//

Inertia [mm] w

Maximum displacement [mm]
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How many spacers are needed?

The liquid argon is between electrodes and absorbers. So, it is important that the
gap remains the same as expected.

Pins were proposed and a study was made to estimate how many spacers are
needed to maintain an acceptable deformation.

This deflection depends only on the region of the absorber between the pins.

Symmetry conditions are applied in the edges and the displacement in the vertex are set to zero.
Distance of 200 mm seems acceptable, as the normal deformation remains less than 50 em.

Sagitta of a triangle varying its side
0.8 A: Copy of Static Structural
y = 3E-11x% + 1E-11x2 + 2E-08x2 - 3E-07x + 4E-06

Total Deformation Side =200 mm

Type: Total Deformation
Unit: mm
Time: 13

0.047486 Max
0.04221
0.036934
0.031658
0.026381
0.021105

Sagitta [mm]
{=]
IS

0.015829
0.010553
0.0052763
0 Min

0 50 100 150 200 250 300 350 400 450
Side [mm]
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Mechanical analysis: 2 meters FEA

A A FEM of a 2 meters long ecal is built. Rings are placed each 500 mm and spacers each 200 mm.

5007mm

D: w19.1 Gravity Warm Ioad case

Radial Deformation External Rings 1
Type: Directional Deformation(d Axis)

‘n S Unit: mim
EXterna‘ Ting CYLINDRICAL CS /\
Time: 13
3.558 Max
2.7703
Outer bar 1826
040728
Spacers 4“‘ ISR -0.38039
il‘\"“l‘l‘““‘ll N amn -1.1681
l\“‘\“l‘l“l 10557
|nner bar 0 45000 900.00 (mm) -2I?434
P = e |nterna| rings -3.5311 Min
* 2000 mm
: mm
Weight = 49 ton ~—
No Archimedes' principle is considered
Gravity load case (deformation x50) Warm Ioad case COId |Oad case
fbsoipelsnodes Deflection of the absorbers in Z = 1000 Deflection of the absorbers in Z = 1000
15
1.0 ©-1.02
PCB node E E
£ E
0.66 E E
25007 0.50 s @
033 bt v
'E 2400 0.17 ©
E 0.00 é
= 2300 [+] [ [ o [ [ o o —017 .
72':(3) Distance along the plate from the inner bars [mm)] Distance along the plate from the inner bars [mm]
2200 .
-0.66 —120 420 720 1022 —132° —162° O MAX —20 326 —620 —922 —122° —152¢ O MAX
0 250 500 750 1000 1250 1500 1750 2000
Z [mm] —192¢0 2220 —252° —282% 3129 —3422 0O min — 1820 2129 —243° —272° 3022 —3322 O min
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Absorbers cold test (2x0.05 mm of AISI304L)

The prototype was immerged in liquid nitrogen using two different configurations: supported and clamped.

Due to the surface defaults, it oGlambedtd thefthmé o use 0.
Supported on the frame : ,

Spacers added in the
edges, between plates
and in the frame

No defetion
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Thermomechanical properties of one absorber

Stainless steel
0.05 mm
E = 200 GPa
1.8 mm
Lead e 16 6pa >

3.0 mnj_]/m |

quuivalent length
I
Ql i
| Initial
l@ ‘length
Traction in the lead

Compression in FR4 and stainless steel

FR4
0.05mm
E =25 GPa

| at cold temperatures
<—> 3.3 mm/m P

In a composite plate, every material wants to contract
differently when they are cooled down. The resultant
contraction, as well as the stress of each layer depends on
the rigidity and thickness of each layer.

The reference should be the crystallisation temperature of
the FR4 (155 °C), not room temperatura (RT).

Strength and contraction tests were performed, and it was
concluded that the stiffness of the lead was underestimated

,yatRT ,yat77K CTE (RTto 77 K)

[MPal] [MPa] [10-6 K]

Experimental results 16.0 38.0 15.6

Laminate theory 17.2 21.1 14.0
FEA 16.0 20.0 14.5

Using sheets of 0.1 mm, the CTE is 15.26 -10° K-!
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Sandwich strength test (RT): Until yielding point
{ E &5 @ @ © © B 2 &2 O

