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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 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
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(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
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: 1t: I t I it II l t I I in11 t il. I i LIi. d it i t he I 1 in5 i 1 t L r I m at, t1l, il i ]Itr

I St ' t II , i iL SLk (iIIiCt C 11lUi11)(i S ShOi0\ ll i c I 1 ) t7 I t/ 1 ,1b i 8(0

al 1 1 Ili. ItI I . tr IILe l tSL S I hit l t Si l dtOCimLt'ont , lilt u IiiuWtt;l] (LI ci;j r-14

Vll I '\ I IIIW1' 0i 111 S lleI , o r no0 1liilh)ers at aIll, iS I tll2 [15- (I, I a

i t I -, r , r ,rdcr.

-C.1 ;ll j 1tV,! i- i t CMstlmS (figure 2-4) are tc sL;1)li Ihcd to laci i-

Lt tiFt Vit I 'it iii , equitIons 'o r tie matioeLaI I Li C m1di . li. In1put CLI: j

tsr ipt in I i i ai 1 te ojprolr iate coordinate syst eiis to h) e u.se(.

I-;l1lld I(10 Itli1laLt' SV Lste'.l). - This- is a r ig1th-handed coIIrd iate sVL-!ln
I i:.cd i n t he rotllld wi tih tiue origin at p i tnt O in figure 2-4. lh

.:-::is is posit ie orward, the v-axis i.s p)osit i' , to( tile r i,-tt, and

t :-a: is is posit ive do wnward. The X,-p lane (Z = 0) CO-r, IsLtOnlds LO
t lic rktiil slti r iiita e. The ground coordi eate s\ster i s c0i,-idL red an
iicrt ial coordinate svstel for writing the dynlamic eqliit i,1 f01 otion.

" Slope Coordinate System. - This is a right-handed coordinate system
fixed in the ground with the origin at point 0 as shown in fig,-uri, 2-4.
The x-axis is positive forward up the slope, the y-axis is positive

to the right, and the z-axis is positive downward and perpendicular
to the slope. This coordinate system is the same as the ground coor-

dinate system rotated through an angle 'beta', positive clockwise
about the ground y-axis. The xy-plane represents a plane inclined
at an angle 'beta' with respect to the horizontal ground plane.

'Beta' is a constant input angle that can range from zero to ninety
degrees.

" Airplane Coordinate System. - This is a left-handed coordinate system
fixed with relation to the airplane with the origin at point H in fig-

, -+. The x-axis is positive aft, the y-axis is positive to the left
when looking forward, and the z-axis is positive upward. The origin at

point H corresponds to zero fuselage station (FS = 0), zero buttline
(BL = 0), and zero waterline (WL = 0). This coordinate system is used

only to input the location coordinates of the mass points and massless
node points since the coordinates of the points are usually available
in terms of fuselage station, buttline, and waterline.

" Center-of-Gravity Coordinate System. - This is a right-handed coordinate
system fixed with relation to the airplane with the origin at the ve-
lli'l t , c.g. , poilt (. The x-axis is positive forward, the v-axis is positive

to the right when looking forward, and the z-axis is positive downward.

These axes are parallel to the airplane coordinate system axes.
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* Mass Point Coordinate System. - Each mass point has its own ri ght-hinded
coordinate system fixed with relation to the mass point. The initial
orientation of each of these coordinate systems is arbitrar and is
specified by means of three input Euler angles for each mass point
relating its initial orientation to the center-o f-gravity coordinate
system since the inertia data are generally available about these axes
and the three input Euler angles are zero. The mass point coordinate
s\'steflm is the system used to write Euiler's eqiuations of motion for each
mass point.

e Beam Element Coordinate System. - This is a right-handed coordinate
system with the beam element x-axis along a straight line from the
mass point at end 'I' to the mass point at end "j". As the mass
points move, the beam element coordinate system changes orientation
so that the x-axis is always pointing from the mass point at end 'I'
to the mass point at end ',J' . if the beam element connects massless
node points which are offset from the mass points, then the beam ele-
ment x-axis always points from the massless node point rigidly
attached to the mass point at end 'I' to the massless node point
rigidly attached to the mass point at end 'i.

The beam element y-axis and z-axis are mutually perpendicular. The
direction of each is arbitrary and is defined internally within the
program. The input data are prepared according to the beam element
coordinate systems shown in figure 2-5 (page 2-46)..

The foll owing is a detailed description of all the input data

requirements.
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KRASH* INPUT DATA

CARD 0010: TITLE CARD #1

DESCRIPTION: Defines an alphanumeric label which will appear as the first line of heading on each page of
KRASH* printed output.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

TITLE I

SUBSTRUCTURE SECTION IMPACT STUDY 00101

FIELD CONTENTS

Title I Alphanumeric Character String

REMARKS: (1) Required data card; however, it may be blank.
(2) All text material on this card is reproduced at the top of every output page and on every

plot.

CARD 0020: TITLE CARD #2

DESCRIPTION: Defines an alphanumeric label which will appear as the second line of heading on each page

of KRASH printed output.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

TITLE2

INITIAL CONDITIONS: 27.5 FPS VERTICAL IMPACT ON RIGID SURFACE 0020

FIELD CONTENTS

Title2 Alphanumeric Character String

REMARKS: (1) Required data card;however, it may be blank.
(2) All text material on this card is reproduced at the top of every output page and on every

plot.

*KRAStt refers to KRASH85 in all subsequent input data sheets
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KRASH INPUT DATA

CARD 0030: DUMMY CARD

DESCRIPTION: Defines a numeric heading which will appear on each page of the KRASH printout of the
input data deck echo.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

DUMMY

1234567890123456789012345678901234567890123456789012345678901234567890121 0030

FIELD CONTENTS

Dummy Numeric String

REMARKS: (1) Required data card; however, it may be blank.
(2) Intent of this data card is to aid the user in verifying the field placement of the input

data.
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KRASH INPUT DATA

CARD 0040: KRASH MODEL SIZE PARAMETERS

DESCRIPTION: Defines the sizes of the various input parameter data sets for the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

NM NSP NB NL NNP NPIN NUB NDRI NOLEO NACC MVP NVCH NMTL ND

16 10 32 2 6 0 4 0 0 0 0 0 0 1 0040

FIELD CONTENTS

NM Number of Mass Points Per 0200-Series Cards (Maximum Allowed is S0)

NSP Number of External Crushing Springs Per 0700/0800-Series Cards (Maximum Allowed is 40)

NB Number of Beam Elements Per 0900-Series Cards (Maximum Allowed is 150)

NLB Number of Beam Element Nonlinear Degrees-of-Freedom Per 1800-Series Cards (Maximum
Allowed is 180)

° NNP Number of Massless Node Points Per 0300-Series Cards (Maximum Allowed is 50)
* NPIN Number of Beam Elements Having at Least One Degree-of-Freedom Pinned Per 11 00-Series

Cards (Maximum Allowed is 150)
NLB Number of Axially Unsymmetric Beam Elements Per 1200-Series Cards (Maximum Allowed

is 1 50)
, NDRI Number of DRI Beam Elements Per 2100-Series Cards (Maximum Allowed is 150)

NOLLO Number of Shock Strut Elements Per 1300 and 1400-Series Cards (Maximum Allowed is 20)" NAC( Number of Enforced Acceleration Time listory Tables Per 3400/3500-Series Cards (Maximum
Allowed is I 00 Input Tables. With a Total of 5000 Time Points)

* MVP Reference Mass Point For Volune Penetration Calculations Per 2000-Series Cards (Maximum
Allowed is I )

'n l NVII Number of Volumes For Occupiable Volume Change Calculations Per 2200-Series Cards
(Maximum Allowed is 5)

1NMIL Number of Non-Standard Beam Element Materials Per 1000-Series Cards (Maximum Allowed
10)

NI) Number of Beam Elements With Non-Standard I)amping Ratios Per 1700-Series Cards
SMlainuni Allowed is 15O)

RIAIARKS (I) Requlied data card.
(2) AII entrtc, ue tight justilfed integers
3) "NM and *NB' B rst he nt'n/ero.
14) Blank enities are tead a. /ero

"1-See [tol. - t ,j "iiintlall ot model ,ie parameters.

(0) 1 riar ta t ri card i 1415

- - . * . * . .J
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TABLE 2-2. PROGRAM SIZING CONSTANTS

CONSTANT MAXIMUM VALUE DESCRIPTION

NM 80 NUMBER OF MASSES

NSP 40 NUMBER OF EXTERNAL SPRINGS

NB )50 NUMBER OF INTERNAL BEAMS

NLB 180 NUMBER OF NONLINEAR BEAM-DIRECTION
COMBINATIONS (KR TABLES)

NHIl 80 NUMBER OF MASSES HAVING NON-ZERO He\,.
Hey i.Hezi. XYj lyzi. Ixzi. OR eci

MVP REFERENCE MASS NUMBER FOR VOLUME PENETRATION
CALCULATIONS

NVCH 5 NUMBER OF VOLUMES FOR OCCUPIABLE VOLUME
CHANGE CALCULATIONS

NDRI 150 NUMBER OF DRI BEAM ELEMENTS

NMTL 10 NUMBER OF NON-STANDARD BEAM MATERIALS

NACC 100 NUMBER OF INPUT ACCELERATION TIME-HISTORY TABLES
(TOTAL NUMBER OF TIME POINTS = 5000)

NVBM 150 NUMBER OF INTERNAL BEAMS HAVING NON-STANDARD
MAXIMUM POSITIVE (NVBM) OR NEGATIVE (NVBMN)

NVBMN 150 DEFLECTIONS FOR BEAM RUPTURE. STANDARD
VALUE = 100 (inches OF DEFLECTION AND radians OF
ROTATION)

NFBM 150 NUMBER OF INTERNAL BEAMS HAVING NON-STANDARD
MAXIMUM POSITIVE (NFBM) OR NEGATIVE (NFBMN)

NI BN 150 FORCES FOR BEAM RUPTURE. STANDARD VALUE = I El 0

80 NUMBER OF MASSES HAVING NON-ZERO EULER
ANGLES i'. Oi". 1 '"

NI) 150 NUMBER OF INTERNAL BEAMS HAVING DAMPING RATIOS
DIFFERENT FROM THAT SPECIFIED ON CARl) 1600

NKNI 150 NUMBER OF INTERNAL BEAMS FOR WHICH THI FULL
6 x 6 STIFFNESS MATRIX IS DIRECTLY INPUT

NPIN 150 NUMBER OF INTERNAL BEAMS HAVING OTH[R TII \\
FIXED-FIXED END CONDITIONS

NNP 50 NUMBER OF MASSLESS NODE POINTS

NUB 150 NUMBER OF UNSYMMETRICAL BEAMS

NOL1:O 20 NUMBER OF SHOCK STRUTS
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KRASH INPUT DATA

CARD 0050: KRASH MODEL SIZE PARAMETERS AND CALCULATION FLAGS

DESCRIPTION: Defimes the sizes of the various input parameter data sets for the KRASH model and provides
for beam element stress and/or failure data calculations.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

1234567890 1234567890123456789012345678901234567890123456789012345678901234567890

NVBMJ NFBMINVBM4NFBMN NKM NHi NPHINTOLIINTOL2INTOL3 NS(" NICINAFRO N MBN I

0 0 0 0 0 0 0 10 50 100 0 0 0050

FIELD CONTENTS

N-BM Number of Beam Elements Having Non-Standard Rupture Positive Deflections Per 2300-Series
Cards (Maximum Allowed is 150)

NFBM Number of Beam Elements Having Non-Standard Rupture Positive Forces Per 2500-Series Card
(Maximum Allowed is 150)

NVBMN Number of Beam Elements Having Non-Standard Rupture Negative Deflections Per 2400-Series
Card (Maximum Allowed is 150)

NFBMN Number of Beam Elements Having Non-Standard Rupture Negative Forces Per 2600-Series
Cards (Maximum Allowed is 150)

NKM Number of Beam Elements For Which 6 x 6 Stiffness Matrix is Directly Input Per 3600 Series
Cards (Maximum Allowed is 150)

NiI Number of Mass Points Having Nonzero Aerodynamic Lift Constant. Angular Momenta, or Cross
Products of Inertia Per 3100-Series Card (Maximum Allowed is 80)

" NPI I Number of Mass Points Having Nonzero Euler Angles For Rotating tile Mass Point or BodN
Coordinate System Relative to The Center-of-Gravity Coordinate System Per 3200-Series Cards
(Maximum Allowed is 80)

NTOL I Percent Alloable Total Energ, Growth Above 100 Percent (Default Value is One ( 1 ) Percent)
NTOL Percent Allowable Individual Negative Strain. )amping, Crushing and Friction Teinmi ofi Respec-

tive Totals (Default Value is Ten (10) Percent)
NT"IOL3 Percent Allowable Individual Mass Energy Deviation Above Zero Percent (Detatilt \il,,c

Thirty (30) Percent
NSC Flag For Beam ELcment Stress Calculation: 0 = No I = Yes
NI Flag For Preliminary Beam Element Failure Load and Deflection Calculations: 0 = No

I = Yes
NAI RO Nuinber of Masses I laving Aerodynamic Data In ptt Per 3300-Series Card (Maximum

AllIoed is 80)
NBO\l B .,\n, Non, ero I npn t Will Override all Energy Growt liii rro r Checks. R on Will Execute

to (G inplet on Regardless of Ene rgy Calculations.

I\.IARKS. (1) Required data card however it may be blank.
(2) All entries are right justified integers.
(3) Blank entries are read as zero.
(41 If any of the allowable errors in energy are exceeded, the analysis terminates automatically

at that time, and summary tables and printer plots are generated.
(§) Default values for NVBM and NVBMN are 100 inches or radians. Default values for NFBM

and NFBMN are IEIO, lbs or in-lbs.
(0) See Table 2-1 for a summary of model size parameters.
(7) It is recommended that NIC = I be used each time if complete beam properties are input

(0900-series cards).
(81 l:ormat for this card is 1415.
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KRASI INPUT DATA

CARD 0060: KRAStt MODE-L SIZE AND PROGRAM CONTROL PARAMETERS

DESCRIPTION: Defines the sizes of input parameter data sets for the KRASit model and controls the
output of graphics information and specifies the type of initial conditions to be used.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

NSCV NLICINWRGRA NBALI ICD IICITER!

116 0 5 1 1 0060

FI ELD CONTENTS

NSCV Number of User-Specified Sign Convention Vectors, Per 2700-Series Cards, To Be Used
in Conjunction With Load-Interaction Curve Data. (Maximum Allowed is 10) NSCV
May be Zero.

NLIC Number of Load-Interaction Curves Per 2800/3000-Series Cards (Maximum Allowed is 40)
NWRGRA Parameter Which Governs Whether Graphics Data For Postprocessing is Written to The

User's Data File. NWRGRA = 0 Results in No Data Being Written to The User's File.
Any Nonzero Input Will Result in Mass and Node Point Displacement Time-History Data.
Plus Load-Interaction Time-History Data (if NLIC 0), being written to the user's data file, in data
set DSC, Defined in JCL.

NBAL If MSC/NASTRAN is To Be Used For a Static Solution, Then NBAL is The Mass Number
That is Constrained to Have Zero Deflections and Rotations.

ICD Parameter Which Determines Whether an Additional Data Set of Mass and Node Point
Static Deflections is To Be Read Following the Basic Input Data Set. ICD = 0 Means
That The Additional Data Set is Not Read. Any Nonzero Input Causes The Program to
Read The Initial Deflection Data.

ICITER Parameter Which Determines Whether The Initial Mass and Node Point Deflection Data
(CD 0) is Used To Modify The Input Airplane Coordinates For The Mass and Node
Points. ICITER = 0 Means The Initial Static Deflection Data is Not Used to Modify The
Mass Coordinates: i.e.. The Airplane is Left in Its Undeformed Position. Any Nonzero
Value of IC ITER Results in The Input Mass Coordinates Being Modified to Reflect The
Initial Static Deflections. i.e.. The Airplane Assumes The Deformed Shape Corresponding
to The Initial Static Load Condition.

RLEMARKS: (I) Required data card: however. it may be blank.
(2) All entries are right justified integers.
(3) Soe Section 3.1 for a discussion of the load-interaction curve data: Section 2 .1 for

a discussion of initial conditions.
(4) Io Emat for this card is 015.
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KRASII INPUT DATA

CARD 0070: ACCE LE RATION TRANSFER CONTROL PARAMETERS

DESCRIPTION: Defines number of timne-history tables of' mass accelerations to be used.

FORMAT AND) EXAMPLE:

0 1 2 3 4 5 6 7 8
1234 56 7890 12345678901 23456789012345678901234567890123456789012345678901234 567890

(CSIN) (RNIN) NTAB1

3 j 0070

FIELD CONTENTS

((SIN) Not Used
(RNIN) Not Used
NIAB Number of Acceleration Time-History Tables to Be Used From Previous Run. Using Data

Set Identified as DSA in JC L. Maximum Allowed is 100.

REMARKS: (1) Required data card; however, it may be blank.
(2) NTAB is input as a right justified integer.
(3) See Section 3.2 for a discussion of acceleration transfer procedures.
(4) Format for this card is (A6, 4X, Al10, 5X, 15).
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KRASII INPUT DATA

CARD 0080: ACCELERATION TRANSFER CONTROL PARAMETERS

DESCRIPTION: Defines data for saving mass and mrode point accelerations tor later use as input data in
another r in.

FORMAT AND EXAMPLI:

0 1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

(SOt T (RNOLT) NMSAV NNPSAV NDTSAVJ NWRI-LGI NDTGRA

6 3 10 1 201 0080

FIELD CONTENTS

(CSOUT) Not Used
(RNOUT) Not Used
NMSAV Number of Masses For Which Selected Acceleration Data Will be Saved in Data Set DSB

(Identified in JCL), as Specified on 500-Series Cards (Maximunm alhwed is s0) See Remark (5).
NNPSAV Number of Node Points For Which Selected Acceleration Data Will be Saved ii Data Set DSB

(Identified in JCL), as Specified on 600-Series Cards (Maximum Allowed is 50) See Remark (5)
NDTSAV Multiple of Integration Time Interval DT at Which Acceleration Data Will be Saved. See

Remark (4)
NWRFLG Parameter Governing Whether Selected Acceleration Data Will be written to User's Data File

as Data Set DSB. Any Nonzero Value Will Cause The Data to be Written: NWRFLG = 0 Will
Cause The Data Not to be Written. Regardless of The Remaining Input Parameters on This
Card.

NDTGRA Multiple of Integration Time Interval DT at Which Mass and Node Point Displacement Data
Will be Written to User's Data File as Data Set DSC (Identified in JCL). This Data is Used
For Graphics Postprocessing. NWRGRA on Card 0600 Must be Nonzero For This Data to be
Written as DSC in User's Data File. NDTGRA Also Defines The Time Interval For Saving
Load-Interaction Data. For The Load Interaction Data, if NWRGRA on Card 0060 is Zero,
The Print Output Will Still Contain Time-iistories of All Load Interaction Output Data. If
it is Desired to Save This Data in Data Set DSC For Postprocessing. Then NWRGRA Must be
Input Nonzero. See Remark (4).

RIMARKS: (I) Required data card: however, it may be blank.
(2) All entries are right justified integers.
(3) See Sections 3 .I and 3.2 for discussions of load-interaction curve data and

acceleration transfer control and graphics data.
(4) Both NDTSAV and NDTGRA must be chosen so that less than 100 time cuts are

saved for each response quantity. This is satisfied if

NDTSAV) TMAX
and > T

NDTGRA I00*DT

(5) Thc total number of response quantities saved (total number of n/o MF1's and
NPIL's on 0500 and 0600 Series Cards) iust be less than 100.

(0) Format for this card is(A6, 4X. AIO, 51 10).
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KRASH INPUT DATA

CARD 0090: RESTART CONTROL PARAMETERS

DESCRIPTION: Defines the identifiers of a previously checkpointed KRASH case and the simulation time from
which the KRASH analysis will be restarted.

FOR.MAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

CASEIN LX RUNIN I MSECIN

OLEO 1 40 0090

FIELD CONTENTS

CASEIN Alphanumeric Identifier of Checkpointed Case (Maximum of Eight Characters, Left Justified)
RUNIN Numeric Identifier of Checkpointed Case
MSECIN Restart Time - Milliseconds

REMARKS: (1) Required data card, however, it may be blank.
(2) All numeric entries are right justified integers.
(3) Previously checkpointed case must be resident on mag tape and be accessed via JCL.
(4) Restart time must be included in the KRASH analysis of the previously checkpointed case.
(5) Only nonblank when using restart capability to initiate from a preceding analysis that has

been saved.
(6) Format for this card is(A8. 2X. 6110).
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KRASH INPUT DATA

CARD 0100: CHECKPOINT CONTROL PARAMETERS

DESCRIPTION: Defines indentifiers and simulation times for the current KRASH case to checkpoint the
analytical results for future restarts.

FORMAT AND EXAMPLE:

0 2 3 4 5 6 7 8
12345678q012345678901234567890123456789012345678901234567890123456789012.14567890

CASEOUTN RUNOUT MSCOUT(1) MSCOUT(2)I MSCOUT(3)IMSCOUT(4) MSCOUT(5w -

OLEO 2 40 80 100 120 150 ooo

FIELD CONTENTS

CASEOUT Alphanumeric Identifier (Maximum of Eight Characters, Left Justified)
RUNOUT Numeric Identifier
MSCOUTI Analysis Times at Which Results Will be Saved - Milliseconds

REMARKS: (I) Required data card; however, it may be blank.
(2) All numeric entries are right justified integers.
(3) JCL must provide mag tape on which results will be saved.
(4) Only nonblank when data are to be saved. A maximum of five titnes can be saved per

analysis.
(5) Format for this card is (A8. 2X, 6110.0).
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KRASH INPUT DATA

CARD O1 10: PARAMETERS FOR NUMERICAL INTEGRATION, PLOWING FORCE, ACCELERATION
FILTER, AND KRASH EXECUTION MODE

* DESCRIPTION: Defines print control, numerical integration time step, analysis time, plowing force time,
acceleration filter cutoff frequency, and KRASH execution mode (airplane model and impact
condition symmetry).

i FORtMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

DPIDTI DTI TMAXI PLOWTI FCUTI MOJ
100 0.00001 0.120 0.0 100.0 1.0 0110

FIELD CONTENTS

DP DT Multiple of Numerical Integration Time Interval at Which Output Will be Printed,
Right Justified Interger

DT Fixed Time Step For Numerical Integration - Seconds
TMAX Maximum Analysis Time - Seconds
PLOWT Analysis Time at Which Plowing Forces Cease - Seconds
FCLT Cutoff Frequency of First-Order Filter Applied to Mass Point Trarslational Accelerations -

-Hertz (E 10.0 Format)
RL'NMOI) Flag to Control the Mode of Program Execution as Follows:

INPUT DATA SET AIRPLANE IMPACT
RUNMO) DATA SET ANALYZED MODEL CONDITIONS

0. Full Airplane Full Airplane Unsymmetrical Unsymmetrical
I. Half Airplane Half Airplane Symmetrical Symmetrical
2.* Half Airplane Full Airplane Symmetrical Unsymmetrical
*See remark (5 I

R[MARKS- (I) Required data card.
(2) 'DPDT', 'DT', 'TMAX'. and 'RUNMOD' are required inputs.
(3) Blank entries are read as zero.
(4) Entries requiring scientific notation (X.XEXX) should be right justified.
5 ) For RI*NMOI) = 2. image masN number = 100 + mass number.
(0) Suitable values for 'DT' range from 0.00001 to 0.001 seconds. A rule of thumb for selecting

a final integration value is the following:
DT _< 0.01 Max. Computed Beam Frequency (ltz).

(7) Nonzero plowing forces act from time = 0 to time = 'PLOWT'. For time > 'PLOWT'
the plowing forces are set to zero.

(8) Suitable values for 'FCUT' range From fifty to eighty-five percent of the actual test filter

cutoff frequency. Eighty-five percent is commonly used.
(I ) I1 t , ths c:ad is (110. 5t 10.0).
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KRASH INPUT DATA

CARD 0120: VARIABLE INTEGRATION PARAMETERS

DESCRIPTION: Define parameters for numerical integration with variable time step.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 8
1234568901234567890123456789012345678901234567890123456789012345678901234567890

IVARI ELI EUI RATMINI RAM
1 0.01 0.10 0.6 2.0 0120

1 F LD CONTENTS

IVAR Flag For Type of Numerical Integration With Variable Time Step as Follows (Right Justified

Integer):

WAR TYPE OF NUMERICAL INTEGRATION WITH VARIABLE TIME STEP

0 None
I Tolerance Based on Six Linear and Angular Velocities of Each Mass Point

2 Tolerance Based on Energy

fI_ Maximum Tolerance
t Minimum Tolerance
R\TMIN Integration Time Step Factor if Tolerane > 'EU'
R:\IA\ Integration Time Step Factor if Tolerance < 'EL'

RFMARKS: (1) Required data card, but it should be blank as the variable integration algorithm is not
currently operational.

(2) Blank entries are read as zero.
(3) Format for this card is (110, 4E10.0).
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KRASH INPUT DATA

CARD 0130: PRINT OUTPUT CONTROL

* DESCRIPTION: Defines flags to control the printout of results, KRASH model size parameters, and allowable

errors in energy for terminating the analysis.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8
"" 12345678901234567890123456789012345678901234567890123456789012345678901234567890

NSFI NTF NDEINSPDI NEDI NSI NRPINIMPI NBCD <,'

I 1 I 1 1 I 1 0130

FIELD CONTENTS

NSF Flag For Printout of Beam Element Strain Forces
NTF Flag For Printout of Beam Element Total Forces - Strain and Damping
NDE Flag For Printout of Beam Element Deflections
NSPD Flag For Printout of External Crushing Spring Loads and Deflections
NED Flag For Printout of Energy Distribution Per Mass Point, Beam Element, and External Crushing

Spring
NS Flag For Printout of Beam Element Stresses
NRP Flag For Printout of Mass Point Displacement, Velocity, and Accelerations
NIMP Flag For Printout of Mass Impulses
NBC Flag For Printout of Beam Component Loads

RL-IARKS: (1) Required data card: however, it may be blank.
(2) All entries are right justified integers.
(3) Blank entries are read as zero.
(4) Print control flags: 0 = No, I = Yes.
(5) At time zero or the: first time cut of a restart, all print will be output regardless

of the entries on this card.
(6) Format for this card is 815.
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KRASH INPUT DATA

CARD 0140: PRINTER PLOT CONTROL PARAMETERS

DESCRIPTION: Defines the type and number of time history printer plots and defines the number of mass
point position (structure deformation) printer plots.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 "

12345 ,s6 012 3,456- 90 2345678901234567990123456749071245659012 34567S90123456"h90

NMEP NNEPI NBFPI NBDP( NSTPI NSEPI NENP NDRPI T

21 01 31 01 0 01 21 11 21 201 01401

FIELD CONTENTS

NMEP Number of Mass Points Having Time History Printer Plots Per 3900-Series Cards
NNEP Number of Massless Node Points Having Time History Printer Plots Per 4000-Series Cards
NBFP Number of Beam Elements Having Load Time History Printer Plots Per 4100-Series Cards
NBDP Number of Beam Elements Having Deflection Time History Printer Plots Per 4200-Series Cards
NSTP Number of Beam Elements Having Stress Time History Printer Plots Per 4300-Series Cards
NSEP Number of External Crushing Springs Having Time History Printer Plots Per 4400-Series Cards
NENP Number of Beam Elements Having Strain and/or Damping Energy Time History Printer Plots

Per 4500-Series Cards
NDRP Number of DRI Mass Points Having Time History Printer Plots Per 4600-Series Cards
NTLT Number of Mass Point Position (Structure Deformation) Printer Plots Per 3700/3800-Series Cards
NTFCT Print Time Factor For Which Mass Point Position (Structure Deformation) Plots Are Generated

REMARKS: (1) Required data card: however, it may be blank.
(2) All entries are right justified integers.
(3) Blank entries are read as zero.
(4) Blank or zero entries do not generate printer plots.
(5) Mass position plots occur at time = 0, and at intervals equal to NPFCT x DP DT x DT.
(6) Format for this card is 1015.
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KRASH INPUT DATA

CARD 0150: INITIAL AIRPLANE LINEAR VELOCITIES

DESCRIPTION: Defines the initial airplane linear velocity components with respect to the ground coordinate
system.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

XGDOT YGDOTI ZGDOT

0.0 0.0 360.0 0150

FIELD CONTENTS

XGDOT Initial Fore-and-Aft Velocity of Airplane, Positive Forward
YGDOT Initial Lateral Velocity of Airplane, Positive Right
ZGDOT Initial Vertical Velocity of Airplane, Positive Down

REMARKS: (1) Required data cards; however, it may be blank.
(2) Velocity units are inches per second.
(3) Blank entries are read as zero.
(4) Entries requiring scientific notation (X.XEXX) should be right justified.
(5) Format for this card is 3E10.0.
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KRASH INPUT DATA

CARD 0160: INITIAL AIRPLANE ANGULAR VELOCITIES

DESCRIPTION: Defines the initial airplane angular velocity components with respect to the ground coordinate
system.

