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[Abstract]

At present, the ground transportation system is saturated in many countries including Korea. To overcome this problem, many
researches of developing a roadable personal air vehicle (PAV) are being carried out to alleviate traffic congestion and to
accomplish door-to-door mobility through three-dimensional traffic system. In this study, the thrust-to-weight ratio, the wing
loading, and the power-to-weight ratio that are major design parameters for the sizing of roadable PAVs were calculated under
the constraints of ground roll, climb rate, maximum cruise speed, service ceiling, stall speed. Also, in the sizing process, the study
was conducted to determine the design point using the graphs of thrust-to-weight ratio, wing loading, power-to-weight ratio, and
brake horse power for the mission profiles considering domestic environments and the FAR PART 23 which is the GA class

aircraft certification standard.
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Table 1. Typical TAW for various aircraft types[6].
Type of aircraft T/W range
Unpowered (sailplanes, hang gliders, etc.) 0
General aviation 0.30-0.45
Commercial jetliners of the 1950s - 1960s 0.18-0.26
Commercial jetliners of the 1970s - present 0.20-0.35
Modern flighter aircraft 0.55-1.15
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Table 2. Typical Wing Loading for various aircraft types
[7].

Historical trends Typical takeoff W/S (Ib/ft%)

Sailplane 6

Homebuilt 11

General aviation — single engine 17
General aviation — twin engine 26
Twin turboprop 40

Jet trainer 50

Jet fighter 70

Jet transport/bomber 120

E 3. &8357| BRE M SHUSZH|[7]

Table 3. Horsepower-to-weight ratio for various aircraft

types [7].

Historical trends Typical (hp/Ib)

Powered sailplane 0.04

Homebuilt 0.08

General aviation — single engine 0.07

General aviation — twin engine 0.17

Agricultural 0.09

Twin turboprop 0.20

Flying boat 0.10
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Fig. 1. Airfoil drag polar.
illinois urbana champaign airfoil data lab)Z} Airfoil Tools A} E E 5. PAVE| SEel =9
[10]9114] ©]8 dlo]E|E ZA} 315l om, o3 dlo|E 5o 9t Table 5. PAV engineering requirements[9].
HIE Fig. 134320 mlareiglal 71 52 dulE vehdls=
FX 63-137 ©13-S PAVe] 285121t} Requirements Criterion Target / Constraint
- 1 o0& —10 %% .
Speed Cruise speed(kts) 100~250 kts
E 4. NASA2| PAV He| & 17 @3[g]
Table 4. NASA PAV definition and customer ) )
requirements|8] Noise Flyover noise(dB) <79
Division PAV requirements Travel time Total travel time(hr) <3.5
Seats Less than 5 passengers
" Total distance to clear 50’ VTOL<100, ESTOL
Cruising 240~320 km/h Takeofflength | o 0 ‘(’ﬂc)ea <250ft, STOL<1,000ft,
speed obsiacte CTOL<3,000ft
Comfort Quite and comfortable
Accident rate : Number of
Reliable Low failure rate Safety fatal accidents <5
M B per 1,000,000 FH
ani(l:iut;era Able to be flown by anyone with a driver’s license.
Overatin Reliability glf‘EF : I\F/I".Tn Tl(r;’;; >80
P i As affordable as travel by car or airliner. chween rarlure
mode
All-weather| Near all-weather capability enabled by synthetic vision Maintainability MTTRR: Me‘:ar;HTime to >50
flight systems. epair(hr)
Fuel Highly fuel efficient (able to use alternative fuels) . TTR : Training Time
Ease to operation . <20
Range 1,300 km Requirements(hr)
Airport Provide "door-to-door" transportation solutions, through use Mobilit TTBT : Total Time Before <03
acrciss of small community airports that are at closer proximities to obrlity Takeoff(hr) :

businesses and residences than large airports.
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Table 6. Weight variation for

FH{5}
arious folding mechanism.

Folding position Simple folding (Am) | Folding/rotating (Am)
0.64 0.18 0.2
0.48 0.21 0.25
0.32 0.39 0.41
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Table 7. Parking |

24) [12]
aw (parallel parking type) [12].

Type Width (m) Length (m)
Compact more than 1.7 more than 4.5
Standard more than 2.0 more than 6.0

Roads in residential area more than 2.0 more than 5.0

Two wheel vehicles only more than 1.0 more than 2.3

ESS

Eay

¥ 8. FTX}EHH (_16
Table 8. Parking la
[12].

&4l ol2))[12]
w (other than parallel parking type)

Type Width (m) Length (m)
Compact More than 2.0 More than 3.6
Standard More than 2.3 More than 5.0
Stretched More than 2.5 More than 5.1
Handicapped only More than 3.3 More than 5.0
Two wheel vehicles only More than 1.0 More than 2.3

E9 2= {3[12]
Table 9. Road width regulation [12].

