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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 is in 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. 78.183. Tt 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 invelved
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.

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 extremely conservative for portions lower on the structure such as the yoke
legs and body; even sq, stress is shown to be low in these structures.

Section 1.1 provides an overview of results. It is concluded that the proposed modification
would significantly increase the topworks natural frequency and reduce deflections such that the

~~possibility of fatigiie damage and frétting contact is tediiced. In addition, it is demonstrated thatthe |

modified assembly can withstand the measured high cycle loading without experiencing fatigue
damage. 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 111
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 11l Code Appendix I1I).




o REPORT NO.: RAL-7482
FLOWSERVE REV. 0 DATE: 10/26/2004
St PAGE 4
Flow Control Division Releigh, NC
1.1 SUMMARY
Description Value Limit Criteria
(original/modified)
Natural Frequency [Hz] First: 60.5/92. > 90 Hz
‘ Second: 62.2 /131,
Peak Acceleration Response Gy: 1197036, N/A
[g's] Guy: 119/11.0
Guz: 11417137
Stress Range in Topworks (Conservative), 6.0/2. D125
other than bolting [ksi] (re fig. 1-9.2)
Capscrew Stress Range [ksi) 5.42515.68 20,
(re fig.1-9.1)
Deflection at Top [in] 6.95/0.33 '

Other Conclusions:

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

of the struts for maximum strength.

e 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.
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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 (34) for One Bolt:

1. Sum of Moments about pivot = 0 yields:
« .
M = E:‘?F"X" K= nf2 - 1ainrisscieciccnsiacsinessesassssasssosans JS— 2.1
Total of

B Bolts

SR BOU . el G ARSI IR 1 Theust §T) oL
_ —_— )
A Xk ) | /I\;oment (M)
Top View Showing Typical Side View Showing Assumed Bolt

Bolt Pattern Defiections and Reaclion Forces
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Maximum Reaction Force Due to M: (Cont'd)
2. Applying Hooke's Law: S
F =  EA(5/L)
FyFy = (A5 A,6) = (AXDAXY .. reuststeneaestraersteretesens et ateresratenene 22
where A4;; = Boltarea = 24y forall iy
E = Young's Modulus
L = Bolt Length (All Assumed equal)
3. Maximum Moment Induced Bolt Force:
. A
Fx = M(AXI/ EIZX,’A Dervreessrssnssasessismsssssisssss st sansenseeses eeresessamsssesnnses 23
For a four-bolt flange with all bolt areas equal, this reduces to Fx = M/2X)).
Stress in Bolt:
o = FifApt TRPUSUNAR]  coeoerieereeresrcienessinnessessnessnnssssssesssestasssnstensns 2.5
T = Shear/[nAg] + 2*Torque/[NdAg]...ineccisrnrniniensssnsiesssinnassssanenss 2.6
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21 COVER CAPSCREWS ANALYSIS RESULTS (MODIFIED)

Top Works Data

Parameter Description Yalue Units Ref,
W Weight = 73. Ib Solid Model
Xy Vertical C.G. = 6.3 in Solid Model
Xu Horizontal C.G. = 1.1 In Solid Model
Gry Acceleration = 17.6 g’s Analysis
(resultant of horizontal values)
Gy Acceleration = 33 g’s Analysis

(resultant of horizontal values)

External Forces

Parameter Description Yalue Units
Vu Shear Force (WGgy) = 1285. b
Ty Thrust Force (WGgy) = 24.1 b
My Moment (WGryXy) = 8094, in-lb
On Torque (WGrnXH) = 1413. ~  in-lb

Bolting Properties
Yalue Units

n Number of Bolts = 8.
D Bolt Size = 25 -in
As Stress Area of One Bolt = 3.182E-2  in®
d Bolt Circle Diameter = 27.75 in
X Bolt Group 1 Pivot = 7.509 in
X, Bolt Group 2 Pivot = 18.13 in
X; Bolt Group 3 Pivot = 25.64 in

Bolting Statics Analysis Results g

Fy Max. Bolt Force From Moment = 99.54 b 23
Bolting Stress Analysis Results
Stress Description Value  Units  Ref,
T IR, SRR "BOlt AXiﬂ‘ U ey ...__.._43'223 R 'kSl - -._.....”2:5 o e e s
T Bolt Shear = 5.448 ksi 2.6
Saix Stress Intensity = 11.36 ksi
Sy Stress Range (Saue'2)’ = 5.68 ksi

! Since the capscrews experience tension only, it is appropriate to divide the resulting stress by two to
yield the appropriate alternating stress range for entering the design fatigue curve.
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22 COVER CAPSCREWS ANALYSIS RESULTS (ORIGINAL)
Top Worlis Data
irameter Description Value Units Ref,
/4 Weight = 65. Ib Solid Model
Xy Vertical C.G. = 6.0 in Solid Model
Xu Horizontal C.G. = 1.5 In Solid Model
Gry Acceleration = 16.5 g's Analysis
(resultant of horizontal values)
Grv Acceleration = 11.9 g's Analysis
(resultant of horizontal values)
External Forces
iption Value  Units
2% Shear Force (WGay) = 1073. 1b
Tw- Thrust Force (WGay) = 773.5 ib
My . Moment (WGrpXy) - = 6435, - in-lb
Ox Torque (WGruXH) = 1609. in-lb
Bolting Preperties :
Yalue Units
n Number of Bolts = 8.
D Bolt Size = 25 in
Ap Stress Area of One Bolt = 3.182E-2 in?
d Bolt Circle Diameter = 27.75 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
2 ipti Value Units  Ref
Fx Max. Bolt Force From Moment 79.14 b 23
Bolting Stress Analysis Results
c Bolt Axial 5.526 ksi 25
T Bolt Shear 4.671 ksi 26
r—— e em e .S“’-A;\.'... e . .Slress Intcnsity. e e n e s s e e .._...—..1 0.85 [N — .-ks_i_ e e et e » ¢ et b oo s
S, Stress Range (Sax/2)" = 5.425 ksi

! Since the capscrews experience tension only, it is appropriate to divide the resulting stress by two to

ricld the appropriate alternating stress range for entering the design fatigue curve.
Y ppIop B 5 g g
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ATTACHMENT 1
SKETCH OF

PROPOSED MODIFICATION
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FIND DESCRIPTION MATERIAL oTY

A PLATE (2 1 .315) - c.s. 2

B PLATE (2 1 .315) C.s. |

20.8

NOTE :

—] T-—-A.o

55° 2.0

I RC3D

SRS N m— 7/ U OO e cmiee e

MODIF ICATION INCLUDES REMOVAL OF THE HANDWHEEL (7 LBS),
HET ADDED WEIGHT COQUALS 3 -LBS.-

|

TOPWORKS MODIF ICATION
SIZE 12 CLASS 900 GATE VALVE
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ATTACHMENT 2

ANSYS SIMULATION REPORT




1. Summary

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 (12-900-FWNASMO001,ASM. 10"
= Considered the effect of body-to-body contact and structural supports.
s Calculated frequency results.
«  No convergence criteria defined.
»  No alert criteria defined.
»

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

Scenario 2
= Based on the Pro/ENGINEER® assembly *z:\home\rfarrell\31042 (12-900-FWNASMQO001 ASM, 10",
»  Considered the effect of body-to-body contact, acceleration and structural supports.
~®  Calculated harmonic results.
» No convergence criteria defined.
=  No alert criterla defined. ]
= See Scenario 2 below for supporting detalls and Appendix A2 for corresponding figures.

Scenario 3

= Based on the Pro/ENGINEER® assembly “z:\home\rfarrel\31042 -900-FWNASMO0

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

»  Calculated structura! results.

