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SUMMARY

A post-processor system for the data reduction and post analysis of NASTRAN results is
described. NASTRAN analysis results are scanned to determine maximum and minimum displace-
ments, forces and stresses. Allowables and margins of safety are computed, and in the case of
multiple loading conditions, gnvelopes for displacements, forces, stresses and margins of safety are
also produced for specified element sets. Graphical plots of the reduced or the regular NASTRAN
results may be obtained superimposed either on a developed fuselage strip or on a projection of
any specified part of the finite element model. The use of the data reduction, post analysis and
graphical plotting capabilities provide the analyst with a fast and convenient tool for the study of
NASTRAN analysis results and their presentation for project documentation.

INTRODUCTION

The high computational speed and large storage capacity of modern computers have enabled
the analysis of large and complex structures subjected to multiple loadings and various boundary
conditions. As a consequence, the structural engineer is bound to devote a substantial portion of
his time in scanning and interpreting a large amount of output data, a process which is time con-
suming, error prone and hence inefficient. The way to alleviate this problem is to automate,
wherever possible, the scanning and interpretation of the results, and to give the analyst the option
to reduce the amount of computer output according to his engineering requirements. For further
efficiency, this should be done in conjunction with graphical display of the reduced finite element
analysis results. Additional help for the analyst can be obtained through the automation of certain
standard post analysis procedures such as the computations of allowable stresses and margins of
safety for the structural elements used in the finite element analysis.

The need for these capabilities has been felt for some time and as a result a large number
of post-processors have been developed. However, most of these satellite programs are generally
limited in scope, usually serving one particular purpose only, such as plotting (reference 1), or
scanning (reference 2). At Israel Aircraft Industries an attempt has been made to integrate data

reduction, post analysis, and graphic visualization into one package which has been especially
devised to be engineering oriented.

This paper describes two interrelated software modules for the post processing, post analysis
and graphical presentation of NASTRAN analysis results. Emphasis is put on the fact, that both
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modules are easy to apply, demanding a minimum of information from the user, yet leaving him
with enough options to answer his design oriented requirements. The first of the two modules,

NASDAT (reference 3) performs the post-processing and post analysis of the NASTRAN results;
the second module, GRAS, plots any of the regular or reduced results in a graphical form.

DESCRIPTION OF MAIN MODULES

Description Of The NASDAT Module

The execution of the NASDAT module, illustrated in figure 1, may be subdivided into three
main phases.

a) In phase one, regular NASTRAN output data blocks are sorted and stored in a compact
form on a disk file for subsequent use. This file may be saved after termination of
NASDAT execution. Thus, a restart file, which contains all necessary 1/O information
of the NASTRAN analysis, is created to be used in phases 2 and 3.

b) In phase two, the packed and sorted NASTRAN output is scanned, and efficient
data reduction performed in accordance with the user’s requirements.

¢) Finally, in phase three, post analysis of results including computations of allowables
and margins of safety are performed.

NASDAT may be run either in conjunction with NASTRAN as a single job, or as a separate run

following a NASTRAN analysis for which the necessary output data blocks have been saved.
NASDAT may be restarted as many times as required.

NASDAT Capabilities

Presently, using NASDAT capabilities, the user may obtain:

*  Maxima and minima values

*  Envelopes of displacements, forces, stresses and/or margins of safety
*  Qutput in preferred sequence and format

*

Computations of allowables and margins of safety
The following is a brief description of the different options mentioned above:

a) Maximum and Minimum Values

The user may define a given sct of elements and/or gridpoints from which the program
will single out and identify those clements and grid points bearing extreme values of
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force, stress and displacement; the magnitude of these extrema is also produced.
In addition, it is possible to specify the upper and lower bounds beyond which the
search for maximum and minimum values is to begin.

Envelopes of Displacements, Forces, Stresses and Margins of Safety

When analyzing several loading cases or checking various boundary condition con-
figurations, the user has the option of obtaining envelopes of displacements, forces,
stresses and margins of safety for a specified set of grid points and elements.

Output In A Preferred Sequence And Format

In some cases the user may require the results in a certain region of interest to be
printed out separately in a specified sequence. In addition, if upper and lower bounds
on the output values are also defined, then only those elements of the set with results
above these bounds are printed.

Computations Of Allowables And Margins Of Safety

The margins of safety of any Rod, Shear Panel or Membrane element can be computed
using allowables either defined by the user or automatically computed by the program.
For the latter option the user may either define the section properties via manual input
or allow the program to retrieve the geometrical and mechanical properties of these
sections from tables generated in the NASTRAN analysis.

The NASDAT Input

In order to generate the main input for NASDAT the following DMAP statements for
static analysis, must be included into the Executive Control Deck of the NASTRAN deck:

ALTER 121

OUTPUT2 CASECC, EST, MPT, GPL,/C,N,-1/C,N,11/C,N,UTAPE §
OUTPUT?2 OuUGV1, 0QGl, OEF1,0ES1,/C,N,0/C,N,11 §
ENDALTER

Statement 2 saves the necessary geometrical and mechanical properties of the structure on
NASTRAN Fortran file UT1 and Statement 3 saves all the analysis results.

As can be noted, the main input to NASDAT comes from the above mentioned data blocks
stored on file. However, additional input is required to specify the user's request for data reduction,
post analysis and graphical presentation of results. This is prepared in a form similar to the
NASTRAN input (reference 4). The NASDAT data deck consists therefore of an Executive Con-
trol Deck, a Case Control Deck and a Bulk Data Deck.
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The Executive Control Deck contains that information required by NASDAT to decide if
the NASTRAN output files are to be sorted and/or checkpointed for restart purposes.

