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Preliminary Weight Estimation
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Roskam method applies to 12 types of airplanes

Homebuilt Propeller Driven Airplanes

Single Engine Propeller Driven Airplanes

Twin Engine Propeller Driven Airplanes

Agricultural Airplanes

Business Jets

Regional Turbopropeller Driven Airplanes AN
Transport Jets
Military Trainers G I
. Fighters —
10. Military Patrol, Bomb and Transport Airplanes

11. Flying Boats, Amphibious and Float Airplanes

12. Supersonic Cruise Airplanes
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Step [: Payload & Crew Weight

Sforza

Standard Average Passenger Weight

Summer weig

ge child (2—-13years old)
Winter weights

Average child (2-13vyears old)

Table 2.3 Average Crew Member Weights from USDOT (2004)
Crew Member Average Weight (Ib) Average Weight with Bags (Ib)

Flight crew member 190 240
Flight attendant 170

Male flight attendant 180
Female flight attendant 160
Crew member roller bag 30
Pilot flight bag 20
Flight attendant kit 10

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.

(¢) 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

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 | (continue)

wplc : WPL + WCrew

‘ CL
& ~i P L
\/\/PL::L70*(:LQO+30)=/ 37400 Ibs’ /-\ Kcwrgo\ # e '\,zc'»"\

W0y =25(1- 90+ 50)+4%(1 70+ 50)=[1360 lbs

Wpie = 38760 [bs



Step II: Take off Weight

1,400,000 ylin sblwlse ;| cuwlby ;9 Wyl (s
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1,000,000 1 Va:max=221.5Np™1.361 ] Pl 51185 sy @j9 sloylr900 ;1 6y lEuwl

Maximum 800,000 _
gross weight
Wg.max (Ibs) 600,000 ;
400,000

200,000 - - Yliws sloloylsr (wlwl p pol&idl )ly905 1o/

0
200 300 400

Number of passengers, Np

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

200000
NP (2 Class) NP max WTO A
B737-400 147 168 150000 B~
B737-800 162 189 174200
B737-900 177 220 174200 94740 (AN 0000 | R
B737Max7 126 140 159500  * el ey
B737 Max8 162 175 181200 . y = 29490x0%%2  .e " .
B737 Max 9 180 204 194700 . 170000 e Ly
A319-100 124 156 166500 ‘ --------
A320-200 150 180 169800 160000 o«
. 150000 @
W0, guess =/ 170000 |bs ,
140000
130 150 170 190 210 230



Step lll: Fuel Weight Estimation

WF - WFused o WFres M f /—\

as a fraction of Wg,.,,
or
as a requirement for additional
range so that an alternate
airport can be reached
or
as a requirement for (additional)
loiter time

Roskam

Fuel-

Fraction
Method

The fuel-fraction for each phase u el
is defined as the ratio of end e S e rV e

weight to begin weight
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Step Il (continue)

4 7 8 10

12 3 11 W:L -
Roskam Vol. | B T 0.qq

T.0.
Table 2.1 Suggested Fuel-Fractions For Several Mission Phases
Engine Taxi Take-off Climb Descent Landing
Start. Taxi. w2
Warm~up Shutdown | ™
Mission o 0' q q
Phase No.(See Fig.2.1) 1 3 W
Airplane Typet 1
1. Homebuilt 0.998
. B8ingle Engine 0.995 .
3. Twin Engline 0.992 . 5
4 Agricultural 0,996 § W3
5. Bugine Jet 0,950 =
== o] . =0.995
£. Military . 5 5 2
Trainers
Fighters
Mil.Patral. 0,980
Bomb, Transport
. Flying Boats, . 0,985 0. 990 5 W4 .

BVAVAT: or
Pieat Attpianes = 0.98 m )
. Supersonic 0,990 s 0.92-0.87  0.985 w3 Flg. 2.2 Roskam

Hotes: 1. The numbers inbthi.n t-mie are based on expecience or on judgment. OV’
2. There is no substituke for common sensel If and when common sense
go dictates, the reader should substitute other values for the Breguets Eq'
fractione suggested in this table.

