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Abstract

The paper demonstrates the utility of a userfriendly code
developed for preliminary aircraft designers and for aircraft
design students to rapidly evolve a new airplane design.
The code applies to civil and military airplanes: all applica-
ble performance and flying quality regulations have been
'built-in’.  This provides the designer with instant appraisal
about the status of his design relative to these regulations.
Important features of the program are: 1) a common data
base, 2) built-in help files for theory and for design deci-
sion making and 3) report quality graphics for display of
design decision results and trade studies.

1. Introduction

The purpose of this paper is to demaonstrate the utility of a
user-friendly code developed for preliminary aircraft' de-
signers and for aircraft design students. The program is
currently hosted on Apollo DN3000 and DN4000 series en-
gineering work stations. A detailed description of the archi-
tecture of the program is given in Ref.1. A user’'s manual
Is also available: Ref.2. The preliminary design methodol-
ogy on which the AAA code is based is that of Refs 3-10.
The code has been developed at The University of Kansas
under partial funding from General Dynamics Corporation
and the University of Kansas Endowment Association. The
AAA code is used in two undergraduate and two graduate
aircraft design classes taught at The University of Kansas.

The AAA program consists of 15 independent modules.
Table 1 lists the operating modules with a very brief indica-
tion of their purpose. Figure 1 shows the screen display of
the main menu of the AAA program. Each module is
designed to perform one or more tasks which need to be
performed to evaluate the characteristics of a given aircraft
at some stage in its preliminary design development. The
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designer interacts with AAA through a mouse which is used
to select menus and to command most functions. When-
ever a function demands the entry of numerical data, a
calculator pad automatically appears on the screen. Fig-
ure 2 shows the calculator pad. The mouse/cursor combi-
nation is then used to enter data into the calculator pad
and thus into the AAA program.

In this paper the assumption is made that a preliminary
airplane design specification is available. The example air-
plane used in this paper is an advanced stealth bomber:
called the ASB. Table 2 contains the mission specification
for the ASB. The remainder of the paper takes the reader

step-by-step through several of the AAA application mod-
ules to illustrate how a new airplane design can be rapidly
evolved. To limit the length of this paper, only the following
preliminary design steps are discussed:

¢ Determination of takeoff weight, empty weight and fuel
weight

Preliminary drag polar calculation

Determination of wing-loading versus thrust-to-weight
ratio

Component weight estimation and construction of the
loading diagram

Analysis of lateral-directional open loop dynamics
. rmination ff Wei
Weight and Fuel Weight

The weight sizing module (item 1 in Table 1) is designed to
estimate airplane takeoff weight, empty weight and fusl
weight. In this module it is assumed that a mission profile
is available. Table 2 shows the mission profile of the ASB.
Next, a weight fraction is assigned to each flight phase in
the mission profile. These weight fractions account for the



Table 1 Appiication Modules Instalied In AAA

1. WEIGHT SIZING: Allows determination of Take-off Weight, Empty Weight and Fuel Weight for a given mission
specffication. Performs sensitivity analyses of takeoff weight with respect to many mission, aerodynamic and
propuision parameters.

2. PERF.SIZING: Allows determination of Wing Loading and Thrust-to-Weight Ratio (or Weight-to—power ratio)
to meet Stall. Climb, Takeoff, Landing, Cruise and Maneuvering Requirements. All pertinent civil and military
airworthiness regulations are automatically accounted for. The effect of high lift requirements is accounted for.
The end product of this module is a plot of T/W (or W/P) versus W/S of all pertinent performance requirements.

3. GEOMETRY: Designed to determine the planform geometries of wing, fuselage and empennage. Non straight
tapered plan-forms can be handled.

4, HIGH LIFT: Designed to determine high lift characteristics of wings with and without flaps. Draws simple flap
geometries to allow the designer to 'check’ the feasibility of high lift requirements identified in Module 2.

§. DRAG POLAR: Allows tor first order estimate of drag polars: clean low speed, clean high speed, takeoff and
landing, gear up and down. Also gives drag polar plots. User can also determine how realistic an estimated
drag polar is by comparison to existing (built-in) data.

6. STAB.&CONTROL: Allows the user to size the empennage surfaces: vertical tail, horizontal tail and canard.
This module also is used to prepare a trim diagram.

1._WEIGHT&BALANCE: Allows the user to arrive at first and/or second order component weight breakdowns,
Plots of c.g. excursion versus weight loadings are automatically prepared.

8. INST.THRUST: Helps the user estimate installed thrust and s.f.c. data from given engine manufacturer's data
for piston engines, turboprop engines and turbojet/fan engines. Installed data can be plotted versus altitude and
Mach number,

9. PERF.ANALYSIS: in this module the user can verify the performance characteristics of a new airplane design.
Fieldlength, climb, range and maneuvering performance can be evaluated. This module uses more sophisti-
cated performance equations than those used in module 2.

1 RIVATI : Computes subsonic stability and control derivatives for 2- and 3-surface airplanes.
11. DYNAMICS: Determines open loop airplane transfer functions. Checks handling qualities against

MiI-F-8785C specification. Performs derivative sensitivity analyses.

12. CONTROL: Does Bode and Root-locus plots for open and closed loop systems: stability augmentation and
simpie auto-pilot loops. Airplane transfer functions are transferred into the appropriate blocks of a feedback
network. Sensitivity of dynamic behavior versus variations in derivatives and inertial characteristics is plotted.

13. COST ANALYSIS: Allows user to estimate R&D cost, Manufacturing cost and operating cost (DOC and IOC)
of civil and military airplanes.

14. DAT E: Manages all input and output data. There is a common data base for ALL modules of the
code. Data, when generated in a given module are automatically transferred to other modules as needed. The
user never has to enter design data twice. This module also saves all design information for future use.

15. HELP: This module allows the user to get 'off-line’ help. Off-line help is designed to assist the user with
questions about certain operational features of the AAA program. Off-line help is available from the main menu
only. There exists another help feature in AAA: *on-line’ help. This feature is available within sach module
through the calculator pad (See Figure 2) by depressing either the INFO button or the SHF button. These
buttons allow the user to call up design information tables of design graphs from Refs 3-10.
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Figure 1 Screendump of Main Meny of the AAA Code

| ission ification for an Advan Ith Bomber

Military Load: 50,000 Ibs internal capacity for conventional or nuclear ordnance.
Primary weapons are the Boeing AGM-131A SRAM Il and the B83
gravity drop bomb, in rotary launchers with eight weapons each.

