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Preliminary Weight Estimation
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Preliminary Design

Preliminary Sizing

Conceptual 

Design

Gross T.O. Weight (𝑾𝑻.𝑶)
Empty Weight (𝑾𝒆)

Mission Fuel Weight (𝑾𝒇)
Max. Req. T.O. Thrust (T𝑻.𝑶) 
Wing Area & Aspect Ratio

Max Req. Lift coef. (clean) 𝑪𝑳𝒎𝒂𝒙
Max Req. Lift coef. (T.O.) 𝑪𝑳𝒎𝒂𝒙𝑻.𝑶

Max Req. Lift coef. (landing) 𝑪𝑳𝒎𝒂𝒙𝑳

Preliminary 
Sizing



Roskam method applies to 12 types of airplanes
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1. Homebuilt Propeller Driven Airplanes

2. Single Engine Propeller Driven Airplanes

3. Twin Engine Propeller Driven Airplanes

4. Agricultural Airplanes

5. Business Jets

6. Regional Turbopropeller Driven Airplanes

7. Transport Jets

8. Military Trainers

9. Fighters

10. Military Patrol, Bomb and Transport Airplanes

11. Flying Boats, Amphibious and Float Airplanes

12. Supersonic Cruise Airplanes



Weight components
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W0 = Wg,max =WT.O. =WOE + WF+ WPL

WOE = We + WCrew + Wtfo

operating empty weight

Trapped fuel & oil

We = WME + WFEQ

Fixed equipment (Wvendors)
Manufactures empty 

weight ازاعممیشودخریداریهواپیمابرایآنچه
تهویهیک،اویونسیستمداخلی،مبلمانصندلی،
...هیدورلیک،مطبوع،

Woe
Wpl

Wf



فرآیند محاسبات 
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WPLتعیینومحاسبه:گاماول

WT.O.guessمشابهبررسیبازارهواپیماهای.WT.Oحدسبا:گامدوم

مأموریتWFمحاسبۀ:گامسوم

ازWOEمحاسبۀمقدار:گامچهارم

WOE,Tent=WT.O.guess – WF-WPL Eq. (2.4) Roskam 

Weمحاسبۀمقدار:گامپنجم

We,Tent=WOE,Tent– Wtfo-WCrew Eq. (2.5) Roskam 

لگاریتمینمودارازWeمقدارمجازکردنپیدا:گامششم

.WT.Oتلرانستا6تا3بهمراحلبرگشتWT.O.guessتعدیلو6آمدهازگامبدستWeوWe,Tentمقایسۀمقدار:گامهفتم

نیمدرصدشودزدهشدهومحاسبهشدهکمترازحدس



Step I: Payload & Crew Weight
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include a 16-pound allowance for personal items and carry-on bags

(a) 1/3 of passengers carry one personal item and one carry-on bag.
(b) 1/3 of passengers carry one personal item or carry-on bag.
(c) 1/3 of passengers carry neither a personal item nor a carry-on bag.
(d) The average weight allowance of a personal item or a carry-on bag 
is 16 pounds.
checked bags: 30 pounds

Sforza

Number of pilots:
2 pilots < 8 hours flight duration

8 hours < 3 pilots < 12 hours
4 pilots > 12 hours

Number of flight attendants:
FAA regulations: 1 attendant for every 50 seats



Step I (continue)
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WPL=170*(190+30)= 37400 lbs

Wcrew=2*(190+50)+4*(170+50)= 1360 lbs

Wplc = WPL + WCrew

Wplc = 38760 lbs



Step II: Take off Weight
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حدساولیهوزنبرخاستازهواپیماهایمشابه
یا

راستفادهازنمودارهایوزنبرحسبتعدادمساف

مشابهتولیدنموداراختصاصیبراساسهواپیماهای

Sforza: Fig. 1.12 Take-off weights versus number of passenger seats 
for 46 operational commercial jet transports.



Step II (continue)
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NP (2 Class) NP max WTO We

B737-400 147 168 150000 76760

B737-800 162 189 174200 92190

B737-900 177 220 174200 94740

B737 Max 7 126 140 159500 ?

