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Abstract

At Raytheon Systems Company in Waco, Texas, aMSC/MVISION database has been developed which allows the
comparison of flight test data with MSC/NASTRAN results output. A mode can be opened in MSC/PATRAN, and
strain gauge results generated during atest flight viewed directly on the model. The MSC/NASTRAN strain output can
be applied to the modd and contrasted with test flight strainsin the MSC/PATRAN graphical user interface. If the
results are reconciled within a predetermined degree of tolerance, it will then be assumed that the moddl is accurate. A
model predicting the behavior of the aircraft after it has been modified can then be assumed to be accurate also. After
the aircraft has been modified, more flight test data will be collected, which can then be compared with the post-
modification predictionsto aid in support of FAA certification of the modified aircraft. MSC/MVISION will provide a
user-transparent interface between MSC/PATRAN and the raw flight test data, allowing engineersto view the accuracy
of their model s with real-time strain measurements within the MSC/PATRAN graphical environment. Because
Raytheon Waco specializes in aircraft modifications, the concentration in this project has been on the comparison of
flight test data with airframe finite e ement models, but the application of this methodology for comparison of strains
with models can be used in any industry which employs modeling and testing procedures.



I ntroduction

When using MSC/MVISION, it isimportant to remember that the use of a database to manage information requires an
entire process. Thefirst step is an extensive one of planning, then the process moves on to devel opment, and finally
implementation can begin.

Planning for thisintegration of flight test data with mode results was carried out in conjunction with the MacNeal -
Schwendler Corporation Grapevine employees Gerry Norvell (Senior Application Engineer) and John Parady
(Application Engineer), and with Ajit Kundu and Michad Farley of the Methods and Finite Element Group of
Raytheon Systems Company Waco. The planning process continued from December 1998 through February of 1999,
and involved tel ephone consultation as well as several meetings, moving from a general statement of goals through
several refinements which brought an ever clearer vision of the type of development required for the desired end resullt,
to the point of including trial development for clarification of ideas and requirements.

Devel opment began in February of 1999. At this point requirements were clear, and included aMSC/MVISION
databank which would contain all the relevant real-time strain gauge data, pcl code to add formsto the MSC/PATRAN
environment, and dpi code to give the MSC/PATRAN database access to the databank.

Implementation currently includes a populated MSC/MVISION databank containing the flight test data. Pcl codeisin
place which brings up formsin MSC/PATRAN to place markers on the finite e ement model showing the location of
the strain gauges, their type, and/or their measured value. The gauges can be filtered by location, type, or number. The
markers have a variety of shapes and colors which allows a complete graphical view of gauge placement on the model,
allowing comparison of results with actual value. This comparison was achieved by use of dpi to access the
MSC/MVISION databank and retrieve information about real-time flight test data within the MSC/PATRAN
environment. Forms arein place for the comparison of model results with selected strain gauges or ranges of strain
gauges both in tabular format (the MSC/PATRAN spreadsheset) and in graphical format.



Planning -- the First Step in the Process

Planning began with upper-level discussions of what the engineer truly needed from this comparison of real-time data
with model data. A flowchart of the process was created, showing in general terms the stepsinvolved in the whole
process (seefigure 1). Thefirst statement of goals came from an in-depth discussion at Raytheon in Waco as to the
needs of the engineer who will be the end-user of the data. The conclusions of this discussion were: there are two sets
of datainvolved: MSC/NASTRAN data consisting of ascii FO6 files and binary OP2 files (which areread into
MSC/PATRAN to view results), and flight test data which consists of strain gauge measurements from actual flights
during which a variety of maneuvers were performed. What the end-user would need was a comparison of the
unmodified model results with real-time data from flight tests of the unmodified aircraft, in order to determine (within
some degree of tolerance) whether the mode represents true conditions. If the results do reconcile, it will be assumed
that modeling techniques are accurate in prediction of the behavior of the aircraft after modification. Post-
modification, similar comparisons can be made in support of FAA certification for the modified aircraft.
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Figure 1 — High-Level Process Flow Chart

In ameeting with the MSC representatives December 10th of 1998, this plan was further refined. Action items such as
retrieval of raw flight test data and the XY Z locations of strain gauges were assigned. The end goal was restated: an



engineer will open amodel within MSC/PATRAN. Hewill send the model through a MSC/NASTRAN run, then read
the resultsinto MSC/PATRAN. Hewill then perform some simple operation which will generate a correlation report
by accessing the MSC/MVISION databank.

At this point, discussions were still higher-level, revolving around concepts and refining the end-purpose. At the next
meeting with MSC, planning became more specific. A trial schema for the databank was devel oped (see figure 2)
consisting of five hierarchy levels.