Home Save Save Zero the Start Start Stop Back Evaluate Print Record Help ZWICk Roe“
as force pos.
SET UP TESTING SYSTEM CONFIGURE TEST RUN TEST EXPORT TEST DATA
Series layout Specimen graph Speed  Media Video capture videoXtens  eee P bSS RT 1
B Q 2 e — Curregg specimen 0.161% 0654MPa Testdataline = 371
& Series Media
) PoRT_1
Test program:
@ PoRT2 =
@ro71
@ o772 40 1
@ro7723
@roi74
@ro775
@ Poss 771
@ Poss 772 30 A
@) PbSS 773 ©
@ P0SS_77.4.Int1 Specimen =
@ Pbss_77.4.1nt2 4=
Pb_Fernando_ARETIO_ a
@ Poss.RLI - 8 Change of slope (E)
O Specimen 82 ® Y 20 /
r
—_— 10 4
Add...
Yielding point at 16MPa
">l e
Removem O + n I n ; n } + } : } + } + : + n + ; n n
Help Play... "D:\ProgramData\Zwick\testXpert Ill\Video\PbSS_RT_1.wmv" )\‘ g = 4 ,10] Soiear &2 20
ominal strain in %

testControl Il - Drive system - Setup/Inching operation/Hold Operation mode: Test ~ System configuration name: tensile test  User: q600 @
B Qs LCC-BaVUEE: =Tl
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Sandwich strength test (RT): FR4 failure (deglue)

NnEE AR Q@ O © O BE & & @

Home Save Save Zero the Start Start Stop Back Evaluate Print Record Help ZWICk Roe“
as force pos.
SET UP TESTING SYSTEM CONFIGURE TEST RUN TEST EXPORT TEST DATA
Series layout Specimen graph Speed  Media Video capture videoXtens  eee PbSS RT 1
Current specimen 0660% 14796 MPa Test dataline = 1369
5 o 4. 4
40 1
30 +-
o
=
=
V20
il—-t
10 H
" >lne
) — e ey P R S I
Play... "D:\ProgramData\Zwick\testXpert Ill\Video\PbSS_RT_1.wmv" .}\‘ g z '10 . o =
‘ Nominal strain in %

Operation mode: Test  System configuration name: tensile test  User: 600 @

testControl Il - Drive system - Setup/Inching operation/Hold

== Q Search L e e .? a a ! E g é X ‘;? q))) 5/;:/2:;: ;
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Sandwich strength test (RT): Stainless steel failure 1
M) B &5 @ O © © S 2% O

Home Save Save Zero the Start Start Stop Back Evaluate Print Record Help ZWICk Roe“
as force pos.
SET UP TESTING SYSTEM CONFIGURE TEST RUN TEST EXPORT TEST DATA
Series layout Specimen graph Speed  Media Video capture videoXtens  eee P bSS RT 1
+ T Q 2 e T Curreg\g specimen 5136% 35875MPa Testdataline = 10321
& Series Media

& PORT Test program:
@ roRT2 i
@7 Plastified AISI
@ Pb772 40 - A
@ o773 1 [ ,[\
@ro 774
@ro 775 - I f
@ Poss_77.1 Fal ure o
@ Poss 772
s . ) AlSI layer 1
@ PbSS_77.4.1nt1 Specinen <
@ PSS 774 Int2 =
g PbSS_RT_1 c Pb_Fernando_ARETIO | §
O Specimen 82 ® “

Add...

Edit..

">l e
Removem - I I + } : + + } + t + + + - + +
5| 10 15 20
Play... "D:\ProgramData\Zwick\testXpert IlI\Video\PbSS_RT_1.wmv"
Help Y Mited : P : i ’\‘ Nominal strain in %

testControl Il - Drive system - Setup/Inching operation/Hold Operation mode: Test ~ System configuration name: tensile test  User: q600 @
B Qs LCC-BaVUE WL =Tl
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Sandwich strength test (RT): Stainless steel failure 2
mEE @ @ O @ O I 2 & @

Home Save Save Zero the Start Start Stop Back Evaluate Print Record Help ZWICk Roe"

as force pos.

SET UP TESTING SYSTEM CONFIGURE TEST RUN TEST EXPORT TEST DATA

Series layout Specimen graph Speed  Media Video capture videoXtens  eee PbSS RT 1

5 _ﬁ ® / oee Tena Curreg(t)stemmen 14586 % 25.121 MPa Test data line = 29221
& Series Media
Pb_RT_1
& Pb_RT Test program:
@ roRT2 i
@ o7 i
@ Pb_772 40 -
@ ro 773 ¥
@roi74
@ Po775 1
@ Poss 771
@ Poss 772 30
&P PbSS_77_3 5
@ P0sS_77.4.nt1 SPrCimE = I~
@ PbSS_77.4.Int2 =
@«
e PbSS_RT_1 c Pb_Fernando_ARETIO | § | .
Ospecmensz  © 520 Failure of
il ~
a AlSI layer 2
10 H
Add...
Edit...
">l e T
Removem 0 3 I + I ; I } + + : + + } I ; I I + } : + +
0 5 10 15 20
Play... "D:\ProgramData\Zwick\testXpert llI\Video\PbSS_RT_1.wmv"
Help ’\‘ Nominal strain in %

testControl Il - Drive system - Setup/Inching operation/Hold Operation mode; Test ~ System configuration name: tensile test  User: 600 @
B Qe LEC-Bo9E @A A Qo e
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Sandwich strength test (RT): Sandwich failure
B & @ O © © i o 3 O