B737 Max 8 162 175 181200 ?

B737 Max 9 180 204 194700 ?

A319-100 124 156 166500 89500

A320-200 150 180 169800 92800

y = 29490x0.3392

140000

150000

160000

170000

180000

190000

200000

130 150 170 190 210 230

WT.O.guess = 170000 lbs



Step III: Fuel Weight Estimation
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WF = WFused + WFres

Fuel 
Reserve

as a fraction of WFused
or

as a requirement for additional 
range so that an alternate 

airport can be reached
or

as a requirement for (additional) 
loiter time

Fuel-
Fraction 
Method

Roskam

The fuel-fraction for each phase 
is defined as the ratio of end 

weight to begin weight



Step III (continue)
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W1

WT.O.

= 0.99

W2

W1

= 0.99

W3

W2

= 0.995

W4

W3

= 0.98

Roskam Vol. I

or
Fig. 2.2 Roskam

or 
Breguet’s Eq. 



Step III (continue)
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W4

W3

= 0.98

Roskam Vol. I Fig. 2.2



Step III (continue)
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Sforza

The weight fraction W4/W3 for the Douglas DC-10-10 airliner in a

climb to 35,000 ft as given by Shevell (1989). Dotted line is added

to indicate the trend.

Sforza Fig. 2.4



Step III (continue)
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Sforza

The best time advantage for a turbofan compared to

a turboprop may be assumed to be in the ratio of the

cruise speeds, that is, about 500 mph/350 mph =

1.43, so that a 60-min flight in a turbofan would be

about an 80–90-min flight in a turboprop. Of course,

a transcontinental flight would be quite different, with

a 6-h flight in a turbofan becoming a 9-h flight in a

turboprop.



Step III (continue)
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W5

W4

= ?

Fuel consumption in cruise for jet airplanes:

Breguet’s range Eq. R in nm, V in kts
& Cj in lb/lb-hr

Note that the quantity V/Cj

must have the same units

as does the range R

𝑹 =
𝑽

𝑪𝒋

𝑳

𝑫
𝒍𝒏

𝑾𝟒

𝑾𝟓



Step III (continue)
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Sforza



Step III (continue)
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Selection of cruise performance characteristics

V
a

= M
In 35000 to 36000 ft speed of 
sound, is approximately constant 
(at 574 kts or 660 mph)

From mission specification

Roskam Vol. I

L
D

Sfc or Cj



Step III (continue)
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Selection of cruise performance characteristics

L
D

= 14 ~ 19 

Sfc or Cj = 0.5 ~ 0.6

L/DAirplane 

19-19.5B707
17.9DC-8
18B767-200
18B747
17Lockheed L1011-200
17.5MD 10-30

Loftin (1985)

Sforza, Fig. 2.5
Data from Heffley and Jewell (1972) show the variation of
L/D and ML/D as a function of M for the Convair CV-880
jetliner at two altitudes. The L/D for typical power approach
and landing at sea level are also shown.



Step III (continue)
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W5

W4

= ?

Fuel consumption in cruise for turboprop airplanes:

Breguet’s Eq.

L
D

= 14 - 18

Sfc or CtP = 0.5–0.7 lbs/hp-hr

V= 250 - 300 kts

ηP = 82% - 92%

𝑹 = 𝟑𝟐𝟔
𝜼𝑷
𝑪𝒕𝑷

𝑳

𝑫
𝒍𝒏

𝑾𝟒

𝑾𝟓

𝑹 = 𝟑𝟕𝟓
𝜼𝑷
𝑪𝒕𝑷

𝑳

𝑫
𝒍𝒏

𝑾𝟒

𝑾𝟓
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Fuel consumption in loiter:

Step III (continue)

W6

W5

= ? Breguet’s endurance Eq. For Jet

Breguet’s endurance Eq. For Turboprop

𝑬 =
𝟏

𝒄𝒋

𝑳

𝑫
𝒍𝒏

𝑾𝟓

𝑾𝟔

𝑬 =
𝟑𝟕𝟓

𝑽

𝜼𝑷
𝑪𝒕𝑷

𝑳

𝑫
𝒍𝒏

𝑾𝟓

𝑾𝟔

From mission specification



Step III (continue)
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Sforza W7

W6
= 0.99

W8

W7
= 0.98

W9

W8
= Breguet Eq.