*  No convergence Criteria defined.

*  No alert criteria defined. )

= See Scenario 3 below for supporting details and Appendix A3 for corresponding figures.
Scenarlo 4

» Based on the Pro/ENGINEER® assembly *z;\ho arreli\31042 orig (12-900-FW)\A

* . Considered the effect of body-to-body contact and structural supports.

®  Calculated frequency results.

*  No convergence criteria defined.

»  No alert criteria defined.

* See Scenario 4 below for supporting detalls and Appendix A4 for corresponding figures.
Scenario 5

= Based on the Pro/ENGINEER® assembly “z:\home\rfarrell\31042 ori 2-900-FW)\ASM0001.A

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

* Calcuiated harmonic results. e e e s et e e e e mims 2 e am

* ° No convergencé criteria defined. ~

*  No alert criteria defined.

®  See Scenario 5 below for supporting detalls and Appendix AS for corresponding figures.
Scenario 6

=  Based on the Pro/ENGINEER® assembly *z:\home\rfarrell\31042 orig (12-900-FW)\ASM0001.ASM.10",

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

*  (Calculated structural results.

* No convergence criteria defined.

s No alert criteria defined.

a2

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



2. Scenaric 1
2.1. "Supported"”

*Supported"” obtains geometry from the Pro/ENGINEER® assembly "z:\home\rfarrel\31042 (12-900-FW)\ASMOO01.ASM.10",

s "HW[10])" was suppressed. Suppressed parts do not effect the results in this scenario in any way.

* The bounding box for all positioned bodies in the mode! measures 67.06 by 23.51 by 29.44 in along the global x, y and
z axes, respectively,

» The model has a total mass of 1,384.89 lbm.
»  The model has a total volume of 4,552.75 In3.

t9

Table 2.1.1. Bodies
{Name Material Bounding Box (in) | Mass (Ibm) | Volume (in3).| Nodes | Elements

*BODY([1)" IStructurgl Steel”117.0, 18.13, 18.13 |428.3 1,509.01 4776 {2446

"YOKE[2]" *Structural Steel”{ 23.0, 18.13, 18.13 | 208.06 733.06 3334 (1575

"GEARBOX[3]" *Structural Steel” ] 5.94, 23.5, 26.29 82.06 289.13 14598 |2241

"HWSTEM[4]" " ! 1”13.0, 3.0, 7.06 8.27 258.15 1138 |658

*IMPACTOR[?]" IStructural Steel® 16.25, 4.0, 2.0 4,93 17.36 680 316
"GEARBOXCOVER([13]" | “cover” 21,25, 23.51,23.,5 |73.34 258.41 7201 [3450
"BONNET_LUMP[23]" |‘bonnel - 6.0, 13.5, 13.5 1320.14 .1 829.38 1431 {260

"GEAR_LUMP[31]" *gear " 1.5, 20,58, 20.58 147.53 491.78 904 |117

"STEM[35]" *Structural /*150.5, 5.49, 6.35 61.96 218.29 981 446

*RHNO17[46]" 2Structural Steel” 1 0.64, 1.3, 1.3 0.12 0.42 2469 1407

YRHNO17[50]" 2Structural Steel” 1 0.64, 1.3, 1.3 0.12 0.42 2469 |1407

"RHNDO2[51]" *Structural Steel” 1 0.64, 1.69, 1.62 0.12 0.42 3920 .| 2238

*CLAMP[171]" "Structural Steel” | 2.5, 9.69, 23.5 24,97 87.98 1326 1684

"CLAMP[175]" *Structural Steel” | 2.5, 9.69, 23.5 | 24.97 87.98 1326 (684

Table 2.1.2, Body Grouplngs

Name I Body Names l_llg_u_n_dlug_@_gn (lnﬂ Mass (Ibmﬂ Volume (in3) 1 Nodes I Elements

2.1.1. Contact

- - -8 "Contact” uses-a tolerance of 0.0 for automatic detection; — ~— =TT T s e e T osTmres e mmmmmmmem ot

Table 2.1.1.1, Contact Conditions

Name Typt; l Associated Bodies Scope 28;;::;5 lsvl?dpee Behavior | Formulation Z:ﬁ:i’l?s:ance z:ngbizlr:
r

Region~ | B90sd [ egop . Face | Controllea | Automatic | symmetric | pure penaity | S80I, | COREIL
;‘;"’?“’“ "BONNET_LUMP[23]" |Face, |Program . . Program Program
zng/on Bonded and "BODY[1]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled




“Contact .

N *GEARBOX[3]" and Face, {Program . Program Program
§;glon Bonded YYOKE{2]" Face Controlled Automatic | Symmetric | Pure Penalty Controlied Controlled
“Contact )

. "HWSTEM[4]" and Face, |[Program ; . Program Program
Region | Bonded | Geargoxy3)” Face |Controlled | AUtomMatic | Symmetric|Pure Penalty | broneq | controlled
;ior_;t‘,a,ct aondglg "GEARBOXCOVER[13]" | Face, | Program Automatic | Symmetric | Pure Penalty | Frogram’ -« Program
5,.9'0 and "GEARBOX[3]" Face Controlied Y e Fenally | controlled Controlled
*Contact

, *GEAR_LUMP[31]" and { Face, |Program . Program Program
gggron m' *GEARBOX(3]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
;(;or;ct’zct Bonded IMPACTOR{7]" and Face, |Program | tomatic | S mmetric | Pure Penalt Program Program
g “HWSTEM[4]* | Face | Controlled Y Y | Controlled Controlled
*Contact :

. h XSTEM[35]" and .| Face, |Program . . . ) Program Program
Region | Bonded | GraRBOXCOVER[13]* | Face | Contralled | AVtomatic | Symmetric | Pure Penalty | conrglieq | Controlled
“Contact

*"STEM[35]" and Face, |Program Program Program
fg&’"”’ Bonded *BONNET_LUMP[23]" {Face Controlied Auton?atic Symmetric | Pure Penalty Controlled Controlled
*Contact

“*STEM[35]" and Face, |Program . Program Program
Reglon | Bonded | uggap 1UMP[31]"  |Face |Controlled | AUtomatic | Symmetric) Pure Penalty | conrgjies | controlled
"Contact . :

. "RHN017[46]" and Face Program s Program Program
f;?"’” Bonded "STEM[35]" Face‘ Controlled Automatic } Symmetric | Pure Penalty Controlled Controlled
“Contact ‘

N “RHN017[50]" and Face, {Program . Program Program
Region | Bonded | vrppy35]+ Face |Controlled | Automatic | Symmetric{Pure Penalty Jconiroied | Controlled
"Contact

; "RHN002[51]" and Face Program : . Program Program
Region | Bonded | wgrepr3s)» Face | Controlled | AUtomatic | Symmetric f Pure Penalty | contrglieq | controlied
*Contact

YCLAMP[171]" and Face, |Program . . Program Program
Region 1Bended { waopyy 1) Face |Controlled | Automatic | Symmetric | Pure Penalty {conegied | Controlied
*Contact - .

. "CLAMP[175]" and Face, |Program Program Program
’;g‘.”"” Bonded "BODY[1]" Facel Controlled Automatic | Symmetric { Pure Penalty Controlled Controlled
"Contact y .

. "CLAMP[171]" and Face, |Program . Program Program
?gglon Bonded *YOKE[2]" Face Controlled Automatic | Symmetric | Pure Penalty Controlied Controlied
“Contact ‘ '

N "CLAMP[175]" and Face, |Program | . . } Program Program

- I;gglon - m- "YOKE[2]" .......... -.|Face ..]Controlled- Automatic | Symmetric } Pure Penalty_ Controlied-—--{ Controlled-
;c;or;gzct Bonded .CLAMP[175]" and Face, |Program Automatic | Symmetric | Pure Penal Program Program
pet =L scLamP171)" Face |Controlled ymmetnic Y lcontrolled | Controlled

2.1.2. Mesh

"Mesh"(Figure Al1.3) , assoclated with "Supported” has an overall relevance of 0.
“Mesh" contains 36553 nodes and 17929 elements.

