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1 DISCUSSION

This report is prepared to provide analysis results that support a proposed modification (see
Attachment 1) to the subject valve. The goal of the modification is to reduce the effect that vibration
due to pump induced chugging has on the valve’s bevel gear actuator cover assembly. Based on
historical damage, the original configuration is subject to fatigue damage and fretting contact due to the
vibration. It is assumed that, because the valve’s natural frequency isin a range that matches chugging
frequencies, significant accelerations can result.

This analysis may be considered a supplement to the existing Class 1 design and seismic
analysis prepared by Anamet Laboratories Inc., Lab No. 79.016. 1t is concluded here that the valve can
withstand the specified chugging loading in addition to the seismic loading addressed in the Anamet
report.

The analysis was performed using the finite element based design simulation package called
Workbench by ANSYS, Inc. along with the solid model design package Pro/E. The procedure involved
creating the solid model of the valve extended structure in Pro/E, porting the model into Workbench,
setting up analysis scenarios, solving the model, and preparing a report.

Attachment 2 contains the report that was generated from Workbench that documents the
analysis performed. The report contains six scenarios: the first three address the proposed modification,
while the last three address the original state. Each set of three scenarios address (1) natural
frequencies of the valve extended structure, (2) response of the extended structure due to a broad
spectrum acceleration input at the base of the extended structure, and (3) stress analysis due to
conservative accelerations based on broad spectrum response at the top of the extended structure,

In addition to the workbench analysis, the capscrews that mount the actuator cover are
investigated in section 2 using classical methods using input from the Workbench results. Only the
original configuration is analyzed. The modified configuration is not addressed because the added
struts add significant support due to their attachment to bevel gear housing, which greatly relieves the
load on the capscrews.

The broad spectrum acceleration input (0.3 g’s) is based on accelerometer measurements.
Measurements were taken at low frequency and high frequency pump speeds, and the high frequency
speed resulted in the higher acceleration. The 0.3 g’s input envelopes the square root of two times
RMS measured values, which all parties involved have agreed is adequate input for evaluating fatigue
damage. In addition, results are such that it may be concluded that response to peak input is not a
critical design concern without performing additional analyses.

Due to the valve’s extended structure height, the input acceleration is greatly amplified. The
analysis uses the response at the top of the structure as input for the static stress analysis. This is
conservative as the amplification decreases rapidly from structure top to bottom. For instance, results
show that the amplification at the base of the stem protector is about half that at the top of the stem
protector. Thus, results are exlremely conservative for portions lower on the structure such as the yoke

“legs and body; €ven so, stress is shown to be low in these structures. :

Section 1.1 provides an overview of results. It is concluded thal the proposed modification
does not significantly increase the topworks natural frequency: the natural frequency of the original
configuration meets the specified criteria. In addition, deflections are reduced slightly, but it may not
be significant enough to reduce the possibility of fretting contact. However, it is demonstrated that the
modified assembly improves the ability of the assembly to withstand the measured high cycle loading.
The given stress limits are based on allowed fatigue stress at one million cycles, which is considered
infinite fatigue life, from the ASME Boiler and pressure vessel code, Section III appendicies, Appendix
9. Note that these fatigue curves are conservative by the greater of a factor of two on stress or a factor
of 10 on number of cycles (RE Section III Code Appendix III).
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1.1 SUMMARY
Description Value Limit Criteria
(original/modified)
Natural Frequency [Hz] First: 94./106. >90Hz
Second: 97.6/115.
Peak Acceleration Response Gy: 91/0.65 N/A
[g's] Gui: 17.1/155
. . Gz 122171035
Stress Range in Topworks (Conservative), 6.0/4.0 12.5
other than bolting fksi] (re fig. 1-9.2)
Capscrew Stress Range [ksi] 14.98 / N/A 20.
(re fig. 1-9.1)
Deflection at Top [in] 0.54/0.36 N/A

Other Conclusions:

¢ Because stress in the added struts is low at the locations of required welding, it is not required
tc provide weld metal equal in cross-section to the area of the strut. Conservatively, since the
maximum topworks stress is one third the limit, it is permissible to provide weld area equal to
only one third the strut area. However, it is important to place the welds at the corners of the
struts for maximum strength.

¢ Because the handwheel is loosely connected to the impactor by a retaining ring, it is highly
recommended to remove the handwheel so as to remove potential fretting contact.

\

19
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2 ACTUATOR COVER MOUNTING BOLTING ANALYSIS

The basic approach is to determine the axial force due to bending and thrust for one bolt located
at the maximum distance from the pivot point. This assures that the maximum force is considered.
Reaction forces are determined using data from the solid model and from the analysis input.

Assumptions:

1. The stiffness of the flange is much greater than the stiffness of the bolts. Hence,
Hooke's law and bolt spacing geometry are used to determine bolt forces.

2. The bending pivot point is located on the bolt circle.

Maximum Reaction Force Due to Moment () for One Bolt:

1. Sum of Moments about pivot = 0 yields:
X .
M = E:‘?F‘X" KT /22 1o ssssnssssassssssessanns 2.1

N 51/_g
Tttt

b
X, —
M

2F, 2F, 2R 'LR

tr o

.. 4 Thrust {T1
/T\\
MNoment (M)

Side View Showing Assumed Bolt

Top View Showing Typical
Balt Pattern

Defleclions and Reaction Forces
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Maximum Reaction Force Due to M: (Cont'd)
2. Applying Hooke's Law:

F

it

EA(&/L)

Fy/F,

It
]

(A10)NA10) = (AXDALXY oot ssesessisesins 2.2

where A4;, = Boltarea = 24y forall ij

E = Young's Modulus
L =  Bolt Length (All Assumed equal)
3. Maximum Moment Induced Bolt Force:
K
Fx 1 o £ RS 23

For a four-bolt flange with all bolt areas equal, this reduces to Fy = M/A2X)).

Stress in Bolt:

o FilAp+ TRIUSUIMAR] cooveeveerereesessossseesasenessssssessessessesesmssessenserssesee 2.5

]

T Shear/[nAg] + 2*Torque/[AdAR] ... cereeereissineinrinsinrcnrsssssecssnsenss 2.6
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2.1 COVER CAPSCREWS ANALYSIS RESULTS (ORIGINAL)
Top Works Data
Parameter Description Value Units Ref,
W Weight = 68. Ib Solid Model
Xy Vertical C.G. = 12,9 in Solid Model
Xy Horizontal C.G. = 2.6 In Solid Model
Grn Acceleration = 21.0 g’s Analysis
(resultant of horizontal values)
Gry Acceleration = 9 g’s Analysis
(resultant of horizontal values)
External Forces
Value Units
12% Shear Force (WGhky) = 1428. b
In ~ Thrust Force (FWGry) = 61.88 Ib
My Moment (WGruXy) = 18,421. in-Ib
On Torque (WGruXH) = 3713. in-b
Bolting Properties
g Value Units
n Number of Bolts = 6
D Bolt Size = 25 in
Ap Stress Area of One Bolt = 3.182E-2 in?
d Bolt Circle Diameter = 12.75 in
X Bolt Group 1 Pivot = 7.509 in
X; Bolt Group 2 Pivot - = 18.13 in
X3 Bolt Group 3 Pivot = 25.64 in
Bolting Statics Analysis Results
aramete cri Va Units Ref,
Fr Max. Bolt Force From Moment = 667.3 1b 2.3
Bolting Stress Analysis Results
Stress Description Value Units Ref,
o) Bolt Axial = 21.29 ksi 2.5
‘T 7 BoltShear " 1053 ksi T 2.6
Satix Stress Intensity = 29.95 ksi
Sa Stress Range (Spu/2) = 14,98 ksi

! Since the capscrews experience tension only, it is appropriate to divide the resulting stress by two to
yield the appropriate aliernating stress range for entering the design fatigue curve.
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Find Descriplion Malerial Oty
A Plafe (3 x .3175) C.S. 4
B Box lron (2x2x.25) C.S. 4

Je
1

32.8 /] 65.0°

z.o-—i_l L.

NOTE: MODIFICATIOR INCLUDES REMOVAL OF THE HANDWHEEL (26 LBS).

NET ADDED WEIGHT EQUALS 30 LBS.

TOPWORKS MODIFICATION
SI2E 20 CLASS 900 GATE VALVE

ol
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ANSYS SIMULATION REPORT




SLIMmary

This report documents design and analysis information created and maintained using the ANSYS® engineering software
program. Each scenario listed below represents one complete engineering simulation.

Scenario 1

= Based on the Pro/ENGINEER® assembly "z:\home\rfarrell\31042 (20-900-FWN\FIXED,ASM.2".

v Considered the effect of body-to-body contact, acceleration and structural supports.

s Calculated harmonic results.

« No convergence criteria defined.

»  No alert criterfa defined.

= See Scenario 1 below for supporting details and Appendix Al for corresponding figures.
Scenario 2

* Based on the Pro/ENGINEER® assembly “z:\home\rfarre!l\31042 (20-900-FWNFIXED.ASM.2".

= Considered the effect of bodv-to-body contact, acceleration and structural supports.

=  (Calculated structura! results.

= No convergence criteria defined.

*  No alert criteria defined.

]

See Scenario 2 below for sqpportlng detalls and Appendix A2 for corresponding figures.

