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Total Vehicle Fuel Economy® process
Complex Systems Modeling & Simulation

Results
Conclusions




Initiative by Office of the Secretary of Defense to:

Improve vehicle technology to reduce fuel consumption on the
battlefield

Reduce US dependence on ol
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To demonstrate a tactical vehicle with significantly
greater fuel economy than an M1114 HMMWYV while
maintaining tactical vehicle capability

Objective: 30% Fuel
Economy Improvement
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i\ Credible & Relevant SYSTEMS ENGIN|
~ Demonstrator Platform vo INTEGRATI

Fuel Economy: Survivability:
» 7.5 mpg Composite * Integral V-hull
- 12.6 mpg Convoy Escort * Blast protected seating
- 7.1 mpg Urban Assault » Upgradeable B-kit
- 4.8 mpg Cross Country
- 0.51 gpm Idle

Weight:

* 10,500 Ibs VCW
(A-kit)

15,400 lbs GVW

Performance:
* 50 mph Speed on 5% Grade
* 30kW Onboard Power

Mobility:
» 18" Step Climb FED concept meets or exceeds

* 60% Grade M1114 HMMWYV capabilities with

70+% better fuel efficiency
° : GVSETS
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Fuel Economy®

A robust process flow with thorough planning and
complete analysis of results.

Successful and risk-managed strategy for product
development.

Assessment of Baseline Implementation to
Vehicle Requirements Hardware
: : Optimization through
Construction of Baseline . o
[ Vehicle Model J Cost/Benefit Ranking

Al

Pldnning Analysis of Energy Balance / Optimization through Analysis
Prioritization DOE
Simulation of Q
Improvement
Opportunities
Execution
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SYSTEMS ENGINEERING

Usage Profile CINT Tﬂ@N

Unigue military drive cycle developed for FED program
with government input

Criteria for quantitatively evaluating design alternatives
Robust cycle

Tactical
Flat & Grades dle Escort
On & Off Road \

Tactical Idle

Urban
Focus on battle space

Cross- Assault
Country
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Prioritization Framework =" .

Total Systems

Exhaust Coolant Charged Air  Friction

O T Energy Balance
Unique to vehicle & drive cycle

Rolling
e Resistance
Y 158%
Accessornes
Total 86%
Fuel

o Usable Driveline
onten . Energy 94%
456%
Aero Drag
41%
Brakes

\\\.\.
Efficiency Measures e o

. R S
Mapplng fundamentals & High Efficiency Battery Technology -
Parasitic Losses )@
Turbo-Compounding Electric -

Turbo-Compounding Mechanical = ,-"

Mass Reduction )&

/
4

Thetrno-Electrics <— | \ /
— Exhaust Heat Recavery ——_ | /’
Rankine Cycle <«— | A
[ © ( Energy Recovery ) <~
Stirling Engines =/

Fuel Reformers =
® Cooling Heat Recavery =

# Regenerative Braking =

R Regenerative Damping =
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MR Technology SYSTEMS ENGINEERING

Market Survey

Outreach efforts prioritized by energy balance results &
subject matter expertise

Opportunities primarily outside defense supply base
Focus on key subsystem data to support modeling &

simulation
T HUTCHINSON
| AIS IN —m

| @ KaN7’ @

DEFENSE Surface Engin
PERFORMANCE —
AxleTech E'.‘:'A’.{é%"//— e X @
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Improvements

Requirements Technology

MicHigan Chapler
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Complex Systems

Decision Tool

Surrogate model based technology selection & vehicle
performance toolset
Supplements traditional M&S tools by integrating them
Supports multi-attribute trade-offs

Real-time performance prediction & sensitivity

Fuel Tank GYW Mass (kg) Breakdown by System

Roto-molded Plastic [

Friction reduction - Surface  Superfinishing o coatin

INPUTS - REQUIREMENTS ouTRUT Value Requirements:
Cargo (heyond passengers) i 18m Mass s ! : | H | 5
HVAC system HIMMAWY-SPEC - Curh (Ib) 111001
GFELoad 2 GW (Ih) 140001 15400
Run Fiat Distance Y somi Total Payload (Ib) 2300 IR T R T Y B A,
Parallel Speed Performance  Engine Only Fuel Efficien
TECHNOLOGY SELECTION TOOL " i
Composite Drive Cycle (mpg) 61
Comvoy (mpg) 11,61 mpg B
INPUTS - SYSTEMS Urban Assault {mpg) 7.26 mpy :
Architecture Driveling Churchwille (mpg) 5.23mpy P ] S S A A e S A v T a
Baseline Architecture -] Paraliel AWD Mechanical AWD -| Tactical Idle (walhr) 1,00 galhr
Powertrain e G5pdDCT - Performance : : :
Transmission
550 Diesel Aluminum -| 0-30 Acceleration (s) 560 :
ClEngine Iron 2 speed 0-50 Acceleration (s)
o Tcase 3
2600rpm E Aluminum - Top Speed (mph} PP (S S S [ S v e [ S A A ) : P B A,
Series Hybrid Engine Controls Load follawing -] B Large Ratio Speed on 5% Grade (mph) . .
H 60%
[ — one Steel -] Speed on 60% Grade (mph) : B 7
[T o Half shafts. €V Joint Vehicle Cone Index (hwy press) 258 §i
Heat Recovery - Exhaust Electric Turbo Compouly . None - Tech Readiness Level - Min 4
Exhaust Stainless Steel B Steel | e an e w ow| o w1 P R R B a v w omom

