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PREFACE 

This Memorandum presents an extension and revision of the radius

calculation procedure described in RM-5280-PR, A Pl'ocedUl'e for CaZcu

lating ths Combat Radius of Aircraft Carrying EzternaZ Stores, May 

1967. The present procedure provides greater flexibility and improved 

accuracy, with some increase in complexity. However, from the users' 

point of view, the relative simplicity of the previous method can be 

recovered by adjusting inputs, while retaining some improvement in 

flexibility and accuracy. 

A wider choice in cruise conditions is now available, and the 

effect on radius of non-distance-gaining fuel allowances is computed 

more accurately. 
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SUMMARY ---
Thia Memorandum describes a procedure for calculating the radius 

capability of a particular aircraft when different mission profiles, 

using different combinations of altitude and speed, and various ex

ternal loadings are prescribed. Although designed specifically for a 

ground-attack mission, the procedure may be adapted for other missions 

as well. 

The computer proaram described allows for variation in the dispo

sition of empty fuel tanks and also for targetbound refueling. In the 

target area, combat and loiter time may be varied. 
* The proaram now being used on JOSS ia preaented along with a 

sample set of calculations and an explanation of the equations used 

in the procedure. 

* JOSS is the trademark and service mark of The RAND Corporation 
for its computer program and services using that pro~ram. 
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LIST OF SYMBOLS 

A • empirical constant used to account for the effect of ex-

ternal-store drag on cruise efficiency 

a • K, used as expedient in JOSS procedure 

B • alternate symbol for aircraft target weight 

b • J, used as expedient in JOSS procedure 

C • time at combat power setting, min 

c1 • input used to select combat condition 

c3 • input used to select reserve fuel 

c4 ,c5 ,c6 • inputs used to select tank disposition 

c10 • used to select MD.-C-5011A or AFRDQ fuel allowances 

D • fuel flow rate at combat power setting, lb/min 

d • A, used as expedient in JOSS procedure 

E1 2 • inputs used to determine loiter fuel flow (see Appendix) ' 
e • weight of usable external fuel act~ally loaded, lb 

e • base of natural logarithms • 2.71828 •.. 

F • ratio of the weight of empty external fuel tank plus 

unusable fuel to the weight of usable fuel in full tanks 
f • calculated total fuel weight, lb 

f • "drag area" (drag/dynamic pressure), used in determining 

the effects of external-store drag on aircraft performance 

G • aircraft weight at end of second leg (target weight), lb 

g • value of K modified to account for external-store 

drag, expedient in JOSS procedure 

H • weight of fuel transferred for refueled missions, lb 
• cruise altitude indicator, corresponding to legs 1,2,3,4 

1,2,3,4 

hlO • loiter altitude in target area, ft/1000 
hll • combat (target) altitude, ft/1000 

I • internal fuel capacity, lb 

J • empirical constant used in conjunction with K to express 

cruise efficiency (n mi/lb of fuel) in terms of aircraft 
weight 

j • intermediate distance calculation in JOSS procedure 
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K • empirical constant used in conjunction with J to express 

l' tuise efficiency (n mi/lb of fuel) in terms of aircraft 

weight 

k • intermediate distance calculation in JOSS procedure 

L • time at loiter power setting, min 

t • input used to select weapon type 

l • JOSS notation fort 

log • natural logarithm (base e) 

M • aircraft weight without usable fuel, stores, or suspen

sion equipment, lb 

ml,2,3,4 • cruise speed indicator, corresponding to legs 1,2,3,4 

n • number of weapons 

¢ • drag index of all pylons 

0 • JOSS notation for¢ 

o • drag index of ex~ernal ordnance 

Pl • ratio of aircraft effective weight at start of cruise to 

weight before climb 

p2 • input used to select mission profile 

P11 • same as P1, applied to climb from target altitude to 

cruise altitude 

p • distance flown with external fuel, n mi 

Q • rack weight per unit of ordnance, lb 

q • intermediate distance calculation used in JOSS procedure 

R • fixed amount of reserve fuel, lb 

r • aircraft weight after loiter fuel has been consumed, lb 

sl,2,3,4 • leg distances in mission profile, n mi 

s • drag index of suspension equipment 

T • weight of aircraft without fuel and external tanks, lb 

t n average drag index of external fuel tanks 

U • drag index of weapon racks per unit of ordnance 

u • weight of one unit of ordnance, lb 

V • fuel allowance for warm-up, taxi, and takeoff, lb 

v • weight of all pylons, lb 

W • maximum allowable takeoff weight, lb 

wi • aircraft weight~~ specific mission profile points 

(see Fig. 1), lb 
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X • weight loss in target area, lb 

x • external fuel capacity, lb 

• drag index of one unit of ordnance 

= conversion factor between flight manual drag index DI and 

added drag area 6f (6£ • z
2 

• DI) 

input used to select refueling distance 

input used to select inputs for specified aircraft 

:s • a standard ALGOL symbol meaning "is to be replaced by" 

(equivalent to a JOSS "Set" statement) 
SUB~CRIPT 

i = used to J ... nu Lt: mission leg number 
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I. INTRODUCTION 

Over the years, RAND has conducted many studies involving esti

mates of aircraft range or radius performance, The procedures used 

have varied in complexity, depending upon the kind of result desired 

as well as upon the kind of input data available. Most of these stud

ies have involved continuously varying ("rubberized") airframes and 

engines. The method described in this study, on the other hand, was 

designed for use with a particular aircraft having known climb and 

cruise performance, fuel consumption, drag, etc., the primary goal 

being to determine the radius capability of the aircraft for different 

kinds of missions and with various kinds of external loads, using the 

simplest possible procedure that still gives acceptably accurate re

sults. This method provides a simple framework wherein certain parts 

can be made more complex if detailed performance data are available 

or, in the absence of adequate information, reasonable estimates of 

input values can be made, based on experience with similar aircraft. 

The calculation procedure (HARD-3) described in this study is a 

completely revised version of an earlier method (HARD-1) presented in 

Ref. 1. The new method provides greater flexibility and accuracy; its 

most significant difference is the use of one basic range equation 

(seep. 11) for cruise at any selected combination of speed and alti

tude. 

In any generalized procedure, the idiosyncracies of individual 

aircraft cannot all be accounted for without sacrificing time and 

simplicity. For example, the use of fixed range-free allowances, 

specified· flight conditions, and average weights and fuel flows may 

penalize or benefit one aircraft with respect to another. However, 

the results obtained by using the present procedure compare favorably 

with estimates made by using the mission-planning procedures described 

in military flight manuals, 

The calculation method and the mission profiles available are de

scribed in Section II, which also presents a brief outline of the pro

grammed calculation procedure. Section Ill describes the method of 
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det~rmining the inputs needed for the calculation, and Section IV pro

vides a detailed description of the calculation procedure. 
* The JOSS program as it is now being used is given in the Appen-

dix, along with a sample set of calculations using the F-4E as an 

example. At present, this program has not been adapted at RAND for 

use with any computing system other than JOSS, nor is such adaptation 

planned. 

* JOSS is an on-line, time-shared computer system developed at 
RAND. JOSS is the trademark and service mark of The RAND Corporation 
for its computer program and services using that program. 
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II, DESCRIPTION OF THE METHOD 

MISSION PROFILE 

Figure 1 shows a generalized mission profile and aircraft weight 

breakdown, The four legs of the mission are denoted by s1 through s4. 

External fuel tanks may be carried for the entire mission, dropped at 

the target, or dropped when empty, If tanks are dropped when empty, 

the program presented here estimates an average fuel-tank drag for the 

entire distance until final tank drop. 

The actual distance-gaining part of the flight ■tart■ over the 
* point of origin at the beginning of cruise with a theoretical weight, 

w4, and ends over the destination at the end of the mission with the 

final weight, w10 . As presently designed, the program a■sumes that 

all suspension equipment (racks and pylons) is retained throughout the 

entire flight, but other assumptions could be accommodated by adjust

ing the inputs. The fuel allowances used in the calculation of weiahts 

w4 and w10 are discussed in Section III, 

For the selected aircraft, values of cruise speed and altitude 

must be input for each leg of the mission, The value■ that may be 

used are encoded in the part of the program containing the aircraft 

inputs and are made available to the user when the calculation pro

cedure is initiated, (See Appendix,) 

The procedure is baaed on the atipulation that leg■ 2 and 3 are 

equal in di1tance (s2 • s3) but may be flown at different apeeda and 

altitudea, Since distance■ for the fir■ t and fourth lea■ (s1 and s4) 

may be different, the flight need not terminate at the point of origin, 

The procedure finally results in the calculation of the distance from 

the ba1e to the end of the second leg, 

In determining the value of weight 1011 in the target area, X, 

end of leg 2, it is assumed that loiter occurs first, the payload is 

dropped, then combat takes place. 

* See Section III for the method uaed to account for climb fuel and 
diatance, 

. I 
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Combat and loiter may occur at any altitude in the target area 

(after the second leg). 

GENERAL OUTLINE OF CALCULATION PROCEDURE 

Figure 2 shows a highly simplified flow diagram of the entir e pro

cedure , which ma y be surranarized as follows: 

1. Choose the desir ed combination of aircraft type and weapon 

.md the rules to be used for defining th e mission, 

2. Det ermine all necessary aircraft weig ht and performance inputs. 

3. Determine the appropriate int erchange of weapons and fuel 

tanks as the number of weapo ns carri ed is changed. 

4. Det ermine weight s and drags f or weapo ns , tanks, and suspension 

equipment. 

All the above information must be provided as input data for the cal

culat ion proc edur e , which 

1. Determines th e external fuel capacity after the selected num

ber of weapons is installed. 

2. Finds th e aircraft gross weight by add ing a ll loads to the 

empty weight. 

3. Removes enough fuel to match the maximum allowable takeoff 

weight (from aircraft input data) if the gross weight is 

greater than this maximum and finds the r es ulting fuel actually 

loaded on the aircraft. 

4. Finds the drag of external weapons and fuel tanks actually 

loaded and calculates fuel flows and range performance 

corresponding to the final takeoff configuration and sub

sequent configurations throughout the mission. 