FORMAT AND EXAMPLE:

0 1 2 3 4 S 6 7 8
1234567890123456789012345678901234S678901234S678901234S6789012345678901234567890

PPR QPRI RPR

0.0 0.0 0.012 0160

FIELD CONTENTS

PPR Initial Airplane Roll Velocity, Positive Right Wing Down
QPR Initial Airplane Pitch Velocity, Positve Nose Up
RPR Initial Airplane Yaw Velocity, Positive Nose Right

REMARKS: (1) Required data card; however, it may be blank.
(2) Angular velocity units are radians per second.
(3) Blank entries are read as zero.
(4) Entries requiring scientific notation (X.XEXX) should be right justified.
(5) Format for this card is 3E10.0.
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KRASH INPUT DATA

CARD 0170. MISCELLANEOUS AIRPLANE INITIAL CONDITIONS

DESCRIPTION: Defines the initial airplane attitude Euler angles and tile initial airplane linear position with
respect to the ground coordinate system and defines the ground plane slope angle.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8
1234567X90 1234567890123456789012345678901234567890123456789012345678901234567890

PHIPR THEPR PSIPR XGIN ZGIN I BETAJ RHI-O

0 0 0.001 00 0.0 0.0 45.0 1.1463E-07 0170

FIELD CONTENTS

PHIPR Initial Airplane Roll Euler Ajigle, Positive Right Wind Down - Radians
TItEPR Initial Airplane Pitch Euler Angle, Positive Nose Up - Radians
PSIPR Initial Airplane Yaw Euler Angle. Positive Nose Right - Radians
XGIN Fore-and-Aft Distance of Airplane Initial CG Position Relative to the Basic Position

Calculated in the Initial Condition Subroutine, Positive Aft - Inches
ZGIN Vertical Distance of Airplane Initial CG Position Relative to the Basic Position

Calculated in the Initial Condition Subroutine, Positive Up - Inches
BTA.A Ground Plane Slope Angle, Positive Up - Degrees
RIIO Air Density Used for Calculating Aerodynamic Loads (NAERO p0). Pound-Sec-/In 4

REMARKS (I1) Required data card: however, it may be blank.
(2) Blank entries are read as zero.
(3) Normally, XGIN' and 'ZGIN' are input as zero and the KRASH initial

conditions subroutine positions the airplane relative to ground.
(4) If it is desired to have the airplane impact only on the slope and not on the

horizontal ground, a large value of ZGIN may be input (1000 inches). This
will move the airplane upward ZGIN above the horizontal ground, and
simultaneously move it forward so thmit it is almost contacting the slope.
The normal initial position for the airplane is wedged into the juncture ()
the horizontal ground and the slope as explained in Volume 1, Section I .3. I

(5) Values of 'BETA' range from zero to ninety degrees (horizontal to vertical
impact surfaces).

(6) Entries requiring scientific notation (X.XEXX) should be right justified.
(7) If NSP = 0 (no external springs), ZGIN is the distance from the ground plane

to the airplane CG, positive up.
(8) Formats for this card is 7E10.0.
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KRASH INPUT DATA

CARDS 0200: MASS POINT DATA

DESCRIPTION: Defines the weight, location coordinates, and mass moments of inertia for each of the mass
points in the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

WGT XDP YDPI ZDP XI Y! ZI ID

103.0 50 0 20.0 33.0 12.5 3.7 12.5 21 0200

FIELD CONTENTS

WGT Weight - Pounds
XDP Fuselage Station Coordinate, Positive Aft - Inches
YDP Buttline Coordinate, Positive Left - Inches
ZDP Waterline Coordinate, Positive Up - Inches
XI Roll Mass Moment of Inertia - Inch * Pound * Second**2
YI Pitch Mass Moment of Inertia - Inch * Pound * Second**2
ZI Yaw Mass Moment of Inertia - Inch * Pound * Second**2
ID Mass Point Number
REMARKS: (I) 'NM' on card 0040 specifies the number of these cards for input.

(2) The order of these cards determines the mass point number.
(3) Blank entries are read as zero.
(4) The location coordinates are defined in a left-handed coordinate system.
(5) At least one of the three mass moments of inertia must be nonzero.
(6) Mass moment of inertia cross products may be defined on the 3100-series of cards.
(7) Entries requiring scientific notation (X.XEXX) should be right justified.
(8) Mass point number (ID) must be greater than zero or less than 100. Mass numbers

must be unique and can be input in any order. If ID for any mass point is left
blank, all mass points will automatically be numbered sequentially in the order
of input.

(9) For RUNMOD = 2, the Image mass point number will equal the mass point
number plus 100.

(10) Formats for this card is 7E 10.0, 12.
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KRASH INPUT DATA

CARDS 0300: MASSLESS NODE POINT DATA

DESCRIPTION: Defines for each of the massless node points in the KRASH model the location coordinates
and the mass point number to which each is rigidly attached.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

MNP INP XNPDP YNPDP ZNPDP

1 12 10.0 -12.0 33.0 0300

FIELD CONTENTS

MNP Massless Node Point Number (Right Justified Integer)
INP Mass Point Number (Right Justified Integer)
XNPDP Fuselage Station Coordinate, Positive Aft - Inches
YNPDP Buttline Coordinate, Positive Left - Inches
ZNPDP Waterline Coordinate, Positive Up - Inches

REMARKS: (1) Optional data card(s).
(2) 'NNP' on card 0040 specifies the number of these cards for input.
(3) 'MNP' and 'INP' must be nonzero.
(4) Blank entries are read as zero.
(5) The massless node point number is determined by taking each mass point and numbering

the node points attached to it 1, 2.3, ... etc. There is no limit on the number of node
points that may be connected to a single mass point.

(6) The location coordinates are defined in a left-handed coordinate system.
(7) User should not place a node point on the center line for a RUNMOD = 2 condition.

Program will not generate a connection across this point. User can place node poilit
slightly off center. if necessary.

(8) Generally used to model regions wherein rigid connections exist (i.e.. seat. engine
or where multiple behavior is being represented by different elements.

(9) Entries requiring scientific notation (X.XEXX) must be right justified.
(10) Format for this card is (215, 3El0.0).
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KRASH INPUT DATA

CARDS 0400: ACCELERATION TRANSFER DATA

DESCRIPTION: Defines the correspondence between mass/node point numbers trom a previous model for
which acceleration data was saved, and the current model which is to use the acceleration
data as input forcing functions.

FOR-M AT AND EXAMPLE:

0 1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

ISNI'' CMSNI) LSNEW ISOLD MSOLDfLSOLD1 TSH I
3 4 6 3 4 .003 0400

FIE" LD CONTENTS

ISNEW Mass Number in Current (New) Model That Will be Driven by an Acceleration Table Saved
in Data Set DSA (defined in JCL)

(MSNEW) Not Used (Coding Does Not Allow Driving a Node Point With an Input Acceleration)
ESNEW Direction for Which Table Read From Data Set DSA Will Drive Mass ISNEW

LSNEW: I = XACCEL 4 = PDOT
2 = YACCEL 5 = QDOT
3 = ZACCEL 6 = RDOT

ISOLD Mass Number in Previous (OLD) Model, The Acceleration From Which Will be Used to Drive
Mass ISNEW in The Current Model

MSOLD Node Point Number in Previous (OLD) Model. Coding Allows Driving a Mass in The Current
Model With an Acceleration From a Node Point in The Previous Model

LSOLI) Direction of Acceleration Saved in Prior Model to be Used to Drive the Current Model. It is
Not Necessary for LSOLD = LSNEW: i.e.. an XACCEL From a Previous Model Can Drive a
ZACCEL in The Current Model

LSOLD: 1I = , CCEL 4=PDOT 7 = XACC FILTERED
2 = YACCEL 5 = QDOT 8 = YACC FILTERED
3 = ZACCEL 6 = RDOT 9 = ZACC FILTERED

TSII Time Shift Applied to Data From Previous Model (Stored in DSA) Before Using in Current
Model. This Allows User to Ipply a "Downstream" Response From Previous Model as
Input to The Current Model, Which Starts at t = 0

tNE W = tOLD - TSH

REMARKS: ( 1) Optional data card(s).
(2) NTAB on card 0070 specifies the number of these cards for input.
(3) Data set DSA, generated from a previous run, must be in the user's data file in order to

use the acceleration transfer data. The actual data set name for DSA is specified in the JCL.
(4) A different TSII can be specified for each table used.
(5) Filtered accelerations from a previous model can be used to drive the current model.

(LSOLD = 7.8 or 9).
(6) Format for this card is (615. IE 10.0).
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KRASH INPUT DATA

CARDS 0500: MASS ACCELERATION SAVE PARAMETERS

DESCRIPTION: Defines mass numbers and directions for saving acceleration time-history data.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
I2345678901234567890123456789012345678901234567890123456789012345678901234567890

ISAV MILII MI-1-2 MFL3 MFL4 MFL5 I MFL6 MFL7 MFL8 MFL9

15 ol 0 1 0 1 1 0 1 0 0500

FIELD CONTENTS

ISAV Mass Number For Which Acceleration Data From Current Run Will be Stored in User's Data
File in Data Set DSB

MELI - Flags Defining For Which Directions (1-9) Acceleration Date is to be Saved in Data Set DSB.
MFL9 Input Either I or 0 for Each Item; 1 Denotes Save The Acceleration Time-History For Tie

Indicated Direction. Directions 1-9 Correspond to The Description of LSOLD on Cards 0400.

REMARKS: (I) Optional data card(s).
(2) NMSAV on Card 0080 specifies the number of these cards for input.
(3) Date set DSB is specified in the JCL.
(4) The acceleration data is saved at time intervals of NDTSAV, specified on Card 80.
(5) NWRFLG on Card 80 must be nonzero to write the acceleration data into date set DSB.
(6) Format for this card is (5X, 1015).
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IKRASI I INPUT DATA

(A RkI)S 0600: NODE: POINT ACCELERAXTION SAVL PARAMLTI RS

DESCRIP~TION: IDefnCS node Point nlUmhers and directions for savingz accelei atioit tinle-Mj"toI\ dat~l.

FORMAT ANID EXAMPLE:

0 1 2 3 4 5 6 7 81
I234S678901234S67890123456789012345678901234567890123456789012345678901234567890

.NPSAV INPSAV NPFINN 1-2 fNPI I 'INP 11 4I1NPIt 1 1NP1 L6 INPFL 7 1NPFL8 INPI.L9j

~ is ( I t i 0600

1:11I. LD C'ONTE:NTS

ISAV. Mass and Node Point Niinber for Which Acceleration Data Front Current Runl Will be
MISAV Stored in User's Data File in Data Set DSB
NP! 1.I Flags D~efining for Which Directions (1 -9) Acceleration Date is to he Saved inl Data Set DSB.
\PlITL) Input Either I or 0 for Each Itemn I1 Denotes Save The Acceleration Timle-History !'-The

Indicated Direction. Directions 1-9 Correspond to Thle Description of LSOLD on Cards 0400.

Rt MARKS: (1) Optional data card(s).
(2) NNPSAV onl Card 0080 specifies the number of these cards for input.
(3) Date set DSB is specified in the JCL.
(4) The acceleration data are saved at timie intervals of NDTSAV. specified onl Card 80.
(5) NWRFLG onl Card 80 must be nonzero to write the acceleration data into date set DSB.
(6) Format for this card is 1115.
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KRASH INPUT DATA

CARDS 0700: EXTERNAL CRUSHING SPRING PARAMETERS

DESCRIPTION: Defines tile attach point, direction. length, ground coefficient of friction, bottoming
spring rate, plowing force, and ground flexibility for each of the external crushing springs
in the KRASII model.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

M I K XLBAR XMU XKE FPLOW GFLEX ITIRE5; M

11 3 10.0 0.3 20000.0 0.0 0.0 11 0700

FIELD CONTENTS

M Massless Node Point Number (Right Justified Integer)
I Mass Point Number (Right Justified Integer)
K Degree-of-Freedom in Which External Crushing Spring Acts Where 1, 2, 3 Correspond to the

X, Y, Z Directions in the Mass Point Coordinate System (Right Justified Integer)
XLBAR Free Length of Spring Either Positive or Negative in the Mass Point Coordinate System - Inches
XMU Impact Surface Coefficient of Friction. Values of Between 0.35 to 0.60 are Appropriate For

Structure to Ground Contact.
XKE Bottoming Spring Rate - Pounds Per Inch
:PLOW Plowing Force -- Pounds

GFIEX Impact Surface Flexibility - Inches Per Pound
ITIRE Defines spring that remains normal to contact surface

REMARKS: (1) Optional data card(s).

(2) "NSP' on card 0040 specifies the number of these cards for input.
(3) Bank entries are read as zero.
(4) The free length of the external crushing spring is arbitrary;however, the value generally

represents the actual depth of the crushable structure.
(5) A value of zero for the impact surface flexibility (GFLEX) represents a rigid surface. A

flexibility value of 0.00036 in/Ib is an approximate representation in KRASH for soil.
having a CBR -4 and moisture content of-:30 percent.

(6) Entries requiring scientific notation (X.XEXX) must be right justified.
(7) If ITIRE = I external spring remains normal to contact surface. Use only for tire representation

in K = 3 direction. If Beta > 0 tire spring remains normal to sloped surface. Not coded to account
for transition frorn flat to sloped surface.

(8) Format for this card is (12, 13, 15, 5E10.0, 15).
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KRASH INPUT DATA

CARDS 0800: EXTERNAL CRUSHING SPRING LOAD-DEFLECTION AND DAMPING PARAMETERS

DESCRIPTION: Defines four deflection points, two load values and one damping value for each external crushing
spring in the KRASH model.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

123456789012345678901 23456789012345678901234567890123456789012345678901234567890

SI SAI SBI SF1 FSPOI I FSPDFI CDAMP M

0.1 1.0 3.5 5.01 10000.0 25000.0 .08 ' 0800

FIELD CONTENTS

SI Deflection Point at Which First Linear Region Ends and First Nonlinear Region Begins - Inches
SA Deflection Point at Which First Nonlinear Region Ends and Second Linear Region Begins -

Inches
SB Deflection Point at Which Second Linear Region Ends and Second Nonlinear Region Begins -

Inches
SF Deflection Point at Which Second Nonlinear Region Ends and Linear Bottoming Begins

Inches
FSPOI Constant Load Between Deflection Points SI and SA - Pounds
FSPOF Constant Load Between Deflection Points SB and SF - Pounds
CDAMP Critical Damping Ratio. Acceptable Range is .02 to .10

REMARKS: (1) 'NSP' on card 0040specifies the number of these cards for input.
(2) These load-deflection cards must be ordered to correspond with the 0700-series cards of

external crushing spring data.
(3) The general shape of the load-deflection curve is as follows:

BOTTOMING SPRING,
STIFFNESS = XKE,

iCARDS 0700

-....... FSPOF

LOAD/

POUNDS I,!

- - -. - - - - - - - - - - FSPOI

SI SA SB SF

DEFLECTION - INCHES
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KRASH INPUT DATA

CARDS 0800: EXTERNAL CRUSHING SPRING LOAD-DEFLECTION AND DAMPING PARAMETERS
(Continued)

(4) External spring damping in program KRASH is COMPL ~d as:

2 * CDAMP* (FSPOIISI) *WGT! 386.4

where WGT is the weight for mass i.

~Entries requiring scientific notation (X.XEXX ) should be right jt'stilied.
6) Formiat f or this card is 7E 10.0.
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KRASH INPUT DATA

CARDS 0900: BEAM ELEMENT PROPERTIES

DESCRIPTION: Defines the end points and cross-sectional properties for each beam element in the
KRASH model.

FORMAT AND EXAMPLE:

[0 1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890FAA XJ IYY IZZ XIQ ZI Z2 MC

2 0.5 0.0 3.67 1.54 0.0 0.0 0.01 41 900

FIELD CONTENTS

M Massless Node Point Number At End "I" (Right Justified Integer)
1 Mass Point Number At End "I" (Right Justified Integer)
N Massless Node Point Number at End "J" (Right Justified Integer)
J Mass Point Number At End "J'" (Right Justified Integer)
AA Cross-Sectional Area - Inches**2.
XJ Torsional Stiffness Inertia - Inches**4
IYY Cross-Sectional Area Moment of Inertia About Beam Element Y-Axis For Bending In X-Z

Plane - Inches**4
IZZ Cross-Sectional Area Moment Of Inertia About Beam Element Z-Axis For Bending In

X-Y Plane - Inches**4

XIQ Cross-Sectional Shape Factor Relating Torsional Shear Stress To The Applied Moment -
I/Inches**3

Z I Distance From The Neutral Axis To The Extreme Fibers In The Beam Element
Z-Direction - Inches

Z2 Distance From The Neutral Axis To The Extreme Fibers In The Beam Element
Y-Direction -- Inches

MC Material Code Number (Right Justified Integer)

REMARKS: (1) "NB" on card 0040 specifies the number of these cards for input.
(2) Blank entries are read as zero.
(3) At least one beam element must be defined.
(4) The order of these data cards determines the beam element number.
(5) It "XJ" is input as zero, KRASH will automatically compute a value for "XJ" as

the sum of - IYY- and "IZZ".
(6) The beam element coordinate system depends on the geometric orientation as shown

in Figure 2-5.
(7) "XIQ". "ZI", and "Z2" are used only for stress calculations (See Section 1.3.17 in Volume 1).
(8) The torsional stress parameter "XIQ" is equal to the shape factor "I/Q" used in Roark's

formulas for stress and strain (Reference 4).
(9) KRAStl has ten standard materials internally defined as shown in Table 2-2.

(10) Entries requiiing scientific notation (X.XEXX) should be right justified.
(11) Format for this card is (2(12, 13), 5E10.0, 2F5.0, 12).
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TABLE 2-3. STANDARD MATERIAL PROPERTIES

MODULUS OF MODULUS OF TENSILE COMPRESSIVE SHEAR
ELASTICITY RIGIDITY STRESS STRESS STRESS

MC MATERIAL (PSI) (PSI) (PSI) (PSI) (PSI)

1 4130 STEEL 30.0E6 I L.OE6 75000 75000 37500

2 6150H STEEL 30.0E6 1I.0E6 205000 205000 80000

3 300-SERIES 28.0E6 12.5E6 70000 46000 36000
STAINLESS
STEEL

4 2024 T3 10.5E6 4.0E6 47000 39000 22000
ALUMINUM

5 6061 -T3 I 0.0E6 3.8E6 35000 34000 17000

ALUMINUM

6 8195-T4 CAST 10.OE6 3.8E6 16000 16000 17000
ALUMINUM

7 LOW MODULUS I.OE6 0.4E6 16000 16000 17000
MATERIAL

8 ZERO TORSION L.OE6 0.0 16000 16000 17000
MATERIAL

9 DRI SPINE L.0E6 0.4E6 16000 16000 17000
(MAN)

10 DRI SPINE 1.0E6 0.4E6 16000 16000 17000
(DRI)
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KRASH INPUT DATA

CARDS 1000: NON-STANDARD MATERIAL PROPERTIES

DESCRIPTION: Defines non-standard material properties for beam elements in the KRASH model.

FORMAT AND EXAMPLE.

0 I 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

MC < EE GGI STENSI SCOMPI SHEAR > Z

11 10.3E06 3.9E06 35000.0 34000.0 17000.0 1000

FIELD CONTENTS

MC Material Code Number. MC = 11-20 (Right Justified Integer)
EE Modulus Of Elasticity - Pounds Per Inch**2
GG Modulus Of Rigidity - Pounds Per Inch**2
STENS Tensile Yield Stress - Pounds Per Inch**2
SCUMP Compressive Yield Stress - Pounds Per Inch**2
SHEAR Shear Stress - Pounds Per Inch**2

REMARKS (I) Optional data card(s).
(2) "NMTL" on card 0040 specifies the number of these cards for input.
(3) Blank entries are read as zero.
(4) The yield stress properties are required when stress calculations are desired.
(5) The standard materials available in KRASH are listed in Table 2-2.
(6) Entries requiring scientific notation (X.XEXX) should be right justified.
(7) Format for this card is (15, 5X, 5E10.0).
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KRASH INPUT DATA

CARDS 1100: BEAM ELEMENT PINNED END CONDITIONS

DESCRIPTION: Defines the end points and the degrees-of-freedom for the beam elements with pinned
end conditions in the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7
12345678901 2345678901 2 45678901234567890 1234567890123456789012345678901234567890

T PYI PZI PYJ PZi SF35 SF26 SF35J SF26J I

26 0 0 1 0 1.0 1.5 1.2 1.0 1100

FIELD CONTENTS

M Massless Node Point Number At End "I"
I Mass Point Number At End "I"
N Massless Node Point Number At End "J.'
J Mass Point Number At End "I""
PYI Pin Flag For Bending Moment About Beam Element Y-Axis At End "I"
PZI Pin Flag For Bending Moment About Beam Element Z-Axis At End "I"
PYJ Pin Flag For Bending Moment About Beam Element Y-Axis At End "J'"
PZJ Pin Flag For Bending Moment About Beam Element Z-Axis At End "J"
SF35 Beam Shape Factor At End 'I" About Beam Y-Axis
SF26 Beam Shape Factor At End "I", About Beam Z-Axis
SF35J Beam Shape Factor At End "J" About Beam Y-Axis
SF26J Beam Shape Factor At End "J" About Beam Z-Axis

REMARKS: (1) Optional data card(s).
(2) "NPIN" on card 0040 specifies the number of these cards for input.
(3) The pin flags are defined as follows:

0 = Fixed
I = Pinned

(4) Blank entries are read as zero.
(5) All entries except SF26, SF35, SF26J and SF35J are right justified integers.

SF26. SF35, SF26J and SF35J are EIO.0 format.
(6) The beam element Y- and Z-axis directions depend on the beam element geometric

orientation as shown in Figure 2-3.
(7) Bending moments about the beam element Y- and Z-axes correspond to bending moments

in the beam element X-Z and X-Y planes, respectively, as outlined in Table 2-3.
(8) All entries requiring scientific notation (X.XEXX) should be right justified.
(9) Format for this card is (2 (12, 13). 415, 4E10.0).

(10) Beam shape factors SF26 and SF35, SF26J, and SF35J can be obtained from Table 2-4.
and Reference 14.

(11) SF26. and/or SF35 values are required for representation of plastic hinge at beam end I.
(12) SF26J and/or SF35J values are required for representation of plastic hinge at beam end J.
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NOTE: The end fixity card is used:

(a) to pin one or both ends of a beam

If a beam end is to be pinned then the desired PY, PZ, PYJ and PZJ flags are used
and the SF26, SF35, SF26J and SF35J values are input as zero. The program will
treat these beams as not providing for moments at the appropiiate end and direction.

(b) to define a beam that can develop a plastic hinge at one or both ends of the beam.

If a plastic hinge is represented the appropriate beam end direction (PY, PZ, PYJ. PZJ)
must be flagged and a corresponding (SF35, SF26, SF35J, SF26J) must have a value.
The program will treat such a beam as fixed until such time as the plastic moment is
formed. Thereafter the beam moment in the noted direction is maintained (no longer
changes). In order to use the plastic moment equations the user must have beam
section properties ZI or Z2 (card 0900) defined since KRASH computes the plastic
moment as follows:

M f
\ Ymax/

where

f shape factor (SF35, SF26, SF35J, Si 26J)

Ty material yield stress (contained in the material

code table),lb/in 2

area moment of inertia, either I or l in4

Ymax distance to neutral axis either Z I or Z2 , in

The following table shows the relationship between directional moments and appropriate
input terms for program KRASH.
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TABLE 2-4. RELATIONSHIP FOR DIRECTIONAL MOMENTS AND INPUT TERMS IN KRASH

APPROPRIAT. INPUT REQUIRIMI NT

AREA
MOMENT DISTANCE FROM

VORCI MOMENT FORCE, KRASH OF N.A. TOELEMFNT SIJAPI I ACTOR PIN CODING
ALONG ABOUT MOMENT DIRECTION INERTIA FXTREML FIBER "i" lj.

AXIS AXIS DESIGNATION NUMBERS (CARD 0900) (CARD 0900) END END END END

Y Iz. Me 3,5 IYY Zi SF35 SF35] PY PYJ

z I M4, 2,6 IZZ Z2 SF26 SF261 PZ PZJ

TABLE 2-5. SHAPE FACTORS FOR PLASTIC HINGE BEAMS (Reference 14)

SHAPE FACTOR, f
(SF 15, SF26, SF35J. SF26J)

SHAPE IN PROGRAM KRASH

A 2.37

02.0

*1.7

It 1.5

d 1.40 t/d = 10
1.27 t = 0

111=4= 1.15 Ranges 1.10 to 1.22

0 f = Z.'S
Z = 2He

S = l/Ymax

where: 1 =Section area moment of inertia

Ymax = Distance from neutral axis to extreme fiber
He = Static moment of half the cross section with respect to the neutral axis
Z = Plastic modulus
S = Elastic section modulus
f = Shape factor
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KRASH INPUT DATA

CARDS 1200: AXIALLY UNSYMETRIC BEAM ELEMENT PARAMETERS

DESCRIPTION. Defines end points, type of load. and deadband for the beam elements with
unsymetrical axial properties in the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

21 5 -1 1.5 1200

FIELD CONTENTS

M Massless Node Point Number At End "I" (Right Justified Integer)
I Mass Point Number At End "I'" (Right Justified Integer)
N Massless Node Point Number At End "J" (Right Justified Integer)
J Mass Point Number At End "J" (Right Justified Integer)
IJUB Flag For The Type Of Axial Loading In The Beam Elements

IJUB = +1. Tension Only
IJUB = -1. Compression Only

DB Deadband for axial loading. inches
REMARKS (1) Optional data card(s).

(2) "NUB" on card 0040 specifies the number of these cards for input.
(3) Blank entries are i,'d as zero.
(4) The general form of the load-deflection curve for the axially unsymetric beam element

is as follows:

LOAD /
POUNDS .

D/

, DB DEFLECTION - INCHES//
/

hUB = -1,COMPRESSION 4 IJUB = +1,TENSION

(5) This type of beam element may also incorporate nonlinear characteristics by specifying
the nonlinear properties per the 1800-series cards.

