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Note: 
This work-in progress calculation investigated a Beryllium exit window for the ASTA beam lines.  It was found that a Beryllium window would have marginal and uncertain fatigue performance.  As such, this design path was abandoned and other graphite-based designs were pursued.  
Summary of Options
Conventional Flat Window
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Features:
· Ti or Be foil brazed or e-beam welded into a flange
Pros:
· Conventional design
· Low cost
Cons:
· Ti: low conductivity leads to unacceptably large (>1000°C) temperature maxima right after the passage of a beam pulse.
· Be: expansion of heated material directly after the passage of a beam pulse is resisted by planar stiffness of the flat window.  Unacceptably large compressive stresses arise.  

DESY FLASH Window Design (M. Schmitz et al) 
[image: ]
Features:
· 0.5mm Ti membrane sandwiched between thick graphite cups
· Ti provides vacuum tightness, graphite provides radial conductivity
· Beam swept over window with radius of 2cm, frequency of (?)
Pros:
· Demonstrated to work (up to 900MeV/20kW)
· High factor of safety relative to pressure due to thick graphite section
· Failure mode likely graceful: gradual infiltration of pressure through graphite rather than “blowout”
Cons:
· Beam sweeping required to minimize average temperatures, prevent graphite degradation
· Graphite introduces possibility of particulate contamination within the beamline
· Local water cooling required due to energy deposition in thick graphite section

Domed Beryllium Window Design 
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Features:
· Machined Be dome brazed into a CTE-matched  Inconel 718 frame
· Domed shape reduces planar stiffness of the window and therefore reduces compressive stresses caused by the beam
Pros:
· Acceptable factors of safety  in a comparatively simple design
· Can accommodate static (non-swept) beam
Cons:
· Use of Be raises toxicity/mixed waste/safety concerns
· Failure mode would not be graceful: brittle fracture
· Backup window seems prudent
· Lack of fatigue data at relevant number of cycles (108-109)
· Data does support fatigue design at 107 cycles, but this only corresponds to ~550 hours of beam operation
· Replacing the window every few months would be unacceptable 
· Extremely high cost: ~$10K per window + NRE

“Fly-eye” Convoluted Window
[image: C:\Documents and Settings\cbaffes\Desktop\eggcrate_assy.jpg]

Features:
· Inconel 617 sheet provides strength and high temperature strength/creep resistance
· Copper-plating on both sides provides radial thermal conductivity
· Complex curvature (fly-eye texture) minimizes beam induced compressive stresses
· High surface temperatures would result in oxidation if exposed to air - best suited as a candidate for a Be-window backup
Pros:
· No toxic materials
· Window cost likely low (after expensive NRE/test phase)
· Ductile/tough material is likely forgiving
Cons:
· Significant NRE required
· Tests of untried concept would be needed
· Copper coating is exercised plastically – may spall, flake or otherwise fail
Beryllium Dome Optimization
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Be Domed Window: Temperature and Stress Analyses
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Fatigue
Data Deficiencies
A significant amount of fatigue data does exist for Beryllium.  However, the available data suffers from the following deficiencies:  
1. [bookmark: _Ref271115657]Lack of Data on Currently Available Grades:  With the notable exception of S-200F (1), most fatigue data was generated in the 1960s, using grades of Beryllium with generally lower ductility than the grades that are currently available (2).  
2. [bookmark: _Ref271115681]Lack of High-Cycle Data: No fatigue data has been found beyond 107 cycles.   Due to the 5Hz pulse rate of the beam, we will accumulate 107 cycles in only 555 hours of beam operation, which could easily be accumulated within the span of a few months of calendar time.  
3. [bookmark: _Ref271115702]Lack of High-Temperature Data: No elevated-temperature fatigue data has been found.  
In order to deal with these deficiencies, the following approach has been followed
Problem 1 - Lack of Data on Currently Available Grades:  The selected grade, I-220H, has the highest 0.2% yield strength (345MPa) and highest precision elastic limit (44MPa) of any available grade.  Since the fatigue phenomenon is correlated with plastic deformation, we should expect favorable performance relative to other current and historical Beryllium grades.  
Problem 2 - Lack of High-Cycle Data: In the absence of data, we are forced to extrapolate existing S-N curves.  Most of these curves are essentially flat at 107 cycles (see Figure 1 and Figure 2 below), so we would predict little degradation in fatigue strength with increasing number of cycles.  However, one poorly-documented S-N curve in the Brush Wellman Beryllium Design Brochure (3) showed a significant downward slope at 107 cycles (see Figure 3).   We know little about the materials or conditions of this test.  However, in an attempt to maintain conservatism, we use this curve for the extrapolation out to 109 cycles (see Figure 9), and to define the assumed slope of the I-220H bounding curves in the Goodman Diagram (see Figure 6 and Figure 7).  
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[bookmark: _Ref271111782][bookmark: _Ref271111774]Figure 1: S-N Curves for Beryllium Sheet and Block (2).
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[bookmark: _Ref271111789]Figure 2: Fully Reversed (R = -1) S-N Curves for S-200F Block (1).
[image: ]
[bookmark: _Ref271112077]Figure 3: S-N Curves for S-200F and an unidentified HIP Block product (3), showing a negative slope at 107 Cycles