5. Calculates the combat radius for the desired profiles. 

'I 



-6-

Choose aircraft, 
weapons, and 

miss ion rules 

Aircraft weapons and 

Aircraft weight and tank compatibility 

performance inputs 

External-stores 
weight and drag 

CALCULATION PROCEDURE 

Maximum external fuel capacity 
and corresponding takeoff weight 

If takeoff weight If takeoff weight 
< ~ > 

max allowable weight max allowable weight 

t 
~ 

!Takeoff weight• max allowable 

l 

Actual external fuel] 

Fuel weight 
External-stores drag 
cruise performance 

I Combat radius 

Fig. 2--Simplified diagram of calculation procedure 
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III. INPUT DETERMINATION 

For each aircraft, one set of inputs is needed to define the 

weighta, basic performance characteristics, allowable store-loading 

combinations, and the effect of each weapon on performance; a aecond 

set is needed to specify the misaion profile and fuel allowances to 

be considered. These two sets of inputs are described below. Their 

function in the calculation procedure is given in Section IV, and an 

example of the derivation is shown in the Appendix. 

When available data are uncertain or insufficient for the amount 

of detail implied in the description of some of the inputs below, the 

input requirements may be simplified. In particular, for cruiae and 

loiter the kinds of input• used in the HARD-1 program(l) may be used 

to make satisfactory approximations. The procedures necesaary to adapt 

these inputs to the present procedures are described in the appropriate 

section. 

HEIGHT AND PERFORMANCE DATA 

Maximum Allowable Takeoff Weight: W 

The takeoff weight of an aircraft is frequently limited by factor• 

other than fuel capacity and desired ordnance load. In many caaea, run

way length may be the determining factor, particularly on a hot day or 

when the field elevation is high. If takeoff distance is not critical, 

the weight may be limited by a requirement to fly at a prescribed alti

tude, or, ultimately, by structural strength. Whatever the cauae, the 

limiting value of takeoff weight must be predetermined and input as a 

single value. 

Baaic Operating Weight: M 

In general, baaic operating weight includes everything except 

uaable fuel, expended itema, and suapension equipment; however, M may 

be modified to auit apecial caaes, aa long aa proper adjuatmenta are 

made to other inputs. 
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Internal Fuel Capacity: I 

The internal fuel capacity is the total weight of usable fuel that 

can be carried internally. It is always loaded first, then the drag 

and weight of additional (external) fuel are accounted for in the com

putation. HoWl!Ver, in order to stay below the maximum-gross-weight 

limit when relatively heavy ordnance loads are carried, the internal 

fuel capacity may be greater than the weight of fuel actually loaded. 

Weight and Drag of External Stores 

Inaccuracies in store-weight estimates usually do not have a 

critical effect on radius unless the maximum allowable takeoff weight 

has been reached, at whic.h point a store-weight estimate that is too 

high will cause a reduction in the amount of fuel available for cruise. 

However, inaccurate drag estimates can result in more serious errors, 

particularly when large quantities of stores are carried. Unfortunately, 

the data available for store drag appear to be somewhat unreliable. 

In the calculation procedures described here, drag is expressed 

as "drag area" f and is equal to drag/dynamic pressure in sq ft. The 

"drag index" system used in the flight manuals has no consistent basis 

from one aircraft to another and must in each case be converted to f 

for use in this program. 

Suspension Equipment: s 1Q1v,u, >2'.,. It is assumed that the number 

of pylons remains constant (i.e., does not vary with the amount of 

ordnance loaded) for a given aircraft type, and henc e a single value 

is estimated for total pylon weight (v) and drag (p). Provision is 

made for varying the nwnber of racks or other special suspension equip

ment as a function of the number of ordnance items loaded. Therefore, 

the estimated average rack weight (Q) and drag (U) per unit of ord

nance are used. The total drag (s) and weight of suspension equip

ment are determined by 

drag• Un+ '-P 

weight• Qn + v 



I 

' 

-9-

If the user wishes, the weight of pylons (v) can be included in the 

empty weight (M), and then vis set at zero. Similarly, if a full set 

of racks is to be carried at all times, then the total rack weight can 

also be included in M, making Q equal to zero. 

Ordnance: u,y. In the calculation procedure, ordnance unit weight 

(u) is multiplied by the number carried (n) for use in determining air

craft weight and total ordnance · -3ight dropped at the target. Ord-

nance unit drag (y) is the average f of one unit mounted on the air

plane and is based on the maximum-loading configuration for th~ speci

fied aircraft. Flight manual drag index is determined similarly. 

Total ordnance drag (n•y) includes all interference factors involved 

in that configuration. Since the interference factors depend on the 

number and location of stores, it is possible for other than maximum

lodding configurations to have an actual average store drag that is 

significantly different from that based on maximum loading. It is 

possible, if such a level of detail is desired, to input y as a func

tion of the loading. 

Fuel Tanks: t 1F. The drag area of the fuel tanks is estimated 

by means of the empirical relation 

£(tanks)• 0.0025 0.7 
X 

in which the constants are based on actua l values being used by indus

try for existing tanks and aircraft, However, this equation applies 

only when all initially loaded tanks are being carried. To allow for 

dropping tanks as they become empty, which may occur during both climb 

and cruise, the average drag from start of cruise to final tank drop 

is approximated by 

Fuel-tank weight is accounted for by assuming a constant ratio 

(F) of the weight of the empty fuel tank including unusable fuel to 

the weight of usable fuel in the tank. 
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External Fuel and Ordnance Loading 

The calculation procedure assumes that only one type of weapon 

is loaded simultaneously with fuel tanks, which may be of differt·nt 

sizes. In order to account for various combinations of weapons ancl 

tanks, two tables are constructed, one representing tank capacity (x) 

as a function of the number of weap0ns carried, and the other repre

senting actual external fuel loaded (e) as a function of tank sizes 

available. These relationships depend on the number of store stations, 

on whether multiple-bomb racks are carried, and on which stations can 

carry fuel, For example, assuming an aircraft has two stations (one 

on each wing) each capable of carrying either three weapons on a rack 

or a 2000-lb fuel tank, the interchange of fuel and ordnance results 

in the following: 

Number of External Fuel 
Weapons, n Capacity, x (lb) 

0 4000 
l - 3 2000 
4 - 6 0 

In addition, after actual external fuel weight is determined, the 

next higher value of available tank capacity is userl to account for 

tank drag. Assuming the option of loading tanks having either 1000-

or 2000-lb capacity, the following values result: 

Actual External External Fuel 
Fuel, e (lb) Capacity, x (lb) 

0 - 1000 1000 
1000 - 2000 2000 
2000 - 3000 3000 
3000 - 4000 4000 
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* Range Constants: K, J
1 

A 

In Ref. 1, the HARD-1 program calculated sea-level distance and 

high-altitude distance by separate equations. The following procedure 

was developed primarily for flight at any constant altitude, but also 

is at least as accurate for optimum-cruise flight as the original 

method and can be used for any cruising conditions for which perform
ance data are available. 

Starting with the basic relationship between distances, aircraft 
weight w, and fuel consumption rate (mi/lb) 

mi 
AS• - • lb of fuel (Aw) lb 

it can be assumed that, for a conventional aircraft in cruising flight, 

the fuel consumption rate in mi/lb (i.e., dS/dw) varies with aircraft 
** weight approximately by the relation: 

in which Kand J are empirical constants found for a given combination 

of altitude and speed. Distance flown can then be represented by 

K [ J J • 
S • J w (initial) - w (final)J 

From aircraft performance data, typical aircraft weights at be

ginning and end of cruise are used to find Kana J for specified flight 
conditions. 

As before, a correction factor for external-store drag is applied 
to K such that 

Kwith stores• Kclean • exp[ -A • ~f 

* 
Note that K, J, and A are not used in the same way and do not 

have the same meaning as in Ref, 1. 
** 1 

The Breguet equation used in Ref. 1 implies that dS/dw •-Kw-. 



-12-

in which A is found (as explained above for Kand J) for a typical 

variation in added drag ~f. The actual value of K is represented in 

the program by g(i,s,o,t), where i identifies the leg of the mission, 

ands, o, and t the store configuration for that leg. 

If it is more convenient to use the HARD"l·type range-factor input 

(designated temporarily as 1)i1), which is part of the Breguet equation 

range. K__ • log [initial weight] 
-111 final weight 

used for high-altitude cruise at optimum speed and altitude, the 

corresponding values of Kand J required for HARD-3 are 

K • 1)ii (same as HARD-1) 

-6 J • 0.00025/exp [2.18 w2 • 10 ] 

For cruise at sea level, where the HiuU>-1 procedure asswned cruise 

at constant mi per lb of fuel: 

range• KSL • [ initial weight - final weight] 

the corresponding inputs for HARD-3 are 

Range-Free Allowances 

K • KSL (same as HARD-1) 

J. 1.0 

For each aircraft, the weight of fuel required for warm-up, taxi, 

takeoff, climb, combat, loiter, and reserve is subtracted from the 

total fuel to determine the fuel available for cruise, 

Pre-climb. Warm-up, taxi, and takeoff fuel (V) may b~ determined 

by any rules desired by the user, but is usually assumed to be equal 

to the fuel consumed during a specified time interval with operation 

at normal power, plus 1 min at maximum afterburning power (if an after· 

burner is used for takeoff), using fuel flows based on engine operation 
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under standard sea-level static conditions. The time intervals re

quired for these allowances are usually chosen in accordance with 

Ref. 2. The JOSS program provided in this study also includes an 

energy-related estimation procedure recomended by Hq USAF (AFRDQ); 
it is described on p. 16. 

Climb. The computation procedure uses a climb fuel allowa~ce 

equal to the equivalent weight of fuel that would be needed to lift 

the aj.rcraft to cruising altitude directly over the base; this allow

ance is derived from actual climb calculations, where available. The 

subtraction of takeoff and climb fuel allowances from initial gross 

weight results in a theoretical start-cruise weight (over the point of 

takeoff) which is then used in standard range equations, resulting in 

a cruise distance that includes the true climb distance, 

In the determination of effective weight at start of cruise (w
4
), 

actual climb and cruise data are used (analytically or graphically) 

to find relationships that can best be explained pictorially. In the 

sketch below, the line representing cruising flight is extrapolated 

back to the ordinate to find w4, as shown by the dotted line, The 

Initial weight, w
2 

Weight after takeoff 

Effective start-cruise weight, w
4 

~ Weight after actual climb 

Climb. I ruise 
Distancr 

distance--+ 

Distance from base 
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input used in the calculation is then 

P1 • w4/weight after takeoff 

vhere P1 is found for each aircraft from available performance data. 

The weight of fuel used (where applicable) for a second climb to 

cruise altitude after combat or loiter is determined in the same way 

as for the initial climb, using the post-combat configuration. The 

weight of fuel used in the second climb, at weight after combat, is 

therefore 

(1 - P11)(r - C • D - n • u) 

where r ia the aircraft weight after loiter, C • D i1 the weight of 

fuel uaed in combat, and P
11 

ii found in•·-~ aame way H P1 , but for 

the return configuration. 