Cruiae




Step Il (continue)

Roskam Vol. | Fig. 2.2
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Step Il (continue)

Table 2.4 Weight Fractions for the Mission Segments for Turbofan Aircraft
(R in nm, Vin kts, and C;jin hr=1)

Stage

10
11

Description

Engine start and warm-up

Taxi

Takeoff

Climb

Cruise to full range

One hour additional flight at cruise conditions
Ten percent nominal flight time additional
Descent to destination and refused landing
Climb

Diversion to alternate airport 200nm distant

Diversion to alternate airport 200 nm distant plus 0.5h
hold at 15,000 ft altitude at alternate airport

Descent
Landing

Wi/W; 4

0.990

0.990

0.995

0.980

exp [-RG/V(L/D)]
exp [Cy(L/D)
exp[—RC/10V(L/D)]
0.990

0.980

exp [—200C/VIL/D)
exp[—200C/V(L/D)
+exp[0.5Cj/V(L/D)]
0.990

0.992

a Flight diversion for domestic flights.
b Flight diversion for international flights.

0.975

Climb Weight
Fraction o7

W,/W;

0.96

200 225 250 275 300 325 350 375 400

Initial Weight W5 (000 lbs)

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

Step Il (continue)

Table 2.7 Weight Fractions for the Mission Segments for Turboprop Aircraft
(Rin nm, Vin kts, and Cyp in Ib/hp-hr)

Stage

Description

Engine start and warm-up

Taxi

Takeoff

Climb

Cruise to full range

One hour added flight at cruise conditions

Descent to destination and refused landing
Climb

Diversion to alternate airport 200nm distant
Descent

Landing

—RCyp/[326n,(L/D)]}

—(1hn)Crp/
p(L/D)]}

—200C,/326n,(L/D)]

14

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. 5
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Step Il (continue)

Fuel consumption in cruise for jet airplanes:

W5= 2 " _K £ %
Wik S Breguet’s range Eq. R = C (D) ln(W5> @

Note that the quantity V/C;

6 9
e must have the same units
as does the range R
4 7 8 10

12 & 19

N X
- 19\ 2
¥
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Step Il (continue)

Sforza

Table 2.5 Some Units in Use for Range, Speed, and Specific Fuel
Consumption

Property Airline English Common Metric Units Common
Operations Units US Units Metric Units

Horizontal 1nm 60761t 1.151mi 1852m 1.852km
distance

Horizontal 1kt 1.688ft/s  1.151mph 0.5144m/s 1.852kph
speed

Specific fuel  1Ib/Ib-hr 1hr1 1hr! 28.33x 106 28.33mg/N-s
consumption kg/N-s
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Step Il (continue)

Selection of cruise performance characteristics

v_ o

— M Frow\ W\issioy\ Speciﬁ.catioy\ Table 2.2 Suggested Valuwes For L/D, cj. qp.i!.nd For cp For Several Mission Phases

Cruise Loiter

oy °p L/D ey p

Mission 1bs/lba/hr lbs/hp/hr lbs/lbs/he 1bsa/hp/hr
Phaze No.(See Fig.21.1) 5 &

Airplane Type

1. Homebuilt g-10* 10-12
2. Bingle Engine 8-10 10-12
3. Twin Engine £8-10 #-11
. Agricultural 5=T7 B=10
5. Busineas Jekts 10-12 12-14 0.4-0.86
§ Re a BE g 13 (1] ; B
5
. b ['] .
L /_»—_.N Trainers
[ Pighters
\ 6. Mil.Patrol,
D Bomb, Transport
i1, Flying Boakts, 1i0-12 ©0,3-0.9
Amphibious, Float Rirplanes
12, Bupersonic Cruise 4=6 0,7=1,5 7=% 0.6=0,8
SFC or c Motes: 1. The numbers in this table represent ranges based on existing engines.
J 2, There is no substitute for common sense! If and when actual data are

available. these should be used.