Zero the Start Start Stop Back Evaluate Print Record Help ZWICk Roe"
as force pos.
SET UP TESTING SYSTEM CONFIGURE TEST RUN TEST EXPORT TEST DATA
Specimen graph Speed Media Video capture videoXtens  e°e PbSS RT 1
T Current specimen 15486% 16988 MPa Test data line = 31022
ive frame e i ¥
Media
Test program: |
40 -
P!
30 -
©
2 o
Specimen:; >
=
Pb_Fernando_ARETIO | a H
Only lead is
waorking
J ~J
1 A
10
">l e T
0 1 + I + - I } + } : + + } E T + I + - + }
Play... "D:\ProgramData\Zwick\testXpert ll\Video\PbSS_RT_1.wmv" .)\‘ 2 : '10 . = =t
Nominal strain in %
1 - Setup/Inching operation/Hold Operation mode; Test ~ System configuration name: tensile test User: 600 @
- A 5:06 PM
== Q search [ = G e - ﬁ ﬁ ' E " = OIRE L) e/282026 B

o - FUTURE B. Ruiz Palenzuela
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Spacers options. Variable gap from 1.2 to 2.4 mm

Pins attached to the PCB 3D printed mesh Honeycomb paper
To be produced and tested. Measured and pressure cold tests  Ready for assembly test In 2 months.

-

i Sl honeycomb

spacers

Spacer @6mm
Rounded head R80
Penetration 0.034

e e — Distributed force and easy to build.
Exact position and good tolerances. Difficult to characterised the material. Distributed force and fast assembly.
Concentrated forces. Burring is needed after printing. Expensive. Tolerances to be checked.
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Cooling system for the cold electronics

Having front end electronics means that we shall extract a big amount of heat. Heat power of the ATLAS barrel
was 2 kW, and for ALLEGRO it is estimated a maximum of 120 kW (2 million channels, 60 mW/ch).

Gl obal chall enges, more and shorter heat exchangers
with an acceptable drop pressure. 96 pipes is considered an optimal number for the assembly.

Prevent boiling near the boards: liquid argon conductivity is worse than air and the natural convection is not
enough to take the heat from the boards to the heat exchangers.

Pure aluminium plates will connect these parts, so the heat transfer is done by conduction.

[+
1 Two-phase flow nitrogen (86 K)

Heat exchanger (86 K)

N\
N\

&\&&g\\\\ \\\\e\\\\_\
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| R 2700 mm

20 mm ‘ 15 mm

External ring optimisation

Cabling and cooling system pass through the external rings. So, a topological
optimisation was done to make the most possible space not loosing rigidity.

Scale x20
] . P: Opti Static Structural only bolted
J: Static Structural only bolts Scale x20 N Total Deformation

| R 2580 mm

Total Deformation K: Structural Optimization ; i
Type: Total Deformation Total Deforrnation P % E};ﬁ:;ﬁal Deformation
Unit: ram P / Type: Total Deformation 2% () Tirne: 13
Tirme: 15 Urit: rrrm e, E 7
Result Set: 1 S 18.575 Max .?'
18.368 Max || | i
16,327 / 20.64Max |1 A ] 8 ]j Area -45%
14,286 v e A Every sector is I= 12 ;
12,245 : L = 10
13.76 B ; :
os e optimised 5 0 % Max displacement
: 81735 £\
c127 21733 differently a N +1%
40918 4,567 o : 9
20409 2.2934 [oh) 0 Min X
@ Min 0 Min g Scale x20
()
12 tons of z

distributed mass

The optimised area of every sector is

superposed and a new web is drawn
To be produced Perp

* FUTURE
» CIRCULAR 03/04/2025 ALLEGRO: Noble-liquid calorimeter. Mechanics 17
COLLIDER A==




Structure for assembly and support of the prototype

The same structure will be used for the assembly and stacking of absorbers and electrodes, and as support of
the prototype in the test beam. _ _ _ _
Mounting and adjustment of the interface and the Rings

Q%6 e ; 7000 Mm

Operator = 1.75 m

ww Gov|

Stacking of absorbers Test beam configuration

and electrodes

Prototype = 500 kg

Structure < 300 kg Pierre Karst
(§T2410245 01)
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https://plm.cern.ch/p/CAD/number:ST2410245_01:AA.02
https://plm.cern.ch/p/CAD/number:ST2410245_01:AA.02

Prototype for assembly test

The assembly of the absorbers wants to be tested.