Loiter. The method used in Ref. 1 to find the fuel used during 

loiter has been replaced by a more accurate procedure, derived aa 

follows: 

Assume that fuel flow (weight per unit time) during loiter varies 

* with aircraft weight by the relation: 

fuel flow dw . - . 
dt 

C -Kw 

where Kand care constants determined from actual performance data. 

Loiter time can be found by integrating for a weight variation 

from w
1 

to w2 : 

* For clarity, aymbola used apply only to this derivation and 
are defined as required. 
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Then aircraft weight after loiter is 

[ 
( l ) .l/(1 - c) 

w2 • w1 - c - tK(l - c) j 

for a given configuration at a specified altitude. To account for the 

effect on fuel flow of varying altitude and added external drag, fuel 

flow is assumed to vary with altitude hand added drag 6f as follows: 

fuel flow• E • exp[ah] • exp[b • Af] 

where Eis the fuel flow for a clean configuration at sea level, and 

a and bare constants determined from actual performance data. 

Thus, combining the three variations (weight, altitude, drag), 
the overall fuel flow equation is 

where w1 is the aircraft weight at which K was evaluated. 

In HARD-1, a single value of fuel flow E was used. To convert 
to present equations, 

Set E1 • E 

Set E
2 

• 0 

or e1timate weight and drag effect by: 

Set E2 • 1.1 

Set E1 • E1 ' exp [0.05(s + o))/(M + 0.61)* E
2 

where M + 0.61 11 the weight corre1ponding to the estimated value 
of E. 

Combat. Combat fuel flow (D) is estimated for average target 

weight at the power settings and altitudes specified for each mission 



I 
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and is then multiplied in the calculation routine by the apecified 

combat time (C) to determine the total fuel allowance for combat in 

the target area. 

A procedure baaed on energy relationship• rather than time is 

also included a1 an option, and 11 de1cribed more fully below. 

Re1erve. Reserve fuel is the weight of the fuel (R) used during 

a fixed loiter time after returning to ba1e (Ref. 2 prescribes 20 min), 

plu1 5 percent of the total fuel loaded: 

reserve fuel• R + 0.05 • total fuel 

The total reserve fuel, suspen1ion equipment, and other dispos

able equipment that may be carried back to the ba1e is added to the 

empty weight (M) to obtain the aircraft weight (w10) over the ba1e 

upon return. 
* The set of data described above i1 collected in one JOSS part 

number. An example, designated part 99, is given in the Appendix. 

** AFRDQ Fuel Allowances 

Hq USAF (AFRDQ) has proposed a method of calculating combat and 

takeoff fuel allowances to replace the fixed-time allowances provided 

in MIL-C-5011A (Ref. 2). Thia method is based on "energy maneuver

ability" concepts, and, if desired, can be incorporated in the procedure. 

where 

Specific maneuver energy is defined a1: 

h • altitude, ft 

v • velocity, ft/sec 

E • h + v2/2g s 

2 g • gravitational constant, 32.2 ft/1ec 

Specific power (P ), which is defined as dE /dt, may be equated 
S S 

with rate of climb (in fps) at a constant velocity. 

* A "part" in JOSS progrannning consists of a sequence of steps, 
each consisting of a conunon integer portion and a decimal fraction, that 
may be used to input values, perform calculations, or give operational 
commands in the order determined by the value of the decimal fraction. 

** For clarity in presentation, 1ymbols u1ed apply only to this 
section and are defined as they appear. 
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Warmup and Taxi. Pre-takeoff allot,ance ii the weight of fuel (F) 

used for 2 min at military thru1t for sea-level static operation. 

Takeoff. Fuel weight in pounds used during takeoff up to climb 
speed is approximated by: 

E (wf + wf )/P 
s l 2 s 

where 

E • 12,410 (when evaluated at sea level, Mach 0.8) s 
wf • fuel flow (maximum power, 1ea level, 11tatic) lb/sec 

1 
wf • fuel flow (maximum power, 1ea level, Mach 0.8) lb/1ec 

2 
p • specific power at sea level, Mach a.a. maximum power, at s 

weight after taxiing, ft/sec 

Combat. The fuel allowance for combat in the target area is the 

weight of fuel needed to gain a specified maneuver energy: 

where 

AE • wf/P s s 

AE • (60,000 - ht t) for air-ground missions s arge 
• (134,000 - h ) for air-air missions target 

wf • fuel flow at target altitude, lb/1ec 

P • specific power at target altitude with 50 percent fu~l s 
aboard 

and where wf and Ps are determined at: 

Mach 0.7 and military power for air-ground missions 

Mach 0.9 and maximum power for air-air missions 

Derivation of Programed Equations. For this study, only air
ground mis1ions will be considered. 

To approximate the effect of external-store drag on the fuel 
allowances, let 

P • !. [T - (D + AD)] 
S W 
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T • thrust, lb 

AD• added external drag, lb 

D • drag of clean aircraft, lb 

w • aircraft weight, lb 

Rearranging and substituting Af/f for AD/D, 

where 

f • clean aircraft drag area 

Af • added drag area 

In this study, Psis determined from aircraft rate of climb data 

as follows: 

From the previous equation, let 

[ 
6f j Ps • B 1 - A(l + I) /w 

From given climb data, constants A and Bare evaluated at a typi

cal takeoff weight by finding values of P (denoted temporarily as 
s 

P
1 

and P
2
) corresponding to two drag configurations (6f 1 and 6f 2). 

1P1 ) .Pl ( 6f2\ I 6fl \ 
A •l - - 1 / I - 1 + -::-J - I 1 + -=- 1 1 

\P 2 LP 2 f / \ f / J 

For combat fuel, the ratio of fuel flow to specific power is 

assumed to vary with altitude by the relation: 

and C is evaluated from known fuel flow and rate of climb data: 
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When evaluated, these constants are then used in the following 

equations for takeoff allowance V and combat allowance D: 

V • F + 12410 • [wf ~- wf ]•[w2 - r]/B/[1 - A(l + s + ~ + t)J 
1 2 f 

w 

D • 10160 - h 11] [/
3 

+ Ch 1 /] 

SJ 

where V, D, h11 , s, o, t, and f have the standard meaning u1ed through

out the text. 

* MISSION-SPECIFICATION INPUTS 

Before proceeding with the radius calculation, the user must se

lect several inputs that depend upon the aircraft and stores to be 

used and upon the mission format, Using the program described in the 

Appendix, JOSS demands each of these before it starts the calculation 

procedure. 

Aircraft type: 

The aircraft-type input, z10, 1elects the part of the program that 

supplies the aircraft-related inputs de1cribed previously. 

Ordnance Type and Weight: t,u 

From part z10 , t selects the proper drag constants and fuel

ordnance interchange described above. The user must make certain that 

the necessary information for the specified weapon has been included 

in the aircraft input data. 

Input u is the weight of one unit of ordnance. A standard value 

is put into the program automatically, but may be changed by the user. 

* The Appendix shows in detail how these inputs are uaed. 

. , 
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Mission Profile: P2 

Input P
2 

selects the proper calculation procedure for the desired 

mission profile. Altitude and speed are chosen for each leg and may 

be used in any combination for which the range constants K, J, A have 

been determined. The second and third legs are always equal in dis

tance; first and fourth legs may have any value. The numerical value 

of P
2

, which selects the appropriate calculation procedure, is supplied 

by , the user when demanded by the program as shown in the Appendix. 

For mission profiles having two equ.:&l legs (s2 = s
3
), th e selec

tion of P
2 

• 1 automatically sets the first (S1) and last (s4) legs 

equal to zero. 

For profiles having four legs, s1 and s4 must be input by the 

user; again, second and third legs are equal in distance. Setting 

P2 = 4 selects this option. 

Profiles having three legs are simulated by setting P2 = 4, and 

using the same cruise conditions (h, m) for the first and second legs 

or for the third and fourth legs, whichever is appropriate. 

Cruise Speed and Altitude: m, h 

For each leg, speed and altitude are chosen from those values 

available in the aircraft inputs. Speed is indicated by a coded 

symbol, m; his a coJed symbol for altitude. 

Loiter Time and Altitude: L, h
10 

Any value for time Land altitude h10 may be specified for flight 

at speed for maximum endurance in the target area. 

Combat Time, Power Setting, and Altitude: C, c1, h11 

Except when the energy-related combat allowance procedure is 

chosen, any value of combat time C may be specified. The constant c
1 

selects the fuel flow corresponding to the desired power setting and 

altitude from the values of D input in part z10 . The following choices 

are typica 1: 
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c1 Combat Condition 

l high altitude, maximum power 
2 high altitude, military power 
3 low altitude, maximwn power 
4 low altitude, military power 

Combat altitude is also input separately as h11 , which is used in 

estimating the fuel consumed during climb back to cruising altitude 

after con.:..at as well as for calcu ::.ating the energy-related combat fuel 

a.llowance described on p. 17. 

Reserve Fuel: 

Input c
3 

is used to insert or remove the 5-percent fuel term 

from the equation for final weight (w10) 

c
3 

• 0 if reserve is a constant weight of fuel (•R) 
c

3 
• 1 if retention of the O.OS•f term is desired 

In order to provide the choice of either retaining or dropping 

tanks, the equations for s, o, and tare modified by means of inputs 

c
4 

and c
6 

as follows: 

If all tanks are to be carried for the entire mission, tank drag 

is added to suspension dreg, and the equation fort gives a value of 

zero when c
4 

ir. set equcl to 1. 

In military operations, it is conmon procedure to carry all tanks 

throughout the entire mission unless an emergency necessitates jetti

soning. To account for the situation where tanks are dropped in the 

target area, input c
6 

is set equal to 1, which adds tank drag to ord

nance drag on the targetbound leg and provides only suspension drag 

on the return leg (since c4 • O). 

Although it is not usually of major significance, tank weight also 

is accounted for by using c
4 

and c
6

, as shown later in the calculation 

procedure. 

Another contingency considered is the case where it is planned to 

drop tanks when empty but, at the time of combat, some external fuel 
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still remains and must be dropped. Here, the drag is the same as in 

the case where tanks are dropped when empty (c4 • 0) 1 but since the 

dropped fuel is not available for cruise, its weight must be accounted 

for. Input c
5 

allows this fuel to be added to the weight X disposed 

of in the target area. 

