
A-flift 961 KR SN 85 USER'S GUIDE - INPUT OUTPUT FO UNT(U) 
113

LOCKHEED-CALIFORNIA CO BURBANK M A OANON ET AL. JUL 95

UNCLSSIFIED L-77 O/RCT01 D F /S-3C900 I 1/3 NL



1111- ~613.2 111122

IIIIIIL25

1111111111I.-

MICROCOPY RESOLUTION TEST CHART
NATtONAL. BUREAU OF STANDARDS - 963- A

we



DOT/FAA/CT-85/10 KRASH 85 User's Guide 
Technical Center
Atlantic City Airport, Format
N.J. 08405 Input/Output F r a

I-°

0

1'" Max Gamon
(0 Gil Wittlin

Bill LaBarge

I Prepared by
Lockheed-California Company
Burbank, California r IC

NOV 27 1M
July 1985 r

Final Report

This document is available to the U.S. public
through the National Technical Information
Service, Springfield, Virginia 22161.

L-L

U.S. Department of Transportation

_Federal Aviation Administration

S. -.. ........... ., •........... .. . . ..... •.-

. .- .- . ..-..- -..-....-. .- .. .. --.... •-.,. - .. - .. ... . .. " -;-'- i- .2.' .i." .- ... , . 7-2,.-. -. ,'-- ".,-". -. ;-.



NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for the contents or use thereof.

The United States Government does not endorse products
or manufacturers. Trade or manufacturer's name appear
herein solely because they are considered essential to
the object of this report.



- . . - -, . • . .. - . r- - '~ - -r

SH, rt No 2. Government Accession No. 3. Recipient's Catalog NoAI-& gO, 1_______

1,1:le snd Subtt:e 5. Report Date

ic\SH85 USER'S GUIDE - INPUT/OUTPUT FORMAT July 1985
6. Performing Oiganization Code

- Author(s) 8. Performing Organization Report No

v j. A. (;monl, (;. WiLtllii, and W. L. LaBarge LR 30777

10. Work Unit No.

I Perforning Organization Name and Address

l.ockheed-California Company 11. Contract or Grant No.
r. .rbank, CA. 91520 DTFA03-84-C-00004

13. Type of Report and Period Covered

"" Sxunsoring Agency Name and Address FINAL
Jan. 1984 - Seipt. 1984

. s. Department of Transportation 14. Sponsoring Agency Code
-edcral Aviation Administration, Technical Center
.\tlantic City Airport, NJ 08405

S 5upplementary Notes

* Abstr act

This document describes program KRASH as modified under Contract DTFA03-84-C-00004.
-pdated version is denoted KRASH85. This document is a User's Guide and defines
*. n-ut and output formats appropriate for KRASH85.

oatures that are incorporated into KRASH85 include:

An improved plastic hinge moment algorithm

.Gear-oleo metering pin coding'
j

Sload-interaction curves

1 An expanded initial conditions subroutine (combined with NASTRAN)

* A comprehensive energy balance,

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

* Revised vertical beam orientation coding,

* ?rovision to save data for post-processing i.e., acceleration, mass location
arsdr forces

Pr,•isioi:s to input preprocessed data

f A corrected uncoupled KR curve unloading/reloading algorithm

r--I ' ons to define a tire spring (remains normal to the gr-und plane)

•"Provisions to number the masses to an arbitrary sequence

" A:i option to compute section shear and moment distributions

Ke, Words (Suggested by Author(s)) 18. Distribution Statement
milutter program, KRASH, crash dynamics, This document is available to the U.S.

i. ainlinear analysis, hybrid approach, public through the National Technical
.iircraft, transport airplanes, general Information Services, Springfield,
4-iition aircraft, rotary wing aircraft, Virginia 22161

* ",,.STRAN

.. ur,ty Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price'

(;I ASSIFLED UNCLASSIFIED 223

For sale by the National Technical Information Service, Springfield, Virginia 22161

............ %



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 II, III and IV and covers the period from January 1984

t,, September 1934. The work was administered under the direction of the

1:ederal 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

DTFA03-84-C-00004. The updated version is denoted KRASH85. This document is

a User's Guide and defines the input and output formats appropriate for

KRAS 1185.