Problem 3 - Lack of High-Temperature Data: With increasing temperature, the tensile and yield strengths of Beryllium decrease in a well-correlated way, as can be seen in Figure 4.  We assume that fatigue strength at temperature will be reduced by this same proportion.  At a temperature of 250°C, which envelopes all temperature maxima expected on the window, we assume that the fatigue strength for a given number of cycles will be 79% of its room-temperature value.   
[image: ]
[bookmark: _Ref271117024]Figure 4: Temperature dependence of Beryllium Tensile Ultimate and Yield strengths (4)
It could be argued that looking at short-duration reductions in Ultimate Tensile Strength neglects the long-duration character of fatigue, and is therefore not appropriate.  If so, a creep metric may be more appropriate.  As before, a lack of data makes such a comparison difficult.  However, (3) does contain a Larson-Miller Creep Curve for Beryllium Sheet.  
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Fatigue Evaluation 
Goodman Diagram and Method
Published fatigue data is typically given for a single stress reversal ratio “R”, which is the ratio of the minimums stress within the loading cycle to the maximum.  In order to compare the data to the actual R/σ fatigue loading conditions present in the window design, we have used a Goodman Diagram to interpolate fatigue strength at the relevant values of R.  A simplified example of a Goodman Diagram is shown in Figure 5.  
[image: ]
[bookmark: _Ref271120949]Figure 5: Fatigue life interpolation using a Goodman diagram
Fatigue Evaluation to 107 Cycles

[image: ]
[bookmark: _Ref271115575]Figure 6: Goodman Diagram at 107 Cycles
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[bookmark: _Ref271115586]Figure 7: Goodman Diagram at 107 Cycles – Compression Sector Only

[image: ]
Figure 8: Goodman Diagram at 107 Cycles – Beryllium I220-H Failure Criteria Curves Only

Fatigue Evaluation to 109 Cycles


[image: ]
[bookmark: _Ref271112413]Figure 9: Extrapolation of HIP Block product R = 0.1 S-N curve (See Figure 3) to 109 cycles.
[image: ]
Figure 10: Goodman Diagram extension to 109 Cycles

References
1. Haws, Warren J. TM-778: Characterization of Beryllium Structural Grade S-200F. s.l. : Brush Welleman, 1985.
2. Floyd, Dennis R. and Lowe, John N. Beryllium Science and Technology, Volume 2. New York : Plenum Press, 1979.
3. Brush Wellman. Technical Brochure: "Designing with Beryllium". Undated.
4. US Department of Defense. MIL-HDBK-5H: Metallic Materials and Elements for Aerospace Vehicle Structures. 1998.


NML SRF Beam Line Exit Window	Page 1

image1.emf

image2.emf

image3.emf

image4.jpeg




image5.png
] 4 -
i) Home | e
et
Lo File = Edit ~ View - Insert

Insett  Page Layout

Format - Tools ~ Data ~ Wi

*® (IEEE N e Y
5

Calibri
iy etk
Places.

e
e el

16
17
18
convert.cxe (BEE)
20
21
22
23
24
25

CRE]
Ready

MATLAE

x14 -

ft

@
2
a3
$a
2
at
29
29
=
53
22
w o &
hes
< &3
O g~
Z £
(SR
E &
g8
=3
=
E s
a
o £
]
o

Formulas  Data

900

Bimodal_thermal fitxisx

oraw~ ¢ |[Psnapes~ N\ N\ B - @]
0| (@01 o1« [+ % E

Q R S T

Window ROC Optimization

2

thickness = 0.75mm . thickness = 0.5mm

800

700

600
500

400

300
200

i

100

0.01

0.1 1

Window Radius of Curvature (m)

