+RY) BDEG@

WARFIGHTER FOCUSED.

Tom Cat Designs LLC Protective Hull Modeling &
Simulation CORRECTED Results For Iteration 1

Sebastian KarwaczynskKi 23-May-2012
UNCLASSIFIED: Distribution Statement A. Approved for public release.



Report Documentation Page

Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,

including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it

does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE
13 JUN 2012 Briefing Charts

3. DATES COVERED
13-06-2012 to 13-06-2012

4. TITLE AND SUBTITLE
Tom Cat Designs LL C Protective Hull Modeling & Simulation
CORRECTED ResultsFor Iteration 1

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S)
Sebastian Karwaczynski

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
U.S. Army TARDEC ,6501 E.11 Mile Rd,Warren,M1,48397-5000

8. PERFORMING ORGANIZATION
REPORT NUMBER

#23020

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
U.S. Army TARDEC, 6501 E.11 MileRd, Warren, MI, 48397-5000

10. SPONSOR/MONITOR'S ACRONYM(S)

TARDEC

11. SPONSOR/MONITOR’S REPORT

NUMBER(S)
#23020

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Fit and Function Analysis Mobility Analysis Blast Analysis Design Suggestions

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF
ABSTRACT
a REPORT b. ABSTRACT c. THISPAGE PUbIlC Relm
unclassified unclassified unclassified

18. NUMBER
OF PAGES

66

19a. NAME OF
RESPONSIBLE PERSON

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



"DEGD Table Of Contents

it and Function Analysis
Mobility Analysis

*Blast Analysis

Design Suggestions
Conclusion

WARFIGHTER FOCUSED.

Unclassified: 2



"”Ec@ Fit and Function Analysis 9° %

9 Deg Underbody Kit
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””EGD Fit and Function Analysis 9°

Underbody kit is bolted through
frame on both sides (8) bolts
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. During installation/removal of the underbody kit, the attachment locations are potentialiy difficult to reach.
. All 8 bolts are blind operation.
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"”Ec@ Fit and Function Analysis 9° %

WARFIGHTER FOCUSED.

Unclassified:



Unclassified

RDECOM Fit and Function Analysis 24°
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HOECO G Fit and Function Analysis 24° %

Ground line
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RDEGD Fit and Finish Analysis %

* During installation/removal of the underbody kit, the attachment
locations are potentially difficult to reach.

o All 8 installation bolts are blind operation.
 Ground clearance is significantly reduced with the 24° belly plate

WARFIGHTER FOCUSED.

Unclassified: 8



Unclassified

Mobility Analysis

RDECOM

Maneuver Requirement Baseline w/V-hull Baseline w/OGPK & V-hull
AVTP 43 MPH 44 42
SS 40% 93.0 87.6
RMS 1.00 30 MPH 50 50
RMS 1.50 20 MPH 20 20
RMS 2.00 15 MPH 10 10
RMS 2.50 13 MPH 5 5
HR4 50 MPH 50 50
HR6 16 MPH 45 45
HR8 15 MPH 35 35
HR10 5 MPH 30 30
STEP 18 IN Front Middle Rear Front Middle Rear
5 5.2 4.0 2.8 5.2 4.0 2.7
6 5.0 3.5 2.0 5.0 3.5 2.0
7 4.7 3.0 1.3 4.8 3.0 1.2
8 4.5 2.5 0.5 4.6 2.5 0.5
9 4.3 2.0 -0.2 43 2.0 -0.3
10 4.0 1.5 -1.0 4.1 1.6 -1.0
11 3.8 1.0 -1.7 3.9 1.1 -1.8
12 3.6 0.6 -2.5 3.7 0.6 -2.5
13 34 0.1 -3.2 34 0.1 -3.2
14 31 -0.4 -4.0 3.2 -0.4 -4.0
15 2.9 -0.9 -4.7 3.0 -0.9 -4.7
16 2.7 -1.4 -5.5 2.8 -1.4 -5.5
17 2.5 -1.9 -6.2 2.6 -1.8 -6.2
18 2.3 -2.3 -6.9 2.3 -2.3 -7.0
19 2.0 -2.8 -7.7 2.1 -2.8 -7.7
20 1.8 -3.3 -8.4 1.9 -3.3 -8.4
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Mobility Analysis