The Case Control Deck consists only of SET cards needed to define the element and grid
sets referred to in the Bulk Data Deck, and TITLE cards which produce output labels for the
preferred sequence option.

The Bulk Data Deck contains the main information required for the data reduction and
post analysis. The format and order of input is similar to that of NASTRAN, i.e. data is input
in 8 column fields with freedom to arrange the input cards in any sequence. Facsimiles of input
cards for the data reduction and definition of lower and upper bounds are shown for Bar and
Shear elements in figures 2, 3 and 4 respectively. Facsimiles of input cards for the automatic
computation of margins of safety for Rod and Shear elements are shown in figures 5 and 6
respectively.

Description Of The GRAS Module

This is the off-line graphical postprocessing module, which is used to display graphically
either the reduced results produced by NASDAT or the regular NASTRAN output. Input for
the GRAS module is generated by NASDAT.

At present, GRAS is run in a batch mode environment and uses a Calcomp drum plotter.
The plotting capabilities can take one of the following forms:

a) Developed Fuselage Strip

Using this option, a segment of the fuselage of an aircraft is developed into a flat
strip upon which the values of the reduced or regular results are plotted.

b) Bulkhead Plots

Using this option graphical displays of bending moments, bending stresses and trans-
verse shear forces in Bar elements may be obtained.

¢) Projection Plots

The user may obtain a graphical display of the projection of any specified part of
the structure on any one of the three principal planes. The stress values are then

plotted on this projection. Figure 7 shows stresses in Rods plotted on a projected
view of an aircraft delta wing in the XY plane.
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NUMERICAL APPLICATIONS

The NASDAT and GRAS modules were first utilized in the data reduction and post
analysis of the results obtained from the NASTRAN analysis of the IAI Westwind 1124 aft
fuselage (reference 5) The structure was idealized using Shear Panels to represent the skins, Rod
elements to represznt the stringers and Bar elements offset from the skins to represent the bulk-
heads. The complete mathematical model, shown in figure 8, consisted of 460 BAR elements,
1670 ROD' efements, 1030 SHEAR elements and ‘1250 GRID points representing a total of 3650
unconstrained degrees of freedom. The structure was subjected to 18 loading conditions. Because
of the size of the structure a substructuring technique (reference 6) was employed, subdividing
the aft-fuselage into 5 substructures.

Based on engineering considerations related to the ;tructural configuration and loading
conditions the analyst has asked for (presented here as an example) information relative to extreme
values of average shear stresses, data relative to critical regions affected by shear buckling of skin
panels, and margins of safety of Rodelements. In order to get the full picture of the internal load
distribution in a bulkhead of interest, the preferred sequence option has been used to output re-
sults in this region. In addition, graphical capabilities have also been emploved to display moments,
shear stresses and axial stresses. Finally, a plot to represent the envelope of shear stresses has been
required.

A listing of the complete input required to perform this type of data reduction and post
analysis for substructure 1 (figure 9), is given in figure 10. Based on the user’s request, the fol-
lowing data was obtained:

(i) Twenty extreme absolute values for average stresses in Shear Panels and axial stresses
in Rod elements (figure 11).

(ii) Buckling stresses, diagonal tension factors and related margins of safety for Shear
Panels located in the left hand side of the fuselage structure.

Since the actual skin panels between bulkheads were represented in the idealization
as a mesh of NASTRAN Shear Panels, it should be noted that the aspect ratio

(a/b) referred to the actual skin panels and not to the dimensions of an idealized
element. Therefore, in this case, the user had to input the aspect ratio manually. The
critical stresses, diagonal tension factors and margins of safety, shown in figure 12
were computed using criteria defined in references 7 and 8.

(iit) Euler buckling stresses, ultimate tensile stresses and related margins of safety for Rod
elements located in the left hand side of the fuselage structure.

In this case the necessary geometric material and cross section properties of the rod
elements were retrieved from the NASTRAN tables using the automatic procedure
(via the FLAG=2 option). Computer output is shown in figure 13.

Note that this output is presented for illustration only. Usually, the user will request
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only a print-out for those elements having negative margins of safety.

(iv) A table of the internal load distribution for a bulkhead as requested via the preferred
sequence option. Computer output is shown in figure 14.

(v) Graphical display needed for project documentation including (a) plot of bending
stresses for a bulkhead as shown in figure 15; (b) presentation of envelopes for
maximum and minimum shear stresses as shown in figure 16 and 17 respectively,
(c) presentation of stresses in Rod elements and Shear Fanels as shown in figures
18 and 19 respectively.

Since the original height of the Calcomp plots was 29 inches (73.6 cm) only a part of
the plot (the left hand side) is presented.

The total amount of computer output for the complete NASTRAN finite element analysis
consisted of about 5000 pages. Scanning, hand reduction, post analysis and drawing of results
would have required several man months of engineering work. In contrast, meaningful engineering-
oriented output and data reduction as presented above could be accomplished in the span of a few
days.

CURRENT DEVELOPMENTS

Current developments of NASDAT include the expansion of the options which deal with
computations of the allowables. These will incorporate bending elements as well as stiffened panels.