$

$ /xIv0/ peopl e/ keh/flight_test/nvis/ftest. def

$ Date : 1999-02-15

$ The header on the database is MVISION Created by keh on 1999-02-15
$

HI ERARCHY ADD VERSI ON | NSTRUMENT FLI GHT RUN SOURCE

ATTRI BUTE ADD VERSI ON_NAME CHAR 72 1 "" "Version" -0- -0-

ATTRI BUTE ADD AC_TYPE CHAR 72 1 "" "Aircraft Type" -0- -0-

RELATI ON ADD VERSI ON VERSI ON_NAME AC_TYPE
ATTRI BUTE ADD | NSTRUVENT_NUMBER CHAR 72 "
ATTRI BUTE ADD | NSTRUVENT_TYPE  CHAR 72
ATTRI BUTE ADD STRN_GAUCE_LEG CHAR 4
ATTRI BUTE ADD | NSTRUMENT_LCC CHAR 72

"lnstrument ID" -0- -0-

"I nstrument Type" -0- -0-
"Strain Gauge Leg" -0- -0-

" "I nstrunment Location" -0- -0-

ATTRI BUTE ADD LOC_X REAL 1 "in." "X Location of Instrunent" -0- -0-
ATTRI BUTE ADD LOC_Y REAL 1 "in." "Y Location of Instrunent" -0- -0-
ATTRI BUTE ADD LOC_Z REAL 1 "in." "Z Location of Instrunent" -0- -0-

RPRRRRRRR

ATTRI BUTE ADD | NSTRUVENT_ORI ENT CHAR 72 "“Instrument Orientation" -0- -0-
RELATI ON ADD | NSTRUVENT | NSTRUMENT_NUMBER | NSTRUMENT_TYPE

RELATI ON ADD | NSTRUMENT STRN_GAUCGE_LEG

RELATI ON ADD | NSTRUMENT | NSTRUMENT_LOC LOC X LOC Y LOC_Z

RELATI ON ADD | NSTRUVENT | NSTRUMENT_ORI ENT

ATTRI BUTE ADD FLI GHT_NUMBER INTEGER 1 1 "" "Flight Number" -0- -0-
ATTRI BUTE ADD FLI GHT_DATE CHAR 72 1 "" "Flight Date" -0- -0-
RELATI ON ADD FLI GHT FLI GHT_NUMBER FLI GHT_DATE

ATTRI BUTE ADD RUN_NUMBER INTEGER 1 1 "" "Run Nunmber" -0- -0-

ATTRI BUTE ADD RUN_DESCRI P CHAR 72 1 "" "Run Description" -0- -0-
ATTRI BUTE ADD AVG_VAL REAL 1 1 "" "Average Value" -0- -0-
ATTRI BUTE ADD M N_VAL REAL 1 1"" "Mninum Value" -0- -0-
ATTRI BUTE ADD MAX_VAL REAL 1 1 "" "Maxinum Value" -0- -0-
ATTRI BUTE ADD STD_DEV_VAL REAL 1 1 "" "Standard Devi ation" -0- -0-
ATTRI BUTE ADD AVG_DEV_VAL REAL 1 1 "" "Average Deviation" -0- -0-

RELATI ON ADD RUN ﬁUN_KIUNBER RUN_DESCRI P
RELATI ON ADD RUN AVG VAL M N_VAL MAX_VAL STD DEV_VAL AVG DEV_VAL

ATTRI BUTE ADD BOGUS CHAR 32 1 "" "Place Holder" -0- -0-
RELATI ON ADD SOURCE BOGUS

ATTRI BUTE ADD STRNvsTI ME REAL 3 0 "sec.;mcro strain" "Tinme;Strain"
RELATI ON ADD STRNvsTI ME STRNvsTI ME

ATTRI BUTE ADD ACCELvsTIME REAL 3 0 "sec.;in./sec”"2" "Time;Accel eration"
RELATI ON ADD ACCELvsTI ME ACCELvVSTI ME

Figure 2 -- Trial Schema

At this point, it was decided to begin loading sample data in order to determine what refinements would be needed,
both to the schema and to the end-user requirements.

Because the data was in tabular format, the spreadsheet tool was ideal for populating the databank. After afew
attempts at using the data in an unmodified format, it was decided that the data must be transposed in order to 'put’ the
datainto MVISION. Thisisbecause, whilethe raw data was in columnar records (one column per strain gauge),
MSC/MVISION requiresthat data be |oaded in rows rather than columns.



The data was 'read’ into a location many rows down on the spreadsheet, both to leave room for the transposed data and
to keep end-users from becoming confused. The 'polyline function was used to take the data which represented time
ticksand plot it against gauge readings, until reaching the end of the data block. Once the polylines were in place,
strain gauge titles were copied and pasted above the corresponding polylines. Because statistical properties would be
necessary for the end-user to make meaningful comparisons with raw data, the MSC/MVISION functions ‘avg',
'stddev’, 'min’, 'max’, and ‘avgdev' were performed for each column (seefigure 3).

