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%&X > ABSTRACT

X

Computer programs are given for determining the response of beams and rings

to impulsive loads, with their use described in detail.

Two sample problems illustrate the input and output data formats, as well as

various output options.
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INTRODUCTION

(1-4)

of various structural elements to blast or impulsive loadings. Symonds,

%
have attempted to determine responses

(5)

example, has developed a ''rigid-plastic” theory of deformation in which it is

In recent years, many investigators

for

assumed that no elastic deformation takes place, so that all the energy imparted
to the system is channeled into plastic deformation of the structure. This type of

analysis has two major disadvantages:

1) The energy input to the system must be much greater than the
elastic strain-energy that can be stored by the structure.
2) Only permanent deformations are obtained; i. e., no time-history

of the response can be found.

The most recent technique which is not subject to these limitations was devel-

(6)

Laboratory. This technique is now described briefly.

oped by Witmer, et al, at the M.1. T. Aeroelastic and Structures Research

THEORY

The dynamic equilibrium equations for the structural element shown in Figurel

can be written

3 3 . .

35 (NcosH)—-a—s(Qs1n9)+Fy—mv—O
—a—(Nsine)+—a—-(Qcos9)+F -mw=0 (1)
o8 3s 4

3M _

3 970 )

* Raised numbers in parentheses indicate references at the end of this report.
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where m = mass per unit length of structure

0 = slope of structural element

N, Q, M = normal force, shear force, and bending moment at
a given cross section
V, W = accelerations in the horizontal and vertical directions

F , F_=forces per unit area in the horizontal and vertical
y directions

In the derivation of Egs. (1), the effects of shear deformation and rotatory
inertia have been neglected. In the case of impulsive loading, Fy and Fz

are zero, and the beam is considered to have an initial velocity.

Equation (1) may be phrased in finite difference form and interpreted as
describing a lumped-parameter model consisting of masses connected by
weightless, straight links. (These equations, as well as a complete description

of the model, can be found in Reference 6. )

Equations (1) and the corresponding strain-displacement equations have been
programed for an IBM 7040 digital computer using Fortran IV language. The

remainder of this report describes the use of this program.

PROGRAM DESCRIPTION AND USE

Two program listings will be found in the appendix. The first, '"Blast-Loaded
Beams, " calculates the response of a clamped-ended beam to an impulsive
load. The beam may be pre-tensioned, if desired. Sample output data are
also presented.

The second, ''Blast-Loaded Rings,' calculates the response of a circular ring

to impulsive loading. The ring need not be complete.

Both the beain and the ring are of rectangular cross section, and the cross-

sectional area is distributed among six "flanges, " as shown in Figure 2.
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Definitions of the quantities contained in the programs are given at the beginning

of the listings.

BEAM INPUT DATA

CMT
DT

EP
S1G1
TI

w

SM

TF
LN

XMAX, XMIN
SIGO

NPL

fixed K1
point

K2

TP(J)

classification data (up to 72 characters)

Time interval (sec)

This must be smaller than the time required for a longitudinal
wave to traverse the distance between mass-points; otherwise
the solution will be unstable.

Young's modulus for the beam material (1b/sq in.)
strain-hardening modulus (1b/sq in.)

yield stress of material (Ib/sq in.)

readout time (sec)

width of beam (in.)

thickness of beam (in. )

input displacement (in.)
The method for computing WIN is described in the sample
problem.

mass of a single mass-point (1b—se02/in.)

starting time (generally initialized at zero)

time of termination of solution (sec)

length of beam (in.)

maximum and minimum limits of transverse displacement (in.)
pre-tension stress (Ib/sq in.)

total number of plots (less than or equal to 10)

the number of the first mass-point that has non-zero input
displacement

the number of the last mass-point that has non-zero input
displacement

plotting time (sec)

DETERMINATION OF INPUT DATA FOR SAMPLE BEAM PROBLEM

Consider the response of a beam 20 inches long, 1/2 inch wide, and 1/16 inch

thick, made of 7075-T6 aluminum alloy pre-tensioned to 50% of the yield stress

and subjected at time

T =0 to a uniformly distributed impulsive load over

a 1-inch length at the center of the beam. The beam is shown in Figure (3).
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It is desired to obtain the response of this beam for a total time of 200y sec.

Thus, TF =200 x 10-6.

The yield stress for 7075-T6 aluminum is approximately 71, 400 pounds per
square inch. Therefore, S1Gl1 = 71,400, Since this aluminum is not a strain-

bardening material, EP =0

Because the beam is pre-tensioned to 50% of the yield stress, SIGO = 35, 700.
As specified, LN=20, B=1/2, H=1/16. It is desired to read out the

required data at intervals of 20usec; thus TI = 20 x 10-6.

Since there are 60 mass points representing the total mass of the beam, then

_(B) (H) (LN)p
SM = =5

where p is the mass density of the beam material. In this example,
SM =0.27x 10-5 . Referring to Figure 4, we notice that mass points 30, 31,

32, and 33 will be loaded by the impulse. Thus, K1 =30, and K2 = 33.

A time interval DT of 0.5 x 10—6 seconds is found to satisfy the necessary

criterion for a convergent solution.