Crew: Two, at 300 Ibs each with physical provision for three.

Range/! /Alt. See mission profile.

Fieldlength: 8,000 ft for takeoff and landing. Groundrun of 5,000 ft. Std. day.

Engines: Four F118-GE-100 engines.

iflcation: Military

Misslon Phases: 1. Engine start and warm-up 2. Taxi 3. Takeoff
4.Climb with range credit 5. Cruise out 6. Descent
7. Dash out 8. Drop Mil. load 9. Dash in
10. Climb with range credit  11. Cruise in 12. Descent

13. Land, taxi and shutdown

Mission Profile:
40,000 ft, M = 0.8
4 5
1 2 3 6| 600 ft, M =0.5
50,000 ft, M = 0.8
1
12
13
P
T 7N\
4,500 nm 275 nm
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fuel used during each phase of the mission. They are esti-
mated from statistical data for non-fuel-intensive phases in
the mission profile. For fuel-intensive phases of the mis-
sion profile these fuel-weight fractions are estimated with
the help of Breguet’'s range equation.

The procedure for determining takeoff weight, empty
weight and fuel weight is based on the following two equa-
tions from Ref.3:

Blog1oWr = (log10Wro) - A 4))
and:

log1o Wro = A + Blog1o(CWro - D) )
where:

A and B are regression coefficients which relate takeoff
weights and empty weights for existing airplanes.
Ref.3 contains values for A and B for twelve
different categories of airplanes.

We and Wro are the airplane empty weight and takeoff
weight respectively

D is the sum of payload weight and crew weight
C=l—(1+M,es)(l—Mff)—M¢fo (3)
where:

(1-M,.) is the reserve fuel weight fraction
(1-Mp) is the mission—fuel-used weight fraction
(1-My,) is the trapped fuel and oil weight fraction

Methods for determining these weight fractions are devel-
oped in detail in Ref.3.

Since the ASB configuration is dominated by the require-
ment to be stealthy, it probably should be a flying wing.
The AAA program does not contain any statistical weight
data on flying wing airplanes. After searching the literature
for flying wing configurations a number of data sets were
obtained for takeoff weight and empty weights of flying
wings. Fig.3 shows the statistical data pairs entered into
the AAA program. The program then determines the cor-
responding regression coefficients A and B. Fig.4 shows a
plot of these data. Having such a plot is usefui to see how
much scatter there is. In this case, there is not much scat-
ter.

The weight data base for flying wings applies only to alumi-
num structures. For the ASB it is foreseen that composite
materials will have to be used. It is estimated that this can
result in a potential weight saving of 14% of the empty
weight. This information is used to determine a 'new mate-
rial’ value for the intercept coefficient A as follows:

1869

Apew = Aold - Blo&o(gsmw) (4)
Eold

For the ASB this yields A = - 0.2330. Fig.4 also shows the

‘new’ weight line. With this information the problem of esti-

mating the new airplane takeoff weight, empty weight and

fuel weight can be tackled.

Fig.5 shows a AAA screendump after all mission phase
weight fractions have been entered. Of greatest impor-
tance are the four cruise phase fuel fractions. Fig.6 shows
an example of how these fuel-intensive weight fractions
are computed. Note that they require an estimate of the
lift-to-drag ratio, L/D. How L/D can be found at this stage
of the design process is illustrated in Section 3.

Note from Figure 5 that the resuits of the weight sizing cal-
culations are:

Wro = 244,825 Ibs We
Wr = 105,878 Ibs

= 87,123 Ibs

Before continuing the development of the ASB design it is
useful to ask the foliowing question: "How sensitive is the
ASB takeoff weight to variations in mission performance,
aerodynamic and engine s.f.c. parameters?”. This ques-
tion is easily answered by performing a takeoff weight sen-
sitivity analysis. The method for doing that is given in
Ref.3. Fig.7 shows a AAA screendump which indicates the
required sensitivities. It is of interest to interpret the mean-
ing of some of these sensitivities.

Note that in the cruise-out and cruise-in mission phases
the sensitivity of takeoff weight to L/D is very large: on the
average -7,600 Ibs/(unit of L/D). This means that if the
estimated cruise L/D of 22.0 (See Figure 6) is only, say 20,
the takeoff weight of the ASB would increase by 2x2x7,600
Ibs = 30,400 Ibs. Therefore, the aerodynamic efficiency of
this airplane is extremely important as a controlling factor
of takeoff weight and therefore of cost!

Note that engine s.f.c. in the cruise-out and cruise-in mis-
sion phases is also very large: on the average 268,000
Ibs/(unit of s.f.c.). This means that if the engine s.f.c.
were to increase by 0.05 (from 0.60 in Fig.6), the takeoff
weight of the ASB would increase by 2x0.05x268,000 =
26,800 Ibs. Thus, controlling engine s.f.c. during the de-
velopment of this airplane is also going to be very impor-
tant.

3. Preliminary Drag Polar Calculation

The drag polar module (See Figure 1 and item 5 in Table
1) is designed to estimate drag polars (including the effect
of landing gear and flaps). In this module it is assumed
that the preliminary drag polar takes the classical parabolic
form:

c? .
Cp= CD(J +;;:; (5)
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The zero lift drag component is estimated with the help of
logarithmic correlations between wetted area and takeoff
weight for twelve categories of airplanes (See Ref.3):

log10 Swe: = ¢ + d10g10 Wro (6)

The regression constants 'c’ and 'd’ are different for each
category of airplane. Fig.8 shows a help file in AAA which
the user can call up to assist in deciding what value for ’c’
and ’d’ to enter on the calculator pad (also shown in
Fig.8). Having estimated the wetted area of the new air-
plane, the next business is to find the equivalent parasite
area: f. For this, AAA utilizes the following equation:

logiof=a+blogio Swer 7

The regression constants 'a’ and 'b’ depend on the
equivalent skin friction coefficient which the user believes
the airplane can be built to. Fig.9 shows a help file which
can be called to assist the user in deciding what value is
reasonable for equivalent skin friction. With this informa-
tion, the corresponding values for 'a’ and 'b’ are deter-
mined with another help file, shown in Fig.10. Finally, the
estimated drag polar can be determined: see Fig.11. The
polar can even plotted as shown in Fig.12: note that a plot
of L/D is also given! The polar shown in Fig.12 applies
only to the clean airplane at M=0.8. For other flight condi-
tions and for other airplane configurations (i.e. flaps up or
down and/or landing gear up or down) the corresponding
drag polars can also be quickly determined.