Minimum width of road (m)
Type
Local area | Urban area (S S
road
Highway 3.50 3.50 325
More than 80 3.50 3.25 3.25
Design More than 70 3.25 3.25 3.00
General
road speed
(knvh) | More than 60| 3.25 3.00 3.00
Under 60 3.00 3.00 3.00
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Table 10. PAV configuration (baseline).

LSRR

PAV Configuration (baseline)

Wing airfoil FX 63-137
Propulsion type Propeller
Propeller blade number 3

Wing morphing Folding-Rotating
Main wing aspect ratio / taper ratio 7.6/1.0
ol e i |30
E 1. 494 (715
Table 11. Mission profile (baseline).
Mission profile
Driving speed 50 mi/h
Distance 50 mi
Range 300 mi
Maximum speed 120 kts
Cruising speed 100 kts
Cruising altitude 8,000 ft
Diversion range 50 nm
Passenger 2
Baggage 501b
Take-off ground roll 1000 ft
Take-off altitude 0 ft
Rate of climb 800 fpm
Rate of climb altitude 0 ft
Stall speed 50 kts
Service ceiling 10,000 ft
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Table 12. Sizing result (baseline).

PAV sizing result
MTOW(lb) /W W/S (Ib/ft?) P/W (hp/lb)
2,771 0.24 19 0.07
0.50
===(Ground Roll
0.45
==ii=(limb Rate 3
30.40 .
= ==Max Cruise Speed
5035
= ) =t=Seryice Ceiling
+ (.30 7

i , Stall Constraint
.%“ 0.25 . / T
gt %y Mﬁlﬂﬁ

- . .

=015 P :

a '.;-;-"'||”-1||-|1|A-\....
Eﬂ.iﬂ TR ol S i i :
F0.05

0.00

0 5 10 15 20 25 30 35 40
Wing Loading (Ib/ft72)

T8 2. FCiE| of oeisiE 23t el
Fig. 2. T/W vs. W/S result graph.
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Fig. 3. P\W vs. W/S result graph.
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2300
E 13, AMEFAR|, MEE, ASSE FExH HE
’ 5200
Table 13. Ground roll, rate of climb, stall speed constraint .
changes. Y
Case Ground roll (ft) | Rate of climb (ft) | Stall speed (kts) ﬁu 2300
L] an
1 1,200 1,000 55 = =0
2 800 1,000 55 2
2600
3 1,200 600 55 o
4 1,200 1,000 45 1 2 3 4 5 § 7 8
5 800 600 55 Case
6 800 1,000 45
7 1,200 600 45 O3 6. O|SE5Y 2= Alo|F Z1t1
3 800 600 45 Fig. 6. MTOW sizing results 1.
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Area(ft?)
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4
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33 7. E 14 DHHN E=x Alo|d 23} 1
Fig. 7. Wing area sizing results 1.

Engine Power

BHP

Case

ol x| =24

o=

8 8. ® 14 =X Aol Z3} 1
Fig. 8. Engine power sizing results 1.

& FEE daw o, a0 et o
PAVE] R offe} G727
& 5o upe} ojwslgol G W
T OlHFTYE FFE

o

A17lo] Lo A
Z7k5H Rk, 9 4
S0, wheba] o)

E 15. X|& FA2, MSE, s 5= #g
Table 15. Ground roll, rate of climb, maximum speed
constraint changes.

Case Ground roll (ft) | Rate of climb (ft) | Maximum speed (kts)
1 1,200 1,000 140
2 800 1,000 140
3 1,200 600 140
4 1,200 1,000 100
5 800 600 140
6 800 1,000 100
7 1,200 600 100
8 800 600 100
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E 16. X|M=FIE|, ASE, ZUiET Halo| mE Alo|d Znt
Table 16. Sizing result for ground roll, rate of climb,
maximum speed changes.
MTOW |Wing area W/S P/W  |Eng power
Case | 1) @ | "™V | @) | (pib) | (ohp)
1 3095 162 0.25 19 0.08 253
2 3143 164 0.28 19 0.09 273
3 2913 153 0.21 19 0.06 185
4 2764 145 0.25 19 0.07 202
5 3136 164 0.28 19 0.09 272
6 2842 149 0.28 19 0.08 233
7 2639 139 0.21 19 0.06 155
8 2839 149 0.28 19 0.08 232
P/W vs. W/S
Case25 @
@ Casel6 8
Cazed »
# Case 3
Case7 @
T 182 184 1856 188 19 192
w/s

T8 9. S| of UsEE Aol a2
Fig. 9. PAW vs. W/S sizing results 2.

