Employee Time Card

Team Number.______

Week starting Monday (fill in Monday's date)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday Week Total

Hours Worked

Employee Signature

Team Leader Signature

Employee Time Card

Team Number:______

Week starting Monday (fill in Monday's date)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday Week Total

Hours Worked

Employee Signature

Team Leader Signature

Employee Time Card

Team Number_____

Week starting Monday (fill in Monday's date)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday Week Total

Hours Worked

Employee Signature

Team Leader Signature

Notes: Data must be logged by the group leader.
' Time Cards are due to the team leader on Tuesday for the preceeding week.
Hours worked incfude hours of class actually attended and productive hours spent
outside of class workihg on the aircraft design.
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AAE-541 Aircraft Design
Preliminary Vehicle Sizing

A. Getting Started
B. Constraint Analysis
1.Stall Speed Constraint
2. Cruise Speed Constraint
3. Climb Constraint
4. Take-off Constraint
5. Other Constraints (see Raymer or Roskam)
C Preliminary Weight Estimation
Method 1: Using Mission Requirements to Compute Battery Weight \ 4 ot

Fraction wncluded
Method 2: Using Historical Data (A thig
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/Users/andrisan/0ld Hard Drive/MATLAB/MATLAB 6/Cour..

August

YTakeoff2.m Page 1

30, 2005 10:39:46 AM

% File:

TakeoffZ.m

% Script to perform takeoff analysis on electric powered aircraft
% The output is stored in an array called DATA

% DATACk, 1)=WperS(i); % wing loading, lbf/ftA2

% DATACk,2)=WperBhp(3); % power loading, lbf/hp

% DATACk,3)=TakeOffTime; % takeoff time, sec

% DATACK,4)=TakeOffDistance; % takeoff distance, ft

% DATACk,5)=WbPerW; % battery wright fraction, nondimensional

% DATA(k,6)=FailedTakeoff; % =1 if takeoff was NOT performed within the allowed T ¢
0 distance

% ' % =1 if takeoff was performed within the allowed TO dis ¢
tance

% INPUTS < o

ETAp=0.5 % propeller efficiency €25

ETAm=0.6 % Motor efficiency NE U ‘ _
rho=0.002377 % air density slugs per ftA3 lf\ﬂpe//roqer‘ ecn,

(do=0.0300 % paracite drag coefficient

mu=0 .05

Vtakeoff=28 % Take-off velocity, ft/sec
MaxTOdistance=120 % Maximum allowable take off ground roll, ft
RHOeNiCAD= 72900 % Energy density of NiCad (joule/lbf)

purdu e, ecfu.,/
N andrisan /

butfe~/ARESS/

% coefficient of rolling friction

RHOeNiMH= 92500 % Energy density of NiMH (joule/lbf)
RHOelLiPoly=239000 % Energy density of Lithium Polymer (joule/lbf)

WpersS=0.

1:.1:1; % Lbf/ftAZ

" WperBhp=1:1:100; % lbf/Bhp
rows=Length(WperS)*1ength(WperBhp)
DATA=zeros(rows,5);

- k=0;

for i=1:

for

ined.

length(WperS)

j=1:length(WperBhp)

k=k+1;

%strl=["wing loading= ',num2str(WperS(i)),', powerloading= ',num2str(WperBhp(j))1;
%disp(strl)
%[T,Y]=0de45(@TakeOffEOM, TSPAN,Y®, [],wingloading,powerloading, ETAp,rho,Cd@,mu);
Tmax=60; % Maximum amount of time to integrate, sec

[T,Y]=0de45(@TakeQffEOM, [@ Tmax],[@ .1]1,[]1,WperS(i),WperBhp(j),ETAp,rho,Cd@,mu);

% YI = INTERP1(X,Y,XIL)

TakeOffTime=interpl(Y(:,2),T,Vtakeoff); % will be NaN if the velocity was ot atta ¢

if isnan(TakeQffTime);
disp(ERROR: You have not integrated long enough to achieve Vtakeoff');
last=length(Y(:,1));
TakeOffDistance=Y(last,1);

else

TakeOffDistance=interpl(T,Y(:,1),TakeOffTime);