No mesh controls specified.



2.2. "Natural Frequency"

"Natural Frequency" contains all loading conditions defined for *Supported” in this scenario.

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

2.2.1. Structural Supports

Table 2.2.1.1. Structural Supports

Name Type Assoclated Bodies

*Fixed Support” | Fixed Surface | “BODY[1]*

2.3. "Solution" - o Sy

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

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

2.3.1. Frequency Results

Frequency results apply to all active bodies in "Supported”.

Table 2.3.1.1. First 6 Natural Frequencles

Name Figure { Mode | Frequency | Alert Criteria

*1st Frequency Mode In Range” {Al.4 92,12 Hz none

*2nd Frequency Mode In Range" { A1,5 130.66 Hz |none

*3rd Frequency Mode In Range” | None 162.82 Hz ]none

"4th Frequency Mode In Range” { None 230.28 Hz | none

"5th Frequency Mode In Range® | None 234.61 Hz |none

| |jWIN] -

280.48 Hz |none

*6th Frequency Mode In Range" | None

®  Convergence tracking not enabled. ' !
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3.1. "Supported"

Scenario 2

“Supported” obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarrell\31042 (12-900-FW)\ASM0O001.ASM.10",

»  "HW[10]* was suppressed. Suppressed parts do not effect the results in this scenario in any way.

z axes, respectively.

»  The bounding box for all positioned bodies In the model measures 67.06 by 23.51 by 29.44 in along the glabal x, y and

*»  The model has a total mass of 1,384.89 Ibm.
»  The model has a total volume of 4,552.75 in3,

Table 3.1.1. Bodies .
Name Materlal Bounding Box (in) | Mass (Ibm) | Volume (in3) | Nodes | Elements
“BODY[1]" MStructural Steel”|17.0, 18,13, 18.13 |428.3 1,509.01 4776 | 2446
“YOKE[2]" 2Structural Steel® | 23.0, 18,13, 18.13 | 208,06 733.06 3334 | 1575
*GEARBOX[3)" ol ! 1*]5.94, 23.5, 26.29 82,06 289.13 4598 | 2241
*HWSTEM[4]" IStructural Steel” | 3.0, 3.0, 7.06 8.27 29.15 1138 {658
“IMPACTOR[7]" *Structural Steel* | 6.25, 4.0, 2.0 4,93 17.36 680 316
*GEARBOXCOVER[13]" | *cover” 21.25, 23,51, 23,5 173.34 258.41 "17201 | 3450
*BONNET_LUMP[23]" | %bonn mp* 6.0, 13.5,13.5 320.14 829.38 1431 |260
"GEAR_LUMP(31]" raear lump”® 1.5, 20.58, 20.58 147.53 491,78 904 117
*STEM[35]" IStructural Steel” | 50.5, 5.49, 6.35 61.96 218.29 981 446
*RHNO17[46]" XStructural Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 1407
*RHNO17[50]" 2Structural Steel” | 0.64, 1.3, 1.3 0.12 0.42 2469 | 1407
*RHNDO2[51]" 2Structural Steel” 1 0.64, 1.69, 1.62 0.12 0.42 3920 |2238
“CLAMP[171]" rStructural Steel* | 2.5, 9.69, 23.5 24.97 87.98 1326 '|6B4
"CLAMP[175]" "Structural Steel” | 2.5, 9.69, 23.5 24,97 87.98 1326 | 684
Table 3.1.2. Body Groupings
Namej Body Names IEQ_Eﬂ.d_LDg_B_Qx (in) lMass (lbm) | Volume (in2?) J Nodes | Elements
3.1.1. Contact
*  "Contact" uses a tolerance of 0.0 for automatic detection.
Table 3.1.1.1. Contact Conditions
Y - Nermal | Sco'pcv Tharmal Pinkall
Name Type |Assoclated Bodies Scope Stiffness | Mode Dehavior | Formulation Conductance | Region
"Contact "YOKE[2]" and ‘Face, |Program . ' Program Program
Region” Bonded *BODY[1)" Face Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact "BONNET_LUMP[23]" |Face, |Program . . Program Program
Region Bonded and "80ODY[1]" 4 Face ] Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled




L

‘z
Region | Bandeq | SEAEONAI" e \fece | Pogremn | ot | ymmet | pure penaty |2, |Eoirom
é(:e-;?‘:f,d Bonded :g?;ifg){g}f”d Eggz' 2’; On%';‘;’)'l'!r’e 4 | Automatic | Symmetric | Pure Penalty E;ongt:zﬁled g:?n%:z;&d
é‘;‘;’;ﬁi“ ond ;ﬁgﬁ’éﬁzgg;?][fﬂ ) Egzg' f:?n%rrm d Automatic [ Symmetric Pure Penalty Egongtrrzll.;:ad Egon%:zﬂld
cegon o | GENTGEAETET > | o | EORER e | symmete | e pecty | ZSREL, - (EET
Region | Bongeq | PACTORETand | Focer ot | tomatic | symmetc | pure enaty [P |Poarom
fevor e ‘GBS e |2 st | symmeti e penty |ESE, (B
Regon | Banda | ST o0 | P | Pttt | syt e penay | B \PE
vegon | pantes| SRS 0 (1 |Progm | st syt pre sty |8 P
é%;r;otzd Bonded :g};ggggf ]" and ;:2:" E‘;%gt;imd: Automatic | Symmetric | Pure Penalty (P:l;ongt:gmd E?n%:zmd
ég;rigzct Bonded :}52;—{2’,3;37515? J* and E-:E:' E‘;Or?tgﬂ; 4 | Automatic | Symmetric { Pure Penalty "(D:l;ongt:irl?ed Ezor?t;?)“]ed
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3.1.2. Mesh

"Mesh"(Figure Al.3) , associated with “Supported"” has an overall relevance of 0.
"Mesh" contains 36553 nodes and 17929 elements.




No mesh controls specified.

3.2. "Frequency Response”

“Frequency Response” contains all loading conditio;’\s defined for “Supported” In this scenario.
Acceleratioﬁ - Constant Linear Acceleration

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

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

3.2.1. Structural Supports

Table 3.2.1.1. Structural Supports

Name Type Associated Bodles

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

3.3. "Solution™

*Salution” contains the calculated response for "Supported” glven loading conditions defined In "Frequency Response”.