IMSTRUMEMT _HAME | SG185 SR185 SG187 5G188 SE189 |
AV 11,1041% =9, 905654 —-36., 01045 -24,81835 —37.,08826 |
STD_DEV 1.,089178 0,8593379 1,013731 1,295935 3,3208823 |
HIH 9,13941 -14.4511 =40, 3007 —27 .84582 —50.3702 |
HAH 13,9152 =7, 39354 —33,2212 —21.1982 —2d .52k |
COLINT 170 170 170 170 170 |
STRMw=TIME ‘polylinex ‘polyliner {polyliner {polyliner {polyline’ |

Figure 3 — Data Obtained from Raw Data

With the polylines and statistical measurementsin place, in columnar format, the data was ready to be transposed. In
fact the raw data was now irrelevant to the transpose, because the data to be ‘put’ into MSC/MVISION consisted only of
the statistics, the polylines, and the instrument ID (in this case a strain gage ID). For this, an external function
'block_transpose’ was used. These external functions come packaged with MSC/MVISION and consist of fortran or ¢
code compiled into an MVISION function library. The function is called by this command:

=exfunc(* mvfunc”,” block_transpose’ <C94:B0O100>) (ex_functells MVISION the function is external, mvfunc isthe
name of the function library, block_transpose is the function to be used from within that library, and C94:BO100 is the
block to transpose).

With the data in the desired format, additional information such as version name, aircraft type, flight number, run
number, flight date, and instrument type could be added. In this case this data was the same for each strain gauge
because the raw data in the spreadsheet was all obtained during the same flight. A ‘put’ was performed and population
of thetrail databank was begun, the databank now containing not the raw data but rather the polylines and statistical
values obtained from the raw data.

While the above appearsto fall into the category of development rather than planning, some idea of the shape of the
data and the capahilities with which the databank could be imbued was necessary to the continuing planning process.
With actual data loaded into thetrial databank, the statement of purpose was yet again refined:

Statistics will be calculated in MVISION and "set in stone" (no access by end-user) to ensure data
consistency. Any other functions which may be required will also be performed and recorded in
MSC/MVISION (such as VonMises stress, etc.). Within the PATRAN environment, the engineer
performing the correlation will use aform where he will 1) choose a node or set of nodes from the
model which he wishes to compare to strain gauges in the same location (he must determine the
degree of tolerance hewishesto use). 2) The engineer will request a strain gauge or set of strain
gauges in the same location and MSC/MVISION will (transparently to the engineer) perform this
query and provide him with the locations of the strain gauges, pinpoint them graphically on the
model, and supply him with a plot and statistics for the strain gauges. 3) The engineer will decide
which value he will usefor correlation to the MSC/PATRAN/NASTRAN results within the model
(for example the average). 4) The MSC/MVISION data will be superimposed on the PATRAN data
in plot format and extracted in such away that it can be used as part of a stress report.

As often happens, in the course of development some stumbling blocks were discovered which required modifications
to this statement, but the spirit of the plan was maintained throughout devel opment and implementation.



Development -- the Second Step in the Process

There were essentially three directions of effort during the devel opment process: refinement of the MSC/MVISION
databank, establishment of pcl functionsto provide forms and actions within MSC/PATRAN, and devel opment of dpi
code to allow the pcl forms to access the databank.

Developing the Databank

As more experience was gained with the data, the schema was modified several times until it reached its current form
(figure 4):

$

$ /xIv0/ peopl e/ keh/flight_test/mvis/strnhi.def

$ Date : 1999-02-15

$ The header on the database is MVISION Created by keh on 1999-02-15
$

HI ERARCHY ADD VERSI ON | NSTRUMENT FLI GHT RUN SOURCE

ATTRI BUTE ADD VERSI ON_NAME CHAR 72 1 "" "Version" -0- -0-

ATTRI BUTE ADD AC_TYPE CHAR 72 1 "" "Aircraft Type" -0- -0-

RELATI ON ADD VERSI ON VERSI ON_NAME AC_TYPE

ATTRI BUTE ADD | NSTRUVENT_NUMBER CHAR 72 1 "" "Instrunent ID" -0- -0-

ATTRI BUTE ADD | NSTRUMENT_TYPE CHAR 72 1 "" "Instrunent Type" -0- -0-

ATTRI BUTE ADD STRN_GAUCE_LEG CHAR 4 1 "" "Strain Gage Leg" -0- -0-

ATTRI BUTE ADD | NSTRUMENT_LCC CHAR 72 1 "" "I nstrument Location" -0- -0-

ATTRI BUTE ADD LOC_X REAL 1 1 "in." "X Location of Instrument" -0- -0-

ATTRI BUTE ADD LOC_Y REAL 1 1 "in." "Y Location of Instrument" -0- -0-

ATTRI BUTE ADD LOC_Z REAL 1 1 "in." "Z Location of Instrument" -0- -0-
1

ATTRI BUTE ADD | NSTRUVENT_ORI ENT CHAR 72 "I nstrument Orientation" -0- -0-
RELATI ON ADD | NSTRUVENT | NSTRUMENT_NUMBER | NSTRUMENT_TYPE

RELATI ON ADD | NSTRUMENT STRN_GAUCGE_LEG

RELATI ON ADD | NSTRUMENT | NSTRUMENT_LOC LOC X LOC Y LOC_Z

RELATI ON ADD | NSTRUMVENT | NSTRUMENT_ORI ENT

ATTRI BUTE ADD FLI GHT_NUMBER INTEGER 1 1 "" "Flight Number" -0- -0-
ATTRI BUTE ADD FLI GHT_DATE CHAR 72 1 "" "Flight Date" -0- -0-
RELATI ON ADD FLI GHT FLI GHT_NUMBER FLI GHT_DATE