10

Stress_Optimization

Window ROC Optimization

,—vﬁ ™)

s | Fle Edt vew nts Tods rep | @ | Foov- - A mE 1

@ R4 LERRE S

151

AR &

Qo xmne 0

| Environment S Inertial ~ @ Loads + P supports - | (5

] Outine
Project

TINEESES =8 Model (R4)
& Geometry
- 3R Coondinae systems
I = -
P e
AaBboeDe 1 AaBl AaB
TNoSpad.. Headingl Heading? Headng3 Headngé  Tiie

atigue

ificant amount of fatigue data does exist for Beryllium. However, the available data suffers from the
ing deficiencies

LIl Lack of Data on Currently Available Grades: With the notable exception of S-200F (1)

fatigue data was generated in the 1960, using grades of Beryllium with generally lower ductil

than the grades that are currently available (2)
Lack of High-Cycle Data: No fatigue data has been found beyond 107 cycles. Due tothe SHz
‘pulse rate of the beam, we will accumulate 107 eycles in only 555 hours of beam operation, which
could casily be accumulated within the span of a few months of calendar time

Lack of High-Temperature Data: No clevated-temperature fatigue data has been found

fer to deal with these deficiencies, the following approach has been followed

em 1 - Lack of Data on Currently Available Grades: The selected grade, I-220H, has the highest
ield strength (345MPa) and highest precision lastic limit (44MPa) of any available grade. Since the
phenomenon is comrelated with plastic deformation, we should expect favorable performance relative
br curent and historical Beryllium grades

fem 2 - Lack of High-Cycle Data: In the absence of data, we are forced to extrapolate existing S-N
Most of these curves are essentially flat at 107 cycles (see Figure 1 and Figure 2 below), so we would
tlittle degradation in fatigue strength with increasing mumber of cycles. However, one poorly-
ented S-N curve in the Brush Wellman Beryllium Design Brochure (3) showed 2 significant
ivard slope at 107 cycles (see Figure 3). We know little about the materials or conditions of this test.
e, in an attempt to maintain conservatism, we use this curve for the extrapolation out to 10° cycles
gure 9), and to define the assumed slope of the I-220H bounding curves in the Goodman Diagram (see

EEEFTEYe) )

N L ®

EezEn: - gure 1)

R: Copy of Static Structural (ANSYS)
Pressure

Tine: 3.5

9/2/20103:02 PM

44 Find
. 25 Replace
Subtitle  Subtle Em..  Change |
Styles~ || ¢ Select

NNSYS

[ 001 0.02(m)
[ B E—)
0005 s
Bview,
2 x
ssadiation Timestarmp.

750 be narrow with many boundary edaes v Project Hodel>Geometry >Part |
/5 t0 be narrow ith many boundary edaes v Project Hodel>Geometry >Part 2

82712010 4:55:13 P
82712010 4:55:13 P

etric (m, kg, N, 5, , &) Degrees radjs Celsius





image6.png
o

Bimodal_thermal fitxisx

bummingbird Menu | Inset  Pagelajout  Fomuias  Data  Review  View Z o
R | . - coit - view - Insert - Fomat - Tools - Data~ Window oraw~ ¢ |[Psnapes~ N\ N\ B - @] =
SN DS de@avysassa Y 8= 0| |[&][01 01 ][+ 2] ]

W | canon 1 B 7 U s -% > W 2-Z- 4
i1 ok -
Pisces
X35 - £ 5 @
) L M N o P Q R s T u ] 25 b
24
e | 25 Window ROC Optimization
. for thickness = 0.5mm
27
@ : «+ Combined Load - Maximum Von Mises Stress
.. | 28 sscentral cross sectio
29 Beam Pulse induced Compresseion Stress Magnitude
& 30 —#— Pressure Induced Tensile Stress
T 250
E 32
et 33 across central area 200 ¢
H w & > ml
=] 2= e —
36 S 150
°
37 g 3
E & -
28 38 100
39 s s
40 E g E
41 o] g 50
&
@ /—.‘———A—/‘
43 0
44
25 0.15 0.2 0.25 0.3
46 Window Radius of Curvature (m) [ |
47 E
W< 0] o ] Kl m I»
Ready 160% () o
A n ® ms @ A s [Feeem. s

i

eiieotEE

)

| Fle Edt vew Unts Tods rep | @ | Foov- - A W @- %

TRROR @ SQRARUAFRAR 28 O

| Environment S Inertial ~ @ Loads + P supports - | (5

Outine

et
Model (R4)
Seonetry
2K Coordinate Systems.
2K Global Coordinate System
cordite system
i Sty
/N SymmeryRegon
i syt Regon?