(6) The axial load-deflection curves that can be obtained using this capability are described
in Volume 1,Section 1.3.5.3.5. (Reference I)

(7) Format for this card is (2 (12, 13), 15. 5X, E 10.0).
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KRASH INPUT DATA

CARD 1290: SHOCK STRUT DATA

DESCRIPTION: Friction coefficient and number of metering pin tables.

FORMAT EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

ALPHAP I NMPTAB

1.0 21 1290

FIELD CONTENTS

ALPHAP Constant For Use In Computing Shock Strut Friction Force
NMPTAB Number of Separate Metering Pin Tables Input on Cards 1490/1500.

REMARKS: (1) Optional data card.
(2) Required only if NOLEO 4 0 (card 0040)
(3) Only I card regardless of NOLEO value
(4) Blank entry read as zero
(5) Range of ALPHAP is between .1 to 2.0. The smaller the alphap used the closer the

representation is to pure Coulomb friction. Generally a value of 1.0 is suitable.
(6) See Appendix A for the discussion on oleo friction forces for alphap selection.
(7) Format for this card is (E10.0, 110).
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KRASH INPUT DATA

CARDS 1300: SHOCK STRUT DATA

DESCRIPTION: Air curve parameters

FORMAT EXAMPLE:

0 I 2 3 4 5 6 7 8
1234567890123456789012345678901214567890l 234S67890123456789012345678901234567890

M !N JI EOLEO FAO FAA EXPOLE YMAX[ C X

7 10.27 116. 5. 1.0 9.32 1300

FIELD CONTENTS

M Massless Node Point Number In End "I" (Right Justified Integer)
I Mass Point Number At End "'I (Right Justified Integer)
N Massless Node Point Number At End "J' (Right Justified Integer)
J Mass Point Number At End "J" (Right Justified Integer)
EOLEO Effective Total Strut Cylinder Length, in.
FAO Fully Extended Gear Preload. lb.
FAA Ambient Air Preload, lb.
EXPOLE Poly tropic Exponent.
YMAX Maximum Stroke, in.

RFNIARKS. (I) Optional data cards.
(2) "'NOLEO" on card 0040 specifies the number of these cards for input.
(3) All entries requiring scientific notation (X.XEXX) should be right justified.
(4) EXPOLE ranges from I (isothermal) to 1.4 (adiabatic). Adiabatic condition will

usually prevail.
(5) See Appendix A for a description of the shock strut parameters and their usage.
(6) Format for this card is (2 (12, 13), 5EIO.O).
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KRASH INPUT DATA

CARDS 1400: SHOCK STRUT DATA

DESCRIPTION: Damping constants, linear springs at extended and compressed ends of strut travel and
coulomb friction.

FORMAT EXAMPLE:

0 1 2 3 4 5 6 7 8
1234567901234567890123456789012345678901234567890123456789012345678901234567890

M IIN J BOLEO BROLEO XKEXT XKCOMP FCOUL MPTABM

1 7 0.24 0.48 10000. 10000. 5.5 1 1400

FIELD CONTENTS

M Massless Nodc Point Number At End "I" (Right Justified Integer)
T Mass Point Number At End "I" (Right Justified Integer)
N Massless Node Point Number At End "J" (Right Justified Integer)
N Mass Point Number At End "J" (Right Justified Integer)
BOLEO Strut Orifice Damping lb-sec 2/in 2
BROLEO Strut Rebound Valve Damping lb-sec2/in 2

XKEXT Linear Spring At Extended End Of Strut Travel, lb/in.
XKCOMP Linear Spring At Compressed End Of Strut Travel, lb/in.
FCOUL Coulomb Or Constant Friction Force, lbs.
MPTAB Metering Pin Table Number. If a Metering Pin Is Not Used, Input Zero. MPTAB

Refers to Metering Pin Tables Input Sequentially On 1500-Series Cards.

REMARKS: (1) Optional data cards.
(2) "NOLEO" on card 0040 specifies the number .f these cards for input.
(3) All entries requiring scientific notation (X.XEXX) should be right justified.
(4) See Appendix A for a description of the shoEk strut parameters and their usage.
(5) If a metering pin table is used, BOLEO is ignored. If MPTAB is input as a negative

integer, the subsequent table on cards 1500 is interpreted as total gear load versus
stroke. This is used only or tle inverse metering pin option, explained in

Appendix A.
(6) No. of cards = NPTSMP value (card 1290)
(7) Format for this card is (2 (12, 13), 5E 10.0, 110).
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KRASH INPUT DATA

CARD 1490: METERING PIN DATA

- DESCRIPTION: Number of points in following metering pin table

FORMAT EXAMPLE:

0 1 2 3 4 5 6 7 9
12345678901234567890123456789012345678901234567890123456789012345678901234567890

NPTSMP

15 1490

FIELD CONTENTS

NPTSMP Number of Cards in The Following Table of YOLEO Versus BOLEO (Maximum Allowable
is 100)

REMARKS: (1) Optional data card. Required only if MPTAB is nonzero on any of the 1400-Series cards.
(2) This card precedes each 1500-Series of metering pin table cards. For example, if there

were 3 metering pin tables (NMPTAB = 3 on card 1290), the proper sequence would be

1490 1 card
1500-XX NPTSMP1 cards
1490 1 card

0 1500-XX NPTSMP2 cards
1490 .1 card

1500-XX NPTSMP3 cards

(3) Format for this card is 110
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KRASH INPUT DATA

CARDS 1500: METERING PIN DATA

DESCRIPTION: Table(s) of oleo piston compression versus damping constant.

FORMAT EXAMPLE

0 i 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

YOLEO BOLEO

7. 1.76E02 1500

FIELD CONTENTS

YOLEO Oleo Piston Compression. Inches. Measured From Fully Extended Position
BOLEO Oleo Hydraulic Damping Constant, Pount-Sec 2 /in2 , at The Piston Position Defined

by YOLEO

REMARKS (1) Optional data card(s). NPTSMP on card 1490 defines the number of these cards to
input. If NMPTAB = 0 on card 1290, then none of these cards are used.

(2) Format for this card is 2El0.0.
(3) If MPTAB on card 1400 is input as a negative integer, then BOLEO on the corresponding

1500-Series cards is interpreted as total gear load. This is referred to as the inverse
metering pin option, which can be used to calculate BOLEO versus YOLEO if a known
(or desired) load-deflection characteristic curve is input on this series of cards. This
option is explained in Appendix A.
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KRASH INPUT DATA

CARD 1600: BEAM ELEMENT DAMPING RATIO

DESCRIPTION: Defines an overall damping ratio for the beam elements in the KRASH model.

FORMAT AND FXAMPLE

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

DPC IhI
0. 10 1600

FIELD CONTENTS

DAMPC Damping Ratio (Actual/Critical)

REMARKS. (1) Required data card: however, it may be blank.
(2) Blank entry is read as zero damping for all beams.
(3) DAMP(' values in KRASII arc hetween .1 and .5. The

sketch helow shows the relationship between DAMPC values and
percent of critical damping.

(4) Forn.at ,fo this card is tlO.t

10

8

c P- 6

I I
cc 0=

/

.1 .2 .3 .4 .5 .6
DAMPC
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KRASH INPUT DATA

CARDS 1700: NON-STANDARD BEAM ELEMENT DAMPING RATIOS

DESCRIPTION. Defines the end points and damping ratio for each beam element in the KRASH model
for which a non-standard damping ratio is required.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7

1 234567,q0 123456789012345678901234567S901234567890123456789012345678901234567890

MI I]NI J1 GeAR

2 1 5 0.10 1700

FIELD CONTENTS

M Massless Node Point Number At End "Y' (Right Justified Integer)
I Mass Point Number At End "' (Right Justified Integer)
N Massless Node Point Number At End "J" (Right Justified Integer)
i Mass Point Number At End "J.' (Right Justified Integer)
CBAR Damping Ratio (Actual/Critical)

REMARKS (1) Optional data card(s).
(2) "ND" on card 0040 specifies the number of these cards for input.
(3) Blank entries are read as zero.
(4) CBAR values in KRASH are between .1 and .5. The

sketch below shows the relationship between CBAR values
and percent critical damping.

(5) Format for this card is (2 (12, 13), EIO.0).

10 /
/

8

C3

4 -

, 6

z 4
SU

-Uj

/
fi I II I I

.1 .2 .3 .4 .5 .6

CBAR
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KRASH INPUT DATA

CARDS 1800: NONLINEAR BEAM ELEMENT PARAMETERS

DESCRIPTION: Defines the end points, degree-of-freedom. KR table type. and linear deflection points for
the nonlinear beam elements in the KRASH model.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

M N' J L NP LDP LDPI

2 1 5 3 7 1.5 0.0 1800

FIELD CONTENTS

M Massless Node Point Number At End "1" (Right Justified Integer)
I Mass Point Number At End "I" (Right Justified Integer)
N Massless Node Point Number At End "J" (Right Justified Integer)
J Mass Point Number At End "'J" (Right Justified Integer)
L Nonlinear Degree-Of-Freedom Where L= 1, 2. 3.4, 5, 6 Corresponds To The Beam Element

Coordinate System Directions X, Y, Z, e, k. Respectively (Right Justified Integer)
NP Number Of Data Points Used In KR Table (Right Justified Integer)
LDP Deflection At Which Nonlinear Behavior Begins - Inches
LDPI Deflection At Which Nonlinear Behavior Ends And Linear Restiffening Begins - Inches

except as noted in remark (8).
REMARKS: (1) Optional data card(s).

(2) "NLB" on card 0040 specifies the number of these cards for input.
(3) Blank entries are read as zero.
(4) The nonlinear degrees-of-freedom are specified in the beam element coordinate

systems shown in figure 2-3.
(5) For "NP" = 4-9 the corresponding standard KR tables are shown in figure 2.6. For

"NP" >9 the user will input a nonstandard KR table with "NP- data points.
(6) "LI)PI "'s used fr the KR tahle "NP"' = 9 and for "'NP" = 4 (see remark 8).
(7) The theory on how the KR curves are used to calcuiate internal beam loads is

shown in Volume 1, Section 1.3.5.3.4. (Reference I).
(8) 1:, "'NP' 4 the LDP vAilue Iepresents the deflection value at which KR = 1.

[IINEAR). LDPI icpiesent, KR value (- I ). 0 <. deflection < LDP.
NP = 4 :im he nncli Im iniideliini llemebS such as a seat cushion which is
Soft. ju in )l i ji t '. d illn .nlpre,,io1. Do not use with LDPI > 1.0

(Qi) i, it , ,,i , I.1. IS) 215. 110.0).
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KRASH INPUT DATA

CARDS 1900: NON-STANDARD KR TABLE DATA POINTS

DESCRIPTION. Defines non-standard KR tables for the nonlinear beam elements in the KRASH model
which cannot be described with the standard KR tables.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

I 234567S901234567890123456789012345678901234567890123456789012345678901234567890

XKR K R

1.0 -1.0 1900

FIELD CONTENTS

XKR Deflection- Inches
KR Stiffness Reduction Factor at XKR

REMARKS: (1) Optional data cards.
(2) Fo: each use of -NP " > 9 on the I 200-series cards. "N'" of these cards are

required input.
(3) Blank entries are read as zero.
(4) Within each set of "NP"' data cards. deflections must be in ascending order.
(5) Each set of "NP*" data cards must be ordered to correspond with the 1800 series

cards where "NP' > ( is used.
(6) Format for this card is 2E10.0.
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KRASH INPUT DATA

CARD 2000: CONTROL VOLUME MASS PENETRATION PARAMETERS

DESCRIPTION: Defines a control volume around a'selected mass point in the KRASH model which is
monitored for penetration by another mass point during the analysis.

FORMAI AND EXAMPLE

0 I 2 4 5 6 7 8

12345678901 2345678901 23456789012345678901234567890123456789012345678901234567890

XN XP YNI YP _ _ZNt_ ZP

10.0 10.0 3.0 4.0 10.5 1.9 2000

FIELD CONTENTS

XN Distance From Mass Point To Aft Side Of Control Volume
XP Distance From Mass Point To Forward Side Of Control Volume
YN Distance From Mass Point To Left Side Of Control Volume
YP Distance From Mass Point To Right Side Of Control Volume
ZN Distance From Mass Point To Top Side Of Control Volume
ZP Distance From Mass Point To Bottom Side Of Control Volume

REMARKS. (1) Optional data card.
(2) 'MVP" on card 0040 specifies the mass point number for which this data card applies.
(3) Only one mass point may have a control volume.
(4) Blank entries are read as zero.
(5) All distances are positive and units are inches.
(6) For a RUNMOD = 2 the MVP mass should be selected from a mass point located on

the airplane centerline. This restriction doesn't apply to RUNMOD = 0 or I.
(7) Any of the model mass points may penetrate the designated control volume of the model.
(8) The mass penetration calculations are described in Volume I, Section 1.3. 10.
(9) Format for this card is 6E10.0.
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KRASH INPUT DATA

CARD 2100: DRI ELEMENT SPECIFICATION

DESCRIPTION: Defines the end mass points of the DRI beam elements in the KRASH model.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

I I il 121 J21 131 J31 141 J41 151 J51 161 J61 171 J7I1

3 10 2100

FIELD CONTENTS

Ii Mass Point Number At End "I"
i! Mass Point Number At End "J"

REMARKS: (I) Optional data card(s).
(2) "NDRI" on card 0040 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4) Blank entries are read as zero.
(5) Up to seven DRI beam elements can be specified on each card. (Normally an analysis

requires from I to 4 DRI elements).
(6) DRI beam element section properties can be defined on the 0900-series cards or if a

MTL code of 10 is used the program will automatically compute the DRI properties.
(7) Beams that connect massless node points cannot be used as DRI elements, only

direct mass to mass connection is allowed.
(8) The usage of DRI elements is described in Volume I, Section 1.3.1 2.
(9) Format for this card is 1415.

2-64

'-.'.''.-.'...'. .. .....................................- ", "- .,, .. " .."- . ,r"- .'". "" - .''¢; .-. , . .. ,.....r, ,.



*.-. - - " - "- " -• '"4 "•" ' -" "- " :•". . . : - - -wJ .r- - rrrr-r._ - r - . -_

KRASH INPUT DATA

CARD 2200: OCCUPIABLE VOLUME CHANGE PARAMETERS

DESCRIPTION: Defines occupiable volumes in the KRASH model for volume change calculations by
specifying the eight corner mass points.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

If1 12 1 131 141 151 161 171 18 i~Z 1 'Ij iZ cc iX I
3 7 12 13 21 23 31 35 2200

FIELD CONTENTS

I I Mass Point Number At Forward End, Upper Left-Hand Comer
12 Mass Point Number At* Forward End, Upper Right-Hand Corner
13 Mass Point Number At Aft End, Upper Left-Hand Comer
14 Mass Point Number At Aft End, Upper Right-Hand Comer
15 Mass Point Number At Forward End, Lower Left-Hand Corner
16 Mass Point Number At Forward End, Lower Right-Hand Corner
17 Mass Point Number At Aft End, Lower Left-Hand Comer
18 Mass Point Number At Aft End, Lower Right-Hand Corner

RLMARKS. (1) Optional data card(s).
(2) -NVCH" on card 0004 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4) Blank entries are not allowed.
(5) The volume change calculations are explained in Volume 1, Section 1.3.11 (Figure 1-16).
(6) For a symmetrical full model (RUNMOD = 2 type) when only half the data is input the user

inputs mass point locations 1,3, 5, 7 (1.13, I5, 17). The opposite side mass point locations
2, 4, 6, 8 (12, 14. 16,18) are input as zero (blank). KRASH automatically computes the oppo-
site side masses. See Volume 1. Figure 1-16 for mass point designations.

(7) Format for this card is 815.
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KRASH INPUT DATA

CARDS 2300: NON-STANDARD MAXIMUM BEAM ELEMENT POSITIVE DEFLECTIONS
FOR RUPTURE

DESCRIPTION: Defines the end points and the maximum positive deflections and rotations for
rupture of beam elements in the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

M I T 1N I VMAXI VMAX21 VMAX3I VMAX41 VMAX51 VMAX6 X

2 il 6 10.0 15.2 100.0 100.0 0.2 2300

FIFLD CONTENTS

M Massless Node Point Number At End "I" (Right Justified Integer)
I Mass Point Number At End "I" (Right Justified Integer)
N Massless Node Point Number At End "J" (Right Justified Integer)
J Mass Point Number At End "J" (Right Justified Integer)
VMAXI Maximum Deflection In Beam Element X-Direction - Inches
VMAX2 Maximum Deflection In Beam Element Y-Direction - Inches
VM AX3 Maximum Deflection In Beam Element Z-Direction - Inches
VMAX4 Maximum Rotation About Beam Element X-Axis - Radians
VNIAX5 Maximum Rotation About Beam Element Y-Axis - Radians
VMAXO Maximum Rotation About Beam Element Z-Axis - Radians

RLMARKS. (1) Optional data card(s).
(2) "NVBM" on card 0050 specifies the number of these cards for input.
(3) The standard or default values for maximum deflections and rotations are

100 inches and 100 radians, respectively. The deflections and rotations
refer to relative motions of the j end of the beam minus the i end of
the beam.

(4) The beam element coordinate systems are shown in Figure 2-5.
(5) All values are input as positive numbers.
(6) Format for this card is (2 (12, 13), 6E 10.0).
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KRASH INPUT DATA

CARDS 2400:
NON-STANDARD MAXIMUM BEAM ELEMENT NEGATIVE DEFLECTIONS FOR RUPTURE

DESCRIPTION: Defines the end points and the maximum negative deflections and rotations for
rupture of beam elements in the KRASiH mo-'el.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

M i N J VMAXNI VMAXN2I VMAXN31 VMAXN41 VMAXN5 VMAXN61

2 1 6 10.0 15.2 100.0 100.0 0.2 100.0 2400

FIELD CONTENTS

M Massless Node Point Number At End "I" (Right Justified Integer)
I Mass Point Number At End "I'" (Right Justified Integer)
N Massless Node Point Number At End "J" (Right Justified Integer)
J Mass Point Number At End "J" (Right Justified Integer)
VMAXNI Maximum Deflection In Beam Element X-Direction - Inches
VMAXN2 Maximum Deflection In Beam Element Y-Direction - Inches
VMAXN3 Maximum Deflection In Beam Element Z-Direction - Inches
VMAXN4 Maximum Rotation About Beam Element X-Axis - Radians
VMAXN5 Maximum Rotation About Beam Element Y-Axis - Radians
VMAXN6 Maximum Rotation About Beam Element Z-Axis - Radians

REMARKS: (1) Optional data card(s).
(2) "NVBMN'" on card 0050 specifies !he number of these cards for input.
(3) The standard or default values for maximum deflections and rotations are 100 inches

and 100 radians, respectively. The deflections and rotations refer to relative motions
of the j end of the bean minus the i end of the beam.

(4) The beam element coordinate systems are shown in Figure 2-5.
(5) All values are input as positive numbers.

(6) Format for this card is (2 (12, 13), 6E 10.0).
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KRASH INPUT DATA

CARDS 2500: NONSTANDARD MAXIMUM BEAM ELEMENT POSITIVE LOADS FOR RUPTURE

DESCRIPTION: Defines the end points and the maximum forces and moments for rupture of beam
elements in the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

mI N ii FMAXII FMAX21 FMAX3 FMAX4 FMAX5 FMAX6 X

3 7 I0.OEI1 1000.0 1I0.0E0 I0.0EI0 I0.0E6 IO.OE10 2500

FIELD CONTENTS

M Massless Node Point Number at End "I" (Right Justified Integer)
I Mass Point Number at End "1" (Right Justified Integer)
N Massless Node Point Number at End "J" (Right Justified Integer)
i Mass point Number at End "J" (Right Justified Integer)
FMAX I Maximum Axial Force in Beam Element X-Direction - Pounds
FMAX2 Maximum Shear Force in Beam Element Y-Direction - pounds
FMAX3 Maximum Shear Force in Beam Element Z-Direction -Pounds
FMAX4 Maximum Torque About Beam Element X-Axis - Inch * Pounds
F MA\ Maximum Bending Moment About Beam Element Y-Axis - Inch * Pounds
FM AX t Maximum Bending Moment About Beam Element Z-Axis - Inch * Pounds

RI NI \RK.- (I) Optional data card(s).
(2) "NFBM" on card 0050 specifies the number of these cards for input.
(31 The standard of default values for maxilum rupture forces and moments are

I + 10 pounds and inch-pounds, respectively.
1) Fm ries requiring scientific notation (X.XEXX) should be right justified.

(5) Blank entries are read as zero.
(6) The beam element coordinate systems are shown in Figure 2-5.
(7) All values are input as positive numbers.
(8) The input values are compared to the time-varying beam loads at the j end

to 'he beam to determine if beam rupture occurs.
(0) Format for this card is (2(12, 13), 6E 10.0).
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KRASH INPUT DATA

CARDS 2600: NON-STANDARD MAXIMUM BEAM ELEMENT NEGATIVE LOADS FOR
RUPTURE

DESCRIPTION: Defines the end points and the maximum forces and moments for rupture of beam elements in
the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 S
1 23.4567S901234567890123456789012345678901234567890123456789012345678901234567890

M I N! FMAXNI FMAXN2I FMAXN31 FMAXN41 FMAXN51 FMAXN6NA

3 7 1O.OE10 1000.0 10.0EIO I0.OEI0 I0.OE6 I0.0EI1O 2600

FIELD CONTENTS

M Massless Node Point Number at End '1' (Right Justified Integer)
I Mass Point Number at End 'I' (Right Justified Integer)
N Massless Node Point Number at End 'J' (Right Justified Integer)
J Mass Point Number at End 'J' (Right Justified Integer)
FMAXN I Maximum Axial Force In Beam Element X-Direction - Pounds
FMAXN2 Maximum Shear Force In Beam Element Y-Direction - Pounds
FMAXN3 Maximum Shear Force In Beam Element Z-Direction -- Pounds
FMAXN4 Maximum Torque About Beam Element X-Axis - Inch * Pounds
FMAXN5 Maximum Bending Moment About Beam Element Y-Axis - Inch * Pounds
FMAXN6 Maximum Bending Moment About Beam Element Z-Axis - Inch * Pounds

REMARKS: (1) Optional data card(s).
(2) 'NFBMN' on card 0050 specifies the number of these cards for input.
(3) The standard or default values for maximum rupture forces and moments are

.E 10 pounds and inch-pounds, respectively.
(4) Entries requiring scientific notation (X.XEXX) should be right justified.
(5) Blank entries are read as zero.
(6) The beam element coordinate systems are shown in Figure 2-5.
(7) All values are input as positive numbers.
(8) The input values are compared to the time-varying beam loads at the j end

of the beani to determine if beam rupture occurs.
(9) Format for this card is (2([2, 13), 6E10.0).
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KRASH INPUT DATA

CARDS 2700: LOAD INTERACTION CURVE SIGN CONVENTION DATA

DESCRIPTION: Defines the sign conventions to be used for load-interaction data output.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

ISCVI ISCV2 ISCV3 ISCV4 ISCV5 ISCV6

3 -2 5 6 -4 1 2700

FIELD: CONTENTS

ISCVI- CALAC (Lockheed-California Co.) sign convention load number to be used for the
ISCV6 corresponding user defined loads. The above example results in the following

correspondence between the user-defined loads and the CALAC sign convention
loads:

User Loads 1 2 3 4 5 6 are made up of

CALAC Loads 3 -2 5 6 -4 1

REMARKS: (I) Optional data card(s).
(2) NSCV on card 0060 defines the number of these cards for input.
(3) Any nonzero ISCN on the 2800-series cards requires a corresponding sign

convention definition card in the 2700 series.
(4) Section 3. 1 describes the load-interaction data and the significance of the

user-defined sign conventions.
(5) The format for this card is 615
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KRASH INPUT DATA

CARI)S 2800: LOAD INTERACTION CURVE DATA

DESCRIPTION: Defines the beams to be analyzed for load-interaction curves, the two interacting load
directions. sign conventions to be applied, exact location along the beams and rupture
ratio.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

Ii K L NLIL ISCN INSMI FSLIC BLLIC WLLIC RUPRAT I
7 3 5 3 I 10 1160. 1.4 2800

FIE LD CONTENTS

1.1 Beam number, the internal loads from which are to be analyzed on load-interaction diagrams.
K,L Load directions for the x and y axes of load-interaction curve. In the above example, 3.5

means use Fz and My, in the user-defined sign convention.
NLIL Number of sloping load-interaction lines, the data for which is defined on the 3000-series

cards. The maximum allowed per load-interaction diagram is 20, including those lines
generated as mirror images.

ISCN User-defined sign convention number to be applied to the beam internal loads before selecting
the KL loads for this load interaction diagram. If ISCN = 0, then the CALAC internal load
sign convention, defined in Section 4.15 reference 1, is used.

NSMI Number of masses involved if shear and moment summation of a particular station is required.
FSLIC, Defines the location on the airplane for this load-interaction curve. Input only one of these
BLLIC, nonzero. For fore-aft beams, use FSLIC. For lateral beams use BLLIC. For vertical beams,
WLLIC use WLLIC. The location input must be physically within the end points of beam IJ. In the

example shown, a load-interaction curve is defined for beam number 7, which is a fore-aft
beam, at FS 1160.

RUPRAT Beam IJ will rupture when the maximum load ratio for this interaction curve exceeds RUPRAT.
If the input data on cards 2900 and 3000 define a strength envelope which at any point would
cause complete failure of the structure represented by beam IJ, then RUPRAT = 1.0 would be
appropriate. A very large value (RUPRAT = 1000) will guarantee that beam rupture is not
triggered by the load-interaction curve calculations.

REMARKS: (I) Optional data card. NLIC on card 0060 defines the number of these cards to be input.
(2) For each load-interaction curve, cards 2800, 2900 and 3000 are input in sequence,

before the next 2800-3000 series. In other words, the 2800-3000 card sequence is
repeated NLIC times.

(3) Section 3.1 describes the load-interaction calculations and data.
(4) Format for this card is (615, 4E10.0).
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KRASt INPUT DATA

CARDS 2900: LOAD INTERACTION CURVE DATA

[)ESCRIPITION: Defines the maximum load levels along the positive and negative x and y load axes.

[ORMAT AND EXAMIPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

FMXLICI FMXLIC2 FMXLIC3 FMXLIC4

254000. 74.0E06 -254000. -74.0E06 2900

FIE LD CONTENTS

t:MXLIC I Maximum load levels along the positive and negative x and y load axes. Sequence is as follows:
FIMXLIC2
IMXLIC3 I = + x axis
ENIXLIC4 2 = + y

3=- x
4=-y

These lines form a rectangular load-interaction strength envelope that looks like:

Y&

3 1 X

4T

REMARKS: (I) Optional data card. NLIC on card 0060 defines the number of these cards to be input.
(2) For each load-interaction curve, cards 2800, 2900 and 3000 are input in sequence.

before the next 2800-3000 series. In other words, the 2800-3000 card sequence is
repeated NLIC times.

(3) Section 3.1 describes the load-interaction calculations and data.
(4) Format for this card is (30X, 4E 10.0).
(5) A zero or blank input for any of these 4 values will invoke a default value of 1.E20

pounds or inch-pounds.
(6) FMXLIC3 and FMXLIC4 are input as negative numbers.
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KRASH INPUT DATA

CARDS 3000: LOAD INTERACTION CURVE DATA

DESCRIPTION: Defines the intercepts for sloping load interaction lines and mirror image flags fbr generating
these lines in other load quadrants.

-ORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

NIXYI MXY2 FLIC FLC2

I 1 1500. 30.106 3000

[I. LI) CONTENTS

%I\Y I Mirror image flags defining additional load-interaction lines that are generated internally in
M X 2 KRASIl, based on the line defined by FLICI and FLIC2. The following combinations are

possible:

MXYI MXY2 RESULT Total No. of L.I. Lines

0 0 No mirror images generated I
0 I Mirror about y axis only 2
1 0 Mirror about x axis only 2
1 1 Mirror about x and y axes 4

LI('I Intercept of sloping load-interaction line with x (FLIC 1) and y (FLIC2) axes. These two
I LiC2 numbers define a single load interaction line, while MXYI and MXY2 can be used to generate

additional lines which are symmetrical about the x, y or both axes.

RI. MARKS: (I) Optional data. NLIC on Card 2800 defines the number of these cards to be input
(2) For ecah load-interaction curve, cards 2800, 2900 and 3000 are input in sequence,

before the next 2800-3000 series. In other words, the 2800-3000 card sequence is
repeated NLIC times.

(3) Section 3.1 describes the load-interaction calculations and data.
(4) Format for this card is (215, 2E10.0)..
(5) For each load-interaction curve, a maximum of 20 load-interaction lines are allowed.

The limit of 20 includes any lines generated by KRASH through nonzero inputs of
MXYI and MXY2.

(6) The example data will generate the following load-interaction strength envelope:

y 106 IN 00BS.

Load-interaction line I is generated by the user-input FLICI and FLJC2. Lines 2-4
are generated by KRASHt because MXYI = MXY2 = 1.
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KRASH INPUT DATA

CARDS 30 10: LOAD INTERACTION CURVE DATA

DESCRIPTION: Defines water line at forward and aft ends of segment for which shear and moment
loads are to be summed.

*FORMAT AND EXAMPLE:

S0 1 2 3 4 5 6 78
1234567890123456789012345678901234567890123456789012345678901234567890 1234567890

WLSMF WLSMA

215.7 206.4

FIELD CONTENTS

WLSMF Water line at beam forward end.
WLSMA Water line at beam aft end.

REMARKS: (1) Optional data card. Use only if WSMI on card 2800 is > 0.
(2) Beam number (IJ) is defined.
(3) Format for this card is (2E 10.0).
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KRASH INPUT DATA

CARDS 3020: LOAD INTERACTION CURVE DATA

DESCRIPTION: Defines masses located at station for which shear and moment loads
are to be summed.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

*IJSMI 2IJSM IJSM3 IJSM41IJSM51 IJSM61IJSM71 IJSM81 IJSM9 IJSM I JI I IS2 I JS13 I S14

33 41 49 57 65 84 104 105 118 11)1

FIELD CONTENTS

IJSM I Mass Point Number (Right Justified Integer)
thru

IJSM 14

REMARKS: (1) Optional data card. Use only if NSMI on card 2800 is > 0.
(2) Masses designed. IJSMI thru IJSM14 must all be at same FS or BL station.
(3) 14 masses per card. Use NSMI/1 4 cards.
(4) Format for this card is (1415).

2-75

................................................ *i-



KRASH INPUT DATA

CARDS 3100: MISCELLANEOUS MASS POINT PARAMETERS

DESCRIPTION: Defines any nonzero aerodynamic lift forces, angular moments of rotating masses, and mass
cross products of inertia for mass points in the KRASH model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12.;45678901234567890123456789012345678901234567890123456789012345678901234567890

T LCI HEXj HEY HEZI XYI YZIl XZiI

71 0.0 100.0 0.0 0.01 1.31 -3.3 0 0 30

FIELD CONTENTS

I Mass Point Number (Right Justified Integer)
LC Lift Coefficient For Aerodynamic Force, Positive Up
HEX Angular Momentum of Rotating Masses About Mass Point X-Axis - Inch * Pound * Second
HEY Angular Momentum of Rotating Masses About Mass Point Y-Axis - Inch * Pound * Second
HEZ Angular Momentum of Rotating Masses About Mass Point Z-Axis - Inch * Pound * Second
XYI Mass Cross Product of Inertia in Mass Point X-Y Plane - Inch * Pound * Second **2
YZI Mass Cross Product of Inertia in Mass Poini Y-Z Plane - Inch * Pound * Second **2
XZI Mass Cross Product of Inertia in Mass Point X:Y Plane - Inch * Pound * Second **2
NI ISY Symmetry flag which defines the signs for HEX, HEY, HEZ for masses on the right side

of the airplane. generated by subroutine GENMOD, if RUNMOD on card 110 is 2.

REMARKS: (I) Optional data card(s).
(2) 'NHi' on card 0050 specifies the number of these cards for input.
(3) Blank entries are read as zero.
(4) The airplane weight is multiplied by the lift coefficient to generate an aerodynamic lift

force on the mass point. This lift acts upward in ground axes.
(5) Format for this card is (12, E8.0, 6E 10.0. 12)
(6) NItSY = 0 corresponds to a synime'rical model (counter-rotating engines), so that

HEX-RIGHT = -HEX LEFT
tlEY-RIGIIT = +HEY LEFT
HEZ-RIGIIT = - HEZ LEFT

NIISY = I corresponds to an anti-symmetrical model (engines rotate in same direction),
so that

IlEX-RIGHT = +tHEX LEFT
IIEY-RIGHT = - IIEY LEFT
llEZ-RIGHT = + HEZ LEFT
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KRASH INPUT DATA

CARl) 3200: MASS POINT EULER ANGLES

DESCRIPTION: Defines for any mass point in the KRASH model three Euler angles to arbitrarily rotate the
mass point or body coordinate system relative to the airplane coordinate system.

I-ORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
1234567 8901234567890123456789012345678901234567890123456789012345678901234567890

1 1 PHIDP1  THEDPI lDPLZI2jF ]X

3 0.157 0.0 0.0 3200

EILLD CONTENTS

I Mass Point Number (Right Justified Integer)
PHIDP Roll Euler Angle about Airplane X-Axis - Radians
THEDP Pitch Euler Angle about Airplane Y-Axis - Radians
PSIDP Yaw Euler Angle about Airplane Z-Axis- Radians

REMARKS: (1) Optional data card(s).
(2) "'NPl'" on card 0050 specifies the number of these cards for input.
(3) Euler angles are order-dependent rotations. The order is PSIDP, THEDP, PHIDP.
(4) Blank entries are read as zero.
(5) These angles relate the mass-fixed axes to the airplane axes. Normally these axes

coincide and therefore the angles are zero. If mass inertia were available in an
inclined axis system the user might want to utilize this option. Another reason
for inclining mass axes away from the airplane axes is to enable the user to orient
an external spring in a direction that doesn't coincide with any of the airplane
axes (external springs must point along one of the mass fixed axes).

(6) Roll angle positive when mass axes are "right-wing-down" relative to cg axes.
Pitch angle positive when mass axes are "nose-up" relative to cg axes.
Yaw angle positive when mass axes are "nose-right" relative to cg axes.

(7) Format for this card (I5, 5X, 3E10,O).
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KRASII INPUT DATA

CARDS 3300: MASS POINT AERODYNAMIC COEFFICIENTS

DESCRIPTION: Defines for any mass point 6 aerodynamic load coefficients to be used to calculate
aerodynamic loads.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

I CXAIR CYAIR CZAIR CLAIR CMAIRI CNAIR

13 -137. 0. -1500. 3500. 5200. 7100. 3300

FIELD CONTENTS

I Mass point number
CXAI R Aerodynamic drag coefficient, in 2

CYAIR Aerodynamic side force coefficiint, in2

CZAIR Aerodynamic lift coefticient, in-
CLAIR Aerodynamic rolling moment coefficient, in3

CMAIR Aerodynamic pitching moment coefficient, i
CNAIR Aerodynamic yawing moment coefficient, in

REMARKS: (1) Optional data card(s).
(2) NAERO on card 0050 specifies the number of these cards for input.
(3) The input aerodynamic coefficients are defined as follows:

CXAIR = S * CX alpha
CYAIR = S * CY beta
CZAIR = S * CZ alpha
CLAIR = S*b*CLbeta
CMAIR = S* C* CM alpha
CNAIR = S*b*CNbeta

where

S = Reference areain-
b = Reference span, in
c = Reference mean aerodynamic chord, in.
alpha = Angle of attack, rad. Positive when mass is nose up relative to its velocity

vector.

beta = Sideslip angle, rad. Positive when mass is nose left relative to its velocity
vector.

('Xalpha = Slope of aerodynamic drag (positive forward)versus alpha, I /rad
CYheta = Slope of aerodynamic side force (positive right) versus beta. I /rad
CZalpha = Slope of aerodynamic vertical force (positive down ) versus alpha, I /rad
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KRASH INPUT DATA

REMARKS: CLbeta = Slope of aerodynamic roll moment (positive right wing down) versus
(Continued) beta, I /rad

CMalpha = Slope of aerodynamic pitch moment (positive nose up) versus alpha. I 1/ad
CNbeta = Slope of aerodynamic yaw moment (positive nose right) versus beta. I /rad

(4) All data refer to the local mass defined by I, not to the entire airplane.
(5) Aerodynamic loads at zero ALPHA are not included in the calculations. If

necessary, these can be included as external forces/moments in the 3300 series
cards.

(6) Aerodynamic loads using these coefficients are not included in the balanced initial
conditions coding.

(7) The format for this card is (15,5X,6E 10.0).
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KRASH INPUT DATA

CARDS 3400: MASS POINT TIME HISTORY ACCELERATION PARAMETERS

DESCRIPTION: Defines the mass point number, degree-of-freedom. and number of data points to specify
an acceleration or load time history for any mass point in the K RASI I model.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

I L1

3 2 10 1 3400

FIELD CONTENTS

I Mass Point Number.
L Degree-of-Freedom where L = 1, 2, 3, 4, 5, 6 corresponds to X, Y, Z,eX, 0Y,EZ in the

Mass Po in Coordinate System
NI' Numbi ol Data Points in the Table that specifies the Acceleration or Load Time History
N(ODI Flag defining whether the input table is of mass point acceleration or applied load.

REIMARKS: (I) Optional data card(s).
(2) "NA((" on card 0040 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4) IFach use of this card requires that "NP" number of the 3500-series cards be used.
(5) The imasses muist be input in sequence starting with the lower numbered masses.
(0) iormatl tor this card is 415.
(7) N(()DI- = 0 o0r acceleration in Puit table

N(ODI. = I for force/moment input table
(8) It is perutissible tO itnput forces for some masses and accelerations for other masses.

It both types are input for the same mass, the accelerations will predominate.
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KRASH INPUT DATA

CARDS 3500: MASS POINT ACCELERATION OR LOAD TIME HISTORY DATA TABLE

DESCRIPTION: Defines a table of time and acceleration or load data points for each mass point specified
on the 3400-series cards.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7
1234567890123456789012 1456789012345678901234567890123456789012345678901234567890

T ACCEL

0.01 -0.6 5500

FIILD CONTENTS

T Time - Seconds
Accel Acceleration G's or Radians per Second **2

or Loads Pounds or Inch-Pounds

REMARKS: (1) Optional data cards.
(2) For each of thL "NACC" number of 3400-series cards, "NP" number of these cards

are required.
(3) Within each set of data, the "NP" cards must be arranged in ascending order of time.
(4) Each set of data must be ordered to correspond with the 3400 series cards.
(5) Blank entries are read as zero.
(6) A maximum of 5000 acceleration times are allowed. For example, if accelerations

are applied to 50 masses, the time history of each location can not exceed a curve
consisting of 100 points.

(7) The values of acceleration or load are in mass axes, with translational accelerations
in g's and rotational accelerations in rad/sec 2 . Loads are in pounds or inch-pounds.
(See Equation 1-117 Volume I).

(8) Format for this card is 2El0.0.
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KRASH INPUT DATA

CARDS 3600: DIRECT INPUT OF BEAM ELEMENT 6X6 STIFFNESS MATRIX

DESCRIPTION; Defines the end points and 6x6 stiffness inatrix terms for any beam element in the
KRASH model.

FORMAT AND EXAMPLE;

0 1 2 3 4 5 6 7 8
I 23;457890I 234567890I 2345678901 2345678901234567890123456789012345678901234567890

21 W 117 1111 2400
0 I 2 3 4 5 6 7 8
I2345678901234567890I234567890I2345678901234567890123456789012345678901234567890

______ K121__ K13 K141 K15 K16
3500___01 j.0 K12 0.0 1 ' 0. 1 t.0f1 2401

0 1 2 3 .4 5 6 7 8
32 t4567890I 2345678901 23456789012345678901234567890123456789012345678901234567890

K 2 2 1K 2 3 1 K 2 4 1 K 2 5 1 K 2 6 2 0
0____ 0_ 1.7E07 1 0.01 0.01 0.01 -2.2E05 240

0 1 2 3 4 5 6 7 8

1234567890 1234567890123456789012345678901234567890123456789012345678901234567890

K3Ij K321 K331 K341 K351( K36

0.01 0.01 I.7E07 0.0j 0.3E041 0 OT1 2403

0 1 4 7
11 4 t- t0 11 i, %It)'; i -.) 1 .4 6 8 0 2 4 6 x O 21 5 7 ~ l 3 5 7 9 1 .4;,7 9

K41I K421I K4.31 K441 K45 K46 J fi)
0.0 0.01 0.0J -15200.01 0.0 1 0.0 1~ 2404

0 - 3 4 5 6 7 8
12345678901 23456789012345678901 2345678901 2345678901 2345678901 2345678901234567890

K51 __K_2 K31K54 K5SI K____ 5 6II

0.0~ j. K52J K5 0.01 3.SEO9j1 0.0__ 1 L 205

0 1 2 3 4 5 6 7 8
12345678901 2345678901 2345678901 2345678901234567890 123456789012345678901234567890

K6____ K621 K631J K641 K65S K66

0. 2.2E051 0.0 1 0.01 0.01 3 5 E09 20
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KRASH INPUT DATA

CARDS 3600: DIRECT INPUT OF BEAM ELEMENT 6X6 STIFFNESS MATRIX (Continued)

FIELD CONTENTS

Mi Massless Node Point Number at end "I" (Right Justified Integer)
Mass Point Number at end "I" (Right Justified Integer)

N Massless Node Point Number at end "J" (Right Justified Integer)
J Mass Point Number at end "J" (Right Justified Integer)
KIJ Stiffness Matrix Terms - Pounds per Inch or Inch * Pounds per Radian

REMARKS: (I) Optional data cards.
(2) "NKM" on card 0050 specifies the number of these card sets for input.
(3) Blank entries are read as zero.
(4) The beam element must be included on the 0900-series cards.
(5) The stiffness data on these cards will override any values calculated with the beam

element section properties on the 0900-series cards.
(6) The input 6x6 stiffness matrix corresponds to the lower right-hand quadrant of a

full I 2x12 beam element stiffness matrix, shown as Equation (1-23) in Volume i.
(7) Entries requiring scientific notation (X.XEXX) should be right justified.
(8) Format for the beam identification card is 2(12, 13).
(9) Format for the stiffness matrix data cards is 6E10.0.
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KRASH INPUT DATA

CARDS 3700-3800: MASS POINT POSITION (STRUCTURE DEFORMATION) PRINTER PLOT
PARAMETERS

DESCRIPTION: Defines the planar view, scale factors, and mass point numbers for each mass point position
(structure deformation) printer plot.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 11 o10.0 101 3700

0 1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

MI M2 M3 M4 M5 M6 M7M8 M9 MIO MI M121 M131 M4

IM 5 6 7 11 13 14 1 3800

FII LD CONTENTS

NTPL Flag to select Planar View where NTPL = 1 2, 3 corresponds to top, side, and frontal
views, respectively (Right Justified Integer)

NMPTS Number of Mass Points (Right Justified Integer - Maximum allowed is 50)
ISCALI Flag to Select Scaling Option as follows (Right Justified Integer):

ISCALE TYPE OF SCALING

0 Automatic scaling where horizontal and vertical plot axes scales are selected
independently based on the corresponding largest mass point displacement
components.

I Automatic scaling where horizontal and vertical plot axes scales are set
equal based on largest mass point displacement component.

3 User defined scaling

XSCALI. Horizontal Scale Factor required if "ISCALE' = 3
YSCALE Vertical Scale Factor required if "ISCALE'" = 3
Ml Mass Point Number (Right Justified Integer)

REMARKS: (1) Optional data cards.
(2) "NPLT" on card 0140 specifies the number of these card sets for input.
(3) "NTPL," "NMPTS," and "MI" must be nonzero.
(4) Blank entries are read as zero.
(5) Scale factor units are inches of mass point displacement per inch of paper.
(6) Entries requiring scientific notation (X.XEXX) should be right justified.
(7) Recommend ISCALE = 3 if user plans to compare or overlay plots at different time

periods.
(8) toriat 'r card 3700 type is (315.5X,2E 10.0).
(Q) [ormal for card 3800 type is 1415.
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KRASH INPUT DATA

CAR DS 3900: MASS POINT PRINTER PLOT PARAMETERS

DESCRIPTION: Defines the mass point number and flags to specify which mass point output quantity time
histories will be printer plotted.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

I MPJ MP2 MP3 MP4 MP5 MP6 MP7 MP8 MP9

3 0 1 0 1 0 0 1 0 1 3900

FIELD CONTENTS

I Mass Point Number
MPI Flag for Linear Displacements (X, Y, 7-- Inches) in the Ground Coordinate System
MP2 Flag for Euler Angles (PHI. THETA, PSI - Radians) in the Airplane Coordinate System
MP3 Flag for Linear Velocities (X, Y, Z - Inches per Second)in the Ground Coordinate System
MP4 Flag for Linear Velocities (U. V, W - Inches per Second) in the Mass Point or Body

Coordinate System
MP5 Flag for Angular Velocities (P, Q, R - Radians per Second) in the Mass Point or Body

Coordinate System
MI16 Flag for Unfiltered Linear Accelerations (X. Y, Z -G's) in the Mass Point or Body

Coordinate System
MI1- Flag for Filtered Linear Accelerations (X. Y. Z - G's) in the Mass Point or Body Coordinate

System
MP8 Flag for Angular Accelerations (P. Q, R - Radians per Second**2) in the Mass Point or Body

Coordinate System
MP9 Flag for Impulse (X, Y. Z in G-sec., P, Q, R in (RAD Per Sec) in Mass Point or Body

Coordinate Axes for Filtered Data

REMARKS: (I) Optional data card(s).
(2) "NMEP" on card 0140 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4)1" must be nonzero.
(5) Blank entries are read as zero.
(6) Flags for printer plot time histories are defined as follows:

O=No
I = Yes

(7) Format for this card is 1015.
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KRASH INPUT DATA

CARDS 4000: MASSLESS NODE POINT PRINTER PLOT PARAMETERS

DESCRIPTION: Defines the massless node point number, mass point number, and flags to specify which
massless node point output quantity time histories will be printer plotted.

FORMAT AND EXAMPLE:

0 I 2 3 4 S 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

M I NPI NP2 NP3 NP4 NP5 NP6

1 7 0 1 0 1 0 0 4000

FIELD CONTENTS

M Massless Node Point Number
I Mass Point Number
NPI Flag for Linear Displacements (X, Y, Z - Inches) in the Ground Coordinate System
NP2 Flag for Linear Velocities (X, Y, Z - Inches per Second) in the Ground Coordinate System
NP3 Flag for Linear Velocities (U, V, W - Inches per Second) in the Mass Point or Body

Coordinate System
NP4 Flag for Unfiltered Linear Accelerations (X, Y, Z - G's) in the Mass Point or Body

Coordinate System
NP5 Flag for Filtered Linear Accelerations (X, Y, Z - G's) in the Mass Point or Body Coordinate

System
NP6 Flag for Impulse (X, Y, Z in G-sec. P, Q, R in RAD/Sec) in Mass Point or Body Coordinate

System

Rt MARKS: (1) Optional data card(s).
(2) "NNEP" on card 0140 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4) "M- and "I" must be nonzero.
(5) Blank entries are read as zero.
(6) Flags for printer plot time histories are defined as follows:

0 = No
I = Yes

(7) Format for this card is815.
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KRASH INPUT DATA

CARDS 4100: BEAM ELEMENT LOADS PRINTER PLOT PARAMETERS

DESCRIPTION: Defines the beam element number and flags to specify which beam element internal load

time histories will be printer plotted.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8
1234567890123456789012345678901234S678901234567890123456789012345678901234567890

10 BFPI BFP21BFP3BFP4

27 0 1 0 1 4100

FIELD CONTENTS

li Beam Element Number
BFPI Flag for Axial and Shear Forces (FX, FY, FZ - Pounds)
BFP2 Flag for Torque and Bending Moments at End "1" (MX, MY. MZ - Inch * Pounds)
BFP3 Flag for Torque and Bending Moments at End "J" (MX, MY, MZ - Inch * Pounds)
BFP4 Flag for choosing between beam axis loads or loads in mass axes.

REMARKS: (I) Optional data card(s).
(2) "NBFP" on card 0140 specifies the number of these cards for input.
(3) All entric, are right justified integers.
(4) "1" must be nonzero.
(5) Blank entries are read as zero.
(6) Flags for printer plot time histories are defined as follows:

0= No
I = Yes

(7) If BFP4 = 0, then all load data are in the beam element coordinate system shown in
Figure 2-5.
If BFP4 = I, then all load data are in the mass point coordinate system at mass i or

j. as appropriate.
(8) If BFP4 = I, then BFPI through BFP3 control plotting of the following:

BFPI: FX,FY,FZ at mass I, in mass point coordinate system
BFP2: FX,FY,FZ at mass J, in mass point coordinate system
BFP3: MYI and MYJ. moments about y axis i-i each mass point

coordinate system.
(9) Format for this card is 515.
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KRASH INPUT DATA

(AR)S 4200: BEAM ELEMENT DEFLECTION-ROTATION PRINTER PLOT PARAMETERS

.[. DESCRIPTION Defines the beam element number and flags to specify which beam element deflection and

rotation time histories will be printer plotted.

- FORMAT AND 1EXAMPLI:

0 1 2 3 4 5 6 7 8

1234567890123456789023456789012345678901234567890123456789012345678901234567890

3 0 0 1 4200

FILLD CONTENTS

IJ Beam Element Number
BDPI Flag for Deflection Differences of End "J" and End "I" (X, Y, Z- Inches)

BDP2 Flag for Rotation Differences of End "J" and End "1" (Phi, Theta, Psi - Radians)

BI)P3 Flag for Rotation Sums of End "J" and End "I" (Phi, Theta, Psi - Radians)

RI MARKS (1) Optional data card(s).
(2) "NBDP" on card 0140 specifies the number of these cards for input.

I3) All entries are right justified integers.
(4) "lJ'" must be nonzero.
(5) Blank entries are read as zero.

(60) Flags for printer plot time histories are defined as follows:
0= No
I = Yes

() All deflection-rotation data is output in the beam element coordinate systems showx n

in Figure 2-3.
(8) Format for this card is 415.
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KRASH INPUT DATA

CARDS 4300: BEAM ELEMENT STRESS RATIO PRINTER PLOT PARAMETERS

DESCRIPTION: Defines the beam element number and flags to specify which beam element stress ratio time
histories will be printer plotted.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 j
12345679l234567890123456 7X9012345678901234567S90123456790l2345678901234567890

7 0 1 1 0 0 4300

FIELD CONTENTS

Ii Beam Element Number
STPI Flag for Stress Ratio for Top and Bottom Fibers Using Maximum Shear Stress Theory
STP2 Flag for Stress Ratio of Left and Right Fibers Using Maximum Shear Stress Theory
STP3 Flag for Stress Ratio of Top and Bottom Fibers using Constant Energy of Distortion Theory
STP4 Flag for Stress Ratio of Left and Right Fibers Using Constant Energy of Distortion Theory
STP5 Flag for Stress Ratio of Tension-Only. Compression-Only. and Axial Buckling Loads

RLMARKS (I) Optional data card(s).
(2) "NSTP" on card 0140 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4) "lJ" must be nonzero.
(5) Blank entries are read as zero.
(6) Flags for printer plot time histories are defined as follows:

0 No
I = Yes

(7) Stress parameters must be provided for the beam elements on the 0900-series cards.
(SJ "'NS(.." on card 0050 must he flagged "yes."
(9) Format for this card is 615.
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KRASH INPUT DATA

CARDS 4400: EXTERNAL CRUSHING SPRING LOAD-DEFLECTION PRINTER PLOT
PARAMETERS

DESCRIPTION: Defines the end point and flags to specify which external crushing spring load and deflection
time histories will be printer plotted.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12.4S 6 780 1234567890123456789012345678901234567890123456789012345678901234567890

I MSEPI SEP2

3 1 1 0 4400

FI!-LD CONTENTS

I Mass Point Number
M Massless Node Point Number
SI-P1 Flag for Axial Deflection (Inches)
StP2 Flag for Axial Loads (Pounds)

REMARKS (1) Optional data card(s).
(2) "NSEP'" on card 0140 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4) "' must be nonzero.
(5) Blank entries are read as zero.
(6) Flags for printer plot time histories are defined as follows:

0 =No
I = Yes

(7) All external crushing springs attached to the same mass point/massless node point will
be printer plotted if that end point is specified.

(8) Format for this card is 415.
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KRASH INPUT DATA

CA RIS 4 500. BEAM ELEMENT STRAIN AND DAMPING ENERGY PRINTER PLOT
PARAMETERS

DESCRIPTION: Wi~nes the beam element number and flags to specify which beamn internal element strain and
damping energy time history will be printer plot ted

FORMAT AND EXAMPLE:

0 1 2 3 4 5 b7
lI:t4 567 9012 34 5679012 34 567X901234 5678901234 56789012345678901234 56789012 34567890

2 1 145001

FLI) CONTENTS

Ii Beamn Element Number
VNGI Flag for Strain Energy (in.-lb.)
ENG;2 Flag for Damping Energy (in.-Ib.)

REMARKS: (1) Optional data cards.
(2) "N ENP- on card 0140 specifies the number of these cards for input.
(3) All entries must be right justified.
(4) "IJ" must be nonzero.
(5) Blank entries are read as zero.
(6) Flags for printer plot time histories are defined as follows:

0 =No

I= Yes
(7) Format for this card is 315.
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KRASH INPUT DATA

CARDS 4600: DYNAMIC RESPONSE INDEX (DRI) PRINTER PLOT PARAMETERS

DESCRIPTION: Defines the mass point number of a DRI beam element for dynamic response index (DRI)
time history printer plots.

FORMAT AND EXAMPLE:

0 I 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

27 4600

FIELD CONTENTS

J Mass Point Number

REMARKS: (1) Optional data card(s).
(2) "NDRP- on card 0140 specifies the number of these cards for input.
(3) All entries are right justified integers.
(4) "J" must be nonzero.
(5) Blank entries are read as zero.
(6) Flags for printer plot time histories are defined as follows:

O=No
I = Yes

(7) The mass point number must be end "J" of a DRI beam element.
(8) Format for this card is 15.

(ARI) 4700: END OF DATA

DESCRIPTION: Defines the final card of the input data.

FORMAT AND EXAMPLE:

0 1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

END

END 4700

*FIELD CONTENTS

End The Mnemonic "End" (Left Justified)

" REMARKS: (I) Required data card.
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2.3 OUTPUT ANT SAMPLE CASE

As explained in Section -. 1, the most general case of a KRASH85 analysis

involves the us e of three separate programs: KRASHIC, MSCTRAN, and KRASH85.

Table 2-6 shows a summary of the output from each program. A sample case

which models one-half of a transport airplane with 21 masses and 28 internal

beams will be used to illustrate the output for each program. This model is

illustrated in figure 2-7. This is a test case with special elements for

'hckout purposes; it does not represent a realistic airplane model.