We assume that the velocities at which the loaded mass-points begin to move
have been computed from impulse-momentum relations. Suppose these velocities
are constant and equal to 1,030 inches per second. The input displacement

WIN is therefore 1,030 (DT) = 0.515 x 10"2 inches. That is, we assume that

for the first time increment DT , the loaded masses move without restraint,

Since mass-points 30 — 33 received the initial load, the greatest strains will
occur in this vicinity. Therefore, the output codes L1, L2, L3, and L4
are assigned the values 29, 31, 32, and 34. A non-zero integer must always

appear for these output codes.
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Plots of the beam profile are desired at 50-usec intervals from zero to 200
psec. Thus, NP =5and TP(1) =0, TP(2) =0.5 x 10—4 , TP(3)=0.1x 10-3,
TP(4) =0.15x 10_3 , and TP(5) = 0.2 x 10-3 . Because no more than five
plots are required, TP(6) through TP(10) need not be specified. The
quantity IP is set equal to 1 to obtain a plot of the center displacement

vs time.

INPUT DATA FORMAT

With the exception of cards 1 and 5, all cards consist of five fields, 14 columns
wide. Card 1 uses the first 72 columns for data identification, and card 5 has
eight fields, two columns wide for fixed-point constants. Figure 5 shows the
layout of the data fields on a data sheet. If NP =0, cards 6 and 7 must be

omitted and if NP is less than six, only card 7 must be omitted.

Possible sources of error in the input deck are the odd field widths on all

cards except 1 and 5. To minimize the occurence of these errors and to facili-
tate the preparation of input decks, the program control feature of card-punching
equipment is strongly recommended. This program control card (Fig. 6) will
enable the user to prepare data without using the numeric shift key. Use of

the shift key anywhere on the card will cause it to advance to the first column

of the next numeric field. To avoid skipping, the ALPH shift key should be

depressed whenever a minus sign is to be punched.

BEAM PROBLEM OUTPUT

A listing of the input data appears at the beginning of the output for each set of
data, followed by a set of header lines which identify the output in three basic
groups: Line 1 contains the time, centerline displacement, and the transverse
acceleration at the center; line 2 has the strain at flange 6 of the links specified
by the output codes; line 3 contains the strains in the links at flange 1. These
three output groups are printed beginning with the starting time T | and the

printout interval TF
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Supplementary data can be obtained at the printout time by using the sense
switch options. This information is printed on tape unit No. 4. If sense switch
3 is on, the following data is printed for mass points 1 — 31: acceleration in
the horizontal direction, acceleration in the transverse direction, total trans-
verse displacement of the mass points, and horizontal coordinates of the mass
points. When sense switch 4 is on, the strain in flange J (J =1, ... 6) of link
I(I=1, ... 32)is printed. If the sense switches are left on for an entire run,

the total run time is increased by 50%.

SAMPLE RING PROBLEM
Input Data

DT time increment (sec)
E Young's modulus (1b/sq in.)
EP strain-hardening modulus (Ib/sq in.)
S1G1 yield stress (1b/sq in.)

TC readout time (sec)
B width of ring cross section (in.)
H thickness of ring (in.)
ALFA defined in Figure 8 (rad)
SM mass of a single mass-point (lb-secz/in.)
T starting time (generally initialized at zero)
R radius of the ring (in.)
TP plotting time interval (sec)
TF time of termination of solution {sec)
NP ring profile plot code (non-zero for plots)
fixed K1 the number of the first mass-point which has non-zero
point input displacement

K2 the number of the last mass-point which has non-zero
input displacement

Figure (7) is a sample data sheet for the ring program.

Calculation of the input data for the ring proceeds in the same manner as that

for the beam; only the calculations which differ are described here.
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The angle of the clamped supports from the vertical is defined by ALFA
(Fig. 8) expressed in radians. For a complete circular ring (sample problem)
ALFA equals 7m . Notice that for this case mass-points 2 and 62 occupy the

same position, as do 1 and 61.

The quantity RIN is analogous to WIN in the beam program. A displace-

ment toward the center of curvature is a positive input displacement.

The radius of the ring in inches is R . In the sample problem a complete
ring is uniformly loaded radially over a central angle of 120 degrees by an
impulsive load which imparts initial velocities of 5, 460 inches per second to
the loaded mass-points. Mass-points 22 (K1) to 41(K2) are loaded.

The ring material, 6061-T6 aluminum alloy, is considered to be elastic-
perfectly-plastic. Thus, E = 10.4 x 106 , EP =0, and S1G1 = 41, 400.

To complete the specification of the physical properties of the ring, R =3 in.,
H=1/81in., and B =1 in,

Since output is desired every 100 psec, TC =0.1x 10-3 and TP =0.1x 10-3.
This produces a plot of the ring deformation every 100 p sec. The final time

TF is 300.5 p sec to insure output data at 300 u sec.