&

R: Copy of Static Structural (ANSYS)

Pressure
Tine: 3.5

9/2/20103:02 PM

[ Fressrs 10,7

/8 Connections
b Overal Progress...
ERE) Structural (R5) |

A Ainalysi Settings Preparing the mathematical model..

B, Fixed support i

TP pressure

B Commands (ansvs)

B Commnds (5vS) 2

= £ Solution (R6)

£L31 Solation Informatior
£80 TotalDeformaton
£80 DirectonalDefomation
£ Equvalent Stress
£ Maxinum Princal Sress
£80 Mirimum Princpl Stress
£80 Total Deformation 2
£80 Diectonsl Deformation 2
£ Equivalent Sress 2

Stop Solution

#8 Maximum Principal Stress 2 v

Detals of *Pressure” L3
=/ Scope.

Scoping Method |Geometry Selection

Geometry. 1Face
= Definition

Type Pressure

Define By Normal To

Magritude |10, Pa (ramped)

Suppressed Mo

Secton Planes

©
v,
Lo«
[ 001 0.02(m)
[ B E—)
0005 s
Geometry {111 - \Print Preview \Report Preview,
Messages 2 x
Text ssociation Timestarmp.

Ertor | Quad map meshing faled becatse a surface appears to be narrow with many boundary edaes v Project>Modsl>Geometry >Part 1

EEXS

Ertor | Quad map meshing falled becatse a surface appears to be narrow with many boundary edaes v Project >Modsl>Geometry >Part 2.

<

Messages | Tabuer Do | Graph |

82712010 4:55:13 P
82712010 4:55:13 P

Press Fi for Help

[ 2 essages

o seection

Metric (m, kg, N, 5, ¥, &) Degrees radjs Celsius Y




image7.png
‘Analysis companion calculationsxlsx - Microsoft Excel

Home | Menu | Insert  Pagelajout  Fomulss  Data  Review  View

(&) Inbox - Microsoft Outlook

Pl £d~ View  Insert - Fommat - Toos - Data~ Window~ 2~ o~ Ly [ shapes - B
R [P snee AN E A g le Edit View Go Tools Actions Help

4 S : Sl cirfer - Q- @01 1 a1 o[+ e
‘;‘...,f = m‘,‘;@&w ciﬂw aady-ola 2‘ zi ﬂ.”;?_A@.‘ a-8) }H ’:LM A‘T 1”"‘—%”;( JJL ] new - 51 03 X | RuRepy CURepiytoar G Fomara | B ¥ | (i senamecee - [ | G search sdessbocks | @ o

Uit Sehweiz AG_w.ubit ) Draw - pcture Mail «|[@ nbox Search imbor i

FTL reminder: Submit timecard

B Favorite Folders £ 0 6 From suject Receved - size v

notification@kronoshosting.com
(i nbox (1
A < D i = pate: Today Sent Tue9/7/2010 905 AM

s

6.48E-02 167.21 G senitems T i Ty

847602 173.85 167.21 Py 5 s vesertay 1 you have not yet done so, please submit your timecard for last week.
 47E- . . s -

5 € vatbor. Cat ]| D 1eTINOH@ALgo7 WeskyDosimetry ata Mon 9/6/2010 500 AM
0.10463  169.39  167.21 T o

0.12453 16589 167.21 e & 6 st ot st actis TwsZm0S AN 1NE
0.14443  163.06 167.21 (3 S Emai 3 0 Mery_Boo@brush... RE FW:Fermila Beplium windo.. MonSR0ZTI0LL2PM 101 KB

H H [ Outbox 5 0 sborton®fnalgov  Non Radioactive Steel Inventory  Mon 850/2010 10:55 AM 133 KB.
016233 1607 16721 Transient Temperature History e

Sent Items. 51 ate: Two Weeks Ago

0.18423 158.69 167.21 - e Tu Sananatee RE engincering standard request  Thu5/26/2010 7:01 PM

02 15727 16721 Transient Temperature Profile = - = Steady-State Result Gaghteand o g B ’F";";;':l"’@""‘“‘ ’;i:’:;:;"ﬁ"(:;’:::‘:::’:‘:: x:‘:’m“’“”;’::j: ::
- Absorber Jery Leibiz Fuud: Upcoming winter session - .. Wed &/25/2010 851 AM