3. A good estimate for L/D can be made with the drag polar method of
Sub-section 3.4.1.

* Homebuilts with smooth exteriors and/or high wing loadings can have
L/D values which are considerably higher.

Roskam Vol. |
17



Step Il (continue)

Selection of cruise performance characteristics

Loftin (1985)
B707 19.5-19
DC-8 17.9
B767-200 18
B747 18 _ ~—-~__%
Lockheed L1011-200 17 WL/D: 23,0001
MD 10-30 17.5
L —= 14_ ~ 1q Mach Number M
D 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
S C or C = 0.5 ~ 0.6 and landing at sea level are also shown.
j g
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Step Il (continue)

Fuel consumption in cruise for turboprop airplanes:

\x5= ? @ Breguet’s Eq.

V= 250 - 300 kts
Np = 82% - 92%

L

=14 - 18
D

Sfc or Cyp = 0.5-0.7 |bs/hp-hr

19

Np
R =326—
Cip
np
R =375——
Cip



Step Il (continue)

Fuel consumption in loiter: i skt

Mission 1bs/1bs/hc 1bs/hp/hr 1bs/1bs/hr 1bs/hp/hr
w Fhase Wo.(See Fig.2.1) s 6
6 o= ) Alrplane Type
Wi ? @ Breguet’s endurance Eq. For Jet [y
Twin Engine
5 . Agricultural

Business Jets
Regional TBE's

Transport Jets

. Military
1 L W Trainers
5 Pighters -
Mil.Patrol, 13-13

l —_— Bomb. Transport

Flying Boats, 10-12 0.5-0.9% e -
Amphibious, Float Airplanes
Cj 6 12. Supersonic Cruise 4=6 0.7-1.5 7-9

Notes: 1. The numbers in this table represent ranges based on existing engines.
2. There is no substitute for common sense! If and when actual data are
available. these should be used.
3. A good estimate for L/D can be made with the drag polar method of
Sub-section 3.4.1.

* Homebuilts with smooth exteriors and/or high wing leadings can have

Breguet’s endurance Eq. For Turboprop

% RYAS nNp L W5

n
V C,p\D W

20



Step Il (continue)

Sforza

Table 2.4 Weight Fractions for the Mission Segments for Turbofan Aircraft

(Rin nm, Vin kts, and Cjin hr=1)

Stage Description

Engine start and warm-up

Taxi

Takeoff

Climb

Cruise to full range

One hour additional flight at cruise conditions

B W NN =

Ten percent nominal flight time additional
Descent to destination and refused landing
Climb

Diversion to alternate airport 200nm distant

Diversion to alternate airport 200 nm distant plus 0.5h
hold at 15,000 ft altitude at alternate airport

Descent
Landing

a Flight diversion for domestic flights.
b Flight diversion for international flights.

Wi/W; 4

0.990

0.990

0.995

0.980

exp [-RG/V(L/D)]
exp [-C/(L/D)]
exp[—RC/10V(L/D)]
0.990

0.980

exp [—200C/VIL/D)
exp[—200C/V(L/D)
+exp[0.5Cj/V(L/D)]
0.990

0.992

21

W~

0.99

0.98

Breguet Eq.

0.99




Step Il (continue)

WEe = Wheused + Whres = Mt w-r.o.:(l- MFF) WT.O.

Mrr = i Fiy
W 1 Wi—1 WTO

WSS e e U g Wy Wi Wy
M = e e X X
Wro. Wi W, W3 W, Ws W W, Wsg Wy Wi

Me= O.7011
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Step Il (continue)

Me= 0O.7011

2000 4000 6000 8000 10000 12000
Range R (miles)

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.
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Step IV & Step V

Woe Tent = W0, guess = WE —Wp.

