
Refined sizing using group weight estimates
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Recommended reading:

Howe: Chapter 6 and Addendum 4
Nicolai & Carichner: Chapter 20 
Torenbeek: Chapter 8
Raymer: Chapter 15

Refined weight estimation/group weights
1. At some point in the design process a breakdown of empty weight into groups of components is required.  

There are a number of reasons, besides the fact that weight is a critical issue:

a. This enables a more precise gross weight estimate, reducing the reliance on a noisy curve-fit for Wempty/

W0 as a function on W0.  Hence we will also gain more precise estimates of T0 and S.

b. We need to find weights and locations of the various components in order to balance the aircraft 

longitudinally.

2. Three main groups: Structures, Propulsion and Equipment.  These are then further broken down into 

subgroups (wing, tail, ....).  Sometimes an assignment to one group or another is somewhat arbitrary; this is 
unimportant so long as we include all significant items.

Raymer

Note that as well as 
the weight of each 
group we are 
interested in its 
position from the 
nose of the aircraft. 


This is for CG 
calculation.
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Schaufele

5. While ultimately in the detail design stage the actual masses could be estimated from parts drawings, at 
the conceptual design level correlations for group masses are used.   These are significantly more 
accurate than the type-level correlation previously used for We/W0, hence the overall estimate of W0 
ends up closer to the final value.


6. A number of different sets of group weight correlation functions exist in the textbooks (e.g. Raymer, 
Howe, Nicolai, Roskam, Jenkinson et al., Torenbeek), and each manufacturer would have its own.  If 
possible, it is best to compare results from the various published correlations.   We will (later) use Howe.

Refined weight estimation/group weights
3. Typically the group weight fractions 

(proportions of We) are weak functions of 
W0, like our earlier correlations We/W0. 

4. Assuming the fuel weight fraction Wf/W0 
and the payload weight Wp remain 
constant, we have to iterate W0 (hence also, 
T0 and S) until the weight budget comes 
into balance:

fixed fixed correlations

3

Refined weight estimation/group weights

3. Typically the group weight fractions (proportions of We) are weak functions of W0. 
Assuming the fuel weight fraction Wf/W0 and the payload weight Wp remain constant, 
we have to iterate W0 until the weight budget comes into balance:

6. Detailed weight correlation functions are difficult to generalise; each text is a little different (and many 
do not use SI units).   We will consider an example from Raymer.

Raymer
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Refined weight estimation/group weights

Raymer
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Refined weight estimation/group weights
7. While detailed group weight estimates are ultimately required, we could take a simpler approach, which 

is to combine more reliable correlations for Wempty/W0 with statistical values for group weight fractions.

8. First the correlations.  These more 
accurate correlations (from Raymer) use 
the values of T0/W0 and W0/S, which we 
now have available following the 
constraint analysis.   In addition they 
involve the aircraft maximum speed.  
Raymer states the standard deviation of 
the estimate to be only about half that of 
the relationships previously used.


9. Note that the correlations use Imperial 
units.  Since they produce a 
dimensionless result but use dimensional 
values, conversion factors are required.


10.We could use the correlations for another 
iteration through the mission analysis (to 
re-estimate W0): hopefully somewhat 
more accurate than the initial correlation 
we used.


11.Next we will examine group weight 
fractions.

Raymer

Correlations use Imperial units. To convert 
to SI, multiply the values of b by:
(and take W0 in Newtons).

Multiply b by:
(take Vmax in m/s).
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Refined weight estimation/group weights
12.Group weight fractions give a breakdown of Wempty, based on historical data for comparable aircraft 

types.  These group weights may or may not include the operational items, such as non-consumable 
fluids, which can be considered part of the payload.

Group weight % of MWE

Schaufele

Example operational items weight
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(Simplified/model) Refined weight estimation/group weights
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M0 = MFIXED + MVARIABLE

Mass model from Howe’s Aircraft Conceptual Design Synthesis. W0 = M0g

MFIXED = MFUS + MPAY + MOP Independent of M0.