020001  157.86  167.21 e | B gomeas e rear e ST

0.20002  158.43 167.21

NML-General (22 @ Scott Oplt released drawings Tue 8/24/2010 215 PM.
Personal () (3 0 Imack@fnalgoy  Re: [Fwa FYL: Purchase Reuisitio... Tue 8/24/2010 210 P
0.20005  160.15  167.21
0.20014  165.38  167.21

ot 1) 2 Imack@tnalgov  Re:Req. 219175: Graphite techic.. Tue 872472010 L3 P

Z-Trash ©8) (4 Mery_Boo@brush... Re: FW: Fermilab Beryllium windo... Mon 8/23/2010 8:05 PM

© 08 Search Folders 5 0 Debra Cob> Fc: I Purchase Requisiton 21... Mon 8/23/2010 255 PM

0.20024 171.22 167.21 3 0 Scott Opit step file Mon 8/23/2010 2:16 PM
0.20034 177.06 167.21
0.20044  182.89 167.21
0.20054 188.54 167.21

0.20064 194.17 167.21 A Glace, Honk RE: SGL Draftof Form FL&X Thu/19/200317 P

530 ScottOpit pate dravings Thu8/19/2010 114 P

0.20074 199.79 167.21 160 2 @ Wendel, Steve ASTM specs for NBG-18 Wed 8/18/2010 302 PM.

020084 2054 167.21 30 WendelSteve  RESGLOWftof FormFLEX  Wed /1872010 252 P

2 0 Imack@fnal.gov Re: SGL Draft of Form FL6X. ‘Wed 8/18/2010 10:05 AM.
0.20094 210.99 167.21 150 40 Scott opit e raving Wed#182010838 A
(% 0 NanDrummond  Your Revised Quotation Tue 8/17/2010 1023 AM

0.201 214.24 167.21 0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350

(2 @ XGE132 MSD Attached Image. Mon 8/16/2010 11:43 AM
0.20299  211.59 167.21 Time (s) 2 Chrstiansen Performance and Salary Review .. Mon 8/16/2010 11:42 AM
0.20498 208.95 167.21 3 Date: Last Month

C4 MNenDummond  Re: Fermiab VRCapplication  Fri&/13/2010 958 AM
0.21095 202.43  167.21 2 3 9 Glace, Hank SGLDraft of Form FLSX Thu §/12/2010 1034 AM
(3 @ Nan Drummond Re: Fermilab VRC application Wed 8/11/2010 11:04 AM
4 SteeWessen  HookHeight Mon8/3/2010 314 P
£ 0 Scott Opt Re: FW: notes for source control d... Thu /5/2010 900 AM

o CurtisM. Baffes

= Date: Three Weeks Ago
23 0 mack@fnalgov  Toyo quote Fri6/20/2010 419 PH1
2 9 Fox sam Quote or the RT340P200 targets  F118/20/2010 2:46 PM
% MNenDummond  VRCProject i 8/20/2010 146 PH
3 Wendel, Steve  RE: SGLDrat of Form FL&X Thu8/19/2010 454 PM

Maximum Temperature (°C)

W4 b W[ Braze Conductance  Convection B Window StressDefl _~316ss CTE ,Shesti Shest2 ,~Sheet3 | Be_dome_.030_TT ,Cu CTE ~ EIMIL
Ready |

Allfolders are up to date. £3 Connected to Microsoft Exchange ™




image8.png
H9-¢- )+ ‘Analysis companion calculationsxlsx - Microsoft Excel

Home | Menu | Insert  Pagelajout  Fomulss  Data  Review  View

File ~ Edit - View - Insert - Format ~ Tools * Data ~ Window ~ 7~ Draw ~ g || ([P Shapes ~ N\ N, 8l
LDEPdE@ATSasanso-c 8= - £4HHdD 0 Q e [@ro i+ %&s
caor [ I I K [E-2- A FEEEr RS

UBIt Schweiz AG _(www.ubit.ch] Draw -Picture

(&) Inbox - Microsoft Outlook

le Edit View Go Tools Adions Help

New + | 51 23 X | CaReply CHReplyto Al (3 Forward | BE W | sendReceive [ | [ Search adiess books