TABLE 2-6. SUMMARY OF KRASH85 OUTPUT

KRASHIC KRASH85

* Echo of input data (2 times) a Echo of input data (2 times)
* Formatted printout of input data a Formatted printout of input data
* Miscellaneous calculated data a Miscellaneous calculated data

a Time histories of model responses
MSCTRAN a Mass data

a Internal beam data
I Executive control deck echo a External spring data
. Case control deck echo a Energy data
* Input bulk data deck echo a Summaries at end of run
a Sorted bulk data deck echo a External spring loading/unloading
* Displacement vector a Summary of plastic hinge formations

e Load vector a Summary of internal beam yielding and rupture
* Forces of single-point constraint a Summary of energy distribution
* Forces in bar elements a Interaction load time-histories
I Element strain energies * Vehicle c.g. motion time-histories
a Grid point force balance * Time history plots of selected response quantities

2. . I KRASIIIC Output

2.3.1.1 Echo of Input Data

[ his is a direct listing of the input data cards for the case being

analyzed. Figure 2-8 illustrates this print for the sample case. Each
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1) VIQ' ol tIt'e I 1st ins,, is preceded )' a hle ad tulgW wh itll iclent if iCS th I m twCI inl

numbehr .H[it. st'(iicLcnt.' numbers art. inl Columns 77 - 80. '[lie f irst card, withi

aI inl comiin Ii0, is- 4eCntrated by thle .31) Control Langu'lage (iCL) , and is not

parlt 01 tilit' dilt 'Ciet (lE A~E AAin tihis case) inl the usr l ibhrary.

I ii 1-,'st C.1l' 1  t Cl I S tII ilt' pogaii hehr or not to read an add i t IonatI data

* tt sItatt ii' del 1 Itct ion1s. A vcililt-)I- I means read tilie, add ititonal Idata set,

dol kans t~ 1rci it. The AI. is set ill) to suipply a zero f or this card for

tilt'I ir.st itte raIt ionl, whien no s-tat ic defie lt ,ionl illt ormalici 1 is avixci II i t), 811(1

,I I I or ii I I ulllsct'iii' t i t e ra t i 0115;, when tile da ta are ava ilable , as generated

1), NAS I RA..N . [Kli' I s t i ig iln f igure 2-8 i s f rom thIe l ast i tenat ll, anld t here-

I ol't' tit I le ' st cird has a I ill columin 10. 'Fm reiter-ate, thlis card is cillolla-

Et icl k- 't'iT'litd itli tile ICL; tile tuser does not :;iily~1> thiis card.

Citrd.ls 1(0 tii'tuil.hi 1-,48() are 5t11 [1 ted byV tile tUser and rep resent tue hasie

KRA,-iiS5 data set described in Section 2.2. This is the data set referred to

I iS ') DA . l.A i 11 S Ct' t i muil 2 . 1 . No t tC how tilt) tit11111l1' t itle c'a rds 5se'rve to se'gmlenlt

I i'd'itt citiI(i i it it rev iew i w , anld Od it tu til dat set

I I lowilii' k'cirtl 3 '48) is a set Of Cattds nil111)ifhtilt I through 76. 'ihi,- s

tlit' s;It I' lt'i I tt ionl data set referre'd to as XYW. NA\SoUT[ DATA in Sect ion 2 .I

I' I is"t S i 'c cdsOf t lIis daita set cire t i t It' catrds , t lit, remacinl. cards are

K'tiit't' del i('ott ionls anld tilit't' rotat 10115 Of eat'lli gr ii )Olilt in the NASihiAN'

Id istl to s I VC't' lit' Stitl it' I mad s p roble m . Ccii'tS I thirotugli 76 clre al I e'i

ru 1'~ c Lo, t ti lt' i II I V L iii' Uistr dot' 0 hoit Ilic' to div Imp' 01 tIiiis da ta se t. Ilie

t c I t " F i I I it' t Ii tit lStj0ir ' S I i 1)l'~'~ r i ,11 l , ltr thIe ime xi;:,. N ASOU'i . D)AI'A.

'I c'cc I "t t t'Ciit, siiown in tiT igure 2-8 is pr)Iov ided tiC t. (IIC~ copy tanl

i t 'j t . 111.11-k (11) o 1 ,1- n i Of i 110' dcit~ I i set , Wili I Ie t' 0 Ilk. i I' Cop) v rI ci lS

I - II ' kCo - 0Icn itL~ t lilt -(hitit' tlI r ti l t cr i t 11

i;,t 'il ", tilt' pi' ilt tOutpult organ IliZes ali I it ilpIIlt Lcitac i lItO 10i 'Cal

'ct; s tc l'ris t 1 lit dIt Ici wt Ii I' I 1--czp ~I lI~lcl0\ id'IIt itf itat ionl head i iigs.

ii. i ,it 'tii is i I lust i'itt'tl inl figure 2-9 for tilt' sairtpit' cast'. It'(. tlitci are

- 'I i t ' ilt t ' Lilit' )I 1,1'' i14 ' ii or grIotp)S:
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* Case title cards

* Program size data

* Acceleration data transfer control parameters

* Program data management control data (restart option)

* Program control data

* Vehicle initial conditions

* Initial mass/node point deflections (read from XYZ.NASOUT.DAT'A)

* Generalized surface data

e Corresponding mass and beam numbering (RUNMOD = 2 only)

* Mass data

* Node point data (optional)

" External spring data (optional)

* Material properties

* Internal beam data

* Unsymmetrical beam data (optional)

* Plastic hinge and end-fixity data (optional)

* Oleo strut beam data (optional)

* Nonlinear beam data (optional)

" Volume penetration data (optional)

* l)RI elements (optional)

* \'VI ume change data (optional)

" Nonstandard maximum deflections (optional)

* "onstandard maximum forces (optional)

* Load interaction curve sign conventions and curve data (optional)

e Nonzero angular momenta, cross-products of inertia, lift constants
(optional)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8
-CARD NO. 1234567890123456789012345678901234567890123456789012345678901234567890123456789

1 1
2 LT.SAMPLE.DATA 00000010
3 21 MASS/28 BEAM TEST CASE ONLY-NOT VALID AIRPLANE MODEL 00000020
4 123456789012345678901234567890123456789012345678901234567890123456789012o0000030
5 NM NSP NB NLB NNP NPIN NUB NDRINOLEO NACC MVP NVCH NMTL ND 00000040
6 21 19 28 1 12 10 4 1 2 19 0 0 0 0 00000050
7 NVBM NFBMNVBMNNFBMN NKM NHI NPH TOLl TOL2 TOL3 NSC NICNAERONBOMB 00000060
8 0 2 0 2 0 2 2 1000 1000 1000 1 1 0 1 00000070
9 NSCV NLICNRGR NBAL ICDICITR 00000080

10 1 15 0 5 1 1 00000090
11 GRAPHICS 00000100
12 00000110
13 200 00000120
14 ONE RESTART AND ONE SAVE CARD FOLLOHS 00000130
15 00000140
16 00000150
17 IPRINT DELTAT ThAX PLONT FCUT RL**IOD 00000160
18 200 .000050 0.1 0.000 50. 1. 00000170
19 BLANK CARD FOLLOWS 00000180
20 00000190
21 NSF NTF NDE NSPD NED NS NRP NIMP NBC : PRINT DATA 00000200
22 1 1 1 1 1 0 1 0 1 00000210
23 NtiEP t#JEP NBFP N80P NSTP NSEP NENP NDRP NPLTNPFCT PLOT DATA 00000220
24 0 0 6 0 0 0 0 0 0 0 00000230
25 INITIAL CONDITION DATA 3 CARDS 00000240
26 3140.00 000.00 300.00 00000250
27 000.00 0.1 000.00 00000260
28 000.00 .01745 000.00 000.00 000.00 0.001.1463E-07 00000270
29 MASS DATA NM CARDS 00000280
30 1585.0 199.0 0.0 220.0.11514E+05.4 E+05.15 E+05 100000290
31 9064.5 300.0 0.0 218.7.89080E+05.3 E+06.99 E+05 200000300
32 15318.1 460.0 0.0 208.7.16278E+06.96935E+05.10309E+06 300000310
33 13096.0 620.0 0.0 206.0.19627E+06.66715E+05.79389E+05 400000320
34 21752.6 820.0 0.0 200.2.49106E+06.12567E+06.14651E+06 500000330
35 7901.5 960.0 0.0 212.4.81383E 05.12 E+06.2 E+06 600000340
36 9190.7 1040.0 0.0 207.9.87536E 05.14 E+06.2 E+06 700000350

37 9938.4 1200.0 0.0 225.1.88098E+05.18 E 06.3 E+06 800000360
38 5702.0 1359.9 0.0 260.0.9i6249E+05.41788E205.26039E05 900000370
39 6175.2 1570.0 0.0 302.3.21530E.06.10798E 06.15863E 06 1000000380
40 9670.6 801.3 118.3 188.3.15213E+05.13858E+06.36 E 06 1100000390
41 10065.6 852.3 271.8 203.1.19510E 05.12263E 06.3 E+06 1200000400
42 5286.5 943.5 430.7 219.9.72715E 04.52619E+05.11 E 06 1300000410
43 3759.0 1045.8 583.5 243.5.44083E04.ZS823E+05.60 E 05 1400000420
44 1542.3 1112.6 740.6 255.1.16708E+04.90137E+04.18 E+0! 1500000430
45 5400.0 719.0 321.6 165.8 3651.56 25746. 29374.6 1600000440
46 5151.0 902.8 551.6 188.1 3712. 24588.2 28178. 1700000450
47 1922.0 887.0 131.6 90.7 371. 1600. 2000. 1800000460
48 238.0 279.0 0.0 85.0 24. 300. 500. 1900000470
49 1000. 300.0 0.0 238.7 1000. 1000. 1000. 2000000480
50 1000. 300.0 0.0 238.7 1000. 1000. 1000. 2100000490

FIGURE 2-8. ECHO OF THE INP T DATA (SHEET 1 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8
CARD NO. 12345678901234567890123456789012345678901234567890123456789012345678901234567890

51 NODE POINT DATA : NNP CARDS 00000500
52 1 5 775.1 48.0 181.0 00000510
53 1 11 773.9 118.3 186.3 00000520
54 2 11 887.0 131.6 179.7 00000530
55 3 11 887.0 131.6 179.7 00000540
56 1 12 811.8 321.6 199.6 00000550
57 1 14 994.5 551.6 220.5 00000560
58 1 15 1148.0 740.6 261.3 00000570
59 2 15 1112.6 740.6 255.1 00000580
60 1 16 735.7 321.6 199.6 00000590
61 2 16 719.0 321.6 165.8 00000600
62 1 17 918.4 551.6 220.5 00000610
63 1 2 279.0 0.0 147.5 00000620
64 EXTERNAL SPRING DATA 2 X NSP CARDS 00000630
65 1 3 70. 0.35 175000. 00000640
66 2 3 82.7 0.35 300000.0 00000650
67 3 3 72.7 0.35 100000.0 00000660
68 4 3 70.0 0.35 300000.0 00000670
69 5 3 64.2 0.35 300000.0 00000680
70 6 3 76.4 0.35 300000.0 00000690
71 7 3 69.9 0.35 100000.0 00000700
72 8 3 69.1 0.35 100000.0 00000710
73 9 3 64.0 0.35 300000.0 00000720
74 10 3 82.0 0.35 300000.0 00000730
75 11 3 28. 0.35 100000. 00000740
76 12 3 14. 0.35 100000. 00000750
77 13 3 11. 0.35 100000. 00000760
78 14 3 7. 0.35 100000. 00000770
79 15 3 3. 0.35 100000. 00000780
80 16 3 29.8 0.35 272000. 00000790
81 17 3 28. 0.35 272000. 00000800
82 18 3 19.65 0.30 100000. 00000810
83 19 3 16.45 0.30 100000. 00000820
84 1.3 1.5 1.6 10. 70000. 7000. 0. 00000830
85 1.3 1.5 1.6 10. 140000. 14000. 0.00 00000840
86 1.0 6.0 10. 21. 115000. 90000. 0.00 00000850
87 1.0 1.1 2.0 3.0 340000. 200000. 0.00 00000860
88 1.0 1.1 2.0 3.0 340000. 200000. 0.00 00000870
8q 1.0 1.1 2.0 3.0 340000. 200000. 0.00 00000880
90 1. 6. 10. 21. 60000. 48000. 0.00 00000890
91 1. 6. 10. 21. 68000. 48000. 0.00 00000900
92 1. 1.1 2.0 3. 300000. 30000. 0.00 00000910
93 1. 1.1 2.0 3. 300000. 30000. 0.00 00000920
94 1. 1.5 2. 7. 330000. 330000. 00000930
95 1. 1.5 2. 7. 330000. 330000. 0.00 00000940
96 1. 1.5 2. 7. 330000. 330000. 00000950
97 1. 1.5 2. 7. 330000. 330000. 00000960
98 1. 1.5 2. 7. 330000. 330000. 0.00 00000970
99 1. 8. 9. 16. 10000. 30000. 00000980
100 1. 8. 9. 16. 10000. 30000. 00000990
101 2. 2.001 8.05 8.051 62200. 294700. .02 00001000

FIGURIE 2-8. ECHO OF THE INPUr DATA (SHEET 2 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8

CARD NO. 123456789012345678901234567890123456789012345678912345678901234567890123456789

102 2. 2.001 5.75 5.751 16150. 51500. .02 00001010

103 INTERNAL BEAM DATA : NB CARDS 00001020

104 1 2 32.00 0.00 6.20E+04 3.70E+04 0.00 96.0 96.0 500001030

105 2 3 36.00 0.00 7.70E04 4.30E+04 0.00 99.0 99.0 500001040

106 3 4 36.00 0.00 8.60E+04 4.30E04 0.00 56.0 56.0 500001050

107 4 5 59.00 0.00 13.60E+04 4.65E+04 0.00 56.0 56.0 5000010b0

108 5 6 59.00 0.00 11.60E+04 4.65E+04 0.00 66.0 66.0 500001070

109 6 7 57.00 0.00 13.60E+04 5.70E+04 0.00 88.0 88.0 500001080

110 7 8 48.00 0.00 11.40E+04 6.20E+04 0.00 91.0 91.0 500001090

ill 8 9 37.00 0.00 5.60E04 3.35E+04 0.00 51.0 51.0 500001100

112 9 10 25.00 0.00 9.OOE+04 9.50E+03 0.00 50.0 50.0 500001110
113 5 1 11 54.00 4.800E+04 1.59E+04 1.14E+05 0.00 1.0 1.0 500001120

114 1 11 12 63.20 2.600E+04 1.14E+04 1.02E+05 0.00 1.0 1.0 500001130

115 12 13 56.3 1.OOOE+04 4.70E+03 5.80E+04 0.00 1.0 1.0 500001140

116 13 14 40.7 4.800E+03 2.OOE+03 2.10E+04 0.00 1.0 1.0 OOOOII50

117 14 1 15 20. 2.700E+03 1.20E+03 8.OOE+03 0.00 1.0 1.0 500001160

118 1 12 1 16 8.0 2.208E02 7.32E02 1.OOE+0Z 0.00 1.0 1.0 400001170

119 1 14 1 17 8.0 2.208E+02 7.32E+02 1.00E+02 0.00 1.0 1.0 400001180

120 2 11 18 0.01 150.0 239.E+00 239.E+00 0.00 1.0 1.0 100001190

121 3 11 18 0.01 150.0 239.E+00 239.E+00 0.00 1.0 1.0 100001200

* 122 1 2 19 0.01 5. 32.5E00 32.5E+00 0.00 1.0 1.0 100001210

123 6 12 40.7 4.800E+03 2.OOE+03 2.10E+04 0.00 1.0 1.0 500001220

124 9 14 40.7 4.800E+03 2.OOE.03 2.10E+04 0.00 1.0 1.0 500001230

125 12 0 40.7 4.800E+03 2.OOE.03 2.1OE+04 0.00 1.0 1.0 500001240

126 2 20 10. 1.0 1.0 1.0 0.00 1.0 1.0 900001250

127 2 21 10. 1.0 1.0 1.0 0.00 1.0 1.01000001260

128 15 16 20. 0.00 1.0 1.0 500001270

129 2 15 2 16 20. 0.00 1.0 1.0 500001280

130 15 0 20. 2.700E+03 1.20E+03 8.ODE+03 0.00 1.0 1.0 500001290

131 2 15 0 20. 2.700E+03 1.20E+03 8.OOE+03 0.00 1.0 1.0 500001300

132 BEAM END FIXITY CARDS: NPIN CARDS 00001310

133 1 2 0 0 1 1 0. 0. 0.0088 1.15 00001320

134 2 3 0 0 1 1 0. 0. 1.25 1.25 00001330

135 3 4 0 0 1 1 0. 0. 1.1 1.1 00001340

136 4 5 0 0 1 1 0. 0. 1.15 1.15 00001350

137 5 6 0 0 1 1 0. 0. 1.25 1.25 00001360

138 6 7 0 0 1 1 0. 0. 1.25 1.25 00001370

139 7 8 0 0 1 1 0. 0. 1.15 1.15 00001380

14 0 8 q 0 0 1 1 0. 0. 1.0 1.0 00001390

141 6 1z 0 0 1 1 0. 0. 0. 0. 00001400
142 9 14 0 1 0 1 O. 0. 0. 0. 00001410

143 UNSYM BEAM DATA: NUB CARDS 00001420

1 44 15 16 1 .08 00001430
145 2 15 2 16 -1 .08 00001440

146 15 0 1 .3 00001450

147 2 15 0 -1 .3 00001460

1148 OLEO BEAM CARDS: 00001470

149 1. 1 00001480
150 2 11 18 20.982 10855. 739. 1.4 20. 00001490

151 1 2 19 16.965 3420. 289. 1.4 16. 00001500

152 2 11 18 4.0 0. .IE06 .IE06 5000. 1 00001510

FIGURE 2-8. ECHO OF THE INPUT DATA (SHEET 3 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8
CARD NO. 12345678901234567890123456789012345678901234567890123456789012345678901234567890

153 1 2 19 3.4 0. 50.E03 50.E03 500. 00001520
154 45 00001530
155 -0.2 352.7 00001540
156 -0.0964 352.7 00001550
157 -0.0376 10.24 00001560
158 0.124 23.62 00001570
159 0.341 22.21 00001580
160 0.607 17.90 00001590
161 0.953 8.24 00001600
162 1.46 3.38 00001610
163 2.17 2.13 00001620
164 3.07 1.25 00001630
165 4.13 1.56 00001640
166 5.21 1.79 00001650
167 6.20 2.46 00001660
168 7.05 3.58 00001670
169 7.72 6.26 00001680
170 8.20 13.47 00001690
171 8.53 31.50 00001700
172 8.74 62.40 00001710
173 8.91 64.06 00001720
174 9.12 34.22 00001730
17r 9.41 16.03 00001740
176 9.83 8.42 00001750
177 10.39 5.24 00001760
178 11.08 3.68 00001770
179 11.87 2.93 00001780
180 12.71 2.77 00001790
181 13.54 3.38 00001800
182 14.27 4.93 00001810
183 14.83 9.33 00001820
184 15.21 25.53 00001830
185 15.40 153.79 00001840
186 15.4518 1000. 00001850
187 15.4539 1000. 00001860
188 15.4581 1000. 00001870
189 15.494 403.85 000018!%0
190 15.61 67.70 00001890
191 15.84 22.15 00001900
192 16.18 9.93 00001910
193 16.65 5.31 00001920
194 17.21 3.02 00001930
195 17.82 2.07 00001940
196 18.39 0.92 00001950
197 18.82 0. 00001960
198 18.97 10. 00001970
199 22. 10. 00001980
200 DAMPC CARD 00001990
201 .05 00002000
202 NONLINEAR BEAM DATA: NLB * CARDS 00002010
203 3 11 18 1 7 2.0 00002020

FIGURE 2-8. ECHO OF THE INPUT DATA (SHEET 4 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8
CARD NO. 12345678901234567890123h5o78901234567890123456789012345678901234567890123456789o

204 DRI CARD: 00002030
205 2 21 00002040
206 POS.FORCE CUTOFF:NFBM CARDS 00002050
207 2 11 18 428000 1.EIO 1.OE1O 1.E1O 1.E10 1.E1O 00002060
208 1 2 19 130000 1.E10 78000 1.E1O 1.E10 1.E1O 00002070

209 NEG.FORCE CUTOFF:NFBMN CARDS 00002080
210 2 11 18 428000 1.E1O 1.OE1O 1.E10 1.E1O 1.E1O 00002090

211 1 2 19 130000 1.E1O 78000 1.E1O 1.E10 1.E1O 00002100
212 LOAD INTERACTION SIGN CONVENTIONS(NSCV CARDS): 00002110
213 1 2 -3 4 5 6 00002120

214 LOAD INTERACTION DATAINLIC+ CARDS): 00002130
215 1 3 5 1 0 300. 1000. 00002140
216 166000. 20.8Et06 -166000. -20.8E+06 00002150
217 1 1 199000. 45.6 E+06 00002160
218 2 3 5 1 0 300. 1000. 00002170
219 166000. 20.8E+06 -166000. -20.8E+06 00002180

220 1 1 199000. 45.6 E 06 00002190
221 2 3 5 2 0 400. 1000. 00002200
222 210000. 23.8E+06 -210000. -23.8E+06 00002210
223 1 1 185000. 60.8 E+06 00002220
224 1 1 674300. 25.4 E+06 00002230
225 3 3 5 2 0 480. 1000. 00002240
226 00002250
227 1 1 195000. 130.3 E+06 00002260
228 1 1 545300. 28.9 E+06 00002270
229 3 3 5 2 0 540. 1000. 00002280
230 00002290
231 1 1 199000. 137.3 E406 00002300
232 1 11365380. 35.3 E+06 00002310
233 3 3 5 2 0 620. 1000. 00002320
234 274000. 45.OE 06 -274000. -45.OE+06 00002330
235 1 1 286000. 185.6 Es06 00002340
236 1 1 384400. 79.7 E+06 00002350
237 4 3 5 2 0 620. 1000. 00002360
238 274000. 45.OE+06 -274000. -45.OE+06 00002370
239 1 1 286000. 185.6 E+06 00002380

240 1 1 384400. 79.7 E+06 00002390
241 5 3 5 .2 1 960. 1000. 00002400
242 288000. -288000. 00002410

243 1 0-5.2317E06 71.SE+06 00002420
244 1 1 474500. 152.8Et06 00002430
245 6 3 5 2 1 960. 1000. 00002440
246 288000. -288000. 00002450
247 1 0-5.2317E06 71.5E+06 00002460

248 1 1 474500. 152.8Es06 00002470
249 6 3 5 2 1 1000. 1000. 00002480
250 254000. 74.OE.06 -254000. -74.OE+06 00002490
251 1 1 301000. 228.7E+06 00002500
252 1 11.3581E 06 84.2Et06 00002510
253 7 3 5 3 1 1080. 1000. 00002520
254 00002530

FIGURE 2-8. ECHO OF THE INPUT DATA (SHEET 5 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 3 4 5 6 7 8
CARD NO. 12345678901234567890123456789012345678901234567890123456789012345678901234567890

255 0 1 210000. -555.88E06 00002540
256 1 1 327700. 107.75E06 00002550
257 1 1 1.5738E06 64.0 E06 00002560
258 7 3 5 3 1 1160. 1000. 00002570
259 00002580
260 0 1 239000. -265.64E06 00002590
261 1 1 372214. 83.5E 06 00002600
262 1 1 804840. 49.9E 06 00002610
263 8 3 5 3 1 1240. 1000. 00002620
264 35.0 E 06 -35.0E06 00002630
265 0 1 198000. -217.32E06 00002640
266 1 1 409460. 50.5E 06 00002650
267 1 1 965217. 37.OE 06 00002660
268 8 3 5 2 1 1320. 1000. 00002670
269 27.2 E 06 -27.2E06 00002680
270 0 1 148000. -91.818E06 00002690
271 1 1 662500. 31.8E 06 00002700
272 9 3 5 3 1 1400. 1000. 00002710
273 00002720
274 0 1 123500. -54.998E06 00002730
275 1 1 350720. 24.2E 06 00002740
276 1 1 914520. 18.9E 06 00002750
277 NONZERO ANGULAR MOMENTA (NHI CARDS): 00002760
278 16 .1 E06 00002770
279 17 .1 E06 00002780
280 NONZERO MASS ORIENTATION ANGLES (NPH CARDS): 00002790
281 16 -.0872665 .0349066 .05236 00002800
282 17 -.0872665 .0349066 .05236 00002810
283 FORCE TIME HISTORY DATA: NACC + CARDS 00002820
284 1 3 2 1 00002830
285 2 3 2 1 00002840
286 3 3 2 1 00002850
287 4 3 2 1 00002860
288 5 3 2 1 00002870
289 6 3 2 1 00002880
290 7 3 2 1 00002890
291 8 3 2 1 00002900
292 9 3 2 1 00002910
293 10 3 2 1 00002920
294 11 3 2 1 00002930
295 12 3 2 1 00002940
296 13 3 2 1 00002950
297 14 3 2 1 00002960
298 15 3 2 1 00002970
299 16 3 2 1 00002980
300 17 3 2 1 00002990
301 18 3 2 1 00003000
302 19 3 2 1 00003010
303 0. -95. 00003020
304 1. -95. 00003030
305 0. -624.5 00003040

FIGURE 2-8. ECHO OF THE INPUT DATA (SHEET 6 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8
CARD NO. 12345678901234567890123456789012345678901234567890123456789012345678901234567890

306 1. -624.5 00003050
307 0. -1861. 00003060
308 1. -1861. 00003070
309 0. -4715. 00003080
310 1. -4715. 00003090
311 0. -7901. 00003100
312 1. -7901. 00003110
313 0. -1991. 00003120
314 1. -1991. 00003130
315 0. -2316. 00003140
316 1. -2316. 00003150
317 0. -785.4 00003160
318 1. -785.4 00003170
319 0. -450. 00003180
320 1. -450.0 00003190
321 0. 17445.6 00003200
322 1. 17445.6 00003210
323 0. -15419.2 00003220
324 1. -15419.2 00003230
325 0. -28188.2 00003240
326 1. -28188.2 00003250
327 0. -21394.1 00003260
328 1. -21394.1 00003270
329 0. -17818.8 00003280
330 1. -17818.8 00003290
331 0. -6240.9 00003300
332 1. -6240.9 00003310
333 0. -270.8 00003320
334 1. -270.8 00003330
335 0. -258.3 00003340
336 1. -258.3 00003350
337 0. 0. 00003360
338 1. 0. 00003370
339 0. 0. 00003380
340 1. 0. 00003390
341 BEAM LOAD PLOT PARAMETERS: NBFP CARDS 00003400
342 3 1 1 1 0 00003410
343 7 1 1 1 1 00003420
344 11 1 1 1 0 00003430
345 11 1 1 1 1 00003440
346 12 1 1 1 1 00003450
347 14 1 1 1 0 00003460
348 END 00003470
349 $TITLE =LT.SAMPLE.DATA 1
350 $SUBTITLE=21 MASS/28 BEAM TEST CASE ONLY-NOT VALID AIRPLANE MODEL 2
351 $LABEL =INITIAL CONDITION STATIC SOLUTION 3
352 $DISPLACEMENTS 4
353 $REAL OUTPUT 5
354 $SUBCASE ID 1 6
355 100 G -3.089143E-02 0.0 -9.927106E-01 7
356 -CONT- 0.0 -2.240265E-03 0.0 8

FIGURE 2-8. ECHO OF THE INPUT DATA (SHEET 7 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8
CARD NO. 123456789012345678901234567890123456789012345678901234567890123456789013456789