ATTRI BUTE ADD RUN_NUMBER INTEGER 1 1 "" "Run Nunmber" -0- -0-

ATTRI BUTE ADD RUN_DESCRI P CHAR 72 1 "" "Run Date" -0- -0-

ATTRI BUTE ADD AVG_VAL REAL 1 1 "" "Average Value" -0- -0-
ATTRI BUTE ADD M N_VAL REAL 1 1"" "Mninmum Value" -0- -0-
ATTRI BUTE ADD MAX_VAL REAL 1 1 "" "Maxinum Value" -0- -0-
ATTRI BUTE ADD STD_DEV_VAL REAL 1 1 "" "Standard Deviation" -0- -0-
ATTRI BUTE ADD AVG_DEV_VAL REAL 1 1 "" "Average Deviation" -0- -0-
ATTRI BUTE ADD NUM _PTS INTEGER 1 1 "" "Nunmber of Time Inc" -0- -0-

RELATI ON ADD RUN RUN_NUMBER RUN_DESCRI P
RELATI ON ADD RUN AVG VAL M N_VAL MAX_VAL STD DEV_VAL AVG DEV_VAL
RELATI ON ADD RUN NUM PTS

ATTRI BUTE ADD BOGUS CHAR 32 1 "" "Place Holder" -0- -0-
RELATI ON ADD SOURCE BOGUS

ATTRI BUTE ADD STRNvsTI ME REAL 3 0 "sec.;mcro strain" "Tinme;Strain"
RELATI ON ADD STRNvsTI ME STRNvsTI ME

ATTRI BUTE ADD ACCELvVsTIME REAL 3 0 "sec.;in./sec”2" "Time;Accel eration"
RELATI ON ADD ACCELvsTI ME ACCELvVSTI ME

Figure 4 -- Current Schema



The hierarchy consists of five levels, VERSION (unmodified or modified moddl), INSTRUMENT (in our case a strain
gauge), FLIGHT, RUN (there may be several runs during aflight as the pilot performs several maneuvers), and
SOURCE (a place-holder required by MSC/MVISION). Attributes of the various levels of the hierarchy are sdlf-
explanatory, and are added to the relationsin such a manner as to add efficiency when sorting and querying the
databank.

A template for loading data was completed with the use of a session file and an external function, each called onetime
to prepare the spreadsheet template for loading data. A file stats.ses runs through the columns of data creating the
polylines and the statistics, assuming a finite maximum number of strain gauges. The external function column_id.F
calculates the boundaries of the block to be transposed and of the rows to be 'put’ into the databank and storesthe
valuesin cdlsin the spreadsheet. An additional spreadsheet was created to load the XY Z locations of al the strain
gauges (seefigure 5).

INSTRUMENT _MUMBS | LOC_% Loc_y Loc_z INSTRUMENT_ORIE> | QUERY COMMAND
561 1070 -7.97] 291,317 11 | TNSTRUMENT _NUME® | 1=modify( "strrhi,des"s
510 i 1070 —4,492" 91,07 | T1 1 INSTRUHENT_NUHBE% like "SG10”

S5G11 i 1150 -9’ g8 11 i INSTRUHENT_HUHBE% like ~SG11”

55110 i 1770 4,76 258,66 | T1 1 INSTRUHENT_NUHBE% like "5G110"

SE111 i 1770 -3 67| 356,54 | T1 i INSTRUHENT_NUHBE% like ~SG111”

SG112 i 1770 23,67 356,54 | T1 i INSTRUHENT_HUHBE% like "SG112°

Figure5 -- XY Z Location Spreadsheet

With the spreadsheet template complete, a combination of files were written to automate data loading. A session file
(load.ses) creates a file named block.dat, to which it writes the information contained in the cells calculated by the
spreadshest external function column_id. Load.sesthen makes a call to compile the pcl program get_data.pcl
(""INPUT get_data.pcl). Load.ses then executes the pcl function, which creates yet another session file using the data
from block.dat (seefigure 6).

$3.2

$ created from automated input

M/ Spr eadsheet Command(
"I15="":=ex_func(""gnfunc"",""bl ock_transpose"" (AAl4: CM20)) " )
M/ Spr eadsheet Conmand( " Cl=""=put(""strnhi.des"",C4: 04, C5:069) ")

Figure 6 -- Session File do_transpose.ses Created by PCL Function
Control then returnsto the session file load.ses which runs the pcl-created session file do_transpose.ses. Asyou seein

figure 6, this session file performs the actual transpose within the spreadsheet and then executes the 'put’ into the
MSC/MVISION database.




Developing the PCL

The pcl code produces the forms and the actions performed in forms which are seen by the end-user within
MSC/PATRAN. The Makefile (stripped of standard calls and compilations shows what pcl files are being used to
create forms (seefigure 7).