Scenario 3

»  Based on the Pro/ENGINEER® assembly “z:\home\rfarrel\31042 {20-800-FWN\FIX.
* . Considered the effect of body-to-body contact and structural supports,
=  Calculated frequency results.
= No convergence criteria defined.
= No alert criteria defined.
*  See Scenario 3 below for supporting details and Appendix A3 for correspondmg figures,
Scenario 4
s  Based on the Pro/ENGINEER® assembly “z:\homelrfarrel\31042 orig (20-900-EWI\ASMO001.ASM.13",
®=  Considered the effect of body-to-body contact, acceleration and structural supports.
= Calculated harmonic results.
* No gonvergence criterla defined.
»  No alert criteria defined.
»  See Scenarig 4 below for supporting details and Appendix A4 for corresponding figures.
Scenario 5
» Based on the Pro/ENGINEER® assembly “z:\home\rfarrel\31042 orig (20-900-FW)\ASM0O001.ASM.13",
»  Considered the effect of body-to-body contact, acceleration and structural supports.
» . Calculated.structuralresults. . . . . . . . .. . .. ..
No convergence criteria defined.
»  No alert criteria defined.
= See Scenario S below for supporting details and Appeandix AS for corresponding figures.
Scenario 6
*  Based on the Pro/ENGINEER? assembly "z:\home\rfarrel\31042 orig (20-900-FW)\ASM0001.ASM.13",
* Considered the effect of body-to-body contact and structural supports.
»  Calculated frequency results.
=  No gonvergence criteria defined.
®=  No alert criteria defined,
fa

See Scenario 6 below for supporting details and Appendix A6 for corresponding figures.



Z. Scenario 1

2.1. "Supported Case"

"Supported Case” obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarrel\31042 (20-900-

FW)\FIXED.ASM.2",

" w  "HW[16)" was suppressed. Suppressed parts do not effect the results in this scenario in any way,

=  The bounding box for all positioned bedies in the model measures 100.0 by 32.96 by 32.69 in along the global x,y
and z axes, respectively.

= The model has a total mass of 3,861.07 tbm.
» The model has a total volume of 13,603.56 in3.

2.1.1. Contact

»  "Contact” uses a tolerance of 0.0 for automatic detection.

Table 2.1.1. Bodies
Name Material Bounding Box (in) | Mass (Ibm) | Volume (in?) [ Nodes | Elements
"80DY(1]" *Structural Steel” | 28.0, 28.88, 28.88 |1,799.28 6,339.34 2514 }1192
"YOKE[2]" “Structural Steel” | 36.16, 27.88, 27.88 | 670.62 2,362.78 3489 {1603
*GEARBOX[3]" "Structural Steel” | 11.5, 22,98, 22.98 |101.75 358.49 2685 }1304
“GEARBOXCOVER([7]" | "Structural Steel"|11.51, 9.25, 3.5 17.71 62.4 657 288
"STEM[12]" *Structural Steel” | 1,5, 1.5, 6.81 2,78 5.79 528 257
*IMPACTOR[13]" sStructural Steel® 113.5, 5.0, 2.38 13.29 46.81 559 257
“COVER[17]" lcover® 29.59, 16.5, 13.5 68.04 1239.73 6187 |2986
"STEM_VLV{23]" ~Structural Steel” | 76.5, 6.06, 4.75 148.52 523.29 1001 {455
"RHND17{29]" : ral *10.64, 1.3, 1.3 0.12 0.42 2469 |1407
*RHNO17[33]" XStructural Steel*10.64, 1.3, 1.3 0.12 0.42 2469 | 1407
"RHNO17[34]" "Stru ! *10.64,1.3,1.3 0.12 0.42 2469 1407
"CLAMP[94]" *st ural e/”12.5, 32.96, 14.88 50.48 177.85 3498 2124
“CLAMP[98]" rStructural Steel” | 2.5, 32.96, 14,88 50.48 177.85 3498 2124
"BONNETLUMP_[20]" | "Structural Steel" | 8.0, 21.25, 21,25 787.88 2,775.89 1219 {213
"BEVELLUMP_[21]" rstr ! *13.0, 12.0, 12,0 89.77 316.28 583 S0
*SPURLUMP_[22]" rotructural Steel”17.75, 7.75, 2.0 23.19 81.71 588 88
"TOP_BRACES_[93]" | “Structural Steel”]29.76, 23.51, 23.51 | 36.93 130.12 648 204
'll’at;lé i.l.z.uﬂo'dy Ei-rm.xr‘:lngsl B E . o . -

- Namel Body Mames lﬂoundlnn Box-{in) | Mass (Ibm)|Volume (in?) INodes{Elements s -

o

;Table 2.1.1.1. Contact Conditions

!

{ Name Type

Associated Bodies

Scope Normal

Stiffness

Scope
Mode

Behavior

Formulation

Thermal
Conductance

Pinbal}
Region




3

i "Contact "YOKE[2]" and Face, |Program - . Program Program
: Region* Bonded "8ODY[1]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controllad
“Contact

; “GEARBOX(3]" and Face, |Program . . Program Program
gsg/on Bonded “YOKE[2)" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
i
;C"’.';ff‘ onded | "GEARBOXCOVER(7]" | Face, [Program |, oot o o ey | Program Program
459’ Bonded | .4 “GEARBOX[3]*  |Face |Controlled y € Fenalty | controlled Controlled
"Contact

; “COVER(17]" and Face, |Program - . Program Program
Region Bonded | A pp0x) 3 Face |Controlled | AUtomatic [ Symmetric | Pure Penalty |~ rionieq | Controlled
“Contact

"STEM[12]" and Face, |Program : : Program Program
Region | Bonded | «GeaRBOXCOVER(7)" | Face | Cantrolled | AUtomatic | Symmetric | Pure Penalty | controfiey | Controlled
"Contact .

. "IMPACTOR[13]" and | Face, |Program . Program Program
Region | Ben ed | vsTEM[12]" Face | Controlled | Automatic | Symmetric  Pure Penalty | -, irotieq | Controlled
*Contact . 4

*STEM_VLV[23]" and | Face, |Program . . Program Program
f§€’°” Bonded "COVER[17]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
*Contact '

; "RHNO17[25]" and Face, |Program . Program Program
?gg_;/on Bonded YSTEM_VLV[23]" Face Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact

: *RHNO17[33]" and Face, |Program : R | Program Program
Region {Bonded lusrem_vivy23)* Face | Controlled |Automatic | Symmetric | Pure Penalty | convigiied | Controtied
*Contact

"RHNO17{34]" and Face, | Program Program Program
Reglon | Bonded lwsrem_vivy23)* Face |Controlied | AUtomatic | Symmetric } Pure Penalty | oonolied | Controlied
"Contact

"CLAMP[94]" and Face, |Program : - Program Program
§(e)glon Bonded *8ODY[1]" Face [ Controlled Automatic | Symmetric ) Pure Penalty Controlled Controtled
"Contact

N "CLAMP[98]" and Face, |Program . Program Program
gf?'on mm_cjg_d‘ "80DY(1]" Face Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact’ ‘

. "CLAMP[94]* and Face, {Program ; Program Program
gze%""’ Bonded "YOKE[2]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlied Controlied
“Contact

, “CLAMP[98]" and Face, |Program . . Program Program
Region | Bonded | wyokera)e Face |Controlled Automatic | Symmetric | Pure Penalty | cofironed | Controlied
"Contact ‘

; "CLAMP[98]" and Face, |Program . , : Program Program
gg_tz.'an ‘m "CLAMP[94]" Face | Controlled | AUtomatic | Symmetric Pure Penalty ] Controlled | Controlied
sl T dod | TOP_BRACES_[93]* |Face, |Program |y o0 q o o e penaiy |Program Program
29€ == tand "COVER[17]" Face | Controlied nu ymmetric ; Pur ¥ | controlled Controlied
;ig?;id Bonded “BONNETLUMP_[20]" { Face, {Program Automatic | 5 etric | pure Penalt Program Program
18" =—="1{and "BODY[1]" Face | Controlied omatic | Symmetric  Fu Y | Controlled Controlied
¥
! *Contact
i , *BEVELLUMP_[21]" Face, ] Program " . Program Program
g?;?’°" Bonded | . 04 vGEARBOX[3]* |Face | Controlled | Automatic | Symmetric | Pure Penalty | eoni oyieq Controlled
1 .

« “Contact *SPURLUMP_[22]" Face, |Program . . Program Program
{ Region Bonded and "GEARBOX[3]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled




23"

1
1
4
"Contact “ «

h TOP_BRACES_[93]" |Face, |Program . . Program Program
Region Bonded | o4 "GEARBOX[3]* |Face |Controlled |AUtomatic | Symmetric [Pure Penalty | e -ones | cantrotied
“Contact

“SPURLUMP_[22]" Face, |Program . . Program Program.- -
i;ggion Bonded | . ucoveRT 17" Face | Controlled | Automatic | Symmetric | Pure Penalty | b oney | Coatrotled
*Contact .

N "BONNETLUMP_[20]" | Face, |Program . . Program Program
Region Bonded | 1 vs7EM_ViV[23]" | Face | Controlled | AUtomatic | Symmetric | Pure Penalty |- coned | controlied
*Contact ‘ M

y "BEVELLUMP_[21] Face, |Program . . Program Program
Region | Bonded and "STEM_VLV[23]" | Face | Controlled Automatlc Symmetric | Pure Penalty Controlled Controlled

28"

2.1.2. Mesh

s *Mesh*(Figure A1,3) , associated with "Supported Case® has an overall relevance of 0,
= “Mesh"® contains 35061 nodes and 17406 elements.

