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FOREWORD

This report was prepared by the Lockheed-California Company under
Contract DTFA03-84-C-00004. The report contains a description of the effort per-
formed as part of Tasks I1, 111 and IV and covers the period from January 1984
to September 1934. The work was administered under the direction of the

Yederal Aviation Administration with L. Neri acting as Technical monitor.

The program leader was Gil Wittlin of the Lockheed-California Company.
M. A. Gamon and W. L. LaBarge of the Lockheed-California Company refined pro-
gram KRASH. P. Rohrer of the Lockheed-California Company provided valuable

computer programming support. The Lockheed effort was performed in the Flutter

and Dynamics Department.
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TECHNICAL SUMMARY

This document describes program KRASH as modified under Contract
DTFAD3-84-C-00004. The updated version is denoted KRASHB5. This document is
a User's Guide and defines the input and output formats appropriate for

KRASHS8S.
Features that are incorporated into KRASH85 include:
e An improved plastic hinge moment algorithm
e Gear-oleo metering pin coding
e Load-interaction curves
e An expanded initial conditions subroutine (combined with NASTRAN)
e A comprehensive energy balance

e Center of gravity (c.g.) displacement, velocity, acceleration
and force time histories

e Revised vertical beam orientation coding

e Provision to save data for post-processing i.e., acceleration,
mass location and forces

e Provisions to input preprocessed data

e A corrected uncoupled KR curve unloading/reloading algorithm

e Provisions to define a tire spring (remains normal to the ground plane)

e Provisions to number the masses in an arbitrary sequence

e An option to compute section shear and moment distributions
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EXECUTIVE SUMMARY

'+ Program KRASH, originally developed under Federal Aviation Administration sponsor-

ship for predicting the response of general aviation airplanes to an impact
environment, has been enhanced to include features that would facilitate the

modeling of transport category airplanes.

This document is the User's Ggide which

defines the input and output formats appropriate for this new version of ,Program

KRASH known

as KRASH 85.
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SECTION 1

INTRODUCTION

Program KRASH, developed under a previous Federal Aviation Administration

(FAA) sponsored contract DOT-FA75-WA3707 has been in the public domain since

1979.

In subsequent years changes to enhance its usage have occurred.

Recently, KRASH has been applied to modeling transport airplanes for impact

conditions. Many of the recent program changes that have occurred are designed

to facilitate modeling transport airplanes. The following modifications have

been incorporated into KRASH85 and used recently to model transport category

“aircraft:

Improved plastic hinge moment algorithm
Gear oleo metering pin

Load interaction curves

Expanded Initial Condition Subroutine

Arbitrary numbering of lumped mass points

Other modifications provide general enhancement capability and include:

Comprehensive energy balance

Computation of c.g. time histories

Revised vertical beam orientation coding

Post Processing of data, i.e., acceleration, mass location and forces

Corrected uncoupled KR curve unloading/reloading algorithm

In addition, miscellaneous coding corrections have been made. The current

version is denoted KRASHS8S.

This document is the User's Guide and is limited to a descriptinn of the

input-output format for KRASHS85.

1-1
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SECTION 2

USER'S GUIDE

2.1 OVERALL KRASH85 ANALYSIS SYSTEM

The overall KRASH85 analysis system consists of two separate KRASH programs
called KRASHIC and KRASH85, plus a NASTRAN program denoted herein as MSCTRAN.
The NASTRAN program used in this system is MSC/NASTRAN Version 63 (iAug 1, 1983).
KRASHIC and MSCTRAN are used only if balanced initial conditions are required;
KRASH85 is the normal KRASH time-history program. If KRASHIC and MSCTRAN are
not used, then at time zero the beams in the analytical model will all have
zero internal deflections and loads. The model will be located just above the
ground and in the proper attitude, as specified in the input data. This initial
halance is acceptable for certain types of problems, primarily those in which
the aerodynamic loads on the vehicle are zero. For that situation, the lumped
masses in the model are all accelerating downward at 1g-(free—falling), and

the internal beam loads and deflections are actually zero.

[ nonzero aerodynamic forces are present, then the initial beam loads
and deflections are not zero. Nevertheless, execution of KRASH8S5 by itself
will automatically set the beam loads and deflections at zero. If this is
done with nonzero aerodynamic forces, the system will be out of balance at
tirme zera. In this situation, the dynamic response will be the result of

two phenomena:
e Dvnamic response to the ground impact
e Dvnamic response to the initial imbalance

The latter response is not desired, and can obscure the desired response
or confuse the interpretation of the output data. The proper solution of this
problem requires that the analytical model be in equilibrium at time zero with

nonzero internal beam loads and compatible deflections.