RING PROGRAM OUTPUT

A listing of the input data appears at the beginning of the output for each data
set. Beginning with the starting time T and continuing at printout intervals
TC , the following data is presented: horizontal and vertical coordinates for

mass-point I; strain in link I for flanges 1 and 6; I =1, ... , 31).
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Figure 1 Coordinate System and Internal Forces
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Figure 2 Idealized Thickness Model
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Figure 3 Beam for Sample Problem
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Figure 4 Lumped-Mass Beam Approximation
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Figure 8 Ring Geometry
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LIST«REF

INPUT DATA

8 WIDTH OF BEAM

CMT DATA IDENTIFICATION

DT TIME [INTERVAL

E YOUNGS MODULUS

EP STRAIN-HARDENING MODULUS

EPO STRAIN ASSOCIATED WITH SIGO

EPST(1+J) TOTAL STRAIN IN FLANGE J OF LINK I

H THICKNESS OF BEAM

P DISPLACEMENT VSe TIME PLOT CODE

K1 THE NUMBER OF THE FIRST MASS-POINT WHICH HAS NON-ZERO
INPUT DISPLACEMENT

K2 THE NUMBER OF THE LAST MASS-POINT wWHICH HAS NON-ZERO
INPUT DISPLACEMENT

LN LENGTH OF BEAM

NPL TOTAL NUMBER OF PLOTS

Q SHEAR FORCE

S16G1 YIELD STRESS OF MATERIAL

SI1GO PRETENSION STRESS

SIG(leJ) STRESS IN FLANGE J OF LINK 1|

SM MASS OF A SINGLE MASS—-POINT

T STARTING TIME

TF TIME OF TERMINATION OF SOLUTION

TI READOUT TIME

™ PLOTTING TIME

wDD ACCELERATION IN TRANSVERSE DIRECTION

WIN INPUT DISPLACEMENT

XMAX MAXIMUM LIMIT OF TRANSVERSE DISPLACEMENT

XMIN MINIMUM LIMIT OF TRANSVERSE DISPLACEMENT

DEFINITIONS

BMOM BENDING MOMENT

DS1! DISTANCE BETWEEN MASS POINTS

£1 AXIAL STRAIN

E2 BENDING STRAIN

EPO STRAIN ASSOCIATED WITH S1GO

FNOR NORMAL FORCE

PS1 COORDINATES OF THE FLANGES

S1GO PRETENSION

vOD ACCELERATION IN THE HORIZONTAL DIRECTION

VIT(I) HORIZONTAL COORDINATE OF MASS 1|

18
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VO INITIAL LONGITUDINAL COORDINATES

WIT(I) TOTAL TRANSVERSE DISPLACEMENT OF MASS 1
wO INITIAL TRANSVERSE COORDINATES

REAL LN

DIMENSION DATA(BO0O)
DIMENSION TIMX(S00)eCLDIS(500)
DIMENSION S1GO(6146)+EPO(61¢6)+PSI(6)eVOLE2)1WO(62)eV]1(62)eWLL(62)0
1 VOP(62)1¢DS1(61)¢S(61)¢C(81)s51(61)eDTI(61)+E2(62)+EPS(6146)
2 SI1G(61+6) FNOR (61 )+BMOM(61)¢Q(E1)YeVDD(O1)eWDD(EL)eVIT(62) e
3 WIT(B2)eEPST(61¢6)+DEPS(6146)9S1GT(6146)0S16C1(61¢6)
4 SI1GC2(61¢6)sCMT(12)eX(32)eY(32)eTP(10)
S00 FORMAT (5E14.8)
501 FORMAT (12A6)
502 FORMAT (812)
510 FORMAT (49HI1 DEFORMATION PROFILE OF AN IMPACT LOADED BEAM,42X9
i A241H/ A2+l H/ ¢ A2 ¢ 6XSHPAGE +14/5X12A6)
511 FORMAT (1HO+8X14HTIME INTERVAL=1E14¢844X16HYOUNG=-S MODULUS=:9Xs
E14¢844X13HYIELD STRESS=¢E1448/9X14HINITIAL TIME= 4E14¢8¢4Xe
2SHSTRAIN-HARDENING MODULUS=Z1E14¢8+4X6HWIDTH=4+7XE1448/9X
14HF INAL TIME= 1C1448+3X25HINITIAL DISPLACEMENTS= 214,48
4X13HTHICKNESS= +E14 ¢8/79X14HREAD=QUT TIME=91E148+4X
25HMASS OF A MASS-POINT= tE144B+aXTHLENGTH=¢6XE1448)
512 FORMAT (7HOLINE 1 +7X4HTIME ¢ ISX7THCLDISP«¢ 1SX3HWDOD/7TH LINE 24¢5X
1 V4 (GHEPS (e 12¢3He6)e11X)/e7H LINE 345X es4(4HEPS(+12e3He1)011X))
513 FORMAT (6HO LINE/SH 114XE1S5e8¢8XIH=mrwm—e— 111 XOH =/
i 5SH Ce4Xa({E15e8¢5X)/5H 3e4X4(E1Se8e5X))
514 FORMAT (3HO 1¢4X3(E1S5e8¢5X)/5H 214X4(E1568¢5X)/5H 3o
1 4X4 (E1Se8e¢5X))
515 FORMAT (BHOTIMEzZ¢E12e5/11X3HVDD«14X3HWDDs14X3HWIT¢14X3HVIT/)
516 FORMAT (10X+4E1748)
517 FORMAT (GHOTIME=SsC12eS5/9X1IHI 6 (4XOHEPS(Isal1alH)SEX))
518 FORMAT (8X+12¢6E17.8)
519 FORMAT (9X+45HINITIAL DISPLACEMENT EXTENDS FROM MASS-POINT «12¢1Xe
1 144TO MASS-POINT +12)
CALL PLOTS (DATA.800)
CALL PLOT (060¢0604¢=3)
CALL FPT («TRUEe00)
CALL DATE (ID1+1D2.1D3)
NPGN=1
NPGA=1
INP=0O
1 READ (S5.501) (CMT)
WRITE (5:510) 1D1:1D2:1D3+NPGNCMT
READ (5¢500) DTE+EP¢SIG1 oTI eBeHIWINISMeToeTFILNsXMAX e XMINISIGO
READ (5¢502) NPLeK1sK2eL1eL2+L3eL 4P
WRITE (6¢511) DTeE+S1GlLeTeEPeBsTFoWINeHeT] e SMeLN
WRITE (6+519) Kl K2