No mesh controls specified.

2.2. "Frequency Response”

*Frequency Response” contains all loading conditions defined for “Supported Case" In this scenarlo.

Acceleration - Constant Linear Acceleration

= Magnitude: 200.92 in/s2

*  Vector: [116.0in/s2 x, 116.0 in/s2 y, 116.0 in/s? 2] in the global coardinate system -

*  The time type is harmonic

' The following tables list local loads and supports applied to specific geometry.

2.2.1. Structural Supports

i{Table 2.2.1.1. Structural Supports

[ Name Type

Associated Bodies

"Fixed Support” | Fixed Surface | "80DY[1]"

2.3 "Solution™

"Solution* contains the calculated response for “Supported Case" given loading conditions defined in “Frequency Response”.

1t was selected that the program would choase the solver used in this solution.

2.3.1. Harmonic Results

¥
;Table 2.3.1.1. Definition




. .
! Range Range . Cluster Cluster Damping Beta
 Minimum Maximum Solution Method Number Results Ratio Darmping
Mode
30.0 250.0 Superposition 20 Yes 0.03 0.0
Toble 2.3.1.2. Frequency Response Valuves o
Phase .
N Type Scope Multiple | Minimum | Maximum | Moximum :r’er?‘!;inty Angle nt ::nl ot lrrglgl]mury
ame s 2ope Entities | Frequency | Frequenty | Amplitude . Max ax ol Max
Amplitude Amplitude Amplitude | Amplitude
Frequenty | . .
Directional
Response . | Surface(s)on Use . o . .
hidl @ :(;:::mhon, "COVER[I7)" Average 30.0H: 25000z | 214.87injs? | 198.77Hr | 52.27 131.3%infs? | 169.78ins
Top” ‘
“Frequenty | .
Directional
KResponse . Surface(s) on Use i 0% [° . .
Seom @ ;\c;:::ruhon, “CovER(17)" Avernge 30.0Hz 250.0Hz 5,153.78in/s? | 106.54Hz 95.06 507.54in/s 5.731.35in/s?
Top”
requenty | . .
Directional
Pesponse .| Surfoce(s)on Use ‘et ° .
Frame @ ;:Aci::rahon, “CoVER[I7)" Average 30.0Hz 250.0Hz ‘3,749.9lm/s TI502H2 [ -95.44 -355.66in/s 37310 1infs?
Top" :
Trequeny Directional
Response .| Surface(s)on Use . ° . -1
i @ ;:;:::ruhon, “CovER[17)” Average 30.0H: 250.0Hx 59.22in/s 250.0Hz -5.13 58.98in/s? | -5.29in/s
Bose™ 3
Frequency { .. .
Directional .
Response . { Surface(s) on Use ‘ - 80 07° N
feon @ ﬁ:::mhon, "CoveRiz)” Avetnge 30.0Hz 250.04z 1,766.3in/s? ] 106.34Hz 89.07 28.62in/s 1,766.07infs?
Base”
requemy | . .
Directiona!
KResponse . Surface(s) on Use . ° . e
Frome @ ;:At;::mhun, “Cover(l7)” Average 30.0Hz 250.0Hz 1,876.82infs? | 169.762  {-100.36 331.55in/s 1,846.0linfs"
Base” :
“Frequeny | .
Directional
KResponse - Surface(s) on Use ‘ - 01 A8° ) e
beom @ ﬁ:}:ruhon, “STEH_Ny23" | hverage 30.0Hz 250.0Hz 4 4,643.62in/s? | 106.44Hz 91.88 152.54in/s 46 g2
Finger” ‘

iTable 2.3.1.3. F'r'eduer_\cy Résﬁoﬁéé Axial @ Topﬁ o
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iTable 2.3.1.4. Frequency Response Axial @ Top

.mwm:m”

Frequency (Hz)

0.00 31,25 62.50 93.75 125,00 156,25 187.50 218,75 250.00

Table 2.3.1.5. Frequen':\," Nesponse Beam @ Top
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3. Scenario 2

3.1. "Supported Case"

"Supported Case” obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarrell\31042 (20-900-

FWN\FIXED.ASM.2".

»  "HW[16]" was suppressed. Suppressed parts do not effect the results in this scenario in any way.
]

The bounding box for all positioned bodies in the model measures 100.0 by 32.96 by 32.69 in along the global x, y
and z axes, respectively.

The model has a total mass of 3,861.07 Ibm.
The model has a tota! volume of 13,603.56 in3.

;Table 3.1.1. Bodies
Name Material Bounding Box (In) | Mass (lbm) | Volume (in3) | Nodes | Elements
*8oDY(1]" "Structural [” 128.0, 28.88, 28.88 |1,799.28 6,339.34 2514|1192
“YOKE([2]" “Structural Steel* | 36.16, 27.88, 27.88 | 670.62 2,362.78 3489 |1603
"GEARBOX[3]" Structyral Steel” | 11.5, 22.98, 22.98 }101.75 358.49 2685 |1304
"GEARBOXCOVER[7]" | tStructurgl Steel” | 11,51, 9.25, 3.5 17.71 62.4 657 288
"STEM[12]" Structural Steel” | 1.5, 1.5, 6.81 2,78 9.79 528 257
"IMPACTOR(13]" *Structural Steel”{13.5, 5.0, 2.38 13.29 46.81 559 257
*COVER(17]" lcover* 29.59, 16.5, 13.5 68.04 239.73 6187 {2986
"STEM_VLV(23]" Structura! Steel” 176.5, 6.06, 4.75 148.52 523.29 1001 ]455
"RHNO17[29]" IStructural Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 1407
“RHNO17[33]" . ural *10.64, 1.3, 1.3 0.12 0.42 2469 | 1407
"RHNO17[34]" "Structural Steel” 1 0.64, 1.3, 1.3 0.12 0.42 2469 | 1407
"CLAMP[94]" "Structural Stee!” | 2.5, 32,96, 14.88 50.48 177.85 3498 2124
"CLAMP[98]" IStructural Steel” | 2.5, 32,96, 14.88 | 50.48 177.85 3498 {2124
"BONNETLUMP_[20]" | “Structural Steel" | 8.0, 21.25, 21,25 787.88 2,775.89 1219 1213
YBEVELLUMP_(21]" | IStructural Steel” | 3.0, 12.0, 12.0 89.77 316.28 583 90
"SPURLUMP_[22]" “Structural Steel" 17.75, 7.75, 2.0 23.19 . 81.71 588 88

3 “TOP_BRACES_[93]" | "Structural Steel" | 29.76, 23,51, 23.51 ) 36.93 130.12 648 204

! able 3.1.2. Body Groupings. - - - o oo o oo e o |
Name—l Body Mames | Bounding Box (in) | Mass (lbm) | Volume (in3) | Nodes | Elements

3.1.1. Contact

" “Contact” uses a tolerance of 0.0 for automatic detection.

13

gTable 3.1.1.1, Contact Conditions

{

é Name Type

Associated Bodies

Normal

Scope Stiffness

Scope

Mode Behavior

Formulation

Thermal
Conductance

Pinball
Region
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"YOKE[2]" and

: . e .
! “Contact Face, |Program . . Program Program

! Region* ond "BODY[1]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
I

"Contact

, *GEARBOX[3]" and Face, |Program : . Program Program
gsglon Bonded “YOKE(2]" Face | Controlied |AUtomatic | Symmetric | Pure Penalty | cqniropieq Controlled
;Cor;;act Bonded "GEARBOXCOVER[7]" | Face, |Program Automatic | S n:nmetric Pure Penalt Program Program
459 n and “GEARBOX(3]" Face |[Controlled y Y | Controlled Controlled
"Contact

. *COVER[17]" and Face, |Program . . Program Program
gsglan Bonded “GEARBOX[3)" Face | Controlled Automatic | Symmetric } Pure Penalty Controlled Controlled
“Contact

, "STEM[12]" and Face, |Program . Pragram Program
Region | Bonded | «geaRBOXCOVER[7]" | Face | Contralled | AUtOM2te  Symmetric | Pure Penalty teonrglled | controlied
:zior;éid Bonded "IMPACTOR[13]" and | Face, |Program Automatic | Symmetric | Pure F“enalnt' Program - Program
9.9 "STEM[12]" Face |Controlled 4 Y | Controlied Controlled
;Ce.o?;zd Bonded "STEM_VLV[23]" and | Face, | Program Automatic | Symmetric | Pure Penalt Program | Program
150 "COVER[17]* Face |Controlled Y Y | controlted Controlled
"Contact

. . | "RHNO17[29]" and Face, |Program . . Program Program
Region |\ Bonded | gy vivi23)* |Face |Controlled | AUtOMatic | Symmetric | Pure Penalty | conirlieq | Controlled
"Contact

. *RHN017[33]" and Face, {Program . Program Program
fg%"’" Bonded YSTEM_VLV[23])" Face' Controlled | Automatic | Symmetric | Pure Penalty Controlled Controlled
“Contact 1

; "RHNO17[34]" and Face, |Program . . Program Program
§§€’°" Bonded "STEM_VLV[23]" Face | Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
*Contact

h "CLAMP[94]" and Face, |Program . Program -1 Program
Region | Bonded | gopyy1)- Face |Contralled | AVtomatic | Symmetric | Pure Penalty |conironed | controfled
"Contact ' ‘

. “CLAMP[98]" and Face, |Program . : Program Program
Region | Bonded | «gopyy1)- Face |Controlled | AUtomatic | Symmetric | Pure Penalty }eqnirgied | controlled
"Contact

N "CLAMP[94]" and Face, |Program . Program Program
Izzsg:on Bonded "YOKE[2]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
“Contact

. “CLAMP[98]" and Face, |Program . . Program Program
Region | Bended | wyokey2)- Face |Controlled | Automatic | Symmetric} Pure Penalty [cobroneq | controlled
“"Contact

; "CLAMP[98]" and Face, |[Program | . . Program Program
gte)glon Bonded "CLAMP[94]* Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact . .

N "TOP_BRACES_[93]" [Face, |Program " Program Program
Region |Bonded| g COVER[17]" | Face | Controlied |MoMUal | Symmetric| Pure Penalty |controlled | Controlled

1
“Contact '
. "BONNETLUMP_[20]" | Face, |Program . . Program Program
; Region | Bonded | ;g opYY1)° Face |Controlled | Automatic | Symmetric | Pure Penalty | eonveoneg | Controlied
i
I
: *Contact
[ : “BEVELLUMP_[21]" Face, |Program . . Program Program
; Region | Bonded | oy “GEARBOX(3]" |Face |Controlled | AUtematic | Symmetric | Pure Penalty | controtied | Controlled
I
{ “Contact "SPURLUMP_[22)" Face, |Program . . Program Program
j Region Bonded and "GEARBOX[3]" Face |Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
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o
123"

*Contact

N *TOP_BRACES_[93]" | Face, |Program . Program Program
§§€“°“ Bonded and "GEARBOX([3]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
*Contact

. *"SPURLUMP_[22]" Face, {Program . . Program -.- | -Program
Region Bonded | .\ “coveRT17j"  |Face |Controlled | Automatic [ Symmetric | Pure Penalty | -0 oied | Controlled
;io?otfrd Bonded "BONNETLUMF_[20]" | Face, |Program | a . omatic Symmetric | Pure Penalt Program Pragram
272 == | and “STEM_VLV[23)" | Face |Controlled Y | controlled Controlled
"Contact

h "BEVELLUMP_[21]" Face, |Program . . Program Program
;gglon Bonded and "STEM_VLV[23]" | Face Controlled Automatic | Symmetric | Pure Penalty Controlied Controlled
3.1.2. Mesh

»  “Mesh"(Figure A1.3), associated with "Supported Case"” has an overali refevance of 0.

»  "Mesh" contains 35061 nodes and 17406 elements.
No mesh controls specified.

11} 1~
3.2. "Stress Analysis
*Stress Analysis"” contains all loading conditions defined for "Supported Case” in this scenario.
Acceleration - Constant Linear Acceleration
Magnitude: 7,215.43 in/s?

»  Vector: [250.0 in/s? x, 6,000.0 in/s? y, 4,000.0 in/s2 2] in the global coordinate system
The following tables list local loads and supports applied to specific geometry.
3.2.1. Structural Supports
Table 3.2.1.1. Structural Supports

Reaction Reaction Force Reaction Reaction Moment Assoclated
Name Type Force ‘| Vector 1 Moment Vector | Bodles
. . . [2,499.64 Ibf x, [-12,015.7 Ibfrin x,
S’Z"egn. ;‘L"‘ffgce 72,144.02 Ibf |59,991.41 lbfy, 2.09x10° Ibf-in {1.16%10° Ibfin y, - "B8ODY[1]"
PP 39,994.27 Ibf 7] 1.73%10° Ibfin 2}

3.3. "Solution”

"Solution” contains the calculated response for "Supported Case® given loading conditions defined in “Stress Analysis”.

It was selected that the program would choose the solver used in this solution.

3.3.1. Structural Results



-

i Table 3.3.1.1. Values

T

: Name

l Figure]m

lMlnlmum I Maximum lAlert Criteria

{
}

"Equiyalent Stress”

22,1 | Al Bodies in "Supported Case* |1.65 psi | 9,672.02 psi | None

*Total Deformation* | A2.2 IAII Bodies In "Supported Case" I 0.0in

|3.57x102in [ None

Convergence tracking not enabled.
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4., Scenario 3

4.1. "Supported Case"

"Supported Case* obtains geometry from the Pro/ENGINEER® assembly *“z:\homel\rfarrel\31042 (20-900-

FW)\FIXED.ASM.2".

and z axes, respectively,

The model has a total mass of 3,861.07 |lbm.
The model has a total volume of 13,603.56 in3,

"HW[16]" was suppressed. Suppressed parts do not effect the results In this scenario in any way,
The bounding box for all positioned bodies in the model measures 100.0 by 32,96 by 32.69 in along the global x, y

17

Table 4.1.1. Bodles
Name Material Bounding Box (in) | Mass (Ibm) | Volume (in3) | Nodes | Elements
*8oDY[1]" “Structural Steel” | 28.0, 28.88, 28.88 |1,799.28 6,339.34 2514 [1192
"YOKE([2]" "Structural Steel” | 36.16, 27.88, 27.88 | 670.62 2,362.78 3489 {1603
*GEARBOX[3]". ZStructural Steel” 1 11,5, 22,98, 22.98 ] 101.75 358.49 2685 "}1304
"GEARBOXCOVER([7]" | IStructura! Steel” | 11,51, 9.25, 3.5 17.71 62.4 657 288
"STEM[12]" Structural Steel® | 1.5, 1.5, 6.81 2.78 9.79 528 257
"IMPACTOR([13]" Structural Steel” | 13.5, 5.0, 2.38 13.29 46.81 559 257
"COVER[17]" Zcover” 29.59, 16.5, 13.5 68.04 239.73 6187 {2986
*STEM_VLV[23]" *Str ! *176.5, 6.06, 4.75 148.52 523.29 1001 {455
"RHNO17(29]" "Structural Steel” | 0.64, 1,3, 1.3 0.12 0.42 2469 | 1407
*RHND17[33]" "Structyral /"10.64, 1,3, 1.3 0.12 0.42 2469 | 1407
*RHNO17[34]" "Structural Steel® ] 0.64, 1.3, 1.3 0.12 0.42 2469 {1407
"CLAMP[94]" "Structural Steel” 12.5, 32.96, 14,88 50.48 177.85 3498 }2124
"CLAMP[98]" *Stri ) *12.5, 32,96, 14.88 50.48 177.85 3498 {2124
*"BONNETLUMP_[20]* | !Structural Steel" | 8.0, 21.25, 21.25 787.88 2,775.89 11219 1213
*BEVELLUMP_[21]" | Structural Steel” |3.0, 12.0, 12.0 89.77 316.28 583 90
*SPURLUMP_[22]" *Structural Steel” | 7.75, 7.75, 2.0 23.19 81.71 588 88
*TOP_BRACES_([93]" | 'Structural Steel" | 29.76, 23.51, 23.51 {36.93 130.12 648 204
Table 4.1.2. Body Groupings - - — -« — oo )
Wme Body Names | Bounding Box {in) | Mass (lbm) ! Volume (in?) } Nodes | Elements
4.1.1. Contact
*  “Contact” uses a tolerance of 0.0 for automatic detection.
Table 4.1.1.1. Contact Conditlons
Name |Type |Associated Dodies }Scope gtc;;;::lss fdi:odpee Behavior Formula}ion zgrew:lr:v‘:tlance ;:‘9322
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- — - p— . .
: "Contact YOKE[2]" and Face, (Program . . Program Program
; Region® Bonde "BODY[1]" Face Controlled Autom.auc Symmetric | Pure Penalty T Controlled Controlled
“Contact

. "GEARBOX[3]" and Face, |Program . . Program Program
gfglon Bonded "YOKE[2]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
pontact Bonded | "GEARBOXCOVER(7]" | Face, program |« Symmetric | Pure penatty | Program Program
4,,9 and "GEARBOX[3]" Face | Controlled ymmetric | Fure Fenalty | controfted Controlled
;(éor;:’a’ct "COVER[17]" and Face, |Program Aut ticls tric [P Penal Program Program
pa Bonded | vceapaoxf3)” Face |Controlied | AUtomatic | Symmetric | Pure Penalty |y ijjed Controlled
;(;o?;zct onded "STEM[12]" and Face, |Program Automatic | S tric | P Penal Program Program
8,9 Bonded "GEARBOXCOVER[7]" | Face | Controlled utematic | Symmetric | Pure Penalty | Controlled Controlled
;?'i’;zc‘ onded "IMPACTOR[13)" and | Face, |Program Automatic | Symmetric | p P It Program Program
hegion | Bonded | wsTemr12)" Face | Controlied ymmetric |Fure Fenalty lcontrolled | Controlled
;ior;::ct Bonded YSTEM_VLV[23]" and | Face, {Program Automatic | s tric | p Penal Program Program
i "COVER[17]" Face |Controlled matic | Symmetric  Pure Penalty | controlied Controlled
"Contact ;

"RHNO17{29]" and Face, |Program . . Program Program
Region | Bonded | wgrem_vivy23)” Face |Controlied | AUtomatic [ Symmetric | Pure Penalty | ~onciied | Controlied
*Contact

h "RHNO17(33]" and Face, |Program . Program Program
Region | Bonded | wgrem_vivy2s)- Face | Controlled | AUtomatic ] Symmetric | Pure Penalty |coneaied | Controlled
;Cé‘o?;zct onded "RHNO17{34]" and .|Face, {Program Aut ticls tric | P penal Program Program
15 Bonded | wgrey vivy23p Face |Controlled {AUt0matic | Symmetric | Pure Penalty Jcontrolieq Controlled
;io?gzct Bonded "CLAMP[94]" and Face, [Program Aut tcls tric | P Penal Program Program
pd *BODY[1]" Face |Controlled { AUtomatic{ Symmetric| Pure Penalty | cqnirolied Controlled
;(;o”.'otzd onded "CLAMP[98]" and Face, {Program | Automatic | S tric | p Penalt Program Program
212 Bonded "BODY[1]" Face Controlled omatic | symmetric y Fure Penalty | eontrolied Controlled
"Contact

. “"CLAMP[94]" and Face, jProgram . . Program Program
Region | Bonded | wyopp2)- Face |Controlled | AUtomatic | Symmetric | Pure Penalty {eobaied | Controlled
;i;’l.’;zd Bonded "CLAMP[98]" and Face, tProgram Automatic | tric | Pure Penalt Program Program
24* *YOKE[2]" Face |Controlled omatic | Symmetric | Fure Fenalty | controlied Controlied
“Contact "CLAMP[A8]”" and Face, ’[|Program Program Program

; c , . .