357 200 G -2.848941E-02 0.0 -7.668377E-01 9
358 -CONT- 0.0 -2.228401E-03 0.0 10
359 201 G 1.302763E-01 0.0 -8.132805E-01 11
360 -CONT- 0.0 -Z.228401E-03 0.0 1Z
361 300 G -7.956207E-03 0.0 -4.223564E-01 13
362 -CONT- 0.0 -2.016658E-03 0.0 14
363 400 G -3.881566E-03 0.0 -1.467094E-01 15
364 -CONT- 0.0 -1.310210E-03 0.0 16
365 500 G 0.0 0.0 0.0 17
366 -CONT- 0.0 0.0 0.0 18

367 501 G 0.0 0.0 0.0 19
368 -CONT- 0.0 0.0 0.0 20
369 600 G 3.900044E-04 0.0 -1.395651E-01 21
370 -CONT- 0.0 1.905726E-03 0.0 22
371 700 G -1.741045E-02 0.0 -3.224223E-01 23
372 -CONT- 0.0 2.646158E-03 0.0 24
373 800 G 1.960037E-02 0.0 -8.574680E-01 25
374 -CONT- 0.0 3.925510E-03 0.0 26
375 900 G 1.623369E-01 0.0 -1.646019E+00 27
376 -CONT- 0.0 5.791210E-03 0.0 28
377 1000 G 4.121330E-01 0.0 -2.947555Et00 29
378 -CONT- 0.0 6.380443E-03 0.0 30
379 1100 G -2.376708E-02 -6.204829E-02 4.549811E-01 31
380 -CONT- -6.692741E-03 -2.201437E-03 -5.605556E-04 32
381 1101 G -1.923054E-02 -6.048076E-02 3.946611E-01 33
382 -CONT- -6.692741E-03 -2.201437E-03 -5.605556E-04 34
383 1102 G -1.296112E-02 -1.657883E-01 7,333756E-01 35
384 -CONT- -6.692741E-03 -2.201437E-03 -5.605556E-04 36
385 1103 G -1.296112E-02 -1.657883E-01 7.333756E-01 37
386 -CONT- -6.692741E-03 -2.201437E-03 -5.605556E-04 38
387 1199 G -9.159952E-02 0.0 5.671605E-01 39
388 -CONT- O. -6.671570E-03 0.0 40
389 1200 G -2.1& 33E-O1 4.138300E-02 2.341778E+00 41
390 -CONT- -1.306025E-02 -6.671570E-03 -9.325834E-04 42
391 1201 G -2.439489E-01 3.842940E-02 2.721848E+00 43
392 -CONT- -1.306025E-02 -6.671570E-03 -9.325834E-04 44
393 1300 G -6.008096E-O1 3.054580E-01 6.170235E 00 45
394 -CONT- -2.241265E-02 -1.032134E-02 -1.681539E-03 46
395 1400 G -1.368592E+00 6.399863E-01 1.084585E+01 47
396 -CONT- -2.562700E-02 -7.394243E-03 -5.296096E-03 48
397 1401 G -1.022668E+00 2.900483E-01 9.660551E+00 49
398 -CONT- -2.562700E-02 -7.394243E-03 -5.296096E-03 50
399 1498 G -6.724822E-01 0.0 8.267696E 00 51
400 -CONT- 0.0 -9.067804E-03 0.0 52
401 1499 G -6.724822E-01 0.0 8.267696E 00 53
402 -CONT- 0.0 -9.067804E-03 0.0 54
403 1500 G -2.495207E+00 4.342729E-01 1.459589E 01 55
404 -CONT- -1.709940E-02 -9.067804E-03 -4.925180E-03 56
405 1501 G -2.554651Et00 3.717276E-01 1.491743E+01 57
406 -CONT- -1.709940E-02 -9.067804E-03 -4.925180E-03 58
407 1502 G -2.495207E00 4.342729E-01 1.459589E+01 59

FIGURE 2-8. ECHO OF THE INPUT DATA (SHEET 8 OF 9)
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ECHO OF THE INPUT DATA IN CARD IMAGE FORMAT

1 2 3 4 5 6 7 8
ZAR0 NO. 12345678901234567890123456789012345678902234567890223456789012343678901234567890

408 -CONT- -1.709940E-02 -9.067804E-03 -4.925180E-03 60
409 1600 G 7.919735E-02 -2.893812E-01 1.937819Et00 61
410 -CONT- -1.295901E-02 -9.379078E-03 -1.573280E-03 62
411 1601 G -2.385548E-01 1.247810E-01 2.086104E+00 63
412 -CONT- -1.295901E-02 -9.379078E-03 -1.573280E-03 64
413 1602 G 7.919735E-02 -2.893812E-01 1.937819Et00 65
414 -CONT- -1.295901E-02 -9.379078E-03 -1.573280E-03 66
415 1700 G -6.952552E-01 -3.464461E-02 8.834676E+00 67
416 -CONT- -2.537085E-02 -9.936552E-03 -5.952675E-03 68
417 1701 G -1.014152E+00 6.997874E-01 8.967885E 00 69
418 -CONT- -2.537085E-02 -9.936552E-03 -5.952675E-03 70
419 1800 G 1.832870E-01 -7.628592E-01 6.225001E-01 71
420 -CONT- -6.689243E-03 -2.204068E-03 -5.605288E-04 72
421 1900 G 2.696309E-01 0.0 -8.798568E-01 73
422 -CONT- 0.0 -2.223161E-03 0.0 74
423 2000 G -9.809875E-02 0.0 -8.621072E-01 75
424 -CONT- 0.0 -4.137885E-03 0.0 76
425 2100 G -7.305723E-02 0.0 -7.669372E-01 77
426 -CONT- 0.0 -2.228401E-03 0.0 78

FIGURE 2-8. ECHO OF THE INPUT DATA (SHEET 9 OF 9)

2 -105

-. . .'..4->'.-;U . :* .o* .,



1 ,

20 tO

'4 0 .0 00

204.1 0 >1 0

z 4 WN0 ,
ot 4 0 onO aIi

0o- (0 10

4 . .0'a x

-9 z 0 0 CL

u0 1-0

E 0+000 0HL

Ix

0 00 > 040 ~
zS ( 0 1 a4-x c

(0 x N X a K-
(04 2 - 9 0 wn

>u 0 0 z 0 U
4E--

0L 0.x

4 ii 0 0
1-n. 1- .4 0 &.z 5.

-C! C.
.4 N

> 0000 n.1 H r
NW t 0

20 -'NW Z > H

0 IL
0 00 14 N >4 .

Wo c oN -
0 I .0 1-411.10-

£4W >( 0 O 0 ( t- i.

co >2o

ZN z 04 .4 a r

* ~ ~~~~ > 00 . -14

0o 0. 0 - W1E
-J N .g a 00

a. 09 Ix(
o~ do 044.(

o4 0 S9 -1 -4 -4W 0
,I 4k 0 0-11

N4 N m-( -

a - CL -a 4 -u

2 4 (4 a 4 1-LiZ 2-a106. .4 4- v



.0

i-,NN

.. MiM &A N N E-

4 MiOMO-iN.O

oN o 4.0 a, NoM

roOO 00 00 o.0 oIA~~ g0 NOI 0
OO0OO0IA'IA~INA0 w

0 om o oH

4~.O~A N =INltONol oA I000

CN 0 Mo .00 o MN . 0 MO I N N - N

MNN N N M

N u

24MM007 iI



00 00 m0000 00 0 0 0M"O00 000 00 00

0N 000- 0000 0Q00 0000 0 000 0 0

0 00 . 0ma,0N0 N0It. mOCo4

~L 000000000000000.- 0-4

.- 40Nc4 M 1.d.0....N0.D....

0000000000000000000

LU~L 00.00 0008N0O00
93 00 0 .00,~ 0 0 CI

00

0000000,0000000000000o

0000 0.000 0 000 0 0 . 0000

0 0O'00000i00000o0 E-

2 *

0.0000'-4

9000000 00 0000 0 0
3- 4 m0000 T ± LN Ui NO0. 00

* * N 0 0 N N~ 0 .00. e O..
4 

N NN NNNNNN NN0

Z I 0 0 00 0 0

2--10800 .0



00o

0 0

0. 40
Sw

oo ocUo o o o o 00 0 0 00 0 0 c 0; 000

000

.c 00co co o C).

000~~ ~ 00 0o 0 0 0 000 0Ln LA o -s

o .. .. o g oo s ag o oog w E S 99g ooo ooss osH
F0 0 0 0 0 0 0 0 0 0 x

2 2 ~ ~ ~ ~ I .40000000000000000000oo oooo o~

.4- NONNN4NMM MM4,aNIa

o Co oo
- coooooooocooooooooo oco

0..J - '-oOooooooooooooooooH

C -ooooooooooooooocoo
oo oc c oc o ,- 0 0 00 0 0 0000000oo ooAoog

mcX -J o oo o o oo w o 0.001110 00000000 000N Maw 000000~~LJ~ L.0 0 0 0 0 0 0 0 0 0 I 0 ~~ C 0 4~ LM00L99900 00

-, e . . 0.4- Iguloofreoc -
L ~ ~ ~ ~ ~ ~ _ o o o 0000 0000 0000 000 FOflM d. MM IM r... jIA N ot M,

U o o c o oo mo o o 9 Ci..os
ocoo coo oo o ooc o oooo coo ooo oc~ r0

to 00000000oo 00 0 00 000o o o oc o o c o o ooooc
Q~z ~ oc ooo oo o ooac m c occ ooo oooo coo o o~ ,Ho ocoggsgggzsgg o

ooooo.ooocoooo o 'm A

IA L

LD M

)~co 0000 0000 0000 0 zc

-= .400 0000000 0000000 .00000 00 0 00 0 0



Cr0 000 00 000 000.44 000 .00 00

(AN 0000000000.4.-000009

0000

00 N-0000000000 0 000 0 0000 000000

0. no 0. 0 0 00 00 0 0 0 000000cc000 0 

z 200 000000- 0 00 ,0 0 0 0 0 0 0

-- 000 0 0000 goo0 ...... 000000000

--- 00x000000000000000000000000

04 X

c cc -0
0000 I-! . (

0000 P-44

O4 tI t0 0 ma- - - -0 0 00 0 00 0 00 0
m.- oo 0000000000000000000000000000 .9

0J N0 0 0 0 00 0 0 0 00 0 0 0 0

0.-- - --n00 0 00 0 00 000 00

0 4c 0 0 0 0 00 0 0 00 0m00 0

0000~ ~~ ~~ 4 C0,0000 00 0 00 0 00
*~ 00000-00

-x 0
00 0 00 0 0 00 0 00 0 0 0000

Co.= 00000000000 000000000000 000

0.0. w 0 -L -OOO-OxOOOOOO 0
4 O'NNCOO'N.Q'Co0 NN CC C C 00 N to

4-- - - CO'?N4'N? Mh.-.CO4.,OONON 0

m 0- 00 o H

000000000 000000000 0 00 0



2000000000

MO0000000000c

0~0 LAO 00 t,4 774 '(L
0.00 ii0 ROD.7'

0 ii $ 0 U 0 0 C O N 7 4 0

M600000000 to

~~t00LA NO00.4C

0o o 0 0 1 ~ 0 00
LA0N0LLA0 00

X n H

* o oo~ - 0
0.0 000 000 .00

0.0.

4 AE-

00o z c

o~oo,0000soc auoo g

9 0. .4 i.0 0

0 000000.00 u 00 4 C)C H0 0

nOL 00000000 0 og gg oo

0000.00 =- r00z

---- ---- 0 L0

NOOO OO O -4. do.c

-,o-oooo0oo000 40 0
LAO~~~C 

tt ci AL L OS
4000 00 0 000000

40 009 woo00
A,- - - - -00000 00 0000000

740000000000 OCN

2-01



z 00

f 0

E-4

g z
00 00000000

m

500

Me a

-J o 04

O w .

co L00000000 r

S0 o 00000000 0
0000og

a00. 4

0oo

0000000

to 0 0 0 0 0 0 0 0
aa 0,0

.... oooooo z
00 - I1.

40 0 9 CIO

- - - -- - - - - - --- -=,,-,,,-- - - - -- ' - -- " .. . '"' .. - " "



30

E-

0 0 0 0 0 00 00 0 0 0 0000 000 00 0000 00 000 000 000
* FU2

000

z z a
w -K

0000 000 0000 000 000 0000 000 000 0000 000 000

000 00 000 00 00 000 00 00 000 00 00 000 0 000 0..L

00 D

o9 0

a,~~ ~ ~ N Z4L n n

Ow 4

000 000 000 000 000 000 000 000 000 000 000 000 L2LA1A13



34 00000000 0000000

zz

xo x00 0 0 0 0 0 0

'x 00 0 00 0 0 00 0 0 00 0 00 0 0 00 0 0

o o-
z. Z co c Q

"I 00 0 00 0 00 0 an 4 44 444 00o
-~~~~ 0000000000 Z o000000000000000000 &4

o<
oooooodooO~.s o0 0 00 0 00 0 00 00 0 00 0 00 0 00 0

OOO .00 0~N0 X 0000000000000000000d00~34000o

lol~ N o cN o 0
>4~~c 0 0!N

4I

4 0 0 0 0 o
c4 o 4 o 0 05

Nc N N . .

u

a .. 0 0 2N1N4

03 z4



4

0 0

-4

r4
0 01 0 N No 0 .000OCOCOCCOOO WOW

coo N4

~~0 000V L 14L L .A4L L~ N~~tA4 A0t7. M 0 M 0~~0 N.0o N ad

00n LAO 0 0 0 0010

00 00 00 0000000000 00 000 00000000000

N~NL tLAtt .M Nm M M N m004 t.e.o .a4 0n I

0 0 0 0000

0 00 00 0

a g g g gCa

0 0 0 .70 20 115



'0

-4

N M tU) W 4 LA N C 01

C!C

00000000000'00C

ON00

0000 000000000

00000000000000004 00 L

00

0~ 0' 0D 0 0000 0 0 N m N

00

0~~M 00 0, N NC OT 0 N 4 . i0 7

0 N~ 0
*0 0 4M A-IN ZM

0 0 0 0 0 0 0 "-4
0 0 00000000tc
N 0 6 OV)Z C!9 990 0 N IfC I4..O i

. 0000000000l.N@40'.OO00 0
00 0 o -C 4

0 a N (v 000 I ~ t 0 4 0
N=M, 00 Q

wo w
0~~ 0

* 0 0 0

0 0 IOi.4M .4M M~iNN ~ iI2I116I



0 0

C; r.
0

E-4

z

0 0-4

04

o E-4

"NNNN NNN0

to
0

a 0 C0

N0 t M M lgt N ttt~ 01 0IflW40CJ0 0 0 g aN 00
.0 00009 0 00000 0 0 !0 9000 00000 9 C cC,0C T4

Ina1 0 U1i.N m I 4 104IIN NNNN Mt 10 0 0

CLC

.1 ~ IM ItM 11 443c

o a 0 0 0 0 0 0 0 0 0 0 0 0 02001007



........ -7 T-' C W 7 u . ' - a - .a * ."

Ln LA
Ccoo 0 C 0 0 co 0' 000 C 00 C 0 N 0

CD c 0 Go 0 - o 0 0 o 0 0 0 Go 0 0 0 0D
o C C 0 000 0 0 0 00 0 0 0 0H

0' 0 0 0' C C a - 0 0 a N C VS C 0 0
C n OD C N N 0 .0 R 2 0 - . - a m

N z4 N 0 N .0 N' -o os c j C 0 D N to

o 000.0 000 0 00 000 0 000 000N O OOC 0C00 0.a000a C 0C00- N O

00 4 040 00. 040 0 00.00' .0 0. OCCOON 0.-4000 ONO OC 0.0-00

C0 C 0 C 0 C C 0 0 0 C0C 0 0 HZ
0 .- 4 0 4 0 . 0 -0 -0 .0 - 0 -

0o c 000 c co00 000 0a a a a a aa
CN C C 0 0 0! .' .0 .0 C -1 0' 0 N 09 .01

0.00.0 OOoNOO' 0000.-I CO moo ocCOClro~ 60O6ON0 00.00CC CONOO 00.40.H

z
s-i

0' 0' 00 0 0'0 ' 0' 0a 0

0 o 0 M a 0 0 0 000 0 0 0 0 a a 0:
Cn m.0 N C C a, It0 20 NN

It .0 co .0 a0CCV

m .0 "0 N C No .0m
ON O CO CC 00 00 000.00! oo 0 0OCOCOC 0 00- c a 0 0 N0 400 00 00 COONOOc

ONCOmo COO Co, 000410 OCo CCO 000.000 000000 000.000 COONCO 00.0o

o0 C o0 o 0 C 0 C a C N 0 0 0 0 C 0 C

0 0 0 0 0 0 C 0 0l 0 0 0 0 0 0 0 0 a
N0 .1 Nc. 0 co N Cm 0 ' . N N

cc .0 N N C C N Ca0 . -C -0
-o o 0.0oo .00c 0'0 0' N N ,SIO C o~ NN C

0.40.0 CON NO CO OCO 0 0000 0000CC 00.-ISN00 00. 00 O O O 0 0 -

.0 . .0 Cl .0 C . C N C 0 C C N C!

o c 00 0 0 0 0 0ca 0 0 cc c a 0
0 0o 0 0o 0 0

'A N C 0 0 .0 20- ~ N 0 a4
'.1000-, 04 0000 00 0000 00c oo o e O COO V00000 '0.00CC 0.000

. . . . . . , * .0 . 0 . . . . .0 . 0,m- c C

00o o o 00 OO 000 0000"t o o aooo N0 00 NO 0 00;0
C It Nn do 4p '

0 .0 NN .02.-108



0 0

0' 0 0 0 0 N 0' N ' 0 0 N 0 0 '0

Ln Ln m, U, co 4- 0o 0' . 0 . 0 ' 0 'a
-~u U, o0 - 0 ' 0 0 0 N ' o o o
.4 0' 0 Ui0n N .4 LA 0' 0 ' N 0

N 0' '0 '0 U, .4 '0 '0 . , 1 .' . .4 . .. . -.- .c i .

o 0 0 0o a a Q = a 0 0 o o 0 o

o a o a a ao aQ

D 0 . . .4 . .4 U, '0 .4 0' Ac 1 0 N
0 0 o .4 . .4 0' .4 .4 .0 .0 '0 '0 '0 -; ' M c

0 0S 0000

OD a,, Ln N
N 0 ,0 0 0

.40 '0919 '0~c9c 'oQ oo 9 .0 '0o oc Uica c
0 ~ ~ ~ ~ ~ ~ .000.0 OO N O 0 0 0 0 0 0 ...... 00 . .. .0..... .00.00 00.

0 00 .. 00 000000c 000.400 00 0'00 0 0000o 000.400 coo-c0c coo-cc 00

a 00 0 00 00 00

0 't14 m4 U, 'o-n-o-
O 1 C . . .4 0 '0 U, '0 0' .9 4! 0' '0 0' '0,. . . a . .* .4 .4

0 00.4000 00.00.4 000000 ooNo'00 00.4000 00000'0 00000'0 coON 0 c0

0 '0 o o N c o 0 o '0 U

0 0 0 0 0P 00 0
a ~ C a 0n 0PA 0 0 0 0 0
4 0, 0 '5 0n a, aw 4n ao0 , ' 4W ' 0 '

*~ ~ ~ ~~. .4 . .4! U, 0 0 0 N N r'!' N ' N U

& In II

'0 '0a 0' ' 00.

-10 0 00 0 .4000 200010

r '' 00 ,NI.



. . . .

o 0 0 0 0 0 0 0 0 0 0 0 0

10 t 0 0, N C .

m '7 In Nr .4 N N . 0 0
.m 0 N r 0 C . - 0 0 0

OOO COOCON0 0 000W OC OO ONOCOC L 0400000 0o 0 0 00 00 0000001 4 ! ! . 19 9

000.4 0.4000.0 0J4000N OwaoO.- 04000- 0.JCO0N 0.000N 000000 000000

C C N C o C CD Cn co .7 It . A
0 0 0 0 0 0 0 0 0 0 0 0 0 0o

00 0 0 0 0 0 0 0 0 a a'
C C - 0 C - N N to0 N a

-, -0 01 0 0 c 0 0 C OM- 0 0o 0
LOONO 00 010 00±ONO OCNONo 000000o 004000 0040000 000000 000000 H

0-4

000 0 a a 00
C - N N C0

LO z N N 0 C 0

Cn 0 CC 0 0,OCOO0 O0ONC0 000N0 00CONoC 000.400 000000 00000 0 0 0 0 0 0

0 00 OCOCOC0 OCOCOC OOONOO 000.400 OOONOO 000.OO 000000 000000 0
H
z
0-4

C Cn m7 Cn m Ct N'A C C 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 C

0 0 0 0 0 0 0 0 0 0 0 0 0..
Co m 0 .7 - N C N N - C 0 0

- 7 0- NO 0 OO O O D N M 0 00 0 0 M 0 N 0~ 0 0

-. 0400 00020.40 0 0 040 0CONO c 0.4000 0 0 .40.0 0 0. 0 .40 000000 000000H

0 0 0 0 0 0 0 0 0 0 0

00 0 0 0 0 0 02 0 0 0 0 0
C 0 .4 N 0 N PC 0 0 . 4 .

C 0 7 . 0 0 N C N C C 0 0
N N 0 00NN 0 C 0. 0 0o

I4 N ! 0 !0C 0 C C! C N.1 .4 09 C 04

00000 00. 0.4000. O00OO4 0.40000r 0.4000.4 0.4000.4 000000 000000I

00 0 0 0 0 0 0

00 00 030 00 00 00 00 NO
CC0 C C

0 ' 0 00 C cN 0 CD CnCwO
0000 cooC p400 400000 000000 000000 4000000 00000 00000oZ

2-120



;T4

-4

-4

0 0 0 0 rw
0 0o 0 CD
It a It H0
0 '0 0 14

0 400 0 0 4 0J

C ;; i0 N C 0 N; C

0 0 0 a -
03 ' 0 0 r

0 e0 NP

0 Q 0

110
000

00.04 0 00~0 0 c

N 0 0
0 0 0 0 4
0 0 0 0

0 0 0~ 0

0 0I 0F 0 0 0I' 0

0 0 0 0
C a0. 0 0 0

LA 0

0 0:0

0 0

co 00

0 0*

.00000 .000
0 . 0

4 0 400 0

2-121



" Nonzero mass orientation Euler angles (optional) (When a static
deflection data set XYZ.NASOUT.DATA is read in, all masses will be
rotated and a complete printout of this section of data will occur.)

" Acceleration input table data (optional)

* [K d matrices for all NB internal beams

The nonlinear beam data section prints out all the KR tables, whether

thcse are user-input or standard tables coded into KRASH85. Similarly, the

6 % 06 linear stiffness matrix [KjI is printed for all NB internal bvtam ele-

micent s, whether KI is directly input by the user or internally calculated

in KkASII. The printed matrix corresponds to the lower rigl-t-hand quandrant

of a full 12 by 12 beam stiffness matrix (figure 1-19, Vol. 1).

Certain items in this formAtted printout of the input data provide addi-

tional information not directly input by the user. These include the follow-

ing:

0 External spring data - The actual damping constant used in the KRASII85
calculations of spring damping force is shown (CDAMP(IKM)).

0 Internal beam data - Beam lengths are shown (XLB). The item called
VBM is a flag denoting which, if any, of the beams the program treats
as vertical beams. VBM = I corresponds to a vertical beam, and
VBM = 0 corresponds to a normal beam. The interpretation of the beam
orientat ion Euler angles, part of the time-history beam deflection
output, depends upon whether a normal or vertical beam is noted.

* Plastic hinge and end-fixity data - ',,e actual plastic hinge moments,
Calculated within the program, are output. (PLM35,...,PLM25,1)

* Miass data - The coordinates for the mass and node points are not equal.
to, those input by the user in XYZ.DATA. The input coordinates have
b.en modified by the initial mass and node point deflections, also
shown in the formatted output of the input data. All calculations in
KRASH85 use the modified coordinate data.

2. 1.l.3 :iscel laneots Calculated Data

The miscellaneous calculated data are illustrated in figure 2-10, and is

(It'SCIii)td in t1i t I lowing subsections.
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2. 1.1.3.1 Model Parameters. - The overall vehicle weight, c.g. position, and

inerta-as are show,'n. These are used to see how well the anlytical model

-,atches the actual vehicle being analyzed. This output is always for a con-

plete airplane, even if only a half-airplane model is input (RU,'IOD = 1.0).

The nmitjal position of the vehicle e.g., relative to the ground, is also

shown.

.3.1. 3.2 Beam Loads and Deflections Corresponding to Yielding. - This output

is nerated only if NIC on card 50 (figure 2-3) is input nonzero. The beam

ioads and deflect ions corresponding to Yielding are used as guidelines for

establishing nonlinear deflection points for internal beam KR curves. The

loads are calculated using the stress and buckling equations discussed in

Volume I, Section 1.3.17, along with the appropriate yield stress for the

beam material given in table 2-3 of this report.

The loads corresponding to yield stress are uncoupled loads (e.g., the

shear forces are those corresonding to yielding without any bending moment

applied.) Similarly, beam deflections are those resulting from the corres-

ponding load only without the coupled load being applied. In actual loading

situations, so-'d degree of coupling is always present, so the deflections

corresponding to yield provide only a rough indication of appropriate values

to use for setting up KR curves. Furthermore, no attempt has been made to

include in the analysis the effectt of stress concentrations, geometric

shape factors, and end attachment details.

2.3.1.3.3 Overall Vehicle Forces/Accelerations at Time Zero. - This block of

utput data is printed twice. The first time shows the six net loads (pounds

:1nd inch-pounds) at the airplane e.g., and the resulting six rigid body accel-

erations. These e.g. accelerations are then used :o calculate tie rigid body

acceleration at each mass point in the model. These mass point accelerations

vield inertia relief loads at each mass point. If these inertia relief loads

;re included in the total airplane force/moment balance, the net c.g. loads

and accelerations should be zero. The second printout shows that the c.g.

loads/accelerations, including inertia relief, are indeed very small (less

than E-16 for all accelerations). The above calculations are performed in
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subroutine NETFOR, the purpose of which is to calculate the net forces acting

on each mass. These forces are used in the NASTRAN static load solution.

Inert ia rel if loads are included to guarantee that a balanced set of applied

" 1 o:;(s is input to the NASTRAN model.

2. . I Ind i: 1i . .1 . F rt'< .A ,I c I t ilt iIt At i iI, ; i- F. - l: kiire 2-10

1'.> ti c, : '. > ,tidl lt' -, r i,'ns or eaIch mlss in tie model 

1 1 t ,I it' I> 'I L-' t Ct I I I id" it >ilt' iI I Ltd :14as s , j'r t I lt
I i . I ,Irds,. his is tiLt'. '.t 111d I tCd t , input acr,-

1,i :1 i I IIad s int t lt' I dt' I I tiI' >i:::j ' Cti .

rd''nantic lift, C.g. axes. These data reflects any aerodynamic
lilt calculated by means ,tf iniIlttitt's IJ ,Il tiie 310 -series

iArd s. This option is not used ii1 ti. S1ip Ic case . lII e aero-

d',:namic loads calculated tisinlg the i 1 3 '))-sc riCs ac r,, data -ire

iot included . -te load cali',aliti ,ns in XII' l.. I hcrel)ore,
tliese loads will not get into1 t ieC NAS IRAN ,,dl t, det ermine
t li. proler balanced init ia I t,, i t i.is

I 1, I r t ia loads, c g. axes. 'he ine rt ii Lads art' calculated in
.,X !Idl, is described in 't't io'n 2. .1.4 thvc, t,, acltieve a

,11tiltk "it oC loads tl 't inpu t t,, NASIR..AN.

