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1.0 INTRODUCTION 

The University of Michigan Transportation Research Institute has 

conducted a study of seat belt modeling for use with three-dimensional 

crash victim simulation codes. The objective was to examine the 

capabilities of existing software and to improve the codes insofar as 

possible. 

The restraint belt algorithm of the Calspan CVS, Version 20 (Fleck 

et al. 1981), defines a restraint belt in terms of two anchor points and 

a fixed point on the surface of a contact ellipsoid. The belt is 

presumed to lie entirely within the belt plane defined by these three 

points in space. The two anchor points are restricted to be attached to 

any one segment (usually the vehicle) while the contact ellipsoid, and 

along with it the fixed point, is restricted to be attached to any other 

segment (usually lone of the body segments), Up to eight belts are 

allowed but each is totally independent of the other. 

British Leylland developed a model for slipping between two belts 

for the case in which one anchor of one of the belts was coincident with 

one anchor of the other belt (Newman et al. 1981). Butler et al. (1980, 

1983) developed a major new sub-program (HARNESS) which allowed both 

slipping of the blelt over the surface of the occupant and penetration of 

the belt into the body. 

General Motors Research LaSoratories made modifications to the 

Version 20 code pisrticulcrly in the area of problem size. The 

University of Miclnigan Transportation Research Institute reorganized the 

output sections to reduce the amount of storage required and 

simultaneously installed some of the output features from the updated 

versiion of Version 18A (Bennett et al. 1982). 

The remainder of the report describes the work conducted during the 

pro jcact : 

Developmerlt of experimental basis for seat belt modeling 
Developme~lt of belt slip and submarining models using the 
existing codes 



Development and testing of an analytical basis for the 
transfer of belt material across body surfaces 
Review of the status of the HARNESS sub-program 
The UMTR:t implementation of the CVS 



2.0 BACKGROUND AND BASICS FOR SEAT BELT MODELING 

2 .1  Review of Impact Test Data 

In order t o  understand the physical phenomena which should be 

incorporated i n  i i  model of seat be l t  interaction with a motor vehicle 

occupant during a crash, a review was conducted of impact t e s t  data. 

The two question!; posed were: 

1. Did the bel t  move or s l i p  over the surface of the t e s t  subject; 

and, 

2. Did the bel t  compress the chest structures during load 

appl.ication? 

Two papers by Biomedical Science Department staff a t  the General 

Motors Research 1,aboratories were reviewed in  th i s  context. A Part 572 

dumnty was used i n  a study of t e s t  dummy interactions with a shoulder or 

lap be l t  by Viano and Culver (1981). These frontal  impact t e s t s  were 

condiucted with the thorax skin removed in  order t o  better visualize the 

geometry of the i-nteractions. The major phases of the dummy's 

interaction with the res t ra in t  system involved: "(1)  forward movement of 

the dummy and take up of be l t  slack; ( 2 )  i n i t i a l  belt  s l i p  and 

adju.stment to  the thoracic structure; (3) ine r t i a l  acceleration of the 

thorax with primarily planar thoracic compression; and, ( 4 )  substantial 

non-,symmetric deformation of the thoracic structure as  the chest rotates 

about the bel t .  . . . " An independent review of these movies revealed 

some sllpping of the bel t  across the surface of the thorax during the 

load,ing phase. ?!his was part icular ly marked where the lower portion of 

the shoulder belt interacted with the lower right side of the dummy's 

r i b  cage. Also, the s ta lk where the three-point attachment i s  routed to  

vehicle structures i s  observed to  rotate .  

Horsch (19801) reported a study of occupant dynamics as a function 

of impact angle a,nd belt  res t ra in t .  Tests were conducted a t  impact 

angles of 0, $30, $45, 260, and 290 degrees. The t e s t  velocities were 

35 km/hr. In "opposite side" impacts, the body escaped from under the 



torso belt  a t  60 and 90 degrees but importantly it was noted that much 

of 1:he impact energy had already been absorbed. 

The observation of bel t  sliding across the surface of the Part 572 

thorax in  the frontal  impacts caused consternation among the present 

researchers. The reason was that a foundation of the original 

Calspan 3-D CVS cnodel was attachment of the bel t  a t  a fixed point on the 

thorax. Because of th i s  a further review of t e s t  movies using 

Hybrid I11 dummitas and cadavers was conducted. The data were obtained 

fronn the whole bcdy response study, a major effor t  a t  UMTRI funded by 

Genslral Motors and reported by A l e m  e t  a l .  (1977).  The t e s t  buck was 

provided by General Motors and t e s t  velocities a t  16,  22,  and 33 mph 

were used. A schematic of the t e s t  setup i s  shown in  Figure 2.1. 

A quick look; a t  the cadaver movies revealed what appears to  be 

considerable slipping of the belt  over the torso, perhaps 10 inches or 

more!. In the eight side views of a low-level t e s t  (16  mph), there 

seemed to  be some! sliding of the torso bel t  as i t  penetrated down and 

into the lower ri,ght-hand side of the subject. From the l e f t  side, the 

belt s l id  over th~e shoulder, This apparent extensive amount of slipping 

occu~rred a t  the s;ame time the bel t  appeared to  be compressing the center 

of t.he torso. This was confirmed in  a front view of the t e s t .  In th is  

viewf, the belt  appeared to  s l ide a l i t t l e  b i t  i n i t i a l l y  as i f  the belt  

were! using up slack while adjusting to the surface of the body before 

applying any sign,ificant loads. As the load was applied, there was a 

tremendous compression of the chest, during which time the belt  was 

pocketed by the surrounding tissue. No slipping along the belt  l ine was 

observed. Side slipping was vir tual ly  impossible because of the 

pocketing, I t  should be noted that the shoulder complex rotated around 

the thorax and belt  t o  accentuate th i s  effect .  The same pattern of 

behavior was observed in  the higher velocity impacts (22 and 33 mph), 

The t e s t s  a t  UMTRI using the Hybrid I11 were conducted using 

General Motors equipment ( t e s t  buck and dummies). Tests were reviewed 

a t  three velocities (16 mph, 22 mph, 33 mph). With respect t o  belt  

slipping, the resul ts  were similar to  those observed in the cadaver 

tes t s .  The major difference was the lack of shoulder complex forward 
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rotation and the general apparent excessive s t i f fness  of the thoracic 

structure and spine, Some chest compression was observed, 

In concl~sio~n,  the following observations can be made in  answer to  

the questions posed a t  the beginning of th i s  section, 

1. Most of the slippage of the bel t  over the surface of the 

subject was observed to  occur i n  the i n i t i a l  phase of the t e s t  in  order 

t o  t'ake up slack which may exist  i n  any of the belt  segments. 

2 .  Apparent slippage i s  observed in  the upper and lower torso belt  

segments as  body loads a re  applied. This i s  primarily the resul t  of 

thorlax compression and, to  a lesser extent, belt  stretch. 

3 .  During application of a frontal  impact load to  a subject having 

a well-positioned belt  system, i t  appears that there i s  no slippage for 

one point on the thorax. 

4 .  While the belt  interaction with Hybrid I11 and cadaver t e s t  

subjects a re  similar, the Hybrid I1 response appears to  be rather 

dif flerent . 
2 .2  Limitations of Existing BELT Code 

In the BELT subprogram, each of the restraint  bel ts  i s  assumed t o  

l i e  :in a plane de:Eined by two anchor points attached to a segment 

(usually the vehicle) and by a fixed point on a contact ell ipsoid 

r igidly attached 'to some other segment (see Figure 2 . 2 ) .  The 

calc~l lat ion of the belt length from the fixed point t o  the two anchor 

points i s  done separately. The f r ic t ion  of the contact between the belt  

and the segment e:Llipsoid may be assumed t o  be either zero or inf in i te .  

In the zero f r ic t ion  option the to ta l  bel t  length i s  used t o  compute the 

s t rain and a single force-strain history i s  used to  determine the force 

which i s  applied equally a t  each of the tangent points. In the in f in i t e  

f r ic t ion  option each of the par t ia l  belt  lengths (one from the fixed 

point: t o  anchor point A and the other from the fixed point t o  anchor 

point: B) a re  treated independently. Separate force-strain his tor ies  are  

carried for each part resulting in different forces. I t  i s  assumed that 

the force-strain functions a re  defined in  such a manner as to  account 

for cleformation of the contact ell ipsoid.  
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Based on the observations put forth in Section 2.1, the BELT code 

is d,eficient in three ways: 

1. There is no capability to transfer material from one side of 

the belt segment to the other, The only mechanism is force equalization 

which, rather tha~n feeding slack material from one side to the other, 

computes the average of the non-zero force on one side with the zero 

force on the slack side. Based on the observation of adjustment of the 

belt to fit the slhape of the occupant just discussed in Section 2.1, 

this assumption is inadequate. 

2. It is nclt possible to model a three-point belt. In other 

words, it is not possible to connect two belts, such as those defined in 

Figure 2.2, together in order to represent the torso and lap sections of 

a seat belt assembly. Even if this were possible, the rotation of the 

stalk attached to the D-ring could not be represented. 

3 .  It is not possible to allow migration of the fixed point on the 

segment ellipsoid, Although this assumption appears to be good for 

frontal impact (in the case where there is little transfer of slack belt 

material), it is not valid for opposite side lateral or oblique impacts 

where the occupant can slip completely out of the belt. 



3.0 BELT SLIP AND SUBMARINING MODELS USING EXISTING CODES 

This section of the report discusses the use of the original BELT 

software to simul-ate sliding of the belt over body surfaces and 

penetration of the belt into body surfaces during dynamic loading. 

Section 3.1 showsl the modeling differences between applications to 

various conceptua,l problems. Section 3.2 summarizes various simple 

restraint models and their effectiveness. Section 3.3 presents a full- 

scale example of a submarining model which appears to work well and 

which should be laboratory tested for general use. 

3.1 Sequence of Seat Belt Model Development 

Figure 3.1 is a schematic which shows a variety of modeling 

concepts including: 

Current BELT code 
Modifications to the code generated by British Leyland 
Further new modifications by UMTRI, made during the present 
project, suggested for complete implementation 

The two drawings in the upper-left section of the figure represent 

the current state. The two ends of any belt segment are fixed to the 

vehicle. The belt itself is constrained to conform to an ellipsoid 

attached to the occupant. This belt is rigidly attached to a point on 

the surface of the ellipsoid. The forces in the two separate elements 

of t.he belt can either be equalized or totally independent. To model a 

three-point belt system, two independent sets of belts must be used. 

Each of the four belt ends is fixed independently to the vehicle and 

each pair has a fixed attachment to a body ellipsoid. This concept is 

most relevant to the older four-point belt system. 

The modifications made to the BELT code by British Leyland (Newman 

et al. 1981) have the effect illustrated in the upper right portion of 

Figure 3.1. This allows the transfer of material between pairs of belts 

and ,is intended tlo represent this effect at the D-ring. However, no 

slippage across t.he occupant is allowed as the fixed points on the 

elli]?soid surfaces are still required, 
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The new UMTRI concepts, implemented and tested a t  the subroutine 

level,  but not yet integrated into the CAL 3-D code, are  i l lus t ra ted  in  

the lbottorn three (drawings in  Figure 3.1. In these cases, slipping of 

material i s  allowed across s l i p  points which are  r igidly attached to  the 

surface of body ell ipsoids,  as  before. Further, slipping can occur a t  

the ] p i n t  where plairs of bel ts  a re  connected, as  i s  the case with the 

Brit ish Leyland iimprovements. Because of th i s  general capability t o  

s l i p ,  or transfer material, between a l l  the belt  segments, the take-up 

of i n i t i a l  slack discussed i n  Section 2 of th i s  report i s  accommodated. 

The jp ten t ia l  application to  the three-point belt  system i s  shown i n  the 

bottom section of Figure 3.1. I t  should be noted, however, that 

mobility of the stalk into which the D-ring i s  inserted i s  not 

accolnmodat ed . 
More advanced bel t  modeling concepts a re  discussed i n  Section 5 

where the HARNESS sub-program i s  described. 

3.2 Test Cases Ulsing Various Simple Concepts 

Simple modeling concepts have been used t o  study various potential 

methods of simulating bel t  s l i p  and submarining. The f i r s t  of these, 

shown i n  Figure 3.2, i s  intended to demonstrate slipping of a bel t  

either over the thorax or lower torso pelvic region. The mass and 

geometry of the spherical shaped segment i s  intended to  represent the 

thorax restrained by an upper torso be l t ,  as shown. A contact surface 

below the sphere represents the interaction of the lower portion of the 

body with seat st~ructures. The sphere can s l ide on, and penetrate, the 

surf ace. 

To represent slipping of the bel t  over th i s  surface, a second mass 

(10% of the f i r s t  mass) was superimposed and pin-jointed a t  their  mutual 

centers-of-mass. The bel t  was attached to  the second, and smaller, 

mass. In order to  simulate resistance to  the slipping, a moment 

resistance i s  added a t  the pin joint as  a function of the relat ive angle 

between the two misses. 

This modeling concept appeared t c  function properly. I t  worked 

espec:ially well when some resistance t o  the motion between the two 

segmrznts was addeci. Because of the ab i l i t y  to  control the slipping over 
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a surface in  th i s  manner, it was f e l t  that th i s  model concept could be 

adapted to  use as a submarining indicator. 

A second series of simple modeling concepts was explored based on 

the geometry of Figure 3.3. As before, a spherical mass was used to  

simulate the thorax or lower torso region. The general placement of 

bel t  attachments to  the vehicle was also as  before. In these cases, 

however, a second mass (small) was located a t  the point where the belt  

woulti pass over t:he primary body segment. The belt  was then attached to 

a separate ell ipsoid on th i s  new small mass. 

Three options available with the CAL 3-D were tested as means of 

attatzhment of the small mass t o  the larger primary mass to  simulate 

slippage between the two. These were the fixed distance constraint, the 

fixed point constiraint, and the massless link. The fixed distance 

constraint i s  designed to  keep a point on one mass a fixed distance from 

a poiint on the other. The fixed point constraint i s  intended to  keep a 

point on one mass a t  the same point in ine r t i a l  space as a point on the 

other mass. These constraints are  approximate and use force to  maintain 

the geometry rather than changing the number of degrees of freedom. 

The two constraint concepts exhibited problems with instabi l i ty  due 

to  a trading of energy and osci l la t ion from one side of the belt  t o  the 

other. The only way to  damp th i s  behavior was to  a l t e r  the belt  

propcirties, This was considered a poor method because alterations to  

damp th is  spuriour; behavior would also affect the primary properties of 

the belt  which arts t o  stop the forward motion of the primary mass. 

The massless link idea does a l t e r  the equations of motion. This 

conceipt appears t o  be sound based on the work of Fleck e t  a l .  (1975) and 

Wittenberg (1977)a  However, in  practice, the software did not work. 