—_ {fés _

end



/Users/andrisan/0ld Hard Drive/MATLAB/MATLAB 6/Cour.../Takeoff2.m Page 2
August 30, 2005 _ 190:39:46 AM

if TakeOffDistance>MaxTOdistance | isnan(TakeQffTime);
FailedTakeoff=1; % Takeoff failed for either of two reasons
else
FailedTakeoff=0; % Tokeoff was successful
end
% Battery weight fraction for takeoff
WbPerW=745. 7*TakeOf fTime/(ETAm*WperBhp(j)*RHOeNiCAD); % nondimensional
% store data
DATACK,1)=WpersS(i); % wing loading, lbf/ftA2
DATACk, 2)=WperBhp(j); % power loading, lbf/hp
DATA(Ck,3)=TakeOffTime; % takeoff time, sec
DATACk,4)=TakeOffDistance; % takeoff distance, ft
DATA(k,5)=WbPerW; % battery wright fraction, nondimensional
DATA(k,6)=FailedTakeoff; % =1 if takeoff was NOT performed within the allowed TO ¢
distance
% =1 if takeoff was performed within the allowed TO dista ¢
nce
end
end

%SAVE FILENAME X Y Z saves X, Y, and 7
save DATAfile DATA

[rowsDATA, colDATA]=size(DATA)

DATA

figure(l)

clf

axis([WperS(1) ,WperS(length(WperS)),WperBhp(1),WperBhp{length(WperBhp))1)
hold on

% Find and plot points that represent successful takeoffs
k=Find(DATA(:,6)==0);

pLot(DATACk,1),DATACK,2), "ko") _
disp('Battery weight fractions for successful takeoffs (mean, max, min).")
- WbPerWmean=mean(DATA(k,5))

WbPerWmax= max(DATACk,5))

WbPerWmin= min(DATA(k,5))

TakeQffTimeMean=mean(DATA(k,3))

TakeOffTimeMax= max(PATA(k,3D))

TakeOffTimeMin= min(DATA(k,3))

% Find and plot points that represent failed takeoffs
k=find(DATA(:,6)==1);

plot(DATACk,1),DATACk,2), 'rx")

xlabel('Wing Loading (lbf/ftA2)")

ylabel('Power loading (lbf/hp)')

title('Takeoff Constraint')

— (77—



/Users/andrisan/0ld Hard Drive/MATLAB/MATLAB 6/Cour. ../Takeoff2.m Page 3
August 30, 2005 10:39:46 AM

text2(.05, .95, 'x represents failed takeoffs')

text2(.6,.05, "0 represents successful takeoffs')
hold off

~[8-



/Users/andrisan/Old Hard Drive/MATLAB/MATLAB 6/Co...ATakeOffEOM.m ) Page 1
August 30, 2005 12:18:21 PM

function ydot=TakeOffEOM(t,y,wingloading,powerloading,ETAp,rho,(d@,mu)
% Differential equations for take-off.

o ‘

% [y(1) y(2)]=[x xdot]

% [ydot(1) ydot(2)]=[xdot xdotdot]

ydot(1,1)=y(2);
ydot(2,1)=32.17*(55@*ETAp/(y(Z)*powerloading)—0.5*rho*y(Z)*y(Z)*Cd@/wingloading-mu);

ﬂ/] JL“,L"/ﬂLj _ﬁu V\C-‘j'ia A . (/Y'\-] A 147 ﬂ’bﬂ
‘e7 v JL-'HO ns o 7[ m g -/70 4 *FUY 7)7“’41 - OL#;(QA
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Takeoff Analysis Results
INPUTS

ETAp = Toke ofL W&Maﬂém |
0> Bh F sso M S LA,
ETAm = Loy ¢ \-
m= X = 3 ( - (.L e x c%) f&)
rho = X '
0.002377 Battery wWiight Fracton

o 30.03 ;Vﬁ. = ?i/i7 &f 7:—& ke-ott

mu =0.05 W ?Z’” W 10 E

Vtakeoff =
28

MaxTOdistance = 65 M Cﬁ.D ba '111"3'#’!5; AALLLEN é‘ji

120

" RHOeNiCAD =

72900
OUTPUTS
Battery weight fractions for successful takeoffs (mean, max, min).
WbPerWmean = '
0.00099928

WhPerWmax =
0.0024007

WbPerWmin =
0.00076056

~20 -



Takeoff Constraint
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Power loding (Ibf/hp)
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% FILE: Constraint3.m

% Script to generate constraint diagram:

%

%

disp(" '); disp("*** Start here ***'); disp(’ ')

% DataSection

WperSmin=.2 % Limit on the axes of the constraint diagram (1bf/ftA2)
WperSmax=.8 % Limit on the axes of the constraint diagram (lbf/ftA2)
WperPmin= @ % Limit on the axes of the constraint diagram (1bf/hp)
WperPmax=200 % Limit on the axes of the constraint diagram (lbf/hp)
Vs=20 % Stall speed (ft/sec)