U & W -

19
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80

20
81
82

86

21
22
23
24

25
26

27

271

WRITE (6¢512) L1eL2¢L3eLl4eLl1¢L2+L.3+L4
NPGN=NPGN+ 1

LC=12

TC=TI

IF (NPLJLE«O) GO TO 2

READ (5+4500) (TR({J)eJ=1sNPL)

JP=1

IPLOT=1

GO TO a

1PLOT=2

AF= B#H/6

D= H/6.

F=LN/60e

G=0+

VO(1)=0e

OO0 3 I=1+61

VO(1+1)=VO(]1)+F

DO 3 JU=146

S1GO(14J)=SIGO
EPO(1+JU)=S1GO0(1+J)/E

DO 20 J=z145

FJg =J

PSI(J)zDR(FU=((6e+1e)/20e))

DO 86 1=1,62

WO(1)=0.

V1i(l)y=vOo(1l)

W1 (1)=0o

IF (1eGEeK1eANDel oLEWK2) W1 (I)=WIN
VORP(1)=vO(l])

V1(1)=0.

V1 (62)=LLN+LN/60

DO 24 1=1,51
DSI(I)=SART((ABS(VI(I+1)~VI(I1)))¥X2,+(ABS(WI(I+1)-W1 (1)) )%*2,)
S(I)=(W1 (14+1)-W1(I))/DSI(1)

C(l) =(vVI(I+1)=-V1(1))/DSI(])
E1(1)=(DSI(1)=F)/F

DT1(1)=0.e

E2(1)=0.

E2(62)20

DO 27 1=14+60
DTI(1+1)2aS(I+1)%#C(1)=-C(I+1)%#S(])
E2(I+1)=(DTI1(1+1)=-G)/F

DO 27 UJ=l.6
EPS(1¢J)=E1(1)=PSI(JI¥E2(1+1)+EPO(1+¢J)
DO 271 J=1.6

EPS (61 ¢J)Y=EPS (604 J)

WRITE (6¢513) TeEPS(LI¢6)sEPS(L2:¢6)sEPS(L3¢O6)IEPS(LGsGC)IIEPS(LI1)o

20
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1 EPS(L2¢1)eEPS(L3s1)EPS(LAWL)
LC=L.C+5
| DO 29 1=1.+61
) DO 29 JU=1+6
28 SIG(l+J)ZE®EPS(1¢J)
IF(EPS(1+sJ)) 3243130
} 29 CONTINUE
68 DO 38 [=1.61
FNOR(1)=0e
BMOM(13=0.
DO 38 JU=z146
37 FNOR(1)=AF#S1G(1¢J)+FNOR(I)
38 BMOM(]) =AF%S1IG(I+J)#PSI(J)+BMOM(])
DO 39 1=1.60
39 Q(l+1)=(BMOM(I+1)-BMOM(1))/DSI1(1+1)
Q(1)=Q2)
Q(61)=0(60)
DO 45 1=1.60
40 VDD(!+1)=(FNOR(I+1)*C(I+1)-FNOR(I)*C(I)-0(l+1)*5(1+l)+Q(!)*S¢l))/$
1M
41 WDD(I+1)=(FNOR(1+1)*S(I+1)-FNOR(I)*S(I)+0(1+l)*C(l+l)~Q(X)*C(I))/S
1 8]
42 VIT(I+1)=VDO(141)¥DTHH2+2e*¥V]1(I+1)-VO(]I+])
45 WITC(I+1)=WOD(I+1)XDTHH2 442 F*W1 (141 )-WO(]I+1)
VIT(1)=0e
VIT(62)=V0(62)
WIT(1)=0e¢
WIT(2)=0o.
WIT(61)=0e
WIT(62)=0¢
DO 47 1=1+682
43 VO(l)I=vi(l])
44 V1(1)avIT(1)
46 WO(l)=w1l (1)
47 Wi1(1)=wIT(I)
DO 51 1=14+61
48 DSI(l)=SQRT((ABS(VlT(l+l)‘VIT(I)))*'20+(A85(U1T(l*1)-WIT(!))’**ao)
49 S(II=(WIT(I+1)-WIT(1))/DSI (1)
S0 C(I)=(VIT(I+1)=VIT(1))/DSI{])
51 E1(1)=(DSI(1)=F)/F
DT1(1)=0¢
E2(1)=0.
E2(62)=0
D0 Sa 1=1.60
S2 DTIC(1+41)=S(I+1)¥C(1)~C(I+1)¥5(])
53 E2(1+1)=(DTI(1+1)-G)/F
DO 5S4 JUz146