A f ina l  attempt to  use the geometric ideas of Figure 3.3 was to  

employ the traditi.onally jointed superimposed masses of Figure 3.2. As 

was the case with the original Figure 3.2 models already described, th i s  

concept worked wel.1. I t  was possible to  control the motion of the 

forwa-rd mass. These controls could be based on t e s t  data defining the 

direction and magnitude of forces associated with movement of the belt  

over the pelvis. These data could be represented as a torque-angle 
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curve. Because of the promise of this technique, the full-scale 

exe1:cise discussed in Section 3.3 was conducted. 

3.3 Full-Scale Testing of Submarining Model 

A basic data set provided by General Motors was modified to include 

a prototype lap belt submarining indicator. Figure 3.4 is a schematic 

of this data set at the initial time. An overlay of the general shape 

of tihe pelvis is included to show the orientation of the lap belts. 

They are well positioned initially to take crash loading, The pelvic 

overlay is based on the positions specified in the data set of the 

joinlts connectingr the pelvis to the spine and the femurs. The point 

labellled with an "X" on the front of the ellipsoid representing the 

lower torso is the attachment point for the two elements in the lower 

torso belt. 

The data structure for the submarining indicator is based on the 

concept described in Section 3.3 where two masses are superimposed at a 

pinned joint. The small mass, representing a portion of the pelvic 

mass, is attached to the belt while the primary pelvic mass is attached 

normally to the remainder of the body linkage. The two masses are 

connected at a pinned joint which resists relative rotation by the 

mechanism of a torque-angle resistance. 

Table 3.1 is the input data set for the full-scale submarining 

model using the UMTRI version of the CAL 3-D. Each line in the data 

file has'a number. Those which define changes for the implementation of 

the submarining indicator are as follows: 

Line 24.5. B2 Card. This defines the mass, inertial, and ellipsoid 

properties of the overlaid mass, named BPEL, 

Line 56,1, 56.2. 83 Cards. The attachment of BPEL to the lower 

torso mass, LT, is defined, 

Line 80,1, B4 Card. The torque-angle resistance of the mass to 

whic:h the belt is attached (BPEL) with respect to the primary mass (LT) 

is defined. Valules have been selected without the aid of experimental 

info;rmation. They are consistent with other properties of the dummy, 



0 
0 

d 
0 +- : a' 

'OSI OO'SZ1 0Cl"OOI 00 'SL  00 'SZ 00:o OO'SZ-I Fiiir 



Llstlng of GMCVS2.81 at 03:24:15 on JAN 31. 1986 for  C C i d = S U 3 3  P a g e  1 

04 NOV 1983 
T R I A L  DATASET FOR SEAT BELT GRAPHICS ALGORITHM 
RESTR PASSR.FRONTAL BARRIER IMPACT.  NO P I T C H  

CM. KG.SEC. 0.0 0.0 980.66 
6 150 O.Opl00 0.00025 0.001 0.000025 

0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 
18 17 GM HYB3 50 R10.27.82 

L T  517.331 2.479 2.479 1.468 12.00 12.50 18.50 1.70 0.000--.350 
CT 4 e . x n  .af i~;n .ns~;n  . m a n  I!.- ?I . -  ~ q - n n  I .GGQ r_\.nnn n.- 
UT 317.227 2.504 2.504 2.170 12.75 12.75 15.00 3.610 0.000 0.000 

N 2 1.545 0.060 0.060 0.006 4.30 4.30 7.00 1.670 .0000 0.000 
H 1 4.545 .2190 .2060 .2060 7.75 7.75 1 1 . 0 0  1.500 .0000 0.000 

LUL A 6.091 .6860 .6860 .1310 7.50 7.50 23.10 -0.94 .0000 .0000 
L L L  B 3.300 -7650 .7650 .0970 5.75 5.75 23.70 -4.22 .00M3 .0000 

L F  C 1.227 .0550 -0550 -0150 4.00 4.00 10.00 .0000 -0000 .0000 
RUL D 6.091 .6860 -6860 .1310 7.50 7.50 23.10 -.940 -0000 .0000 
RLL E 3.300 -7650 -7650 .0970 5.75 5.75 23.70 -4.22 . O W 0  -0000 
KF F 1.227 .0550 -0550 .0150 4.00 4.00 10.00 .-0 .0000 .0000 

LUA 6 2.000 -1160 -1160 .0250 4.50 4.50 13.00 0000 .000 .0000 
LLA 7 2.273 -3600 .3600 -0320 4.25 4.25 20.80 1.15 .0000 .0000 
RUA 8 2.000 .1160 .I160 -0250 4.50 4.50 13.00 . O W 0  0.00 .0000 
RLA 9 2.273 .3600 .3600 .0320 4.25 4.25 20.80 1.15 .0000 .0000 

L H  N 0.800 .0115 -0115 -0012 5.50 3.05 9.00 -000 -000 .a 0 0  
RH M 0.80 .0115 -0115 .0012 5.50 3.05 9.00 -000 -0000 .0000 

BPEL P4 .  2.4792.479 1.468 12. 12.5 18.5 1.7 0. - .35 
P 0 1 -2 -4.25 -4.32 .0000 6.53 

0.0 0.0 0.0 0.0 0.0 0.0 
W P 2 -2 -1.60 -6.48 -0000 13.93 

0.0 0.0 0.0 0.0 0.0 0.0 
NP Q 3 -2 -2.54 -15.59 .0000 . O W 0  

L H  W 1 

LK X 6 

LA G 7 

RH Y 1 

RK Z 9 

RA H 10 

L S  s 3 

LE T 12 

RS U 3 

RE V 14 

L W  J 13 

Rk! r< 15 

P E L J  P 1 

Table  3.1. I n p u t  Data S e t  f o r  F u l l - s c a l e  Submarining Model (Page  1 o f  10) 
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0. 50. 50. 50. 0. 
00 .1  CO.10 00.10 00.01 00.01 00.01 
0 0 . 1  00.10 00.1  - 
00 .1  00.10 00.10 
00.1  00.10 00.10 
00 .1  00.10 00.10 
00.1  00.10 00.10 
00 .1  00.10 00.10 
no.? n n . 1 0  m . 1 ~  
00.1 00.10 00.10 
00.1 00.10 00.10 
00.1 00.10 00.10 
0 0 . 1  00.10 00.10 
00.1  0 0 . 1  00.1  
00.1  00.1  00.1  
00.1  0 0 . 1  00.1  
00.1 0 0 . 1  00.1  
00.1  0 0 . 1  00.1  

- 1  . 1  - 1  
FRONT BARRIER PULSE. PRIMARY VEHICLE MOTION 
0.0 0.0 0.0 1369. 0.000 0.0 0.0 0.0 59 0.0 0.002 00 

0 . 0  0.0 1.0 7 .0  17.0 19.0 18.0 12.5 8.5 5 . 0  2.0 22.5 
27.5 15.0 18.0 20.5 37.0 33.0  22.5 14.5 15.5 20.0 22.0 25.0 
23.0 25.5 26.0 25.5 22.5 21.5 21.0 25.0  24.0 23.0 22.0 20.0 
17.0 15.0 1 2 . 5 1 0 . 5  10.0 10.0 7 .5  5 . 0  1.0 0.0 -3.0 -3 .0  
-2.5 -2 .0  - 2 . 0 - 1 . 5  -1 .0  -0.5 0.0 0.0 0.0 0.0 0.0 0.0 

2 3 2 0 0 
1 WINDSHIELD 

-224.8 50.0 -91.2 
-277.5 50 .0  - 121.2 
-224.8 -50.0 -91 - 2  
2 DASHBOARD 1 

-200.1 50.0 -36.4 
-209.2 50.0 -71 - 5  
-200.1 -50.0  -36.4 
3 BOTTOM I . P .  

-230.0 50. -57.2  
-242.4 50. -59.5 
-230.0 -50. -57.2 
4 LOWER I . P . 

-242.4 50. -59.5 
-246.2 50. -75.5 
-242.4 -50. -59.5 

5 MID I . P .  
-246.2 50. -75.5 
-242.9 50. -93.1 
-246.2 -50. -75.5 
6 FR SEAT BACK1 

-323.8 20.0 -58.82 
-315.3 20.0 -41.42 
-323.8 -20.0  -58.82 
7 FR SEAT BACK2 

-330.9 20.0 -86.72 
-323.8 20.0 -58.82 
-330.9 -20.0 -86.72 
8 FR SEAT  CUSHIClNl 

-316.0 25.0 -37.72 
-301 .O 25 .O -37.72 

T a b l e  3.1. I n p u t  Da ta  S e t  f o r  F u l l - S c a l e  Model (Page 3 of 10) 
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169 -316.0 -25.0 -37.72 
170 9 FLOORBOARD 
17 1 -280. 50.0 -19.2 
172 -180.0 50.0 -20.1 
173 -280. -50.0 -19.2 
174 10 TOEBOARD 
175 -225.8 50.0 - 19.5 
176 -200.1 50.0 -36.4 
4 77 . . a  -,,c.c 0 

Led .  O 
,. 

-JV.V 
A,-. - IJ.DV 

178 11 UPPER I . P . 
179 -242.9 50.0 -93.1 
180 -224.8 50.0 -91.4 
18 1 -242.9 -50. -93.1 
182 12 FRONT SEAT BACK3 
183 -332.2 20.0 -108.12 
184 -330.9 20.0 -86.72 
185 -332.2 -20.0 -108.12 
186 13 LOWER I .  P. 
187 -242.4 50. -59.5 
188 -246.2 50. -75.5 
189 -242.4 -50. -59.5 
190 14 MID I . P .  
191 -246.2 50. -75.5 
192 -242.9 50. -93.1 
193 -246 - 2  -50. -75.5 
194 15 FR SEAT CUSHION2 
195 -301 .O 25 .O -37.72 
196 -291 .O 25.0  -42.12 

0 197 -301 .O -25.0 -37.72 
198 16 FR SEAT CUSHION3 
199 -291 .O 25.0 -42.12 
200 -276.0 2 5 . 0  -42.12 
20 1 -291 .O -25.0 -42. 12 
202 17 FR SEAT CUSHION4 
203 -276 .O 25 .O -42.12 
204 -268.9 25 .O -37.72 
205 -276.0 -25 .O -42.12 
206 18 SILL 
207 -332.8 50.0 -19.0 
208 -200.1 50.0 -19.0 
209 -332.8 -50.0 -19.00 
2 10 19 ROOF PANEL 1 
21 1 -282.6 50.0  -119.8 
212 -277.9 50.0 -121.3 
2 13 -282.6 -50.0 -119.8 
214 20 ROOF PANEL 2 
215 -282.6 50. -119.8 
2 16 -301 .O 50. -126.5 
217 -282.6 -50. -119.8 
2 18 2 1 BOTTOM I . P .  
2 19 -230.0 50. -57.2 
220 -242.4 50. -59.5 
22 1 -230.0 -50. -57.2 
222 22 LOWER I .  P . 
223 -242.4 50. -59.5 
9 9 4  - - -9nc 9 

ST- .  6 EUe. 7=  E r 4 . 4  

225 -242.4 -50. -59.5 
226 23 MID I . P .  

T a b l e  3.1.  I n p u t  Data S e t  f o r  F u l l - s c a l e  Submarining Model (page  4 of 10) 
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Listing of GMCVS2.61  at 0 3 : 2 4 : 1 5  on JAN 3 1 ,  1986 for  C C l d = S U 3 3  

OEMP GUC7 
F i l e  "GUC7' has been emptied. 

Page 1 0  

Table 3.1. Inpu t  D a t a  S e t  f o r  F u l l - s c a l e  Submarining Model (Page 10  of 10)  
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How~!ver, when spcjcific data are obtained which can directly relate 

pelvic orientation to belt placement and submarining, they should be 

useel. 

Line 112.1, B5 Card. The second card describing the torque-angle 

data. 

Line 129.1, B6 Card. The three quantities included are magnitude, 

abscllute error, and relative error tests for angular acceleration of 

BPEL,. The values chosen are the same as for the other variables. 

Line 437. F2 Card. This is a variation of the card used in the 

original data set,. The belt attachment for the occupant is shifted from 

the lower torso (segment 1) to the overlay mass (segment 18). 

NOTE: Many lines in the data set use the number of segments 

incluced in the m~odel. The segment number representing the vehicle has 

been changed to 19 with BPEL, the new mass in the occupant linkage, now 

being assigned to segment 18, 

Figure 3.5 is a schematic showing the occupant at 80 milliseconds 

into simulation. It should be noted that the overlay mass has rotated 

backward toward the seat back. The original position of the belt 

attachment to the lower torso is indicated by an "X" with a circle 

around it. This point has migrated upward, in the direction of 

submarining, to the point indicated with an "X." Some penetration into 

the original lower torso mass has also occurred. 

A summary of the general results from this simulation are as 

f oll~ows : 

Velocity: 1369 cm/sec 
Deceleration: Peak of 37 g and duration of 90 ms 
Peak Head Deceleration: 61 g's at 74 ms 
Peak Thorax Deceleration: 65 g's at 71 ms 
Peak Pelvis Deceleration: 64 g's at 73 ms 
Upper Torso Belt: 487 kg at 84 ms 
Lower Torso Belt: 471 kg at 84 ms 
Lap Belt A: 809 kg at 75 ms 
Lap Belt B: 808 kg at 78 ms 

This simulat.ion has demonstrated the capabilities of the existing 

BELT subprogram to model submarining without changes to the code, In 
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order t o  use i t  i n  r ea l i s t i c  design studies, impact studies should be 

conducted to  refine the following input quantities: 

-- Location of the joint on the overlay mass. 
-- Properties of the torque-angle resistance. 
-- Shape and location of the overlap ell ipsoid.  

This w i l l  require new kinds of t e s t s  and analyses of resul ts  which 

graphically document the position of the bel t  on the pelvic region as a 

func:tion of the pelvic structure of the t e s t  dummy. 



4.0 ANA,LYSIS OF BELT MATERIAL TRANSFER ACROSS SURFACES 

4 . 1  The Belt Slip Model Developed 
by Brit ish Leyland 

As was mentioned i n  Section 3.1, each belt  has a plane called the 

belt  plane which i s  defined by the positions of two belt  anchor points 

and the fixed point in  ine r t i a l  space. The intersection of the belt  

plane and the belt  contact ell ipsoid i s  the bel t  e l l ipse within the belt  

plane. This situation i s  pictured in  Figure 4 . 1 .  From each s l i p  point 

the belt proceeds as a straight l ine  in  the bel t  plane unt i l  i t  

inte,rsects the belt  e l l ipse  a t  a tangent point and then conforms to  the 

belt  e l l ipse  to  the fixed point, In the case that the bel t  e l l ipse i s  

oriented so that there exis ts  line-of-sight between one or both anchors 

and the fixed poi,nt, the bel t  i s  assumed t o  proceed along the line-of- 

sigh,t and of course no tangent point exis ts  on that side of the fixed 

poin,t. Figure 4.2  i l l u s t r a t e s  several such cases, In the original 

Calslpan report, t:his figure i l lus t ra ted  the algorithm for choosing the 

belt  path from thle two tangent l ines to  an e l l ipse  through any point 

outside of the e1,lipse. In the cases where no actual tangent point 

exists,  the term "tangent point" w i l l  be defined to  mean "fixed point." 