Intermediate parts are machined to be bolted to the
absorbers and to the rings.

The idea will be replicated for the internal rings.

PLM: ST2414589_01 AA.02 21ALLABE0020

Bolts for the rin .
otsforther T Between the rings, an

¥ Positioning pin
for the ring _

envelope part was design

Absorber
Reference surfaces

FR4 core
Lead core

21ALLABEB3002

Dimensions were adjusted so fit the requirements at
cold temperature.

All the 3D models are accessible through PLM:
Folder WP3

CERN ‘ FUTURE . . . .
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https://plm.cern.ch/PLM/?StartItem=CERN_Folder:E8EB40A3E7E24E46BC6D3A44BD8816A6
https://plm.cern.ch/PLM/?StartItem=CAD:669EE82E2A9D4BCDB23E56D55DFCD5B6

Conclusions

This new geometry presents challenges.

Well defined baseline design and general studies.
For some parts there is still development to do.
Look for suppliers that are not always evident, as for

the absorbers.

«———— Directly connected
<= —— = Dependency

COOLING SYSTEM

WIRES AND COLD
EXTERNAL RINGS ELECTRONICS

WP
Tooling for AP
the prototype ABSORBERS

INTERNAL RINGS

External rings: Prototypes in 2 months.

Internal rings: Design to be done following the idea of the
external rings for the interfaces.

Absorbers: Design finished. Look for suppliers.

Spacers: Under study. Decision to be done.

Cooling system: Design in progress.

Support structure: Design almost finished.

Assembly: Still some interfaces to be design.

Tests and analysis: More testing and analysis have to be

done for the spacers and the complete assembly.
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Thank you for your attention

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM
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Questions or suggestions?
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ALLEGRO

A ALLEGRO is a full detector concept proposed for FCC-ee. It stands for:
A Lepton colLlider Experiment with highly Granular calorimetry Read-Ouit. Electrode prototype

A This presentation is focused on the thermo-mechanical design and analysis
of the structure of the barrel calorimeter.

r(m)

Calorimeter section concept

Full detector concept =~ v :
0 0 i active gap Readout
Sfoon e o (noble liquid) absorber electrode

1st layer 7 . %

Cryostat: ATLAS in aluminium
vertex oct N ENRRR EEE P FCC in composite

z(m)

0

0 1 2 3 4 5 6

| FUTURE
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Backup 1: PCB and calorimetry

HV

— 9ap

em shower T

. e
incident g
particle ions
~.e*

o @

E liquid argon E

_ - - E

)

*— High voltage

Signal pick-up

i
oK el
corrier polyimioe 50 microns Crimped oren
S1GNA

CU EDAHD 25 microns layer

Ground shield

Signal extraction

Ground shield

—23
" arrier palyinioe Z0 mcrons Slgl]al plck—l]p
— High voltage
Cthickness ™ 273 micr -
radial  distance on
depth the electrode
{om) {em)
% % : B 13 & & & &
! J d " &
vl ol T I T T T T T T T LT T T 7 7 777 7 7 7
sl el b IR NRNN NN NN NNRN RN NEENi / '/
sisl a7l | Ty r i 7y 7777777777 ' _
ool sl T T T T i i 7 7T / /
a5 a1sl | f[.'iHHfIHIIFHfIHHHHHHHHHHH//// //’/x’// / 77
“onl wssl ST T T / /
st mol LTI T ) 77 4
o3+ o+ | T 17 7777777777777 i 8
woasl vl LTI T T T 7 T 7777 7 4 o
ol oyl LTI T T T ) LA b7
sl 5T O e T T Z
216 0
| } ; | | i | | >
0 10 0 Al 40 i fill il 0 Al 100 110 120 130 140 150 LG 170 180 1490 H 210 e}
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Backup 2: ATLAS images

- -
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Backup 3: External rings structural analysis

A The considered weight for the half barrel is 63 tonnes, considering 10 tonnes of support structure and -12
tonnes of the Archimedes principle. This is an optimistic approach.

A Three types of profile are considered and their geometry is changed to reach maximum deformation of 3 mm.

Maximum deformation [mm]

25

]
o

[
w

=
o

w

453 mm

- >
'
L4

Corresponds to the total length of the half barrel
divided in 7 rings. 3172 mm /7 = 453 mm.

