
Preliminary Estimate of Take-O� Weight

� Photograph of Boeing C-17 Globemaster at take-o�: Maximum take-o� weight equals 585,000 lbs, maximumpayload is 169,000 lbs (Courtesy of the Boeing Company).
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WTO = Wfuel +Wpayload +Wempty: 2:1Wpayload = Wexpendable +Wnon�expendable: 2:2
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� Fuel weight is based on the 
ight plan. It 
onsiders the fuel used inall of the 
ight phases:
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Fuel Fra
tion Estimates.� Total amount of fuel is based on the sum of individual amountsused within ea
h 
ight phase.
Fuel Weight Fra
tion = (Wf=Wi)fuel: 2:3(Wlanding=Wtake�off)fuel = W2W1W3W2 � � � WNWN�1 2:4where 1,2,: : : N represent the individual 
ight phases in order in the
ight plan, starting with take-o� (1) and ending with landing (N).
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1. Engine start-up and take-o�.� Consists of starting the engines, taxiing to the take-o� position, take-o� and 
limb out.� Empiri
al estimate:
0:97 � WfWi � 0:975: 2:5
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2. Climb and a

elerate to 
ruise 
onditions.
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3. Cruise out to destination.� Based on Brequet range equation.
R = VC LD ln 264WiWf 375 2:6aR = �C LD ln 264WiWf 375 2:6b

� NOTE: exponential dependen
e ) extreme sensitivity to 
hoi
es� Start with L=D. A reasonable estimate isLD = 0:94 24LD35max : 2:7
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� Other histori
 trends:
L=Dmax Range Average L=DmaxPropeller Personal/Utility 9.6 - 14.2 12.1Propeller Commer
ial Transport 13.8 - 18.5 16.3Business Jet 13.0 - 15.6 14.3Commer
ial Jet Transport 15.0 - 18.2 14.4Military Transport/Bomber 17.5 - 20.5 18.9Military Fighter (subsoni
 
ruise) 9.2 - 13.9 11.0
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� For V=C, a general range is
0:5 � C � 1:2 2:12

� For propeller driven air
raft: use Eqs[2.13 - 2.14℄ and histori
trends.
� CPersonal/Utility 0.80 0.60Commuter 0.82 0.55Regional Turboprop 0.85 0.50
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4. A

eleration to high speed (inter
ept).� Consider a

eleration in two phases:1. A

eleration from low speed (Ma
h 0.1) to 
ruise Ma
h number,M
.2. A

eleration from low speed (Ma
h 0.1) to the maximum Ma
hnumber, Mmax.� The weight fra
tion for (1) isWfWi = W
W:1 : 2:15� The weight fra
tion for (2) isWfWi = WmaxW:1 : 2:16� The total weight fra
tion to a

elerate from M
 to Mmax isWfWi = WmaxW
 = WmaxW:1 24W
W:135�1 2:17
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5. Combat.
� De�ned as a time, t
ombat� Weight of fuel used during during 
ombat is

Wi �Wf = CmaxTmaxt
ombat: 2:18
� TAKE CARE with Units!� If ordnan
e is dropped, this weight is subtra
ted during 
ombat.
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6. Return 
ruise.
� Either:1. Return to the point of origin to land.2. Continue on se
ond half of the 
ruise phase.� Treated exa
tly like 
ruise out with two possible ex
eptions.1. Substantially lower weight ) In
rease in altitude for same lift.2. Substantially lower weight ) Maintain altitude with added trimdrag (lower L=D).� Largest e�e
t for long-range air
raft.
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7. Loiter.
� Based on Enduran
e equation.� Two forms: for turbo-jet and re
ipro
ating engines,

E = 1C LD ln 264WiWf 375 2:19aE = �C LD 1V ln 264WiWf 375 2:19bwhere E is the enduran
e (loiter) time.� Maximum enduran
e) maximize L=(DC).� Initial approximation, 24 LDC 35max ' 24LD35max : 2:20L=Dmax found as before.� For propeller driven: E = TP LDC 1V ln 264WiWf 375 : 2:21� Maximum enduran
e) shaft power ,P , is a minimum ) L=Dis a maximum. 13