A point a t  wlhich anchors from two be l t s  coincide l i e s  in a plane 

defined by the common anchor and the near tangent point or fixed point 

from each of the two belts.  We w i l l  c a l l  t h i s  plane the anchor s l i p  

plane. In general the anchor s l i p  plane w i l l  not coincide with the belt  

plantns of either belt  and may or may not contain the fixed points of the 

two be l t s ,  This definition w i l l  be used in  cases where webbing material 

passtss through a icing. However, i n  a l l  cases the points a t  which the 

bel ts  proceeding from the common anchor f i r s t  intersect the two belt  

ell ipses w i l l  be within the belt  s l i p  plane by definit ion. If the belt  

i s  irnagined to  fasten to  the anchor paint, then the force vector 

representing the belt  tension's action upon the belt  anchor w i l l  l i e  

along t h e  belt  from the anchor to  the nearer tangent point with a 

magni.tude equal to  the bel t  tension. The resultant of both bel ts  upon 

the c:ommon anchor w i l l  be the vector sum of the two belt  vectors. The 
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Figure 4 .1 .  The Belt  Plane i n  I n e r t i a l  Space. 
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resultant be l t  force i s  broken into "normal" and "tangential" 

components, The "normal" direction i s  defined by the unit vector a t  the 

common anchor poiint for  which the scalar products with the unit vectors 

along the two beLt force vectors a t  the same point a re  equal. The 

"tangential" direction i s  defined as an unit vector a t  the common anchor 

which i s  perpendi~zular. There a re  two unit vectors which sa t i s fy  both 

the "'normal" and "tangential" def ini t ions,  In each case the unit vector 

i s  cllosen for which the component of the resultant force i s  positive. 

Figure 4.3 shows -the various vectors i n  the bel t  s l i p  plane within the 

bel t  segment on one side labeled "A" and on the other side labeled "B," 

The component of the resultant force i n  the tangential direction i s  

called the " s l ip  lEorce." The s l i p  force i s  assumed t o  be opposed by a 

" s l ip  f r ic t ion  force" and a "threshold force." The s l i p  f r ic t ion  force 

i s  mtxlelled as kinetic f r i c t ion  while the larger effect  of s t a t i c  

f r ic t ion  i s  mode1:led a s  a threshold force. If s l i p  force exceeds the 

sum of s l i p  f r ic t ion  force and threshold force then the unstrained belt  

lengths are  modified un t i l  s l i p  force i s  reduced below th i s  sum but not 

below s l i p  f r ic t ion  force. The satisfaction of t h i s  cr i ter ion w i l l  be 

referred to  as  reaching "equilibrium." Note that  equilibrium i s  used 

re la t ive  to  the i te ra t ion  which takes place a t  each point in  time in 

order to  calculate what would physically be seen a t  that time. 

Equilibrium i s  not used i n  the usual physical sense. 

4.2 UMTRI ExtensFons t o  the Brit ish Leyland 
Slip Algorithm - 
Friction-opposed slipping was desired a t  both fixed points on 

segments and a t  vehicle anchors for a s  many be l t  segments as were 

considered t o  be defined by a single piece of webbing. This was done i n  

order to  consider a complete three-point bel t  system which consists of 

two l.ap and shoulcler sections with the potential  for slipping across the 

lap, through the ring connecting the lap and shoulder sections, and 

across the chest. The f i r s t  extension required was t o  find 

corresponding defi.nitions for normal direction, tangential direction, 

and s l i p  force for the case of the fixed point on a belt  e l l ipse.  I t  i s  

clear that the direction of bel t  tension a t  the fixed point i t s e l f  i s  
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irrelevant to the effect of the belt on the contact ellipse and on the 

tendency of the belt to slip over the contact ellipse. The directions 

of the force vectors at the fixed point for the purposes of determining 

slip force were defined as parallel to the directions of the 

corresponding anchor points as seen from the two tangent points (with 

the line-of-sight exception raised in the last section). All the other 

defi.nitions are carried over from the previous section in terms of these 

two new force vectors and their resultant, Figure 4.4 illustrates the 

situation at the fixed point and how it corresponds to the situation 

pict:ured in Figure 4.3 at the common anchor point. 

UMTRI also adapted the "F.9" data cards which were added by British 

Ley1,and to input slip algorithm quantities, as well as made other 

necessary input changes. Appendix A presents the updated Input 

Description page:; covering these changes. 

4.2.1 Definition of Terms for Belt Slip Algorithm. It is useful 

to define four new terms with which to describe the combining of 

mult.iple CVS belts, 

1. E~elt Node is either any belt anchor point or any belt fixed 
point for which infinite friction is prescribed. There is a 
maxi.mum of 24 be1.t nodes (two or three per belt). Any belt node is 
characterized by the number of the belt on which the point is 
situ.ated together with an indicator designating which point 
(A =: Anchor A, F = Fixed Point, or B = Anchor B). 

2. Belt Segment i.s the portion of any belt which connects any two 
consecutive belt nodes. There is a maximum of 16 belt segments 
(one! or two per belt). Any belt segment can be characterized by 
the designation of the belt nodes which it connects; however, 
usua,lly a belt segment will be characterized by its number in the 
ordered list of belt segments which comprise a belt loop (see 
rerna,ining definitions ) . 
3 ,  S l i p  Point is either a terminating belt node (Anchor B) of one 
belt segment which is coincident in both location and attachment 
system with the initial belt node (Anchor A) of another belt 
segment or a fixed point on any belt segment and in either case for 
which slipping is prescribed. There is a maximum of 15 slip points 
for all belts. Slip Points can be characterized by the belt nodes 
which form them or, as in the case of belt segments, by its number 
in the ordered li,st of slip points which connect the ordered list 
of belt segments, respectively. 
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4. Belt Loop i s  any group of be l t  segments for which a l l  but 
exactly two of their  constituent be l t  nodes a re  s l i p  points 
connecting bel t  segments within the group. The two bel t  nodes 
which a re  not s l i p  points within the loop can not be s l i p  points a t  
a l l  and a r e  called loop anchors. There i s  a maximum of eight bel t  
loops. Belt loops a re  characterized by the two loop anchors, by 
the ordered l i s t  of bel t  segments which comprise it ,  or by the 
ordered l i s t  of s l i p  points which hold it  together. Every be l t  
loop i s  necessarily independent. The typical belt  loop in  what 
follpws w i l l  consist of N bel t  segments and N - 1  s l i p  points. 

4.2.2 - Belt Slip in  the Presence of Slack, Observations of sled 

t e s t s  appear t o  reveal the characteristic that bel ts  freely s l i p  unt i l  

a l l  slack i s  take:n up. A t  t h i s  time the slipping mechanism changes and 

becoines very rest.ricted. This type of slipping behavior has been added 

by UIYTRI by looking a t  each bel t  segment individually and prorating 

unstrained to t a l  :belt length for the en t i re  belt  loop t o  the bel t  

segm~ent according to  the r a t io  of the bel t  segment's strained length to  

the to t a l  strained belt  length for the ent i re  bel t  loop. Expressed in  

equation form, le't  lk be the strained belt  length for the "k-th" belt  

segment in  the loop. Let Lk be the unstrained bel t  length for the "k- 

th" bel t  segment in  the loop. 

Let :lT be the toti31 strained be l t  length over the ent i re  be l t  loop. 

Let IdT be the toti31 unstrained bel t  length over the ent i re  bel t  loop. 

Then i f  L T 1 l T ,  the unstrained segment lengths are  determined by 

Lk = X l k  for k = 1, .., , N 

wher cs 

and a l l  be l t  forces are  defined to  be zero. If th i s  free-slipping 

condition i s  not   net, then the methods of the succeeding subsections are  

used. 

4.2,3 Belt !;lip Under Load a t  a Typical S l i p  Point. Belt segin4nt 

k-1 will connect to  bel t  segment k a t  s l i p  point k-1 where k can be any 

of 2! .,. , N .  Assume that the be l t  segments are  both producing belt  



tension. The following equation represents the relationship between the 

belt segment tension forces at the slip point which is necessary to 

achieve slip equilibrium, (See Appendix E for the derivation of this 

expression.) Figure 4.5 shows the typical slip point and pertinent 

quantities. 

where the tilde written over any variables signifies "at equilibrium" 

XArk-l = + lk-1 hltk-l co~($-~) 

$-1 = one-half of included angle between belt segments 

7 -  = relative direction indicator for slip resistance 

bk-l = coefficLent of friction 

Cl,k,-l = coefficient of threshold force 

C2,k,-l = constant threshold force 

This is the characteristic equation of belt slipping equilibrium at 

each slip point. The computational problem is to adjust the unstrained 

belt segment lengths throughout the belt loop so that this 

characteristic equilibrium equation is simultaneously satisfied at all 

slip points in the belt loop. In what follows, consideration is limited 

to a maximum of three slip points and four belt segments for each belt 

loop, Figure 4.6 illustrates one such configuration for a belt loop 

involving two belt contact ellipsoids. 
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4.2.4 - The ~'rogressive Solution Approach. Belt slipping over a 

whol,e belt loop clan be conceived as a sequence of slips at individual 

slip points, If this approach were valid, then the computational 

problem would be reduced to several simpler tasks (searching for the 

zero1 of a non-linear equation in one variable). 

The non-linear equation is simply the equilibrium condition 

equation for the slip point k-1. The force for belt segment k-1 is a 

function of the strained and unstrained belt lengths for belt segment 

k-1, of which only the unstrained belt length is subject, during the 

iteration process. Likewise, the force for belt segment k is a function 

of the strained and unstrained belt lengths for belt segment k of which 

only the unstrained belt length is subject to change in the iteration. 

By looking at slipping only at slip point k-1, it follows that the 

change in the unstrained belt length for segment k-1 must be equal and 

opposite to the change in the unstrained belt length for segment k. The 

following can then be written: 

wher'e ALk-l is the unstrained belt length added to belt segment k-1 by 

slipping and is tlhe only unknown. 

An effective algorithm for the solution of the non-linear equation 

was put together :from similar work in earlier models and makes use of 

the ~nethods of Newton, the secant, and halving the interval. 

This kpproach worked very well for single slip point belt loops 

with all possible belt material properties, but it was very capricious 

in cases involving more than one slip point, Sometimes the results 

woultl converge very quickly and smoothly and other times the results 

woultl oscillate chaotically. The apparent flaw in this approach was the 

selection criterion for determining the order to do the slip points. 

Although this problem is completely analogous to the selection problem 

occurring during the relaxation method, no attempt was made to 

investigate selection from this point of view since the needed partial 

derivatives are both complex and difficult to obtain accurately when 



involving tabular information, It was that there must be some 

appropriate order of individual slip point adjustments that would 

converge for any given case since the actual slipping (at least at the 

quantum level) theoretically occurs this way. It was also felt that 

some other approaches which seemed to promise a quicker solution should 

be tried. 

4.2.5 The Simultaneous Solution Based on Change in Unstrained - 
Length for Belt Segmentl. A linear approximation to the belt material 

properties yields: 

and 

where Kkwl1 Kk arle the effective linear coefficients of force versus 

straiin, Note that while there is only one set of material properties 

over both belt se~~ments, it is likely that the two belt segments will be 

in different strain ranges and therefore will need separate linear 

approximation. 

For each belit segment k, a variable Ak can be defined as 

Ak is the amount of additional unstrained belt segment length for each 

belt segment in order to reach equilibrium (may be positive or 

negative). Since the total unstrained belt length over each loop is 

invariant during this iteration, therefore it is true that 

We can write 



and solving for llk1 we get 

where 

Since this its a forward recursion relationship, it can be used to 

solve for each Ah: in terms of A1 and then these can be substituted into 

N 
1 % = 0 to get a polynomial in terms of A1. For N=2, the expression 

k-1 
is a quadratic; for N=3, it is a cubic; for N=4, a quartic, For the 

last case with rebasonably typical values of physical quantities the 

coefficients of the quartic ranged Qom lod4 to loZ3. These were big 

enough to cause exponent overflow using a good real polynomial solver on 

the University of Michigan Amdahl. When the coefficients were scaled by 

the leading coefficient, good zeroes were always obtained even through 

an occasional false "lack of convergence" was indicated. It was 

possible to demonstrate that there was loss of significance of at least 

eight, and as much as twelve, places during this calculation; however, 

since sixteen places were carried, the results were good enough, 

It was necessary to devise an algorithm to selsct the appropriate 

root. This turned. out to be easily done by choosing a real root which 

yiellded a positive unstrained belt length which was not greater than the 

total unstrained belt length. 



For materia1.s which were linear, the results were always correct. 

For non-linear materials, the results always overshot. This type of 

beha~vior was expeicted since it was anticipated that this linear 

approximation based on the first derivative would act like Newton's 

Method. This dicl not turn out to be the case since when repeated 

app1,ications of this algorithm were tried, cyclical behavior was noted 

which after a poiat did not improve the results further. 

4.2.6 - The Simultaneous Solution Based on Deflection of Belt 

=tents. - It was, felt that perhaps the numerical properties could be 
improved if we were to solve for optimal deflection instead of the 

change in unstrained belt segment length unless the coefficients were 

driven still larger. While it is true that physically the length of 

webbling which slips is the variable to be determined, mathematically we 

could choose any variable in terms of which we could write the 

unstrained belt length. So force was taken to be 

and substitute as before to come up with another forward recursion 

relationship in 6k 

where 



As before this expression was used to write all 6's in terms of 61 

and then substituted into the equation resulting from the fact that the 

sum of all def1ec:tions over the loop is invariant during the iteration, 

This approaczh caused a small improvement in coefficient size and in 

loss of significance but no improvement in non-linear behavior. It was 

realized that the huge coefficients were due to many applications of the 

recursion relationship and it was decided that the number of 

applications cou,,d be reduced by starting in the middle and working both 

ways instead of starting at one end and working across. So the forward 

recursion relationship was solved backwards to obtain: 

where the a's are! the same as before. 

This made a dramatic improvement in coefficient size (now ranging 

to 1012 and in loss of significance to only four or five places, 

but did not completely solve the non-linear convergence problem, 

4.2.7 The Simultaneous Solution Based on Strain for Belt Segment 

2. It was felt that the lack of convergence for linear approximations - 
of non-linear material properties was probably due to the form of the 

definition of force since it was force which was being controlled. It 

was decided to solve directly in terms of strain and then compute 

unstrained belt length and deflection from the expressions: 

and 

where Sk-l is strain for belt segment k. 



The force equation was greatly simplified as 

- 
Fk-l - Kk-lSk-l 

and the recursion relationships became 

- 
'k - al,k-l * a2,k-1sk-1 

and 

where 

and 

This leads t~o easy solution of all strained in terms of 52, but now 

the invariant takes a more complex form 

This yields coefficient expressions which are as complex as those 

from the other approaches but promise to yield smaller sizes for 

coefficients. Un:Eortunately, it was not possible to finish and test 

this approach witlnin the resources of the project and extension. The 

original  equation,^ were developed, A satisfactory hand case for the N=2 

linear case was done. However, a dimensional check and rederivation of 

the equations were not accomplished. 