——d_max [mm]
——d 3mm
| h=60mm
30 40 50 60 70 80
h [mm]

Weight of one ring: 3.5 tonnes

h

co
o o o o

Maximum displacement [mm)]
= %] w B (5] [e)] ~J
(=] o o o

o

A

side

v

t—>

Maximum displacement

——d_max [mm)]

——d 3mm
[ side=95mm |
©
40 60 80 100 120 140

Squared section side [mm]

Weight of one ring: 1.2 tonnes

Maximum displacement [mm]

=
o

[ e B ¥ R ¥ B = - =]

W2 -
‘ ! tl =t2=15mm
W3 =100 mm
W3 W1l=W2=35+5i
‘ ] t3=8+2i
-~ 13 =
W1

Maximum displacement

—d 3mm

——d_min[mm)]

W1=W2=130 mm
t3 = 46 mm

s

NI ——

Step

Weight of one ring: 0.9 tonnes
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Backup 4: FEM 250 mm long

A Three finite element analyses, using a 250 mm long model, have been carried out using absorbers with 1.8 mm of lead

and different stainless-steel thickness : 50 em, 100 em, 200 em.

A Radial displacements of the external ring (3.5 mm for 50 em, warm condition) is proportional to the total weight. Using 200

em steel plates increase the weight by 8%, so do the displacements.

A The internal rings (where maximum radial displacement appears) are not only affected by the total weight but also by the
stiffness of the absorbers. That makes the radial displacement increases by 3%, instead of 8%.

4515 6900

E 2465 ;

= 6800

2 4415 B

§ 4365 6100 =

o o0

& 4315 6600 2

= —

T 4265 5

z 6500 B

g 4215 .
6400

=]

E 4.165

5 4.115 6300

= 0 50 100 150 200 250

Stainless steel thickness (mm)

—®— Max rad displ [nm]  —@— Weight [kg] $lu.uss-nns-m
otal Defo

formation 32 absorbers 20
formstion

Type:
Urit:
Tirne: 15

47727 Max

4250

3.7455
— 119

' e

2.2086

1691

1

A Spacers in contact remains about 50% in all the cases.

A Sagitta highly depends on the steel thickness (0

TOTAL DEFORMATION

Maximum sagitta (mm)

Sagitta [mm)]

Sagitta of the absorbersinZ=0

-2.0
Distance along the plate from the inner bars [mm]
—12¢ 420 —72¢ —102¢ —132¢ —162°
192¢ 222° 252° —282° —312¢ —342°
Max sagitta (stainless steel thickness)
2
1.65
1.5
1
0.72
0.5
0
0 50 100 150 200

Stainless steel thickness (pum)

250
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Backup 5: FEM 2 m long

D: v19.1 Gravity D: vl19.1 Gravitf .
Radial Defarmation 1&hbs Radial Deformation External Rings 1
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CYLINDRICAL CS %EIENETICAL € /“ % N
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-3.9514 1,195
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Scale x50

D: v19.1 Gravity

Radial Deformation Internal Rings 1
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Radial Deformation 1 absarber i

Unit: mrm
Type: Directional Defarmation( Axis) CYLIMDRICAL CS

Unit: mm f v ' ’ . \ . . \ . :
CYLINDRICAL CS Time: 15 /%
Tirne: 2 5 . . f . . f f . . . 45635 Max

-9.9952 Max 3,5435

10.831 25232 |

11,866 15029

1280 0.48254

17 -0.53779
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-18.415 Min 4.6191 Min “
Scale x50
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Backup 6: G10 CTE from ATLAS TDR

External G10 fiberglass-epoxy bars are built to have the same longitudinal contraction as the
absorbers, that means -3.1 mm/m (section 3.4.2.6), and the same contraction coefficient in
circumferential direction (¢) as the outer rings’ which are made of stainless steel (2.5 mm/m). This
is achieved by choosing their angle properly.
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Figure 17: Thermal dilatation of G10 bars and angle approximation [9]
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Backup 7: Deflection of a beam

000 ©O 0 © o P
PG
Weight of one 500 mm long absorber O q ﬂ & IR &
4% mSS 0.219 kg P C '
96% m Lead 5.613 kg TT
0% m pregreg 0.021 kg
m_abs 5.853 kg

a[mm]
t [mm]
Z [mm]
n

| [mm4]
|_steiner [mm4]
|_tot [mm4]

E [MPa]
E:-1[N-mm2]
E-1[%]

Lead
500

243

n/a

243
13500
3.28E+06

SS

500

0.05
0.975

2

0

24

48
200000
9.51E+06

26%

74%

Total

1.28E+07
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