Chassis Friction reduction- Oil type  Lowviscosity oil - Pre
Friction reduction - Wet S
[ riction reduction - sump type ump. -] 1918 kg e
Final Drive Ratio kg
Unpher Control Arms Electrical N R T T ; . .
Loweer Control Arms Aluminum Electrical 256 kg
Knuckle Castiron Not Ruailable | ¢ : Frp —
Run Flat Lightweight E-Machine Conventional - o s | T
Suspension Type Passive [ I wokw Erroan Strusture i
o Tywe Dual EPHS E-Motor [T o OKW 1025 kg s & Body IR EEE IR [T . : a
o Linkages Alminum ST Li-lon - High-Energy [ Interior/E
Spare Tire None [ 3.2 KWhrs £
Body, Frame & Exterior Electrical Distribution Aluminum\Wiring -| Driveline " i L]
Armor Density Low D ensity Solar Panels On.vehicle by vt M e [y
Camera /Windows Includes all windows n703 kg
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Design Space 1S ENGINEERING

Exploration nD INTEGRATION

Surrogate models allow simulation of hundreds of
thousands of feasible design configurations

Trade space definition

Filtering according to requirement scenarios

Generation of Pareto frontiers

¥ = Distributions ]
9[® GV ]9[67 EconComp ]
10 1
&0 Armor
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] 3 13 =
13000 e — —_— = 8
6000 GFE_Load o
9[ Quantiles ] 9[ Quantiles 3000 E
100.0% maximum 19731 100.0% maximum  9.7644 v . == @)
98.5% 13908 885% 81184 20 @)
97.5% 18453 a7.5% 6.8885 10 . PayloadGrowth| —_—-
a0.0% 17768 a00% 57545
75.0% quartile 16843 T5.0% quartile  4.9201 (U A = — e
50.0% median 15721 50.0% median 41537 500:
25.0%  quarle 14542 250%  guartle  3.4140 ot ”””l”” ..... | | Range_45mph
10.0% 13768 10.0% 2.9460 s ||||| |
25% 13200 25% 25448 I — : : 0 0
05% 12882 05% 25136 50_..”"“. ' 1o | { | | | | e
00%  minimum  1253@ 00%  minimum 22887 s ||||| | Speed_5grade||
* Moments 7| Moments sof il | | I | |2/ | -
Mean 16733.423  Mean 4.2772636 ! ! ' . [ HE ! ! - =7
Std Dev 14B6.8778  Sid Dev 1.1158335 i | 1 1k ) 17 : 7 Top._Speed
Std Err Mean 2940633 Std EmMean 0.0022358 : il . . i i - GVW
Upper 95% M 16739187 Upper 95% M 1.28164749 i 1| : H H { !
pper ean . nper ean .. N ] — —
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SYSTEMS ENGINEERING

System Selection
4 TION

Pareto optimization
No optimal solution, only data driven trade-offs

Normalization against requirement scenarios
Apples to apples comparisons

Risk management
Unique issue for demonstration program

Baseline concept development

[
Early mitigation of feasibility risks
I
: l

L] [ee}
. .
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Parallel Hyt;d
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Results

Predicted 70% efficiency improvement vs M1114

Roadmap to 110% identified for upgrades
Additional improvements outside drive cycle

Electric Air Electric Isotropic i?nr?(frzgt 24V Graphite
Pump AC Pump Superfinishing Cab Desian Foam Core cabon
High : Batteries Fiber Body
Efficiency 6sp High Alummuvrc/ Frame Panels
Efficiency
Integral V-hull

. — 28V ISG
High Efficiency Automatic
Engine Transmission
Non-Geared
Hubs

Solar Panel

Electric
Cooling
Fans

Brazed
Tube
Aluminum
Radiators

Low Rolling
Resistance

Accelerator i Liquid Tires
Force 22.5” Aluminum _AIr Over Circulating -
Spiral Bevel Feedback Rims & Titanium Coil Garments Aluminum
Differentials Pedal Composite 10mi Struts | Knuckles &
Frequency Aluminum Control Arms

Runflats

Selective .
Low Damping Low Drgg ‘ orake
Viscosity Foundation Electric
Qil Brakes Steering
Pump
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Conclusions no INTEGRATION

Critical for government staff to understand requirements
sensitivities
“The realities of system development are that EVERY
requirement has a cost to implement and deliver. Given limited
resources and stakeholder values, bounding the solution space

requires reconciling the cost of the desired requirements with the
available resources.”

Transportability

Composite Fuel Economy vs Performance Target

3]
a

MUST BE
BALANCED
FOR MISSION
REQUIREMENTS

Maximum Speed on 5% Grade
D o

PAYLOAD

7.3 7.4 7.5 7.6 7.7 7.8 7.9
Composite FE (mpg)
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Conclusions no INTEGRATION

Feasible solutions are available to address the fuel
efficiency of the military ground vehicle fleet

Mix of improvements oriented toward both legacy fleets versus
ongoing and future programs

Focus on relatively low risk solutions
More than just technology solutions
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Questions?

MicHigan Chapler
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