4 .2 .8  - set C l p  of the Slip Resistance Direction Factors. In the 

proceeding several sections, we have made use of the Yk-l slip 

resi.stance direction factors saying only that they must be properly 

choslen for a va1i.d solution. In this section, the algorithm for 

determining the proper choice of these factors is discussed. 

For the N=2 case, it is clear that the proper choice is to oppose 

belt slip from the lower tension belt segment to the higher tension belt 

segment (since slipping would stop before it would overshoot). 

Likewise it is clear that any monotonic arrangement of belt segment 

tensions in a multiple slip point case would remain in that 

configuration at equilibrium (with reduced tension differences). It is 

also clear that there are arrangements in which two relatively small 

belt tensions could be reversed by the presence of a much larger belt 

tension nearby on, the way to equilibrium. 

The approach used was to evaluate the given configuration, find the 

maximum tension belt segment and proceed in both directions from there 

searching for reversals in monotonicity (which for the N = 4 case can be 

a maximum of two). For each of these reversals, the problem is solved 

with both choices of yk for the affected belt segments (a maximum of 

four solutions). Finally, the single solution is chosen which minimizes 

total belt slipping as the correct solution. This approach may be nore 

laborious than necessary, but until an algorithm which would give good 

results was developed, it was not possible to investigate improvements 

in this procedure. 

4.3 Summary of Progress 

While a major portion of the effort in this project was spent 

investigating a suitable general method for the solution of the slip 

equilibrium equations at all slip points, several other tasks were 

necessary to integrate any such algorithm in the Calspan CVS, Version 20 

code. A new Slip Input routine along with modifications to other input 

routines was also necessary. These have been coded and tested both in 

iso1,ation and within the model. 



It was also necessary to modify the belt routines so that they 

would work along with the new belt slip routines. The belt slip 

routines determine the situation, handle any slack, set up the problem 

for solution, do the solution for slipping, compute the quantities to be 

outputted and records these for later printing. These routines have 

also been coded i ~ d  tested in isolation and also with a dummy solution 

routine within the CVS model. Finally, the output changes necessary to 

print the output quantities have been coded and tested. 

It was necezisary to write a separate test program for the various 

approaches to the equilibrium equation solution routine and determine 

the numerical cha.racteristics of each approach. The plan was that when 

the slip solver wras satisfactory in isolation, it would be inserted into 

the CVS code and final testing of the whole package would take place. 

4.4 Recommendations 

It is recommended that the strain approach discussed in 

Section 4.2.7 be implemented, tested, and the numerical characteristics 

determined. 

If this fails, it is felt that an incremental approach should be 

tried where controlled steps are taken in the direction determined by a 

Newton-type or secant-type method. The numerical studies already done 

give some hope that this approach could be successful. 

If both of these approaches fail, it is felt that everything done 

to t,his point should be reviewed and carefully reevaluated before 

anything else is considered. 

The reasoninig behind these recommendations is that the concept and 

the algorithms are inherently simpler than those used in the more 

soph.isticated HARNESS routines which are not yet working entirely 

satisfactorily. It is estimated that these concepts are satisfactory 

for many standard three-point belt applications, and when completely 

instislled and debugged, should be relatively inexpensive and easy to 

use. 



5.0 THE HARNESS ALGORITHM 

An advanced restraint system submodel (HARNESS) has been under 

development of a number of years by Fleck and associates (Butler et 

al. 1975, 1980, 1.983). The model requires the user to specify a set of 

potential reference points on ellipsoids which are in contact with the 

belts comprising the harness (see Figure 5.1). The anchor points do not 

have to be fixed to the same segment. They can also be attached to 

another belt. Each belt may pass over more than one ellipsoid. Major 

aspects of this code are described as follows. 

1. The position of the reference points is mobile. That is, they 

can move over the surface of the ellipsoid to represent belt sliding. 

This sliding can include frictional effects. 

2. The reference points can penetrate the ellipsoid to represent 

the deformation of the non-rigid body based on its force-deformation 

characteristics. 

3. If the force is removed from the belt at a reference point, the 

belt can lift off from contact. 

This subprogram has potential, not present in the older BELT 

subprogram, to overcome problems observed (see Section 2) in laboratory 

tests of belt haridware. These include: 

1. Slippage of belt over the surface in non-frontal impacts 
and rele,ase from contact if the occupant slips out of the 
belt. 

2. Modeling of submarining. 
3. Modeling of the complete three-point belt system in three 

dimensio:ns . 
4 .  Modeling of the belt/chest interaction. 
5. Attachment of belts to non-rigid anchors. 

During the early stages of the project, UMTRI was informed by the 

sponsor of develolpment (USAF) that the software was essentially 

non-:frictional. :By the end of 1984, some modest successes were 

repo:rted. By the end of 1985, LMTRI was provided with a short report 

(Obergefell and Raleps 1984) and a list cf code modifications to 

Version 20 of the CVS software. An example was included for a rather 

sophisticated Air Force harness (see Figure 5.2). It was indicated that 



11 anchor 

F igure  5 .1 .  P o i n t s  on Simple Harness .  



most: features worked but that great care had t o  be used i n  developing 

data sets .  I t  i r ;  clear that a body of user knowledge must be developed 

befare t h i s  code i s  ready for general use. 

I t  i s  the r~!commendations of UMTRI that  a considerable e f for t  be 

expended t o  build a body of user knowledge on rea l  problems, s tar t ing 

with a matrix of simple t e s t  cases. Most design problems involving 

bel ts  can be handlled with t h i s  code. Because the code was not 

recc~mmended for use during the formal work on the project without a 

considerable expenditure of time and money, no effor t  was made to  

exercise i t .  



F i g u r e  5 . 2 .  Air Force Harness S i m u l a t  ion U s i n  



6.0 UMTRI VERSION OF GMCVS 

The UMTRI vc!rsion of GMCVS includes a variety of improvements as 

well, as modificat:ions which were required in order for the program to 

function on MTS. In particular, the program was split into two separate 

proc:essors. The first one was used to produce output. Most of these 

improvements and changes had already been developed during a previous 

contract with NHTSA (Bennett and Robbins 1982). 

The Calspan 3-D CVS, Version 20, as it came to UMTRI from GM, made 

use of well over three megabytes of virtual storage. This large use of 

storage is consid.ered excessive on the MTS System and usually causes job 

cancellation. Also, previous versions of the Calspan 3-D CVS made use 

of a separate logical device number for each output page as a means of 

sorting information into output pages as the run proceeded. This 

practice was not permitted on the MTS System, To cope with these 

problems during previous contracts with NHTSA, UMTRI reorganized the 

output sections using direct access (or indexed) input/output to achieve 

the sorting of information into pages. This reorganization was easily 

achieved in the past. 

In recent versions such as CVS18 and CVS19, new output options were 

added requiring access to output quantities from previous time points in 

the simulation anld so storage arrays were set up to hold this 

information. The options of printing all pages on one logical device 

number at the end of the run and of recording the information in an 

exte.rior file (sequentially in simulated time) were also added while 

keeping the ability to output on multiple logical device numbers, The 

incrleased complexity of the output sections and the huge amount of 

info:rmation now stored required the alternate use of three direct access 

hold files (due to file size restrictions) and multiplied the amount of 

effort required for the reorganization at UMTRI. 

While the necessary reorganization was being carried out, UMTRI 

installed a number of useful output options which had already been 

deve:loped in our j?revious work with NHTSA. As well as the two output 

recording options supported in Version 20 (every integration step or 



every evaluation) it is now possible to record in output at equal 

increments of time. Regardless of which information recording concept 

is used, it is possible to print output in equal increments of integral 

multiples of DT or to print all information present. 

The kinematics printout controlled by the "H" cards now allow the 

user several new options including: 

Specification of the coordinate system in which each output 
quantity is printed with the original conventions being 
used as a default; 
Optional printout of contact information both as to 
category of information and individual interaction; and 
Specifications of the order of printing by category of 
information. 

Disc,rete use of these options enable the user to cheaply determine the 

impo.rtant trends in a run and then set up more detailed printout and 

grap:hic displays of pertinent information. This is now possible because 

the output sectio:ns of the program are in a separate processor and can 

be rlerun as often as useful as long as the hold files are kept intact. 

Several parts of the general CVS program were not implemented in 

the 'UMTRI versions, These included HIC, SI, the variable graphics 

printer plots, th~e equilibrium positioning software, the RESTART option, 

and .the VIEW graplhics postprocessor. The first four were not 

implemented since alternatives such as the Validation Command Language 

Postprocessor (Bennett et al. 1979, Bennett 1983) were available from 

prev~ous NHTSA work as part of the reorganization of output storage and 

proccsssing . 
The RESTART option was not implemented in GMCVS and so was left out 

of the UMTRI version. However, it is strongly recommended that this 

software be implemented as it gives the user the capability to 

interactively run the program and change the input data structure as 

simulation proceeds. This can be very useful, particularly in 

cont~:olling integiration time step, during long simulations such as 

rollovers. Interim graphic output should also be available at local 

workstations to determine whether to continue, change data and continue, 

or s top . 



The connection to the VIEW postprocessor was also not implemented 

as the required DISSPLA software package was not installed on at The 

Univlersity of Michigan mainframe. The alternative was the Ellipsoidal 

Man Plot Postprocessor (Lehman et al. 1983) which was developed under 

NHTSA contract. It should be noted that the VIEW program cannot include 

more than one ellipsoid per segment. This limitation has been recently 

illustrated in attempts to compare graphic results of steering column 

simulations generlated by GMCVS with those generated at UMTRI using the 

simpler, but more flexible, software. 

One code modification was made in the UMTRI version in order to 

meet the need for a general vehicle motion input vector in simulations 

of general vehiclie rollovers (Robbins 1986). 
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APPENIIIX A 

EEVISION PAGES TO GMCVS INPUT DESCRIPTION 

The followirlg pages are replacment pages for the Calspan CVS 

mods!l, Version 20, Input Description covering the changes made to the 

input sections of the model in order to provide a structure for the 

algorithms presented in Part 4 of this report. 



IF NBLT IS NONZERO ON CARD D.1, NBLT SETS OF CARDS D.3 ARE REQUIRED. 

C3RD D.3.A FORMAT (5A4) 

BLTTTL(1, J), I=1,5 A 20 CHARACTER DESCRIPTION OF THE JTH 
BELT. 

CWlD D.3.B FORMAT (6F12.0) 

BELT(I,J),I=:lr3 POSITION OF ANCHOR POINT A FOR THE JTH 
BELT W.R.T. SEGMENT NSEGA (SPECIFIED ON 
CARD F.2.B IN NS(1) FIELD). XI Y, AND Z 
COORDINATES (IN.) 

BELT(I,J),I-4,6 POSITION OF ANCHOR POINT B FOR THE JTH 
BELT W.R.T. SEGMENT NSEGB (SPECIFIED ON 
CARD F.2.B IN NS(1) FIELD). X, Y, AND Z 
COORDINATES (IN.) 

NOTE: THE PROGiRAM MUST PASS A PLANE THROUGH THE THREE POINTS, 
ANCHOR POINT A,, ANCHOR POINT Br AND A FIXED POINT ON THE CONTACTED 
B'ODY SEGMENT. IF ANCHOR POINTS A AND B COINCIDEr THEY MUST BE 
SEPARATED SLIGIHTLY FOR INPUT SUCH THAT THE DESIRED BELT PLANE WILL 
B'E DEFINED. 



CARD D.3.C FORMAT (5F12.0) 

BELT(I,J),K=7,9 POSITION OF BELT FIXED CONTACT POINT WITH 
RESPECT TO SYSTEM THAT HAS ORIGIN AT 
ELLIPSOID CENTER AND IS PARALLEL TO LOCAL 
BODY SEGMENT SYSTEM. ( X I  Y, AND Z 
COORDINATES (IN.)) 

NSLPBL (J ) NUMBER OF SLIP POINTS FOR THIS BELT. SLIP 
POINTS MAY OCCUR AT EITHER BELT ANCHOR IF 
THERE IS ANOTHER BELT WHICH HAS A 
COINCIDENT ANCHOR WHICH IS ALSO SPECIFIED 
AS A SLIP POINT. SLIP POINTS MAY ALSO 
OCCUR AT FIXED POINTS FOR BELTS. (MAXIMUM 
VALUE IS 3; ENTER AS REAL NUMBER.) 

BELT(11, J) BELT SLACK (IN). THE SLACK IS ADDED TO 
THE INITIAL GEOMETRIC LENGTH TO OBTAIN THE 
INITIAL BELT LENGTH. IF NEGATIVE NUMBER 
IS ENTERED, IT WILL BE INTERPRETED AS 
INITIAL BELT LENGTH FROM WHICH THE PROGRAM 
WILL COMPUTE THE SLACK. 

NOTE: NSPT IS DEFINED AS THE SUM OF ALL FIXED POINTS PLUS ONE 
HALF OF ALL ANCHOR POINTS SPECIFIED IN THE NSLPBL FIELDS OF ALL 
D.3.C CARDS, IN OTHER WORDS, THE TOTAL NUMBER OF INDIVIDUAL SLIP 
POINTS FOR ALL BELTS. 



IF NBLT (THE NUM13ER OF BELTS) IS NONZERO ON CARD D.1, CARDS F.2 ARE 
REQIJIRED . 
CARI) F.2.A FORMAT (814) 

MIfBLT (J) , J=l , NBLT FOR BELT J, THE NUMBER OF SEGMENTS FOR WHICH 
SEGMENT-BELT INTERACTION IS ALLOWED (0 OR 1 
ONLY) . 

FOR EACH BELT J, MNBLT(J) CARDS OF THE FOLLOWING MUST BE SUPPLIED. 

CARIIS F.2.B - F.2.N FORMAT (914) 

THE BELT NUMBER TO BE CONTACTED, MUST CORRESPOND 
TO J ABOVE, THERE MUST BE MNBLT(J) CARDS WITH 
THE SAME NJ. IF MNBLT(J) = 0, NO NJ = J SHOULD 
BE PRESENT. 

SUPPLY NSEGA + 100 * NSEGB WHERE NSEGA IS THE 
SEGMENT NUMBER FOR ANCHOR A AND NSEGB IS THE 
SEGMENT NUMBER FOR ANCHOR B. IF NSEGA AND NSEGB 
ARE THE SAME, SUPPLY ONLY NSEGA. (NOTE 1 
APPLIES TO BOTH NSEGA AND NSEGB) 

SUPPLY NOBODY WHICH IS THE NUMBER OF THE SEGMENT 
TO WHICH THE CONTACT ELLIPSOID IS 
ATTACHED. (NOTE 1 APPLIES TO NOBODY). 

THE NUMBER OF THE CONTACT ELLIPSOID ATTACHED TO 
THE SEGMENT NOBODY. 

THE FUNCTION NUMBER FORM CARD E.l TO DEFINE THE 
FORCE-DEFLECTION FUNCTION FOR THIS CONTACT. THE 
ABSCISSA FOR THIS FUNCTION SHOULD BE STRAIN 
( IN/IN). 