Features that are incorporated into KRASH85 include:

* An improved plastic hinge moment algorithm

* Gear-oleo metering pin coding

* Load-interaction curves

* An expanded initial conditions subroutine (combined with NASTRAN)

* A comprehensive energy balance

* Center of gravity (e.g.) displacement, velocity, acceleration

and force time histories

" Revised vertical beam orientation coding

" Provision to save data for post-processing i.e., acceleration,

mass location and forces

* Provisions to input preprocessed data

* A corrected uncoupled KR curve unloading/reloading algorithm

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

* 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 Guide 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 hava 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

e 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 KRASH85.

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

input-output format for KRASH85.

1-1
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SECTION 2

USEn'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 (.,ug 1, 1983).

KRASH[C and MSCTRAN are used only if balanced initial conditions are required;

KASH85 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

kalance 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 lg (free-falling), and

the internal beam loads and deflections are actually zero.

P_ nonzero aerodynamic forces are present, then the initial beam loads

and deflections are not zero. Nevertheless, execution of KRASH85 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

time zero. In this situation, the dynamic response will be the result of

two phenomena:

* Dynamic response to the ground impact

e Dynamic response to the initial imbalance

The latter response is not desired, and can obscure the desired response

or confuse tho interpretation of the output data. The proper solution of this

problem requires that the analytical model be in equilibrium at time zero with

nonzero intornal beam loads and compatible deflections.

2-1
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This is essentially a straightforward static loads analysis problem.

* NASTRAN is used to solve the statics problem, and KRASItlC is used to read

- KRASHl85 input data and convert it into NASTRAN Executive Case Control and Bulk

Data 1)ecks. Figure 2-1 shows a flow diagram for the overall KRASH85 analysis

s"ystem. ie options available to the user include the following:

1. Run step I only (program KRASHIC)

Iterate steps I and 2, N times (user-specified)

3. Iterate steps 1 and 2, N times, then run step 3 (KRASH85)

.4. Rnui step 3 (KRASH85) only

Ie most general case is option 3. The iterations are required for the

iollowing reasons. The static solution used in MSCTRAN is Rigid Format 24,

xui cMi 1, a small deflection linear static analvsis. This method actually

* asustlmo uro def1e!tions for the purposes of calculiating rransiormation

en t r ices teor traisiorming beam loads from beam element axes to the global

ax is 4Ystem, which in this case are airplane axes. Therefore, if the delflec-

t ions from MSCTRAN are used to relocate the KRASH85 mass points, the KRASIt35

calculated beam loads will be proper in beam axes, but when resolved to mass

axes will 'ield a system tbat is out of balance (since KRASIH85 does not assume

*' lilt, de olections are zero when calculating the transformation matrices)

Fe solution to this problem is to iterate steps 1 and 2, using the

alit it ted dei lect ions :rom MSCIRAN to relocate the mass and node points in

Kt-ASI at each step. Sat isfactorv convergence is achieved after about six

ierLtiloIs, aTd additional accurac can be achieved b using up to tein ieni-

L.1. t\o d Lon ite t ,rat nols o i tier imiproeVtito {it ii Lccutira cv can be

,toiticx d Inc to th l vi itions in the ntirmber of di ,its that are written to

thc dtai sots that irT the itput arid out put of .MSC IRAN.

iiC KR.\SJl titl I v sis SVS;tL Slow in figure 2-I is iMpIcmerIted thlttti '£lt

) (. r'itr,. l.a t.i'i ( !tI.. \ io stibittal tising option 3 with six itera-

t is atisCs a total ,1 1; sLiticit ial lobs to be executed (6 KRASIIC, 6 .SCIRAN

and I KRASH83). iii Ic ttis av soiil r ther expensiv'e, a typical case

. ."
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USER SPECIFIES WHICH OF
FOLLOWING ANALYSIS STEPS TO
PERFORM, OPTIONS ARE:

" RUN STEP I ONLY
* ITERATE STEPS I & 2 ONLY
* ITERATE STEPS 1 & 2.

