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• eVTOL: electric 
vertical takeoff and 
landing aircraft with 
passengers

• UAM: Urban Air 
mobility
• UAM refers to 

urban 
transportation 
systems that move 
people by air

What are eVTOL and UAM?
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How do we design eVTOL?

Decide:	payload	(WPAY)	and		mission																																																																								

Distance	≈	12.1	miles	à Round	trip	≈	25	miles
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WPAY ≈	400	lbs



Design Procedure
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1.			Assume	a	gross	take	of	weight		𝑾𝑮𝑻𝑶	 to	calculate	hover	power	and	max	continuous	power

2.			From	DL	and	number	of	rotors	find	radius	R	

3.			Calculate	cruise	power	𝑷𝑪 versus	speed	𝑽𝑪	with	a	prescribed	L/D	of	5

4.	 Calculate	structural	weight(𝑾𝒔) from	𝑾𝑮𝑻𝑶	

5.	 Calculate	weight	of	the	e𝐧𝐠𝐢𝐧𝐞	(𝑾𝑷)

6. Calculate	weight	of	the	battery			(𝑾𝑩𝑨𝑻)

7. Finally,		up-date	gross	take	off	weight

𝐮𝐩𝐝𝐚𝐭𝐞𝐝	𝑾𝑮𝑻𝑶 = 		𝑾𝑷𝑨𝒀 +	𝑾𝑺+	𝑾𝑷 +	𝑾𝑩𝑨𝑻

Given:	a	payload	(𝑾𝒑𝒂𝒚) of	400	lbs and	mission	of	25	mi	
Find:		minimum	Gross	Take	Off	weight	(𝑾𝒈𝒕𝒐) and		minimum	radius	R

Iterate	steps	1-7	until	𝑾𝑮𝑻𝑶 converges

&	with	an	L/D	calculated from	the	
rotor	and	fuselage	drag
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Visualizing Data



Disk Loading

Disk	Loading	(DL):	amount	of	force	
that	rotors	have	to	generate	to	
overcome	weight(W)	per	area

𝑫𝑳 = 𝑾
𝝅∗𝑹𝟐𝒏

à

R	=	radius	of	rotor
n	=	number	of	rotors

Figure	of	Merit	(FM):
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Programming Calculations
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8*refined	calculations

does	not	close
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Refined
Simplified
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Refined
Simplified



Constraints:
• Landing	at	my	houseà can’t	be	much	heavier	than	a	car	àminimize	weight
• Stored	in	drivewayà don’t	want	to	take	up	too	much	space	àminimize	radius

Constraints:
• Landing	at	my	houseà can’t	be	much	heavier	than	a	car
• Stored	in	drivewayà don’t	want	to	take	up	too	much	space

Constraints:
• Landing	at	my	house
• Stored	in	driveway

Choosing a DL
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DL	=	6	lbs/ft2
Wgto ≈	1987	lbs Radius	=	2.2561	ft



Rendering the Design with OpenVSP
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Nasa Langley 
OpenVSP



Visualization Process
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Step 1: Blade
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Step 2: Rotors
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Step 2: Rotors
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1.33	x	Radius



Side	View

Step 3: Hubs
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8.50	ft



Step 4: Wings
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Step 4: Wings
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Step 5: Fuselage
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Step 6: Landing Gear
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Step 7: Seats
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Side Isometric

Final eVTOL
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Summary
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• Learned	about	aircrafts	&	how	to	calculate	lift,	drag,	and	power

• Learned	how	to	design	an	evtol

• Designed	an	evtol that	can	carry	2	passengers	to	and	from	UMD	campus	and	
my	house

• Visually	rendered	design	using	Nasa	Langley	OpenVSP software



Lessons Learned
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• Important	Lessons:

• Engineering	requires	iteration

• Ask	questions

• Break	difficult	tasks	into	small	steps

• Pay	attention	to	units!!!



Conclusion
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• Yes,	it	is	possible	to	design	an	evtol aircraft	with	a	payload	of	400	lbs and	
mission	of	25	miles

• It	is	important	to	include	the	proper	drag	calculations

• Feasible	designs	have	a	DL	in	the	range	2-10	lbs/ft2

• Optimum	design	for	payload	=	400	lbs and	range	=	25mi:

• DL	=	6	lb/ft2

• Wgto ≈	1987	lbs

• Radius	≈	2.25	ft
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Thanks for listening!
Questions?