SAME DEFINITION AS ON CARD F.1.B ABOVE. 

IF NON-ZERO, FULL BELT FRICTION IS ASSUMED, 
I.E., FORCES ARE COMPUTED FOR EACH HALF OF THE 
BELT SEPARATELY, IF ZERO, ZERO BELT FRICTION IS 
ASSUMED I.E., BELT TENSION IS THE SAME AT BOTH 
BELT ANCHOR POINTS, IF THE FIXED POINT FOR BELT 
NJ IS SPECIFIED AS A SLIP POINT ON A F.9 CARD, 
THIS FIELD IGNORED. 

NOTE5 : 
1. ONE OF THRE:E OPTIONS IS CHOSEN BY USER: 

(A) THE CARD NUMBER I UNDER CARD B.2.A FOR ANY BODY SEGMENT, 
(B) NVEH FOR THE PRINCIPAL VEHICLE, OR 
(C) NGRND FOR THE INERTIAL FRAME (GROUND). 

2 ,  THE USE OF RATE DEPENDENT FUNCTION AS DEFINED UNDER CARDS F.1.B. 
ARE NOT CUR!NTLY OPERATIONAL FOR BELT-SEGMENT CONTACTS. 



F.9 SUBROUTINE SLPINP - CARD INPUT FOR SEAT BELT FEED THROUGH DATA. 
(NSPT CARDS REQUIRED, SEE NOTE ON CARD D.3.C.) 

[CARDS F.9 FORMAT (14,3X,Al,I4,3X,A1,5F10.0) 

NBSP(I,J),I=1,4 TWO PAIRS OF VALUES SPECIFYING THE BELT 
NUMBER AND POINT CODE FOR EACH BELT NODE 
COINCIDENT AT SLIP POINT J. 
POINT CODES: A = ANCHOR A 

B = ANCHOR B 
F = FIXED POINT 

(ONLY ONE BELT INVOLVED IF POINT CODE 
*IF** . ) 

SFRICT(1,J) IF POSITIVE, THE FRICTION COEFFICIENT AT 
SLIP POINT J. (LBS/LBS). IF NEGATIVE, THE 
FUNCTION NUMBER FOR FRICTION FORCE (MUST 
BE NON-NEGATIVE) VS NORMAL FORCE. 

SFRICT(2, J) THE CONSTANT TERM OF THRESHOLD FORCE (MUST 
BE NON-NEGATIVE). (LBS,) THIS ACTS 
TOGETHER WITH NEXT QUANTITY. 

SFRICT(3,J) THE COEFFICIENT OF THRESHOLD FORCE (LBS/ 
LBS). THE TOTAL THRESHOLD FORCE IS 
OBTAINED BY MULTIPLYING THIS BY SLIP 
NORMAL FORCE AND ADDING SFRICT(2,J). 

SFRICT(4,J) THE INITIAL SLIP INCREMENT TO BE 
USED. (IN.) (UNUSED AT PRESENT TIME) 

SFRICT(5,J) MAXIMUM RATE OF SLIP WHICH IS ALLOWABLE 
(IN./sEC.). (UNUSED AT PRESENT TIME) 

NOTES: 91. BELT NODES SPECIFIED MUST BE EITHER ONE FIXED POINT 
OR TWO ANCHOR POINTS WHICH MUST BE COINCIDENT IN BOTH POSITION 
1ND SPECIFICAlCION OF ATTACHMENT SEGMENT. 
2 SFRICT(lrJ) AND SFRICT(2,J) CAN NOT BOTH BE SPECIFIED ZERO. 



APPENDIX B 

DERIVATION OF THE SLIP FORCE EQUILIBRIUM EQUATION 

This appendix refers  t o  an amplifies Section 4.2.3 and Figure 4.5. 

Sl ip  point k-1 i s l  located a t  ( x ~ - ~ ,  yk-ll z ~ - ~ )  i n  ine r t i a l  space, Belt 

segment k-1 terminates a t  s l i p  point k-1 and begins a t  s l i p  point k-2 or 

loop anchor A which i s  located a t  (xk-2, yk-2, z ~ - ~ )  in ine r t i a l  space. 

Belt segment k begins a t  s l i p  point k-1 and terminates a t  s l i p  point k 

or loop anchor B which i s  located a t  (xk, YkI zk) in  ine r t i a l  space. As 

before l e t  lk be the strained bel t  length of bel t  segment k and l e t  Lk 

be the unstrained, belt  length of belt  segment k.  The strained bel t  

lengths a re  determined geometrically. Total unatrained belt  length for 

any loop i s  determined from the i n i t i a l  conditions supplied by the user. 

Individual unstra.ined belt  lengths are  determined to meet the s l i p  

equilibrium requirements and maintain the user-specified to ta l  

unstrained bel t  length of the loop. 

and 

Define 

- fkq = r-') Pk-1 and $=[!I 
Tk-1 



where 

These are the unit vectors along the two belt segments k-1 and kt 

respectively based at the slip point and pointing toward the respective 

anchors , 

Now 

Def i,ne 

- - - - 
Fk-l ' Fk-lfk-l and Fk = Fkik 

These are the belt tension force vectors at the slip point along the two 

belt segments, respectively. British Leyland defines the normal 

direction as a unit vector called fntk-l where 

and the tangential direction as 



Note that 

and 

These expressions; are determined by substitution of components into the 

definitions of vcctor magnitudes and applicatioil of trignometric 

identities. British Leyland defined the normal and tangential force 

magnitudes as the scalar product of the force resultant vector with the 

two direction vectors . 

and 

Subs'tituting definitions and simplifying, the normal force magnitude 

Likewise for tangential or slip force magnitude, 



The s l i p  resistance force vector a t  the s l i p  point ( R l k l )  i s  assumed 

to  he due to  f r ic t ion  force a t  the s l i p  point (FFlk-l) and threshold 

force a t  the s l i p  point (FT,k-l) .  Threshold force includes the 

differences between s t a t i c  and kinetic f r ic t ion  while f r ic t ion force i s  

includes kinetic effects  only. 

So that 

where 

and. 

&k-1 i s  the inputted coefficient of f r ic t ion,  

k-1 i s  the inputted coefficient of threshold force, and 

'2, k-1 i s  the inputted constant threshold force. 

The direction of iiRIk-l i s  opposite to  that of Pslk-l. 

In the British Leyland algorithm, slipping w i l l  occur i f  

and the i te ra t ion  to  adjust the unstrained lengths in  order to  reduce 

's,k-1 F~~k-l<Fslk-l<F~lk-l*F~,k-l* This i s  the interval of 
convfergence . 

We w i l l  define a target variable Vk-l which assumes the value of 

zero in  the center of the interval of convergence as 



where qkml is assigned the value of +1 or -1 depending on the relative 

direction of slip resistance forces when equilibrium is reached. Note 

that: slip resistance will always oppose slip force, but if the equation 

is t;o predict eq~~ilibrium, then it must reflect the direction of slip 

resistance at equilibrium which may or may not be the same as the 

direction of slip resistance where the iteration is started. 

The equilibrium condition then is taken to be Vk-l=O. 

When computed during the iteration, convergence is defined as 

Note that this cc~ndition corresponds to the previous interval of 

convergence. Now1 substituting the previously developed expressions 

and collecting on Fk-l and Fkl 

where 



APPENDIX C 

TAPE DESCRIPTION AND INSTALLATION NOTES 

C.l Introduction 

The software produced as part of the CVS belt software project is 

submitted in the form of magnetic tape number BSC023. The remaining 

sections of this appendix present a description of the physical layout 

of tape 9SC023, a description of each piece of software included on the 

tape, and notes concerning installation of this software at GMR 

including a summary of changes made in the UMTRI version (GUCVS) of the 

GMR version (GMCP'S) of the Calspan CVS, Version 20. 



C.2 Tape Description of Tape BSC023 

Tape BSC023 is an unlabelled, EBCD, nine-track magnetic tape with 

elev'en files and the following properties: RECF'M = FBI BLKSIZE = 2400, 

and LRECL = 80 written at 6250 BPI. Table C.1 summarizes the contents 

by f,ile. 

TABLE C.l 

DESCRIPTION OF TAPE BSC023 

File 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

num 73-80 
num 73-80 

I G 
UT 
ED 
EP 
DZ 
R I 
RU 
CS 
None 

Code IHame 
Seq ID 

(col 73-74) 
No. of 
Blocks Description 

No. of 
Records 

ODIC1.FORT 
ODIC3 .FORT 
CIGS 
CUTS 
ROBMIJLTESTS 
ROBEPlMllLT 
ROBDELOlYllTLT 
RIGS 
RUTS 
ROBPL0TCS.S 
R0BMULTISST.D 

GMCVS Part I 
GMCVS Part I1 
GUCVS Part I 
GUCVS Part 11 
Deflection 2 Code 
Unstrained Change 
Deflection 1 Code 
Slip GUCVS Part I 
Slip GUCVS Part I1 
Ellip Man Plotter 
Test Data for 5-7 



C.3 Software Descriptions 

ODIC1.FORT and ODIC3,FORT are  duplicates of the GMCVS f i l e s  from 

whiclh UMTRI s ta r t td .  They are  included to  serve as  a reference point 

from which to  understand the updates which UMTRI made in  creating GUCVS. 

I t  mi3y be useful 'to compare these two old GM f i l e s  w i t h  the 

corrcesponding current GM f i l e s  i n  order to  pinpoint where the changes 

reported in  the next section relat ive t o  these two old f i l e s  f i t  

re la t ive  to  current GM f i l e s .  

While ODICl.l?ORT and ODIC3.FORT were just the GMCVS divided into 

two :rather equal lEiles for ease of handling, CIGS and CUTS represent a 

division of the male1 into two processors t o  be run usually in  

succcession. This division was made for two reasons: f i r s t ,  i t  makes 

recovering printout on an aborted run easier (sometimes automatic i f  the 

mode:L i s  run under procedure control), and secondly, i t  reduces the 

t o t a l  vir tual  memory needed to  run the model without either reducing 

mode:L features or increasing the cost of a model run. Part 6 of th i s  

report gives a s h x t  discussion of model improvements incorporated in 

GUCVS . 
ROBMULTESTS,, ROBEPlMULT, and ROBDELOMULT are  three stand alone 

packages which corlsist of a t e s t  main, a t r i a l  version of the new CVS 

mode:L subprogram, "BLTSOL" (which has the task of obtaining a solution 

to  the belt  s l ip  c~quilibrium equations, see Section 4.2.3),  and needed 

service routines either pulled from the model intact  or dummied. Each 

of these packages use the same data formats to  describe the desired t e s t  

cases. R0BMULTEST.D i s  the data for the standard group of t e s t s  which 

was used to  tes t  these three approaches. 

ROBEPlMULT i s  the approach discussed in  Section 4.2.5 . This 

package contains one coding error which invalidates the resu l t s  for the 

N=4 cases. Since it  was clear from the N = 2  and N=3 cases that the 

approach had fai led,  there was no purpose i n  finding and correcting this  

error.  

ROBDELOMULT and ROBMULTESTS a re  the two approaches discussed in 

Section 4.6 of Part I. There are  no known coding errors in  these two 

packages. 



RIGS and RUTS contain replacement and new subprograms for GUCVS t o  

implement the new belt  s l i p  algorithms. The subprograms i n  CIGS for 

which changes were required (and for which changed versions a re  included 

i n  RIGS) are  BELTIXT, CINPUT, CONTCT, OUTREC, OUTPUT, SINPUT, and UPDATE. 

Tabla C.2 contains a short description of the functions of each of the 

new subprograms included i n  RIGS. The subprograms i n  CUTS for which 

changes were required (and for which changed versions a re  included i n  

RUTS) are  BLOCK DATA, HEDING, and PRTLIN. A l l  these routines a re  only 

part:~ally tested and are  subject t o  further changes. 

ROBPL0TCS.S i s  the source for the Ellipsoid Man Plotting Program 

which UMTRI used mstead of the VIEW Plotting Program. GUCVS w i l l  

optionally products the exterior binary hold f i l e s  required by both/ 

eitht!r/neither of these plott ing programs. ROBPLOTCS .S makes use of the 

regular Calcomp Plotting Routines whereas VIEW makes use of the DISSPLA 

plotting routines. 



TABLE C.2 

NEW BELT SLIP ALGORITHM ROUTINES 

Routine 
Name Description of Function 

EILDERV 

EiLEVL 

EiLTSLP 

BLTSOL 

BLTUPD 

BLTVAL 

POLRT 

SLPINP 

Obtains approximations to belt material derivatives 
for one specified belt loop and one specified 
unstrained belt length configuration of four 
possible unstrained belt length configurations. 

Evaluates belt tension, normal forces, and slip 
forces for all slip points in all belt loops for 
one specified unstrained belt length configuration. 

Is the main control routine for the belt slip 
algorithm. It calls the other belt slip routines 
as necessary to handle for each belt loop 
separately the applicable cases of non-slipping 
belts, free-slipping belts under slack, or slipping 
under friction. The last case is handled by 
setting up and solving up to four belt 
configurations in order to determine the minimum 
amount of belt slip which satisfies the belt slip 
equilibrium equations, 

Solves for unstrained belt lengths which satisfy 
the belt slip equilibrium equations for a specified 
belt loop and a specified belt configuration. 

Updates the unstrained belt lengths for which 
values at current and last previous simulated times 
are maintained. 

Evaluates belt tension forces for a specified 
regular belt or around a specified belt slip point. 

Computes real and complex roots of a real 
polynomial by the Newton-Raphson iterative 
technique, 

Reads the F.9 input data cards and sets up the 
appropriate control and data internal storage 
arrays. 



C. 4 Installatiron Notes 

This section documents the updates necessary to  turn the GMCVS 

presented on tape BSC023 into the GUCVS also presented on th is  tape. 

Table C.3 i s  the index of the collected output of several runs of a 

comparison program on the MTS System of the f i l e s  CVSA and CVSB (which 

are MTS l ine  f i l e  versions of tape f i l e s  ODIC1.FORT and ODIC3.FORT, 

rttspectively) and the f i l e s  CIGS and CUTS (which are  MTS l ine  f i l e  

vtsrsions of tape f i l e s  CIGS and CUTS, respectively). The collected 

output i s  included as Table C.5. In a l l  cases the sequence fie1d.s have 

been stripped off to  enable the comparisons to  be based solely on 

program content.. 

Line f i l e s  are  characterized by l ine  numbers which identify each 

l ine  of informaltion separately from l ine  contents. This allows 

sequencing to  be maintained without disturbing comparisons of content. 

Line numbers i n !  the f i l e  l is t ings which accompany tape BSC023 correspond 

to the number of the record in the tape f i l e  in each case. These tape 

f i l e  l i s t ings  show the l ine  number for each tape record on the l e f t  

followed by the! 80 characters of contents which includes the sequencing 

irlf ormation. 