4. rmination of Wing-L
hrust-to-Weight Rati

ing Ver

The next order of business in the design process is the
determination of wing area and installed thrust. This is
conveniently done with a so-called performance constraint
analysis. For the ASB, the mission specification of Table 2
suggests the need to investigate the following performance
constraints: '

1) Takeoft fieldlength

2) Climb to altitude, as well as takeoff and landing climb
gradients with all engines operating as well as with one
engine out.

3) Maximum cruise speed at sea-level and at 40,000 ft

4) Landing fieldlength

In addition, the requirements of Mil-5011-B (Military
airworthiness requirements) must be satisfied. The AAA
code allows a designer to meet all these requirements
through a module called Perf.Sizing: see Figure 1 and ltem
2 in Table 1). Use of this module requires that estimates of
the drag polars for the design in the various flight condi-
tions are estimated. How to do this for one flight condition
was illustrated in Section 3.

Fig.13 shows a composite performance constraint output of

the AAA program for the ASB. Note the point P which is
the 'matching point selected by the designer. The implica-
tion of this matching point is:

ibs

Takeoft wing loading: (WiS)ro = 48-EZ—

and,

Takeoft thrust-to-weight ratio:  (T/W)10=0.29

In turn this yields: S = 5,100 ft2 and Tro = 71,000 Ibs.

Since four engines are specified for this airplane, the in-
stalled takeoff thrust for each should be 71,000/4 = 17,750
Ibs. The GE-F118 engines are rated at about 19,000 Ibs
each, uninstalled. It is not unreasonable to expect that the
effect of the 'stealthy’ installation results in a thrust reduc-
tion at takeoff of about 7%.

. Weight Estimation_an n ion
of the Loading Diagram

To perform a responsible component weight breakdown, it
is necessary to have a conceptual sketch of the overall
configuration available. This sketch should include some
indication of the location of those components which con-
tribute to the airplane weight. For lack of space, the de-
sign steps leading up to the establishment of the configura-
tion have been omitted. Fig.14 shows the preliminary ge-
ometry of the proposed ASB configuration. The weight and
balance module (See Figure 1 and Item 7 in Table 1) will
now be invoked to assist with the development of a prelimi-
nary weight breakdown. Fig.15 shows a menu of weight
breakdown data available within the AAA program. In this
case, the jet-transport category was selected. Five four-
engined jet transports were selected as a subset of com-
ponent weight data in the AAA data base. Fig.16 shows
the resulting weight ratios and the averages for the air-
planes which were selected. The user now must use his
design knowledge (or intuition) to alter these ratios so they
apply to the flying wing ASB. Note the handwritten data
added to Fig.16. These data were actually used to deter-
mine the preliminary weight breakdown for the ASB dis-
played in Fig.17. The AAA program allows the user to add
these new ratios to the data base, if so desired. The X-
coordinates in Figure 17 were assigned with the help of
Fig.14. Next, a loading sequence must be prescribed by
the user. Fig.18 shows the resuit of assigning the loading
sequence. With this information, the AAA program now
generates the weight-versus-c.g. diagram also shown in
Fig.18. Note from Figure 14: that the aft c.g. is forward of
the main landing gear and slightly aft of the cruise a.c.
location,

. Analysis of ral-Directional n nami
To perform this type of analysis, it is required that the
dimensionless stability and control derivatives for the air-
plane are available. These may be estimated with the help
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3
18°[<F>(Ft2) © REFERENCE: PART VI, FIG. 5.22
O JET FIGHTERS
O JET TRANSPORTS
A JET BOMBERS
c-141 tho.004
- 8-526  C-5 =0.
Vg:; £:0.803
102" DC-8 / A tr:6.687]
B-757-206
DH COME 3 'i' B-107-320
O N -
F-28 ASE TS 47
2638 F-14 6-11 ' 2 bC-9
= ‘ B-56A (NO STORES)
. A-6-A S ‘,.&l s
B F-18 N F-142 1
18 7 v F-145
CL-688_—ZH S22 F-148-D
'é"‘v GL-35
a2 x‘ FON [ TURBO-RANJET)
&l
T-374 A F BB
ME- 183
al A s 2“ | <S_VET> (£t2)
194 16 ¢ 16506 18
PARASITE AREA vs WETTED AREA for FIGHTERS, BOMBERS, TRANSPORTS
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0 % DATA BASE FILE : ASB
| ADVANCED AIRCRAFT ANALYSTIS (AAR)

MEIGHT SIZING GEOMETRY WEIGHT & BALANCE] PERF. ANALYSIS | DYNAMICS | COST ANALYSIS [ HEL P
PERF. SIZING HIGH LIFT STAB. & CONTROL ] INST. THRUST S&C DERIVATIVES | CONTROL ] bATA _BASE | F

CLASS:I ESTIMATION OF SUBSONIC BRAG POLARS

ITﬁKEOFF GEAR DOU! TAKEOFF GEAR UP !@@ LANDING GEAR UP JLANDING GEAR DOWM P L 0 T JRETURN ]

a ( REGRESSIOM COEFF TO ESTIMATE PARASITE AREA FROM S_wet)
Equivalent Skin Friction Coefficient a b
1- B.063 -2.8458 1.8
2- 8.008 -2.0969 1.8
3- 0.807 -2.1549 1.8
4- 0.006 -2.2210 1.0
5- B.085 -2.3010 1.9
8- 0.004 -2.3979 1.8
1- 8.863 -2.5229 1.8
8- B.062 -2.6990 1.8
L
LEALCULATE h URN

IO _JfeurI7 KOOOLE!