Mail «

& Inbox

1220-H Beryllium Design Allowables

Parameter MPa ki Comments
oy-RT 3448 Material 0.2% Yield Strength at 20°C

Temperature Reduction X Reduction in Yield Strength at 225°C

oy -225° 286.1 Material 0.2% Yield Strength at 225°C

FOSu § Per TM-1380 (now superceded by FESHM 5033.1)
oay 2575 Allowable Design Stress based on yield criterion
ou-RT 4482 Ultimate Material Strength

Temperature Reduction X Reduction in Ultimate Strength at 225°C

ou-225° 367.5 53.3  Material Ultimate Strength at 225°C

FOSu Factor of Safety Recommended per FESHM 5033.1
cau 183.8 267 Allowable Design Stress based on ultimate criterion

Ultimate strength criterial results in lower allowables, and is therefore the driver

Analysis Results - Factors of Safety

Flat Window Design Domed Window Design
Stress Analyzed Stress Analyzed
Load Case MPa ki Fos MPa ki Fos

15 psi pressure differential 87.6 B 4.2 231 3.4 15.9
pressure differential + post- 3723 ) 10 1067 )
pulse temperature field
pressure differntial +decayed | ) saa ] 50
26  temperature field
27
28

29
0

i€ 4 b W[ He Convection ,” Braze Conductance .~ Convection ” Be Window Stress:Defl 31655 CTE ~Sheetl , Sheet? | Sheet3 ,Be_dome 030 TINIL

Reasy |

Favorite Folders 2

$25 0 8 rrom

subject

Receved - size

(3 1mbox 1)
5 Unvead Mail

2 Date: Today

S senttems
i Foiders x

2 ate: Vesterday

51 Maitttems -
58 Malbox - Curts . Bat|

2 reminder@fnal.gov

Weekly Dosimetry Data.

Mon 8/6/2010 3:00 AM

RSS Feeds
Sentltems

3 0 Scott Opit
23 0 Mery_Boo@brush.
53 8 sbortan@fralgov

2 Date: Two Weeks Ago.

Plate details
RE: FW: Fermilab Beryllium windo.
Non Radioative Steel Inventory

Thu 9/2/2010 9:41 AM
Mon8/30/2010 112 P
Mon8/30/2010 10:55 AM

Zarchive

Graphite and Dar
HoM

NML - Absorber
NML-VRC
NMLGeneral
Personal (1)

© 08 Search Folders

u Sandialec
G Memy_Boo@brush.
2 @ Fox, Sam

o JemyLeiiniz

(23 @ Debra Cobb.

(22 @ Scott Oplt

A 0 Imack@fnal.gov
2 Imack@fnal.gov
G Memy_Boo@brush.
30 Debra Cobb.

(23 @ Scott Opit

5 Date: Three Weeks Ago.

RE: engineering standard request
RE: FW: Fermilab Beryllium windo.

Quote with the current lead times
Fuwd: Upcoming winter session - U.
Re: [Fwd: FY: Purchase Requisito.

released drawings

Re: [Fwd: FY: Purchase Requisito.

Re: Req. 219179: Graphite technic

Re: FW: Fermilab Beryllium windo.

[Fwd: FY: Purchase Requisition 21,
stepile

Thu8/26/2010 7:01 P
Thus/26/2010 1231 PM
Wed 8/25/2010 1:41 PM.
Wed 8/25/20108:51 AM
Tue 8/24/2010 232 PM
Tue 8/24/2010 215 PM
Tue 8/24/2010 210 PM
Tue8/24/2010 113 PM
Mon8/23/2010 805 P
Mon8/23/2010 255 PM
Mon8/23/2010 216 PM

2 0 Imack@fnal.gov
230 For sam

% Nan Drummond
O wendel, steve
O Gice, Hank
3 0 scottOptt

3 0 Wendel, teve
38 Wengel, steve
2 0 Imack@fnal.gov
0 scottOptt

4 6 Nan Drummond
2 0 xGEs2MSD
O Coustiansen

2 Date: Last Month

Toyo quote
Quote for the RT340P200 targets.
VRC Project

RE: SGL Draft of Form FL&X

RE: SGL Draft of Form FL&X

plate drawings.