The NASDAT/GRAS modules are presently converted to operate in a time-sharing mode
using low cost graphic display terminals, and together with NASTRAN will be included as modules
in Israel Aircraft Industries’ ISSAS, (Interfaced Software System for Sizing and Analysis of air-
craft Structures) (reference 9).

CONCLUSION

Scanning of analysis results and computations of allowables and margins of safety, which
are especially error prone and time consuming, may be performed with the aid of NASDAT and
results graphically displayed by GRAS in an automated fashion, thus freeing the analyst to devote
a larger portion of his time to engineering decision-making based upon results which are obtained
in an organized form.

The use of the presented data reduction, post analysis and graphical plotting capabilities
provide the analyst with an efficient and convenient tool for the study of NASTRAN analysis
results and their presentation for project documentation.
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EMENT MODEL OF WESTWIND 1124

FIGURE 9: FINITE EL

AFT FUSELAGE (SUBSTRUCTURE 1)
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SET
SET

SET
SET
SEY
SET

SEV
sEY

SEY
SET
SET
SEY
SET
SET
SET
Ty

NASDAT EXECUTIVE CONTROL DECK ECHO

POST yPROCESSOR
T YES
PNT YES
]
NASDAT CASE CONTROL DECK ECHO
1=1121 THRU 1162 ExCEPT 1143511449115191152+11604117041174¢11750
1179 THRU 118441199 THRU 1206149541557
2=1163'116401151v1152'll6°oll63'1169'1172'11730ll7601177'll730
1287,150141507+1521915274154141545+1549
331165+1166+116751185 TWRU 1190
431191 THRU 119841553
533113,3114
623115 THRU 3118+3181+3182,3189,31905,3199 THRU 3212 EXCEPT 320593206,
3557,3561
733120
5'3]2[c3!2293129o313003166y3167.3171.3[12.3176.3]77'3187.3\08'3195.
3196,3549+3553+3557,3501
9%3123 THRU 3128¢3135931365316443168+3169+349153545
10231385314643191 THRU 3196
1153139 THRU 3151 EXCEPT 3145,3146,3503,3517,3523+352943539
122315443162
1323197¢3198+3205+3206
1423152 THRU 3162+3173 THRU 3175,3178 THRU 3180
1583183 TWRu 3184
LE®FRAME AT STATIUN 340 - SUBSTRUCTURE } -

SET 25%2 TWRU 11
SET 21=57 TrRy 84
BESIN BULK
NASDAT SORTED BULK DATA ECHO
CARD
COUNT
1 ALROD 1 0.132
2 ALROD 2 0.167
3 ALROD 3 0.488
4 ALROD o 0.452
5 ALSHEAR H 6.0 0404 10,5E+6 0.3
6 ALSHEAR 6 3.8 0+04 10.5E%6 0.3
7 ALSHEAR 7 et 0404 10.SE+6 0.3
8 ALSHEAR 8 3.0 0+04 10.5E+6 0.3
9 ALSHEAR 9 2.0 004 10.5E%6 0.3
10 ALSHEAR 10 1.5 0.04 10.5€+6 0.3
11 ALSHEAR 11 1.0 0s06 10.5€¢6 0.3
12 ALSMEAR 12 1.0 0e0% 10.5E+6 0.3
13 ALSHEAR 13 5.0 0.04 10.5E°6 0.)
14 ALSHEAR 14 2.5 0,072 10.5€°6 0.3
15 ALSHEAR 15 1.5 0,072 10,5€¢6 0.3
16 BAR 21 15678 Ls PREFSER
17 ROD ALL 2 4 MINMAX 1
18 ROD ALL 2 L PREFSEQ )
19 ROOMIN 1 =40000.
20 SHEAR ALL L3 MINMAX
21 SHEAR ALL L] PREFSER
22 SHEAR apL 23  ENVEL
23 ENDOATA

-

FIGURE 10: TYPICAL INPUT DATA DECK FOR NASDAT
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THE FOLLOWING LIST PRESENTS TME EXTREME STRESSES IN € S H € A R ELEMENTS FOR S U B CASE L3

20 EXTREME VALUES ARE REQUESTED - 10 VALUES ARE FOUND TO BE POSITIVE, 10 ARE NEGATIVE

®
\ad 4l 1]

MAXIMUM (POSITIVE) STRESSES

*% Aiaad did s Laldldl L ]

ELEMENT AVG ELEMENT Ave
10. STRESS %0, STRESS
3151 1.1645E+04 3150 1.0372E+04
3196 1.0367E+04 3158 1.0170E+04
3149 9.9385E+03 3195 9.8036E+03
319¢  9.5829E+03 3193 B8.9942E+03
3166 8.9071E+03 3188 8.5570E+03
SRBANBLENERVESRNBUVSAPBLBIPNES PN
MINIMUM (NEGATIVE) STRESSES
.......I“...0".............’..' |
ELEMENT AVG ELEMENT AVe
10, STRESS 30. STRESS
3049 =9.4084€+03 3066 ~8.4594€+03
3073 =7.T787E+03 3048 ~7.6788E+03
3040 ~7.6418€+03 3060 -7.4885E+03
3056 -7.3720€+03 3032 -7.3580E+03
3036 -7.3221€+03 3067 ~7.3046E+03
THE FOLLOWING LIST PRESENTS TWE EXTREME AXIAL STRESSES IN CR O D TELEMENTS FOR SUBC A S € .
20 EXTREME VALUES ARE REQUEST - 20  VALUES ARE FOUND TO BE POSITIVE, ~0  ARE NEGATIVE
......Q'.'........Q..'.'.....’...
MAXIMUM (POSITIVE) STRESSES
...'.Qi.“O.’I..Q.'..............
ELEMENT  AXIAL ELEMENT  AXIAL
1D. STRESS 3D, STRESS
1139 4.9660E+04 1097 4.8070E+04
1138 4.T0T2E+04 1089 4.6432E+04
1113 4.6383E+06 1090 4.6018E+04
1121  4.5952E+04 1129 4.5700E+04
1091  4.5455E+04 1114 4.5029E+04
1122 4.415TE+04 1134 4.4011E+04
1115 4.3012E+04 1123 4.2808E+04
1105  4.2489E+04 1133 4,1863E+04
1102 4.175TE+04 1160 4.1635€+06 ‘
1124  #.0831E+06 1135 4.0641E+064
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FIGURE 11:

MAXIMUM AND MINIMUM STRESSES IN

SHEAR PANELS AND ROD ELEMENTS




10+39€°2
00+38§°S
10-390°1
T0+390°1
10-3€1°y~
10-368° 9~
00+35L°1
00+32¢L°Y
00+39%°1
00+320°€
10-36€°S
10~399°¢C
00+3S1°1
00+3%1°1
10-366°S~
10-386°8~
10-328°1
10-3L9° 1~
10-392°y
10-3L4°€
00+3L5°9
10-322°€~
00+366°2
00+304°1
10-360°6~
10-3L€°S
10-366°L~
00+3€9°2
10-311°2
10=-399°8=
10-3.L°2~
10=3tL°L~
20-3/9°2~
10-319°€
00+39L°1
10-3g2° 1~
10-38€° 8~
10-391° G~
10~398°€~
10~322°9
10-329°L~
10-356°9~
10-32€°2~
10~356°9~
10-388°L~
10-369°8
20-394°1
10~-302°S~
20-362°2
10+396°y
00+312°%
10-361°6
00+326°2
A134YS
40 NIDWwwW

0
0
0
0
10-361°¢
T0-3s0°1

. 10=306°1

10-386°1
°0

20-359°¢
0
0
-0
20-319°8
0
.0
10-3sv°¢
0
~o1umn.n
0
;0
10-3c8°€
20~3€0°4L
19-301°¢
ca-3ue;s

*0

. 20=316°2

10-392°¢€
10=396°1
—ouuoo.

*0

10~398°2

10-326°2

Y 20=318°S

- 10=326°2
= 10=362°€
‘0

°0
-oluum.~

‘#019v4
NOISN3L 9vIa

SIN3IW3TZ ¥V 3 H

€0+38919°L
90+3599¢€°
€0+36294°L
€0+31C89°8
€0+30969°C
€0+302€L°2
€0+32026°L
€0+39190°L
€0035922°9
£€04309%0°S
€0+38256°9
€0+36991°9
€0+3686€°S
€0+31662°%%
€0+386009°
€0¢309L6°C

€0+3€828°C

€0+38L6L°2
90+392492° 1
90+38221°1
€0+39(%6°6
€0+3122%°2
€0+364€9°L
€0+3€06L°S
€0+39C6E° T
€0+39550°9
€0+32969°1
€0+3622L°L
€0+35£80°9
€0+3009L0°1
€0+364066°S
€0+30606°1
€0+399€9°L
€0+308102°2
€0+398€9°9
€0+3088€°9
€0+390€8° 1
€0+36099° 1
€0+3c6€€° 1
€0+32899°9
€0+30588°1
€0+32102°1
€0+3960€° Y
€0+38826°2
€0+39999° 1
€0+30999°2
€0+30002°2
€0+3T826°1
€0+32180°1
€0+314€2°L
€0+39619°9
€0+31629°S
€0+3666€° Y

YYIMS

Wolildd

S D H0J ALI4VS 34O SNIOWVW @GNV NOLOvd NOISNIL TYNOOVIG ¢S3ISSIWLS TvOILIHD ¢SISSIULS IOVUIAY

ST3INVd HV3IHS HOd AL34VS 40
mz_0m<_2 ANV SHOLIOV4 NOISN3IL TVYNOOSVIA
‘§3SSIHLS DNITNING ‘SISSIHLS IOVHIAV

20+300S1°C
€0+30L40%2
€0+3068L°9
20+430006°S
£€0¢30656°S
€0+301SE°S
€0+30./88°2
€0+30665°2
€0+30155°2
€0+30952°1
€0+30615°%
€0+30025°y
€0+30215°2
€0+30210°2
20+36680° 1
€0+302L18°6
€0+30986°2
€0+30082°€
€0+30T11L°8

€0+30€51°9

€0+3091E°1
€0+30125°¢C
€0+30298°1
€0+308%1°2
€0+30682°L
€0+301%6°€C
€0+30219°L
€0+30921°2
€0+30920°S
€0+30€5%°6
€0+30962°8
€0+30046°9
€0+30998°L
€0+3069€°S
€0¢30900°2
£0+3082¢€°L
#0+3€821°1
£0+30209°C
€0+30281°2
€0+30980°%
€0+30L0€°L
€0+307.26°S
€0+3001L°1
€0+308.2°8