Y70 = 244824.5 '1b 0.7 | |
AR z 5.89 ENTER ( 5 ( JFJ
[3 = -6.03 b = 1.8 ( 1 ][ 2 ][ 3 ]r; I
HEEERES (&N
(v J(swrr J(ax J( 1 (s ]
[S wet = 10506.2 ft*2 | CDO clean = 9.01,
{t = 26.33 ft*2_ |0 O = 8.9 lv*llﬂ' LOG l[ LN ][ eX ](N.U.D |
[nncj(sm ][ oS ](mn ] |
Figure 10 Help File for Correlation Coefficients Required for Estimating
[ DATA BASE FILE : ASB
% ADVANCED AIRCRAFT ANALYS IS (ARR)
VEIGHT SIZING GEQMETRY WEIGHT & BALANCE| PERF. ANALYSIS DYNAMICS COST ANALYSIS HELP
PERF, SIZING HIGH LIFT STAB. & CONTROL | INST. THRUST SRC DERIVATIVES | CONTROL DATA BASE RUIT
CLASS:T ESTIMATION OF SUBSONIC DRAG POLARS
TAKEOFF GEAR DOVM TRAKEOFF GEAR UP | LANDING GEAR UP LANDING GEAR DOUNI P L O T JRETURN ]
<c¢ LOW SPEED CLEAN RIRPLANE DRAG POLAR  >>>
2
C =196.8867 + B8.0646 C
[} L
L
CLASS:I CALCULATION OF CLEAN AIRPLANE DRAG POLAR INPUT PARAMETERS
fCALCULRTE FTHEORY JSAVE QUTPUT RETURN
QUIT MODULE!!
"I{] = 244024.5 1b d = 8.7531 S = 5100.88 ft*2
AR 5 5.80 a z -2.6000 ] = 9.85
[ = -B.8369 b = 1.8000 D CDo com = 9.0015
ovTPUT PARANRETER
[S et = 10566.2 ft~2 | CDO clean = 8.080851 ] A = 0.0866 I
¢ = 26.39 ft*2_[co e = 0.0866 18 = 8.8645 )

Figure'11 Estimated Cruise Drag Polar for the ASB
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N

[oam BASE FILE : ASB

ﬂDVANcED AIRCRAFT ANALYSIS (ARA)
WEIGHT SIZING | GEOMETRY WEIGHT & BALANCE] PERF. ANALYSIS | DYNANICS COST ANALYSIS | HEL P
PERF, SIZING | HIGH LIFT STAB. & CONTROL | INST. THRUST SRC_DERIVATIVES | CONTROL DATA__BASE QU171
CLASS:T ESTIMATION OF SUBSONIC DRAG POLARS
TAKEOFF GEAR DOVM| TAKEOFF GEAR UP ] CLEAN CONFIG - | LANDING GEAR UP JLANDING GEAR DOWI

DRAG POLAR PLOT OPTIONS
TAKEOFF GEAR DOUN TAKEOFF GEAR UP JRANSINANIZCHNNN LANDING GEAR UP JLANDING GEAR DOWN RE TURN |
PLOT OPTIONS
[(DRAV_A_CIRCLE ] REPAINT SLOWLY ] DRAW A TANGENT ] READ OFF GRAPH | R EF A 1 N 1] SEND 10 PLOTIER ] PARTIAL PLOT JDONE ]
1.08 'c|-|:llllllll|Il'lllllllllllln\l\'llll S_Ref = 5160.8 ft2
) coh
0.98 N jeLsedy
Nlcszee o
6.88 \
< S
~ Y ]
8.7 S A=
Y . -l
A Y . -
N 9.68F 3
0.50 =
0.40 -
Eigure 12 Plot of Cruise Drag Polar and °-% - E
-t - - E
Lift-to-drag Ratlo for the ASB *-* - E
0.18 - —_— 3
4 ) =
— €13 7 €_02]
O B s 56, 75, i69. 125 ISa. 175, 248,

€24/ c2d.

FIGURE AIRPLANE DRAG POLAR, CLEAN CONFIGURATION
| DATA BASE FILE : ASB
%’ ADVANCED AIRCRAFT ANALYSIS (anR)
VEIGHT SIZING ] GEOMETRY JORAC_POLAR | VEIGHT & DALANCE] PERF. ANALYSIS | DYNANICS [cosT amaLYSIS JHEL P |
HIGH LIFT J STAB. & CONTROL | INST. THRUST _ | S&C DERIVATIVES | CONTROL ] DATA BASE lauzsy 1
TYPE OF AIRPLANE
PROP FIX PITCH ] ProP var PITCH JNEANIICASCANE R E v U R N
SPECIFICATION TO BE SATISFIED
[FR-23 [ FaR - 25 B 75 - 5263 JRETURN ]
PLOT OPTIONS
(. SET PLOT AxIS | REPAINT SLowy | DRAV & TANGENT | READ OFF GRAPH J R EP A I N T ] SEND T0 PLOTTER | PARTIAL PLOT [ DO NE i |
1-999_';"l""|"’l""I"' = 5.5 , CLAax values as ehown
TAKE-OFF Land Base = TAKE OFF MIL- Land
LANDING LRND BASE 8.980F-3 LANDING NIL- Land —_
CLING 0.E.X F e 0.E.I CLINB —
CLINB 0.E.I, TRANSITION 9.808F 0.E.I. TRANSITION I
CLINB 0.E.I, SECOND SEGMENT d 0.E.I. 2nd SEGNENT -——
CLINB 0.E.I, EN-ROUTE C 0.E.I. EN-ROUTE -
CLING 0.E.1, APPROACH 8.760 0.€.1. APPROACH —_—
MAXINUN CRUISE SPEED E 3
’ 9.600F- .20 J
, F 1.10] 1 3
Figure 13 ASB Performance Constraints : 1.69 [ ]
6.500 [ K 4
for Wing Loading and for ] - E
R [ ;
Thrust-to-Weight Batio 84%8E -, E
E M\, P 3
- . ]
8,388 Na 3
[ 1.00 '/-ll-'m"--llu-.--.---l-l' ]
--- ¢ PICKED VALUES >--- 1o so0f 118 1.10 E
14/51_T0 = 48.8665 : “iasnsuspans; ':J::"“' """!l'::!::: E
Y 7 = 0.2088 ;B T:1:] —prrepprrr) cr e = e .
C Ww/s)_10 3
800550 .6 k6.8 66.5 0.6 6.6 90.8 106.0 116.0 120.
FIGURE AIRPLANE PERFORNANCE SIZING - MATCHING GRAPH
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F.5.0

F.S. 120

Scale 1:250

5, O
C)
%

C=42.TFT
"~
f; % i~
o, W |5

4 e
22 b 9
%

-

172 FT

14 Prelimi m

FT

Q % | bATA BRSE FILE : ASB
ADYANCED AIRCRAFT ANALYSIS (AR

VEIGHT SIZING | GEOMEVRY [ orAG_PoLaR m PERF. ANALYSIS | DYNANICS JCoST ANALYSIS | RELP
PERF, SIZING | WIGH LIFY | SThB. & CONTROL | INST. THRUST | SRC DERIVATIVES | CONTROL ] DATA_BASE |
CLASS-I NEIGHT & BALANCE ANALYSIS OPTIONS
Jl VEIGHT BREAKDOWN LORDING SCENARIO| C.G EXCURSION | READ DATA [ RETURN]
CLASS-I COMPONENT NEIGHTS ESTIMATION
| STRUCTURE_WEIGHT] POVERPLANT ) FIXED EQUIPMENT ] RETURN |
AIRCRAFT SELECTION AND WEIGHT FRACTION CALCULATION