# Nanme of the target pcl library
Pcl Library = ./readwo_tool.plb

Pcl Cbj ects =\
mar ker . pob\
attribute. pob\
filter. pob\
sel ect _dat a. pob\
correl at e. pob\
sel ect _results. pob\
sprdsht . pob\
user. pob

Figure 7 -- Extract from the pcl Makefile

The marker code defines the Marker Form (which applies the strain gauge markersto the mode in their XYZ
locations). The attribute form allows a choice of the appearance of the markers. The filter allows gauges to be divided
by name, by type, by XYZ range, etc. Select datais used by both marker and correlate; it performs a select function on
the databank. Select resultsis used by the correlate form, to compare the gauge measurements with model results, and
the user pob displays menus. These formswill be shown in the section on implementation.

Developing the DPI

What the dpi (database programmatic interface) needed to do was perform a search through the databank’s hierarchy as
specified by the user on the form within MSC/PATRAN. During any interaction with the databank, MSC/PATRAN
spawns dpi which queries the databank and redirects the output to afile. When the dpi has completed execution,
control isreturned to MSC/PATRAN and the results are displayed.

The crucial dpi in our case was "select" access to the MSC/MVISION databank, which specifies a set of attributes and
aquery, then returns an array of data. The code used was based on an example select program delivered with
MSC/MVISION. An expression is created, consisting of a select with parameterstable, attribute(s), and query. A data
structure is returned, the rows are counted, and then printed row by row. This output is redirected to standard out.
Since MSC/PATRAN has already specified that output is redirected to afile, and was suspended until the file had been
written and contral returned, MSC/PATRAN can now read thefile row by row into an array, then display the array of
data on the proper form.

I mplementation -- Step Three of the Process

Detailed planning has resulted in organized and purposeful development: the databank is ready to be built, and the
graphical interface between the databank and the finite e ement model is ready to be viewed and utilized.

To build the databank a series of session files were written which were used in mvbatchbuilder to automate the
population process. These session files repetitively called the (already devel oped) session file load.sesto bring in all
thefiles containing strain gauge data. An extract from such a session file can be seen in figure 8.



$3.2

M/ Spr eadsheet Command(
M/ Spr eadsheet Command(
M/ Spr eadsheet Command(
M/Execut eSessi onFi | e(
M/ Spr eadsheet Command(
M/ Spr eadsheet Command(
M/Execut eSessi onFi | e(

M/ Spr eadsheet Command(
M/ Spr eadsheet Command(
M/Execut eSessi onFi | e(
M/ Spr eadsheet Command(
M/ Spr eadsheet Command(
M/Execut eSessi onFi | e(
M/ SaveDat abase()

"open ""/xlvO0/ peopl e/ keh/flight_test/mvis/gerry.spd""" )
"Bl=""BFT13001.st1" " )

"F5=1" )

"/ xI vO/ peopl e/ keh/flight_test/nvis/load.ses" )
"Bl=""BFT13001.st2" " )

"F5=1" )

"/ xI vO/ peopl e/ keh/flight_test/nvis/load.ses" )

"Bl=""BFT13064.st3 " )

"F5=64" )

"/ xI vO/ peopl e/ keh/flight_test/nvis/load.ses" )
"Bl=""BFT13065.st1 " )

"F5=65" )

"/ xI vO/ peopl e/ keh/flight_test/nvis/load.ses" )

Figure 8 -- Extract from a Data Loading Session File

The open and save commands are needed by mvbatchbuilder, first to open the spreadsheet template, and last to
ensure a save as mvbatchbuilder times out quickly and does not automatically save the modified databank.
containing the raw data, and cell F5 receives the run number within the

Cell B1 recelves the name of thefile

flight, then the data isloaded by load.ses. An example session in mvbatchbuilder:

MSC/ M_MATERI ALS_BUI LDER 1997. 0801 has obtained 75 concurrent |icense(s) from

FLEXIm per a request t

Bat ch Builder Main Menu
1) Open Dat abank

2) Set Current Databank
3) Cl ose Databank

4) Create Dat abank

5) Save Dat abank

6) Save As

7) Change Units

8) Load Dat abank

9) Dunp Dat abank

10) Create databank Ind
11) Del ete Rows

12) Show Dat abank

13) Modify Schema

14) Spreadsheet

15) Setup

16) Session File

17) Exit

Enter Selection (Xto e
1

Open Dat abank Menu (Cur
1) /disk03/ msc/ nvi si on3
2) strnhi.des

3) testing_strnhi.des
4) Show all files

5) O her

Enter Selection (Xto e
3

Info : Opening databank
Info : Done opening dat

Current Databank = test
Current Units = default

Bat ch Builder Main Menu
1) Open Dat abank
2) Set Current Databank

0 execute on a SA IR X system at 1999-04-27 15:54: 34.

ex File

xit menu) >1

rent Directory=/xlv0/ peopl e/ keh/flight_test/nvis)
2/ db

xit menu) >3

testing_strnhi.des
abank

i ng_strnhi.des



3) Cl ose Databank

4) Create Dat abank

5) Save Dat abank

6) Save As

7) Change Units

8) Load Dat abank

9) Dunp Dat abank

10) Create databank Index File
11) Del ete Rows

12) Show Dat abank

13) Modify Schema

14) Spreadsheet

15) Setup

16) Session File

17) Exit

Enter Selection (X to exit nenu) >16
16

Session File Menu

1) Execute Session File

2) Convert O d Session File

3) Execute O d Session File

4) Convert CLI file

5) Type in comrand

6) Exit

Enter Selection (X to exit menu) >1
1

Session File Menu(Current Directory = /xlv0/peopl e/ keh/flight_test/nvis)
1) builder.ses.1