MVARIABLE = MLIFTSUR + MPOWERPT + MSYS + MFUEL Functions of M0.

NB: from specification}



Fixed mass contributions – MFUS
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Other aircraft (Eq 6.20b):

where

Pressurised transport, executive and related types (Eq 6.20a):

where

(Recall 1 bar = 100 kPa.)

Howe

Fixed mass contributions – MOP
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MOP pertains to items added to the basic empty mass to bring the aircraft to its empty operational 
state, including

Freight aircraft

Other types

MOP = crew provision: from 77 kg per person in light aircraft to 100 kg for combat types.

Passenger aircraft

where Average mass of passenger + 
baggage = 85 kg, perhaps a bit low?



Variable mass contributions – MLIFTSUR
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Lifting surface mass MLIFTSUR contains contributions 
from the wings and the tail surfaces.  Howe also 
supplies a factor by which the wing mass can be 
isolated from the total lifting surface mass.

where

Howe

Variable mass contributions – MLIFTSUR
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For subsonic transport and freight aircraft types, Howe offers a number of C1 coefficient values that 
can be adopted without reference to the last table (dependence of C1 on B1 is small):

a) Long range passenger aircraft, s  > 5000 km
s is range in km
P is number of passengers

b) Short/medium range passenger aircraft, M0 < 46,000 kg

c) Turboprop passenger aircraft, M0 < 46,000 kg

e) Turboprop freight aircraft

d) Long range jet freight aircraft
PAY is payload in kg

For a wing of fixed shape (but variable size) the relationship for MLIFTSUR reduces to

where



Variable mass contributions – MLIFTSUR
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Note that Howe’s mass for ‘lifting surfaces’, MLIFTSUR, includes contributions for tail surfaces. 

This (rather crude) partitioning can be useful when we come to balance the aircraft longitudinally 
but is unimportant for preliminary mass estimates.

That is fine if we’re just interested in overall mass but if we need to estimate the tail or wing 
masses as separate values, use C5: 

Howe

Variable mass contributions – MPOWERPT
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MPOWERPT allows for the mass associated with engine installation: the basic engine mass, plus 
mounting, exhaust ducts, nacelles, pods, cowling and propeller (as appropriate), fuel system.

If the basic engine mass MENG is available (from manufacturer), use this, otherwise the following 
approximations may be employed:
a) Military combat engines (turbojets or low BPR turbofans)

Basic dry thrust rating:

With typical afterburner attached:

With provision for vectoring nozzles, etc:

(higher values are for 
more recent designs.)

b) Civil transport engines (high BPR turbofans)

Static sea level rating: (higher values are for large, 
new technology, engines)

Howe



Variable mass contributions – MPOWERPT
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e) Piston engines
Small unsupercharged, 0 < P0 < 150 kW:

c) Turboprop engines (including gearboxes)
(Larger values for larger/recent products)

Unsupercharged, P0 > 150 kW:

Supercharged, P0 > 150 kW:

f) Small rotary engines

d) Turboshaft engines (excluding reduction gearbox)
(Turboshaft: for helicopter use –
gearbox is part of rotor system)

We note that typically, thrust or power loading will be calculated from the performance 
requirements, i.e. we will have required values for T0/W0 = T0/(M0g) or P0/W0 = P0/(M0g).

These can be combined with the above correlations to estimate values for MENG by using

Thrust-characterised engines (jets)

Power-characterised engines (props)

Variable mass contributions – MSYS and MFUEL 
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MSYS allows for the systems (other than fuel systems), furnishings, equipment, and landing gear.

The fuel mass, MFUEL , is typically calculated as a proportion of M0 as a part of mission analysis.

Howe



Total mass from group masses 
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Recall:

or as appropriate (prop aircraft)

kg

kg

kg

kg

The principle is the same regardless of the details of how group masses actually depend on M0.

Finally, we solve

for M0.

Now in the form

kg

Note that now M0 depends on W0/S and T0/W0 as well as fuel use and payload.