-———

———
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54 EPST(leJI=EL(TI)=-PSI(I)HE2(I+1)+EPO(]I4¢J)
DO 541 J=1.+6
541 EPST (61 ¢J)=EPST(604J)
DO 58 1=1.61
DO 58 J=14+6
S5 DEPS(I+JI=EPST(l4J)=-EPS(]14sJ)
56 EPS(I¢J)=EPST(I4+J)
SIGT(I e JI=SIG(LIs JI+EXDEPS (I +J)
S7 S1G(1e4)=S1GT(lsJ)
IF(DEPS(leJ)) 61460459
58 CONTINUE
T=T+DT
GO TO (150+151)¢IPLOT
150 IF (TeGE«TP(JP)eANDeJP+LESNPL) GO TO 66
151 IF(TeGELTC)IGO TO 72
70 IF(TFeGTeT)IGO TO 68
1F (IPeNE0) CALL GRH1 (TIMX.CLDISsINP)
69 GO TO 1
72 IF (LCeGESS2) GO TO 87
B8 WRITE (6+514) TeWIT(31)eWDD(31)sEPS(LIeB)IEPS(i2¢6) +sEPS(L346)0
1 EPS(LG 6 ) sEPS(L1 e1)eEPS(L2+1)EPS(L3¢1)EPS(LGs1)
LC=.C+4
CALL SSWTCH (3+JSS)
CALL SSWTCH (4,41SS)
IF (JSSeEQe2) GO TO 90
WRITE (4¢510) ID1+ID2¢ID3eNPGA+CMT
NPGA=NPGA+1
WRITE (44515) T
WRITE (4¢516) (VOD(1)+sWDD(I)eWIT(I)eVIT(I)el=14¢31)
S0 IF (ISS+EQe2) GO TO 89
WRITE (44510) ID1+ID2¢ID3¢NPGACMT
NPGA=NPGA+1
WRITE (4¢517) TelJeJd=z1e¢6)
WRITE (4¢518) (14 (EPS(leJ)eJ=1e46)e1=1432)
89 INPzINP+1
TIMX(INP)=T
CLDIS(INP)=WIT(31)
TC=TC+T1
GO TO 70
30 S1GC1(1eJ)I=SIGI+EPREPS(14J)
IF(S1IG(I+J)-S1GC1(14J))33¢33+34
33 S1G(1eJ1=S1G(1eJ)
GO TO 29
34 S1G(leJ) =S1GCL1(]1s)
GO TO 29
31 S1G(1eJ)Y=S1G(10J)
GO TO 29
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32

35

36

59

62

63

60

61

64

65

87

66

67

S16C
IF(S
S1G(
GO T
S1G¢(
GO T
S1G6C
IF(S
S1G6¢
GO T
S16¢
GO T
S16G6¢
GO T

2(1eJ)==SI1GL+EP*EPS(14J)
1G(1eJ)=S1GC2(1¢J) 135436436
1eJ)=S1GC2(1+J)

0o 29

[1¢J0)=S1G(1eJ)

0 29
1(14J)=S1IGI+EP*EPS(1eJ)
1G(14¢J)=S1IGC1(1eJ))B62:62+63
1e2)12S1G(1eJ)

0O 58

I1e¢J)=S1IGCL1(1eJ)

O 58

1¢4J)3S1G(1eJ)

0 58

S1GC2(1eJ)=~S1GL+EPREPS([+J)

IF (S
S16¢(
GO T
S1G(

1G(14J)-51GC2(1¢J))64:465+65
1¢0)=51GC2(1eJ)

O s8

1eJ)=S1G(1eJ)

GO TO s8
WRITE (6+4510) ID14+4102+1D34NPGN+CMT

WRIT
NPGN
LC=6

E (6¢512) L1eL2¢L3eL4eL1eL2:L3eL o
=NPGN+ 1

GO TO 88
JP=JUP+1

Y1)
Y(2)
Y(32

=040
=F/2e¢
121060

DX= (XMAX=XMIN)/7¢0

X(1)
xX(2)
X(32
DO 6
Y(I1)
XI)
CALL

CALL
TIME
CALL
CALL
CALL
CALL
CALL
CALL
GO T

=(WIT(1)=XMIN)/DX

=(WIT(2)=-XMIN) /DX

YZ(WIT(32)=XMIN) /DX
7 1=3431

=Y([~=1)4F

=(WIT(I)=-XMIN) /DX

AXIS (060¢060:28HPOSITION COORDINATE (INCHES)++28¢106¢0¢90400¢
Oe0ele0)

SYMBOL (0e2¢10e05¢0014,23HBEAM PROFILE AT TIME = ¢0e¢0¢23)
=T#1 0 ¥%6

NUMBER (2096010005401 4+TIME«OeOs1)

PMU (36800¢10e0540014)

SYMBOL (3e6924¢10605¢061444HSECes0e044)

LINE (XeVYs22s:1!)