2) builder.ses.2

3) builder.ses.3

4) do_transpose. ses

5) lastrunll. ses

6) lastrunl3. ses

7) load. ses

8) patran.ses. 01

9) patran.ses. 02

10) patran.ses. 03

11) patran.ses. 04

12) runl3. ses

13) run9. ses

14) run_stats. ses

15) stats. ses

16) Show all files

17) O her

Enter Selection (X to exit menu) >5

Info : Executing session comand (Line 1) : M/Spreadsheet Command( "open
""/xlvO0/ peopl e/ keh/ flight_test/mvis/gerry.spd""" )

Info : Executing session command (Line 2) : M Spreadsheet Command(
"Bl=""BFT13049.st3 " )

Info : Executing session comand (Line 3) : M/Spreadsheet Cormand( "F5=49" )
Info : Executing session command (Line 4) : MExecuteSessionFil e(

"/ xl vO/ peopl e/ keh/flight_test/nvis/load. ses"

Info : Executing session file : /xlvO/peoplel/keh/flight_test/nvis/load.ses
Info : Executing session command (Line 2) : MSpreadsheet Cormand( "wite

""block.dat"" ""w'" WB1" )

Info : Executing session command (Line 3) : MSpreadsheet Cormand( "wite
""bl ock.dat"" ""a"" WB5" )

Info : Executing session command (Line 4) : !l |INPUT get_data. pcl

Conpi |l i ng: make_trans_comrand
Cl eared nenory function make_trans_comrand
Conpi | ed: make_trans_command
Info : Executing session command (Line 5) : make_trans_conmand()
Info : Executing session comand (Line 6)
M/Execut eSessi onFi | e("do_transpose. ses")
Info : Executing session command (Line 4) : M Spreadsheet Comrand(
"Cl=""=put (""strnhi.des"",C4: N4, C5: O252) " ")
Info : Putting data from spreadsheet into databank
Info : Summary - Results of Spreadsheet 'PUT
Info : Added 72 RUN data row(s)
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Info : Added 248 SOURCE data row(s)

Info : Added 78 STRNvsTIME data row(s)

Info : Done putting data from spreadsheet

Info : Done executing session file

Info : Done executing session file

Info : Executing session command (Line 5) : MSaveDat abase()

Once all raw data has been loaded and 'put’ into the databank, the implementation of the interface with MSC/PATRAN
isready to beused. A p3epilog file can be used to automatically load the extra plb at startup, adding an extra menu
option to the MSC/PATRAN menu bar (seefigure9).

E MSCIPATBAN Version .5 E '
File Group Viewport Viewing Display Preferences Tools insight Conirol  Utilities RS-Waco PCL Help |ﬂ% %ﬁﬁﬁﬁl

-+ Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analy5|s + Results In5|ght + XY Plot

ga_view_center_. set( 5.893467, —19103130)
ga_view_center_set{ 548.934631,-61.375748 )

Figure 9 -- Modified MSC/PATRAN Menu Bar

Figure 10 shows the Instrument Marker form, with no data selected.

E MSCIPATRAN Version .5 E '
File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities RS-Waco PCL Help |f% %ﬁ@ﬂgl

v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot
=l [ o) B H [ 25
i T i o U e e s s 1 s
sys_poll_option( 0) T T T T
E Instrument Marker
ol i :
Show Description ... |
E correlate.db — defaull viewport - ALL_FEM - Entlly
1 Select Flight Data... |
FHier FHaht Data, |
Gages {43
3
ol I
feseal | Attvibules |
| apply I ‘ Ccancel |

Figure 10 -- Instrument Marker Form Before Data is Selected
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Figure 11 adds the MV Sdlection Tool, showing the databanks avail able for selection by the end-user.

E MSCIPATRAN Version .5 E

File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities RS-Waco PCL Help |f% %ﬁ@ﬂgl

v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot
e | [FE & 2 2H T‘T
<1 ] ] e e ) ] [+ [ e e e e ] ] A N R A 2 5
sys_poll_option( 0) F T ———— e e e, P
vaw MV Sefection ool E-"- Instrumennt Marker
= £ 3
Available Databanks Show Description ... |
e e e e s |stenhides S
. E correlate.db — defaull viewport - ALL_FEM - Entlly .
: | Select Flight Data... |
vi FHier FHaht Data, |
= ! Gages {43
3
Cancel
ol I
feseal | Attvibules |
apply I Ccancel |

Figure 11 -- MV Sdlection Tool for Sdection of a Databank
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In figure 12, arequest to the MSC/MVISION databank has been made, and aresult returned. In this casethe "sdlect"
was for the attribute VERSION, with no query attached.