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

3.3.1. Harmonic Results

Table 3.3.1.1. Definition

Range Range : Cluster Cluster Damping Beta
Minimum Maximum Solution Method Number Results Ratio Damplng
Mode
0.0 250.0 Superposition 15 Yes 0.03 ' 0.0
Table 3.3.1.2, Frequency Response Values
| Frequency | Phase Real ut Imuginary
Name | Type Scone Multiple | Minimum | Moximum | Maximum at Max Angle ot Max o Mox
0pe Entitics | Frequency | Frequenty | Amplitude Amalitude Max Amalitide | Amalitud
o) e d e Y 2TPEYTE ) Ampligude | TTRE0E TR )
~ Birectional
top lornti Surface{s) on Use - ° . o
axial” Ix\t;;;:ruhon, "GEARBOXCOVER]IZ)" | Avernge D.0Hz 250.0Mz 136.6%in/s 237.194:z 14.48 132.35infst { 34.17in/s
" Directional
120 - Surfore(s) on Use _y o . .
beam” i(;:::m!mn, "EARsOXCovER/13)" | Average 0.0Hz 250.0tz 4,201.8%in/s* 192.21z -11.93 -141.37infs? | -4,199.5%in/s?
Directional ,
"1ap . Surface(s) on Use . ° ) y
fome" Q:A(:!:mlmn, "CELRIOXCOVERILS)" | Average 0.0Hz 250.00: 5,240.92in/s? | 130.85Hz . -94.06 -3N.33infs? | -5227.75infs?
‘. "bose | Direttiona! 1| Surloce(s)on Use 0.04z 25000z { M3.2linfs?  § 235.08H2 27.5° 127.43infs? | 65.3din/s?
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{ oxial” Acceleration, | “GEARBOXCOVER(1I]” | Average
X Axis
“base Direclionql Surface(s) on Use .
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4. Scenario 3

4.1. "Supported”

*Supported” obtains geometry from the Pro/ENGINEER® assembly “"z:\home\rfarrel\31042 (12-900-FW)\ASM0001.ASM.10".

z axes, respectively.
The model has a total mass of 1,384.89 lbm.
The model has a total volume of 4,552.75 in3.

*HW[10]* 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 67.06 by 23.51 by 29.44 in along the global x, y and
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Table 4.1.1. Bodies . ,
Name Materlal 1 Bounding Box (in) | Mass (Ibm) | Volume (In3) | Nodes | Elements
“BODY[1]" Structural Steel” 117.0, 18.13, 18.13 428.3 1,509.01 4776 12446
"YOKE[2]" rStryctural Steel” 123.0, 18.13, 18,13 |208.06 733.06 3334 | 1575
"GEARBOX[3]" ’ ! ¥ 15.94, 23.5, 26.29 B82.06 289.13 4598 |2241
“HWSTEM[4]" rStr *13.0, 3.0, 7.06 8.27 29.15 1138 | 658
"IMPACTOR[7]" "Structural Steel” | 6,25, 4.0, 2.0 4.93 17.36 680 316
"GEARBOXCOVER[13]" | *cover” 21,25, 23,51, 23,5 |73.34 258.41 7201 }3450
"BONNET_LUMP[23]" {'bonnet lump” 6.0, 13.5, 13.5 320.14 829.38 1431 ] 260
“GEAR_LUMP[31]" { "gear lump” 1.5, 20.58, 20.58 147.53 491,78 904 117
"STEM[35]" rStryctural Steel” 1 50.5, 5.49, 6.35 61.96 218.29 981 446
"RHNO17[46]" *Structural Steel” 10.64, 1.3, 1.3 0.12 0.42 2469 | 1407
*RHNO017(50]" - Structural Steel” 10.64, 1.3, 1.3 0.12 0.42 2469 | 1407
"RHNOO2[51]" Istructural Steel” | 0.64, 1.69, 1.62 0.12 0.42 3920 |[2238
"CLAMP[171]" " ! *12.5,9.69, 23.5 24,97 87.98 1326 684
*"CLAMP[175]" “Structural Steel” 2.5, 9.69, 23.5 - |24.97 87.98 1326 | 684
Table 4.1.2. Body Groupings
Name1 Body Names l Bounding Box (In) | Mass (1bm) ]Volume (in3) | Nodes | Elements
4.1.1. Contact
= "Contact” uses a tolerance of 0.0 for automatic detection.
Table 4.1.1.1, Contact Conditions
4 s P Mormal |Scope . Thermal Pinbzli
Mame |Type ]Assoclated Bodles Scope Stiffness | Mode Behavior | Formulation Conductance | Region
“Contact "YOKE[2]" and Face, |Program . . *| Program Program
Region” Bonded *"BODY[1]" Face |Controlled Automatic | Symmetric | Pure Penalty - Controlled Controlled
“Contact "BONNET_LUMP[23)" |Face, |Program . : . Program Program
Region Bonded and "BODY([1]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlled Controllzd
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20'
"Contact " :

. GEARBOX([3]" and Face, |Program . . Program Program
gsg:on Bonded “YOKE[2]" Face | Controlled { AUtomatic | Symmetric | Pure Penalty | ot 0y Controlled
“Contact

"HWSTEM[4]" and Face, |]Program ; Program Program
Ijsglon Bonded “GEARBOX[3]" Face {Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
;(éo?cfzd Bonded “GEARBOXCOVER(13]" | Face, }Program Automatic | Symmetric | Pure Penalt Program Program
5,,g and "GEARBOX[3]" Face | Controlled 14 Y | controlled .| Controlled
;io%.ra?ct Bonded (GEAR_LUMP[31]" and | Face, |Program |, ;maic |5 mmetric | Pure Penalty | Pro9ram Program
P *GEARBOX[3]" Face |Controlled 14 €naty | controlled Controlled
“Contact

y *IMPACTOR[7]" and Face, |Program . Program Program
};sglon Bonded *HWSTEM[4]" Face |Controlled Automatic | Symmetric } Pure Penalty Controlled | Controlled
"Contact

h "STEM[35]" and Face, |Program : Program Program
Region | Bonded |« ARBOXCOVER[13]" | Face | Controlied | Automatic  Symmetric | Pure Penalty J controled | Controlied
“Contact .

h *STEM[35]" and Face, |Program . Program Program
Region | Banded | wpoNNET_LUMPL23]" | Face | Contralied | AUtomatic | Symmetric | Pure Penalty | conrrolied | controlled
“Contact .

"STEM[35]" and Face, {|Program : Program Program
ff?"’” onde *"GEAR_LUMP[31]" Face | Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact

*RHNO17[46]" and Face, |Program . Program Program
Region | Bonded }wsreyy35)- Face |Controlled | Automatic | Symmetric | Pure Penalty | conirgiied | Controlled
;Céori;;,a,ct Bonded "RHNO17[50]" and Face, |Program Automatic | symmetric | pure Penaity Program i:’rogram
P *STEM[35)" Face |Controlled | "' Y Controlled | Controlied
"Contact .

. *RHN0O02[51]" and Face, {Program : Program Program
Region | Bended  vgreyr35)+ Face |Controlied | AUtomatic | Symmetric | Pure Penalty | contrgied | Controfled
*Contact

; "CLAMP[171]" and Face, |Program . . Program Program
?;&"m Bonded | .55nyrs 7 Face |Controlled | Automatic | Symmetric } Pure Penalty |~ fveotied | Controlled
"Contact

. "CLAMP[175]" and Face, |Program " . Program Program
?g{non Bonded *BODY[1]" Face' Controlied Automatic | Symmetric | Pure Penalty Controlled Controlled
“Contact ’ :

. *CLAMP[171]" and Face, |Program S . Program Program
l;gglon Bonded *YOKE[2)]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
“Contact e I DR U RN [SIUUNRUPRIEN DRRIPIUPS RSP S
e e | "CLAMPL175)" and Face, | Program . . Program Program
Izzgg:on Bonded "YOKE[2]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact

, *CLAMP[175]" and | Face, {Program . Program Program
gt;gron Bonded "CLAMP[171]" Face . { Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled

4.1.2. Mesh

*Mesh"(Figure A1.3), associated with "Supported” has an overall relevance of 0.
*Mesh" contains 36553 nodes and 17929 elements.
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Mo mesh controls specified.