HOMEBUILT.PROP | AGRICULTURAL REGIONAL PISTON } MIL. TRAINER MIL. TURBDPROP | FLYING BORT/AMPI
SINGLE ENG.PROP | BUSINESS JET FIGHTER MIL. PISTON/PROP| SUPERS. CRUJSE RETURN

TUIN ENG.PROP REGIONAL TURBOP | TURBOPROP TRANS | MIL. JET TRANS. | MIL. PATROL NACA/NASA X

AVATLABLE ATRPLANES

1 | 0C-8-38 —= [11] Boeing 767-326C ADD_AIRPLANE
2 ] HD- 12| _Boeing 726-82 DELETE AIRPLAN
3 C-16-1 —o=- |13} Boelng 707-32 SELECT ALL
4] DC-16-3 —+aw= |14] McDDouglas DC-8 FRACTION
5 | Boeing 737-2 15] bc-3-18 VEIGHT |
6 | Boeing 727-1 16] Hawker S.121-IC RETURN |
—= |7 | Boeing 747-1 17} VFV Fokker 614
B | Airbus A300- 18] Fokker F28-1088
9 | Boeing 767-1 18] BAC 1-11/38
—a= |10] Boeing 767-3 [26] Caravelle

Pick an airplane or RE T U R N to exit
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Q § ' [ oATA BASE FILE : AS®
' ADVANCED AIRCRAFT ANALYS IS (M)

((VETGHT S12ING_ | GEOMETRY | DRAG _POLAR _VELRE QWIS PERE. ANALYSIS | DYNAWICS 1 COST ANALYSIS THEL P i
|LPERF. _SIZING | HIGH LIFT | STAB. & CONYROL | INST. THRUST S8C DERIVATIVES | CONTROL 1 DATA_BASE [euIT 1
CLASS-I WEIGHT & BALANCE ANALYSIS OPTIONS
VEIGHT BREAKDOVN| LORDING SCENARIO C.C EXCURSION _] READ DATA [ RETURN ]
CLASS-I COMPONENT WEIGHTS ESTIMATION
B STRUCTURE MEIGHT] POWERPLANT | FIXED EQUIPMENT| RETURN }
AIRCRAFT SELECTION AND WEIGHT FRACTION CALCULATION
HONEBUILT.PROP | AGRICULTURAL REGIONAL PISTON | MIL. TRAINER WIL, TURBOPROP I FLYING sum/iﬁq I
SINGLE ENG.PROP | BUSINESS JET  JIN f_FIGHTER | wIL, PISTON/FROP SUPERS. CRUISE | RETURN
{_TVIN ENG.PROP | REGIONAL TURBOP MIL. JET TRANS. | WIL. PATROL | Naca/Nasa X |
COMPONENT VEIGHT FRACTIONS
(_CALCULATE ] [ RETURN |
\
DEFINED BY DESICNER :
Boeing 747-180 | Boeing 767-326 | Bosing 787-326C | Boeing 787-321 | WcOPouglas DC-8 Average
GROSS WEIGHT/TAKEOFF VEIGHT 1.00 1.68 1.08 1.80 1.9 1,68 | 1.00
STRUCTURE/GROSS VEIGHT 8.29 8.23 8.24 .24 8.31 8.26 | 0197
POVER PLANT/GROSS WEIGHT 8.66 8.60 6.87 B.89 8.11 8.68 | 0.0
FINED EQUIPMENT/GROSS VEIGHT 0.68 8.88 8.87 9.69 8.11 8.89 | 0.040
EMPTY VEIGHT/GROSS WEIGHT 9.49 8.43 .39 8.48 .56 8.95 | 0.3%
WING GROUP/GROSS VEIGHT 8.12 [N 6.03 8.89 8,12 8.18 | 0. \TT
EMPENNAGE GROUP/GROSS WEIGHT 8.81 .04 .81 8,82 .02 61 )
FUSELAGE_GROUP/GROSS WEIGHY 0.18 [ X1 .88 8.87 9.69 .88 0.010
NRCELLE GROUP/GROSS VEIGHT 8.8 8.61 .61 0.61 .81 Al 1 o.0lo
LAND. GEAR GROUP/GROSS WEIGHT 8.64 6.64 0.93 6.03 ___a.688 .84 | o091
\ -% | pATA BASE FILE : aS®
ADVYANCED AIRCRAFT ANALYSIS (AAA)
WEIGHT SIZING GEQMETRY (43 PERF. ANALYSIS | oﬁgnlcs ] COST ANALYSIS JHELP |
PERF. SIZING | HIGH LIFY STAB. & CONTROL | INST. THRUST SBC_DERIVATIVES | CONTROL J OATA_ Bast JRUIT ]
CLASS-T WEIGHT 8 BALANCE ANALYSIS OPTIONS
VEIGHT ESTINATE, JERARRIIRE LOADING SCENARIO C.C EXCURSION | READ DATA [ _RETURN |
CLASS:I BREAKDOMN FOR VEIGHT & BALANCE ANALYSIS
[ cAtCotaTE 5 GAVE IN FILE. m"g'u'nv' RETURN
ITEN (D) ¥ (D (b} M % <D [ind Y (D fin} Z (1) tinl
1~ FUSELAGE GROUP 2448.600 431,606 8.608 8.800
2- _WING GROUP 43360.660 534.666 8.000 6.668
3~ EMPENNAGE GROUP 1 .68 .660 8.660 8.608
4- EMPENNAGE GROUP 2 8.6508 9.600 8.0960 8.688
6~ LANDING GEAR GROUP 1 2693.608 317.688 9.608 8.668
6~ LANDING GERR GROUP 2 7345.000 £36.0868 .680 8.008
7- _ENGINE GROUP 1 19636868 §55.886 ©.600 8,600
8- ENGINE GROUP 2 2449.608 565,000 1.660 8.680
- _FINED EQUIPMENT GROUP 1 9793.660 534,660 §.608 5.660
16- FIXED EQUIPMENT GROUP 2 8.988 .88 6.860 0.008
11- CREV 580.608 276.600 6.800 8.6868
12-  TRAPPED FUEL and OIL (W tfo 1224.122 565.660 6.008 0.666
13- NISSION FUEL GROUP 1 185676.000 565.600 6.680 6.686
14~ MISSION FUEL GROUP 2 5.668 741,666 8.608 9.600
15- PASSENGER GROUP 1 9.608 [ 5.608 9.680
16~ PASSENGER GROUP 2 8.698 9.686 5.606 9.600
17~ PASSENGER GROUP 3 ©.660 8.698 6.666 9.600
18- PASSENGER GROUP 4 B.680 9.6688 6.608 6.000
13- BAGGAGE j .00 9.660 9.608 8.808
28~ CARGO B.608 9.660 9.6688 6.680
21- MILITARY LOAD GROUP 1 25600.808 493,698 0.660 8.668
22- WILITARY LOAD GROUP 2 25600660 589.868 8.600 9.608
[vE tbl | woE mibl ] 1o tibl | Xc6 tind | Y €6 Cind | 2C6 Einl
1 87123.0 | 88947.1 | 244825.1 | §60.12 | 0.00 | 8.68