€0+30958°L

€0+3022¢°1
€0+30291°2
€0+30€10°%
€0+30809°1
20+300€9°1
€0+30¢€2°1
€0+309€6°2
€0+30121°1
YYIHS
OAY

18S€
69St
6ESE
€28t
£0s€
169¢
212¢
ot2g
802¢
902¢
502¢
202¢
002¢
861t
961€
961¢
261¢
061¢
881¢
981¢€
8.1¢
281¢
(1] ¢
8L1c
SLIE
o L1C
2L1¢
oLtlg
891¢
991¢
*91€
ote
(134
LS1E
ssle
2ste
(1383
(1] (5
991¢
o401
2v1e
0o1g
el
191+
octe
g21¢e
921¢
921¢
22le
o021¢
glie
9t1c
ollt

*a1

IN3IN3T3

S

10-36€°6
to-325° 1~
10~3€0°%
20-39.°2~
10-392°9~
00+366°1
00¢39L°1
00+39L°1
00+389°1
00+3€9°€
10-329°S
10-369°¢
00+3S1°1
10-399°L
10~356°S-
10-326°S=
10=-316°1
20-3€8°6~
10=3L€°%
10-369°6
10+3L€°6
10-309°G~
10-3£5°6
10-381°L~
00+362°¢C
10-35%°S
10=-38C*8~
10-320°2
10-39.°L~
10-321°¢
10-3i%°2
€0=361°L~
10=302°¢€~
00+310°
20-308° 1~
10-305°8~
10~39¢° 8~
10=3¢1° s~
10=-326° L~
10-361°L~
10-3049° L~
10=-326°9~
10~395°4~
10-326°9~
10=36%°S~
10-356°¢
20-36%°2
10=351°6=
10=3€C8° o=
10+386°y
00+382°%
10=-35€°6
00-32L°1
ALIAVS
40 NIQUVHW

asvaens

:ZL 34NOId

‘0
20~-385°¢C
°0
€0-360°9
10=311°2
°0
0
°0
°0
°0
°0
°0
‘0
°0
10-3%6"1
10-326°1
‘0
20-3582°2
*0
°0
°0
10-392°1
°0

10-389°2
0
0
10-36L°¢€
0

10-3%1°€
0

*0
€0-325°1
20~35€°8

‘0
€0-396°€
10-316°€
10-39L°€
10-365°1
10-382°€
10-369°2
10-358°2
10-315°2
10-386°2
10-3058°2
10=-312°1

°0

‘0
10-395°1
10-324°1

‘0

°0

°0

°0

¥OLOV4
NOISN31 ovIQ

€0+38598°Y
t0+388L0°8
c0+316€1°8
€0+329€€°€
€0+35€8,°2
€0+35086°L
£0¢369L%°L
£0+32%69°9
€0¢39880°S
€0e32%21°Y
€0+328€S°9
€0+39%28°S
£0+30001°S
€0+30E90°Y
€0+329L1°Y
€0+3148.°€
€0+3455€°€
€0e36190°2
»0+32€07°1
#0+38990°1
€0+3659%°6
€£0+39862°2
€0+35050°9
€0432024°1
€0+3.08€°L
£0+3EYER"S
€0+329T+°1
€0+39CLE°9
€0+30066°
€0+39S17°¢L
€0+310€9°S
€0+30028°L
€0+3821%°L
€0+3c2He*9
£0+36E65°S
€0+30660°1
€0+3099.°1
€0+34800°1
£0+36682°1
€0+3959+°1
£0¢30018°1
c0¢302€9°1
£0+36961°1
€0¢32%00°2
€0+32619°1
€0+3962¢°2
€0+35080°2
€0+3252e°1
€0+36204°1
£0+30L0R°9
€0+35990°9
£0+3981€°S
€0*3Inin6’E
HY3IHS
AWILLTYI

€0+430606°2
€0+30€25°6
€0+30€08°S
€0+301€%°€
€0+300%%°L
€0+30€L9°2
€0+3090L°2
€0+430099°2
€0+30LLE°2
€0+30290°1
€0+30581°%
€0+30552°
€0+3022€°2
€0+30.82°2
#0+350€0°1
€0+30142°6
€0+300818°2
€0+300€6°2
€0+309€2"8
€0+3081%°s
20+30000°1
€0+30612°S
€0+30160°E
€0+30912°s
€0+30024°1
€0+30LLL°€E
€0+3061L°8
€0+300¢2°S
£0+300€6°9
£0+30005°S
€0+30929°%
€0+30226°L
$0+30060°1
€0+3069€°1
€0+30969°S
40+30022°1
%0430080°1
€0+3040€°€E
€0+30¢€61°9
€0+30000°,
€0+30696°9
€0¢3090€°S
£0+305€6°Y
€0+30008°L
€0+3022L°C
€0+30622°1
£0+30080°2
€0+3049L°¢
€0+306EL°2
20+4300%€°1
€0+30691°1
€0+3069L°2
€0+3062%° 1
uY3IHS
9AV

€sst
SosE
62s€
L1s€
L6Y%E
Sgve
1z
602€
L02€
502¢
£02€
102€
661€
L61€
S61E
£61€
T61€
681€
181€
Sgle
£81€
(C113
6L1€
LITE
SLIE
€L1€
1Lie
691¢€
L91€
S91¢
£91€
091€E
8s1€
951¢
»SIE
151€
6v1E
LylE
SolE
£ole
IvlE
6€1E
LETE .
sete
621€
L21€
s21€
€21
[e403
e11c
L11€
sIte
£1te
*a1