AXIS (Ce0e0e0¢21HDISPLACEMENT (INCHES)+=21¢7e¢0¢0e¢0eXMIN,DX)
PLOT (B¢5¢0e04¢-3)
0O 151
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END
$1BFTC GRH1 LISTREF
SUBROUT INE GRH1 (T«DeN)
DIMENSION T(1)eD(1)
CALL SCALE (T eNeSeOeXMINeDXel)
CALL SCALE (DeNe8s0eYMIN«DYo 1)
CALL PLOT (1eQele0es=3)
CALL AX1IS (0e0¢000¢4HTIME+~84660+¢060¢XMINDX)
CALL AXIS (0e0e0e0¢12HDISPLACEMENT ¢12¢86¢0¢90e9s YMINWDY)
CALL LINE (TeDoNs1)
CALL PLOT (7eSe-14¢=-3)
RETURN
END
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TR65-08
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TR65-08

BEAM PROGRAM
Memory Required
Object Program (30552)8
1/0 Buffers (1530)8
Time for Execution (sample problem)
11 min

Routines Required (those not included with IBM's IBSYS)

BEAM PMUZ
GRHI DATE
FPTMOD

27
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10.000

BERAM PRAFILE AT TIME = 200.4 pSEC.

8. 000 3. 000

7.000

|

6. 000

(INCHES)

1

5.000

1

3.000

|

POSITION COORDINATE
4.000

S

Q

r\;-

g

g

¢ T T T T T Y |

-.1000 .0999 .3000 .5000 . 7000 . 9000 1.1000 1.3000
DISPLRACEMENT (INCHES)
28
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1

TR65-08

. 500 .600 .700 .800 . 800
|

400

1

DISPLACEMENT

.300

.200

L T I T

T 1
-.00000  .05000 .10000 .15000 .20000 .25000 .30000
TIME (X10-3)

.099
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$IBFTC RING LIST«REF
COMMON PSI(6)eVO(62) ¢WI(62)eV1(62)eW1(62)+BETA(31)+CBETA(31).SBETA
1 (31)+RDISP(62)WRDIS(62)¢VRDIS(62)+WOP(62) s VOP(62)¢DS1(61)
2 SI61)+CIE1)eDSIVUIB1)eS0(61)¢COIH1)eDTIO(O1)IELI(61)eDTI(61)
3 E2(62) +EPS(61 +18) +FNOR (61 ) +8MOM(E61)¢Q(61)sVDDI(EL) s WDD(6E1) 0
4 VIT(E2)eWIT(E2)sEPST (6] ¢6)DEPS(61¢6)+¢S1GT(61¢6)eS1GCL1(6]1e6)0
S SIGC2(61¢6)eCMT(12)eTPeSIG(E1e6)ReTIDPITF TG
DIMENSION DATA (800)
500 FORMAT (SE1448)
501 FORMAT (12A6)
502 FORMAT (712)
510 FORMAT (49H1 DEFORMATION PROFILE OF AN [MPACT LOADED RING+42Xs
1 A2¢1H/A2¢1H/ 1 A2+16XSHPAGE ¢ 14/5X12A6)
S11 FORMAT (1HO+BXe4HDT =eE1Se843Xe3HE =+E15e8¢3Xe6HS1Gl z=eE1Se8¢3IX0
1 AHTC = 4E19e¢B/9X4HTF =esE15e8¢3IXs3HH = 1E1S5e813XI6HALFA =¢E15.80
2 3X4HSM = 4E1Se¢8/9X4AHT =eE15e8¢3Xes3HB =1E15e8Be3X+6HRIN =+E15,8
3 3X4HEP =+E1Se8/79XGHTP =e1E15e¢3¢3Xe3HR =+E15¢8)
S12 FORMAT(1HO«8X4HTIME 1AXEHWIT(] ) e14X6HVIT(I)elaXBHEPS(1¢6):¢12X
1 BHEPS(lel)e 7Xo1HI)
513 FORMAT (2HO +¢5XE1246)
514 FORMAT (19X4E20e8¢2X12)
515 FORMAT (8X11H(CONTINUED))
516 FORMAT (9X+4SHINITIAL DISPLACEMENT EXTENDS FROM MASS-POINT e12e¢1Xe
1 14HTO MASS POINT +12)
CALL FPT(«TRUE«+0)
CALL SSWTCH (3+JSS)
CALL PLOTS (DATA.800)
CALL PLOT (040¢S5404¢=-3)
CALL DATE (ID1+1D2+!D3)
NPGN=1
1 READ (5+501) CMT
3 WRITE (6¢510) ID1¢1D2¢ID3eNPGNCMT
READ (5¢500) DT eEsEP+S1GleTCeBeHIALFAISMeTIRINIR«TP+TF
READ (5¢502) NPLeK1eXK2eL1eL24sL.34L 4
TI=TC
TG=TP
WRITE (6¢511) DTeEeS1Gl eTCeTFoHALFAISM T BIRINEP.TPR
WRITE (6+516) K1 K2
WRITE (&8.512)
NPGN=NPGN+1
LC=10
IF (NPL.EQeO) GO TO 6
RC=0.
DO 4 I=21,410
RC=RC+S,
IF (ReLEJRCY GO TO S
4 CONTINUE
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20

600

601

602

608

OP=1

AFzBRH/64

D=H/64

DO 20 J=1.6

FJuJ
PSI(J)=DR(FJ=((6a+1e)/2e))
SALFA=SIN(ALFA)
CALFA=COS(ALFA)

DO 600 1=1.:62

RDISP(1)=040

IF (1eGEeK1eANDolol.EeK2) RDISP(I)=RIN
CONT INUE

DO 601 1=1.31

Fl=1
BETA(l)=ALFA%(1e605=-F1/30)
CBETA(I)=COS(BETA(!))
SBETA(I)=SIN(BETA(1))
K=63~-1

WO(1)aR®* (CBETA(])=-CALFA)
WO (K)=wO (1)