4.2, "Stress Analysis”

“Stress Analysis® contains all loading conditions defined for "Supported” in this scenario.
- acceleration - Constant Linear Acceleration

=  Magnitude: 6,795.01 in/s?
=  Vector: {140.0 in/s2 x, 4,250.0 in/s? y, 5,300.0 in/s? 2] in the global coordinate system

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 ;(:f:etlon s::tc::'on Force - :{4?"‘:2:: Reaction Marhent Vector 222?:;atEd
11466.53 Ibf x, [-3,525.13 Ibf-in x,
“Fixed Fixed 23,909.18 Ibf 13,995.93 Ibfy, 558,742.2 Ibf:in 453,730.2 Ibfeiny, - "BODY[1]*
Support” {Surface j(not updated) |19,378.99 Ibfz] (not (not updated) 1326,051.11 Ibf-in 2] (not ‘
updated) updated)
11 H "
4.3. "Solution
*Solution” contains the calculated response for *Supported” give.n loading conditions defined in “Stress Analysis”,
It was selected that the program would choose the solver used in this solution.
4.3.1. Structural Results
Table 4.3.1.1, Values
Name Figure | Scope j Minimum ] Maximum J Alert Criteria

¥ Equivalent Stress" { A3.1 ]All Bodies In "Supported"] 0.65 psl (not updated) l 8,911.19 psi {(not updated) ] None

"Total Deformation” | A3.2 ]AII Bodies In “Supported” l 0.0 in (not updated) l3.27><10'z in (not updated) | None

=  Convergence tracking not enabled.




5. Scenario 4
5.1. "Original”

"Original" obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarrell\31042 orig {12-900-FW)\ASM0001.ASM.10",
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s The bounding box for all positioned badies In the model measures 67.06 by 23.5 by 29.44 in along the global %, y and z
axes, respectively,

=  The model has a total mass of 1,290.51 Ibm.
= The model has a total volume of 4,546.8 in3., *

Table 5.1.1, Bodies

Name Material Bounding Box (in) | Mass (Ibm) | Volume (in?) | Nodes | Elements
"BODY[1]" "Structural Steel” 117.0, 18.13, 18.13 |{428.3 1,509.01 4763 {2435
*YOKE[2]" "Structural Steel”123.0, 18.13, 18.13 | 208.06 733.06 3341 |1580
*GEARBOX([3]" "Structural Steel® 15.94, 23.5, 26.29 82.06 289.13 4615 [2252
*HWSTEM[4]" ZStructural Steel” 1 3.0, 3.0, 7.06 8.27 29.15 1138 |658
“IMPACTOR[7]" 2Structural Steel” | 6.25, 4.0, 2.0 4.93 12.36 680 |316
*HwW[10]" IStructural Steel® } 12.0, 12.0, 1.05 6.98 24.59 8196 4369
*GEARBOXCOVER[13]" | IStructural Steel” | 21,25, 23.5, 23.5 64.68 227.87 7266 3456
*BONNET_LUMP[23]" 1 Structural Steel"{6.0, 13.5, 13.5 235.4 825.38 1431 |260
*GEAR_LUMP[31]" Structural Steel” ] 1.5, 20.58, 20.58 139.58 491.78 904 117
*STEM[35]* "Structural Steel” | 50.5, 5.49, 6.35 61.96 218.29 964 ° 1433
*RHNO17[46]" "Str [ 1"10.64, 1.3, 1.3 0.12 0.42 2469 11407
*RHNO17[50]" Structural Steel” | 0.64, 1.3, 1.3 ~ 0.12 0.42 2469 11407
"RHN002[51]" "Structu ["]0.64, 1.69, 1.62 0.12 0.42 3920 |2238
"CLAMP[171]* "Structura! Steel" | 2.5, 9.69, 23.5 24,97 87.98 1326 |684
*CLAMP[175]" "Structural Steel” | 2.5, 9.69, 23.5 24,97 87.98 1326 |684

Table 5.1.2, Body Groupings

Name I Body Names Iﬁq_ung_lng_ﬂ_gz (in) l Mass (lbm) | Volume (in3) l Nodes | Elements

5.1.1 :_Eplnt.act N

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

Table 5.1.1.1. Contact Conditions

- Normal |Scope Thermal Pinball
Mame |[Type |Assoclated Bodies Scope Stiffness | Mode Behavior | Formulation Conductance | Region
“Contact "YOKE[2]" and Face, |Program |, . . Program Program
Region® Bonded "8ODY[1]" Face {Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact “BONNET_LUMP{23]" |Fface, |[Program . Program Program
Region Bonded and "BODY[1]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controtled




20

M2

é?;?ézd Bonded :gLO%F)I,I[DﬁZ” " and FF::EZ' E:':'zgt‘;aa;lr:ed Automatic | Symmetric | Pure Penalty 2‘;‘:&;2“; g Egon%;f;ﬁl d
Region | Bandea | LAMPLAZST"ond | Face, | Proaram | i | symmetic | pure penaty | FEATOT,  |Frooram
E:;;%Zd Bonded :ggﬂgfz?{”] “and g:zz’ gongt:z;&di Automatic | Symmetric | Pure Penalty Egongtz:f:ﬁ; 4 PCL o led
e Bandea| Stz ons |z |rrarom | sunomate | symmerc | e enaty | PSR, |Fogrem
Repon|panta | SOIPIZST" o0 |Eoc | g romate | symmete e penaty P9 |
e |t | AT 200 | | oot syment o pnsy | SEER, {228
Reglon | Baneq | SEARAOXCOUERIIAI" | Face, | Proga | auomatc | symmerc | pure enaty 2T, |Eroen
é%:%?ggct Bonded :gaggélj(ﬁgfl] "and ::z:' '(D:Longtigzlr;d Automatic | Symmetric P{:re Penalty 2‘:“9&2:}; d E?r?t‘;_zm 4
Region | Rons | SAPACTOREZ"ond - |Eocer | Progrom | omatc | symmerc pure penty SER - |Erogr
;Coqtact *HW([10]" and Face, |Program Program Program
lczzglon Bonded *IMPACTOR[7]" Face | Controlled Automatic Symmetrl:? Pure Penalty Controlled Controlled
Region | Bandes | 'STEMEST a0, |Fece P | automatc | symmetc | pure penaty 208N |
cegion | eantea| STEUIET o0 \Eace | PR oukomatc | symmete | pure penaty | P2, PR
cegon | pance | AT (2 | ot | symmere | ere sty | SRR |P
Regon | bange | HNCIZLAST a0 \Focr | o | omaic | symmerc | pure peaty | P2 \Foaem
Region | Baadid | RANOIZL301"and ™| Foce” | Prograi i | Symerc | e ety | F0E TR
Region | Bandeg | VMO an0 | Foce | Brogam | ot symmetic| pure penaty | P3P
Regon | pacasa| 'SUEEIZER o0 |Foces | Mo oot | symmete | rure penty (P09 |Foae

5.1.2. Mesh
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= *Mesh"(Figure A4,3), assoclated with "Original” has an overall relevante of 0,
e *pfash” contains 44808 nodes and 22298 elernents.

No mesh controls specified.

5.2. "Natural Frequency"

"Natural Frequency” contains all loading conditions defined for "Original” in this scenario,

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 Bodies . ) N

"Fixed Support" { Fixed Surface | "BODY[1]*

5.3. "Solution"

*Solution” contalns the calculated response for “Original” given loading conditlons defined In “Natural Frequency™.

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

5.3.1. Frequency Results

Frequency results apply to all active bodies In "Original”.

Table 5,3.1.1. First 6 Natural Frequencles

Name : Figure § Mode | Frequency | Alert Criteria

*1st Frequency Mode In Range” |[Ad4.4 1 60.49 Hz none - )
*2nd Frequency Mode In Range" | A4.5 2 62.24 Hz none

*3rd Frequency Mode In Range® |None {3 116.15 Hz jnone

"4th Frequency Mode In Range” |None {4 133,57 Hz {none

“Sth Frequency Mode In Range” | None {5 151.4 Hz none

"6th Frequency Mode In Range” | None 6 182.39 Hz | none

o 'CBrii'-e'r'géncé trackin§ nat enabled.