W10

W9

= 0.99

W10

W9

= 0.992



Step III (continue)
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WF = WFused + Wfres = Mf WT.O.=(1- Mff) WT.O.

𝑀𝑓𝑓 =
𝑊11

𝑊0
=ෑ

1

𝑛 𝑊𝑖

𝑊𝑖−1
= (

𝑊1

𝑊𝑇.𝑂.
)ෑ

1

𝑖=10𝑊𝑖+1

𝑊𝑖

𝑀𝑓𝑓 =
𝑊1

𝑊𝑇.𝑂.
×
𝑊2

𝑊1
×
𝑊3

𝑊2
×
𝑊4

𝑊3
×
𝑊5

𝑊4
×
𝑊6

𝑊5
×
𝑊7

𝑊6
×
𝑊8

𝑊7
×
𝑊9

𝑊8
×
𝑊10

𝑊9
×
𝑊11

𝑊10

Mff = 0.7011 



Step III (continue)
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Mff = 0.7011 

Sforza Fig. 2.3
The total fuel fraction Mf is shown as a function of range as
estimated from available information on 50 airliners. The solid line
is an approximate curve fit to the data shown.

Mf = 0.2508 

Mff = 0.749 



Step IV & Step V
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WOE,Tent = WT.O.guess – WF –WPL

WOE,Tent = 81790 lbs

We,Tent = WOE,Tent– Wtfo-WCrew

Mtfo=0.005
𝑴𝒕𝒇𝒐 =

𝟎. 𝟎𝟑

𝑾𝑻.𝑶
𝟎.𝟐𝟑

𝑴𝒕𝒇𝒐 ≈ 𝟎. 𝟐𝟐𝟕
𝑴𝒇
𝟐

𝑾𝑻.𝑶

𝟏/𝟑

Sforza Fig. 2.9

Wtfo = 306 lbs



Step VI: Empty Weight
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𝒍𝒐𝒈 𝑾𝒆 =
𝟏

𝑩
𝒍𝒐𝒈 𝑾𝑻.𝑶. − 𝑨

Roskam

Roskam Fig. 2.9 

𝒍𝒐𝒈 𝑾𝒆 =
𝟏

𝟏. 𝟎𝟑𝟖𝟑
𝒍𝒐𝒈 𝑾𝑻.𝑶. − 𝟎. 𝟎𝟖𝟑𝟑

We = 90633 lbs



Step VI (continue)
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Sforza Fig. 2.6, 2.7 & 2.11

We = 90775 lbs
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80,124 lbs
Tentative

90,775 lbs
Sforza Historical Correlation

90,633 lbs
Roskam Regression Line

Empty 
Weight
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محاسبهوزن
سوخت،

محمولهووزن
خالی

مقایسهوزن
خالیبانمودار

لگاریتمی

حدسیبرای
وزنبرخاست

Roskam 
Approach

Step VII



Step VII (sforza)

29

We = (1 − Mf − Mtfo)Wg,max − Wplc

We =aWg,max +b
a =1−(Mf +Mtfo)

b=-Wplc

We =0.6993Wg,max -38760



30

-50000

-30000

-10000

10000

30000

50000

70000

90000

110000

130000

150000

0 50000 100000 150000 200000 250000

E
m

p
th

y 
W

ei
gh

t

Take Off Weight

Design line

Historical

log

B737-400

A320-200

B737-800

B737-900

Design Line new

We =0.7542WT.o.-38760
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Weight Reduction

A380 25% composite
B787 50% composite 
Bell-Boing v 22 75% airframe for composite
Eurofighter 75%  airframe for composite 
F/A-18 E/F 50 % to 60%
F-22 50% to 60% 



thanks!

Any questions?
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