The user makes the appropriate selection from the following: 

c
4 

• 0 if tanks are dropped at any time 

c
4 

• l if all tanks are retained throughout the mission 

c5 • l if some tanks still contain fuel at the target and are 

dropped after loiter and before combat; otherwise, c5 = O 

c
6 

• 1 if all tanks are carried to the target and dropped before 

combat; otherwise, c
6 

• 0 

Refueling, z
3 

Provision is made for one targetbound refueling, which may occur 

over the takeoff point or at any specified distance. The aircraft is 

assumed to be refueled to its initial gross weight. 

Input z
3 

is the distance the aircraft has traveled from base on 

the targetbound leg when refueling occurs: 

z3 • 0 if there is no refueling 

z
3 

• 1 for refueling directly over the base 

z
3 

s the actual distance at which refueling occurs 
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IV. CALCULATION PROCEDURE 

Although the principles remain the same, details int.he calcula

tions and some of the symbo.a.a have been changed from those in Ref. l. 

The procedure is Sl.Dl1marized in the flow diagram shown in Fig. 3, 

pp. 30-31, and is described in detail below. The Appendix contains an 

example of the procedure as it is used in practice. 

The HARD-3 program is designed to vary and mix the number of 

weapons and fuel tanks automatically; but, if performance is required 

for one specified configuration where automatic variation of the num

ber of weapons is not required or when different types of weapons or 

other stores are intermixed, the pr~cedure can be modified by bypassing 

any desired part of the fuel-and-weapon-allocating procedure. One 

possible form of this alternate procedure (designated HARD-3A) will 

be described. 

VARIABLE-STORES PROGRAM (HARD-3) 

The following steps explain each corresponding step in Fig. 3, 

which assumes that the mission rules and the necessary weight and drag 

information for the specified aircraft and weapon have been made 

available to the program: 

1. The weight of external fuel (x) for which spa~e is available 

is determined for the specified number of weapons carried externally. 

2. Aircraft actual takeoff weight (w2) is first estimated from the 

available fuel capacity found in step 1: 

w2 • T + I + e + Fx 

where 

e • external fuel (assumed equal to .~), lb 

X • external fuel capacity, lb 

F • ratio of tank weight to fuel capacity 

I • internal fuel capacity, lb 

T = M + n(u + Q) + v (used for convenhmc e) 
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M • aircraft basic operating weight, lb 

u • weight of one unit of ordnance, lb 

Q • average rack weight per weapon, lb 

v • total weight of all pylons, lb 

If w2 is not greater than the maximum allowable weight W, the 

calculation proceeds to step 3. However, if w2 is greater than W, 

fuel weight must be corrected so that w2 • W. If there is no external 

fuel (x-0), internal fuel may be less than capacity I; therefore, I is 

recalculated to become the weight of fuel actually loaded internally. 

If x > O, the external fuel capacity x and actual external fuel e must 

be matched properly. 

First, w2 must have Was an upper limit: 

w2 :• min [w2, WJ 

then, from this value of w2 and the original value of x, actual exter

nal fuel is estimated by 

e • max [O, w2 - I - T - F•x] 

For this estimate of actual external fuel, the x corresponding 

to the ntunber of tanks having enough capacity to contain e is deter

mined from the aircraft-inputs part of the program (step z10 + 0.56). 

If this value of xis different from the original value, the difference 

in weight will change the value of e; therefore, this process is re

peated until a proper match is obtained. 

Other limitations are desirable because of the effect of required 

tank weight on the weight of fuel carried. To simplify this problem 

it is assumed that a tank is not added unless it provides a weight of 

fuel greater than 10 percent of the incremental tank weight. The pro

grammed procedure is illustrated in step 2 of the flow diagram and in 

part 7 in the Appendix. 
2 3. Drag area (ft) of all external items is found from the 

following: 

For fuel tanks 

t • 0.0025 0.7 
X 
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For suspension equipment 

For ordnance 

where 

U • average rack drag area per weapon 

)25 • pylon drag area 

y • average installed drag area of one unit of ordnance 

c4 • input constant used to add drag of fuel tanks to suspension 

equipment for return to base when tanks are retained. 

c6 • input constant used to include tank weight with ordnance 

weight when dropped in the target area. 

After the above value oft has been used to finds and o, the 

effect on cruising fuel consumption of dropping empty tanks during 

cruise. or climb is estimated by finding an average value of fuel tarit 
drag: 

4. Equivalent start-cruise weight (w
4

) is found from: 

if there is no refuelina (z
3 

• O) 

or 

if refueled 

where, from aircraft inpu~s 

P1 • ratio of weight after climb to weight before climb 

V • fuel for warm-up, taxi, and takeoff 

5. Aircraft weight over the base at the end of the mission is 

w10 • M + R + nQ + v + 0.05 fc
3 

+ Fxc
4 
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R • reserve fuel allowance from aircraft inputs, lb 

c
3 

= input constant used to include 5 percent fuel in reserves 

c
4 

= input constant used to include fuel tank weight wlH:! n tanks 

are carried back to base 

f • total fuel carried= w
2 

- T - Fx 

by external fuel is: 

where K, J, A for this and later equations are selected for th e fli ght 

conditions specified for the appropriate leg of the mission, th e leg 

being denoted by the subscript. 

The weight after dropping tanks (w5) is 

w5 • w4 - Fx if p • 0 

w s w - e - Fx 5 2 if p > 0 

Since pis based on flight conditions for the first leg, if p > s
1 

and cruise conditions (h, m) are different for the second leg, the 

calculated value of p will not be the actual distance provided by 

external fuel. If this is the case, the actual portion of flight pro

vided by external fuel is 

Aircraft weight (w6) at the start of the second leg depends on 

the relation between p and the length of the first leg s
1

: 

if s1 > p 
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7. Aircraft weight at the end of the third leg is found from th e 

weight at the end of the mission w
10

, fu e l flow during the last l eg , 

and last leg distance s
4

. 

8. The rest of the procedur e involves iteration of aircraft tar

ge t weight and distanc e of th e second l eg until the desired accuracy 

is attained. The procedure first estimates the target weight roughly 
from: 

target weight ~ G =,;;;;;; 

9. The above estimate of G is used to obtain the approximate 

second-leg distance s2 from the following: 

For a two-leg symmetrical profile (P
2 

• 1), 
if p > 0 

s2. P + 
exp [A2(s + o) J 

if p • 0 

For other missions (P
2 

• 4) 

if p < s
1 
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if p ~ s 1 
- J2 

Fx)J2j K2 Lw6 - (w + 
s2 

5 = exp [¾(s + o) J J2 

K2 
J2 J2 

ws G 
+ A2(s + o) ] J2 exp 

Using the first approximation to s
2

, A closer estimate to actual 

target weight is made from: 

if P2 = 1 (two-leg mission) 

J l/J3 

B = X + l (S2 + z3) J 3exp ~A3s ] / K3 + w9 
3J 

in which Xis the total weight disposed of in the target area, includ

ing loiter fuel, combat fuel, and payload, described in Section III. 

This approximation for target weight Bis then averaged with the 

first value G, a new value of s2 is found, and the process is repeated 

until G and Bare within the desired tolerance. 

Total distance to the target is then the sum of the first and 

second legs and the distance from the origin to the refueling point: 

distance to target= z
3 

+ s
1 

+ s
2 

SPECIFIED CONFIGURATION PROGRAM (HARD-3A) 

In addition to the mission-related inputs described previously, 

the following configuration data must be input when they are not in

cluded in the HARD-3 program: 

1. Number of external stores expended in the target area, not 

including fuel tanks, n 

2. Average expended weight per expended item, u 
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* 3. Average drag area per expended item, y 

4. Total weight of all pylons, v 

5. Total drag area of all pylons, '/> 

6. Average weight of all racks per expended item, Q 

7. Average drag area of all racks per expended item, U 

8. Total weight of fully loaded fuel tanks 

9. 

10. 

11. 

12. 

13. 

14. 

Total 

Total 

Usable 

Usable 

Combat 

Loiter 

usable fuel capacity, x 

tank drag area 

external fuel actually loaded 

internal fuel actually loaded 

time, min 

time, min 

The procedure then continues as for HARD-3, beginning with step 4 of 

the calculation procedure. 

All pylons and racks are assumed to be carried throughout the 

flight. Other nonexpended stores must be included with either pylons 

or racks. 

~·, 
The drag index DI used in the flight manual must be converted to 

drag area by multiplying all values of DI by a conversion factor z2 , 
which is provided with other aircraft inputs in part z

10
. The total 

drag area of expended items must equal n•y. 
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STEP l 

n • number of weapons loaded 

x • external fuel capacity available 

I 
STEP 2 

e • external fuel estimate :• x 

w2 • aircraft initial gross weight 

l 
7 

_ x
2 

:• X 

w2:-min[w2,w] 
e • external fuel estimated 

x • external fuel capacity 
I 

'-- x2 > x 2:. x2 7 
.. 

J-
I• min[w2,w] -T 

I 
l 

I 
t 

w • 
2 

(recalculate) 

I r w2 > w 

TO STEP 3 

Fig. 3--Flow diagram 

O. lx < e < O. lx7 

x:•O 
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STEP 3 

t • external tank drag 

s • suspension equipment drag 

o • ordnance drag 

I 
STEP 4 

W4 • equivalent aircraft weight 
at start of cruise 

I 
STEP 5 

w10 • aircraft weight over base 
at end of mission 

I 
STEP 6 

• distance provided by eKternal fuel 

• aircraft weight after tank drop 

• aircraft weight at start of second leg 

I 
STEP 7 

w9 • aircraft weight at end of third leg 

I 
STEP 8 

G • estimate of aircraft weight 
arrival at target 

I -
I 

STEP 9 

s2. aecond-leg distance (•S3) 

B • aircraft weight at target 

G • ✓GB target weiaht 

I 
r-001 ~'G;B' > 0.001 

Distance to target 
Z3 + s1 + s2 

Fig. 3 (con'd) 

at 

(~) 
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Appendix 

A SAMPLE JOSS PROGRAM 

The method described in the body of this Memorandum haa been pro

grammed for JOSS in such a way that, if the required inputs for the 

specified aircraft and weapon have been stored in JOSS memory, the 

JOSS operator need have no knowledge of any of the procedures deacribed 

except for the meaning of the symbols for the mi11ion-1pecification 

inputs. (3) The sample case included here should provide all the auid

ance needed to obtain the desired performance data. 