VO(])=R* (SALFA~SBETA(I))
VO (K )aR* (SALFA+SBETA (1))
WRDI1S(1)==RDISP(I)Y#CBETA(1)
WRDIS(K)==RDISP(K)#CBETA(1)
VRDIS(1)=RDISP(])*SBETA(1])
VRDIS(K)==RDISP(K)#SBETA(])
DO 602 1!=x1.62
VIi(1)avOo(I1)+VRDIS(])

W1 (I)1=WwO(1)Y+WRDIS (1)
V1(62)=v0(62)
Vi(61)=v0(61)

Vi(l)=vO(l)

V1it2)=v0(2)

W1(l)=2wO(1l)

W1(2)=w0(2)

W1 (61)aW0(61)

W1l (62)2W0(62)

DO 608 1=],462

WOP(1)aWO(1)

VOP(1)=vO(])

DO 21 1=1.61

DSI1(1)=SART((ABS(VI(1+1)=V1(1)))*%2+(ABS(WI(I+1)~W1(])))%*2)

S(1)=(Wi(I+1)=W1(I1))/DSI(])
ClI)=(VI(I+1)=V1(]))/7DS1(1)

DSIV(1)=2SQRT((ABS(VO(1+41)=VO(1)))*¥2+(ABS(WO(I+1)-WOC(]1)))##z)

SO(I)=(WO(I+1)-WO(I))/DSIVUL(D)
COCl)Y=(VOC(I+1)-VO(]))/DSIUC])

31



GM DEFENSE RESEARCH LABORATORIES ® GENERAL MOTORS CORPORATION

)

21 E1(1)=(DSI(1)=-DSIUC(1))/DSIU(])
DO 611 1=1+60
DTIO(I4+1)=SO(I+1)%CO(1)=-CO(I+1)%¥50(1)
DTICI+1)=S(1+1)%#C(1)-C(]I+1)%#5(])
E2(141)z24#(DTI(I+1)=-DTIO(I+1))/7(DSIU(I+]1)+DSIU(]))
DO 27 JU=1.6
27 EPS{1+J)Y=EL([)=PSI(JIXE2(]I+1)
611 CONTINUE
DO 271 JU=146
271 EPS(61¢J)=EPS(604¢J)
DT10(1)=0e
DTI(1)=0,
E2(1)=0.
E2(62)=0¢
WRITE (6+513) T
WRITE (68¢518) (WIT(1)eVIT(IIIEPS(1¢6)EPS(Iel1)0elel=14¢31)
LC=L.C+33
DO 29 1=1.+61
DO 29 J=1.+6
SIG(I+J)=EREPS(I+J)
IF (EPS(1eJ)) 32¢31.+.30
29 CONTINUE
68 DO 38 [=1.61
FNOR(I)=0s
BMOM(1)=0.
DO 38 JU=1+6
FNOR(I1)=AF%#S1G( 1 e JI+FNOR(])
38 BMOM(I)=zAFXSIG(I¢JI¥PSI(J)+BMOM(T)
DO 39 [I=1.60
39 Q(I+1)=(BMOM([+1)-BMOM([))/DSI(]1+1)
Q(1)Y=Q2)
Q(61)=Q(60)
DO 42 =261
VOD(I)=(FNOR(1)#C(1)=-FNOR([=1)%#C(I=1)1-Q(1)*S(1)+Q(I-1)I%S(]I-1))/5M
WDD(1)=(FNOR(I1)#S(1)-FNOR([=1)*S(I-1)+Q(I)y%C(I)-Q(I~1)%C(]=-1))/SM
VIT(I)=VDOD (] )%RDT#%#2 $2,%V1 (1)-VO(])
42 WIT(1)=WOD (1 )I)RDTHE2 +2,%#W1 (1)-WO(])
VIT(1)=vOR (1)
VIT(2)=vOR(2)
VIT(61)=VOP(61)
VIT(62)=VOP{62)
WIT(1)=wOP (1)
WIT(2)=wWOP (2)
WIT(62)=wOP(62)
DO 47 =162
vo(l)=vi(I)
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Vii)=vIiT(])
WOotl)=wil(1)
47 Wl (l)=wlT(l)
DO 51 1=1,61
DST(1)=SART((ABS(VIT(I+1)~VIT(1)))#%24+ (ABS(WIT(I+1)~WIT(I)))*¥%2)
S(I)=(WIT(I+1)=-WIT(1))/DSI(1)
ClI)=(VIT(I+1)=VIT(1))/DSI1 (1)
51 E1(1)=(DSI(1)-DSIU(1))/DSIUC(])
DTI(1)=0e
E2(1)=0e
E2(62)=0.
DO %4 1=1,60
DTI(I4+1)=S(1+1)#C([)~C(I+1)%S(])
E2(141)1=22e#%#(DTI(I+1)=DTIO(I+1))/(DSIV(I+1)+DSIU(]))
DO 53 J=146
S3 EPST(I+J)I=EL(I)=PSI(JIREZ2(I+1]1)
54 CONTINUE
DO 541 U=1.6
541 EPST (61 +J)=EPST(60+¢J)
DO 56 1=1.+61
DO 58 JU=1.+6
DEPS(1e JISEPST(14J)-EPS(1eJ)
EPS(1¢J)=EPST(1eJ)
S1GT(1eJ)=S1G(1sJ)+ERDEPS(14J)
S1G(IsJ) =SIGT(leJ)
IF (DEPS(14J)) 61 ¢60¢59
58 CONTINUE
56 CONTINUE
T=T+0DT
IF (NPL.EQe0O) GO TO 151
IF (TGeGTeT) GO TO 151
CALL GRHR
151 IF (TeGE.TC) GO TO 72
70 IF (TFeGTeT) GO TO 68
69 GO TO 1
T2 I1PGE=1
LC=LC+4
IF (LCeGEeS4) GO TO 87
LC=LC-2
73 WRITE (64513) T
IPGE=2
DO 74 I=x=1.31
LC=LC+1
IF (LCeGEeS4) GO TO 87
89 WRITE (6¢514) WIT(I)sVIT(IIEPS(Ie6)¢EPS(Iel)e!
T4 CONTINUE
TC=TC+TI
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GO TO 70
87 WRITE (6¢510) ID1+ID2¢1D3¢NPGN«CMT
WRITE (64512)
WRITE (6+513) T
LC=6
NPGN=NPGN+1
GO TO (73488)1PGE
88 WRITE (6.515)
LC=LC+1
GO TO 89
30 S1GCI(1eJ)=SI1GI+EP*EPS(14+J)
IF(S1G(14J)=-S1GC1(1e¢J))133e¢33+34
33 S1G(1+J)=S1G(1+J)