WoE Tent = 82790 Ibs

Sforza Fig. 2.9

300,000 600,000 900,000 1,200,000 1,500,000
Takeoff weight W, (Ibs)




Step VI: Empty Weight e i, 2.

T

T

BAE 1%-20 —

T

1 =3 ‘
logW,) =z (ogWro)—A4) W, =[90633 [bs

Roskam

T

Table 2.15 Regression Line Constants A and B of Equation (2.16})

e e o L e L LD L Dt ey PR T2 Dt L E ]

Aidrplane Type A B Airplane Type A

1. Homebuilts 8 Military Trainers
Pers. fun and Jets 0.6632
transportation 0.3411 0.9519 Turboprops -1.4041

Turboprops
Scaled Fighters 0.5542 0. 8654 without No.2 0.1677
Composites 0.8222 0.8050 Piston/Props 0.5627

T

Single Engine Fighters

Propeller Driven =0,1440 1.1162 Jets(+ ext.load)0.5091
Jets(clean) 0.1362

Twin Engine Turboprops(+ 0.2705

Propeller Driven ©0.0966 1.0298 ext. load)

Composites 0.1130 1,0403

Mil. Patrol. Bomb and Transport
Agricultural -0,4398 1.1946 Jets -0.2009 1.1037
Turboprops -0.4179 1.1446
Business Jets 0.2678 0,9979 Flying Boats,
Amphibious and
Regional TBP 0.3774 0.9647 Float Airplanes 0.1703 1.0083
Supersonic
Transport Jets 00,0833 1.0383] Cruise 0.4221 0.9876

EMPTY WEIGHT ~ W _ ~1BS

(log(Wro) — 0.0833 ) L

|
GROSSTAKE - OFF WEIGHT A~ \AJ‘,ON LBS

log(W,) = 1
09\ We) =1 0383




Step VI (continue)

Sforza Fig. 2.6, 2.7 & 2.11

700,000

600,000

500,000

Empty weight, 400,000

W, (Ibs)

300,000

Empty weight
200,000 fraction,

100,000 We/Wio = 1.59(W,,)*- 0.0906

0
0 500,000 1,000,000

Take-off weight, W,, (Ibs)

Regional jets

and Turboprops . 500.0 1000.0
Takeoff weight, W, (klbs)
Empty weight ./(

W, (Ibs) /‘/.c‘

- =q0775 Ibs ,

20,000 40,000 60,000 80,000 100,000
Takeoff weight W, (Ibs)




380, 124 [

Ttt

weRN: 90,633 ibs
90,775 Ibs



Step VII




(1— My — My) increasing SteP V'l (SFO Vza)

fWe =aWgumae +b) <3

design region

market survey aircraft

historical correlation
W= 0.5W,,

29

W, = (1 - M- Mtfo)Wg,max— Wplc

\39)\'\ a =1—(MF +Mtfo)
=-Woic

We '-"-O.GQQBWg,max -38760
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Weight Reduction

Table 2.16 Weight Reduction Data for Composite

Construction

o\ 17
Structural Component Wcomplwmetal o) o »
U/‘/)")p \ o Wl
5 Sy 677 Lo~
Brimary Structure )9 o a3 !
Fuselage 0. 85 e S T
T 7oyt : D AN \¢ ) S
Wing, Vertical Tail, . e PO LT e S
Canard or Horizontal Tail : g v "'J)'_',yf Y
Landing Gear . G C g O P T O
1 o I ,\6,\)'3’\) o P ’ BY Al
Flaps, Slats, Access Panels, '}JU’ IR >, ey Y 0
Fairil}gg o 0.60 g ,)*"7 1/{’4”"? U/‘/ur"p .‘yé"\
Interior Furnishings 0.50 i
Air Induction System 0,70 - 0,80 RIRL o O O
\
v J

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 ©0O%
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thanks!

Any questions?