THEN RUN STEP 3
0 RUN STEP 3 ONLY

AND BULK DATA DECK GENERATED
BY KRASHIC)

0 UPDATE 1 - USER SPECIFIED CHANGES TO KRASHIC CODING

I-I

r RUNPROG MSCTRAN STEP

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

" OUTPUT - XYZ.NASOUT.DATA (DATA SET CONTAINING GRID POINT
DISPLACEMENTS AND ROTATIONS, GENERATED BY MSCTRAN)

RUNPROG KRASH85 STEP 3

" INPUT 1 - XYZ.OATA (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
OR NOTHING

" UPDATE 2 - USER SPECIFIED CHANGES TO KRASH84 CODING

FIGLTRE 2-1. OVERALL KRASH85 ANALYSIS SYSTEM

2-3



(21 mass/27 beam, airplane model) requires onlv about seven seconds per

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

determined in less than one minute. '[he JICL is set ip so that datal ,-e ts

::'YZ.NASBI.IK.DATA and XYZ. NASOUT.DATA are gene rated and named automatic,,lI v, so

the process is essentially invisible to the user.

Step 3 (KRASH85) can he executed separately using option 4. When this

is done, the user has a choice of what to do for initial conditions, lIe can

specit\- any' data set in his I ibrarv, or use nothing, at al I. The latter

corresponds to the mode of execution for prior versions o1 KASt1. Once all

'Int ia 1 condition data set (XYZ.NASOUT.DATA) has been generated, the user can

execute en,.1 3 Onlv while specifying XYZ.NASOIT '.DATA for initiala condit ions.

This will give a valid initial balance as long as modifications to the basic

data set (XYZ.DATA) are restricted to items that do not affect the initial

balance.

ilie static loads problem could have been solved entirely within pro:,,ram

KRASII, avoiding the complexity of achieving the system shown in figure 2-1

wi L Ii CL. However, the technique chosen has the advantage of automatically

* cenerat in,,, a NASTRAN model from a given KRAStt Model. Since XYZ.NASBLK.DATA

is i complete NASTRAN input data set in the user's library, the user can

* esiev idit this data set to exercise other NASTRAN capabi I i ties. Examples

oi ,ther NASTRAN features that could prove useful include eigenvalue

Calc,"ilations and model plotting.

Figure 2-2 is a copy of the informaton displaved on a computer terminal

d(urin: , an option 3 run submittal. The items enclosed in rectangular brackets

are the usLer responses. These are now discussed in detail. Some of the

coT mments are of necessity applicable only to the Lockheed IBM 370/3081

"- instA lation, but are included to give some perspective on an actual appli-

cat lol,,l

Usur Response Description

runpr(g krashi x(I) This is the initial command to invoke
the Krash analysis system in Fig-
tire 2-1.

2-4



1runprog P6489 x(l)

ENTER TIME

ENTER LINES

501

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

Enter number

I run KRASHIC onNv
2 iterate KRASHIC and MSCTRAN only

3 iterate KRASHIC and MSCTRAN, then run KRASH85
4 run KRASH85 only

Enter name of input data

ib720 iciter data]

Enter the number of times to cycle through
KRASHIC and MSCNASTRAN

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

El
are you using B720.ICITER.NASOUT.DATA

with the input data for the 1st iteration? (Y/N)

KRASHIC ITERATION #l

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

kic.kvb.data

Suppress compile listing ? (Y/N)

El
KRASIIMSC ITERATION # 1
KRASHIC ITERATION #I 2
KRASHMSC ITERATION # 2

FIGURE 2-2. SAMPLE KRASH85 JOB SUBMITTAL (SHEET I OF 2)

2-5
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KRASH.C ITERATION # 3
KRASHMSC ITERATION # 3
KRASHIC ITERATION # 4
KRASHMSC ITERAION # 4
KRASHIC ITERATION #I 5
KRASHMSC ITERATION # 5
KRASI-lC ITERATION # 6
KRASHMSC ITERATION # 6
KRASHIC ITERATION # 7
KRASHMSC ITERATION # 7
KRASHIC ITERATION # 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.datal

HIT "RETURN" KEY IF NO DATA SET:

(A) enter name of 2nd input data set of MASS ACCELERATIONS

(h) enter name of output data set of MASS ACCELERATIONS
FD B

(c) enter name of MASS and/or NODE POINT DISPLACEMENTS
(GRAPHICS POST PROCESSOR DATA)

How many copies of the printed output do you want?
1

SUPPRESS COMPILE LISTING ? (Y/N)

y
.OB E434367L SUBMITTED BY USER E434367

READY

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

2-6
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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 Option 3 is chosen.