IN3NZT3

573



20+380°1
20+302°1
£0¢325°1
00+31E°L
00+308°Y
®0e31L°2
10+380°,
10¢3L%°S
10+3G%°%y
104309°1
{0+3SE°8
10+38€°9
10+3906°s
10+308°1
10+4306°6
10+310°L
10+305°8
10+38L° 1
10+320°2
20+38L°9
10+316°¢
20+366°S
10+3L2°9
€0+32.°€
20+321°2
10+362°%
00+305°%6
00+3¢1°¢C
00+351°¢
00+3L5°2
00+3L6°S
00+3S%°1
10-3€%%6
00+381°1
00+4308°2
00e32L°1
10-3¢1°S
10-38€°¢€
00+3710°1
10=-31C"y
10~-384°9
10-329°9
10-314°8
10-366°9
10-3€9°S
10-3.2°%
Al3dVS
40 NIOYYNW

$IN3W33

SIN3IW3T3 AOY HOd A13d4VS 40 SNIDYVIN ANV
$3SSIHIS ILVILTIN/HITNT ‘SISSTHLS TVIXV :€L 3HNDIL

90+3SLv6°1
90+39G21°2

90+3284%1°2

#0+3000¢€°9
%0+3000€°9
90+3L11E"9
90+380€%° 1
90+360€9° 1
90+399492°1
S0+32804°S
90+326856°1
90+3/886°1
90+38L5¢€° T
S0+34290°9
90+3LL29°1
90+30829°(
90+30819°{
§0+36%6€°S
S0+3616€°S
90+3989€° 1
S0+397991°S
90+3949L€°1
S0+35681°S
90+3829€°9
90+39012°1
40+3000€°9
%0+3000€°9
%0+3000€°9
#0+3000€°9
%0+3000€°9
$0+3000€°9
#0+3000€°9
©0+3000€°9
90+3000€°9
%0+43000€°9
#0+3000€°9
40+3000€°9
$0+3000€°9
#0+3000€°9
#0+3000€°9
¥0+3000€°9
%0+3000€°9
#0+3000€°9
90+3000€°9
#0+3000€°9
#0+3000€°9
SS3Y1S
IVIILIND

#0+3998,° 1~
#0432€SL° 1~
€0+30ET19° 1~
€0+30985°L
20+3€€26°2
20+30082°2~
90+32266° 1~
904372995°2~
90+43209,°2~
90+36€81°C~
»0+39598° [~
904329042~
$0+39629°2~
90+38981°¢~
%0430229°1~
®0+39882°2~
90+39699° [~
#0+3€L98°2~
90+3158%° 2~
£0+30910°2~
%0+36982° 1~
€0+30062°2~
€0+430991°8~
€0+¢3090,°1~
€0+302.9°S-
€0+3069%°1
€0430666°S
%0+3£925°1
»0e31616°1
#0+43,992°1
€0+305%0°6
»0+35.95°2
»0+3€292°€C
$0+38888°2
20+38159°1
20¢3nTL2%2
#0+3S€91* Y
$0432.0L°%%
©0+32091°¢
90+37106°%
%0+30228°€
%0+396LL°€
$0+3419€°E
©$0+3:80L°€
%0+31EBO°Y
#0¢3.GTH* Y
SS3YLS
IvIxv

5

13-1
64951
4281
L0S1
Sé91
i821
s02t
€0zt
1021
6611
L6111
S6tl
€6tl
1611
6811
1811
S8t
€81l
6L1Y
LLl
SL11
€Lt
ut
6911
L911
S911
o911
8s11
9s11
»S1t
2stt
0511
gvll
Fad gl
it
2ntl
(L AN
gell
9ttt
»Ell
2€1t
(158 8
B211
9211
®211
2211

°q1

iN3IN3T3
asvosns

GO0 YNOD ONV Q0 ¥

20+396°Y
20+381°6
00+390°g
00+3€9°2
00+3€0°1
10+300°g
10e392°9
10+3g89°%y
10+369°1
20310°1
10+381°2
10+361°S
10e321°2
20+3L€°1
10+368°2
10+318°9
10«368°1
10+35€°2
%0+359°2
20+392°2
10+3%0°¢
204304°2
10+36€°9
20+320°2
20e322°1
20+39¢€° 1
00+389°9
00+4380°2
00+3G5€°%
00+3€1°¢
00+329°2
00+320°1
00e3n1 1
00+310°1
00e3G.°2
10~-362°%6
10=369°2
10-368°%¢
10-30c°g
10-390°¢
10=356°¢g
10=36L°¢€
10=-3€8°¢
10-361°9
10=-32L°%
10-31L°¢€
Al34vS

40 NIOUVHW

90+39691°2
90+3498€1°2
©043000€°9
%0+43000€°9
#0+3000€°9
90¢380¢o*1
90e360co° 1
90¢39992°1
G0e3g9e1°S
90+32855°1
90+3t855° 1
90+3@.5¢€° 1
S0+35925°S
90+32429°1
90+30829°1
90+30819° 1
G0e32291°S
50+3€591°S
90+3¢#82*9
90«3LTLH 1
50439019°S
90¢318L9° 1
G0s3TLEH*S
90+3008c° 1
50+350ST*%
©0+3000€°9
20+3000€°9
%0¢3000€°9
©0+3000€°9
$0+3000€°9
©0+3000€°9
%0+3000€°9
©0+3000€°9
0+3000€°9
50¢3000€°9
#0¢3000€°9
0+3000€°9
%0+3000€*9
20+3000€°9
%0+3000€°9
%0+3000€°9
#0+3000€°9
0+3000€°9
»0+3000€°9
®0+3000€°9
%0+3000€°9