Maximum Take-off Weight

Weight {Ib)

Case

33 10. OISE5E &= AO|FH Z3} 2
Fig. 10. MTOW sizing results 2.

www.koni.or.kr



J. Adv. Navig. Technol. 22(2): 111-122, Apr. 2018

Wing Area
170

160
155
150
145
140
135
130

Area(ft?)

[
[}
w
S
wn
o
-~
o

I3 1. oM™ B2 Alo|d Z3} 2
Fig. 11. Wing area sizing results 2.

Engine Power
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Fig. 12. Engine power sizing results 2.
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o FFTTH

.

S8R )

AR Aol g Azt % ol FEFF] VY Ao Ave A%
AR ARl on, 1 A F 162] 7 ol tidk
ARE 19 13~1500 YERSITE B8k CATIAE o] §3te] A
Ad S 29 16, 179 YERARIT
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==f==Ground Roll
0.45
=f=Climb Rate
‘% 040 ====Max Cruise Speed
gO.BS st Service Ceiling
:C:l 0.30 ==i==5tall Constraint
0 0.25
o 0.20
4
+ 0.15
2
|'E 0.10
0.05
0.00
o 5 10 15 20 25 30 35 40
Wing Loading (Ib/ft*2)
O3 13, FHWEZ| f dHskEs ZIE 16, 7H 7Holx)
Fig. 13. T/W vs. W/S result (Table 16, case 7).
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0.10
=#=Ground Roll
0.09
g === Climbh Rate
._% 004 === Max Cruise Speed
59;0.07 = Service Ceiling
_"c:n 0.06 =& 5tall Constraint
'g 0.05 T
2 0.04 il ﬁﬁ%&l‘ﬂ
= 0.03 M
2 002
o 4
0.01
0.00
0 5 10 15 20 25 30 35 40
Wing Loading (Ib/ft2)
O3 14. SHUWEZH| of AHsES ZIKE 16, 7H 7o)
Fig. 14. P\W vs. W/S result (Table 16, case 7).
300
=4=Ground Roll
250 == (limh Rate
N ‘\ // =f=Max Cruise Speed
g 200 ==Service Ceiling
2 \ ~&—5tall Constraint
v 150
2
0 SO
T 450 N 3
a
-
m
.
m 50
0 T
0 5 10 15 20 25 30 35 40
Wing Loading (lb/ft?)

J8 15. Mol of 2dsts Z3fE 16, 7H #Holx)
Fig. 15. BHP vs. W/S result (Table 16, case 7).

T8 16. PAV

Yo (HEEE)
Fig. 16. PAV configuration (flying mode).



O3 17. PAV &€& (FHEE)
Fig. 17. PAV configuration (driving mode).

v.d B
2 Aol A= F4E PAVY FEHE7 SIS 913
PAV A}o]d JEZ?”“% ks
A =23 PAVEAY HFEET
OS] / Jdsks / 5
< Teksick
=&k ] 374 @ FAR PART 23S 1213k 7]E ¢
FS 2k Atol g aalo A AREEE A
T8 £, 2T A, nEgA, A &5, &3
3] A, 4, 1=, AF A, olF
%, A& &R FH 4G ko)t ok
ATE T A S5, qqq S, ASE, AEEEe] Wst
7} el Al Bls) Abo] ol T 3RS M A= Ao A
w0 4712] Wol| tate] thekgh 4-9-9] 5 wHEo] Ate]A
< sk
Aol Al H 2 3B F A AT A o
ZHe 58S 3_;3],;;] o) wet o] & <diRlo] "o sta
A= PAV A 9] T&Fo] STV wm Gl WA7EA] S7HA|
71 A3 et A&E&nEs ol A Hog of
IS T3 AEETT S o}‘ﬂ ojislso] T7kete] g7l W
Z o] ZFaatA ¥]aL ALE w7t 74 HW oWk 1t
Zxste] 1 A3 ) AR o] F7sHAl Hk
Atold Axt A Hr= A & 7%31

ol nlal FFol e AL % 5 3

rr ot

o>
T o
- Hn

H

Kt

1

iﬂ

—‘*o
& M

ox My H
ofy ot

of&
L

s

3
.

g, AEET

X 149 A3l 4, 6

Wl 75 A A4 A R)e] Aol LG A}
A7 21T 5 ek o] 2 Fol AESEE A2 371
LTE F P M 2 GRS Ve Ao paEl

ok, B, ol FE Tl 1 e
gakglom, Al At 5 %
Aotz 259

s HE Ao 4
16°] 79 7397} 2= o] Apo]

121

FT A= A A EH (DOE; design of experiments)
£ Fl v TS At E2F8F PAV 7] Ab
o1& 83t Flo|th el T2 pAV A7l Hash
<o e 3 31T S THA 0= g Alol A
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