Region | Banded e amproq) Face |Controlled |AUtomatic { Symmetric | Pure Penalty jcorironied | controlled
et | andied | TOP-BRACES_[93)" |Face, |Program Manual | Svmmetric | pure penatty | Program Program
et Bonded | .4 "cover[17)" Face |Controlied | o ymmetric | Fure Fenally | controlled Controlled
“Contact "BONNETLUMP_[20]" | Face, |Program Program Program
fgglon Bonded and "BODY[I]"_ Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
[
i "Contact
. "BEVELLUMP_[21]" Face, {Program . . Program Program

;?S%IOH Bonded and "GEARBOX[3)" Face | Controlled Automatic | Symmetric | Pure Penalty Controlled Controlied
. "Contact "SPURLUMP_[22]" Face, |Program . . Program Program
y Region Bonded and "GEARBOX[3]" Face | Controlied Automatic | Symmetric | Pure Penaity Controlled Controlled




19

28"

Controlled

T
t23*
T
*Contact

N *TOP_BRACES_[93]" | Face, |Program . . Program Program
§§€'on Bonded and “GEARBOX[3]" Face Controlled Automatic | Symmetric { Pure Penalty Controlled Controlled
“Contact

S "SPURLUMP_[22]" Face, |Program . Program Program
§§€’°” Bonded and "COVER[17]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlied
;c;o%’a?ct onded "BONNETLUMP_[20]" | Face, |Program Automatic | Symmetric | Pure Penalt Program Program
27? Bonded and "STEM_VLV[23]" | Face Controlled yn Y | controlled Controlled
*Contact

Lo "BEVELLUMP_[21]" Face, |Program . . Program Program
Region ~ | Bonded and “STEM_VLV[23]" | Face Automatic | Symmetric | Pure Penalty Controlled Controlled

4,1.2. Mesh

=  “Mesh"(Figure A2.3) , associated with “Supported Case” has an overall relevance of 0.
= *"Mesh" contains 35061 nodes and 17406 elements.

No mesh controls specified.

4.2, "Natural Frequency"

N

"Natural Frequency"” contains all loading conditions defined for “Supported Case" in thls scenario.

The following tables list local loads and supports applied to specific geometry,

4.2.1. Structural Supports

Table 4.2.1.1. Structural Supports

Name Type Associated Bodies
"Fixed Support* | Fixed Surface | "BODY[1]"

4.3. "Solution”

"Solution*® contains the calculated response for "Supported Case" given loading conditions defined in "Natural Frequency”.

1t was selected that the program would choose the solver used in this solution.

4.3.1. Frequency Results

Frequency results apply to all active bodies in “Supported Case”.

:Tahle 4.3.1.1. First 6 Natural Frequencies

{

; Mame Figure | Mode | Frequency | Alert Criteria
§ *1st Frequency Mode In Range” | A3.1 1 106.34 Hz |none
"2nd Frequency Mode In Range" | A3.2 2 114.8 Hz none




! *3rd Frequency Mode In Range” | Nane

152.03 Hz

nane

3
*4th Frequency Mode In Range* | None |4 153.9 Hz none
“Sth Frequency Mode In Range* |None |5 159.36 Hz | none
“6th Frequency Mode In Range” | None |6 162,43 Hz | none

Convergence tracking nol enabled.




5. Scenario 4

-5:1. "Original Case”

*Original Case" abtains geometry from the Pro/ENGINEER® assembly ‘“z:\home\rfarreiN\31042 orig (20-900-
FWNASM0001.ASM.13".
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*  The bounding box for all positioned bodies in the model measures 100.0 by 29.75 by 34.29 in along the global x, y
and z axes, respectively,

v The model has a total mass of 3,858.39 lbm.
=  The moadel has a total volume of 13,594.1 in3.

Table 5.1.1. Bodies

Name Material Bounding Box (in) { Mass {Ilbm) | Volume (in3) | Nodes ] Elements
“BODY[1]" SStructural Steel” | 28.0, 28.88, 28.88 | 1,799.28 6,339.34 2532 1215
"YOKE[2)" 2Structural Steel” 1 36.16, 27.88, 27.B8 | 670.62 2,362.78 3740 11747
“*GEARBOX[3]" "Str / *111.5, 13.5, 17.0 B4.29 1296.96 2182 {1037
"GEARBOXCOVER[7]" | "Structural Steel” | 11,51, 9.25, 3.5 17.71 62.4 657 288
“STEM[12]" rStructura! Steel”11.5, 1.5, 6.81 2.78 9.79 528 257
“IMPACTOR[13}" "Structural Steel” | 13.5, 5.0, 2.38 13.29 46.81 559 257
"HW[16]" “Structural Steel* { 20.0, 20.0, 1.05 26.13 82.06 16565 {9137
"COVER([17]" ZStructural Steel” 129,59, 16.5, 13.5 93.62 329.86 4019 1904
"BONNETLUMP[20]* {ZStru eef” | 8.0, 21.25, 21.25 787.88 2,775.89 1219 {213
“BEVELLUMP[21]" "Structural Steel” { 3.0, 12.0, 12.0 89.77 316.28 583 90
"SPURLUMP[22]" rStructura! Steel” 7.75, 7.75, 2.0 23.19 81,71 588 88
“STEM_VLV(23]" "Structyral Steel” { 76.5, 6.06, 4,75 148.52 523.29 1003 {451
"RHNO17[29]" *Structural Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 1407
"RHNO17[33]" "Structura! Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 11407
"RHNO17[34]" "Structura! Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 |1407
"CLAMP[94]" "Structural Steel” | 2.5, 14.88, 32,96 50.48 177.85 1662 |850
"CLAMP[98]" "Structural Steel” 1 2.5, 14.88, 32.96 50.48 177.85 1662 |850

Table 5.1.2. Body Groupings

" Name | Body Names | Bounding Box (in) | Mass (1bm) Fl-l:f ume (in3)

iib"Eéé"['ziéE.é'r;t';'

5.1.1. Contact

*  “Contact” uses a tolerance of 0.0 for automatic detection.

Table 5.1.1.1, Contact Conditions

ot g e i

i

i

Name |[Type

Associated Bodies

Normal

Scope Stiffness

Scope
Mode

Behavior

Formulation

Thermal
Conductance

Pinball
Reglon
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——

“YOKE[2]" and

Face,

Program

Program

Program

¥ “Contact . . )
?Region" Bonded “BODY[1)" Face | Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact

; *"BONNETLUMP[20]" |Face, |Program . . Program Program
Region ) Bonded | nq »30pyy1 )" Face |Controlled | Automatic | Symmetric | Pure Penalty } o b olieq | Controlled
"Contact e

, *CLAMP[94]" and Face, |Program . . Program Program
559'0" Bonded *B8ODY{1]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlied Controlied
*Contact

y "CLAMP[98]" and Face, |Program . " Program Program
i:fglon Bonded "80DY[1]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
“Contact

; “"GEARBOX([3]" and Face, |Program . Program Program
g‘e'glon Bonded "YOKE[2]" Face Controlled Automatic | Symmetric | Pure Penalty Controlied Controlled
“Contact ) .

. "CLAMP[94]" and Face, |Program . Program Program
Region | Bonded | wyoer2]- Face |Controlled | Automatic | Symmetric | Pure Penalty | e iroed | Controfied
“Contact

. “CLAMP[98]" and Face, |Program . Program Program
I;sglon Bonded "YOKE[2]" Face Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact

; ‘ "GEARBOXCOVER([7]" | Face, [Program . . Program Program
gsglon Bonded and "GEARBOX[3]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
“Contact .