S$31S

WOILIYD

40+30c8€° I~
€0+301Ly°C~
£€0+30696°9
»0+36c€L° 1
%0+35R60°E
$0+3959,° [~
$0+3G6852°2~
y0+30g2L°2~
H0e3EnLR 2~
#0¢36525° 1~
90+366€1° 2~
$0+39.9%°2~
%0+3c989°2~
$0+3G5621° 1~
90+3G61%0°2~
40+31g50°2-
$0+388LG°2~
#0+3£201°2~
20+300L8°2~
€0+30L64°9~
H0+34n2L° 1~
€0+30g91°9-
€0+308.€°8~
€0+3098.°9~
€0+30542°€C~
20+30009°%
€0+30£02°8
$0+36H%0°2
%0+369L1°1
$0+32926°1
40+3ciHL 1
$0+30121°¢
»0+386%96°2
50+36LET1°E
%0+30089°1
$0+3.992°¢€
50+30996°%
$0+39262°4
70+3T1590°%
$0+3EHBT 4
$0+3EH2€°€
$0+300L5°%
$0+300EG°C
40+31268°C
%0+38082°%
90+32565°%
$S381S
AVIXY

304 SNISHMVH ALIJVS QRY S3SS3IYLS WIILIAD

£ssl
Tasl
1251
1051
6891
9021
2021
202t
002t
gell
9611
%611
2611
o611
881l
9811
911
oetl
8411
9Lt |
L7238 i
2111 f
01t
8911 _
9911
2911
6511
LSt
st
€611
tstt
6911
AR
setl
entt
tnil
611
LETT
SETT
€ett
ettt
621t
211
s21t
€21t
tztt