2-1
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This is essentiallv a straightforward static loads analvsis problem.

NASTRAN is used to solve the statics problem, and KRASHIC is used to read
KRASHBS5 input data and convert it into NASTRAN Executive Case Control and Bulk
Data Decks. Figure 2-1 shows a flow diagram for the overall KRASH8S analvsis

svatem.  The options available to the user include the Tollowing:
I. Run step 1 onlv (program KRASHIC)
. dterate steps 1 and 2, N times (user-specitfied)
3. lterate steps 1 and 2, N times, then run step 3 (KRASH85)
4. Run step 3 (KRASH85) onlvy

The most general case is option 3. The iterations are required for the
tollowing reasons.  The static solution used in MSCTRAN is Rigid Format 24,
viiich is a small detflection linear static analvsis. This method actuallvy
assunes ero deflections for the purposes of calculating transtormation
patrices tor transtorming beam loads from beam element axes to the global
axis svstem, which in this case are airplane axes. Therefore, if the deflec-
tions from MSCTRAN are used to relocate the KRASH85 mass points, the KRASH35
calcvulated beam loads will be proper in beam axes, but when resolved to mass
axes will vield a svstem that is out of balance (since KRASH85 does not assume

the detlections are zero when calculating the transformation matrices)

Ihe solution to this problem s to iterate steps 1 and 2, using the
cateatoted detlections rom MSCTRAN to relocate the mass and rode points in
KRASH ot each step.  Satisfactory converygence Is achieved alter about six
flterations, ond additional accuracy can be achieved by using up to ten itera-
ticns,  Bevond ten iterations, no turther improvement in accuracy can be
achicved Jdue to the Timitations in the number of divits that are written to

the Jdata sets that torm the input and output of MSCTRAN.
Fire RRAST analvsis svstem shown in figure 2-1 is implemented through
o Contre! Lansuave GO . A job o submittal using option 3 with six itera-

tiops causes a total ot 13 sequential jobs to be executed (6 KRASHIC, 6 MSCTRAN

and TOKRASHES) . While this mav sound rather expensive, a tyvpical case
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USER SPECIFIES WHICH OF
FOLLOWING ANALYSIS STEPS T0
PERFORM, OPTIONS ARE:

® RUN STEP 1 ONLY

® (TERATE STEPS 1 & 2 ONLY
® |TERATE STEPS 1 & 2,

THEN RUN STEP 3
® RUN STEP 3 ONLY

'

LA RAA & Cah AR i M

RUNPROG KRASHIC STEP 1 .
® INPUT — XYZ.DATA (BASIC KRASH85 INPUT DATA SET, }
SPECIFIED BY USER) ]

> e OUTPUT — XYZ.NASBLK.DATA (NASTRAN EXECUTIVE, CASE CONTROL
AND BULK DATA DECK GENERATED
BY KRASHIC)

@ UPDATE 1 — USER SPECIFIED CHANGES TO KRASHIC CODING

'

RUNPROG MSCTRAN STEP 2

(ITERATE N TIMES)

LTI T T Y VY

® INPUT — XYZ.NASBLK.DATA (NASTRAN EXECUTIVE, CASE
CONTROL AND BULK DATA DECKS, GENERATED IN
STEP 1 BY KRASHIC)

® QUTPUT — XYZ.NASQUT.DATA {DATA SET CONTAINING GRID POINT
DISPLACEMENTS AND ROTATIONS, GENERATED BY MSCTRAN)

+

RUNPROG KRASH85 STEP 3

P B S NS v )

® INPUT 1 — XYZ.DATA (SAME AS IN STEP 1)
2 — ACCEL INPUT DATA SET (OPTIONAL)

3 — EITHER XYZ.NASOUT.DATA FROM STEP 2 :

OR ABC.DATA IN USER'S FILE !

el 4k

OR NOTHING 1
® UPDATE 2 — USER SPECIFIED CHANGES TO KRASH84 CODING 1
END

FIGURE 2-1. OVERALL KRASH85 ANALVSIS SYSTEM
2-3
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1

(21 mass/27 beam, '; airplane model) requires only about seven seconds per

iteration on an IBM 370/3081, so that the iterated balanced loads can be

determined in less than one minute., The JCL is set up so that data wets
TYZ.NASBLKLUDATA and ¥YZ.NASOUT.DATA are gencrated and named automaticairlv, so

the process is essentially invisible to the user.

Step 3 (KRASH85) can be executed separately using option 4. When this
is done, the user has a choice of what to do for initial conditions. He can
spec ity any data set in his librarv, or use nothing at all. The latter
corresponds to the mode of execution for prior versions of KRASH. Once an
initial condition data set (XYZ.NASOUT.DATA) has been generated, the user can
execute step 3 onlyv while specifving XYZ.NASOUT.DATA tor initial conditions.
This will give a valid initial balance as long as modifications to the basic
data seot (XYZ.DATA) are restricted to items that do not affect the initial

balance.