Eigure 17 Component Welght Breakdown and C.G. Locations for the ASB
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["onte Base FILE : asB H
%' ADVANCED AIRCRAFT ANALYSIS(AAA)
VEIGHT SIZING | GEOMETRY DRAG__POLAR PERF . ANALYSIS | DYNAMICS [cost aNALYSIS JHEL P ]
PERF, SIZING | HIGH LIFT STAB. & CONTROL | INST. THRUST S&C_DERIVATIVES | CONTROL T oata_BASE [evir 1
CLASS-I WEIGHT & BALANCE ANALYSIS OPTIONS
([SEIGHT ESTINATE | VEICHT BREAKDOWN LOADING SCENARIOJISRANSISICIFTINI READ DATA [ RETURN]
C6 EXCURSION OPTIONS
Bl Y - DIRECTION [z - DIRECTION | RETURN |
PLOT OPTIONS
LSE7_PioT AxIS T REPAINT SLOWLY ] ORAU R TANGENT ] READ OFF GRAPH_J R E P A I N T__ ] SEND 10 PLOTIER | PARTIAL PLOT | D O N E ]
380008 . [T T T T
TTER (DD L0AD | UNLOAD ] v (1) T J ! T v o = 244025.1 1
1- _EWPTY WEIGHT 1 13 o LOOING
2-CREW B u 275689. (- UN{0RDING —_—
3-__TRAPPED FUEL snd OIL (¥ _tfo) ) 12 F 1
4-_ WISSION FUEL GROUP 1 1B 3 250088, |- 3
5-_ WISSION FUEL GROUP 2 3 18 F 3
PASSENGER GROUP 1 q 9 225880. |- 11 -
PASSENGER GROUP 2 5 [] F 1 E
PRSSENGER GROUP 3 3 7 C &
PASSENGER GROUP 4 7 3 266668 - 2 ]
BAGGAGE [ 5 E :
11— CARGO 9 4 175008. 3
13- WILITARY LOAD GROUP 1 1L 1 b ]
13- WILITARY LOAD GROUP 2 12 2 158800, [ =
E 6. AT ]
sg08. - M'-z—a—?n» -
F 635 IN ]
=-- ¢ PICKED VALUES >--- logp | 3
X_cg = 567.7755 o v 3
¥V~ = 220050.8060 5088. [ -
o X (1mJ
Coaoaad gl adaagodaeaaliaciligd
50000, 0641600 525 08 53068 54500 550.00 56960 579.00 50000 540.60 609.00

FIGURE VEIGHT - C.G. EXCURSION IN THE X-DIRECTION l
[\ § DATA BASE FILE : M50 }
ADVANCED ATIRCRAFT ANALYSIS (AAA)

WEIGHT SIZING GEOMETRY ORAG__POLAR WEIGHT & BALANCE] PERF. ANALYSIS IESIKTIIITES | COST ANALYSIS | HE L
HIGH LIFT STAB, & CONTROL | INST, THRUST S8C DERIVATIVES j CONTROL DRTA_ BASE Jaur

CPEN Loor nYN_ﬂHICS
[ LONGITUDINAL _ IECRIERINNSTINRETI RoLL-PITCH COUPU RETURN |

LATERAL DIRECTIONAL CASE OPTIONS

CHECK_MODES ] SENSITIVITY 1 RETURN |

LATERAL DIR. TRANSFER FUNCTIONS
SIE U RETURN |
COMPUTATION OF LATERAL DIR. TRANSFER FUNCTIONS INPUT PARANETERS

fCaTcuLATE JTHEORY [SAVE OUTPUT RETURN
auT WNODULETT
S = 5100.88 ft 2 Ixx B = 4635688, sig-f1 C i p = -8.3580 c1d = 5.9588 1/rad
Altitude = 40090. ft 1228 = 5919009. slig-ft2[ C_I r = 8.0768 cnda = -9.0058 1/rad
W_current = 2108088.0 1b Ixz8 = 8, slg-ft2 Cnh b = 6.0158 i/rad | C 1 dR = 8.0000 1/rad
u_i = 468.00 kts Cyb = -0.1588 i/rad | C h p z -0.6380 CydRr = 9.8680 1/rad
Theta i = 1.88 deg Cyp = 0.8090 tnr = -8.0068 ChndR = 6.8070 1/rad
Alpha 1 = 1.80 deg cyr = 8.0668 CnTb = 9.0809
b = 171.98 ft Clb = -8.0560 1l/rad |Cyda = 9.00808 1/rad
cuUTPUT PARAMETER

(153 = 41.17 psf yr = 6.9608 ft/sec [N T b = 0.0008 1/8°2 Y del A = 9,0000 ft/s"2

bar = 182.84 psf Lb = -1,7299 1/s%2 | ¥ d = 0.7386 rad/s Ndel R = 9.1896 1/8"2
I xx S = 4635391. slg-ft2| L p = -1.3483 1/sec {2 d = -0.8196 Ldel R = 9,0080 1/8°2
1225 = 5918689. sig-ft2f L r = 0.2680 1/sec | ROLL TC = 8.784 sec Y del R = 9.6008 ft/s"2
Ixz$S = 224085, slg-ft2{ N b = 0.4064 1/s*2 SPIRAL TC = -100.809 sec
Yb = -21.1643 ft/s*2 | N p = -0.8899 1/sec | L del A = 1.7293 1/8°2
Y = 8.B880 ft/sec | N r = -8.8179 1/gec | N del A = -§.1354 1/8°2 AN

r - nami

of the ASB in the Cruise Configuration _ ]
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of the module called S&C Derivatives (See Figure 1 and
ltem 10 in Table 1). To limit the size of this paper it will be
assumed that the derivatives for the ASB configuration de-
veloped so far are available. Next, the dynamics module
(See Figure 1 and ltem 11 in Table 1) is invoked. Fig.19
shows a screendump of the dynamics module with the
dimensionless stabifity derivatives already transferred to the
input. By hitting the "calculate’ box on the screen, the AAA
program determines the dimensional derivatives as well as
the open loop modes of the airplane: see also Fig.19. itis
seen that the dutch roll damping ratio and the spiral mode
time constant are both unstable. This is not unexpected
for a flying wing configuration. To determine where the
airplane stands with regard to open loop handling qualities,
the program gives a diagnosis relative to the three handling
quality levels defined in MIL-F~-8785B. Tabie 3 shows an
example output for the ASB.

