Point 5: Range with zero payload
Copy your original mission onto a new sheet again (this is so you can keep all the results separate). For
Point 5, reduce the TOGW to reflect removal of the number of passengers and baggage established for
Point 4 (this ensures that the fuel tanks are full). You must also set the payload to zero. Now use Solver
to change the cruise range again so that the cell which contains the value of OEW based on mission
calculations again has the same value as for the design range.
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The payload-range plot is therefore useful for comparing the capabilities of different aircraft, but not
sufficient for route planning.
The design point payload-range point was established in the initial sizing of the airplane. The other
significant points are described below. It is assumed that the mission is defined in an Excel spreadsheet
and that the Solver Add-In is installed.
Point 4: Range with fuel tanks full
Estimate the fuel volume using the following equation from Ref. 1, Section B-3.
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where

S = gross wing area
b = wing span
(t/c)r = wing thickness/chord ratio at the wing root
λ = taper ratio
τ = (t/c)t/(t/c)r
This equation takes account of the fact that the wing tank extends to only about 85% of the wing span
so as to leave a dry bay at the wing tip to reduce the probability of a fire from a wing tip lightning strike.
Dry bays are also in the vicinity of the engine pylon in case the engine disintegrates and parts pass
through the wing. Additional volume is taken up by fuel pumps and lines within the tanks. Assume the
aircraft is using Jet A with a density of 50.4 lb/ft3 per ASTM-D-1655 (Ref 15.2) This will give you the total
weight of fuel available when the tanks are full.
From the mission analysis of Chapter 3, find the total weight of fuel used for the design mission,
including reserves. Calculate the difference between the maximum fuel available and design mission
fuel including reserves. For Point 4, you can decrease payload and add the corresponding weight in
additional fuel so that the value of TOGW is the same as that for Point 3.
If you are using a spreadsheet, you can copy your original mission on to a new sheet. Using the Solver
Add-In, you can find a new range with a reduced payload by requiring Solver to change the cruise range
so that the cell which contains the value of OEW based on mission calculations retains the same value as
for the design range. The TOGW remains the same as the value which was established for the design
point.
Point 2: Range at space or weight limited payload
If your airplane has extra capacity in the cargo hold, or can increase payload with a single-class cabin,
you can increase the payload, and repeat the exercise to find Point 2.
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Schaufele Annotations
Chapter 15 Payload-Range Performance
Payload-Range Curve
Payload-range data can be obtained from many sources, both online and in print. Great care must be
taken in the use of these figures because the underlying assumptions are not always stated. The
payload-range plot goes at least some of the way towards clarifying the situation.

Figure 15.1 Payload-range Plot
The vertical axis is the payload weight. The curved lines shown in Figure 15.1 are not displayed on a
standard payload-range plot, but they show how payload can be traded for increased fuel so as to
increase range at a constant takeoff gross weight. The top horizontal line is the maximum payload,
limited by space or possibly airframe strength. The limit of this line is at the maximum TOGW for the
aircraft. Typically the fuel tanks are not full, even when the payload is reduced to the design payload.
This permits operational flexibility for the aircraft so that it can fly at longer ranges with reduced
payload. Once the fuel tanks are full, the only possible increase in range is to offload more payload and
reduce TOGW.
It's important that all the underlying assumptions be stated on a payload-range plot. In particular, the
complete mission should be stated explicitly, including distance to alternate and reserves (Schaufele
Figure 15-1 states a bit vaguely "typical international reserves"). The cruise Mach number assumptions
should also be stated. If the complete mission is not defined, it must be assumed that no reserves are
included, which would not be unusual, especially for a business jet payload-range plot. Business jet
reserves are normally based on NBAA requirements, but they are fairly flexible, so the best way to
compare business aircraft capabilities is to exclude reserves.
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