Preliminary longitudinal balance
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Recommended reading:

Jenkinson & Marchman: Chapter 2
Sforza: Chapter 8 
Torenbeek: Chapter 8 



Preliminary balance and CG location — 1
1. Once we have all the component masses (or some estimate of them) and the fuel mass, we are in a 

position to perform a preliminary centre of mass/gravity (CG) location.  The aim is to move the masses 
around until the unloaded aircraft will balance longitudinally somewhere reasonably close to the CG 
location relative to the eventual Neutral Point, as chosen for a desired Static Margin.


2. For simplicity in some of what follows, the desired CG location is taken to be the c/4 point of the wing’s 
mean aerodynamic chord (MAC), but in general it is located from the layout’s stability characteristics. 
i.e. NP+SM (see section on Tail Sizing).


3. To achieve the desired CG location we move the individual component masses around.

4. First we need to assess the moment arm of all the masses of the empty aircraft about some (arbitrary) 

datum, typically the nose of the aircraft (or better, a point even further forward and also below the 
aircraft).  We then tabulate all the moment arms (Xi, Zi)  of the component mass CGs.

5. Some of the component CGs will be known (for example, from manufacturer’s data in the case of engines).  
Others can be estimated on the basis of correlations or experience (and ultimately, from parts drawings).

Roskam
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Note that we will 
usually need both 

the longitudinal and 
vertical location of 

the CG.

Raymer

Preliminary balance and CG location — 2

Roskam
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These are 
guidelines – 

introduce 
analysis or 
judgement 

where 
possible.



Preliminary balance and CG location — 3
6. Then we form an equilibrium of moments:

where the manufacturer’s empty weight, WMWE, is the sum of the other weights:

XLE is the LE position of the wing’s MAC. 


C1 gives the relative location of the wing’s 
mass in relation to XLE, while C2 corresponds 
to where we want to place the overall CG.

7. Finally we adjust the location of the wing (and perhaps, other masses) so that the aircraft will balance 
near the c/4 point of the wing’s MAC,    .  (More generally, the chosen CG location.)

8. Rules of thumb for the approximate value of C2, conventional aircraft layouts, at MWE:

a. Typically: 0.25

b. Engines located in nacelles on rear fuselage or layouts where loading pushes CG forward: 0.35

c. Layouts where loading pushes CG aft: 0.20.

d. Desirable for supersonic aircraft: 0.50 (note conflict with typical subsonic value).

9. If CG location differs from the above values by more than about 0.02 (2%), consider moving the wing.

Rearrange:

C1 ≈ 0.4 C2 ≈ 0.25
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A more correct way to pick C2 is to place the CG an appropriate distance ahead of the Neutral 
Point.  These rules of thumb are for very preliminary estimates when the NP location is unknown.

3. Typically the group weight fractions (proportions of We) are weak functions of W0. 
Assuming the fuel weight fraction Wf/W0 and the payload weight Wp remain constant, 
we have to iterate W0 until the weight budget comes into balance:

Preliminary balance and CG location — 4
10.We should be aware that loading the aircraft will move the CG location.  In general, it is best to place 

fuel and payload as symmetrically as possible in longitude about the chosen CG.

11.A plot of how the CG position varies with lading and with fuel use is called a ‘CG loop’, a ‘weight and 

balance diagram’, or a ‘weight excursion diagram’:

Schaufele

12.  The fore and aft CG limits for the aircraft are related to its static stability (typically the aft limit) and the 
elevator authority required to trim or manoeuvre the aircraft (typically the forward limit).
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Preliminary balance and CG location — 5
13.The layout of the aircraft influences how payload and fuel is distributed, leading to the previous 

guidelines on the initial target locations of OWE CG location:

Jenkinson et al.

14.Owing to aerodynamic considerations (such as transonic area-ruling) it may be undesirable to shift the 
wing relative to the fuselage.  In this case, other masses must be moved instead in order to achieve 
the desired initial CG location.


15.Since it is needed for landing gear layout, it is advisable to calculate the vertical as well as horizontal 
CG location.  The methodology is the same as outlined above except that the Z locations of all 
masses are used instead of X locations:
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