The designer must next determine whether or not stability
augmentation systems can improve the dynamic behavior.
Before engaging in a feedback loop analysis (which can be
done with the module labeled: Control, item 12 in Table 1),
it is wise to determine the sensitivity of the design to its
critical stability derivatives and/or its critical inertias. Ex-
amples of sensitivity plots versus the yaw damping deriva-

tive, Cn, and the lateral stability derivative (dihedral effect),

Ci, are given in Figures 20 and 21. With the help of this
information the designer can determine whether or not suf-
ficient control power is available to achieve the required
levels of augmentation. To keep the size of this paper
within acceptable bounds, this was not further pursued.

lusion

it has been shown that the AAA code can be used to rap-
idly evolve a preliminary aircraft design from early weight
sizing through open-loop dynamic §tability and sensitivity
analysis. A significant feature of the AAA code is that all
this can be done by one person, without the help of any
group of specialists. Therefore, a new design can be
quickly developed and analyzed as to its feasibility with
very small levels of manpower expended. The AAA code
is also shown to be user—friendly: it guides the user step—
by-step through the design/analysis process while provid-
ing help files to assist in the design decision making. In
addition, the program has been equipped with help flles
accessed through the 'theory’ sub-menu boxes. When
these are invoked, all relevant equations are displayed on
the screen. Figure 22 shows an example of this feature.
Finally, at any point the user may wish to know what the
definition is, associated with any given symbol. By hitting
the INFO button on the calculator pad the appropriate ‘defi-
nition is displayed on the screen. Figure 23 provides an
example.
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Iable 3 Diagnosis of Handling Quality Levels for the ASB Design

ADVANCED AIRPLANE ANALYSIS

INPUT / OUTPUT FOR : CHECKING LATERAL. DIR MODES

AIRPLANE CLASS ACCORDING TO MIL-8785-B
MAXTMUM AILERON DEFLECTION

DIMENSIONAL STABILITY DERIVATIVE L _del A
DIMENSTONAL STABILITY DERIVATIVE L

CLASS III
20.0000 deg
6.7876 1/sec”2
-5.2589 1/sec

I

1

I

1
MAX BANK ANGLE TO MAX SIDE-SLIP ANGLE PHI(S)/B(S) @D I 0.8934
DUTCH ROLL FREQUENCY I 1.4533 rad/sec
DUTCH ROLL DAMPING RATIO I 0.0555
ROLL TIME CONSTANT I 0.1893 sec
SPIRAL TIME CONSTANT I -100.0000 sec
TIME TO DOUBLE THE AMPLITUDE IN SPIRAL I 69.3 sec

* ACCORDING TO THE MIL-F 8785-B IN FLIGHT PHASE < A > :

1~ DUTCH ROLL DAMPING RATIO SATISFIES THE LEVEL 2 REQUIREMENTS.

2- DUTCH ROLL NATURAL FREQUENCY SATISFIES THE LEVEL 1 REQUIREMENTS.
3- SPIRAL MODE SATISFIES THE LEVEL 1 REQUIREMENTS.

4- ROLL TIME CONSTANT SATISFIES THE LEVEL 1 REQUIREMENTS.

FOR LEVEL 1 :1~ MAXIMUM ROLL TIME CONSTANT = 1.4 sec

2- MINIMUM ROLL PERFORMANCE = 30.0 deg IN 1.5 sec
FOR LEVEL 2 :1- MAXIMUM ROLL TIME CONSTANT = 3.0 sec

2~ MINIMUM ROLL PERFORMANCE = 30.0 deg IN 2.0 sec
FOR LEVEL 3 :1- MAXIMUM ROLL TIME CONSTANT = 10.0 sec

2- MINIMUM ROLL PERFORMANCE = 30.0 deg IN 3.0 sec
PHI(t) = 33.8 deg in 1.5 sec

S~ ROLL PERFORMANCE SATISFIES THE LEVEL 1 REQUIREMENTS.

* ACCORDING TO THE MIL-F 8785-B IN FLIGHT PHASE < B > :

1- DUTCH ROLL DAMPING RATIO SATISFIES THE LEVEL 2 REQUIREMENTS.

2- DUTCH ROLL NATURAL FREQUENCY SATISFIES THE LEVEL 1 REQUIREMENTS.
3- SPIRAL MODE SATISFIES THE LEVEL 1 REQUIREMENTS.

4- ROLL TIME CONSTANT SATISFIES THE LEVEL 1 REQUIREMENTS.

FOR LEVEL 1 :1- MAXIMUM ROLL TIME CONSTANT = 1.4 sec

2- MINIMUM ROLL PERFORMANCE = 30.0 deg IN 2.0 sec
FOR LEVEL 2 :1- MAXIMUM ROLL TIME CONSTANT = 3.0 sec

2- MINIMUM ROLL PERFORMANCE = 30.0 deg IN 3.0 sec
FOR LEVEL 3 :1- MAXIMUM ROLL TIME CONSTANT = 10.0 sec

2~ MINIMUM ROLL PERFORMANCE = 30.0 deg IN 4.0 sec
PHI(t) = 46.7 deg in 2.0 sec

5~ ROLL PERFORMANCE SATISFIES THE LEVEL 1 REQUIREMENTS.

* ACCORDING TO THE MIL-F 8785-B IN FLIGHT PHASE < C > :

1- DUTCH ROLL DAMPING RATIO SATISFIES THE LEVEL 2 REQUIREMENTS.

2- DUTCH ROLL NATURAL FREQUENCY SATISFIES THE LEVEL 1 REQUIREMENTS.
3- SPIRAL MODE SATISFIES THE LEVEL 1 REQUIREMENTS.

4~ ROLL TIME CONSTANT SATISFIES THE LEVEL 1 REQUIREMENTS.