For those who may want to provide their own aircraft inputa, the 

use of Section Ill and the sample F-4E input determination ahown later 

should be sufficient. 

The remaining information presented here show1 the equation• and 

the actual computation procedure described in Section IV. 

Not shown are several JOSS parts that are used to call for the 

necessary inputs when the procedure is initiated. 

SAMPLE RADIUS CALCULAllON 

Al an example of the use of the JOSS proaram, combat radius of 

the F-4E is calculated on the following paae1. After the proaram i• 

recalled from its JOSS file, the comand "Do part l" 1tart1 the pro

cedure by requesting the necessary inputs. The followina condition• 

are specified: 

a. Weapon type and number: Mll7; 0, 11, 19 loaded 

b. Profile: symmetrical two-lea mi11ion at optimum apeed at 

.! sea level 

c. Fuel reserve: 5 percent of total fuel and fuel for 20 min 

at maximum endurance at 1ea level after return to baae 

d. External tanks: dropped when empty 

e. Refueling: none 

f. Warm-up, takeoff, and combat fuel allowances: MIL-C-5011A(2) 

g. Combat condition: military power at sea level for O, 5, and 

10 min 
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h. Loiter: maximum endurance apeed at sea level for O and 15 min 

Repeat the procedure for the same sea-level misaion, but include 

fuel allowance for two climbs to cruise altitude. Thia is useful when 

curves are to be plotted showing the tradeoff between sea-level dash 

distance and total distance to the target. 

Determine combat radius for flight to and from the target at 

optimum apeed and altitude. 

Determine the effect of using the AFRDQ energy-related fuel allow

ances for a typical case. 

The JOSS operation used for this example i1 shown on the follow

ing pages, u1ing actual JOSS print-out, followed by explanatory note, 

relating to certain atepa in the procedure. 
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After acquiriag the neceaaary progrmu, the procedure ia initiated 
by the coaaand "Do part l" : 

,() 1,l >" t 1 • 

ror automatic vari~t!on in no. of wy,a~ (HARD-3), set Z(1)•0 
ror specified loadinP, confi~ratian (HARD-3A), set Z(1)•1 

Z(1) • (I 

Aircraft code no., Z(10) • nn 

Available wpn cod• no. / max no. carried 
8~ 821 117 7 
24 241 19 7 

wpn code no., (1) • 117 

PROFILE LEr., i: 1 
Le, distance,S(i): S(1) 
Cruise alt/1000,h(i) h{1) 
Cruise speed ind.,m(i) m(1) 

2 
S(2) 
h(2) 
m(2) 

Payload is dropped between le~ 2 and 3. 

3 
S( 3) 
h( 3) 
m(3) 

4 
S(4) 
h(4) 
m(4) 

For 2-lep, mission [S(2)•S(3)], set P(2)~1, othervise, P{2)•4 

P(2) • 1 

Opt alt and speed input as 100 
Normal power (NRT) input as 110 
Military power (HRT) input as 120 
Full AB power (MAX) input as 200 

Alt-speed combinations available for cruise, (h,m) 
co,100),(s,100),(20,100),(0,120),(100,100> 

h(2) • o 
m(2) • 100 
h( 3) • o 
m( 3) • 1Pn 

Set c(3)•1 if reserve is to include .OS•total fuel in 
addition to R, othervise set c(3)•0 

c( 3) • 1 

Set c(4)•1 if all tanks are to be ca!'r'ied throu~out 
the entiN mission, othervise •O 

c(4) • o 
Set c(5)•1 if tanks are dropped when empty (c(4)•0), 
but extemal fuel remaining at start of combat 1a 
discarded, otherwise •O 

c(S) • 1 
Set c(6)•1 [c(4)must•Ol if all tanks aN carried to 
tarR9t and dropped befoN combat, otherviae •O 

c(6) • o 

Set Z( 3)•0 if there la no Nfueling 
Set Z(3)•1 for ow~base refuelin, 

(••• mte A) 

(aee mte B) 

(aee 110te C) 

(aee note D) 
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Set Z( 3)=distance from base if refueled 
Z(3) • O 

For MIL-C takeoff and combat allowances set c(10)=0 
For AFRDQ allowances, set c(10 )= 1 and do not input combat time 
C as noted below 

c(10) • O 
Combat: }mT h•O 

HRT h=35 
MAX h•O 
c(1) • t i 

set c(1)=4 
2 
3 

coni>at (tarp,et) altitude/1000 • h(11) = n 
loiter alt/1000 = h(10) = r. 

At this point, if combat time C (only if c(10)=0), loiter 
time L and no. of weapons to be carried n are input, then 
givinp, the co11111and 'Do part Z(10)' will result in 
the calculation of canbat radius, then any desired value may be 
typed out. To provide automatic variation of C,L,or n with the 
printout now beiny, used, complete parts 15,16,17, as needed 
and then co11111and 'Do part 10•. Other inputs may be varied in 
a similar manner. If different printout is desired, chan~e steps 

Sample procedures: 

9.1 P~e. 
9.2 Type form 2. 
9.4 Line. 

10.2 Do step 9.2. 
10.22 Line. 
10.3 To part 16 if c(10)=1. 
10.4 To part 15. 

15.2 Do part 16 for C=o,s,10. 

16.2 Do part 17 for L=o,10. 

17.1 Line. 
17.2 Do part 18 for n=0,12. 
17.7 Line. 

1A.4 Do part Z(10). 
18.5 Type C,L,n,w(2),B,f,e,P(3),S(1),S(2),7.(3)+S(1)+S(2) in form 3. 
18.8 Do part: 9 if $•53. • 

20.2 Demand P(2). 
20.ss Do part 4. 
20 .6 To part 10. 

21.2 Demand c. 
21. 3 Der,and L. 
21.4 DeMand n. 
21.s Type fonn 2. 

(see note E) 
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21.6 Do part Z(10). 
21.65 Do step 1B.5. 

25.2 Do part 3. 
25.4 To part 10. 
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If profile is to he chan,:ed, altitude and speed for eacl le~ 
rrrust be input ar,ain. This may be done by commandin~ 'Do part 20' 

To chanr,e weRpon only, Do part 25 

~limhs to cruise altitude after tftkeoff and after combat are 
automatici\U~, included. For 3 or 4-le,: missions, second 
climb is to h(4). To allow for 2 climbs in the LO-LO profile 
command •no part 20•, set P(2)s4, S(1)=0, S(4)=0 

' • • 

' ... ' 

(1ee noter) 

(1ee note G) 



:10 llf' :. ' .. ,, . 
C L n T/0 WT TGT WT FUEL EXT p S(1) S(2) TOT 

0 0 0 56190 44896 21606 8710 323 0 424 424 
0 0 11 61587 51823 17706 4810 106 0 276 276 
0 0 19 62000 55683 11483 0 0 0 134 134 

0 15 0 56190 45622 21606 8710 323 0 388 388 
0 15 11 61587 53049 17706 4810 106 0 231 231 
0 15 19 62000 57397 11483 0 0 0 83 83 

5 0 0 56190 45992 21606 8710 323 0 369 369 
5 0 11 61587 53048 17706 4810 106 0 231 231 
5 0 19 62000 56999 11483 0 0 0 95 95 

5 15 0 56190 46747 21606 8710 323 0 332 332 
5 15 11 61587 54316 17706 4810 106 0 184 184 
5 15 19 62000 58771 11483 0 0 0 42 42 

10 0 0 56190 47271 21606 8710 323 0 307 307 
10 0 11 61587 54281 17706 4810 106 0 185 185 
10 0 19 62000 58322 11483 0 0 0 55 5S 

10 15 0 56190 47876 21606 8710 323 0 277 277 
10 15 11 61587 55593 17706 4810 106 0 138 138 
10 15 19 62000 60150 11483 0 0 0 1 1 
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.. , o {nc- 1 11<!0 :'°11f' l .1 l ~ rn 1 ,1 r1 r 0 n . (' ! i • l C (' ~ t f • I f ~ r • ' 1 ~ , 7f t-f \ ' ' r, f"" M~ i: t , 
: :,, l t - J 0 r ! " Y\n ri l P :r 1! : 0 (1 11:' '. I r (~ )= "(11 )= ( . 

1 
(i : \ c1 ·r '' , . ' . 

P(2) = I. 

h(l) = 
m(l) = 
h(?.) = ' 

m(2) = . ''(' 

h(3) = 
m( 3) = 
h(4) = 
m(4) = 
S(l) = 
S(4) = 

r. L n T/0 WT Tr.T WT rtJEL EXT p !; ( 1) S(2) TOT 

0 0 0 56190 44R67 21606 8710 ?.81 0 384 384 
0 0 11 6151\7 51847 17706 4810 70 0 240 240 
0 0 19 62000 55754 11483 0 0 0 102 102 

0 15 0 56190 45589 21606 8710 2A1 0 348 348 
0 15 11 61587 53067 1770f, 4810 70 0 195 195 
0 15 19 62000 57461 11483 0 0 0 51 51 

5 0 0 56190 45~5R 21E-06 8710 281 0 329 329 
5 0 11 61587 53066 17706 4810 70 0 195 195 
5 0 19 62000 57062 11483 0 0 0 63 63 

' 5 15 0 56190 46704 21606 8710 281 0 292 292 
5 15 11 61587 54328 17706 4810 70 0 148 148 
5 15 19 62000 58824 11483 0 0 0 10 10 

10 0 0 56190 47188 21606 8710 281 0 269 269 
10 0 11 61587 54292 17706 4810 70 0 150 150 

1, 10 0 19 62000 58379 11483 0 0 0 23 23 I 

10 15 0 56190 47829 21606 8710 281 0 237 237 
10 15 11 61587 55592 17706 4810 70 0 102 102 
10 15 19 62000 60197 11483 0 0 0 -31 -31 
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.. . : •., ,.., ,, 

• 'I H ' l"t ' ~ . r '; 

>0 ., ar ' 

P(2) • 
h(2) = 
m(2) = 
h( 3) • • 
m( 3) • 

C L n T/O WT TGT WT nJEL EXT p S(1) S(2) TOT 

0 0 0 56190 44333 21606 8710 469 0 702 702 
0 0 11 615 J7 51055 17706 4810 99 0 395 395 
0 0 19 62000 55271 11483 0 0 0 157 157 

0 15 0 56190 45053 21606 8710 469 0 636 636 
0 15 11 61587 52366 17706 4810 99 0 320 320 
0 15 19 62000 57197 11483 0 0 0 78 78 

5 0 0 56190 45440 21606 8710 469 0 601 601 
5 0 11 61587 52385 17706 4810 99 0 319 319 
5 0 19 62000 56756 11483 0 0 0 96 96 

5 15 0 56190 46196 21606 8710 469 0 534 534 
5 15 11 61587 53765 17706 4810 99 0 243 243 
5 15 19 62000 58772 11483 0 0 0 15 15 

10 0 0 56190 46570 21606 8710 469 0 501 501 
10 0 11 61587 53743 17706 4810 99 0 244 244 
10 0 19 62000 58262 11483 0 0 0 35 35 

10 15 0 56190 47371 21606 8710 469 0 432 432 
10 15 11 61587 55187 17706 4810 99 0 167 167 
10 15 19 62000 60369 11483 0 0 0 -47 -47 
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.. r, ; 1 ~~ : ~ i i l 1 ! : ( • i· ;· , t rul ., ~ 0 ! ' ~I ~~ ,- ( : 

I• ( : ) - ' 
' ( I , • ; I . 