E MSCIPATRAN Version .5 E

File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities RS-Waco PCL Help |f% %ﬁ@ﬂgl

v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot

<1 ] ] e e ) ] [+ [ e e e e ] ] A N R A 2 B
sys_poll_option( 0) [ R T T T e e e
MV Sefection Toof E Instrument Marker

= ]
Databank Name show Description ... |
e |strnhi.des ]
] E correlate.db — defaull viewport - ALL_FEM - Entlly ] -
Available Versions | Select Flight Data... |
Baseline

FHier FHaht Data, |

Gages {43

| W—
=

Cancel

feseal | Attvibules |

apply I Ccancel |

Figure 12 -- First Request to the Databank
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In Figure 13, another request has been sent. The "sdlect” was for attribute FLIGHT_NUMBER, with the query
VERSION_NAME like Basdline.

E MSCIPATRAN Version .5 E

File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities RS-Waco PCL Help |f% %ﬁ@ﬂgl

v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot
ElE AAZILFIAFIEIEG] &
<1 ] ] e e ) ] [+ [ e e e e ] ] oA AN 5 2 2] ] 5
sys_poll_option( 0) T~ T ——
MV Sefection Toof E Instrument Marker
= £ 3
Databank Name show Description ... |
e Istrnhi.des 4
. E correlate.db — defaull viewport - ALL_FEM - Entlly .
. | Select Flight Data.. |
IBaseIine fiiter Flight Data. |
Available Flights 11 Gages (03
9 Al A
11
13
A
ol ]
Cancel
ol I
feseal | Attvibules |
apply I Ccancel |

Figure 13 -- Moving Down the Hierarchy
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In figure 14, the "select” expands further. Now the attribute is RUN_NUMBER, and the query includes
VERSION_NAME like Basdine and FLIGHT_NUMBER = 11.

E MSCIPATRAN Version .5 E

File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities RS-Waco PCL Help |f% %ﬁ@ﬂgl

v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot

<1 ] ] e e ) ] [+ [ e e e e ] ] A N R A 2 B
sys_poll_option( 0) [ R T T T e e e
MV Sefection Toof E Instrument Marker

Databank Name sShow Description ... |

ol

e | |strnhi.des

. E correlate.db — defaull viewport - ALL_FEM - Entlly .

. | Select Flight Data.. |
IBaseIine fiiter Flight Data. |
Flight Number Gages {43}
[11 i

Available Runs

=

'K T, ST N ey

Cancel

feseal | Attvibules |

apply I Ccancel |

Figure 14 -- Viewing Run Numbers
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When arun number is selected, all the strain gauges are listed in the Instrument Marker form. The resultsreturned are
all the strain gauge names, types, XY Z locations, descriptions, and average values (seefigure 15). All datareturned is
automatically selected (highlighted) but any one gauge or any subset can be selected if desired.

E MSCIPATRAN Version .5 E

File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities RS-Waco PCL Help |f% %ﬁ@ﬂgl

v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot

<1 ] ] e e ) ] [+ [ e e e e ] ] A N R A 2 B
sys_poll_option( 0) F ] rem—
MV Sefection Toof E Instrument Marker

Databank Name

ol

Show Description ... |

e |strnhi.des

. E correlate.db — defaull viewport - ALL_FEM - Entlly .

. | Select Flight Data.. |
[ Baseline Filter Flight Data... |
Flight Number || Gages (143/143)
|11 G1 T1 FS 710, STRJA]

G10 T1 F5 719, STR
G11 T1 FS5 99¢. KEE
G12A

G128 T3 FS5 1004, KE
G12C T3 FS 1094, KE
G13 T1 _FS 1225, KE
G14 T1 F5 1225, KE
G1oA T3 FS 1227, KE
G158

G15C

G16A T3 FS5 1237, KE
G16B T3 FS5 1237, KE
G16C T3 FS5 1237, KE
G17A T3 FS5 1245, KE
G17B T3 FS5 1245, KE
G17C 5,
G18 T1 F5 1281, KE
G185 FS 1990, STI

Run Number
[39

5] 5 P A
—
w
bl
w
=
=y
<
hy
h
=
fri

Records: 143

[¥e] 3]

Cancel |

5] ] ] ] ] )
|
wifes
bl bl
wfw
[ =
Nfre
I N
NN
N
a
] Ja]

% P
-
W
bl
0
I
e
A
g
=
fri

(¥ [51]
-
-

56186 T1 F5 1990, STH¥]

R— =
Reset | Attributes |
Apply I Ccancel |

Figure 15 -- Instrument Marker Form Showing Strain Gauge List
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Figure 16 shows the four forms reachable through the Instrument Marker form. Gauges can be tagged with their label
(SG #), their orientation (T-type), their average value (Reading) or any combination of the three. The gauge list can be
filtered by any string or number in their listing, or by X, Y, or Z location.