N *COVER[17]" and Face, |Program . . Program Program
gf—‘”"" Bonded "GEARBOX[3]*" Face Controlied Automatic | Symmetric { Pure Penalty Controlied Controlled
;Ceor;;ict Bonded "BEVELLUMP[21]" Face, | Program Automatic | Symmetric | Pure Penalt Program Program
P 05.’ - and "GEARBOX[3]" {Face |Controlled 4 Y | Controlled Controlled
;io';ot‘:ft od | “SPURLUMP[22]" and | Face, |Program Automatic | symmetric | Pure Penalt Program Program
p 1% Bonded | vearBOX 3] Face |Controlled Y Y | controlled Controlled
"Contact )

, *STEM[12]” and Face, |Program Program Program
Region | Bonded| wGeargaxcover 7]* | Face | Controlled | AUtomatic  Symmetric | Pure Penalty | cogtrofieq | controlled
"Contact

. "IMPACTOR[13]" and | Face Program . . Program Program
’;g%"’” Bonded "STEM[12]" Facel Controlled Automatic | Symmetric | Pure Penaity Controlied Controlled
"Contact

) "HW([16]" and Face, |Program " . Program Program
Region Bonded | wiypacTOR[ 13" Face |Controlled | Automatic | Symmetric | Pure Penalty | qniroed | Controlled
;Ceo?;id Bonded "SPURLUMP[22]" and | Face, | Program Automatic | Symmetric | Pure Penalt Program Program
P 55.’ B2ONCEC Y »covER[17]" Face |Controlled Y ! ¥ | Controlled Controlied
“Contact ne “

'STEM_VLV([23)" and | Face, |Program . Program Program
’;g%’“’ Bonded "COVER[17]" Faze |Controlled Automatic ?ymmetric Pure Penaity Controlled Controlled
"Contact

; "STEM_VILV[23]* and | Face, |Program . . Program Program
Region | Bonded | vpouNETLUMP[20]" | Face | Controliea | AVtoM2tic | Symmetric ) Pure Penalty | conurglieq | Contrafied
“Contact

. "STEM_VLV([23]" and |Face, |Program . . Program Program
f;glon Bonded "BEVELLUMP[21]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlled Controfled

: .
"Contact "RHN017[29]" and Face, {[Program . . Program Program
Region Bonded "STEM_VLV[23]" Face | Controlied Automatic | Symmetric { Pure Penalty Controlled Controlied
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1o

Region | Bancea | SANOL7RL a0 | Exce | Pogen | nomatc | symmetrc | pure ety P02 (o
{negon | Banaea | BANCI7L30 a0 | Pt | oo | ot | symmetc | Pure ety [E09 - |Prootam
Region | pongea | (SIS ond | Face | oo\ ot | Symmetric pure penaty (ST Pogam

5.1.2. Mesh

»  “Mesh"(Figure A4,3) , assoclated with “Original Case" has an overall relevance of O.
v “Mesh” contains 44906 nodes and 22605 elements.

No mesh controls specified.

5.2. "Frequency Response”

*Frequency Response” contains all loading conditions defined for “Original Case” in this scenario.
Acceleration - Constant Linear Acceleration

Magnitude: 200.92 In/s? .
=  Vector: [116.0 in/s? x, 116.0in/s2 y, 116.0 in/s? z] in the global coordinate system
*  The time type Is harmonic

The following tables list local loads and supports applied to specific geometry.

5.2.1. Structural Supports

Table 5.2.1.1. Structural Supports

Name Type Assoclated Bodles
"Fixed Support” { Fixed Surface | "BODY[1]"

5.3. "Solution”

"Solution" contains the calculated response-for “Original Case" given loading conditions defined in "Frequency Response”,

It was selected that the prograrm would choose the solver used In this solution,

5.3.1. Harmonic Results

Table 5.3.1.1., Definition

! Range Range

i
¢
4
:
H
{ Minimum Maximum

Solution Method

Cluster Cluster Damping Beta
Number Results Ratio Damping

£30.0 250.0 Mode 20 Yes 0.03 0.0
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r Superposition
iTohle 5.3.1.2. Frequency Response Vaolues
Frequency Phose Real at Imaging
Moltiple | Minimum | Maximum | Moximum | "3 Angle ot gihary
Nome | Type Stope Entiti . at Max Max at Max
ntities | Frequeney | Frequency | Amplitude X Max \ L
Amplitude . Amplitude | Amplitude
Amplitude
) Directiono!
*Top . Surface(s) on Use - . a . .
Axial” :(A(:::mhon, "COVER[17)" Average 30.0Hz 250.0t: 32.58infs 1744312 74.64 8.9in/s? ~32.38inJs?
Directional
“Top . Surface(s) on Use g 0¢ 198 . ,
Seam” :ci:::mhon, "COVERI )" Avesage J0.0H2 250.0Hz 6,572.05in/s? | 94.21Hz 95.12 -5868.0%in/s? | -6,545.87in/s?
Top ?mlm‘ny?l Surkacelg)on - Use 00H  |2500H | 4632030/ | 94.1sH 93.38° 27333ijs? | -4,623.97in)s?
frome” ZrAt:i:m 0 wopegriz hverage DKz Oz ,632.03in/s .15Hz -93. -273.13infs? | -4,623.97in/s
Directional
“Base : Surface(s) on Use . ° i .
Axial" ::;g:ratwm "CovER/17)" Average J0.04z 250.04z 8.0in/s 147.1412 110.11 -2.83in/s -1.4%in/s
Jose 2?:;2:;?1:' Surlace{s)on -} Use 00H  {2500M [ 1252000f 17501 {-112.7° 483.infst | -1,155.00infst
Beam” YA:is % *covers1 7" Average " ) oI ) ' . “hAaaRn
Directiona!
*Base . Surface(s) an Use . o . .
Frome" ;:;gzruhon, "COVERTI )" Avetage J30.042 250.0Hz 2,244.33in/s? | 165.04H2 -98.7 -339.58in/s? | -2,218.49iafs?
“Finger Directionl Surface(s) on Use ‘ N
- . . . e 1 g
feom” ¢c;:::runon, "STEM_NY23)" | Meroge 30.0Hz 250.0Hz 4,829.04infs? {94.15Hz 93.1 312.09%infs? | -4,819.54in/s
Table 5.3.1.3. Top Axlal )
4566.64 = T T ; T - .
1] ) . » 1]
4022.06 —{---"" '.:' """" emm e e N bty & AERIEED ::'-"""‘"
344748 ~f*-ee E MRCOL SOCIEL N LRt FRCREED femmaes
W : : : : ;
~ - ] L K] N H
£ 2872,90 ~f-mrmtnioTeem Fotmen oo Rt R S St prenees
= g 1 X i :
‘Q . . . e . ' .
T 229832 |- Fonmens [ DA (PR ' Saniic M yomee
- - o r) 2 t $ '
o ' : H . : :
'31723.74 - ..-.,..--‘:,-'--.,-‘-_.:E----.".'.:E.' ...... -..s.-.;:..,:*: :E-..-. ------ .:. :.::;.-?..:; PO -
T- [ . ) » . . . +
= H H ; H H H ) )
w5 1149:16 - .',.-,.....":...u.....i...- .....E.-..J.....:.. ...... .E ....... .E,-:_’ ..... i .......
Y S Y
I R R et o - L S . L
[ w W : : ;
0.00 'é Q-MA - 3 H — i % ,
0.00 3125 62.50 93.75 125.00156,25 187.50 218,75 250.00

e

Frequency {Hz)




25

{Table 5.3.1.4. Top Axial
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iTable 5.3.1.6. Tob Beam
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6. Scenario 5

6.1. "Original Case"

*Original Case* obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarrel\31042 orig (20-500-
FW)\ASMO001.ASM.13",
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®=  The bounding box for all positioned bodies in the model measures 100.0 by 29.75 by 34,29 in along the global x, y
and z axes, respectively,

* The model has a total mass of 3,858.39 Ibm.
»  The model has a tota! volume of 13,594.1 in3,

Table 6.1.1. Bodies
Name Materlal Bounding Box, (In) | Mass (Ibm) | Volume (in?) { Nodes | Elements
"80DY[1])" 2Structural Steel” | 28.0, 28.88, 28.88 [1,799.28 6,339.34 2532 1215
"YOKE[2)" Structural Steel” | 36.16, 27.88, 27.88 | 670.62 2,362.78 3740 |1747
*GEARBOX[3]" YStructural Steef* | 11.5, 13.5, 17.0 84.29 296.96 2182 1037
“GEARBOXCOVER(7]" | IStructyral Steel” 1 11.51, 9.25, 3.5 17.71 62.4 657 |288
"STEM[12]" ZStructural Steel” §1.5, 1.5, 6.B1 2.78 9.79 528 257
“IMPACTOR([13]" IStructyral Steel®113.5, 5.0, 2.38 13.2 46.81 £59 257
"HW([16]" Structyral Steel* | 20.0, 20.0, 1.05 26.13 92.06 16565 | 9137
"COVER[17]" 2 [ *129.59, 16.5, 13.5 93.62 329.86 4019 11904
"BONNETLUMP[20]" |~ tural " 18.0, 21.25, 21.25 787.88 2,775.89 1219 {213
"BEVELLUMP[21]" "Structural Steel” 3.0, 12.0, 12.0 89.77 316.28 583 90
"SPURLUMP[22]" "Structural Steel”7.75, 7.75, 2.0 23.19 81.71 588 88
*STEM_VLV[23]" "Structura! Steel”{76.5, 6.06, 4,75 148.52 523.29 1003 |451
"RHNO17(29]" "Structural Steel” {0.64, 1.3, 1.3 0.12 0.42 2469 | 1407
"RHNO17[33]" *Structural Steel” 1 0.64, 1.3, 1.3 0.12 0.42 2469 11407
"RHNO17[34]" "Structural Steel”]0.64, 1.3, 1.3 0.12 0.42 2469 | 1407
"CLAMP[94)" "Structural Steel” | 2.5, 14.88, 32.96 50.48 177.85 1662 |850
"CLAMP[98]" “Structural ["}2.5,14.88, 32,96 50.48 177.85 1662 |850
Table 6.1.2. Body Growplngs -

| Name | Body Names | Bounding Box (in) | Mass (ibm) |Volume (in?) | Nudes | Elements T i
6.1.1. Contact

@ "Contact” uses & tolerance of 0.0 for automatic detection.