The static loads problem could have been solved entirely within prosram
KRASH, avoiding the complexity of achieving the svstem shown in figure 2-1
with JCL. However, the technique chosen has the advantape of automatically
venerating a NASTRAN model from a given KRASH Model. Since XYZ.NASBLK.DATA
is a complete NASTRAN input data set in the user's librarv, the user can
vasily edit this data set to exercise other NASTRAN capabilities. Examples
of otiter NASTRAN features that could prove usetul include eigenvalue

calevtations and model plotting.

Figure 2-2 is a copy of the informaton displaved on a computer terminal
during an option 3 run submittal. The items enclosed in rectangular brackets
are the user responses. These are now discussed in detail. Some of the
comments are of necessity applicable onlv to the Lockheed IBM 370/3081
installation, but are included to give some perspective on an actual appli-

cation,

User Response Description
e ————————
runproy krashi x(1) This is the initial command to invoke
the Krash analvsis syvstem in Fig-
ure 2-1.
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[runprog 26489 x(1) 1

ENTER TIME

ENTER LINES

WOULD YOU LIKE EXPRESS, STANDARD
OR DEFERRED(VERNIGHT) T"RNAROUND
FOR YOUR JOB? ENTER E, S UR D

Enter number

1 run KRASHIC onlv

2 iterate KRASHIC and MSCTRAN only

3 iterate KRASHIC and MSCTRAN, then run KRASH85
4 run KRASH85 only
Enter name of input data

[b720 iciter data

Enter the number of times to cycle through
KRASHIC and MSCNASTRAN

print execution results only for
the last iteration? (Y/N)

are you using B720.ICITER.NASOUT.DATA
with the input data for the lst iteration? (Y/N)

KRASHIC ITERATION #1

ILf temporary source changes then enter name
of PAN updata data set.
If none hit enter.

| kic.kvb.data]

Suppress compile listing 7 (Y/N)

KRASHMSC ITERATION # 1
KRASHIC ITERATION # 2
KRASHMSC ITERATION # 2

FIGURE 2-2. SAMPLE KRASH85 JOB SUBMITTAL (SHEET 1 OF 2)
2-5
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KRASHIC ITERATION # 3
KRASHMSC ITERATION # 3
KRASHIC ITERATION # 4
KRASHMSC ITERATION # 4
KRASHIC ITERATION # 5
KRASHMSC ITERATION # 5
KRASHIC LTERATION # 6
KRASHMSC 1TERATION # 6
KRASHIC ITERATION # 7
KRASHMSC ITERATION # 7
KRASHIC LTERATION # 8
KRASHMSC ITERATION # 8
KRASHIC ITERATION # 9
KRASHMSC ITERATION # 9
KRASHIC ITERATION # 10
KRASHMSC ITERATION # 10

KRASH84

is this a checkpoint/restart run? (Y/N)

If temporary source changes then enter name of
update data set
If not then hit enter

[k83.icrc.da§§]

HIT "RETURN" KEY IF NO DATA SET:
(A) enter name of 2nd input data set of MASS ACCELERATIONS

(b) enter name of output data set of MASS ACCELERATIONS

9
. (¢) enter name of MASS and/or NODE POINT DISPLACEMENTS
[ DSC (GRAPHICS POST PROCESSOR DATA)
i‘ How many copies of the printed output do you want?
{ 1
b
} SUPPRESS COMPILE LISTING ? (Y/N)
y
1 JOB E4343671. SUBMITTED BY USER E434367
READY

FIGURE 2-2. SAMPLE KRASH85 JOB SUBMITTAL (SHEET 2 OF 2)
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User Response Description

10 Time limit for run = 10 minutes (actual
execution time was less than three
minutes)

50 Output print limited to 50000 lines

(actual output is 21000 lines, about
1.5 inches thick).

d Overnight (deferred) turnaround
requested. (For runs less than 10
minutes, express turnaround is
allowed. Results available within one
to two hours).

3 Cption 3 is chosen,

B720.ICITER.DATA Basic KRASH85 input data set. This
corresponds to XYZ.DATA in figure 2-1.