6. Scenario 5

6.1. "Original”

*Original” obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarreli\31042 orig (12-900-FWN\ASM0001.ASM.10",

®  The pounding box for all positioned bodies in the model measures 67.06 by 23.5 by 29.44 in along the global x, y and z
axes, respectively.

*  The model has a total mass of 1,290.51 lbm.
*  The mode! has a total volume of 4,546.8 in3.

Table 6.1.1. Bodies
{ Name ¥ Material Bounding Box (in) | Mass (lbm) | Volume (in3)'| Modes | Elements
*BODY[1]" !Structural Steel117.0, 18.13, 18.13 [428.3 1,509.01 4763 |2435
“YOKE[2]" “Structural Steel® | 23.0, 18.13, 18.13 | 208.06 733.06 3341 | 1580
“GEARBOX([3]" ¥Str ral 1" ]15.94, 23.5, 26.29 82.06 289.13 4615 |2252
"HWSTEM[4]" i’ | Steel” 3.0, 3.0, 7.06 8.27 29.15 1138 {658
*IMPACTOR[7]" Structural Steel” 1 6.25, 4.0, 2.0 4,93 17.36 680 316
“HW[10}]" i’ ! /" 112.0, 12,0, 1.05 6.98 24.59 B196 |4369
“GEARBOXCOVER[13]" ]! ra! 1% 121.25, 23.5, 23.5 64.68 227.87 7266 [3456
"BONNET_LUMP[23]" |Z. ! {"16.0, 13.5,13.5 235.4 829.38 1431 | 260
“GEAR_LUMP[31]" i’ ! ~11.5, 20.58, 20.58 ° | 139,58 491,78 904 117
“STEM[35]" 'Structu. "150.5, 5.49, 6.35 61.96 1218.29 964 433
“RHNO17[46]" Structural Steel” 1 0.64, 1.3, 1.3 0.12 0.42 2469 11407
“RHNO017[50]" v / »10.64, 1.3, 1.3 0.12 0.42 2469 1407
“"RHNOO2[51]" *Str ! 1" 10.64, 1.69, 1.62 0.12 0.42 3920 |2238
“CLAMP[171]" rStru ! I"*|2.5, 9.69, 23.5 24,97 87.98 1326 684
"CLAMP[175]" *Structural Steel” | 2.5, 9,69, 23.5 24.97 87.98 1326 |684
Table 6.1.2. Body Groupings
Name I Body Nameq Bounding Box (in) IMass‘(lbm) Volume (in?) |Nodes I Elements
6.1.1. Contact e
®»  “Contact" uses a tolerance of 0.0 for automatic detection.
Table 6.1.1.1, Contact Conditions .
Normal | Scope Thermal Pinball
Mame |[Type |Associated Bodies Scope Stiffness | Mode Behavior | Farmulation Conductance | Reglon
*Contact “YOKE[2]" and Face, |Program . . Program Program
Region” Bonded r8ooY{1]" Face |[Controlied Automatic | Symmetric | Pure Penalty Controtled Controlled
"Contact “BONNET_LUMP[23]* |Face, |Program . . Program Program
Region Bonded and "BODY[1]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlied Controlled
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| pn
j2"
¢
*Contact

“CLAMP[171]" and Face, |Program . - Program Program
gsgion Bonded "80DY[1]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
"Contact

"CLAMP[175]"* and Face, |Program . . Program Program
§fglon Bonded “80DY[1]" Face | Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
*Contact . 1

h "GEARBOX[3]" and Face, |Program . . Program Program
gsglon Bonded "YOKE([2]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
*Contact .

. *CLAMP[171]" and Face, |Program R Program Program
ggg:on ond *YOKE[2]" Face Controlled Automatic | Symmetric | Pure Penalty Controlied Controlled

: ;C;o7£2Ct Bonded "CLAMP[175]" and Face, }Srogram Automatic | Symmetric | Pure Penalt Program Program
7.9 "YOKE[2]" Face |Controlled Y Y | Controlled Controlled
;?Iiigia Bonded "HWSTEM[4]" and Face, |Program Automatic | Symmetric | Pure Penalt Program Program
8.,9 “"GEARBOX[3]" Face Controlled ¥ Y | controlied Controlled
;(;or;;zct Bond '! "GEARBOXCOVER[13]" | Face, Frogram Automatic | Symmetric | pure penalt Program Program
9.,9 and *GEARBOX[3]" Face | Controlled 4 Y {controlled "~ [ Controtled
*Contact

. ‘ on | "GEAR_LUMP[31])" and {Face, {Program . Program Program
l;gg:on nde “GEARBOX([3]" Face | Controlled Automatic { Symmetric | Pure Penalty Controlled Contralled
*Contact i ;

"IMPACTOR([7]" and Face, |]Program . Program Program
Region Bonded | wywsTEM74)" Face |Controlled | Automatic | Symmetric | Pure Penalty | eof-ohed | controlled
*Contact

"HW[10)" and Face, |Program Program Program
f;%”"” Bonded "IMPACTOR[7]" Face Controlled Agtomatlc Symmetric | Pure Penalty Controlled Controlled
"Contact :

*STEM[35]" and Face, |Program | . . Program Program
Reglon | Bonded | «craRROXCOVER[13]" | Face | Controlied | Automatic § Symmetric | Pure Penalty |eonirglies | Controlled
“Contact ' )

: *STEM[35]" and Face, |Program . Program Program
Region | Bonded | wpoNNET_LuMP(23]" |Face | Controlled | AUtomatic | Symmetric | Pure Penalty feontrolied | Controlied
“Contact

; *STEM[35]" and Face, |Program . Program Program
Region Bonded | wzeap tump31) |Face  |Controlled | Automatic { Symmetric | Pure Penalty | o0 -oied | Controlled
;q?%i“ Bonded "RHNO17[46]" and Face, | Program Automatic | Symmetric | Pure Penait Program Program
1 6€ "STEM[35])" Face Controlied Y Y ] Controlled Controlled

Vicgion | pindad | -RAO7Is0I"sha ™ | Foce, | PG N e o ey |l Fograr
179 "STEM[35]" Face Controlled -15Y Y | Controlled Controlled
“Contact

; "RHN002{51]" and | Face, |Program . - Program Program
I;gglon Bonded "STEM[35]" Face Controlled Automatic | Symmetric | Pure Penalty Controlled Controlled
;,C;orilgzct Bonded ~CLAMP[175]' and Face, |Program Automatic | Symmetric ) Pure Penalt Program Program
1‘9-? *CLAMP[171]" Face | Controlled i Y | Controlied Controtied

6.1.2. Mesh




w  "M2sh”(Figure A4,3) , associated with *Original” has an overal! relevance of 0.
s *Mesh” contains 44808 nodes and 22296 elements.

No mesh controls specified.

6.2. "Frequency Response”

*Frequency Response" contains all loading conditions defined for "Original® in this scenario.

Acceleration - Constant Linear Acceleration

*  Magnitude: 200.92 In/s?

»  Vector: [116.0 in/s2 x, 11é.o in/s? y, 116.0 in/s? 2] in the global coordinate system

*  The time type is harmonic

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

6.2.1. Structural Supports

Table 6.2.1.1. Structural Supports

Name Type Assoclated Bodles
*Fixed Support” ] Fixed Surface | "80DY[1]"

6.3. "Solution™

"Solution” contains the calculated response for *Original” glven loading conditions defined in *Frequency Response”.