Table C.3 also shows the l ine number for each displayed l ine a t  the 

l e f t .  The output of the comparison program shows lines from the two 

f i l e s  being compared side by side on as many printout l ines as required 

to  display the to ta l  contents of both l ines.  Every pair of lines which 

are  the same ch~aracter by character and which are  displayed are  

designated by "=" on the extreme l e f t  and right of each printout l ine 

required to  dis'play the ent i re  lines. The only equal l ines which are 

di.splayed are  t,hose which begin the interval of comparison, end the 

interval of con~parison, precede an unequal l ine,  or follow an unequal 

l ine.  The equa,l l ines which are  not displayed are  counted in a summary 

of omitted lines which i s  printed in the place of the omitted equal 

lines. Every l ine in  either f i l e  for which a difference i s  found or for 

which no corresponding l ine  i s  found i s  displayed without the "=" on the 

extreme l e f t  an,d r i g h t  of each printout l ine.  

The output of the several comparison runs are  ordered in  Table C.3 

on the sequence of the l ine  intervals in  CVSA and CVSB. Any l ine 



iiltervals which are missing in Table C.3 are either exactly the same, or 

bear no relationship to the other file. A list of the sections of the 

code which have been changed are included as Table C.4. The changed 

l~stings are i~icluded as Table C.6. 

TABLE C.3 

COMPARISON OF GUCVS WITH GMCVS 

TABLE C. 4 

COMPLETELY NEW OR EXTENSIVELY CHANGED CODE 

GUCVS Lines 

CVSA(1,249) 
CVSA(250,856) 
CVSA(861,1778) 
CVSA(1779,3506) 
CVSA(3507,3781) 
CVSA(5235,6258) 
CVSA(6420,6824) 

CVSB( 166,1501) 
CVSB(1502,1830) 
CVSB(2564,2877) 
CVSB(2918,4698) 

Subroutine DRCQUA 
Subroutine OUTREC 
iiubroutine PLOTRl,PLOTR2, PLOTRA 
Subroutine QUAT 
!;ubroutine STASH 
Main program for CUTS replaces 

old subroutine POSTPR 
Old subroutine POSTPR (CVSB) replaced 
by CUTS Main 

Subroutine FETCH 
New dummied subroutine HICCSI 
Old subroutine HICCSI 
Subroutine INREAD 
Siubroutines PICKUP and PRTLIN 
New dummied subroutine SLPLOT 
Old subroutine SLPLOT 
Subroutines VECADD and VECSUB 

GMCVS Lines 

CIGS(1,246) 
CIGS (247,856 
CIGS(857,1781) 
CIGS(1782,3508) 
CIGS(3509,3782) 
CIGS(5257,6304) 
CUTS(835,1122) 

CIGS(6527,7862) 
CIGS(7863,8445) 
CIGS( 3161,9474) 
CIGS(9544,11350) 

(new coda) 
(new code) 
(new code) 
(new code) 
(new code) 
(new code) 

(new code) 

(new code) 
(new code) 

(new code) 







U n i t  0: C V S A ( 2 5 0 , 8 5 6 )  U n i t  1: S U S P : C I G S ( 2 4 7 . 8 5 6 )  

= 2 5 0  SUBROUTINE ADJUST (M.D1)  2 4 7  SUBROUTINE ADJUST (M.D1) - - 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5  e q u a l  l i n e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

= 2 5 6  * E ( 3 . 8 0 0 ) .  F ( 5 . 8 0 0 ) . G G ( 5 . 8 0 0 ) . Y ( 5  2 5 3  * E ( 3 . 8 0 0 ) .  F ( 5 . 8 0 0 ) . G G ( 5 . 8 0 0 ) . Y ( 5  = 
- - - .~oo).u(!~.E~oo). . B O O ) . U ( ~ . ~ O O ) .  - 

2 5 7  * H.HPRINT.HS.TPRINT.TSTART.ICNT.1 2 5 4  H.HPRINT.HS.TPRINT.TSTART.ICNT.1 
0BL. IFLAG.  OBL. I F L A G  

2 5 8  OMMY(200.25) 
= 233 C U M M U N ~ C U M A I N ~  V A U ~ ~ ~ ~ , U ~ U ~ H V U ~ , U I , H ~ ~ H M A X ~ H M  255 ~ U M M U N ~ C U M A I N /  V A K ~ ~ V ~ J , U E K ~ ~ O V ~ , U ~ , H O , H M A X . H M  = 
- - - IN,RSTIME.  1N.RSTIME. - 
- - - - - - - - - - - - . ~ - - - - - - - - - - - - E = = - - - - - - - - -  ---- ......................... - - - - - - - - - - - - - - - - - - - - - - P - - - - - -  3 6 2  e q u a l  l i n e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

= 6 2 2  C 6  18 C - - 
6 2 3  L  = NSEG + NBAG + 2 619 L  = NGRND + NBAG 
6 2 4  K = NSEG + 2  6  2 0  K  = NGRND 

= 6 2 5  w ( L )  = W(K) 6 2  1 W(L)  = W(K) = 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ---- 1 6  equal l i n e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

= 6 4 2  1 9  SGTEST( I .4 .L )  = SGTEST(1.4.K)  6 3 8  I S  SGTEST( I .4 .L )  = SGTEST( I .4 .K )  - - 
6 4 3  NGRND = NSEG + NBAG + 2  6 3 9  NGRND = NGRND + NBAG 

= 6 4 4  DO 4 0  J= l .NBAG 6 4 0  DO 4 0  J= 1. NBAG - 
....................................................... ....................................................... 211  equal l i n e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= 8 5 6  4 9  PYMOUT(J) = CYMOUT(J) 8 5 2  4 9  PYMOUT(J) I CYMOUT(J) - - 

8 5 3  50 CONTINUE 
8 5 4  99 CALL  E L T I M E ( 2 . 2 9 )  
8 5 5  RETURN 
8 5 6  END 

Table  C . 5 .  C o m p a r i s o n  o f  GUCVS w i t 1 1  CMCVS (Page  3 of  4 1 )  







U n i t  0: C V S A ( 1 7 7 9 . 3 5 0 6 )  U n i t  1 :  S U S P : C I G S ( 1 7 8 2 . 3 5 0 8 )  

= 1 7 7 9  SUBROUTINE CFACTT(A .B .D )  1 7 8 2  SUBROUTINE CFACTT(A.B.D)  - - 
....................................................... ....................................................... 196 equal ,Ines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - - - -=__-- - - - - - - - -==*======= ------------ 
= 1 9 7 6  * E ( 3 . 8 0 0 ) .  F ( 5 . 8 0 0 ) . G G ( 5 . 8 0 0 ) . Y ( 5 . 8 0  1 9 7 9  + E ( 3 . 8 0 0 ) .  F ( 5 . 8 0 0 ) . G G ( 5 , 8 0 0 ) . Y ( 5 . 8 0  = 
- - - 0) . U ( 5 . 8 0 0 ) .  O ) . U ( 5 . 8 0 0 ) .  

1 9 7 7  * H.HPRINT.HS.TPRINT.TSTART,ICNT.IDBL 1 9 8 0  * H.HPRINT.HS.TPRINT.TSTART.ICNT.1DBL . I F L A G .  . I F  LAG 
.n"o 
ma," 

n....,, l -fir\ m c  \ 
",.,,.a I , L"". L.. , 

= 1 9 7 9  COMMON/COMAIN/ V A R ( ~ O O ) . D E R ( ~ ~ ~ ) . D T . H O . H M A X . I - I M  198 1 CDMMON/COMAIN/ VAR(~OO).DER(~OO).DT.HO.HMAX.HM = 
- - - I N - R S T I M E .  1N.RSTIME.  - 
....................................................... ....................................................... 4 equal l i n e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= 1 9 8 4  C A L L  D Z P  (NEQ.VAR.GG.E.FT.M) 1 9 8 6  C A L L  D Z P  (NEQ.VAR.GG.E.FT.M) - - 

1 9 8 5  I F  ( N P R T ( 2 6 ) . E Q . 2 )  C A L L  OUTPUT(0)  1 9 8 7  I F  ( N P R ~ ( ~ ) . E Q . ~ )  C A L L  OUTPUT(0 )  
= 1 9 8 6  C A L L  PDAUX (VAR.DER.NEQ.K) 1 9 8 8  C A L L  PDAUX (VAR.DER.NEQ.K) - - 

1 9 8 7  I F  ( N P R T ( 2 6 ) . E Q . 2 )  C A L L  OUTPUT(1 )  1 9 8 9  I F  ( N P R T ( ~ ) . E Q . ~ )  C A L L  OUTPUT(1 )  
= 1 9 8 8  RETURN 1990 RETURN - 
;;ii;=;;Li;;E;;;;;;;;~~G;G;~;ei~~iis*~~~-~~s~~~e-=e===~ --- La" =quai iinas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

= 2 2 1 9  I F  ( N J 2 . G T . 2 0 0 )  WRITE ( 6 . 1 1 )  NS.NFLX.NQ.NJNT.N 2 2 2  1 I F  ( N J 2 . G T . 2 0 0 )  WRITE ( 6 . 1 1 )  NS.NFLX.NQ.NJNT.N = 
- - - J2 4 2  

2 2 2 0  1 1  FORMAT('ONS='.I6.'.NFLX='.IG.'.NQ=',16.'.NJNT= 2 2 2 2  1 1  FORMAT('ONS='.I6.'.NFLX=',I6,',NQ='.I6,',NJNT= 
' . I 6 . '  AND N J 2 = ' 1 6 /  ' . I6. '  AND N J 2 = ' . 1 6 /  

= 2 2 2 1  * '  THE VALUE OF NJ2 EXCEEDS THE ARRAY S I Z E S  FOR 2 2 2 3  * '  THE VALUE OF N J 2  EXCEEDS THE ARRAY S I Z E S  FOR = 
- - - RHS AND I J K  I N  SUER RHS AND I J K  I N  SUER - 
....................................................... 1 2 8 4  equal l i nes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= 3506 END 3 5 0 8  END - 

Table C.5. Comparison of GUCVS with GMCVS (Page 6 of 4 1 )  



Unit 0: CVSA(3507.3781) Unit 1: SUSP:CIGS(3509.3782) 

= 3507 SUBROUTINE DHHPlN(0D.BN.L.M.N) 3509 SUBROUTINE DHHPIN(OD,BN.L.M.N) - - ....................................................... ....................................................... 43 equal lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= 3551 * E(3.800). F ( 5 , 8 0 0 ) . G G ( 5 . 8 0 0 ) . Y ( 5 , 8 0  3553 * E(3.800). F ( 5 . 8 0 0 ) . G G ( 5 . 8 0 0 ) . Y ( 5 . 8 0  = - O).U(5.800). O).U(5.800). - - 

3552 t H.HPR1NT.HS.TPRINT.TSTART.ICNT.IDBL 3554 * H.HPRINT.HS.TPRINT.TSTART.ICNT.1DBL . I FLAG. 
A - ...... ,--- -.-. . I FLAG 

3553 - UMWIILUU.LDI 

= 3554 COMMON/COMAIN/ V A R ( ~ O O ) . D E R ( ~ O O ) . D T . H O . H M A X . ~ I M  3555 COMMON/COMAIN/ VAR(8OO) .DER(800 ) .DT .HO.HMAX.HM = 
- - - 1N.RSTIME. 1N.RSTIME. 
....................................................... ....................................................... 33 equal lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= 3588 ICNT = -2 3589 ICNT = -2 - - 

3589 IF (ISTEP.EQ.0 .OR. NPRT(26l.EQ.2) CALL OUT 3590 IF (ISTEP.EQ.0 .OR. NPRT(4).EQ.2) CALL OUTP 
PUT(0) UT(0) 

= 3590 CALL PDAUX (VAR.DER.NE0.K) 359 1 CALL PDAUX (VAR.DER.NEQ.K) - 
359 1 IF (1STEP.NE.O .AND. NPRT(26).EQ.2) CALL OUT 3592 IF (ISTEP.NE.0 .AND. NPRT(4).EQ.2) CALL OUTP 

PUT[ i j u i i  i j 
= 3592 DO 14 I=I.NEQ 3593 DO 14 I=I.NEQ - ....................................................... ....................................................... 37 equal lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

= 3630 IF (L.EQ.1) M = 0 363 1 IF (L.EQ.1) M = 0 - - 
363 1 IF (NPRT(26).NE.2) CALL OUTPUT(0) 3632 IF (NPRT(4).NE.2) CALL OUTPUT(0) 

= 3632 CALL CMPUTE (K.M. H) 3633 CALL CMPUTE (K.M. H) - 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 equal lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= 3679 58 IF (H.LE.HMIN+EPS(B)) GO TO 61 3680 58 IF -(H.LE.HMIN+EPS(8)) GO TO 61 - - 

3680 IF (NPRT(26).EQ.2) CALL OUTPUT(1) 368 1 IF (NPRT(4).EQ.2) CALL OUTPUT(1) 
= 3681 59 TIME = TSTART 3682 59 TIME = TSTART - - ....................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 equal 1 ines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

= 3781 END 3782 END - - 
m 
I- 
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WRITE (NT .  2 0 0 )  
GO TO 5 5 0  

6 5 8 5  a BLANK.N2 . (  P L T T L ( I . N 2 ) , 1 = 1 , 5 ) , M 2 , S  
EG(M2) 

6 5 8 6  WRITE ( N T . 4 7 )  ( B L A N K . U N I T L . J = J I . J 2 )  
6 5 8 7  WRITE ( N T . 4 8 )  ( B L A N K . J = J I . J 2 )  
6 5 8 8  WRITE ( N T . ~ s )  (BLANK.UNITL.UNITM.UNITM.UNITM.J 

= d l .  J 2 )  
6 5 8 9  WRITE ( N T . 3 8 )  
6 5 9 0  I F  ( .NOT.LNEW) GO TO 4 4  
659; ,j,j - ~ + ( , j z - ~ i + i ;  
6 5 9 2  DO 4 3  I = I . N L I N E S  
6 5 9 3  4 3  WRITE ( N T . 5 0 )  USEC(I).(ZTTH(J.I.IT).J=I,JJ) 
6 5 9 4  4 4  CONTINUE 
6 5 9 5  4 5  FORMAT(27X. 'CONTACT FORCES - V E H I C L E  PANELS VS  

. SEGMENTS' ) 
6 5 9 6  4 6  FORMAT( '  ' / 8 X S 2 ( A 4 . '  PANELi .13 . '  ( ' . 5 A 4 . ' )  VS 

. SEGMENT' . I3 .  
6 5 9 7  * ' ( ' , A 4 . ' )  ' 1  
6538 47 FORMAT( '  ' . 8X .A4 . 'DEFL -  NORMAL F R I C T I O N  RESU 

LTANT CONTACT LOCAT 
6 5 9 9  * I O N  ( ' . A 4 . ' ) ' . A 2 . ' D E F L -  NORMAL F R I C T I O N  RESU 

LTANT CONTACT LOCAT 
6 6 0 0  * I O N  ( ' . A 4 . ' ) ' )  
6 6 0 1  4 8  FORMAT( '  T I M E ' . 2 ( A 4 . ' E C T I O N  FORCE FORC 