E MSCIPATRAN Version .5 E '
File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities RS-Waco PCL Help |f% %ﬁ@ﬂgl

v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot

[ s s o 3 0 s e o] e ed o] ] A2 SN 2 B
N e || e ||| v Seleatian Teer ||| dastrament Waker [ ||

ol

Filter
| I~ Tag with Record Name Databank Name show Description ... |
|| JRecord Name |strnhi.des
] E correlate.db - defay - ] JLabel .
1 I ! Wiarsiem Meme Select Flight Data... |
- Orientation 5
I~ Spatial ] IBaseIlne Filter Flight Data... |
Min Max _IReading Flight Number Gages (143/143)
X |500.0 2437.8 |11 5G1 T1_FS 710, SIR]E]
v [Ca4s.784 145784 Marker Type 561011 F5 710, SIR
: : S E Run Number 5611 T1 F5 990, KEE
Z |82.0 400.001 I39 SG12A T3 FS5 1004, KE
= il | e ST e 1%k
1l 18 5Gia___ T1 TS5 1275, KE
B SG195A T3 FS5 1227, KE
i Aooly | cancel | i} warker size SGI5B___T13 F5 1277, KE
SG15C T3 FS5 1227, KE
Ny — Cancel |
arker tolor: ' SGi6E___T3 FS 1237, KE
SGI6C__ 13 FS 1237, KE
SG17A T3 FS 1245, KE
oK SG17C T3 FS 1245, KE
SG18 T1i F5 1281, KE
5G186 T1 F5 1990, STH¥]
e R—

>
=
=2
=
=
c
7
o k.

Reset |

:

Apply I Ccancel

Figure 16 -- All Instrument Marker Sub-Forms
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Figure 17 illustrates afiltered set of strain gauges, with different attributes, applied to the modd.

E MSCIPATRAN Version .5 E

File Group Viewport Viewing Display Preferences Tools insisht Conirol  Utilities

oo /78] | 05|10 5
v Geometry - Finite Elements ~- Loads/BCs - Materials ~- Properties - Load Cases - Fields ~- Analysis - Results - Insight - X¥ Plot

e e e e P P e o] e ed o] ] 2 N 2 5 ] (I A AT L 2 B
repaint_graphics( ) =

MV Sefection Toof E Instrument Marker
= £ 3

Databank Name Show Description ... |
3 t strnhi.des
] E correlate.db — defaull viewport - ALL FEM I ] g
Wiarsiem Meme Select Flight Data... |
[Baseline Filter Flight Data.. |
Flight Number Gages (3/143)
[11 Gz 71 Fs 1405, Wikl
115653 T1 FS 1405, WII
Run Number 11 |5G54 T1 FS 1405, WII
[39

Records: 143

Cancel

S J— >

Reset | Attributes |

Apply I Ccancel |

Figure 17 -- Application of the Markers to the Model

18



The correlation utilities are still in the process of development, but figure 18 shows what their appearance will be.
When complete, the end-user will be able to correlate model results data either in atabular format or graphically.

MSCIPATRAN Version 7.5 '
File Group Viewport Viewing Display Preferences Tools insighi Control  Utilities RS-Waco PCL Help |f% %ﬁ@@

+ Geometry -~ Finite Elements - Loads/BCs - Materials <~ Properties «~ Load Cases « Fields - Analysis - Results +- Insight ~- XY Plot

cIEIEEBEE A +H @] [l el ] el o A SN B 2] ] LA 7 B
ga_view_center_set( 147.344681, 12.601330) P S S B,

Action  Tabulate —

]

Databank Name

Object  Elements —

e |strnhi.des
correlate.db — default viewport - ALL_FEM - Entily

Version Name

Baseline A
I Show Description... |

Flight Number
[11

Select Flight Data... |

Run Number
ED)

Filter Flight Data... |

Gages (143/143)

5G1 T1 FS 710, SIR
S5G10 TL FS 710, STR:
5611 T1 FS 990. KEEI
5G12A T3 FS 1004, KEI
5G12B T3 FS 1004, KEI
SG12C T3 FS 1004, KEI
5613 T1 FS 1225, KEI
5G14 T1 FS 1225, KEI
5G15A T3 FS 1227. KEI
SG15B T3 FS 1227, KEI
5G15C T3 FS 1227_ KEI
5G16A T3 FS 1237, KEI
5G16B T3 FS 1237, KEI
5G18C T3 FS 1237, KEI
S5G17A T3 FS 1245, KEI
5G17B T3 FS 1245, KEI
5G17C T3 FS 1245, KEI
5G18 T1 FS 1281, KEI
56185 T1 FS 1990, STI
56186 T1 FS 1990, ST,
S JR— -

Records: 143

{—

Cancel

e
T #‘II 488 NEEE

Select FEM Results...

7 Auto Execute

A Select Elements

Apply Cancel

Figure 18 -- Corrdate Utilities

Summary

Having planned extensively and clarified the desired end result, devel opment of the MSC/MVISION interface between
MSC/PATRAN and raw flight test data was well organized. Now in placeis a system by which the engineer can
compare MSC/NASTRAN results within the MSC/PATRAN graphical user interface, giving him a clear picture of the
position of strain gauges on the aircraft and their measurements for various flight conditions and maneuvers. Graphical
and tabular correlation isalso in progress, but already the end-user can make sufficient comparison to determine
whether the aircraft to be modified is accurately modeled. A comparison of the modified mode with data collected
after the modification is made will enhance the process of FAA certification for the modified aircraft. This
methodol ogy can be used for any model for which test data has been collected, giving engineers detailed indication of
the quality of their models.
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