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

6.3.1. Harmonic Results

24

Table 6.3.1.1, Definltion

Range Range 1 Cluster Cluster Damping Beta .
Minimum Maximum ‘ Solution Method Number Results Ratlo Damping
Mode
0.0 250.0 "I Superposition 15 Yes 0.03 0.0
Tuble 6.3.1.2. Frequency Response Volues
S ..J . amme mame cme s B [ e T R T I L Frcf'ucnty - Phuse PR .Rcul ut - .‘ Imagiﬂuq -
Multiple | Minimum | Maximum | Maximum ! Angle ot
Name { Type Stope o . o1 Max Mox n Max
Entities | Frequency | Frequency | Amplitude Ampli Max . .
] mplitude . Amplitude | Amplitude
Amplitude
1700 | eetiren, | Sutacsion e D.0Mz - W00 [4S%64injs? 1020202 | -8 93‘; BAS.83i0fst | 4,551.07ins
axial” |\ O | YSEARSONCOVERTIT)" | Averoge | ' binfs? | 192.12H2 ‘ 4 2l
Top 21‘3‘:‘:‘:‘:“1" Surfoce(s) on Use 0.0z 2000 | 436s3sinfs? [60seM  1-9222°  |-176.STinjst |-4,56194in)s
beam" | i | "CEARBOXCOVERNLS)" | Average | | B335 05 : =i .
*1op | Directional Surface(s) on Use 0.0tz 250.02 4,370.28infs? | 62.29Hz -89.4° 45.49infs? | -4,370.04infs?
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frome”

Acceleration,

“GEARBOXCOVERfII]" | Average
1 Axis
Directional
base . Surfoce(s) on Use . o )
axial” ::A(:::mhon, GELRROXCOVER/IZ)" | Average 0.0Hz2 250.0Hz 1,300.50in/s? | 182.12Hz -82.29 174.58ins? ] -1,288.73in/s?
"base 2'{::?::‘:‘:]"‘ Surface(s) on Use . o . ,
beam® i o | “GEARROXCOVERTI3)" | Averoge 0.0Hz 250.0Hz 2,134.85infs? | 116.324z -93.56 o +432.4Ninfs? -2,!3q.74|n[s’
*base Directional Surlace(s) on Use
frame” lz\t;:!:mhon, "CELRSOXCOVERIZ)” | Average 0.0Hz 250.0Hz 1,527.96in/s? | 151.27Mz -84.12° 156.58infs? | -1,519.92in/s?
*finger Directional Surface(s) on Use
beom” ctA:i::ruhnn, “STEH35)" Average 0.0Hz 250.0Hz 2,909.27in/s? | 60.581z 90.17° -8.Bin/s? -2909.26in/s?
Table 6.3.i.3i top axlal i
4596i64. = : ~ -~ - -
i v . b
. . , 5. H " H : 1S
.4022-06_“ ------- -"u . . Y 'h:-.\.;-~¢'-;' EERES .'-4.".-‘--’:_._-"-‘»-"..
’ H . v
r‘\3447.48 e B E‘ '2.'..""": - ""'"-'E.; """
,,';, i , ¥ i
N S RETNT T
:_= 2872;90 _u--..-.‘."_:L--:...".."-- ........ .:-;.;'.-- .a ..-.‘.-.'.".'.--f..'.'
= T
R v Yo . b
T 2299 32 b RS i Smm s wSdFes{iacety
g 3 : iy
;‘E ':‘ H B
:'5,1723 74 raans F 4-svmen
& 4 i
Lysasne i i
b i
574,58 g
i . ;.. ;;.
0.00 b o -

-:Fr.egueng:\_/_ (Hz) :

000 31 25 62:50" 93.75 125 B0:156; 25#187 50 218 75" 250 .00




26
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7. Scenario 6

7.1. "Original”
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' “Original” obtains geometry from the Pro/ENGINEER® assembly “z:\home\rfarrel\31042 orig (12-900-FW)\ASMO001.ASM.10".

*  The bounding box for all positioned bodies in the model measures 67.06 by 23.5 by 29.44 in along the globa!l x, y and z
axes, respectively, '

The model has a total mass of 1,290.51 lbm.
The model has a total volume of 4,546.8 in3.

Table 7.1.1. Bodies
Name ) " | Material Bounding Box (in) | Mass (lbm)-| Volume (in3) | Nodes | Elements
"BODY[1]" *Structural Steel”117.0, 18,13, 18.13 }428.3 1,509.01 - 4763 12435
*YOKE[2]" “Structural Steel* | 23.0, 18.13, 18.13 |208.06 733.06 3341 1580
“GEARBOX[3}]" "Structural Steel" 1 5.94, 23.5, 26.29 82.06 289.13 4615 |2252
"HWSTEM[4]" ZStructural Steel” | 3.0, 3.0, 7.06 8.27 29.15 1138 |658

'} "mmeACTOR[ 7] Structyral Steel” 1 6.25, 4.0, 2.0 4,83 17.36 680 316
"HW[iO]" SStructural Steel” | 12.0, 12.0, 1.05 6.98 24,59, 8196 |4369
"GEARBOXCOVER[13]" | "Structural Steel" {21.25, 23.5, 23.5 64.68 227.87 7266 | 3456
“BONNET_LUMP[23]" = ral /”16.0, 13,5, 13.5 1235.4 829.38 | 1431 {260
*GEAR_LUMP[31]" SStructural Steel” 1 1.5, 20.58, 20.58 139.58 491.78 504 117
"STEM[35]" “Structural Steel” | 50.5, 5.49, 6.35 - | 61.96 218,29 964 433
"RHNO17([46]" "Structural Steef” 10.64, 1.3, 1.3 0.12 0.42 2469 | 1407
"RHNO17[50)" *Structural Steel" 10.64, 1.3, 1.3 0.12 0.42 2469 1407
"RHNOO2(51]" *Stru ! /" 10.64, 1.69, 1.62 0.12 0.42 3920 (2238
"CLAMP[171]" "Structyral Steel” | 2.5, 9.69, 23,5 24,97 87.98 1326 {684
*CLAMP(175]" *Structural Steel” | 2.5, 9.69, 23.5 24,97 87.98 1326 }684,
Table 7.1.2. Body Groupings :
Name I Body Names |M]_n_q_&o_x (in) { Mass (Ibm) { Volume (In3) ] Nodes l Elements
7. . L. Contact

® “"Contact” uses a tolerance of 0.0 for automatic detection.
1Table 7.1.1.1. Contact Conditions
Normal |Scope . . Thermal Pinball

Name |Type |Assoclated Bodies Scope Stiffness | Mode Behavior |Formulation Conductance | Reglon
"Contact "YOKE[2]" and Face, |Program . . Program Program
Region* Ronded *80ODY(1})" Face | Controlled Automatic Sjmmetrnc Pure Penalty Controlled Controlled
"Contact A "BONNET_LUMP[23]"* |Face, {Program " Program Program
Region |B22989 | a0 gopY 17" Face |Controlled | AUtomatic | Symmetric | Pure Penalty | e iroie | Controlied
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zu

*Contact r

h “CLAMP[171]" and Face, {Program . . Program Program
gfglon Bonded *BoDY[1]" Face |Controlled | AUtomatic | Symmetric | Pure Penalty Controlled Controlled
*Contact

. "CLAMP[175]" and Face, {|Program . . Program Program
Region | Bonded | wgopy )~ |Face |Controlled |AUtomatic | Symmetric | Pure Penalty | ooneq | controlled
“Contact

. "GEARBOX(3]" and Face, |Program . — . Program Program
gfg/on Bonded “YOKE[2]" Face |Controlled Automatic | Symmetric | Pure Penalty Controlied Controlled
"Contact :