E FORCE ( V E H I  
6 6 0 2  *CLE REFERENCE)' ) ) 
6 6 0 3  4 9  FORMAT( '  ( M S E C ) ' . ~ ( A ~ . ' ( ' , A ~ . ' ) ' . ~ X . ' ( ' . A ~ . '  

) ' . 4 X . ' ( ' . A 4 . ' ) ' . 3 X .  
6 6 0 4  * ' ( " . A 4 . ' )  X Y z ' 1  1 
6 6 0 5  50 FOR~AT(F9.3.2(F9.3.3F9.2.3F8.3) ) 
6 6 0 6  5 1  FORMAT(3X.'(MSEC)'.4(A1.9X.'XX.8XX'Y'.8X.'Z~,l 

X )  
= 6 6 0 7  C 980 C - 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 equal l i ne  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
= 6609 C 9 8 2  - C - 

66 1 0  5 2  MBSF = 0 98 3 280 N1 = K O N T L P ( 2 . 1 )  
6 6 1  1 L T .  E Q . 0 )  GO TO 83 E f i  9 8 4  

N 2  = K O N T L P ( 2 . 2 )  
6 6 1 2  J = 1  .NBLT  9 8 5  M I  = K O N T L P ( 3 . 1 )  
6 6 1 3  I F  T ( J ) . E O . O )  GO TO 5 4  986 M 2  = K O N T L P ( 3 . 2 )  
66 1 4  M B S F ' ~  'MBSF+ 1 9 8 7  WRITE ( N T . 1 0 )  DATE.PAGE.COMENT.VPSTIL.BDYTTL 
6 6 1 5  NOPL(M6SF)  = J 988 WRITE ( N T . 2 9 0 )  
66 1 6  MOPL(M6SF) = M B L T ( 2 . 1 . J )  989 2 9 0  FORMAT( '0 ' .26X. 'CONTACT FORCES - B E L T S  VS. SEG 

MENTS' ) 
6 6 1 7  5 4  CONTINUE 990 I F  (KKAS .EQ. 1 )  WRITE ( N T . 3 0 0 )  
6 6 1 8  I F  (MBSF .EQ.0 )  GO TO 8 3  99 1 ~~LANK.N~.(BLTTTL(I.N~).I=~.~).M~.sEG(M~) 
66 1 9  DO 5 6  J I = l . M B S F . 2  9 9 2  300 FORMAT( '  ' . 7 X , 2 ( A 4 . '  B E L T ' . I 3 . '  ( ' . 5 A 4 . ' )  VS 

. SEGMENT ' . I 3 .  
6 6 2 0  4 2  = M I N O ( J I + I . M B S F )  993 I' ( ' . A 4 . ' )  ' 1  1 
6 6 2  1 MT = MT + 1 9 9 4  I F  (KKAS .EQ.  2 )  WRITE ( N T . 3 0 0 )  
6 6 2 2  N T  = MT 995 lBLANK.N1.(BLTTTL(I.N1).1=1.5~.Ml,SEG(M1). 
6 6 2 3  I F  (LNEW) N T  = 6 996 2BLANK.N2.(BLTTTL(I.N2).1=1.5).M2.SEG(M2) 
6 6 2 4  I T  = MT - 2 0  997 WRITE ( N 1 . 3 1 0 )  ( B L A N K . J = I . K K A S )  
6 6 2 5  PAGE = FLOAT(MT)  + XPAGE 9 9 8  3 1 0  FORMAT( '  ' . 2X .2 (A4 .11X . 'ANCHOR P O I N T  A ' . 1 4 X .  

'ANCHOR P O I N T  6 ' ) )  
6 6 2 6  WRITE ( N T . 2 1 )  DATE.PAGE.COMENT.VPSTTL.BOYTTL 999 WRITE ( N T . 3 2 0 )  ( B L A N K . J = I . K K A S )  
6 6 2 7  WRITE ( N T . 5 7 )  1 0 0 0  3 2 0  FORMAT(4X.'TIME'.2(A4.5X.'STRAIN'.7X,'FORCE'.l 

2 x .  
6 6 2 8  N 1  = N O P L ( J 1 )  1 0 0 1  1 1 S T R A I N ' . 7 X . ' F O R C E ' .  3 X )  ) 
6629 NZ = N U P L ~ J Z J  1 0 0 2  WRITE ( N T . 3 3 0 )  (6LANK.UNITL.UNITL.UNITM.UNITL. 

U N I T L . U N I T M . J = I ,  
6 6 3 0  ~1 = MOPL(JI) 1 0 0 3  I K K A S )  
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77 CONTINUE 
78 FoRMAT('O'.~~X.'PARAMETERS FOR AIRBAG NO.'.I2. . 

4X. 5A4// 
* 16X.'SUPPLY CYLINDER STATIC1/ 
* 4X.'TIME'.8X.'PRES.'.4X.'TEMPP'.4X.'PRES. 

'.12X.'AIRBAG'. 
* 3X.'CENTERf.14X.'AIRBAG SEMIAXES'.12X.'ORIE 

NTATION (DEG.)'/ 
* 3X.'(MSEC)'.7X.'(PSIG) (DEG.R) (PsIG)'.~X 

.'X'.8X.'Y'.8X.'Z'. .,. * 11X.'A'.8X.'B',BX.'C'.1OX.'YAW'.4X.'PITCH',5 
X . ~ R O L L ~ /  ) 

79 FORMAT (F9.3.3X.3F9.2.2(3X.3F9.3).3X.3F9.2) , 

80 FORMAT('O'.~~X.'CONTACT FORCES ('.A4.') ON AIR 
BAG NO.'.I2.4X.5A4// 

* /4X.'TIME'.4(Al.IlX.'AIRBAG'.I2.' VS. '.A4. 
1x11 

81 FORMAT (F9.3.4(3X.3F9.2)) 
82 RETURN 

END END 

T a b l e  C . 5 .  C o m p a r i s o n  of GUCVS with GMCVS (Page 18 of 4 1 )  









1 5 3 7  C O M M O N / T E M P V S / T D A T A ( ~ ~ . ~ ~ ~ ~ . A C C ~ ~ , ~ O ~ , T I ~ ~ ~ , T ~  
( 3 ) . T 3 ( 3 ) . T 4 ( 9 )  

1 5 3 8  LOGICAL LTAPEB . L T H I S T  
1 5 3 9  DATA L INES/O/ .LPP/45 /  
1 5 4 0  C 
1 5 4 1  

- .-A- 

I F  ( I J K . N E . 0 )  GO TO 1 3  
- 1 3 4 L  2 ....................................................... ....................................................... I equal 
= 1 5 4 4  C 

1 5 4 5  DO 11 1 = 1 . 1 7 4 0  
1 5 4 6  1 1  P S F ( I . 1 )  = 0.0 
1547  GO TO 66 

C 
C L T H I S T  = TRUE MEANS P R I N T  L I N E  OF T IME HISTORY 

DATA FOR T H I S  
C T I M E  POINT ON EACH OUTPUT 
U N I T  ( N T ) .  

C 
C LTAPE8 = TRUE MEANS WRITE T I M E  HISTORY DATA ON 

TAPE 8 .  
C 

1 3  NPRT4 = NPRT(4 )  + 4 
I F  (NPRT4.LE.O .OR. NPRT4.GT.8)  STOP 3 7  
GO TO ( 6 6 . 6 6 . 6 6 . 1 6 . 1 5 . 1 4 . 1 4 . 1 5 )  . NPRT4 

14 L T H I S T  = .FALSE.  
LTAPE8 = .TRUE. 
GO TO 1 7  

15  L T H I S T  = .TRUE. 
LTAPE8 = .TRUE. 
GO TO 1 7  

1 6  L T H I S T  = .TRUE. 
LTAPE8 = .FALSE.  

1 7  CALL  ELT IME ( 1 . 8 )  
I F  ( L I N E S . N E . 0 )  GO TO 2 1  
PREVT = - 9 9 9 . 0  
I F  ( I R S I N . N E . 0 )  GO TO 1 0  

C 
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-- .- 
I Y l U  

1 fne 
7 9 2 0  
7 9 2  1 
7 9 2 2  
7 9 2 3  
7 9 2 4  
7 9 2 5  

7 9 3 4  
7 9 3 5  
7 9 3 6  
7 9 3 7  
7 9 3 8  
7 9 3 9  
7 9 4 0  
7 9 4  1 
7 9 4 2  
7 9 4 3  
7 9 4 4  
7 9 4 5  
7 9 4 6  
7 9 4 7  
7 9 4 8  
7 9 4 9  
7 9 5 0  
7 9 5  1 
'1952 
7 9 5 3  - --  
1334 

7 9 5 5  
7 9 5 6  

(Page 22 of  

C - - 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C - - 
DO 2 0  I = 1, 1 7 4 0  

2 0  P S F ( I . 1 )  = 0.0 
GO TO 910 . . 

C 
C I F  REGULATED P R I N T  INTERVAL.  SELECT PROPE 
R T IME 
C - 

3 0  I F  (NPRT(4 )  .NE. 0) GO TO 4 0  

I F  ( T I M E  .LE .  TPRINT - E P S ( 8 ) )  GO TO 9 1 0  

TPRINT = TPRINT + DT 
4 0  CALL  ELT IME(1 .  8 )  

I F  ( L I N E S  .NE.  0) GO TO 680 
- C - 

C I N I T I A L I Z A T I O N  FOR F I R S T  T I M E  RECORDED 

C 
IOTALK = NPRT(19 )  
LONWRK = 8 
LDNARY(1) = LDNWRK 
LDNARY(P) = 10 
LDNARY(3) = 1 1  
KWDPLN = 2 0  
INCSML = 1 0 0 0 0 0 0 0 0 0  
I N C B I G  = 0 
INCCUR = 0 
NRN = 0 
NRNVAR = 0 
LBBELT = 0 
LBBAG = 0 
LBJNT = 0 
LBSEG = 0 
LBPL = 0 
LLFRST - 0 
T IMLAS = O.DO 
LASREC( 1 )  = 0 
~ n s u t c i z i  = o 
LASREC(3) = 0 

C 

4 1 )  





KASKTL(3 ,KASTRU)  = I 
K A S K T L ( ~ . K A S T R U )  = M S E G ( 2 . J . I )  
KASKTL(~ .KASTRU)  = M S E G ( 3 . J . I )  

90 CONTINUE 
100 CONTINUE 

I F  (KASE .EQ. 0) GO TO 1 1 0  
KATKOL(KATG) = to 
KATKAS(1 ,KATG)  = KASE 
GO i u  120 

t to  KATKOL(KATG) = o 
KATKAS(1.KATG)  = 0 

1 2 0  KASNUM = KASNUM + KASE 
C CATEGORY 8 - - - B E L T  FORCES 

KATG = 8 
KASE = 0 
I F  ( N B L T  . L E .  0) GO TO 150 
DO 1 4 0  I = 1 .  N B L T  

K B L  = I A B S ( M N B L T ( 1 ) )  
I F  ( K B L  .EQ. 0) GO TO 1 4 0  
DO 1 3 0  J = 1. K B L  

KASE = KASE + 1 
KASTRU = KASNUM + KASE 
KASKTL(~.KASTRU) = KATG + 2 
KASKTL(2 ,KASTRU)  = M B L T ( 1 . J . I )  
KASKTL(3 ,KASTRU)  = I 
KASKTL(4 ,KASTRU)  = M B L T ( 2 . J . I )  
KASKTL(S.KASTRU) = M B L T ( 3 . J . I )  

130 CONTINUE 
1 4 0  CONTINUE 

KATKOL(KATG)  = 4 
KATKAS(I.KATG) = KASE 
GO TO 160 

1 5 0  KATKOL(KATG) = o 
KATKAS(1,KATG)  = 0 

1 6 0  KASNUM = KASNUM + KASE 
C CATEGORY 9---HARNESS B E L T  FORCES 

KATG = 9 
KASE = 0 
I F  (NHRNSS .LE .  0) GO TO 1 9 0  
J 1  = 1 
K t  = I 
00 1 8 0  I = 1. NHRNSS 

KBL = NBLTPH(I) 
I F  ( K B L  . L E .  0) GO TO 1 8 0  
J 2  = Jt + K B L  - 1 
DO 1 7 0  J = J 1 .  J 2  

KASE = KASE + 1 
KASTRU = KASNUM + KASE 
KN = NPTSPB(J) 
I F  ( K N  . L E .  0) GO TO 1 7 0  
K 2  = K 1  + K N  - 1 
KASKTL(1 ,KASTRU)  = K A T G  + 2 

C HARNESS B E L T  NUMBER 
KASKTL(2 ,KASTRU)  = J 

C HARNESS NUMBER 
KASKTL(3 ,KASTRU)  = I 

C F I R S T  AND L A S T  P O I N T  NUMBERS 
K A S K I L [ ~ . K A S I K U ~  = K t  
KASKTL(5 ,KASTRU)  = K 2  
K t  = K 2  + 1 
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= 1 5 8 1  C  
1 5 8 2  C  I N P U T  CARDS H . ( K ) . ( J )  FOR K = 1 . 3  
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M = K A S K T L ( 4 . J )  
MM = K A S K T L ( 5 . 3 )  
JJ = K A T  - 7  
I F  (JJ . L T .  1 )  GO TO 5 1 0  
I F  (JJ .GT.  7 )  GO TO 5 1 0  
DO 360 I = 1. 7 

R S T F ( 1 )  = BLANK 
360 CONT INLIE 

GO TO ( 3 7 0 ,  390, 4 0 0 .  4 2 0 .  4 3 0 .  4 4 0 .  4 6 0 ) .  J 
J 

3 7 0  DO 380 I = 1. 5 
R S T F ( 1 )  = P L T T L ( I . N N )  

380 CONTINUE 
GO TO 4 8 0  

390 R S T F ( 4 )  = SEG(N)  
GO TO 4 8 0  

4 0 0  DO 4 1 0  I = 1; 5 
R S T F ( 1 )  = B L T T T L ( 1 , N N )  

4 1 0  CONTINUE 
GO TO 4 8 0  

4 2 0  R S T F ( 3 )  = H A R N I  
H S T F ( 4 )  = HARN2 
GO 10 4 9 0  

4 3 0  R S T F ( 2 )  = SPOAMI 
R S T F ( 3 )  = SPDAM2 
R S T F ( 4 )  = SPDAM3 
R S T F ( 5 )  = SPDAM4 
GO TO 4 9 0  

4 4 0  00 4 5 0  I = 1. 5 
R S T F ( 1 )  = B A G T T L ( 1 . N )  

4 5 0  CONTINUE 
R S T F ( 7 )  = PARM 
GO TO 4 9 0  

4 6 0  DO 4 7 0  I = 1 .  5 
R S T F ( 1 )  = BAGTTL(1 .N )  

4 7 0  CONTINUE 
R S T F ( 7 )  = PNTS 
GO TO 4 9 0  

4 8 0  R S T F ( 6 )  = VS 
R S T F ( 7 )  = SEG(M) 

4 9 0  WRITE ( 6 . 5 0 0 )  J. K A T .  N. NN. M. MM. (RSTF(I) 
. I = 1 . 7 )  

500 FORMAT ( 5 X .  13. 5 X .  1 7 .  3X .  16. 2X .  16. 7 X .  
16. 2 X .  16. 5X .  6 A 4 .  

1  2X.  A 4 )  
5 1 0  CONTINUE 

WRITE ( 6 . 5 2 0 )  (K.(KATKAS(I,K).I=I.~).KATKOL(K) 
. K = 1 . 1 2 )  

5 2 0  FORMAT ( '0 ' .  4 0 X .  ' CASES B Y  CATEGORY1/5X. 'CA 
TEGORY', 5X .  