. t .,1,,,d lr, it' stum )t all the above

P, t .,d> .t t a. iltluit to, tile NASI'RAN static load
: t i . ' /

', > ,t. m 1cse ire tile rigid body airplane
t A .W in it tin. ', r,, iit t, 11 mass point. As explained in

.. t t, 2. .1.', t! est' i',cL't rat iotIs are calculated from the

,i rp1itl' ,. ... i,'t'lt'rat ion, which in turn is calculated from
I1 ' , hs t'c:'t*It inertia rel itf loads. The mass point

,'Iccc. t'rat ins i l lint, 6 times tie mass point inertia matrix

'7i' i LI t Ilk' i n,r t i. re I je loads. These ac celerat ions are output

n a1a' il itt.It LOnparis5ns with KRASIS5 time-history
I,,ltil t at tiroC zer C. The acceelerat ions for the latter are also

in) mass 'l:'s. [le' two Si't s of accel era t ions should be equal

or i r tCr I >al M'Ied set of in it ial cond it ions.

Al 1 qtcin t it its shon in thiis output have the Units Lf pounds or inch-

. it is t or loads, and g 's ,r rad/sec 2 for accelerations. The sign convention
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is positi ncrd , rIght, and down, with right-hand moments abou t tho se

axes. These data are presented basically as reference information; the user

need not examine these data closely. The determination of whether or not the

balanced initial conditions are acceptably accurate can be made based on data

that are presented at the time zero printout from program KRASH85. (Sec-

t on 2.3. 1).

2.3.2 MSCIRAN Output

The output data from MSC/NASTRAN are discussed in this section. Fami-

liarity with these output data is not necessary to successfully run program

KRASH. If difficulties occur in achieving a balanced initial condition,

then a review of this data may be necessary to help isolate the problem.

2.3.2.1 Executive Control Deck Echo

[his is shown in figure 2-11, and consists of only four lines. These

are generated automatically by program KRASHIC. SOL 24 refers to Rigid Format

Solution No. 24, which is the small deflection linear static solution.

2.3.2.2 Case Control Deck Echo

This is also shown in figure 2-11, and contains only 13 cards. These

are generated automatically by program KRASIIC. The output control card

D)ISPIACEMENT (PRINT,PUNCII) = ALL, used in conjunction with the appropriate

.)(: cards, causes the output displacement vector to be written as data set

XfZ.NASOUT.DATA in the user's library. If the user wants to eliminate or

revise sonic of the NASTRAN output data, then Format No. 1020 in subroutine

NAST, in program KRASHIC, should be revised accordingly.

2.3.2.3 input Bulk Data Deck Echo

[he complete input bulk data deck is reproduced in this echo, shown as

figure 2-12. All these cards are generated automatically by program KRASHIC,

in subrOUtines NAST and NASTIO. The CONM2 (mass property), PLOTEL (plot

data) and EIGR (eigenvalue) cards are not used in the static load solution

employed (SO. 2). KRASHIC converts a KRASH85 input data set into a NASTRAN
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111)pLt da ta s et, usi1ng th fit, t dI(i n %~, AST RAN Ii,

* GR1ID points

" CBAR bar olement s (wir ni !'K.I. vtr)k1t 10,1 01d '1.'! j m;jtc r li )

" RBAR rigid bar elements

* FORCE and MOMENT cards fur app 1Ii cii IoIidS

Althbough only a linear model, is 1-ri1l,, Kh lu Iuwug1ASINS loul ineairi ties

,are inlC I ded in the NASTRAIN modc I

* (lIeu be2am eleCments ( illit i~l a ps it ion mustJ I), fillY Ivxtended)

* Un,;Ymmetrieal beam c-lemonts

A non Ilinear KRASFI model is acceptable (KR tables) , as long as the initijal

Condit ions are in the linear region. The execut ive and case control decks,

plus the builk data deck, arc, alI ckuta mud Lui date set Xvi .NASBIK.l)AIA, which

1- s,,uiucraled aultomat icall I by prc e ,ram KRASHIIC.

2.'3.2.4 Sorted Bulk Data Deck Echo

Thbis is just an alphabetical Iv sorted version of the bulk data deck

,shown in figure 2-12. The last page of this is shown in figure 2-13. The

l'S I LON value shown is a mea.iire of the error in the static solution. Any

value less than E-7 is acceptable. Generally speaking, any significant

.crror in the model will result in a very large value for EPSILON (1>0.1) or

will ca;use the NASTRAN solution to terminate with an error message.

.3. 2.5 Il)isplacement Vector

Figure 2-14 Shows a sample Of thle displacement vector output. These

data~ represent the desired solution. The three translations and rotations

;Ieach grid point in the N:ASi'l'AN fbI,! 1 are? shown. The sign convention for

I l s d >; lceents/otat us-ithlin t li NASI'AN model is as follows:

HI Posit ive deflect ion a1t ti i

T12 Pos it ive de fIectiion i gilt , inchbes

-144

%*



7

T3 Positive deflection up, inches

RI Positive rotation left wing down, radians

R2 Positive rotation nose up, radians

R3 Positive rotation nose left, radians

All deflections/rotations are measured in an axis system that is parallel to

the c.g. coordinate system defined in Section 2.2.

The grid point identifications within NASTRAN are related to the KRASH85

mass and mode points as follows:

Node point (I, M) becomes grid point (100*I + M) e.g. Node point 11, 2

becomes grid point 1102. Mass point 5 becomes grid point 500.

In figure 2-14, grid points 1199, 1498 and 1499 do not correspond to any node

points in the KRAS11 model. In the KRASH model there are two transverse

beams attached to mass 15 and one to mass 12; i.e., beams which connect

laterally between mass 15 (and 12) and a phantom (unnumbered) point at the

same location on the opposite side of the airplane. For these lateral beams,

a grid point on the airplane plane of symmetry (y = 0) is established in the

NASTRAN model in order to constrain the deflections of lateral beams. Grid

points 1199, 1498, and 1499 are all such constrained grid points.

The deflections and rotations for grid point 500 (mass point 5) are all

zero. This is because mass point 5 was specified by the user to be the con-

straint point in the model. This was done by inputting NBAL = 5 on card 60

of the input format (figure 2-3). This can be seen on card sequence num-

ber 90 in the input data echo for this sample case (figure 2-8).

2.3.2.6 Load Vector

Figure 2-15 shows the vector of applied loads for the sample case.

These are the NASTRAN input net loads generated by KRASHIC in subroutine

NETFOR. The sign convention for these loads is the same as for the displace-

ments, as defined in the previous section. The loads shown for grid points

201, 1102, 1498 and 1502 are the result of using FORCE1 type cards in the
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NASTRAN input. These cards apply a constant axial force between two defined

grid points. The FORCEl cards in the sample case are used to account for

nonlinear effects in oleos and unsymmetrical beams. There are no externally

applied loads at node points, only at mass points.

2.3.2.7 Forces of Single-Point Constraint

Figure 2-16 shows the NASTRAN output that summarizes the forces of

single-point constraint. This shows the forces and moments that are applied

at the model constrai - points to balance the model. For point 500, con-

straints are specified in all six directions, so corresponding forces are out-

put. Note that the loads for the symmetric degrees of freedom (Tl, T3, R2)

are all very small, indicating that a well balanced set of applied loads is

being used as input. This is the result of including inertia relief loads

in the calculated net loads used as input to NASTRAN. The constraint forces

in the anti-symmetric directions (T2, RI, R3) result from the geometry of

the model. A half-airplane model is used, and wing loads come into mass 5.

The constraint loads shown correspond to the missing loads that the right

wing would have supplied. The same is true for grid points 600 and 900.

Grid points 1199, 1498 a 1 1499 are center-plane grids as explained in

Section 2.3.2.5. The single-point constraint forces shown for these grid

points are the reactions at the center of transverse beams in the KRASH

model.

2.3.2.8 Forces in Bar Elements

Figure 2-17 illustrates the NASTRAN output that summarizes the bar

element static loads. The sign conventions for these loads are shown in

figure 2-18, along with the corresponding KRASH85 beam element sign conven-

tions. The KRASH85 loads that correspond to the NASTRAN bar element loads

shown in figure 2-17 are as follows:
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M21; I-MY,
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FX FX,

MX,

NASTRAN plane 1 corresponds to the KRASH85 x-y plane, plane 2 corresponds to

the x-z plane. Comparison of the loads in figure 2-17 with the KRASII

"STRAIN FORCES" output at time zero will show a very close agreement. Beams

which lie entirely in the airplane plane of symmetry (y = 0 plane) are

Lreated differently in NASTRAN and KRASH185. In NASTRAN, the loads are for a

half-beam, while in -RASH85 they are for an entire beam. This applies to beams

100-9000, 19000 and 23000 in figure 2-17. (The NASTRAN bar element numbers

arc 1000 times the corresponding KRASII85 beam element numbers.) Beam 24000 is

missing in the NASTRAN model; this is a DRI element which is modeled as a

RBAR rigid element in NASTRAN.

* 2.3.2.9 Element Strain Energies

Figure 2-19 shows the NASTRAN output of bar element strain energies, in

inch-pound units. Missing elements (1000, 25000, 26000) are those that have

less than 0.001 percent of the total strain energy. These strain energies

rtre witi the IKR\SM185 ot put a t tim zero, except for o1eo and unsymmetrical

beajm e ]ementts. The use of FORCEI cards in N,\sTRAN to model these nonlinear

ClImnts c;alulS the strain energies calculated by NASTRAN to be incorrect.

T11h KRASHII5 Strain e1er ,ies fir thee lmcints ,ire correct.
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2.3.2.10 Grid Point Force Balance

Figure 2-20 shows the NASTRAN output that tabulates all the forces and

.moments acting at the grid points. The totals shown at each grid point are

not always zero; the loads due to RBAR rigid bar elements are not included

in the halance. Therefore, mass points which have node points connected to

them, as well as the corresponding node points, will show no0zero total

ILads. (Grid points 200 and 201 in figure 2-20 for example.) Mass points

without node points (such as 500 or 600) will show zero total loads. )ue

to this anomalIv in the grid point force balance output, these data are only

marginally useful.

2.3.3 KRASII85 Output

2. 3. 3.1 Initial (utput

*- The initial output of KRASH85 is identical to that of KRASHIC,

described in Section 2.3.1. These data were illustrated in figures 2-8 through

2-10. The only exceptions to this are the mass and node point coordinates,

as well as the initial mass and node point deflections. The values shown in

the KiU\S IIC input represent the values before the last iteration of KRASHIC/

MSCTRAN. The values shown in the KRASII85 output are those following the

last iteration. There will be slight differences in the deflections between

those two outputs, unless a very large number of iterations are used (10).

Figure 2-21 shows this section of the output from KRASII85. Note that

the initial deflections and corresponding coordinate positions are slightly

different from those shown in figure 2-9. As an example, the initial node

point z deflection for node point 11, 1 changes from -. 3946611 in figure 2-9

to -. 3946607 in figure 2-21. These values represent before and after the

tenth iteration. The corresponding node point z coordinates show no

difference between figures 2-9 and 2-21, since the coordinate values are

showcn only to .00 inch. The differences are much finer than that.

Also, the initial deflections are in data set XYZ.NASOUT.DA'IA, which

s a wav, shoqi at the botton of the ECHO (f ilpu t data. If a]l deflecLions
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in this data set agree between t ie KRASHC and KRASII85 outputs, t hen furtlher

iterations cannot improve the accuracv of the iniltial conditions balance. If

the two sets of data do differ, and the user is not :atJY) w,,ith the q(ua litv

of the init ial balance, then furthier itirat ions ccuI d improve the init i a I hal ance.

KRASI185 includes some additional miscellaneous calculated data, in addi-

tion to that described for KRASHIC in Section 2.3.1.3. Figure 2-22 illustrates

this output, which is calculated prior to time zero in KRAS1:85. These data

include

" Beam uncoupled, undamped frequencies

" Beam damping constants

Euler angles, beam TJ to airplane

a- Load interaction curve load ratios (optional)

The beam frequencies output are the undamped, uncoupled individual beam

frequencies associated with the six degrees of freedom of each beam. The

frequencies listed under the headings (1), (2), and (3) correspond with the

three translational degrees of freedom (x, y, z) and those listed under the

heading (4), (5), and (6) correspond to the three rotational degrees of

freedom ( , 0, 4). The frequencies are computed using equations 1-55(a) and

1-55(b) from Volume I, Section 1.3.5.3.6.

The frequency values summarized should be reviewed for indications of

potential stability problems which may occur with the numerical integration

routine used in the program. For example, high frequencies combined with a

relatively coarse integration interval may result in numerical integration

instabilities. In general, beam member frequencies should satisfy the follow-

ing criteria:

1) Member frequencies -- 500 11z

2) The product of the maximum beam member frequency and the integration

interval <0.01
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While the:;e criteria are suggested as guidelines, their exceedance does not

necessarily mean that instability problems will automatically occur.

Beam structural damping coefficients are computed within the program

for each of the six beam degrees of freedom. The damping coefficients are

computed from equations (1-54), Section 1.3.5.3.6, Volume I.

These damping coefficients are printed only to provide a record of the

actual data used in the calculations. The interpretation of the proper darip-

ing values should be based upon inspection of the damping ratios (actuial

damping/critical damping) summarized in the section entitled "INT'ERNAL BE'VI

DATA" (Section (2.3.3.2.2)). For typical aircraft constructions, dauiping

ratios in the range of .01 to .10 are appropriate. Higher values should be

used only to represent mechanical damping devices, such as hydraulic or

friction dampers in landing gears or viscoelastic engine mounts. Values

greater than .05 are probably only justified as representative of the fric-

tion damping associated with relative motions of riveted and bolted structure

under conditions of severe loading and deformation.

The Euler angles define the initial orientation of the beam axes relative

to the airplane, according to the convention shown in figure 2-5. These

angles should be interpreted in the following manner. Assume the beam axes

arc oriented such that x is forward, y to the right and z down. Then rotate

'SI1t) radians about the z axis, positive nose right, forming a new set of

x' and v' axes. Then rotate THEIJO radians about the new y' axis, positive

,nose up. This final position defines the orientation of the beam axes with

respect to the airplane. For vertical beams, which are denoted by VBM=l in

the beam data formatted output, the above procedure is followed with one

exception. The initial orientation is such that the x axis is p:sitive up,

v axis positive right and z axis positive forward.

Tt should be noted that during the time history analysis, these angles

vary with time and are part of the print output. Any question regarding the

current beam orientations should be resolved by examining the current values

of the beam orientation Euler angles. These are interpreted the same as the

preceding discussion, except that the initial starting orientation is the
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ground axes rather than the airplane axes. Since the initial attittde of the

vehicle may not be parallel to the ground axes (generally it is not), the

time zero value of the beam orientation Euler angles may differ from the

angles listed in the MODEL PARAMETERS section of the output. The latter is

provided as a definition of beam axes orientations that is independent of

vehicle initial conditions (and hence represents a true model parameter),

whereas the time varying values represent the actual beam orie-tation during

the analysis.

The load interaction curve load ratios tabulate what proportion of the

I and .J end beam loads are used to calculate the intermediate loads at the

location specified for each load interaction curve.

2.3.3.2 Time History Output

This section of the output prints the time varying response quantities

at each print time interval, including time zero. This output consists of

the following groups of data:

" Title cards

" Analysis time

* Mass and node point displacements, velocities and accelerations in
six directions for all NM lumped masses and NNP node points, in mass

axes and ground axes

* Mass impulses (G-see) based on filtered accelerations

* Internal beam strain forces, total forces (strain + damping) in both

beam and mass axes and displacements in six directions for all NB
internal beams

* Lxternal spring compressions, ground deflections, axial loads, and

ground contact loads (3 directions) in ground axes and mass axes for
all NSP external springs

" l)Ri number for all DRI beam elements

" Overall vehicle c.g. translational velocity (3 directions)

* Volume change data, including current volume, current volume/initial

vnlume, and the changes in length of the three lengths of the volume
(optional)
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* Energy distribution by type

* Energy distribution by mass (kinetic and potential), beam (strain,

damping) and spring (crushing, friction)

" Mass energy deviation

* Stress output for internal beam elements, including ratios of current
stress/failure stress for two failure theories

* At t=O only, the differences between actual initial mass accelerations
and the theoretically exact values, for all NM masses.

* Mass location plot (time=O and at specified intervals)

Figure 2-23 illustrates a portion of this output for the sample case,

for one typical cut in time. It should be noted that all this output is in

inch, pound, second and radian units except XACCEL, YACCEL and ZACCEL. These

are in g's. A more detailed description of the specific items printed out

at each time follows.

2.3.3.2.1 Mass and Node Point Data. - X, Y and Z are the ground coordinates

of mass I or node point I, M. The data for each node point are printed below

the data for the mass to which they are attached. XDOT, YDOT and ZDOT are the

ground axes components of the translational velocity of mass I or node point

I, M. U, V and W are the corresponding components in mass fixed axes. UDOT,

VTOT and WI)OT (not printed for the node points) are the time derivatives of

U, V and W. Note that these are not the translational acceleration compo-

nents, but are used in Euler's equations of motion. XACCEL, YACCEL and

ZACC(EI. are the body-fixed-axes components of the translational accelerations

of mass I or node point 1, M, in g units. XACFIL, YACFIL and ZACITIL are the

same acc lerntions after passing through a first order filter with an input

cutoff fre, quency. All the above quantities are positive forward, right and

dowln.

'llI, TIIITA and PSI art, the Euler angles defining the orientations of

mass I with respect to the ground. These are positive right-wing-down, nose-

up and nost-right, respectively. PHIDOT, THETAPOT and PSI)OT are the time

dtrivatives of the same angles. 11, Q and R are the body axes components of
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the angular velocity of mass I, using the same sign convention as for the

Euler angles. PDOT, QDOT and RDOT are the body axes components of the angular

accelerations of mass I. None of these orientation quantities is output for

the node points, since these are the same as for the mass to which a given

node point is attached.

XIMULSE, YIMPULSE, ZIMPULSE are the accumulated area under the filtered

acceleration response curve (0-SEC). Normally the user should plot these

data to evaluate its meaning.

2.3.3.2.2 Internal Beam Data. - The STRAIN FORCES and TOTAL FORCES (STRAIN

+ DAMPING) are both output in the same format. FX, FY and FZ are the forces

in beam axes acting upon the beam at the j end of the beam. Equal and

opposite forces act upon the beam at the i end. MX is the torsion acting at

the j end; again an equal and opposite torsion acts at the i end. MYI and

MYJ are the bending moments at each end of the beam, acting about the beam

y axis. MZI and MZJ are the moments acting about the beam z axis. In general,

the moments acting at the i and j ends of the beam are not equal. The i and

j ends of the beam are at masses i and j, unless the beam connects to a node

point. In this case the i end of the beam is actually located at node point

I, M, and the j end at node point J, N. M or N equal to zero means there is

no node point; direct mass connection is used. The sign convention for these

loads is shown in figure 2-18.

The total beam forces can also be output in a format which shows, for

each beam, the loads acting at the I and J masses. This output is titled

COMPONENTS OF TOTAL BEAM FORCES ACTING ON MASSES I AND J. For each beam

the first line of output shows the forces on mass I, the second line shows

ma, . J. These loads are positive forward, right and down, in mass axes,

with moments using right-hand-rule about those axes. The loads are those

acting on the masses, not the loads acting on the beams.

The beam X, Y and Z deflection data are presented in relative form, i.e.,

the values represent deflections at the j end minus those at the i end. The

beam rotation data are given in both (J-I) and (J+I) terms. This is done
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because the strain forces are calculated using both sum and difference terms.

Note that these angles are al] in degrees, rather than radians. If the

actual rotations at the j and i beam ends are desired, they can be catculated

from the output data as

THETA(J) THETA(J+I) + THETA(J-I)
2

THETA(J+I) - THE'A(.1-1)
THE']'1 2

Similar equations apply to PSI.

The beam lateral deflections Y and Z which are printed out are not

s imp Iy the (.1-I ) values. The I and :, rotations of mass I cause Z and Y

deflections at end .1, which in themselves cause no beam loads. These deflec-

tion components are removed from the output deflections. The output deflec-

tions are the following

Y = (Yj - Yi) -output

zo = (Zj - Zi) + C"*Gi
output

The Euler angles defining the current orientation of the beam axes are

also output in degrees. The column of integers titled VBM define which

beams, if any, are treated as vertical beams. For vertical beams, VBN=I;

for normal beams, VBM=O. For normal beams, the following procedure is used

to determine the current beam axes orientation.

* Start with the ground fixed axis system, with X positive forward,
Y positiu,, right and Z positive downward.

" Rotate PSI degrees about the Z axis, using right-hand-rule for
positive rotations.

" Rotate THETA degrees about the new rotated Y axis, using right-hand-
rule for positive rotations.
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For vertical beams (VBM=l), the same procedure is used, the initial

orientation of the X, Y, Z axis is different. In this case, the initial

orientation is X positive up, Y positive right and Z positive forward.

For either axis orientation system, there is actually a final rotation

of PHI about the X axis. PHI is not shown primarily due to output format

line width limitations. However, PHI is normally rather small and will not

affect the user's interpretation of the orientation of the beam axes.

2.3.3.2.3 External Soring Data. - For each external spring, the spring com-

pression in inches and compression load in pounds is output. These are

along the spring axis, which is oriented parallel to one of the mass axes.

The ground deflection is also shown; this deflection will be zero if the

ground flexibility is input as zero. The ground contact point loads are

given in two coordinate systems, ground axes and mass axes. If the spring

in question is on a slope, then slope axes are used instead of ground axes.

The output titles for these quantities are self-explanatory.

2.3.3.2.4 DRI and e.g. Velocity Data. - For each beam element which has been

defined as a Dynamic Response Index (DRI) type element, the J mass and DRI

number are shown. Volume I, Section 1.3.12 explains the theory and usage of

DRI elements.

The overall vehicle c.g. velocities, in ground axes, are always output.

These velocities are calculated such that the total vehicle weight, with

these velocity components, would yield the same linear momentum as that

existing in the total system of NM masses. Section 1.3.9 of Volume I

explains how these values are derived. This output, particularly the time-

history plot of same, is a very useful indicator of the overall vertical

motion of the system. Since the system kinetic energy is a scalar quantity,

there is no way to separate the kinetic energy due to horizontal motion from

that du. to vertical motion. Therefore, for analyses in which the horizontal

velocity is much larger than the vertical, system kinetic energy is not very

useful in determining when the vertical impact velocity has been absorbed.

The vtrtical component of the overal c.g. velocity can be used for this purpose.
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2.3.3.2. 5 Energy 1)istribut ion Data. - The first output in this s.ct ion of

data shows the current total systen: energy, kinetic energy, potential energy,

strain energy, damping energy, crushing energy and friction energy. The next

sLction of k.utput shows the contributions of the individual masses, internal

beams and external springs to these system total.s. The system kinetic energy

should reduce to zero at the conclusion of the analytical run. From a prac-

tical standpoint, however, one can expect individual. elements to oscillate

slightly after the vehicle comes to rest, leaving some residual kinetic

energy in the system long after the responses of interest have occurred. In

general, it is anticipated that if the analysis shows a 75 percent reduction

in kinetic energy, the most significant events will have been adequately

described.

tf the vehicle is impacting on a flat surface (no slope) and a substan-

tial portion of the initial kinetic energy is due to forward velocity (parallel

to the ground), then a much larger percentage of the initial kinetic energy may

remain after the significant damage phase of the crash. The remaining energy

is accounted for by the vehicle sliding along the ground with a substantial

forward velocity. In this case, the vehicle cg translational velocities,

printed earlier, provide a better indication of whether the major response

phase has been adequately covered. In general, the ZDOT or vertical vehicle

translational velocity should be reduced to zero, indicating that the vehicle

has ceased its downward motion. This situation can also be seen when the

system potential energy reaches a minimum.

The potential energies include the effects of user-defined input time

histories of either loads or accelerations, applied to specified masses.

That is the significance of the (+) at the end of the POTENTIAL ENERGY head-

ings. Earlier versions of KRASH did not include the effects on the energy

balance of the loads or acceleration input. These versions do not have the

(±) in the potential energy heading.

The individual internal beam strain energies provide the user with

valuable insight into the temporal and spatial flow of energy in the vehicle.
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Generally speaking, the strain energy concentrates initially near the point of

impact, and as the strain energy grows it also becomes diffused throughout the

vehicle. After the peak responses in the system occur, the overall system

strain energy will decrease from its peak value as the internal beam elements

unload.

Certain individual nonlinear beam elements may indicate negative strain

energy. This circumstance may occur when large deflection loading and unload-

ing occurs in the coupled bending degrees of freedom (z-. or y-,), with non-

linear KR curves applied to these directions. This phenomenon is discussed

in Section 1.3.16 of Volume I, and is due to the approximate nature of the

nonlinear element analytical model. In practice, these negative strain

energies are of such small magnitude relative to the overall system strain

energy (usually less than 1 percent) that they do not invalidate the overall

analysis. Furthermore, these negative energies tend to occur toward the end

of the analysis, during the unloading phase, after the primary responses and

damage of interest have been determined. The plastic hinge option should be

used in lieu of KR tables in the coupled bending directions; negative strain

energy will not occur with the plastic hinge option. It should also be noted

that negative strain energy does not occur for linear beam elements, or for

those that are nonlinear only in the uncoupled degrees of freedom (axial and

torsion).

The damping energy of the internal beams is usually small in relation

to the strain energy, typically being less thr' 20 percent of the strain

energy, until late in the run when the strain energy has decreased substan-

tia!ly from its peak value. Note that damping energy always increases with

time, since it is a dissipative energy that is not stored and released as

with strain energy.

Crushing and friction energies result from the deformation of the

external springs and flexible ground for the former, and from sliding fric-

tion along the ground for the latter. The friction energy is also dissipative
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avId hnelt'ct m1iOn tortit int'-trasilng, w ltrea.s th. e crushing toe-,y e';aks t I d

dccruas. .- similar to the strain ntrgvy. lit general, :t rather 1arnte perrcntage

of the total .,system energv may b. rcpresented Ihv lhi. 'rsi jog tm-,. is

situtat ion is on I Y nat urn 1 s i ie t he ext u rna I springs re) re stqlt tih, st rtic t tire

in immt'diate contact wi ith the grotund that undergoes suhstant ial deforiat ion.

in a tyvpical vehicle crash analysis, the system crushing enerpv mae be

I trot' r titan tlie int ernal beam strain energy. Hlowever, tlice both rCIpresetttl

artula airplane structure, th only distinction being location oil th vehicle.

'I he final energy information printed is a summa ry of th deviati on of

the' total energy of each mass in the system from 100 percent. Iiea] ly these

variations should all be zero, but in actual practice errors associatetd with

the numerical integration process result in deviations from the ideal. This

information can be helpful for pinpointing areas of the mathematical mode]

that miiv be citising numerical acctiracy prublems, and alerting the program

uster to the possible need for a finer integration time step.

In typical applications, a few individual mass total energies may

' deviate 2 to 5 percent from the 100 percent ideal, while the total energy

of the entire system remains within 0.5 percent or less. This accuracy

is gvntxrally considered acceptable for the numerical integration process.

oiiwever, the program user is free to adjust the integration time step to

* suit his own personal criterion for the accuracy of the individual mass

"i intgrat ions.