Table 6.1.1.1, Contact Conditions

’ Name |Type |[Associated Bodies (Scope gtc;fr;::lss tsd?driee Behavior | Farmulation zgﬁgzztlance 2?;;2::
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! "Contact “YOKE[2]" and Face, |Program ) : Program Program
gRegion" Bonded “BODY{1]" Face |Controlled Automatic | Symmetric | Fure Penalty Controlled Controlled
“Contact v

, "BONNETLUMP[20]" |Face, |[Program . . Program Program
izu.eglon Bonded and "BODY[1]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
*Contact n = '

h "CLAMP[94]" and Face, {Program . . Program Program
§fg‘°n Bonded “800DY[1]* Face - | Controlied Automatic | Symmetric | Pure Penalty Controfled Contralled
*Contact

b "CLAMP[98]" and Face, |Program Program Program
Region | Bonded | -gopy1)- Face |Controlled |AUtomatic | Symmetric | Pure Penalty 1 oniolied | Controlled
{

"Contact M

) *GEARBOX[3]" and Face, |Program . . Program Program
i;sglan Bonded "YOKE[2]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact . . )

b "CLAMP[94]" and Face, |Program . Program Program
}szsgron Bonded "YOKE[2]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
“Contact j

. *"CLAMP(S8]" and Face, |Program X { Program Program
’;fg'o" Bonded "YOKE[2]" Face |Controlled Automatic | Symmetric .Pure Penalty‘ Controlled Controlled
;C;o:}lézct Bonde "GEARBOXCOVER([7]" | Face, |Program Automatic | Symmetric | Pure Penalty Program Program
8"9 Bonded and "GEARBOX[3]" Face {Controlled Controlled Controlled
"Contact .

. “COVER[17]" and Face, |Program Program Program
Region | Bonded | «Gearaox]3)” Face |Controlled [Automatic | Symmetric | Pure Penalty |cotroled | Controlled
“Contact '

. *BEVELLUMP[21]" Face, |Program . Program Program
’;g%’m” Bonded and “GEARBOX([3]" |{Face [Controlled Automatic | Symmetric | Pure Penalty | Controlled Controlled
*Contact ’

*SPURLUMP[22]" and | Face, |Program . Program Program
’}‘;—S”"" Bonded "GEARBOX[3]" Face |Controlled | Automatic | Symmetric | Pure Penalty -0 5 ioq Controlied
"Contact ] ‘

y *STEM[12]* and Face Program . Program Program
’;g&”"" Bonded "GEARBOXCOVER([7]" Face’ Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
;ig?::f:d Bonded AMPACTOR[13]" and | Face, Progrém Automatic | Symmetric | Pure Penalty { Program | Program
13 *STEM[12]" Face |Controlled 4 Controlled Controlled
"Contact

. "HW[16]" and Face, |Program . Program Program
,;‘eﬂlon Bonded "IMPACTOR[13]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact ‘

N "SPURLUMP[22]" and | Face, |Program . . . | Program Program
?;glon Bonded "COVER[17]" Face | Controied Automatic | Symmetric | Pure Penalty | Controlied | controlied
;ig?cfrard Bonded 'STEM_VLV[23]" and | Face, |Program Automatic | Symmetric | Pure Penalty Program Program
16% “COVER[17]" Face |Controlled 4 Controlied Controlled
“Contact

. ¥STEM_VLV[23]" and |Face, |Program . . Program Program
f;%”"" Bonded "BONNETLUMP{20]" |Face | Controlied Automatic { Symmetric { Pure Penalty Controlled Controlied
"Contact

; “STEM_VLV[23]" and |Face, |Program - . Program Program
?;%IOI‘I Bonded “BEVELLUMP[21]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
—

{ "Contact "RHNO17[29]" and Face, |Program . . ] Program Program
| region |BON920 | usem vivi2s)s  |Face’ |Controlied | AVIOM3NC | Symmetric | Pure Penalty | coqigtied | Controlied
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- .
' 19"
*Contact

h "RHNO017[33]" and Face, |Program . . Program Program
Region | Ben d | wsTEM_VLV[23)" Face | Controlled | AUtomatic | Symmetric | Pure Penalty | conirgtied | Controlled
*Contact

. 2 1 "RHNO17[{34]" and Face, |Program . Program Program
Region Bonded | worem vivy23)” Face |Controlled |AUtomatic | Symmetric | Pure Penalty | conironied | Controlied
*Contact ’

N "CLAMP(98]" and Face, |Program . . Program Program
gggton Bonded "CLAMP[94]" Face |Controlled Automatic | Symmetric | Pure Penaity Controlled Controlled
6.1.2. Mesh

«  “"Mesh"(Figure A4.3), associated with "Original Case” has an overall relevance of 0,

»  *Mesh" contains 44906 nodes and 22605 elements.

No mesh controls specified.
n M., ] |
6.2. "Stress Analysis
"Stress Analysis” contains all loading conditions defined for *Original Case* in this scenario.
Acceleration - Constant Linzar Acceleration

*  Magnitude: 8,110.02 in/s2

*  Vector: [350.0 in/s? x, 6,600,0 in/s2 y, 4,700.0 in/s? z] in the global coordinate system
The following tables list local loads and supports applied to specific geometry.

6.2.1. Structural Supports
Table 6.2.1,1. Structural Supports
‘ Reaction Reaction Force Reaction Reaction Moment Assoclated
Name Type Force Vector Moment Vector Bodies
“Fixed Fixed [3,495.83 Ibf x, ] [-18,803.9 Ibf-in x,
Support” | Surface 81,003.67 Ibf | 65,921.4 Ibfy, 2.36x10°% Ibfin 11.37x10% Ibfiny, - "8ODY(1]"
PP 46,944.03 1bf 2) 1.92x10° Ibf-in 2]

6.3. "Solution"

"Solution® contains the calculated response for "Original Case" given loading conditions defined in "Stress Analysis”.

It was selected that the program would choose the solver used in this solution.

6.3.1. Structural Results

PRRRTSRERE

e

| Table 6.3.1.1. Values

-

B L

{Name

Scope

Figure

Minimum

Maximum

Alert Criteria




]
;

I
r

“Equivalent Stress* | A5.1 | All Bodies In *Original Case* | 1.39 psi [9,992.79 psi [ None

“Total Deformation“]AF_;.g ) lAIl Bodies In "Original Case*

0.0in  [0.05in | None

= Convergence tracking not enabled.

35




7. Scenario 6

7.1. "Original Case"

"Original Case" obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarrel\31042 orig (20-900-
FW)\ASM00O1.ASM.13".
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*  The bounding box for all positioned bedies in the mode! measures 100.0 by 29.75 by 34.29 in along the global x, y
and z axes, respectively.

»  The model has a total mass of 3,858.39 lbm.
»  The model has a total volume of 13,594.1 in3,

i Name JEz;am;n.z;'

Bounding Box (in) | Mass (lbm)

Volume (in?)

iN-bdes> Ele}neiwfs.

7.1.1. Contact

»  "Contact” uses a tolerance of 0.0 for autornatic detection.

Table 7.1.1. Bodies .

Name Material Bounding Box (in) | Mass (Ibm) | Volume (in3) | Nodes | Elements
"BODY[1]" Structural Steel” | 28.0, 28.88, 28.88 |1,799.28 6,339.34 2532 (1215
“YOKE[2]" rStructural Steel” 1 36.16, 27.88, 27.88 | 670.62 2,362.78 3740 1747
“GEARBOX[3]" IStructyral Steel” | 11.5, 13.5, 17.0 84.29 296.96 2182 1037
"GEARBOXCOVER[7]" } “Structural Steel” | 11,51, 9.25, 3.5 17.71 62.4 657 288
*STEM[12)* "Stryctural *]1.5, 1.5, 6.81 2.78 9.79 528 1257
"IMPACTOR[13]" IStryctural Steel”113.5, 5.0, 2,38 13.29 46.81 559 257
*HW[16]" Structura! Steel” 120.0, 20.0, 1.05 26.13 92.06 16565 19137
"COVER([17]" rStructural Steel” | 29,59, 16.5, 13.5 93.62 329.86 4015 ]1904
"BONNETLUMP[20]" | *Structural Steel”|8.0, 21.25, 21,25 |787.88 2,775.89 1219 213 -
“BEVELLUMP[21]" Structural Steel” 3.0, 12.0, 12,0 89.77 316.28 583 90 -
"SPURLUMP[22]" "Structural Steel” | 7,75, 7.75, 2.0 23.19 81.71 588 88
"STEM_VLV[23]" . “Structural Steel* | 76.5, 6.06, 4.75 148.52 523,29 1003 {451
"RHNO17[25]" "Structural Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 {1407
“RHNO017[33)" "Structural Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 1407
"RHNO17[34]" *Structural Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 {1407
“CLAMP[94]" "Structural Steel” 12.5, 14.88, 32,96 | 50.48 177.85 1662 1850
"CLAMP[98]" rStructural Steel” | 2.5, 14.88, 32.96 50.48 177.85 1662 |850
Table'f.l-.z.‘;;t-ady é‘roﬁ-plngs‘ S o »