RDECOM

Maneuver Requirement Baseline w/V-hull Baseline wfOGPK & V-hull
CLEARANCE - HULL TO GROUND [IN)
STEP 13 IN Front Middle Rear Front Middle Rear
5 1.3 0.1 -1.1 1.3 0.1 -1.2
] 1.1 -0.4 -1.9 1.1 -0.4 -1.9
7 0.8 -0.9 -2.6 0.9 -0.9 -2.7
) 0.6 -1.4 -3.4 0.7 -1.4 -3.4
9 0.4 -1.9 -4.1 0.4 -1.9 -4.2
10 0.1 -2.4 -4.9 0.2 -2.3 -4.9
11 -0.1 -2.9 -5.6 0.0 -2.8 -5.6
12 -0.3 -3.2 -6.4 -0.2 -3.2 -6.4
13 -0.5 -3.8 -7.1 -0.5 -3.8 -7.1
14 -0.8 -4.3 -7.8 -0.7 -4.3 -7.9
15 -1.0 -8 -8.6 -0.9 -4.7 -8.6
16 -1.2 -5.2 -9.3 -1.1 -5.2 -9.2
17 -1.4 -5.7 -10.1 -1.3 -5.7 -10.1
18 -1.6 -b.2 -10.8 -1.5 -b.2 -10.8
19 -1.8 -6.7 -11.5 -1.7 -b.6 -11.5
20 -2.0 -7.1 -12.3 -2.0 -7.1 -12.3
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BDEGD Mobility Analysis %

» With the V-hull configuration, performance improved for Double
Lane Change Maneuver (AVTP), Side Slope, Ride Quality, and
Shock Quality due to lower CG height and increased weight.
However, for course roughness’s greater than 2.0” RMS and bump
heights greater than 8" HR (Half Round) ground/hull interference

occurred.

 With the V-hull configuration, performance was reduced for the
Vertical Step due to ground/hull interference

e Biggest risk is reduction in mobility over obstacles
for the V-hull configuration
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"DEGD Blast Analysis %

 The following slides illustrate blast simulations for both the 9° and 24°
V-Hull Designs
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0
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Unclassified

9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00012492
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Unclassified

9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00019998
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00027486
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00034992
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00044982
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00052488
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00059994
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9° Simulation

RDECOM

LS-DYNA keyword deck by LS-PrePost
Time = 0.00074988
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.00089982
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9° Simulation

RDECOM

LS-DYNA keyword deck by LS-PrePost
Time = 0.0014999
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9° Simulation

RDECOM

LS-DYNA keyword deck by LS-PrePost
Time = 0.0029999
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Unclassified

9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.0044998
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.0059999
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.0089998
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time=  0.015
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ALLE @ 9° Simulation

LS-DYNA keyword deck by LS-PrePost
Time=  0.0225
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9° Simulation

RBRDECOM |

LS-DYNA keyword deck by LS-PrePost
Time = 0.03
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9° Simulation

RDECOM

LS-DYNA keyword deck by LS-PrePost
Time=  0.0375
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ALLE @ 9° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.045

WARFIGHTER FOCUSED.

Unclassified: 32



Unclassified

9° Simulation

RDECOM

LS-DYNA keyword deck by LS-PrePost
Time = 0.06
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RDEGD 24° Simulation

LS-DYNA keyword deck by L S-PrePost
Time = 0

WARFIGHTER FOCUSED.

Unclassified 34
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 9.99e-005
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS PrePost
Time = 0.0001487
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RDEGD 24° Simulation

LS -DYNA keyword deck by LS-PrePost
Time = 0.000189%
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0002499
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS -PrePost
Time = 0.0002997
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RDEGD 24° Simulation

LS-DYNA keyword deck by L S-PrePost
Time = 0.0003498
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RDEGD 24° Simulation

LS-DYNA keyword deck by L S-PrePost
Time = 0.0004248
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0004749
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0,0005247
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RDEGD 24° Simulation

LS.DYNA keyword deck by LS PrePost
Time = 00005748
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePaost
Time= 0.000649%
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0007497
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0008499
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0009498
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0014997
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0024999
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0034998
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0044997
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0054399
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0069399
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time = 0.0039997
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time=  0,012%
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RDEGD 24° Simulation

LS-DYNA keyword deck by L S-PrePost
Time= 0.0175
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Fime=  0,0225
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time= 00275
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time= 0.0325
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time= 0.0315
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time= 0.0425
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePost
Time= 0,05
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RDEGD 24° Simulation

LS-DYNA keyword deck by LS-PrePaost
Time= 0,06
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""EGD Blast Analysis %

e Performance of the 9° V-Hull Produced:
— High accelerative loads
— Unfavorable displacement
* Performance of the 24° V-Hull Produced:
— Improved accelerative loads, however still above acceptable levels
— Improved vehicle displacement, however still above acceptable levels
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"DEGD Conclusion %

* The system in its current configuration provides assembly issues due
to the accessibility of the mounting holes

» Underbody produces an unfavorable drop in mobility
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