C L n T/0 WT TGT WT nJEL EXT p S(l) S(2) TOT 

1 0 0 56190 45075 21606 8710 516 0 681 681 1 0 11 61587 51757 17706 4810 11fi 0 372 372 1 0 19 62000 55945 11483 0 0 0 131 131 

1 15 0 56190 45815 21606 8710 516 0 615 fi15 1 15 11 61587 53104 17706 41310 116 0 297 297 1 15 19 62000 57911 11483 0 0 0 52 52 
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ilo p,1rt 1. 
rn~ aut0111atic vari~tinn in no. of wpns (HAFD-3), set Z(1)=0 
ror Rpecified lnadinr, eonfi,:uration (HARD-3A), set Z(1)=1 

7.(1) = 1 

AireNft code no.• 7.(10) • ~t<J 
If loadinp, iR not listed helow, set 1=1 

Availahle wrn code no. / "~x no. ca:rried 
f32 821 117 7 
24 241 19 7 

WJ'ln code no.• ( 1) = 11? 

PROFILF. LEr- • i : 1 
Ler, distance,S(i): S(1) 
Cruise alt/1000,h(i) h(1) 
Cruise speed ind.,"(i) "(1) 

2 
S(2) 
h(2) 
"(2) 

Payload is dropped hetween le,s 2 and 3. 

3 
S(3) 
h( :\) 
m(3) 

4 
S(4) 
h(4) 
m(4) 

ror ?.-le,: miReinn rs(2)•S(3)l, set P(2)•1, otherwise, P(2)•4 

P(2) • 

Opt alt and 111y,eed inrut as 100 
trormal power (NRT) input BR 110 
~ilita~, power (HRT) input as 120 
rull AB power (MAX) inrut as 200 

Alt-speed combinations available for cruise, (h,") 
(0,100),(5,100),(20,100),(0,120),(100,100) 

h(2) • 10n 
m(2) • 1n0 
h( 3) • ~n0 

m( 3) • 10c1 

Set c(3)•1 if reserw is to include .OS•total fuel in 
additian to R, otherwise set c(3)•0 

c( 3) • 1 

Set c( 4 )•1 if all t,mks are to he carried throu,:hout 
the entire missian • otherwise •O 

c(lf) • o 
Set c(5)•1 if tanks are dropped when e"'f'ty (c(lf)•O), 
but extemal fuel reNininp; at start of COlllbat 1■ 
di■carded, othetviae •O 

c(S) • 1 
Set c(6)•1 rc(lf)~st•Ol if all tanks are cat-ried to 
ta~t and dN>pped before cori>at • othetvise •O 

c(6) • n 

Set Z( 3)•0 if there i■ no refuelin, 

(see note H) 
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Set Z(3)•1 fo!' ove~bue NfueHn,, 
Set Z( 3)•d!atance fl"OIII hue if r.fueled 

Z(3) • 0 

ro!' MIL-C takeoff and combat allowances set c(10)•0 
ro!' AF'RDO alla.tances. set c(10)•1 and do not input combat time 
C as noted below 

c( 10) • '' 
Combat: MRT h•O 

MRT h•35 
MAX h•O 
C(1) S I: 

set c(1)•4 
2 
3 

combat (tar,et) altitude/1000 • h(11) • 
loiter alt/1000 • h(10) • r• 
Climbs to cruise altitude after takeoff and afte!' combat ar-e 
automatically included. for 3 or 4-le,. missions. second 
climh is to h(4). To allow for 2 climbs in the LO-LO pr,ofile 
command 'Do part 20'• set P(2)•4, S(1)•0• S(4)•0 

Include dntr, anrl weir.ht of non-expended ite!'ll!I with pyl~ns 
HARD-3 values NI~' be input by settinp: u•u, y•y, etc. 
If fl!P,ht rnanual Drap, Index DI is used, input dra,. as DI•Z(2) 

no. of expended !tens, n = • · 
aventpe wt per exrended item, u = : 
avera,.e drar: per expended item, y = 
Tot al pylon wt, v = ,. - • ' 
total pylon dnt~,o • - . 1. . 

avent,e rack wt per exrended item, O s • 

avera~ rack dra,: per expended itel"I, U • 
Total wt of full fuel tanks • • ,.ri 
Total uaahle ext fuel car,acity ,x s 1 

Tot al tank dra,, t • . 1 

Actual usable ext futtl loaded, e • • · r 
Actual uaahle internal fuel loaded, I • 
r,ross wt=w(2) 

w(2) • ~15A3.S 
combat time, rl'lin • C = 
loiter tine, nin, L • : ' 
if desintd, inT'Ut rr-e-clinb fuel V; Nserve fuel R; else V•V .R•R 

V • • 

C 
0 

L n 
15 11 

R s I 

T/0 WT Tr.T WT 
615A4 51922 

nJEr. 
17706 

EXT 
481n 

r 
1n1 

S(1) S(2) 
0 333 

TOT 
333 
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Notes for Joss Procedure 

A. The code number for the selected aircraft must be supplied 

at this point. The F-4E is used in this example. 

B. The store-identifying number l must be chosen; l is used to 

define store drag y, external fuel capacity x, suspension weight Q, 

and suspension drag U. The weapon chosen here is the M-117. 

C. The symbol applicable to the desired profile must be selected. 

The second and third legs are always equal, but any value may be used 

for s1 and s4. This example consists of cruise to and from the target 

at sea level at speed for best range. 

D. Speed and altitude for each leg of the mission profile must 

be chosen. his equal to altitude in tho~sands of feet, m indicates 

Mach number except for the conditions noted, h = 100 chooses optimum 

altitude and m = 100 chooses optimum speed. Other conditions may be 

used, provided the corresponding values of K, J, A are used as inputs. 

E. The combat power setting and the altitude symbol must corres

pond to fuel-flow input D. In this example, fuel flow is estimated 

for military power at sea level at high subsonic speed. 

F. At this point the appropriate steps arc supplied to provide 

the desired sequence of calculations and the desired output. 

G. The operational cotTllland is now given as shown on the follow

ing pa ge , which provides answers for a mission with cruise at sea 

l eve l. 

H. As an example of the HARD-3A program, this case is approxi

mately the same as that shown for C • 0, L • 15, n • 11 using the 

HARD-3 program. The resulting combat radius is slightly different 

because the pylon weight and drag are handled differently. 

For HARD-3A, when the program is obtained, Z(l) must be set• 1. 

After mission inputs have been selected as for HARD-3, the program 

will demand drag and weight data for the specified configuration, then 

proceed with the calculation as shown. 
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SAMPLE AIRCRAFT INPUTS 

The inputs (as discussed in Section III) for each airplane are 

described by a program part that is acquired by evaluating z10 (JOSS 

notation is Z(lO)). For instance, for the F-4E used in the foregoing 

illustrative example the input data are currently stored in JOSS as 

part 99 (Z(lO) • 99). 

For the convenience of the reader, each step of the part, a1 it 

applies in general to any aircraft, is listed below before being des

cribed in detail for the F-4E. The decimal 11.umbers refer to the JOSS 

notation for the aircraft part. The integer of the number, which 

identifies the aircraft, is omitted for brevity. 

Z(lO) + . 1 

. 12 

.14 

. 15 

.2 

.24 

.25 

.4 

.41 

.42 

.43 

.431 

.44 

.5-.53 

W • maximum allowable aircraft gross weight 

M • aircraft weight without fuel and removable 

items 

I• internal fuel capacity of usable fuel, lb 

F • ::atio of empty tank weight to usable fuel in 

tank 

V • fuel used during warm-up, taxi, and takeoff 

P1 • ratio of effective weight after climb to 

weight after takeoff for cruise at optimum cruise 

altitude 

D = fuel flow (lb/min) for the power setting 

corresponding to the selected value of c(l) 

Q = weight of store racks not included in either 

v or M 

v = total pylon weight 

U • drag of store racks not included in >'-'or in 

aircraft drag 

\Z • total pylon drag 

Z(2) • factor to convert drag index DI to drag 

area y 

* y • average drag area of store selected by l 

x (function of n, .t) 

* In the text, l and y!J (oh) are used to avoid confusion with the 
numerals one and zero. The actual JOSS printouts reproduced here and 
later in this Memorandum have not been altered because the JOSS type 
fac e clearly distinguishes letters fr om numbers. 
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.56 x (function of e) 

.6-.623 Provide ;; print-out of weapons available, cruise 

altitude-speed combinations, combat altitude, and 

power settings 

.7 

.702 

.7021 

.7022 

.703 

P1 (function of first-leg altitude and configura

tion) 

R (reserve fuel for 20-min loiter at sea level) 

V (for AFRDQ allowances) 

D (for AFRDQ allowances) 

P(ll) (allows for climb to third-leg altitude 

from combat altitude) 

.712-.84 Values of K, J, A for various combinations of 

cruise speed and altitude) 

.9-.92 Determines value of E1 and E2 to be used in 

loiter fuel calculation 

One disadvantage of the HARD-3 procedures described in this Memo

randum, resulting from the added versatility and accuracy, is the in

crease in labor involved in determining performance inputs, particularly 

if AFRDQ rules are used. The time involved depends, naturally, on 

availability of data. Flight manuals usually do not include all neces

sary data--a condition that could easily be remedied by the publisher. 

At the time of this writing, the F-4E flight manual was not available. 