*qQI
AN3IN3I3

574




GvaHNTNg V Ni NOILNEGIHLSIA VO TYNYILNI

‘L 3HNOH

1 €0+30€F°2 1 £0+¢32%9°7 I €0+3049%°T I €0+3cKg®y 1 t0+3€2*%°2 1 €0+30€2°1 I 10+3¢e2%°c= I 20+43999°6~ 1 8 1
1 €0+3299°1 1 €0+3019°% I €0+3RLE"L I £0+3€RE°C I 0+3G%5°27 1 £€0+¢3262°1 1 70+3221°c~ ] 20+3601°2- 1 €8 I
1 €0+36€0°T 1 €0431%5°¢ I €0+3In0°¥ I £0+3g8€G°¢C 1 £0+3€nE*? I €0+3012°1 1 20+32t0°%/= 1 20+3v06°(~- | 28 1
] 20+3999°R~ | £0+3€EHE°Q I 20+30Ge°c~- T €0+3200°2 T v0+3682°1 I 20432269 I £0e379c¢T= 1 2C+391eY I 8 1
I €0+43022°1~- 1 20+32€R°Q I €0+3R¢2€°2- 1 F0ednr2°1 T c0+3600°F- 1 20+3206°1- 1 70+30aS%c= ] gC+399pl°1 I Ot 1
1 £0+3826°T- 1 20+3462°G= I €0+3Tme°T= T 20+3a2G1°c= 1 . 0+30%1°1~ 1 204301G6°%2~ 1 20+3CHm°+ [ 2643L16°% I el 1
I £0+43060°1- 1 [0+3099%a= I £0+4F 11T~ 1 20+366R"2- T c0+3TnG°.~ I 20+3006°¢= 1 2n+31G1° T 254366 1 6L I
I 20+3.G6F°R- 1 20+30€T1°k I 10+39¢G°%2 1 20+36GT1°¢ I «0+3RTG°T 1 20+3627°1 I €0+3+q1°? I 20+3bg6"1- 1 1L I
1 20+3G62+°1 1 20+36G92°F I 20+30G€°H»= 1 €030 1°1T I «%+3€R1"2 1 20+3€£9°1 ] 70+3621%1= [ 20+3%6L°%¢~- [ 9L 1
I 20+3€€6°9= 1 £0+321€°7 I €0+4962°F= T £0e3TH2°2 I 10+3962°9 1 10«3RFTEL 1 ¢9+39 11~ 1 g0s+3260°%2- 1 4af I
I 20+39€0°h= 1 €0¢3081°F I £0+3021°1- T €043620°4+ 7 ¢0e32€1°1 1 20+30G06° ] £0e36al® = [ €i+30e9° 1~ 1 #¢ 1
I €0+43060°c= 1 €0e3nH6°R 1 €0+306l%0=- T FOe30/6°1 T 10+3/99° K~ 1 10+306°%¢= 1 ene3gae*™= 1 €0+3T61°1 I €L I
1 €0+3R70°€= 1 20+36%€°%A= 1 FO+aNRp*u=- 1 20+4306F°+ I »0e3G€L° 1~ 1 20+321Q*w= ] 20e3CTL®~ 1 €0+351¢°1 1 2t 1
1 €0+3€R9°%)~ 1 €0+3L0%°% I €0+30€L%)- I £0+3620°1 T »0+3420°1- 1 20+3112°¢= 1 £0+3069°7 1 €0+3169°1 I 1¢L I
[ FNe3€R)* = [ €0+3826°1 1 €043912%2- 1 FO+32RG°Y T c0¢3212%6- ] 20+30€6°+»=- I £0+310L°7 I £€6+3596°1 I 0L 1
I £0+41962Q°6- I 70+3¢90°) I €0+30F9°2= 1 §043cT10°T- 1 *0+3%6%°1~ 1 20+4366G%L= ] £0e¢3Lkc"T 1 20+30v8°2 I 69 1
I €0+30/6°¢c- 1 £0+3GRE"T I €0+3616%0= 1 #0+37€0°1 T {0+¢369,°%0~ I 10+3640H= | 20e3C7L%: 1 €0+3909°2~- I g9 1
I £0+3G2c° [~ I F0+3219°% 1 2043104%2= 1 £0+43c1G°F 1 »0+3021°1 1 20+39/¢°L ] €0+30Tr¢1= 1 €0e326E°1- 1 LY 1
I €043040°1~- I FO0+3GLL°2 1 £0+43900°1- 1 F0+352.°7 I 10+3226°%2 1 10+3G6%6°¢ I £04398¢°°= 1 £6+3€06°1~- I 99 1
1 €0+39€C°T= | €0+43G69°7 I €0+3€6T°T- T €0+301°°1 I ¢0+¢3500°2- ] 20+3RAbe L= ]| fFNe+Feut*T= [ €CeJug’*Il=- 1 &9 I
I E043GTH*T= 1 £0+3621°1 I 20+43209%R- 1 20+¢306L°¢ I ¢0+3260°€- [ 20+32C4%2~ ] cpestabeT= [ 2(¢+3221°8- 1 &9 I
1 FN+4AGAT= 1 20+319.°} I €0+34uh®1~ T 20+34%C"72 1 c0+3cn2* - ] 2nedGePoG~ 1 ¢na3Tontt= 1 204330L8°uw- I £Y 1
I 20+432¢0°1- T £0+3041°1 I 20+¢36%49°1 F FO+3709T1°1 1 <0+3c21°9 I 2C+3n50°r 1 264360+ I 20+3960°e=- 1. 29 I
1 20+43647°0= 1 £0+30GE°7 1 €0+40Q9°2~- 1 £0+37AH°2 [ c0¢3n0n®2 I gte3gecel I P0saf0e” = 1 €C+3E€9°1 I (v 1
I €0+43%07°G- 1 20+3556° 1 €0+3€7S°c~= T 10+3206°) T c0+436CA%A= I 20+3660°C= I Fhadnci®T 1 20+32€€°9 I 0y 1
I €0+219R" %= 1 €0+3SLR*? I €0+320€°2- 1 £0+3687°1 I <0+3609°¢C 1 20+30)%°7° I £0+300L°3 I 20+398(°L I 6% 1
I €0+3020°€E~ 1 f0+30vE°’F I 20+¢3%9¢c°9 T €0¢30eR*T RO T L A | 1 20+3pce") I FoedepleY 1 2G6+3480°¢ I g% I
1 20+32LC°1 I €0+3R6H*P I €0e3mel®Y 1T €0+320R°%2 1 :0+3Pr00°2 1 £0+39Cn*] 1 20+3 10"+ I 26+3220°2- 1 LS 1
I 1 I 1 1 I 1 1 1 I
1 1
1 (AINIWOTIS I (VINIWNGIS 1 (RIYWWOIS T (v)YYhATS T 531 vixy T 33a04 vlxv | () v 1 (v)in I wvgd I
_. N - . - » 4 H
- - = ld.lil'lll-ll"l-lll'.'lllllllll'-ll'-'l-l||"|-|.‘ll'|||ll-"."l'I||ll|||||l'-l|l|' .
- #t#tlt‘ttt#t‘t#tttcttttttt#ttttaa#t##ctactas##tt####eaat#t#t#t#t##t##tntﬁ.3t##ta####c##vtsctttavatata
& &
- L] 3svo8ns e 1 ANNLINHISHNS « vt 1 CIIVIS Ly 3nVrd o
® *
T ‘Ot#.t,““.““#.‘t‘,‘t#‘#&######33##&#3*##0##a::-ttQ&ﬁ#tttt#t###*vttﬂvﬂﬁtn&_t’.######w XY ZYTI2rre e 2 2 4 8 2 2 )
e
- \.y

575




576

EEEEEEEEEEEEEEEEEEEEE
BULAHERA

FIGURE 15: BENDING STRESSES DIAGRAM FOR A BULKHEAD
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WESTWIND SUBSTRUCTURE 1
ENVELOPE FOR MAXIMUM
SHEAR STRESS IN PANELS

ON A DEVELOPED STRIP OF THE FUSELAGE

FIGURE 16: POSITIVE SHEAR STRESSES ENVELOPE DISPLAYED
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FIGURE 17:

NEGATIVE SHEAR STRESSES ENVELOPE DISPLAYED

ON A DEVELOPED STRIP OF THE FUSELAGE
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WESTWIND SUBSTRUCTURE 4

SUBCASE 4 -UPGUST CONDITION CONFIG.

STRESSES IN ROD ELEMENTS

FIGURE 18: ROD STRESSES DISPLAYED ON A DEVELOPED
STRIP OF THE FUSELAGE
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SUBCASE 4 -UPGUST CONDITION CONFIG.
SHERR STRESS IN PANELS

FIGURE 19: SHEAR STRESSES DISPLAYED ON A DEVELOPED
580 STRIP OF THE FUSELAGE