CLmax=[1.3,1.4,1.5] % Possible values of maximum lift coefficient (nondimensional), use 3 ¢
of them

rho=0.002377 % air density (slugs/ftA3)

Vcr=28 % cruise speed (ft/sec)

EtaP=.5 % propeller efficiency (nondimensional)

(DO=[.022,.026,.0307 % Possible values of (D@, use 3 of them
LoverDmax=[1@,12] % estimated maximum lift to drag ratio

gamma=2@/57.3 % Take-off flight path angle

% Stall speed constraint
WperSl=.5*rho*VsAZ2*Clmax; % wing loading constraints
numCLmax=1ength(CLmax);

ifig=0;

ifig=ifig+1l; figure(ifig)

clf

WperSdat=[WperS1(1),WperS1(1)];
WperPdat=[WperPmin, Wpeerax];
plot(WperSdat,WperPdat)
axis([WperSmin,WperSmax, Wpeerln Wpeerax])
- hold on

title('Constraint Diagram')
hash_right(WperSdat,WperPdat)
%hash_left(WperSdat ,WperPdat,30)
WperSdat=[WperS1(2) ,WperS1(2)1;
plot(WperSdat ,WperPdat)
hash_right(WperSdat,WperPdat)

- %hash_left(WperSdat,WperPdat)
WperSdat=[WperS1(3),WperS1(3)];
-plot(WperSdat ,WperPdat)
hash_right(WperSdat,WperPdat)
%hash_left(WperSdat ,WperPdat , -3@)
stringl=['Stall Constraint: Clmax=[', num2str(CLmax),'], Vs= ', num2str(Vs), ' ft/sec'];
text2(.2,.2,stringl)

% Cruise speed constraint
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slopes=((.75)*(55@)/(.5*rho*1.1))*EtaP./(VcrA3*(D@);
inc=(WperSmax-WperSmin)/10;
WperSdat=WperSmin:inc:WpersSmax;
plot(WperSdat,slopes(1)*WperSdat)
hash_teft(WperSdat,slopes(1)*WperSdat,®)
plot(WperSdat,slopes(2)*WperSdat)
hash_left(WperSdat,slopes(2)*WperSdat,?)
plot(WperSdat,slopes(3)*WperSdat)
hash_left(WperSdat,slopes(3)*WperSdat,?)
string2=["Cruise Constraint: CD@=[", numZ2str((D@),'], Vcruise= ', numZstr{Vcr), ' ft/sec' ¢
1;

text2(.05, .9,string2)

text2(.3,.03, 'DESIGN SPACE')

% Climb constraint
WperPclimb=55@0*EtaP./(Vcr. /(. 866*LoverDmax)+Vcr*sin(gamma))
plot([WperSmin WperSmax], [WperPclimb(1) WperPclimb(1)])
plot([WperSmin WperSmax], [WperPclimb(2) WperPclimb(2)])
hash_left([WperSmin WperSmax], [WperPclimb(1) WperPclimb(1)])
hash_left([WperSmin WperSmax], [WperPclimb(2) WperPclimb(2)])
string3=['Climb constraint, gamma= ',num2str(gamma*57.3)," deg, Vclimb= ',num2str(Vcr),' ¢
ft/sec, Lower L/D gives lower line.']

text2(.05,.08,string3)

string4=["'L/D max= ',numZstr{LoverDmax)]
text2(.95,.15,string4)

xlabel('Wing loading lbf/ftA2")
ylabel('Power loding (1bf/hp)')

%disp('Click twice on the desired design point')
% [X,Y] = GINPUT(ND
%[WperSin,WperHPin]=ginput(1)

- %plot(WperSin,WperHPin, 'rx’)

%weight=2.5

%S=weight/WperSin

%Bhp=weight/WperHPin

hold off
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% File: TakeOffConstraint.m

% Script to plot the take off constraint line on an existing constraint
% diagram. It used data computed from the takeoff EOMs and stored in

% and array called DATA. o

WperS=0.1:.1:1;

WperHP=zeros(size(WpersS));

for i=1:length(Wpers)
y=Find(DATA(:,1)==WperS(i))
DATA(100, :)
DATAZ=DATA(y, :);
size{DATAZ)
y2=Find(DATAZ2(:,6)==0)
WperHP(i)=max(DATA2(y2,2))

end

hold on

plot(WperS,WperHP)

hash_left(WperS,WperHP, 80)

stringb=['Takeoff constraint from integrating EOMs'];
text2(.2,.3,string5)

" hold off
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