The data presented below for the F-4E were obtained from reports 

provided by the manufacturer. (4, 5) 

Weights 

The maximum reported loading condition results in a gross weight 

of 61,651 lb. For this example the maximum allowable gross weight for 

takeoff was chosen as 62,000 lb. The JOSS statement is: 

.1 Set W • 62,000 

Operational empty weight: 

.12 Set M • 31,201 

Internal usable fuel capacity: 

.14 Set I• 12,896 
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Takeoff and Combat Allowances 

It is convenient to find all necessary fuel flows at one time, 

then place them in their proper place in the program . 

. tlL-C-5011A Fuel Allowances. Pre-climb fuel allowance is the sum 

of pounds of fuel used in 5 min operation at sea level, Mach O, at 

normal power, and 1 min at full afterburner. Fuel flows for these 

conditions are not normally provided in flight manuals. From installed

engine data: 

.2 Set V • 1825 

Combat fuel flow also is not provided in flight manuals in con

venient form for these purposes, but, if not otherwise available, can 

be deduced from other data. 

At a weight of approximately 40,000 lb: 

Altitude Mach Fuel Flow 
(ft) Number (lb/min) cl 

• 35,000 1.75 1090 1 
35,000 0.9 133 2 

0 0.9 1650 3 
0 0.9 437 4 

These values are expressed in the program as: 

.25 Set D • [c(l) • 1:1090; c(l) • 2:133; c(l) • 3:1650; c(l) • 4:437) 

* AFRDQ Fuel Allowances (seep. 16). Fuel flows and rates of climb 

are required for several conditions, and again, the flight manual is 

not a convenient source but can be uaed to make rough approximations. 

To estimate fuel allowances for both takeoff and combat, the following 

values of specific power were obtained from climb performance and fuel

flow data: 

At sea level, M • 0.8, max power, w1 • 55,000, 6£1 • O, Psl • 633 

At sea level, M • 0.8, max power, w1 • 55,000, 6f2 • 12, P12 • 327 

At sea level, M • 0.7, mil power, w2 • M + 0.51 6f3 • 4, P13 • 243 ft/sec 

At 30,000 ft, M • 0.7, mil power, w2 • M + 0.51 6f3 • 4, Ps4 • 86.7 

* Symbola in thia and the following subaections may apply on!:, aa 
used to determine numerical inputs for the JOSS program. 
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At sea level, fuel used for 2 min at Mach O with milita~y thrust 

is 

F • 580 lb 

At sea level static with max power, fuel flow wf 1 • 10.2 lb/sec 

At sea level, M • 0,8 max power, fuel flow wf 2 • 15.5 lb/sec 

At sea leve 1, M • O. 7 mil power, fuel flow wf 3 • 3.91 lb/sec 

At 30,000 ft, M • O. 7 mil power, fuel flow wf 4 • 1.37 lb/sec 

Using the procedure described in Section III, p. 18, and the above 

values, the constants A, B, and Care evaluated for ~fl• O: 

B = P • w1 / [ 1 - A] = 4.79 • (10)
7 

sl 

C = 900 = -3.21/10
7 

o. 2725 

For the above, f (clean aircraft drag ar ea) is estimated to be 
2 9.3 ft. The JOSS input equations for V and Dare then determined from 

the equations shown in the Appendix by substituting for A, B, C, F, 

wf 1, wf
2

, Ps 3 and using th e -i.nput c(lO) to select AFRDQ allowances 

.7021 Set V • 580 + 0.0067 • (w(2) - 580) / [1 - 0.273 • (1 + (s+o+t) / 9.3)] 

if c(lO) • 1 

.7022 Set D • 10 3[60 - h(ll) • [0.01609 + (3.21 • h(11) 2)/107] if c(lO) • 1 

Equivalent Climb Fuel P1, P11 . For both the climb after takeoff 

and the climb after combat, the ratio of aircraft weight after climb 

to weight before climb, P1 and P11 , respectively, are determined from 

the general relation: 

P • 1 - Ch(l + D• Lf) 
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where h • altitude/1000, ft 

6f • added drag area, ft 2 

and where the constants C and Dare f0und from known climb perform

ance (Section A3 of the flight manual may be used), using data at 

two altitudes and two drag configurations as follows: 

where 

Let y = (F - ~)!w 

F • actual climb fuel 

d • actual climb distance 

c • n•mi/lb at start of cruise 

w • gross weight 

then, with subscripts corresponding to two sets of actual data, 

Using the following set of data for the F-4E at military power 

with w • 50,000 lb and two values of drag area: 

Parameter 
Subscript 

l 2 

6f 5 12 
h 30 20 
F 1450 1200 
d 43 24 
C 0.07 0.046 

Substituting these values in the previous equations: 

y1 • 0.0167 

y2 • 0.01357 

C • 0.471/103 

D • 0.0368 

then the equations for the program become 
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.7 Set P(l) • 1 - 4.71/104 • h(l) • ( 1 + 0.0368 • (s+o+t)) if h(l) < 100 

.702 Set P(ll) • 1 - 4.7/10
4 

• [1 + 0.0368 • s] 

• max [o, min[35, h(4)] - h(ll) I 

For climb to optimwn cruise altitude where h • 100, P(l) is input 

separately and can be determined from step .7. The resulting value of 

P( 1) is 

.24 Set P(l) • 0.983 

In step .702, the value 35 in the last bracket is an estimate of 

maximum probable cruise altitude at average weight, used simply to 

prevent incorrect values if h(4) • 100. 

Cruise Inputs 

The general cruise performance equation for HARD-3 is 

where w • aircraft weight, lb 

6f • added drag area, ft 2 

K, J, A are constants to be determined from known cruiae perfor

mance at the desired speed and altitude for three values of aircraft 

weight and two values of added drag. The constants are determined 

from: 

A = 

(1 - J) 

log [~ (::) ] / 

J = l ·log(:~)/ log(:~) 
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in which y1 • mi/lb at w1 and 6f1 
y2 • mi/lb at w2 and 6f1 
y3 • mi/lb at w3 and 6f2 

and wh~re 6f1 is a low value and 6f2 is a high value of 6f; w1 is a low 

value and w2 is a high value of wtight; and w3 is about midway between 

w1 and w2. 

These values of K, J, A are input with the appropriate subscripts 

for each combination of speed and altitude desired. 

The following values of added drag and aircraft weight were used: 

6f • 0 _1 
6£2 • 10 

w1 • 35,000 

w2 • 55,000 

w3 • 45,000 

At the selected altitude and speed (h,m) the following values were 

obtained: 

Altitude Speed 
yl h m Y2 Y3 K J A 

1008 1008 0.125 0.08 0.059 3834 0.0126 0.0503 
0 1008 0.057 0.0495 0.036 1.494 0.688 0.0381 
0 120b 0.0225 0.0225 0.02 0.0225 1.0 0.01178 
5 1008 0.0645 0.055 0.0398 2.579 0.6475 0.0394 

20 1008 0.0932 0.073 0.0523 26.63 0.4595 0.0442 

a Optimum. 
b Speed corresponding to military rated thrust. 

These values are shown in part 99 in steps .712 through .776. 

Loiter Inputs (seep. 14) 

The general formula for loiter fuel flow is 

fuel flow• E1 • exp[ah] • exp[b • 6£] • [w/w1]c 

where w • actual aircraft weight, lb 

w1 • approximate target weight, lb 
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h • loiter altituda/1000, ft 

6f • added drag area, ft 2 

E1 • fuel flow for clean aircraft lb 
at sea level at w • w1, min 

and where a and bare con1tant1 evaluated from available data as 

follow1: 

Choose aircraft weights to cover the range of interest 

w1 • approximate target weight 

w2 • low weight 

w3 • high weight 

Choose drag configurations: -6f1 • 0 (clean aircraft) 

6~2 • A: approximately\ of clean aircraft f 

6f3 • 6f approximately equal to clean aircraft f 

and altitudes: 

h1 • 0 (sea level) 

h2 • a selected high altitude 

Constants a, b, care then: 

a • -log[E2/E4 ] /h
2 

b • log[E_slE3] / 6f J 

C • log[17/E6]/log[w
3

/w2] 

where: El is the fuel flow at w
1

, hl, Af l 
• 

E2 is the fuel flow at w
1

, hl, A:2 
E3 is the fuel flow at w1, h2' A.:_1 

E4 is the fuel flow at w1, h2' A:2 
ES is the fuel flow at w1, h2, A:_3 

E6 is the fuel flow at w
2

, h2' A:_2 

17 
is the fuel flow at w3, h2' Af2 

These values of a, b, and care then used to find the values of E(l) 

and E(2), ~hich are used later in the equation for r, aircraft weight 

after loiter. 

E(2) • c 

E(l) •El, exp [a, h(lO) ] exp [b, (s + o) J / w1• E(2) 
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The following data were obtained from curves for maximum endurance 

flight 

45,000 . { ~ 6f • 0 E • 91. 7 
45,000 hl 6£1. 6 ~- 108.3 

For w1 • 45,000 30 6£2. 0 E3 • 80 
45,000 30 6£1 • 0 E4 • 100 
45,000 h2 • 30 6-;2. 10 ES• 115.5 

w2 • 30,000 30 6£1. 6 E6 • 63.8 
6£2 w3 • 50,000 30 2 • 6 Ej • 115.5 

from which 

a • -0.002658 

b • 0.03672 

C • 1.1619 

In this particular case, two fixed values of fuel flow were input 

along with a variation for intermediate values of altitude . 