'.'. .nt litternal Beam Stress )ata . - The stress data output are shown in fig-

ut 2-24, which is taken from the t = 0 output of the sample case. (Stress

Lit,l ottit iti was lot sclectcd for the sample case, so none was output at

I 0.) it;ed I-or figure 2-23. At time zero, al I output is priniteid rt'gard]ess

l t,. tt lit' str requet s) .

i i Ai output Cons sist S l r-l t is of c ur-renlt stre ss to ai I unrC I levy, I stress

(t'<rrs.itut di1tg to i L tial yi ditig) , for four locatiol, oil cl ch bteiem, using

two la iltrt thteorie s. These theories are the maximum shear stress theory and

ti thn v: ot of constanlt )g I distort ion. Section 1 .3. 17 of Tol umev I prC-

.llO tie iMCtitld of Calc'iiat in,, tltse rat i s.. Also 1 shown in the otitput are tile
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ratios of current compressive/tensile stress to the corresponding yield stress,

and tle ratio of current axial compressive load (when it is compressive) to

the critical buckling load.

The stress data can be used as a guide for estimating the time at which

tle tI emen t begins to yield. When such a state is reaclied, a stifiness reduc-

tion ltor (KR) mat be developed for the aFffected member which t ei can be

u-std to appr,,ximate the nonlinear response characteris tics of that member.

tilit ,st'r is can, tioned to exercise extreme care in the interpretation of data

pL- i,t twd ii the summary since they do not include the etlect of stress con-

titLrit tons, geometric shape factors, and detail attachment practices at

i :t .s In addition, limitations of the program require that gross reg ions

,, ti<, itciclv structure be modeled using relatively simple structural ee-

ment s,. I hus, the more gross the structural region the less accurate the

s;tress 'aflies. Also monitoring the response of a structural. element which

.ic:t'ehibit a buckling mode of failure will require special consideration.

In this case the critical buckling load becomes significant and a stiffness

reduction factor should be developed which will approximate the buckling

characteristics of the element.

Furthermore, tile user should realize that once an element has yielded or

buckled, the failure theories followed become invalid and, consequently, the

most m'ani ngful use of the stress data is to identify which element may fail

and at what point in time si, h failures are apt to occur.

_3. i.2.7 lof i oh Mass Acceeration Error Output . - Figure 2-24 shows this

cotpliLt lor tile sample case. This information is only output at time zero, and

ilaIs ii Ic lct, on ly if balanced in itial conditions are used (KRASHIC and

' flA.X .t r it u5t(d t,) calculate balanced internal beam loads). For each mass

inl Ltl xx, ti;, tit, dif lfrc'nct between the .ctual time zero acceleration cal-

itt ii tI in KRA,\>!8 P o l t het toretic:tl lv correct value, based on airplane

I:i i'>d% tk, lcrat ils ;it tine ze*ro, is printed. A stmmarv at the hottom

.,' 1:iL.tstv:-ihic' ind corspond ig mass nllhlelr for each of the six

tI c t i sil".
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The rea;ton that Lhe timeII zer o atce Irat ilns art, riot "wXICt I equal t)

the t IIe)ret ica C r L ect V;Il Ie'S iS because th' ;Ccr;lcv o f tie KRAS II CIMSC' RAN
iturut ions is 1 imited V tie number of significant I rrF use .-d inI tile iniiput

ad outpuL data st ts ursud with NASIRAN . lx, acurac show.11 ii figure 2-24 is

;Itret ntat 0ife I t a t,. i'a I largc transport airplane model, using ten itera-

tioirs of KRASHIIC/NASIRA'N. In general the results are quite good, witlh most

translationlal acclcrati i)ons ikccurate to within " 2's. E,5rrors of this

orId'r" ShlId li 0 t m jn apprecitrbl inifl luneixC o11 tile SI)5us(itiunt time history

rs, slt 5, 1 rt itirlari- l-,or wrhsii ipacts .ii i t\'pica] ]:V i l '.'e mass itcel'ra-

[ i' s ol I i ' .,'S Or 111 1re

1)1I masses are excluded from the Iar1est &' ,IIr summar\y because the )U[

bearm elements always start with zero internal load and deflection in the axial

direction. In subroutine NETFOR, where the theoretically exact initial

accelerations are computed, it is assumed that the l)RI mass is rigidly

;tt;uired to the vehicle.

2.3. 1.3 Summary Output

At the conclusioi of the time history printout several summaries are pre-

sent ed whi iclnuIode:

* Summary of internal beam yielding and rupture

* Suimarv o t- mass penetrat ion into a control volume

* Suinumiarv of external spring loading and unloading

* Suimmary of plastic hinge moment formations

* Stummryav of eIe rg,\ distribution

* Lim, histories of InLeract ion Loads/summary of maximum load ratios

* I imu, histories of vehicle c.g. motions

!ie suinu'iar its are I, iustrated in figure 2-25.

iterna l beam element yield ing and rupture are summarized at the end of

tilt' r11 . For ea lI otcurrenece of vielding or rupture, the time, beam identifi-

Irt i,,n and beam di re't ion of \'ikl d i ug or rupture is output. Directions 1-6
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correspond to beam axis directions x, v, z, , C and , tile latter three being

rotations about the beam x, y and z axes. In addition the beam tension and

compression rupture is noted. If a beam has a special KR curve that starts at

a nonzCro, Value, then this summary will indicate vielding at time zero. 'his

output provides the user with a concise summary of the onset of beam non-

I ileari r i s and beam ruptures.

Also includded in the internal beam vielding summary are occurrences of

interaction loads exceeding the user defined load envelopes. In figure 2-25,

SUSAbRY {)F INTERNAL BEAN YIE'LI)IN; AND RUPTURE, the first item for beam 18 is a

convntional beam yielding in the 1, or axial direction. The second item, for

beam 19, is a conventhjonal beam rupture due to exceeding input maximum load

Ieve ls, again in the axial direction. The third line, for beam 9, is an

example of load interaction curve data showing up in this summary. The 15

under YIEII) signifies that for load interaction curve number 15, an exceedance

of the defined load envelope has occured. The 3 in the right hand column

means that load line number 3, for interaction curve 15, was the specific

interaction line that was exceeded. If the input load envelope is exceeded

by the factor RUIURAT (See Section 2.2, figure 2-3, card 2800), then the load

interaction curve number will be printed under the heading RUPTURE. It should

be n'tt'd that load interaction curve iutputs in the YIELD column have caused
to happen in the ihne history solution; outputs in the RUPTURE column

woild bixv' triggered an actual beam rupture during the time history solution.

Aly viia,4s ptlLetrlt iions in to the mass penetration control volume are also

-.ii1mia1r iZckl. B th the Ias penetrati ng the control volume and time of

oc utre'ar t11 noted. Sinceu MVP' = 0 ill tile sample case, this output is not

i I str te, in fi. iiri 2-25.

[hc suimmar% ,i- te:tcrnal spring loading and unloading provides the time of

'lirence', thL spri no des itnations (mass, node, direction), type of event,

illitig l a (IC ILcCt i)I, m 111l xillum force and l iaded deflection and force.

be summar1-% of p1;st i0 hinge format ions ident ifiCs the tine, beam number

aiil mass i::ikb-r at the cund where a plastic hinge formation takes place. In

ti 'r-2 .- )2, eam I ind mass 2 goes through cycl1 ic plastic hinge motion. At
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t = .0616, NEWPIN = I signi fies that the cod ing has changed from fixed at tie
evnd to pi~nned ait Llth 9 1d (9= 2). This is the techlnique for fol-rin a

plastic hinge. At t = .0643, NIY&PIN = 0 signifies that unladin a 11;ls tciiUrrcd,

s, tLlat a I ixd end condition is appropriate. Subsequent chianjes ill NICL!t IN

tf inc transit ion points on a iysteresis curve. NEI'iPN = 0 a lwavs im ians a

tran.;ition to fixed coding has taken place, due to tinloading from a p last ic

o 1tl:,e :iollent . Nt'i' i = I alwax's means that ai transition to t1ii ned codin:.: 1 i4 s

taken plat'c, CIt to exceed 1g the inpit plast it' iii nge mlolleit . 1 I El() N = 5

i l i - l cr5 to moll'in s Ibout tile ' bea1m Iis ((t I,'oil bk, ' MLoiIacot

clot tilZ h lbem axis). l)iREI'FION = -5 means tilt tle sign of tile plastic

Ill'_' lll IoillCIt cIt that t LMe is negat ive .

The energv sunllmarY showing the time variation of the different t':pes of

ec'Lr'4V is presented. riis summary facilitates visual izing the energy 1flow

t i: llc variat ion; tile oue or two page summary is ieich ealsier to read thanl

.ili~c i,,;ln thrlcotigh tile basic t ime history print, which ('lin run to hUndreds of

ptajc's. Pilure 2-25 shows an example of this outpit for the sample case. A

qilick 1,aince at the 'PERCENT TOTAL SYSTEM ENERGY" column tells the user how

stablc tie sollition is. The percent energy should stay within 99 - 101 per-

O<ti, pc'fecabl ' ci,,htin a +0.2 percent band. Any significant system insta-

li I itics wil I ilickl maia[fest themselves ill this output.

Thc' column entitled "PERCENT MAXIMUM ENERGY DEVIATION" shows the maximum

dv iat ion from 100 percent of the total energy for each mass individually,

i.c., at each time tile worst deviation of all the masses is shown. These

nmbc'cs will al wa's indicate a greater departure from 100 percent thanl the

I F.R(EYF ITAI, SYSTEM ENER;"' co lumn, wherein all the masses const itt ing the

5<1tc' 1  
dre it'1ldcd. Fie reason tor this situation is that ,some of the masse,'

ilk't pit itye and some negative deviations from 100 percent, and when these

ar'1 SIvlelllt'd o ' r the total system cancellat ions Occur. Individual nmass total

clict - deviation.11 in the order of 10 pe r c ent max' be tolerable, as 1onm1 as tile

tta I syste'll eler!4V is acceptable. I ii tit- example sIowl in fiigure 2-25, tie

t t ; I s\-stcl c nerg remaills constant within .01 percent, wil i e t IIe maxi ll 1uihi

c tC, r' > tick It ioI is .02 p'rct'llt at tile colic I lus ion of tile analy xs is. Ihe (+)

iii thc (hidi11 F or POTENTIA, ENEKR(Y signlifles that ene!'v Cy c'-ha ln, due to

2-198
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app i cd I ot- ' c r :i _c tI er:t 1toIn i1npui t t i111 ii stor ies are io l uded in the numbers

. h ( (r l " to S 'C t iI ' 1 '

ilt i li stt'r i. s )I in teraction 0 d 1(1S 1-0 ow tie n l r summary,. In thlie

s:im:rI c case, there are 15 of these time hi stor ies, requ iring abtit 51, page-; oI

loutput. For each load interact ion curve number, the foilowin:4 I t ormat ion i s

pl'ti -loted versls t me:

* x loud va lleL, pounds or inch-pounds

* Y L d v ltc, ptnnds t)r inch-pounds

e Critical load line number. Of all the straight line segments making
up the load envelope, the one which is most critical relative to the
current X,Y combined loads is indicated. In general, the critical
load line number will change with time as the X and Y loads change.

* Maxlimum load ratio. This is the ratio Iv which t-e current load
vector Length (pt. 0,0 to point X,Y) exceeds a line along this vector

but terminating at the intersection of the vector and the critical

load line (input). A ratio greater than 1.0 signifies an excursion

outside the load envelope defined in the input data.

Each time history data block also includes the identification of the load

interact ion curve number, beam number and location (FS, BL and WL). Also,

the directions of the X and Y loads are defined. In the sample case, the X

load is always 3 (vertical shear, Fz) and the Y load is always 5 (bending

SIt',flt'lit about 7 axis). At the end of each time history data block, the

' 111 :11 and minimum values of X load and Y load are shown, as well as tile

pci \ailc of MAX.,OAD RATIO.

Alter the ind iv idual load interaction time histories, a summary of the
- '<i V vai, ' o t he max [unm load i-atilo is shown for all tile input curves. This

s 0,1 i 0we, d i'W the overta I I maximum load ratio and the corresponding inter-

,c t in curve 1number. For example, in figure 2-25, the overall maximum load

i O ,is 1 .1699, which occurs for interaction curve number 15. This output

i" s a, very fl ritck indication of the sever it- of the impact being analyzed.

v''.''r, l'lai-ui load ratios greater than 1.0 do not necessarilv imply that

•., i"rtcsp S t II str i-c tn r IL sect ion wou Id have coMp l ot ClV t; i I Cd . Refer to

.'i,, i.1 for a discussion of- tile theory and usage of til., load-interaction

2-199
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If the interaction curves are used to obtain an overall section shear and

moment (summation of all loads acting at a particular station) then the afore-

mentioned printed summary is applicable to the sum of the forces acting and

not an individual beam.

The final summary print output is a time history of the overall vehicle

c .g. mo t ions. The quantities included are

* -:.. t cansl atiLna l accelerat ions, g's

* . . transl atIrin 1 ,'e, o itics, ill/sec

* '.. translational displacements, ini (= 0 at time = 0)

* Net forces acting at the c.g., pounds

All these data are calculated in the same manner as the c.g. translational velo-

cities, described in Section 1.3.9 of Volume 1. Weighted averages of all the

mass motions are u;ed to arrive at a value for the entire system. The final

results completely define the translational motions of an uncoupled 1-mass,

3 degree-of-freedom system. Rotational loads and motions are not presented.

These data have been used to determine vertical load-deflection character-

istics for a large transport frame structure. Cross plots of DZI vs FZI from

the iKRASH analysis of a frame str form a load-deflection curve that can

be used to determine the external spring characteristics of a stick model of

ani cntire airplane.

2. 1. 3.4 Time History Plots

The final section of output data consists of time history plots of

selected response quantities. Figure 2-26 illustrates typical output data.

!he, -<equentia] time history print of the three responses is shown on the left,

1,hil the plots are generated using three separate printer symbols. The scale

lIactor for all three plots is shown in the upper right corner of the page.

]Th p lot summary is printed on a separate output page as are the various sets

,'2 data.

2-200
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SECTION 3

ADDITIONAL KRASH85 DATA REQUIREMENTS

This sections contains a description of those KRASH data requirements

that are needed for KRASH85. These requirements are in addition to those

items provided in Section 4 of reference 2.

3.1 LOAD-INTERACTION CURVES

KRASH85 has provisions to include load interaction curve data for failure

prediction. Figure 3-1 shows a typical set of interaction curves for fuselage

bending and shear at a particular airplane fuselage station. Figure 3-2

identifies the stringers at a representative frame location. The input

requirements for load-interaction curves are as follows:

The user can specify interaction curves at a maximum of 40 locations,
which can be anywhere. For each curve, either a Fuselage Station,

Butt Line, or Water Line (only one) is input, as well as the corres-
ponding beam number in a KRASH model. The location of the inter-

action curve can be anywhere along a given beam; the user is not
restricted to using the end points of the beam. For essentially
fore-aft beams, only F.S. is input, while for lateral and vertical
beams B.L. and W.L., respectively, are input to define the location

of a load interaction curve. For each load interaction curve, the
user inputs the following additional information:

" The two load directions for the interaction curve. In figure 3-1,
the abscissa represents vertical shear (direction 3) and the
ordinate represents vertical bending moment (direction 5). Any

2 of the 6 loads can be specified.

* A user-specified load sign convention.

" Horizontal and vertical load interaction lines (4 total).

3-1
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* Up Lo 20 straight, sloping load interaction I ines. 'the x and v
ax is intercepts are input for each I ine.

* A quantltiLv called RUPRAT (rupture rati,) , lhich is oxpl :11 iiCd ho I W.

i no program is coded so that for the slopin,, inttract ion I inest, d;iti at'
input ic1 anv' One quadrant (': antd v ; ntcrr il-tkt-ccpt I . I ldd i t it ii , "lirr"r

fIos" Ore inpit to tel I the program wh-thir or not to golieat.'l[ i rtro iin;4tl

I ines about the x inld/or v axes. For example, in figure 3-*1 the data al-t

inplt for I ine I (x and y intercepts), and both tLh x and \ axis ni rrr

lags alrL input as I . The program then antomatical IxIVonerates I incs 2, 3,

and 4. If oniv a mirror about the v axis had been specified, the n titc

inrog rain w' ld generate only I ine 2.

At each location the pr)igram calculates the )-I lo wing:

* The internal beam loads, in KRASH sign convention, at the load
int erac t ion po it.

* These loads are transformed to correspond to the standard
structural load sign convention employed by the lockheed-California
C(nmpany (Calac) , shown in figure 3-4.

* The Calac-convention loads are then transformed to a user-
spec if ied sign convention. One of ten such sign conventions may
bo so ldected by tile user. If no conve ntion is specified, the
loads are left in the Calac sign convention.

* Itlo two interaction loads are selected from the 6 loads calculated.

* A load ratio for each load interaction line. A ratio greater than
oine indicates that a load interaction curve has heen ext ceedtd,
s ini fvinu: that at least one element has failed in some manner.
KRASl is coled to allow complete rpture of a beam clement if an
input maximum ltad ratIi (RUPRAT) is exceeded.

1. Jeft handed coordinate system is used; moments employ left
hand rule.

U. Internal loads and moments are positive if the loads or moments
applied hy the part with the greater algebraic coordinate are
positive ini accordarce with body axes conventions shown as x, Y,

Z .
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Load; shown are those applied to the cutplane by the parts with the

greater algobraic coordinate (station).

At the conclusion of the computer run the following is printed:

* Time histories of the following quantities for each load interacti en

curve.

* X Load (fuselage vertical shear in figure 3-1).

* Y Load (fuselage vertical bending in figure 3-1).

* Maximm load ratio at each time.

* Input load interaction line number corresponding to the maximum

load ratio at that time.

* A summary which shows the peak maximum load ratio for each initer-
action curve and the overall maximum load ratio.

The user has the option of saving the load-interaction curve time history

data in an output file, which can be used for subsequent post-processing.

These data can be plotted to show the time-varying path of the calculated x-y

loads, superimposed on the load-interaction curve (as illustrated by the

dashed lines in figure 3-1).

While the load interaction data output provides a great deal of useful

information not previously available, considerable caution must be exercised

bY the user in its interpretation. A maximum load ratio greater than one

does not, by itself, indicate complete failure of the corresponding fuselage

section. The output data have been used in conjunction with the actual

manfactui--r-fnrnished interaction diagrams to assess the extent of damage at

each location. For example, suppose that the computed combined loads were as

shown by points A or B in figure 3-1. For point A stringers S27 through S30

could fail. For point B several additional stringer elements could fail

(S-9 through S-15 and S-21 through S-30). Usually the input data to KIASH

is the minimum necessary to define the inner boundary in figure 3-1. The

current KRASH85 coding does not define which stringers fail; it only defines

the critical load line at each time out.

3-5
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. A I I IRARY IASS NUMBER LN,

l'r,,ram KKASt[I I1s been modi i I d t , accept user supp lied ma.ss 1o it

1d, nt i! i ;it ion ntimbrs . "th 1W 1od it it L iOll ,, c e It UhoughL o I o'kt1c pt li [ I I

:s.j p I I L number prL,-processor and aI mi-,s poit nliher post--processor

c pr -processor convrts external mass point numbers to internal mass

it IIL InmI)rs . Th external mass point numbers are supp 1 i.ed bV thit user as

, t , il il!plt while tILhe internal mass point nuMlbers are d i Lned 5v Lt,

'r-r.iii,. I)t' i lt.eLn l mass muheit riw ,r s atre con istent. wiLh1 Lt nIL UT1in i - Ih'2 F;,.'.,,t ('111

V UiS ' used in tltIt, cr ve r,,ion s program KRASII. Afte'r conversion pron-

i is executed US inMc, thle internal mass point nuimbers. At ter execcI-

ion1 i S c0mp I eed the post-processor converts tie internal mass point numbers

t,' .xternal mass point numbers for output. In th2 modification, two new

'ihrout ilnes (INPT and INPTPL) were added. In these subroutines, two arrays

, and I MASS) are defined which cross re ference the external mass int

di[n rs to internal mass point numbers and vice versa.

The external mass point identification numbers are input in column 71

a i2 L ' Card 200 (MASS POINT DATA). The identification numbers can not be

i,.. s than zero or greater than 99. Lf they are, program execution will be

hIi ttd. If an of the numbers are left blank or set equal to zero, the pro-

-, wil automatically assign sequential identification numbers to all mass

It ill tlie order of input. This option accommodates previously developed

i t d.t I sk t

1 t t.1 RtNMOD=2 opt ion is used, the program automatically assigns an

t riiil ma.ss point identification number to the image mass point generated

riit, ,ption. The identification number assigned is 100 greater than the

d ti i Ilt i ,nnumber of the mass point used in defining the image mass point.

. , it tte input mass point ident ification number is 96 then the image

p' , ,i ,t idint if icat ion number will be 196.

3- 6



SECTION 4

COtPON BLOCK REGIONS

KRAS1I83 is designed such that data storage and transfer is accomplished

using the many common block regions defined within the program. A cross

reference of the common block names and using subroutines is given in

Fable 4-1. Included in the cross reference summary are size requirements

defined by the FORTRAN H/EXTENDED (OPT = 3) compiler.
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APPENDIX A

SHOCK STRUT ELEMENT DESCRIPTION

A.] GENERAL

The use of a shock strut element in KRASH is available for, but not

limited to, lending gear oleo struts. The following discussion will be

oriented to landing gear oleo strut usage. The axial strut motion is

assumed to be uncoupled from the transverse displacements. Axial forces are

produced by an air spring force, FA, .a hydraulic damping force, F0i, a

friction force, FFi, and forces produced by elastic stops which limit the

travel of the piston within the cylinder at full extension and full

compression. Each of these forces is discussed separately.

A.2 AIR SPRING FORCE

The expression for the air spring force is

ni

FAi =FAoi  Ei  FAA (A.)

crc)
. where

E. = effective total strut cylinder length (Figure A-l)1

F, i = strut air preload at yi =0

FA = cylinder load due to ambient air

ni = polytropic exponent

A-1
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Yi = shock strut closure displacement, varying with time FAo i

is given by

1

where poi is the absolute air pressure in the upper chamber of the shock

strut at full extension (y, = 0) and doi is the effective pneumatic diameter

as shown in Figure A.I.

If F\s i is the strut bottoming load at Yi = si, the value of Ei can be

obtained from equation (A.1) as

S.
E. 1 (A.3)

11
1 - (FA+FA)

F si +FAAi

where S. is the stroke. For high velocity impact conditions, a polytropic1

exponent of 1.4, representing adiabatic conditions, is appropriate.

In the program the values of Ell FA  , FA , S i and n are input as

LOLEO, FAO, FAA, YMAX and EXPOLE, respectively.

A. 3 HYDRAUILIC DAMPIN(;

The hydrau lic dampir,, force F is given byo
i

F C v. v. (A.4)0. Z. " 1

1 1

where

vi = shock strut closure velocity, varying with time

A-3
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's, is the absolute value of v. and C7. is a damping constant whicih is; a

function of the strut orifice characteristics B i and of the chara tcl-i i':

Br. of a strut rebound valve. Czi is defined as

C - B. if y. 0
Z. 1 "I-

1

C = B. + B if v. - 0z. i r. 1r 1

B. is defined by

A3h
h. (A. 6)

B. =2

1 2g (Af.Cd)
1

vi e/t r t?

Af = /4 (d i d2) = net orifice area
1- 11

Cd = orifice discharge coefficient (typical value = 0.85)

lbsec 2

-/g = oil density (typical value = 0.992 
E-4 ib-

in

Ah = d/4 2) = effective hydraulic area

(fi , dpi and dhi are the orifice, metering pin and effective hvdraulic diam-

tters, respective (see Figure A.1).

B. and Bri are input into the program as BOLEO and BROLEO. A metering

pini can Ibe modeled by inputting a table of BOLEO versus YOLEO. YOLEO is the

ol, c comprussion, v, measured from the fully extended position.

Another feature of KRASH is the ability to solve for the metering pin

shape that yields a desired oleo load-deflection characteristic curve. If

this option is employed, the metering pin input table (POLEO versus YOLEO) is

A-4
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interpretted as a table of total axial oleo load (Fi in equation A. [0) versus

oleo compression. This option is termed the inverse meterin- pin option, and

is employed by specifying a negative number for MPTAB on card 1400. Tlie

inverse metering pin coding is useful for two situations.

* Landing gear drop data are available, but the basic gear data (meter-
ing pin shape) is not. KRASH can be used to calculate the variatioin

of BOLEO versus YOLEO that will duplicate the observed test data,
which is used as input data with the inverse metering pin coding.
Once the BOLEO vs YOLEO data is calculated and output bv KRASH, it
can be used as input data for subsequent runs to analyze difterent
conditions involving that gear.

* Metering pin design studies can be conducted using K[ASH witi the
inverse metering pin option. In this situation, a metering pin
characteristic can be determined that will yield a specified

ideal oleo load-deflection curve.

"When the inverse metering pin option is employed, the KRASH output data

includes a table of YOLEO vs. BOLEO for each oleo specified. The data point

spacing for the table is determined by the output point times specified by

DP/DT on card 110. The data will be output in uniform time steps, which

means that the YOLFO increments will not be uniform.

A.4 FRICTION FORCE

Coulomb friction is modeled, so that the magnitude of the friction

Iforce is independent of velocity, while the direction of the force is opposite

to the direction of the strut velocity.

The friction forces, FFi, are given by

F = Cif(v.) (A.7)
F. 1 -1

wlhere f%(y.) is a function whose sign is always equal to that of Yi and whose

nagn itlide is 1.

Strictly speak-ing, f(vi) should be equal to 1.0 for all positive values

of yi and equal to -1.0 for all negative values of yi. However, since the

A-5
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r ic tion i-treL is a passive flrce and is on I preselnt a s a reac L i oIl t o an1

applied force, the friction force will be able to attain its III value oil I %'

if the applied force is greatet than .Ci  If this sitIat i, iS Mt tIC case,

stops will occur in the motion. A rigorous treatment of this problem non ld

introdduce unwarranted complications into the program. A very good zpploximaLe

solution which avoids the difficulty can be obtained bv letting the Frictionl

lorce var' suffiClentVl l slowly trom Ci  to -C i  at small valllle, ()I- si, so l." i ta

aIt c aill step in the integration process equilibrium of the torces is btrained

it ho L i t rodtic i n I arge d iscon t in uit i es. Tie to! I ow ln- fom-1 is th ( 'l-eore

a A 51 iricti F rl ( '1i

f(y.) = tanh (v,./a) (A.8)

[his function is plotted in Figure A-2 for various values ot . Fhe

value of , should be small enough to simulate the friction force wi ti0

sufficient accuracy, but not so sinai1 as to introduce discontinuities. The

minimum value will depend on the integration interval. Generallv a value of

- s found to be suitable. The expression for the friction force

becomes

FF. = C. tanh (v./o ) (A.9)
1

The values of a and C. are input as ALPHAP and FCOUL in the program.
o 1

.\. 5 EIASTI C STOPS

wo elastic stops of stiffness KEi and Kc i are present which limit the

travel of the piston at full extension and full compression, respectively.

ibe forces generated by these stops are, therefore, equal to Ki Y i when

V 0 and KC  (v - S i ) when yi S."

A-(

- * -* -. '~\--:.%V %**.*... .*x-. 7>, 9:--*** -.. ... ....... >-~2'K< -C



. . . . .

A
0

0
N U

a I.-S II

N

0
I'

0
In a -

U
z

z

U

0
U

U

0

z
0

U

U

\- 7

. . ..............................................



Collecting all the above terms the total axial force F. can be

written as

F. = FA. + F + FF +F + 1A.])A. o. F. EXT. FCOMP.(t)
1 1 1 1 1

The terms KEi , Kci , and Si are input into the program as XKEXI, XKCO,P, ;id

YM\X, respectively.
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