8. Landing.� Emperi
al like take-o� 0:97 � WfWi � 0:975: 2:22
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Total take-o� weight.(Wlanding=Wtake�off )fuel = W2W1W3W2 � � � WNWN�1 2:4� Add 5% reserve and 1% trapped fuel.� The stru
ture weight is determined from the stru
ture 
oeÆ
ient,s = WemptyWTO 2:23
� Histori
al trends:
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s = AWCTO A CSailplane (unpowered) 0.86 -0.05Sailplane (powered) 0.91 -0.05Homebuilt (metal/wood) 1.19 -0.09Homebuilt (
omposite) 0.99 -0.09Homebuilt (
omposite) 0.99 -0.09General aviation (single engine)2.36 -0.18General aviation (twin engine) 1.51 -0.10Twin turboprop 0.96 -0.05Jet trainer 1.59 -0.10Jet �ghter 2.34 -0.13Military 
argo/bomber 0.93 -0.07Jet transport 1.02 -0.06
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� The �nal take-o� weight
WTO = Wfuel +Wpayload +Wempty: 2:1

� The di�eren
e between the available empty weight and the requiredempty weight gives the surplus empty weight whi
h should bezero.� This requires an iterative approa
hwhere an initial take-o� weightis guessed.
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Spread sheet approa
h for take-o� weight estimate.� itertow.xls: \Iter" refers to the fa
t that the 
al
ulations use itera-tive steps to rea
h the solution of the take-o� weight.
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Mission Requirements

Max. Mach 2.1
Cruise Mach 2.1
Cruise Alt. (ft) 55,000
Oper. Rad. (nm) 2,000
Engine: TSFC Min. 0.9
Engine: TSFC Max. 2.17
Engine: Thrust (lbs) 108,540
Aspect Ratio 2
Combat: Time (min) 0
Combat: Altitude (ft) 30,000
Loiter: Time (min) 10
Loiter: Altitude (ft) 0
Fuel Reserve (%) 5
Trapped Fuel (%) 1
Structure Factor 0.5

Payload: Exp. (lb) 0
Payload: Non−exp. (lb) 4000

Iteration 1 Iteration 2 Iteration 3 Iteration 4
Weight: T−O (estimated) 40,000 40,000.00 42,232.50 90,523.17 90,523.17
Weight: T−O (final) 42,232.50 44,366.34 90,523.17 90,523.17
Surplus Empty Wt. (lbs) −2,232.50 −2,133.85 0.00 0.00

1. Start−up & T−O 39,000.00 41,176.68 88,260.09 88,260.09
2. Climb & Accel. to Cruise 36,153.00 38,170.79 81,817.10 81,817.10
3a. L/D 7.59 7.59 7.59 7.59
3b. V (f/s) 1,925.70 1,925.70 1,925.70 1,925.70
3c. Cruise to destination 29,364.58 31,003.49 66,454.38 66,454.38
4. Accel. to high speed 29,364.58 31,003.49 66,454.38 66,454.38
5. Combat 29,364.58 31,003.49 66,454.38 66,454.38
6. Drop Exp. Payload 29,364.58 31,003.49 66,454.38 66,454.38
7. Cruise back 23,850.82 25,182.00 53,976.30 53,976.30
7. Loiter 23,384.13 24,689.26 52,920.15 52,920.15
8. Land 22,799.53 24,072.03 51,597.15 51,597.15

Total Fuel Wt. (lbs) 18,232.50 19,250.10 41,261.58 41,261.58
Available Empty Wt. (lbs) 17,767.50 18,982.40 45,261.58 45,261.58
Required Empty Wt. (lbs) 20,000.00 21,116.25 45,261.58 45,261.58
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Case-study (SSBJ)

20