ASTM specs for NBG-18

RE: SGL Draft of Form FL&X

Re: SGL Draft of Form FL&X

Re: drawing

Your Reised Quotation

Attached Image

Performance and Salary Review Bl

Fii8/20/2010 £:19 P
Fii8/20/2010 2:46 PM
Fii8/20/20101:46 PM
Thu/19/2010 4:54 PM
Thu8/19/2010 3:17 PM
Thu8/19/2010 1:14 PM
Wed 8/18/2010 3:02 P
Wed 8/18/2010 2:52 PM.
Wed 8/18/2010 10.05 AM.
Wed 8/18/20108:38 AM
Tue 8/17/2010 10:23 AM
Mon8/16/2010 11:43 AM
Mon8/16/2010 11:42 M

T Man Drummond
(22 @ Glace, Hank

(2 @ Nan Drummond
Gu SteveWesseln
£ 0 Scott Opt

Re: Fermilab VRC application
SGLDraft of Form FL&X

Re: Fermilab VRC application
Hook Height

Re: FW: notes for source control d.

Fii8/13/2010 9:58 AM
Thu8/12/2010 1034 AM
Wed 8/11/2010 11:04 AM
Mon8/9/2010 3:14 PM
Thu 8/5/2010 9:00 AM

FTL reminder: Submit timecard

notification@kronoshosting.com
Sent: Tue 977201005 AN
o Curtsi. saffes

If you have not yet done so, please submit your timecard for last week.

Allfolders are up to dat

€8 Connected to Microsoft Exchange




image9.emf

image10.emf

image11.emf

image12.emf

image13.emf

image14.emf

image15.png
e
vonc) IIEE

G

Fatiguexlsx - Microsoft Excel

Insert

Page Layout

Chart Tools.

Formulas  Data  Review  View  Design  lajout  Fomat

- = x

& cut

s 142 Copy

S Fomat painter
Ciipboard -

Calibri Body) |10

== SwapTent

General -

(B 7 u-

(=t

i Merge & Center - Conditional

Font

Alignment

e
=
Fomattng - a1 Tove -

Normal

Neutra

g G LE

Insert Delete Format

cells

@- 2 x
zAueasumv%? A

3~
Sort& Find &
QClear~  Fifter- Select~

Chart8 -

L

Editing.

N
= Home Menu

Insert

Page Layout

Document2 - Microsoft Word

References  Mailings

%
3 cony

Times New Roman

paste [B 7 U-abex x Aa|[¥- A

" Fomat painter

J[&2- | | 1nomal |1hospaci..  Heading1

Clipboard. 5

(247 I:amm;l aasoceoc AaBbCi AaBbce AAB aasbce,

HArna -
. Repisce
I select -

AaBbCCDC
Subtle Em.

A

_ Change
7 Styles~

AaBbCCDC AaBbCCD(

Heading2  Title Emphasis

Subtitie Intense .

Y z

AA

A0 | AE [ AF | AG AaH | oA ]

AR |

Fatigue
Failure
Criteria

Goodman Diagram: Fatigue at n Cycles

r=-02 r=0 r=02

@
&
s

N~
S
8

CycleMaximum Stress (MPa)
~
%
3

-
o}
3

Fatigue Strengthat n

cycles from S-N curve

100 150 200 250 300 350 400

Cycle Average Stress (MPa)

Stress Reversal Coeff.
Trace Lines

@ Design Stress Conditions

— - Fatigue Failure Criteria

SVM_3 al

Sheet1 %]

ot [ @

fed Dom.

INEE

CycleMaximum Stress (MPa)

5 Paragraph 5

Goodman Diagram: Fatigue at 10" Cycles

=02 0 =02

Stytes 5| Editing

Life Expectancy

Stress Reversal Coeff.
Trace Lines

<ncycles/

© Design Stress Conditions

— - Fatigue Failure Criteria

Fatigue Strengthat n
cyclesfromS-N curve

[

100 150 200 250 300
Cycle Average Stress (MPa)

Goodman Diagram: Fatigue at 107 Cycles

2 x

FIESTELT]
415513 P10

Stress Reversal Coeff.

Trace Lines

Page:30f5 | Wordsi 414 | G |

<

[EEE

Mutiple Selection (2 Objects Selected)

[ 2 Messages o Selection

Metric (m, kg, N, 5, , &) Degrees radjs Celius





image16.png
CycleMaximum Stress (MPa)

Goodman Diagram: Fatigue at 107 Cycles

= =-0.2 r=0 r=0.2
500 r=-1 r=-0.2 r=0 r
400
Stress Reversal Coeff.
300 Trace Lines
200
® Hoop Stress - Low Cycle
4 Hoop Stress - High Cycle Window Stress
100 O Radial Stress - Low Cycle Conditions.
% Radial Stress - High Cycle
0 —© - HIP Block @ 20C (data)
-+~ - HIP Block @ 250C (inferred)
-100 —5 - S200F @ 20C (data) Fatigue
s S200F @ 250C (inferred) Failure
200 <l 1220H @ 20C (inferred) Criteria
1220H @ 250C (inferred)
-300
-400
-500
500 400 300 200  -100 0 100 200 300 400 500