. 9 Set E(l) • [h(lO) • 0: 91.7; h(lO) • 30: 80; 91.7/exp[0.0026•h(10)]] 

.91 Set E{2) • 1.1619 
* .92 Set E{l) • E(l) • exp[0 . 0367 • (s + o)] / 45000 E(2) 

At this time, fuel for the loiter portion of the reserve allow

ance is found. At a weight roughly equal to the empty weight plus 10 

percent of internal fuel capacity, using data for two drag configura

tions, the resulting relation for 20 min loiter is 

.701 Set R • 1500 + 35•s 

External Fuel-Payload Compatibility 

On the F-4, outbo,ud stations can carry a 370-gal tank and the 

centerline a 600-gal tank, comprising a total usable fuel load of 

8710 lb. In order to provide a consistent value for pylon weight as 

the configuration changes, an "equivalent" weight of empty tanks plus 

usable fuel is found to be 545 lb. Then the average value of tank 

weight/fuel we .. , F is 

.15 Set F • 5, ,:8710 • 0.063 

lbe possible values of fuel capacity x are: 

2405 lb when carrying one 370-gal tank 
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3900 lb when carrying one 600-gal tank 

4810 lb when carrying two 370-gal tanka 

6305 lb when carrying one 370-gal tank+ one 600-gal tank 

8710 lb when carrying two 370-gal tanks+ one 600-gal tank 

The proper value of x for the calculated value of external fuel 

e is then provided in the program by 

.56 Set x • [e • O: O; first (n • 2405, 3900, 4810, 6305, 8710: x 2:, 0)) 

?he initial value of fuel capacity xis determined from the 

allowable loading for the specified type of store. For example, for 

the M-117 a total of 19 can be carried: 4 are on outboard wing stations, 

3 on inboard stations, and 5 on the fuselage station. Thus fuel capa

city and weapon carriage are related as follows: 

Number of Weapons 
n 

Fuel Capacity 
X 

~ 
7-10 

11 
12-14 

15 
16-19 

8710 
6305 
4810 
3900 
2405 

0 

This relationship is inserted in the program as: 

.5 Set x • [n ~ 6: 8710; 7 ~ n ~ 10: 6305; 11: 4810; 12 ~ n ~ 14: 

3900; 15: 2405; 03 if l • 117 

Suspension Weight and Drag 

Pylon weight and drag when carrying conventional weapons is: 

outboard (2) 380 lb Af • 0.42 ft2 

inboard (2) fil lb Af • 0.52 ft 2 

total 1014 lb Af • 0.94 ft 2 

.41 Set v • 1014 

If four Sparrows are carried, add 1820 to v . 

. 43 Set¢• 0.94 

If four Sparrows are carriud, add O. 52 to ¢. 
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Rack Weight and Drag 

Based on a fully loaded configuration, rack weight and drag are 

averaged for each weapon. The combination of MER. and TER racks on the 

F-,~ results in a total weight of 845 lb and a drag index of 3.44. 
For a load of 19 units of ordnance: 

.4 Set Q • 845/19 • 44.5 

.42 Set U • 3.44/19 • 0,18 

Ordnance Weight and Drag 

Ordnance weight is a general input and is supplied in the general 
program rather than in the aircraft part. 

Since the installed drag of a unit of ordnance must include store

to-rack interference and station-to-station interference, the average 

drag varies with aircraft type and with the particular loading. For 

simplification, an average value based on the fully loaded configura
tion is determined. 

For the Mll7, average drag area is 0.42: 

.54 Set y • [l • 117: 0.42) 

A print-out of the final set of inputs for the F-4E is shown 
below. 



~•v i) C ! c1 rt n<J . 

99.1 Set W:62000. 
99.12 S6C M:31201. 
99.14 Set 1•12896. 
99.15 set r=.063. 
99.2 Set V•1R:?5. 
9~.24 Set P(1)•.983. 
99.25 Set I)l:fc(1)=1:1090;c(1)•2:133;c(1)=3:1650;c(1)•4:437]. 
99.4 Set 0=[1•117:44.5;1•7:121;35.3]. 
99.41 Set v::1014+1820. 
99.42 Set U=fl•117:.18;1=7:.49;.143]. 
99.43 Set 0•1.46. 
99.431 Set Z(2)= . 1. 
99.44 Set y•fl•117:.4~;1•82:.11;lr.821:.24;1=7:.33]. 
99.45 To step 2.2 if Z(1)=1. 
99.5 Set x=fnS6:8710;7SnS12:6305;13SnS18:3900;19Sns,4:0]. 
99.51 Set xz:fn•11:4810;12SnS14:3900;n=15:2405;n~16:0;x] if 1=117. 
99.52 Set x=f3SnS4:6305;5sn~6:3900;n=7:0;x] if 1=7. 
99.55 To ster 7.17 if 7.(1)•0. 
99.56 Set x•fe•O:O;first(x=2405,3900,4A10,6305,8710:x~O)l. 
9916 Type II 82 021 117 711 1 
99.602 Type II 24 241 19 711 o 

99.61 Type 11(0,100),(5,100),(20,100),(0,120),(100,100) 11 • 

99.620 Type 11C0Mbat: MRT h=b set c(1)=411 • 

99.621 Type " MRT h•35 211 • 

99. 622 Type " MAX h=O 311 • 

99.65 To step 6.7. 
99.7 Set P(1)=1-4.706/10*4•h(1)•(1+.03676•(R+o+t)) if h(1)<100. 
99.701 Set R=1500+35•R. 
99.702 Set P(11)•1-.000471•(1+.0~7•8)•"axfO,minf35,h(4)]-h(11)J. 
99.7021 Set V=580+.0067•fw(2)-580]/f1-.273•(1+(s+o+t)/9.3)] if c(10)•1. 
99.7022 Set 1">=1000•(60-h(11))•f.01609+3.21•h(11)*2/10*7] if c(10)=1. 
99.~12 Set K(0,100)=1.494. 
99.713 Set J(0,100)•.68A. 
99.714 Set A(0,100)•.0381. 
99.722 Set K(5,100)•2.579. 
99.723 Set J(5,100)•.6475. 
99.724 Set A(5,100)•.0394. 
99.732 Set K(20,100)=?.6.63. 
99.7~3 Set J(?.0,100)=.4595. 
99.734 Set A(?.0,100)=.0442. 
99.772 Set K(0,120)=.0225. 
99.773 Set J(0,120)=1. 
991774 Set A(0,120)•.0117A. 
99.782 Set K(100,100)=3A34. 
9917R3 Set J(100,100)=.0126. 
99.7A4 Set A(100,100)•.0503. 
99.84 To ~ter 2.R7 if 7(1)=1. 
99.85 T~ step 7.466. 
99.9 Set F.(1)•fh(10)=0:91.7;h(10)=30:80;91.7/e,cpf .0026•h(10)1J. 
99.91 Set £(2)=1.1619. 
99.92 Set t(1)=F.(1)•e>CJ'f .03672•(s+o)]/45000*F.(2). 
99.95 To Rte~ 7.~. 
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COMPUTATION PROCEDURE 

The equations and the calculation sequence are provided by a 

combination of part 7 and a set of additional formulas, which, together, 

correspond to the step by step procedure described in Section IV, 

p. 23. These are shown below as printed by JOSS for the sake of com

pleteness. However, it is normally unnecessary for the user to be 
concerned with this part of the program. 



Type pa1 t 7. 
7.17 To step 7.2. 
7.2 Set C=1 if c(10)•1. 
7.21 To step 7.462 if Z(1)=1. 
7.22 Set e=x. 
7.23 Set w(2)=T+I+e+r•x. 
7.25 To step 7.45 if W:.?t.1(2). 
7.254 To ster 7.37 if x=O. 
7.26 Set w(21)•x. 
7.265 Set w(2)=Minfw(2),W]. 
7.27 Set e=max[O,w(2)-I-T-r•xJ. 
7.3 Do step 7.(10)+.56. 
7.32 To step 7.26 if x<w(21). 

-58-

7.34 To step 7.44 if e>.1•x and w(21)<e and e-w(21)>.1•(x-w(21)). 
7.35 To step 7.44 if w(21)~>.1•x. 
7.36 Set x=w(21) if e>.1•x and w(21)<e~w(21)+.1•(x-w(21)). 
7.364 Set x=O if e<.1•x. 
7.37 Set I•minfw(2),W]-T if x=O. 
7.42 Set e=x. 
7.44 no step 7.23. 
7.442 To step 7.265 if w(2)>W. 
7.45 Set f•w(2)-T-F•x. 
7.46 Set t=.0025•x*.7. 
7.462 Set o=n•y+c(6)•t. 
7.464 Set s=n•lJ+O+c(4)•t. 
7.465 To step Z(10)+.7. 
7.466 Set w(4)=f7.(3)=0:[w(2)-V]•P(1);w(?.)1. 
7.467 Set w(10)=M+R+n•O+v+c(3)•.05•f+c(4)•r•x. 
7.46R Set t=.0013•(maxfO,x-w(2)+w(4)])*.7 if c(4)=0 and c(6)=0 0 

7.47 Set x=x•(1-c(4))•(1-c(6)). 
7.4R Set w(5)=fp=O:w(b)-F•x;w(2)-e-r•xl. 
7.49 Set w(6)=fw(4)*h(t)-S(1)•h(1)/r(1,s,o,t)1tf1/h(1)]. 
7.492 Set w(6)=rw(5)*h(1)-(S(1)-p)•b(1)/,(1,s,o,0)1*(1/b(1)l if Sf1)>p. 
7.494 Set w(q):fS(4)•h(4)/r(4,s,O,O)+w(10)*h(4ll*<1/b(4)). 
7.5 Set C,:!f1(J'rtrw(6)•w(9)l. 
7.54 To ster Z(10)+.9. 
7.~ Set S(2)=fr>O:r+k;11 if P(2)=1. 
7.~2 Set S(?.)=fp<~(1):~;n+k] if P(2)•1. 
7.7 Set C,:snrtrr-•FJ. 
7.A To step 7.6 if lr.-BI/B>.0001. 
7.RS Set P(3)=a(2)/eXT'lrd(2)•(s+o+t)l•rw(6)*h(2)-(w(2)-e)*h(2)]/b(2). 
7.R6 Set P(3)=fr~S(1):p;S(1)+P(3)l. 
7.A7 To stP.r 2.91 if ~(1)=1. 
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1ypP a ll formulas . 

B: rP(2)z4:X+[w(9)*b(3)+S(2)•b(3)/p,(3•s•0•0)]*(1/b(3));N] 
H: w(2)-rw(2)~(1)-Z(3)•b(1)/,C1eseo,t)]*(1/b(1)) 
N: X+[(S(2)+?.(3))•~(3)/P.(3,s,O,O)+w(9)*b(3)]*(1/b(3)) 
T: M+n•u+n•O+v 
X: n•u+C•D+G-r+(1-P(11))•(r--C•D-n•u)+c(S)•~ax[0,1"-w(5)] 

a(i): l<(hU).m(i)) 
b(i): J(h(1),M(i)) 
d(i): A(h(i) ,m( i)) 

r,(i,s,o.t): a(i)/exp[d(i)•(s+o+t)J 
j: r(2,s,o,O)•fw(6)*b(2)-r.tb(2)]/b(2) 
k: y(2,s,o,O)•fw(S)*b(2)-G*b(2))/h(?) 
p: maxfO,r(1,s,o,t)•fw(4)*b(1)-(w(2)-e)~(1))/b(1)] 
o: ,<2.s,o,t)•fw(6)"h(2)-(w(S)+r•x)*b(2)]/b(2) 
r: [G*(1-F.(2))-L•(1-E(2))•E(1)]*[1/(1-E(2))) 
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