FOR LEVEL 1 :1- MAXIMUM ROLL TIME CONSTANT = 1.4 sec

2~ MINIMUM ROLL PERFORMANCE = 30.0 deg IN 2.5 sec
FOR LEVEL 2 :1- MAXIMUM ROLL TIME CONSTANT = 3.0 sec

2~ MINIMUM ROLL PERFORMANCE = 30.0 deg IN 3.2 sec
FOR LEVEL 3 :1- MAXIMUM ROLL TIME CONSTANT = 10.0 sec

2- MINIMUM ROLL PERFORMANCE = 30.0 deg IN 4.0 sec
PHI(t) = 59.6 deg in 2.5 sec

5- ROLL PERFORMANCE SATISFIES THE LEVEL 1 REQUIREMENTS.
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| DATA BASE FILE : ASB
% ADVYANCED AIRCRAFT ANALYSIS (AAR)

VEIGHT SIZING GEOMETRY DRAG__ POLAR WEIGHT & BALANCE| PERF. ANALYSIS COST ANALYSIS
PERF. SIZING HIGH LIFT STAB. & CONTROL ] INST. THRUST S8C DERIVATIVES | CONTROL DATA_ BASE

D]x
c|m
1 Ld
—t§ -0

CPEN LoopP DYNANICS
T S AR

PLOT OPTIONS

EET PLOT AXIS | REPAINT SLONLY | DRAY A TANGENT [ REAO OFF GRAPH | RE P A I N T | SEND 10 PLOTIER [ PaRTIAL PLOT [oonE I

2.88 [T TTTTPTTIITTTTP.98
v (rad}s) BASIC VALUE = -6.866 (1/rad) zotd -
oe IN CASE OF TWO COMPLEX ROOTS: - DUTCH ROLL FREQUENCY o

WIGHER w IS DUTCH ROLL 188} DUTCH ROLL DANPING RATIO P-n

LOVER _w_ IS LATERAL PHUGOID 3 j
1.68 E- ¥.70
1.48F .60
1.8 .50
1.00F -P.4
8.00f- .30
.68 .20
--- ¢ PICKED VALUES >--- || p.4af- .09

cnr =-9.0008 s ]
v = 8.1573 8.20F- — —}e.00

Zota = -9.0213 - 3

o cnr C1/rad)
-9.80k 9.10

5988 -0.006 -8.612 -0.018 -B.824 -0,030 -8.036 -0.042 -0.940 -0.654 -B.060
FIGURE LATERAL DIR. SENSITIVITY ANALYSIS
e

Figure 20 Sensitivity of Open Loop Dynamics to Changes in the
Yaw Damping Derivative

DATA BASE FILE : ASA
% ADVANCED AIRCRAFT ANALYSTIS (AR
VEIGHT SIZING | GEGMETRY DRAG_POLAR VEIGHT & BALANCE| PERF. ANALYSIS COST ANALYSIS JHELP
PERF. SIZING | WIGH LIFT STAB. & CONTROL | INST. THRUST SRC DERIVATIVES | CONTROL DATA_BASE QUIT
OPEN LOOP DYNAMNICS

LONGITUDINAL CtrEel [ ROLL-PITCH COUPLJ RE T URN ]

PLOT OPTIONS

[(SET PLOT AXIS | REPRINT SLOWLY ] DRAV A TANGENT ] READ OFF GRAPH J RE P A I N T ] SEND T0 PLOTTER ] PARTIAL PLOT ] D O N E ]
. Y TR.50
T T TS 28 rattey V| BasIC VALUE = -8.858 cisrady || Y "ets -
" H L
AR o Do o ool DUTCH ROLL FREQERY
LOVER v _ IS LATERAL PHUGOID F x
1.60F- .30
F
1.48f 9.28
1.20F
1.8 E"“ ----- —p.68
0.80F ey —-8.18
WJ R N ]
0.681 d-6.28
--- ¢ PICKED VALUES >--- || g.49F- Fo.30
Cigete = 0.8688 E 3
N * 0.9543 .28 .40
Zeta = -8.6228 E E
o €1Beta (1/rad)
s.gsbJJ—lJ—uJJJJ.uJJ.“J.LLLuJ—LU.L‘JJ.LLLLLJJ.LhJJ—LLLUJl’_ss
53000 -8.058 -@,160 -0.150 -8.208 8,250 -0.300 -0,350 -8,400 -0.450 -B.560
FIGURE LATERAL DIR. SENSITIVITY ANALYSIS
e—— ———a— —— m——

Elgure 21 Sensitivity of Open loop Dynamics to Changes In the
Rolling Moment due to Sideslip Derivative
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| DATR BASE FILE : RSB
%' ADVANCED AIRCRAFT ANALYSIS (AR

VEIGHT SIZING GEOMETRY DRAG _ POLAR WEIGHT & BALANCE] PERF. ANALYSIS COST ANALYSIS HELP
PERF. SIZING HIGH LIFT STAB. & CONTROL | INST. THRUST SRC _DERIVATIVES | CONTROL DATA BASE QUIT
OPEN LOOP DYNANICS
LONGITUDINAL LATERAL DIRECTIONNNNASAITRAUIAY R E T UR N
ROLL-PITCH COUPLING
| The following coupled differential equations are solved in the
PLOT taplace Domstn @
() 8 +PB4CP(PAa-B-Ko-Na+NPB=0
1 11 3 8 q q1
@ B +Pa+DPCPBt+a-NB-KB+NPo=8
I 111 B r ri
$here : Ixx-122 I yy - I xx
C = =emcocmmeme [+ B
1 Iy 1 1 zz
8 : Angle of attack
B : Side-slip angle
P : Roll rate
1
ICALCULATE TURN
In Laplace space the determinant of the systsm of equation yislds 1 WODULE T
Taxs = 9998757, sig-ft 4 2 T a1l = 26.08 _deg
I T 8. sigft AS +BS+CS+DS+E=0
1228 = 5926243. s)g-ft The condition for convergence : £ > 8
0K
{v ra = ? rad/s [ v nB = 6.88  rad/s [P ss = ? rad/s [ P_CR2 = 6.80 rad/s |
[2ete s = ? ] Zets B = 8.82 [pcR1 = 9.08 rad/s |V a/B = 1.8 ]
Figure 22 Example of 'THEORY' Help File
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0.00806088 Jo Teame Tror v e
[CRLCULATE [—m@( . J[ ,js AN :5; “nouuuu
N R R SV ERERERER i A R
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