Cycle Average Stress (MPa)




image17.png
CycleMaximum Stress (MPa)

Goodman Diagram: Fatigue at 107 Cycles

-100

-150

-200

-250

-300

-350

-450

-500

-500

-450

-400 350  -300 250  -200  -150  -100 -50 0

Cycle Average Stress (MPa)

Stress Reversal Coeff.
Trace Lines

Hoop Stress - Low Cycle

Hoop Stress - High Cycle

Window Stress
Radial Stress - Low Cycle Conditions
Radial Stress - High Cycle

- HIP Block @ 20C (data)

- HIP Block @ 250C (inferred)

- S200F @ 20C (data) Fatigue

- 5200F @ 250C (inferred) Failure

- 1220H @ 20C (inferred) Criteria

- 1220H @ 250C (inferred)




image18.png
CycleMaximum Stress (MPa)

Goodman Diagram: Fatigue at 107 Cycles

0
50 — =1
-100 N
Stress Reversal Coeff.
Trace Lines
-150
-200
250 @ Hoop Stress - Low Cycle
A Hoop Stress - High Cycle
300 Window Stress
o Radial Stress - Low Cycle Conditions
350 % Radial Stress - High Cycle
400 — - 1220H @ 20C (inferred) Fatigue
Failure
-~ 1220H @ 250C (inferred) Criteria
-450
-500
-500 -450 -400 -350 -300 -250 -200 -150 -100 -50 0

Cycle Average Stress (MPa)




image19.png
Maximum Cycle Stress (ksi)

55

50

45

5
S

35

30

25

20

15
1.E+04

1.00

0.75
IRk
L J\ ]
¥ - Y 0.50
Data Extrapolation
o . . v 0.25
1.E+05 1.E+06 1.E+07 1.E408 1.E409

Number of Cycles

Fatigue Strength Normalized to Ultimate Tensile Strength




image20.png
ey FERGTEARR T VRS B - =

: Copy of Static Structural (ANSYS) - Mechanical [ANSYS Mechanicall
Home | Menu Insert  Pageloyout  Formulas View 5 x

% \H9-0 ) ‘Window_note.docx - Microsoft Word
cut

@ -
= = osum ~ 4 e
S Catiori S wiap Text General B g [voma Bad Good S B B ) R Ay Ry e Home | Menu | Insert  Pagelayout  References  Mailngs  Review  View

= @ Fin-

P romat pinter || B2 L] o e o [Net=) Calculation o S -y e R TS s o e e s e o [oraw= s [P srapes= N . B -
Cipbosrs Aignment Number styes cets Editing Dede@prsals cado-c ada R = SdRE (I T @ Qb e @0 or % %L
2133 4 Normal - TmesnewRc - 11 - B I U -||= -2 - A [RZ2TA =T a0

UBIt Schuweiz AG (www.ubit.ch) Draw -Picture
] N o} P Q R S

Goodman Diagram: Fatigue at 107 and 10° Cycle

=1

———-r=-03

Stress Reversal Coeff.
Trace Lines

N

JL bj
~ |
Extrapolation

Hoop Stress - Low Cycle

Maximum Cycle Stress (ksi)

Hoop Stress - High Cycle Window Stress

Conditions

Radial Stress - Low Cycle

Fatigue Strength Normalized to Ultimate Tensile Strength

Radial Stress - High Cycle

16405 16406 16407 16408
1200H 1E9 Cycles @ 250C N Number of Cycles
(inferred) Fatigue
i i : i = 5 v i 9 ey
- 1220H 1E7 Cycles @ 250C Failure Figure 8: Extrapolation of HIP Block product R = 0.1 S-N curve (See Figure 3) to 10° cycles.

(inferred) Criteria

Cycle Maximum Stress (MPa)

oo
2010 4:55:13 M
(2010 4:55:13 P

-250 -200 -150

Cycle Average Stress (MPa)

Page:60f7 | Wordsi636 | G |

1<
et o - ox-ter.. - 2 Adober NSt e NS austom tle Slection (2 Objects selected) [ 2 Messages

o Selection Metric (m, kg, N, 5, , &) Degrees radjs Celius




