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Battery Sensitivity Analysis on Initial Sizing of eVTOL Aircraft
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Avionics R&D Center, Hanwha System, Bundang-gu, Seongnam-si, Gyeonggi—do, Republic of Korea

ABSTRACT

Sensitivity of aircraft sizing depending on battery performance was studied for a generic quad tilt
rotor type electric vertical takeoff and landing vehicle. The mission requirements proposed by Uber
Elevate and NASA were used for initial sizing, and the calculated gross weight is ranged between
5,000lb and 11,000lb for battery specific energy range of 200-400Wh/kg in pack level and
continuous discharge rate range of 4-5C. For the assumed gross weight of 7,000lb, the required
battery performance was calculated with two different criteria: available power and energy, and the
effects of battery specific energy and discharge rate are analyzed. The maximum discharge rate is
also recommended considering failure cases such as one battery pack inoperative and one prop
rotor inoperative.
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Table 1. Vehicle Requirement

Requirement items Value
Cruise speed 130knots
Payload 1,2001b
Sizing mission range 60mile
Reserve range 6mile
Take-off / landing altitude 5,000ft
Cruise altitude 1,500ft AGL
Headwind speed 13knots

Table 2. Typical characteristics of the different
operational models for payload of 1,200lb [20]

Allowable pax Avg. weight Baggage
6 1891b (86kg) 111lb (5kg)
5 1891b (86kg) 51lb (23kg)
4 2191b (99kg) 81lb (37kg)
5 219Ib (99kg) 211b (10kg)
4 275lb (125kg) 25lb (11kg)
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Table 3. Design mission segment and their associated properties
. Vertical Hover + Accel.+ - Transition Hover -
Segment Taxi Climb | Transition | Climb | <™ | 4 'Hover | Descend | '
Altitude (ft) 5,000 5,025 5,050 5775 6,500 5,050 5,000 5,000
: 1.2 Vstall
Cruise (knot) 0 0 0 130 130 0 0 0
ROC (fpm) 500 - 900 0 - -300
Time (min.) 0.25 0.1 0.42 1.45 20.43 0.67 0.17 0.25
Distance (mile) 0 0 4 56 0 0
Cruise at 1,500t AGL Reserve(5001t)
/ Accel. climb /
Static hover hold (15s) [ at 200fpm - Transition (10s) & |
& Transition (105‘)/’ . Static hover heold (30s) /
| Vertical climb to50ft Vertical descent from | )
Taxi | AGL at 500fpm 501t at 300fpm| 2%
60mile |¢—)| bmile
Fig. 1. Design mission profile for initial sizing
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Table 4. Assumption for initial sizing parameters

T}[33,34]. oJuf AJAFEF(Production volume)< Uber HiA]
[2]& #Faste] 3 #o FA] AAHeLE 100tH2 7Hdst
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Table 5. Input parameter of direct operation cost

Parameter Value Parameter Value
Figure of Merit 0.8 Electricity cost [35] $0.15/kWh
Wing Download Factor 1.1 iati i
Helicopter g Depreciation/loan period [2] 13years
mode Induced Power 11 Residual value [2] 30%
Correction Factor ’
Int t rate [8 8%
Motor Efficiency 0.95 nterest rate (8] >
. Lift to Drag ratio 15 Passenger load factor [8] 75%
g‘ng”e Prop. Efficiency 0.8 Spares fraction per aircraft [8] 25%
Motor Efficiency 0.9 Maintenance man-hour [36] O.2h7/ﬂ|ght
G | Control Margin 1.05 ours
enera Invertor Efficiency 0.97 Available block hours per year [2] 2,080hours
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Fig. 3. Estimated battery terminal voltage based on
simplified model

Table 6. Assumptions for Battery Sizing Value

Battery parameter Value
SOH at EOL 90%

- Min. 30% after sizing mission
SOC limit Min. 15% after reserve mission
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Fig. 5. Variation of gross weight with battery specific
power for different specific energy
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