Table 7.1.1.1. Contact Conditions

Name

-~ vt

Type

Assoclated Bodies

Normal

Scope Stiffness

| Scope

Mode

Behavior

Formulation

Thermal
Conductance

pinball
Reglon
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T

“YOKE[2]" and

Face,

Program

i “Contact : : Program Program
¢ Region* Bonded ‘BODY[1]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
*Contact " ]

. "BONNETLUMP[20] Face, |Program . Program Program
_gsglon Bonded | o4 “50pyy1 )" Face |Controlled | Automatic | Symmetric | Pure Penalty [ o o0q Controlled
*Contact - ' ' :

*CLAMP[94]" and Face, |Program . Program Program
Reglon | Bonded | vgopyy1)- Face |Controlled |Automatic | Symmetric | Pure Penalty | ~teolleq | Controlled
*Contact

. "CLAMP(98]" and Face, {Program | . Program Program
Region | Banded | wgopyy 1)+ |Face | Controlled | Automatic | Symmetric | Pure Penalty | convelied | Controlled
*Contact “

, *GEARBOX[3)" and Face, |Program . . Program Program
Region Bonded | wy5prope Face | Controlied | AUtomatic | Symmetric | Pure Penalty | ~qov-oiied | Controlled
;(;oq;zct Bonded [CLAMP[94]" and Face, |Program Automatic | Symmetric | Pure i;enalt Program Program
prd "YOKE[2]" Face |Controlled 4 Y | controlled Controlled
;C;o%;ct Bonded CLAMP[95]" and Face, }Program Automatic | Symmetric | Pure Penalt Program Program
a7 *YOKE[2]" Face [Controlled Y ¥ | Controlled Controlled
;C;orirézct Bonded "GEARBOXCOVER[7]" | Face, | Program Automatic | Symmetric | Pure Penalt Program Program
8"9 ‘ and *GEARBOX[3]” Face [Controlied 4 Y 1 Controlled Controlled
*Contact

s *COVER[17]" and Face, |Program Program Program
Region | Bonded | «earpox)3)* Face |Controlleg | Automatic | Symmetric | Pure Penalty | convroned | controlled
*Contact

; "BEVELLUMP[21]" Face, {Program . . Program Program
fgﬁ.”“ Bonded and “GEARBOX[3]" Face |Controlled Automatic | Symmetric | Pure Penalty ] Controlled Controlled
;Ceo?;za Bonded SPURLUMP[22]" and | Face, | Program {4 omatic | s mmetric | Pure Penalty | Frogram Program
) "GEARBOX[3]" Face [Controlled 4 Y | Controlled Controlled
;Cor?:act Bonded STEM[12]" and Face, [Program Automatic | Symmetric | Pure Penalt Program Program
1;%’ n "GEARBOXCQOVER([7]" | Face Controlied Y Y | Controlled Controlled
;e?r;otad Bonded JMPACTOR[13]" and | Face, | Program Automatic | Symmetric | Pure Penalty Program ‘ngram
132 n *STEM[12]" Face |Controlled. Y Controlled Controlled
“Contact

h *HW([16]" and Face, |Program . . Program Program
Region \Bonded | wimpacToR[13]"  |Face |Controlled | AUtOmatic | Symmetric | Pure Penalty | controlied | Controlled
;(;or}éact onded *SPURLUMP[22]" and | Face, |Program Automatic | Symmetric | Pure Penalt Program Program
1 5% n | Bonded "COVER([17]" Face Controlled 4 v N ____’: ‘Agpm{gl‘lgzc_i_ _Contrg}_le_:c_i_ )
¥
';(;or;ézct Bonded | oIEPLVLVI23]" and | Face, | Program 1, o matic | symmetric | pure Penatty | Program Program
iy Londec f vcoverf17)” Face |Controlled Y Y | Controlled Controlied
;;(z:eori';id Bonded | S1EM-VLV[23]" and | Face, | Program Automatic | Symmetric | Pure Penalt Program Program
; 179,’ 2oNGeC } "ONNETLUMP[20)" |Face | Controlled 4 Y | Controlied Controlied
“Contact

. *STEM_VLV[23]" and | Face, |Program . X Program Program
';g%"’” Bonded "BEVELLUMP[21]" Face |Controlled Automatic | Symmetric } Pure Penaity Controlled Controlled
¥
i "Contact "RHNO17[29]" and Face, |Program . . Program Program
§Region Bonded "STEM_VLV[23]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
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I

Region | Bange| SHNOLZ2A) ana | Faces | Program | supomac | symmeti | ure penaty |POSER | Pogrem
| negon | nanaea | BHCLT3 mna | P\ Promram | ot | symmetic | pure penaty | POIER P
Region | e | 'SLAPISOT 00| Fac: | Mot | tomatic | symmetic | ure penaty OISR |Proam

7.1.2. Mesh

»  “Mesh"(Figure AS,3) , associated with “Original Case” has an overall relevance of 0.
= "Mesh” contains 44906 nodes and 22605 elements.

No mesh controls specified.

7.2. "Natural Frequency"

*Natural Frequency* contains all loading conditions defined for “Original Case” In this scenario.

The following tables list local loads and supports applied to specific geometry.

7.2.1. Structural Supports

Table 7.2.1,1, Structural Supports

Name Type Associated Bodies
"Fixed Support" | Fixed Surface | "BODY{1]}"

7.3. "Solution”

*Solution" contains the calculated response for "Original Case” given loading conditions defined in *Natural Frequency”.

It was selected that the program would choose the solver used in this solution.

7.3.1. Frequency Results

Frequency results apply to all active badies in "Original Case®,

Table 7.3.1.1. First 6 Natural Frequencles

Name Figure | Mode | Frequency | Alert Criteria

“1st Frequency Mode In Range” | A6.1 1 94.03Hz |none

"2nd Frequency Mode In Range" | A6.2 97.64 Hz none

2
"3rd Frequency Mode In Range" |None 3 140.47 Hz | none
4 146.57 Hz {none

i *qth Frequency Mode In Range" | None




FSth Frequency Mode In Range® |None |S 150.2 Hz none

{ “6th Frequency Mode In Range” |None |6 164.59 Hz |none

* Convergence tracking not enabled.
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Al. Scenario 1 Figures.
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A2. Scenario 2 Figures

iFigure A2.1. “Eguivalent Stress" Contours
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A3. Scenario 3 Figures
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fFlgure A4.1, "Geometry” Geometry
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A5. Scenario 5 Figures

Figure AS5.1. "Equlvalent Stress” Contours
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A6. Scenario 6 Figures
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Figure A6.1
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A7. Definition of "Structural Steej"

Table A7.1. "Structural Steel” Properties

Name Type Value
Modulus of Elasticity Temperature-Independent | 2.9x10 psi
Poisson's Ratio Temperature-Independent | 0.3

Mass Density Temperature-Independent | 0.28 tbm/in?

Coefficient of Thermal Expansion

Temperature-1Independent

6.67x10° 1/°F

Thermal Conductivity

Temperature-Independent

8.09x10™ BTU/s+in-°F

Specific Heat

Temperature-Independent

0.1 BTU/lbm-°F

A8. Definition

of "cover"

Table AB.1. "cover” Properties

MName Type Value
Modulus of Elasticity Temperature-Independent | 2.9x107 psi
!l Poisson's Ratio Temperature-Independent § 0.3
! Mass Density Temperature-Independent | 0.28 Ibm/in3

Coefficient of Thermal Expansion

g o g v

Temperature-lndependent

6.67x10°% 1/°F

{ Thermal Conductivity

Temperature-Independent

8.09x10™ BTU/s-in-°F

; Specific Heat

| Temperature-Independent

0.1 BTU/lbm-°F
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AS. Definition of "bonnet lump"

Table A9.1. "bonnet lump" Properties

Name e - Type . Value
Modulus of Elasticity Temperature-Independent | 2.9x 10 psi
Poisson's Ratio Temperature-Independent | 0.3

Mass Density Temperature-Independent { 0.41 Ibm/in3

Coefficient of Thermal Expansion

Temperature-Independent

6.67x10 1/°F

Thermal Conductivity

Temperature-Independent

£.09%10™ BTU/s:In-°F

I
i

0.1 BTU/Ibm:-°F

{ Specific Heat

Temperature-Independent

A10. Definition of "bevel

lump™

Table A10.1. "bevel lump"” Properties

Name Type Value
Modulus of Elasticity Temperature-Independent | 2.9x107 psi
Poisson's Ratio Temperature-Independent | 0.3

Mass Denslty Temperature-Independent | 0.3 lbm/in3

Coefficient of Thermal Expansion

Temperature-Independent

6.67x10¢ 1/°F

Thermal Conductivity

Temperature-Independent

8.09x10™* BTU/s-in-°F

Specific Heat

Temperature-Independent

0.1 BTU/Ibm-°F

Al1l. Definition of "spur lump"

Table A11.1. "spur lump" Properties

Name Type Value
Modulus of Elasticity Température-lndependent 2.9%107 psi
Poisson's Ratio Temperature-Independent { 0.3

Mass Density Temperature-Independent | 0.3 Ibm/in2

§ Coefficient of Thermal Expansion

Temperature-Independent

6.67x10° 1/°F

g ——

; Thermal Conductivity ™ =~

Termperatire-Indépendent

8.09%10™ BTU/sin°F |

1
r Specific Heat

Temperature-Independent

0.1 BTU/Ibm-°F
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