10 Number of iterations of steps l and 2.

v Printout of KRASHIC and MSCTRAN is

suppressed for the first nine itera-
tions. Only the results for the last
iteration are printed. Considerable
output print will be generated if the
results for all iterations are printed.
(y = yes)

n 1t is possible to start the first
iteration with an existing data set
of NASTRAN output deflections. For
example, five iterations could be run
at one time, and five more at a later
time. This option was not invoked for
this example. (n = no)

kic.kvb.data This is the name of a PANVALET update IS
data set which is used to revise the
source code for KRASHIC. If no revi-
sions are specified, then hit carriage
return (CR).

v A compiled listing of the subroutines
changed in the previous step can be
obtained. 1In the example, the listing
is suppressed. (y = yes)

- The terminal displays KRASHMSC ITERA-
TION #1, etc., as the JCL for the
sequential runs is being generated.

n ' The checkpoint/restart capability of
KRASH85 is not used for this run.
(n = no)
2-7
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User Response Description

kd33.icre.data This is the name of a PANVALET update
data set which is used to revise the
source code for KRASH85. If no revi-
sions are specified, then hit carriage
return (CR).

DSA In the example shown, the CR was hit
DSB for each of these, so no data sets
NS were specified. DSA, DSB, and DSC

are indicated here to illustrate
where these are specified in the
input. DSA, DSB, and DSC are des-

cribed in the input format description. .
] One copy ot the output print requested.
v A compiled listing of the subroutines

of KRASH85 that are revised can be
obtained. In this example, the list-
ing is suppressed. (v = ves)

The KRASH85 analvsis system described herein is capable of achieving a
halaneed set of initial conditions only tor the situation where the airplane
starts completely of £ the ground. I anv part of the airplane is initially
in contact with the pround (anv external springs initially deflected), the

current code camnot balance the airplane.
. INIU

he input data format is de crited in detail in this section and is
shown in table 2-1 and figure 2-3. Table 2-1 gives a quick overview of the
input Jdata sequence, while figure 2-3 is a complete tavout of the input data
rormat . The data Jdiscussed in this section correspond to XYZ.DATA in Sec-
tion 2.1, Unless otherwise specified, all quantities are input to inch,
pound, second, and radian units.  Two formats are used for the majority of
the data; 7E10.0 tor tixed-point and scientific-notation input, and 15 for
intecers.  As an exmaple of the former, the number 126,08 can be input in

the tollowing wavs:

{
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TABLE 2-1.

KRASH INPUT FORMAT SEQUENCE

Card Required (R} Card Identifier is
Sequence or Type Specified on
No.(s) Optional (0) Identifier Card No. General Description of Data

10-170 R - - Title, case control, initia! conditions

200 R NM 40 Mass data

300 0 NNP 40 Node point data

400 0 NTAB 10 Acceleration transfer correspondence data

500 0 NMSAV 80 Mass acceleration save data

600 0 NNPSAV 80 Node point acceleration save data

700-800 0 NSP 40 External spring data

900 R NB 40 Internal beam data

1000 0 NMTL 40 Material data

1100 0 NPIN 40 Beam pinned-end and plastic hinge data

1200 o NUB 40 Unsymmetrical beam data (axial onty)

1290-1500 0 NOLED 40 Oleo type beam element data

1600 R - - Internal beam damping ratio

1700 0 ND 40 Non-standard internal beam damping ratios

1800-1900 0 NLB 40 Nonlinear beam data (KR tables)

2000 0 mvp 40 Mass penetration volume definition

2100 0 NDRI 40 Dynamic Response index (DR1) definitions

2200 0 NVCH 40 Volume change data

2300 0 NVBM 50 Non-standard maximum positive beam deflections.

2400 1] NVBMN 50 Non-standard maximum negative beam deflections.

2500 0 NFBM 50 Non-standard maximum positive beam loads

2600 0 NFBMN 50 Non-standard maximum negative beam loads

2700 0 NSCV 60 Sign convention vectors for load-interaction curves

2800-3000 0 NLIC 60 Load-interaction curve data

3100 0 NHI 50 Non-zero mass angular momenta, lift constant, or
inertia cross products

3200 0 NPH 50 Non-zero initial mass orientation Euler angles

3300 0 NAERO 50 Mass aerodynamic data

3400-3500 0 NACC 40 Mass acceleration or load input time-histories

3600 0 NKM 50 Direct input of beam stiffness matrices

3700-3800 0 NPLT 140 Position plot data

3900 0 NMEP 140 Mass point printer plot data

4000 0 NNEP 140 Node point printer plot data

4100 (4} NBFP 140 Beam loads printer plot data

4200 0 NBDP 140 Beam deflection printer plot data

4300 0 NSTP 140 Beam stress ratio printer plot data

4400 0 NSEP 140 External spring load/defiection printer plot data

4500 0 NENP 140 Beam strain/damping energy printer plot data

4600 0 NDRP 140 DR! printer plot data

4700 R - - End of data set card
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