. “CLAMP(171]" and Face, |Program . . Program Program
gfg"’“ Bonded "YOKE[2]" Face |Controlied | Automatic | Symmetric | Pure Penalty | oo piieq Controlled
*Contact

. “CLAMP[175)" and Face, |Program . . Program Program
’;59“”! Bonded *YOKE[2)" Face |Controlled Automatic | Symmetric { Pure Penalty Controlled Controlled
*Contact '

. "HWSTEM[4]" and Face, |Program : Program Program
Region | Bonded | «ggarpox(3)" Face |Controlled | AUtomatic | Symmetric jPure Penalty | conirglied | controfled
;Ceori:otzct onded “GEARBOXCOVER[13]" ] Face, |Program- Automatic | Symmetric | Pure Penalty Program Program
9.9 Bonded and "GEARBOX(3]" Face |[Controlied 4 Controlled Controlled
;E'orl,;d Bonded "GEAR_LUMP[31]" and ) Face, | Program ‘Autamatlc Symmetric Pur'e Penalty Program Program
1 0-‘.’ ' *GEARBOX[3]" Face |Controlled y Controlled Controlled
;Ceo7gzct Bonded IMPACTOR[7]" and Face, |Program Automatic | Symmetric | Pure Penalt Program | Program
1 19 "HWSTEM[4]" Face |Controlled Y Y { controlled Controlled
"Contact

; *HW[10]" and Face, }Program Program Program

| Region | Bonded | wppacToR[7)" Face |Controlled | AUtomatic | Symmetric§ Pure Penalty | coniioed | Controlled
"Contact . .

. *STEM[35]" and Face, |[Program . Program Program
Region | Bonded | «GraRBOXCOVER[13]* | Face | Controlled | Autematic | Symmetric | Pure Penalty | contrgied | Controied
"Contact )

*STEM(35]" and Face, |Program Program Program
Reglon | Banded | wpONNET_LUMPL23]* | Face | Controlied | Avtomatic | Symmetric | Pure Penalty ) controtied | controlled
*Contact ‘~

N "STEM[35]" and Face Program . Program Program
f§2’°" Bonded "GEAR_LUMP[31]" Facel Controlled Automatic | Symmetric | Pure Penaity Controlled - Controlled
"Contact ‘

; "RHNO17[46]" and Face, |Program ; | Program Program
Region | Bonded | wg7epp35)~ Face | Controlled | Automatic | Symmetric | Pure Penalty |- otioied | controlled
o P 0 o L0 oo s o 7 [l
1 7‘3 "STLEM[ 35)" Face |Controlled b4 ‘ =nalty 1 controlled Controlled
*Contact ‘ .

) . "RHNO02[51]" and Face, {Program . ’| Program Program
f§€'°” Bonded *STEM[35]" Face {Controlled Automatic | Symmetric § Pure Penalty Controlled Controlled
“Contact : . 1

. "CLAMP[175]" and Face, |Program - - Program Program

?;gmn Bonded "CLAMP[171]" Face [Controlled Automatic | Symmetric } Pure Penalty Controlled Controlled

7.1.2. Mesh



= *"Mesh"(Figure A4.3), associated with "Original® has an overall relevarice of 0.
s “"Mesh” contains 44808 nodes and 22296 elements,

No mesh controls specified.

7.2. "Stress Analysis”

*Stress Analysis” contains all loading conditions defined for “Original” in this scenario.

acceleration - Constant Linear Acceleration

=  Magnitude: 7,853.66 in/s2
=  Vector: [4,600.0 in/s? x, 4,600.0 in/s? y, 4,400.0 in/s? z] in the global coordinate system

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

7.2.1. Struci:ural Subports
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Table 7.2.1.1, Structural Supports

Reaction - | Reaction Assoclated
Name Type Force Reactlon Force Vector Moment ] Reaction Moment Vector Bodies
"Fixed Fixed [15,383.91 ibf x, [-5,621.9 IbfIn x,
Support” | Surface 26,265.22 Ibf }15,383.91 Ibf v, 505,106.62 Ibf-in | 352,819.24 Ibfiny, - *BODY[1]"
pp 14,715.04 Ibf 2] 361,413.44 Ibfin 2]

7.3. "Solution™

"Solution" contains the calculated résponse for "Original* given loading conditions defined in "Stress Analysis".

¢

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

7.3.1. Structural Results

Table 7.3.1.1. Values

Name I Figure |§§gg_§ J Minlmum 1 Maximum IAIert Criteria

' -

“Equivalent Stress* |p6.1 | All Bodies In *Original” | 2.34 psi | 65,153.61 psi | None

"Total Deformation” | £6.2 [An Bodies In "Original"IO.D in ls;.smm'2 in |None

»  Convergence tracking not enabled.
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Al. Scenario 1 Figures

Figure Al.1.
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A2. Scenario 2 Figures

No figures to display.
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A3. Scenario 3 Figures

Stress” Contours (not updated)
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A4. Scenario 4 Figures
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gFIgure A4.1. "Geometry” Geometry
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Figure A4.2. "Geometry” Geometry
S ﬁ;@%’ﬁfmﬁ '
S

X Qki

S

e

Tr

0

it oz
e

et

e

Fay

0.00"

[Siui s sibe v Em g




4]

e

Flgure A4.3. "Mesh” Geometry '
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A5. Scenario 5 Figures
No figures to display.




A6. Scenario 6 Figures

Figure A6.2. "Total Deformation” Contours
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A7. Definition of "Structural Steel”

Table A7.1. "Structural Steel” Propertles

Name Type Value
Modulus of Elasticity Temperature-Independent | 2.9x 107 psi
Paisson's Ratio Temperature-Independent | 0.3

Mass Density Temperature-Independent | 0.28 lbm/in3

Coefficient of Thermal Expansion

Temperature-Independent

6.67x10® 1/°F

Thermal Conductivity

Temperature-Independent

B.09x 10 BTU/s:in-°F

Specific Heat

Temperature-Independent

0.1 BTU/Ibm-°F

A8. Definition

of "cover"

Table A8.1. "cover” Propertles

Name Type Value
Modulus of Elasticity Temperature-Independent | 2.9% 107 psi
Polsson's Ratio Temperature-Independent | 0.3

Mass Density Temperature-Independent | 0.28 Ibm/in2

Coefficient of Thermal Expanslon

Temperature-Independent

6.67x10 1/°F

Thermal Conductivity

Temperature-Independent

8.09% 10 BTU/s:in-°F

Specific Heat

Temperature-Independent

0.1 BTU/Ibm-°F

A9. Definition of "bonnet lump"

Table A9.1, "bonnet lump” Propertles

Name Type Value
Modulus of Elasticity Temperature-Independent | 2.9x107 psi
Poisson's Ratlo Tempei’atureolndependent 0.3

Mass Density Temperature-Independent | 0.39 Ibm/in3

Cocfficient of Thermal Expansion

Temperature-Independent

6.67x10° 1/°F

1 Thermal Conductivity _._..._.._..

Temperature-Independent |

Specific Heat

Temperature-Independent

0.1 BTU/Ibm-°F

8.09%10% BTU/s:in-OF | - =t -oore o- oo



A10. Definition of "gear lump"

Table A10.1. "gear lump" Properties

Name Type Value
Modulus of Elasticity Temperature-Independent | 2.9x 107 psi
Poisson's Ratio Temperature-Independent | 0.3

Mass Density Temperature-Independent | 0.3 Ibm/in3

Coefficient of Thermal Expansion |

Temperature-Independent

6.67x10° 1/°F

Thermal Conductivity

Temperature-Independent

8.09%10™ BTU/s-in-°F

Specific Heat

Temperature-Independent

0.1 BTU/Ibm:-°F
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