GO TO 29

34 S1G(leJ) =SI1GCL(TeJ)
GO TO 29

31 S1G(14J)=S1G(1eJ)
GO TO 29

32 S1GC2(14J)==S1GI+EP*EPS(1¢J)
IF(S1G(1¢J)=S1GC2(1+J) 135436936
35 S1G(1+4J)=51G6C2(1¢0)
GO TO 29
36 S1G(1e¢J)=51G(1¢J)
GO TO 29
59 S1GC1(14J)=S1G1+EP#ERPS(1+J)
IF(S16G(14J)-S1GC1(1¢J))624¢62+63
62 S1G(1e4J)=S1G(1eJ)
GO TO 38
63 S1G(1+¢J)1=S1GC1(1+)
GO 7O 58
60 S1G([+¢J)=S1G(1+J)
GO TO S8
61 S1GC2(14J)2-SIGI+EP*¥EPS(14J)
IF(S1G(14J)=S1GC2(T4J))64+65465
64 S1G(1eJ)=S1GC2(1¢J)
GO 1O 38
65 S1G(1¢J)=S1G(1eJ)
GO0 TO s8
END
$1BFTC GRHR LIST
SUBROUT INE GRHR
COMMON PSI(6)eVO(62)sWO(62)¢V1(62)¢W]1(62)+BETA(31)+CBETA(31)+SBETA
(B1 ) RDISFP{BZ )+ WRDIS (62 VRDIS(AZ2) s WOP(62) + VOP (62) +DS1(61) 0
S(61)+C(H61)eDSIVUIE1)e¢S0(61)¢CO(61)DTIO(61)E1(61)eDTI(61)0
E2(62) +EPS (61 +6) +FNOR(6]1)+BMOM(61)+Q(61)+¢VDD(61)eWDD(61 )4
VIT(E2) e WIT(62)+EPST(6196)+DEPS(61+6)¢S1GT(6146)4S16GC1L(6146)0
SIGC2(61e6)+sCMT(12)9TPISIG(61+6)eReTIDP+TF TG

1
2
3
4
5

34
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DIMENSION X(62)eY (62)
RAD=R/DP
XCO=zRAD¥*2
CALL SYMBOL (RAD+0e0+0e¢14¢3¢0e0¢-1)
CALL SYMBOL (RAD+0e0¢0e129490e¢00e~1)
CALL CIRCLE (XCO+0e0e¢0e¢0:360¢ +RADIRAD-65)
DO 2 I=1+62
Y(1)=VIT(])

2 X(1)=wlT(1)

IF (RelLEeSe0) GO TO 4

DO 3 I=1+62

X(1)=X(1)/DP

Y(1)=Y(1)/DP

DO S I=1+62

CALL SYMBOL (X(I)eY(1)40e10e¢340e0¢~1)

uew

CALL SYMBOL (e024-2e5%¢e146HTIME = ¢2T70e¢¢6)

TIME=TH10,%%6
CALL NUMBER (e02¢-3¢26¢¢14+TIME 4270041
CALL PMUY (¢02¢=3:¢984414)
CALL SYMBOL (e0Z29+-40¢109¢14¢4HSECe¢270¢04)
TG=TG+TP
IF (TGeGTeTF) GO TO 8
RIP=2¢+2 ¢ *R/DP
7 CALL PLOT (RIP«¢0s0¢~3)
RE TURN
8 RIP=140242#R/DP

CALL SYMBOL (RIP146444+4¢21+94HDEFORMATION PROFILE OF AN IMPACT LOAD-

1ED RING«270e¢44)
RIP=0.98+4RIP

GO TO 7

END

35
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TR65-08

RING PROGRAM

Memory Required
Object Program (13523)8

Blank Common (10264)8

1/O Buffers (1125)8

Time for Execution (sample problem)

9 min

Routines Required (those not included with IBM's IBSYS)

RING CIRCLE
GRHR FPTMOD
PMUY DATE

38
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