B720.1CITER.DATA Basic KRASH85 input data set. This

corresponds to XYZ.DATA in figure 2-1.

10 Number of iterations of steps 1 and 2.

Y 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 It 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 a
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. In the example, the listing

is suppressed. (y = yes)

The terminal displays KRASHMSC ITEPA-

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



User Response Description

k813. i crc . data This is the name of a PANVALE'! update
data set which is used to revise the
source code for KRASH85. If no revi-
sions are specified, then hit carriage
return (CIZ)

In tile examplte shown, the CR was hit
1)511Ifor each of these, so no data sets
fl~iwere spec i f led . PSA, I)SB , and 1)SC

are indicated here -o il1lust rate
where these are spec i fied inl the
inlpuit . DSA, l)SB, and DSC are des-

c r ibed in thlt, input formiat d es r ip t ion.

01ne copy of tile oultput pr n t reques ted.

A co0inpii)Led I is t ilng Of the slibr-out i nes
of KRAS1185 that are revised can be
obtained . In this ex.ample, "Ile I ist-

i, is supprese.(v=e)

The KILASI185 analysis system described herein is capable of achieving a1

hxi aIic seII d ,'t of1 if) it i a I c'ondkitions ,L for thle s3ituation where tile airplane

rirs~oyI e.tel1V off t-hel gr-oundC. If tn- plIVart of the airplane is initially

o cot tw i th thle ground (anyv ext ernial, springs inlitial.1 vCle flee ted) , the

ctli uronl tOi coeCaviii t lxi lanIce tile ai rpI ane10

l(i ipu dta formIlat is (It 'led inl detailt inl this sect !in and is

s nin table 2-1 and figure 2-3. Table.1 )-I "iV yes a qii ck overview oif 'L te

iillt LIt scjiien01Ce, Whli le figure 2-3 is a1 comp e)1te lavoliit Of thle inut data

I i t . W l~ltta d 1 setissed in tlis section correspond to XYZ .DATA in Sec-

io 2.l I . InPO ssother1wise pcif1e al1l cIluant it tes areL iniput to inch,

1),11111d, seconld, and( rad lianl on its-. I wo foirma ts are uised for thle mnajor itv of

tIle di /;1L10.0 lor' Ii ed-poijut Mid sc ientif iC-nott i iOl inpult, and 15 for

in !tL's'.'I. A\Sa All a O II,1]C Of theC Formlei-, the numb11er 126.08 Canl be input in)

tie ! Il Ilo& i W\'sV,

2-8
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TABLE 2-1. KRASI1 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, initial conditions

200 R NM 40 Mass data

300 0 NNP 40 Node point data

400 0 NTAB 70 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 0 NUB 40 Unsymmetrical beam data (axial only)

1290-1500 0 NO LED 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 Indqx (DRI) definitions

2200 0 NVCH 40 Volume change data
2300 0 NVBM 50 Non-standard maximum positive beam deflections.

2400 0 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 0 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/deflection printer plot data

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

4600 0 NDRP 140 DRI printer plot data

4700 R - End of data set card

2-9



0 0A

20,

00 Il I-

4 U

82 6-

> 0 * *

2 tA
muA

'--4

~12

0 Lr)
0c

uJn

Its

-
-A

'U

4 C-P---q 77

44

>U 40

cy- ~ ~ a va



_ _ _ -' - --ie--- - -

- - 0

U

x 0

82
01

4F

C4

Iu3z -Jo

al-

;Z-1 1-=1



0r 0

101

00

crj

Ul

I7

*~ I-
*l Z

0

I-4

I-4

IN-12



cl t 1 ! 1a0I4

- Vil

to ww

00

UU.C

500

zz

I J.

ig 0

40

B.-n

4C
0 C4

-T N 4

Z-1 Ln ->I :

Ml GI

I-.o

2-I

2 - 1 1



ie 0' l e - - -

ww -

~lnL
0 .

* N NN - - - - - -L

* 20 N0

u2-
ww

4K~ 
_

0

- rr

uJu

b-AA

4L

-9-

2-S-4

*7 * * * * *