1 'NUMBER OF CASES' .  5 X .  ' S T A R T I N G  CASE ' .  
5 X .  'ENDING CASE' .  

2  5 X .  'RECORDED C O L U M N S ' / ( ~ X . I ~ . ~ O X . I ~ . ~ ~  
X . I 6 . 1 0 X . I 6 . 1 4 X . I 6 ) )  

I F  ( I O T A L K  .NE. 0) WRITE (6.660) 
C 
C RECORD T I M E  I N V A R I A N T  INFORMATION ON HOLD F I L  
E  W I T H  1ST T I M E  
C  

NRNVAR = 3 

4 1 )  
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Listing of SUSP:CIGS(8853.9039) at 10:04:07 on AUG 29. 1985 f o r  CCid=SS53 Page 1 

SUBROUTINE PLOTRI 
IMPLICIT REAL*8(A-H. 0-2) 
COMMON/CONTRL/ T1ME.NSEG.NJNT.NPL.NBLT.NBAG.NVEH.NGRND. 

t NS.NQ.NSD.NFLX;N~IRNSS.NWINDF.N~NTF.NPRT(~~)  
cOMMON/CNTSRF/ P L ( ~ ~ . ~ O O ) . B E L T ( ~ O . ~ ) . T P T S ( ~ . ~ ) . B D ( ~ ~ . ~ ~ O )  
COMMON/TITLES/ O A T E ( ~ ) . C O M E N T ( ~ O ) . V P S T I - L ( ~ O ) . B D Y T T L ( ~ ) .  

* BLTTTL(~.~).PLTTL(~.IOO).BAGTTL(~.~).SEG~I~~), 
* ~ ~ I N T ( I ~ ~ ) . c G ~ ( I ~ ~ ) . J s ~ I ~ ~ )  
REAL DATE.COMENT.VPSTTL.BDYTTL.BLTTTL.PLTTL.BAGTTL.~EG.JOINT 
LOGICAL*$ CGS.JS 
COMMON /PLOTRS/ ELYPR(3.100). PLPTS(3.3.100). NELSEG(100). LONPCS 

1 . IELPS. IELPB. IELP. NNELP. NPLSEG(100) 
REAL*4 PLPTS 
REAL*4 S0FT(3.100). BOFT(3.6). BBELT(~O.~). BBDD(3.100). 

I E L D ~ Q , ~ O O ] =  EL 
COMMON /TEMPVS/ DE(9). SOFT. BOFT. BBELT. BBDD. ELD 
OIMENSION IDYPR(3) 
DATA IDYPR/3.2.1/ 

C c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
C 

OATA BL/4H, / 
LDNPCS = 9 

C 
C BELT DATA 
C 

DO 4 0  I=l. 8 
DO 39 J= l .  6 
BBELT(J. I) = BELT(J. I) 

39 CONTINUE 
40 CONTINUE 

C 
C AND SIMILARLY FOR SEMI-MAJOR AXES. TO YIELD THE 
C PLOTCS ARRAY "80" 
C 

IF(NSEG.EQ.0) GOT0 55 
DO 52 I=1. NSEG 
DO 49 J = 1.3 
BBOD(J.1) = BD(J.1) 
SOFT(J.1) = BD(3+3.1) 
IF (NELSEG(I) .EQ. 0) NELSEG(1) = I 

49 CONTINUE 
CALL DRCYPR(DE.ELYPR(l.I).IDYPR) 
DO 50 J=1.9 
ELD(J.1) = DE(J) 

50 CONTINUE 
52 CONTINUE 

IF (IELP .LE. 0) GO TO 55 
I1 = NSEG 
DO 56 I = IELPS. IELPB 
IF (BO(1.I) .EQ. 0.) GO TO 56 
IF (NELSEG(1) .EQ. 0) GO TO 56 
I1 = I1 + 1 
NELSEG(I1) = NELSEG(1) 
DO 53 3 = 1.3 
BBDD(J.11) = BO(J.1) 
SOFT(J.II) = BD(J+B.I) 

53 CONTINUE 

T a b l e  C . 6 .  L i s t i n g s  o f  C o d e  C h a n g e s  t o  GUCVS (Page  3 of  38) 









Listing of SUSP:CIGS(9477,95GS) at 10:04:40 on AUG 29. 1985 f o r  CCid=SS53 

SUBROUTINE~QUAT(ANG.Q) 
COMPUTES QUATERNIONS FROM YAW. PITCH. ROLL ANGLES IN DEGREES 

IMPLICIT REAL *8(A-H.0-Z) 
DIMENSION ANG(3).0(4).R(4).T(3) 
COMMON/CN~NTS/PI,RADIAN 
A = 0.5*ANG(I)*RADIAN 
(jii j = i ~ c ~ s i ~ j  
a(2) = 0.0 
Q(3) = 0.0 
Q(4) = DSIN(A) 
K = 3 
DO 10 I = 2.3 
A = 0.5*ANG(I)*RADIAN 
R(1) = DCOS(A) 
R(2) = 0.0 
R(3) = 0.0 
R(4) = 0.0 
R(K) = OSIN(A) 
DOT = ~ ( 2 ) * ~ ( 2 )  + 9(3)*R(3) + Q(4)*R(4) 
CALL CROSS(Q(S).R(P).T) 
DO 5 J = 2.4 

5 Q(J) = Q(I)*R(J) + R(I)*Q(J) + T(J-I) 
Q(I) = Q(I)*R(~) - DOT 

1 0 K = 2  
SUM = DSQRT(Q(1)**2 + Q(2)**2 + Q(3)**2 + Q(4)**2) 
DO 12 1 = 1.4 

12 Q(I) = Q(I)/SUM 
RETURN 
END 

Page 1 
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Listing of SUSP:CUTS(1 .584 )  a t  1 0 : 0 6 : 0 2  on AUG 2 9 .  1 9 8 5  f o r  C C i d = S S 5 3  P a g e  2 

C 
READ ( 5 . 1 5 )  BEGT. F I N T .  T I N C .  1OTAL.K 

1 5  FORMAT ( 3 E 8 . O .  1 5 )  
C 
C READ T I M E  I N V A R I A N T  INFORMATION FROM HOLD F I L E  
C 

READ ( ~ D N W R K ' ~ )  iiWiAS, L I N E S .  L B S R E G .  MuLTPL.  INCBIG, I N C S M L  
READ (LDNWRK'2)  NVEH. NGRND. NSEG. NPL .  N J N T .  NSD. NBAG. NBLT .  

1 NHRNSS. MAXPTS. LSTEP.  NSTEPS. KASNUM. NRNVAR. LBBELT.  LBBAG. 
2 L B J N T .  LBSEG. L B P L .  LLFRST  

READ (LDNWRKr3)  DATE.  BDYTTL.  KASTOP. LFENKT.  STPMIN.  P I .  G. 
1 RADIAN.  U N I T L .  U N I T T .  UN ITM.  01. TIMMAX. ISPSWT 

LAST  = NRNVAR 
C A L L  P ICKUP(VPSTTL .  2 0 .  L A S T )  
C A L L  PICKUP(C0MENT.  4 0 .  L A S T )  
I F  ( N B i T  .iE. O j  GO TO 2 0  
LAST  = LBBELT  
C A L L  P I C K U P ( B L T T T L .  5 * N B L T .  L A S T )  

2 0  I F  (NBAG . L E .  0) GO TO 33 
LAST  = LBBAG 
C A L L  P ICKUP(BAGTTL .  5*NBAG. L A S T )  

30 I F  (NJNT  . L E .  0) GO TO 4 0  
LAST  = L B J N T  
C A L L  P I C K U P ( J 0 I N T .  NJNT .  L A S T )  

4 0  I F  (NSEG . L E .  0) GO TO 5 0  
LAST  = LBSEG 
C A L L  PICKUP(SEG.  NGRND. L A S T )  
C A L L  P ICKUP(FLPM1 .  NSEG. L A S T )  
L K  = 9 * NSEG 
CALL PICKUP(DPMI. LK. LAST)  

C COMPLETE SEGMENT REPORTING A X I S  ORIENTAT IONS 
5 0  DO 5 8  I = 1. NGRND 

I F  (I .GT.  NsEG) GO TO 52 
I F  ( L p M I ( 1 )  .NE.  0) GO TO 5 8  

52 DO 5 6  J = 1 .  3 
DO 5 4  K = 1. 3 
D P M I ( K .  J. I) = 0. 

5 4  CONTINUE 
5 6  CONTINUE 

D P M I ( 1 .  1.  I) = 1 .  
D P M I ( 2 .  2 .  I )  = 1 .  
D P M I ( 3 .  3. 1) = 1. 
LPMI(I) = o 

5 8  CONTINUE 
I F  (NPL  . L E .  0) GO TO 60 
LAST  = L B P L  
C A L L  P I C K U P ( P L T T L .  5 * N P L ,  L A S T )  

60 LAST  = LLFRST  
C A L L  P I C K U P ( F F 1 R S T .  KASNUM. L A S T )  
C A L L  P ICKUP(FRN6AS.  KASTOP. L A S T )  
C A L L  P ICKUP(FKASKL .  5*KASNUM. LAST)  
C A L L  P ICKUP(FENKAT .  LFENKT.  L A S T )  

C 
C READ USER CONTROL DATA FOR T H I S  RUN OF THE OUT PROCESSOR 
C 

KBEG ; ; S i P ~ i N  * -5 
K I N C  = T I N C  / S T P M I N  + . 5  
K F I N  = F I N T  / S T P M I N  + . 5  

Tab] e C .  6 .  L i s t i n g s  o f  Code Changes t o  GUCVS (Page  10 of 38) 









L i s t i n g  of  SUSP:CUTS(1.584) a t  10:06:02 on AUG 29. 1985 for  CCid=SS53 

C READ PRINTED OUTPUT CONTROLS (H CARDS) 
C 

340 DO 370 K = 1. 3 
IF (NEEDK(K) .EQ. 0) GO TO 370 
R E A ~  (5.350.ERR=430.~~~=450) KSG. MMSG(1.K). MsG(I.K). 

1 (XSG(I.I.K).I=1.3) 
350 FoRMAT ii6, 213, 3Fi2.6j 

WRITE(6.353) K. KSG 
353 FORMAT(*OCATEGORY1. 13. ' CONTROLS:'. 15. ' CASES') 

IF (KSG .GT. 50) GO TO 410 
NSG(K) = KSG 

IF (KSG-I) 352. 363. 355 
352 NEEOK(K) = 0 

GO TO 370 
355 READ (5.360.ERR=430.~N~=450) (MMSG(J.K).MSG(J.K).(XSG(I.J.K). 

1 I = ~ . ~ ~ . J = ~ . K s G I  
360 FORMAT (6X. 213. 3F12.6) 

363 WRITE(6.365) (J.MMSG(J.K).MSG(J,K).(XSG(I.J.K).I=~.~).~=~.K~G) 
365 FORMAT (26X. 315. 3G20.10) 
370 CONTINUE 

DO 400 K = 4. 6 
IF (NEEDK(K) .EQ. 0) GO TO 400 
READ (5.380.ERR=430.END=450) KSG. ( M M s G ( J . K ) . M s G ( J . K ) . J = ~ . ~ ~ )  

380 FORMAT (16. 2213) 
WRITE(6.353) K. KSG 

IF (KSG .GT. 50) GO TO 410 
NSG(K) = KSG 

IF (KSG .GT. 0) GO TO 385 
NEEOK(K) = o 
GO TO 400 

385 IF (KSG .LT. 12) GO TO 393 
READ (5.390.~~R=430.EN0=450) (MMsG(J.K).MsG(J.K). J=I~.KSG) 

390 FORMAT (6X. 2213) 
393 WRITE(6.395) (J. MMSG(J.K). MSG(J.K). J = 1. KSG) 
395 FORMAT (26X. 315) 
400 CONTINUE 

IF (NEEDK(7) .EQ. 0) GO TO 480 
REAO (5.402.ERR=430.~~0=450) KSG. (MSG(J.7). J=l. 11) 

402 FORMAT (1216) 
K = 7 
WRITE (6.353) K. KSG 
IF (KSG .GT. 50) GO TO 410 
NSG(7) = KSG 
IF (KSG . G T .  0) GO TO 404 
NEEDK(7) = 0 
GO TO 480 

404 IF (KSG .LT. 12) GO TO 408 
READ (5.406.ERR=430.~~~=450) (MsG(J.~).J=I~. KSG) 

406 FORMAT (6X. 1116) 
408 WRITE (6.409) (J. MSG(J.7). J=l. KSG) 
409 FORMAT (26X. 15. 5X. 15) 

GO TO 480 
410 WRITE (6.420) 
420 FORMAT ('OFATAL ERROR---MORE THAN 50 PRINT REQUESTS SPECIFIED.') 

GO TO 470 
430 WRXTE (6,440; K .  
440 FORMAT ('OFATAL ERROR---READ ERROR FOR K. J = ' .  216) 

GO TO 470 

T a b l e  C.  6 .  L i - s t i n g s  o f  C o d e  C h a n g e s  t o  GUCVS ( page  14 to 3 8 )  
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L i s t i n g  o f  S U S P : C U T S ( 1 . 5 8 4 )  a t  1 0 : 0 6 : 0 2  on AUG 29. 1 9 8 5  f o r  C C i d = S S 5 3  P a g e  7 

4 5 0  WRITE ( 6 . 4 6 0 )  K .  3 
4 6 0  FORMAT ( ' O F A T A L  ERROR---EOF FOR K .  J = ' .  2 1 6 )  
4 7 0  C A L L  ERROR 

C 
C READ I N P U T  CARD H . 8 . A  TO CONTROL COMPUTATION OF H I C .  H S I  & C S I .  
C 

4 8 0  I F  ( N E E D K ( 1 5 )  .EQ. 0) GO TO 5 1 0  
READ (5.520) JDTPTS 
WRITE ( 6 . 4 9 0 )  JDTPTS 

4 9 0  FORMAT ('OCATEGORY 1 5  CONTROLS: ' .  9 ( 2 1 4 .  2 X ) )  
NDPT = 0 
DO 5 0 0  KDT  = 1 .  1 8  

500 I F  ( JOTPTS(KDT)  .NE.  0) NDPT = NDPT + 1 
I F  (NDPT .EQ. 0 )  N E E D K ( 1 5 )  = 0 

C 
C READ I N D I C E S  OF V A R I A B L E S  TO B E  PLOTTED AND 
C ARGUMENTS TO SUBROUTINE SLPLOT ON CARDS I. 
C 
C I N P U T  CARD 1 . 1  
c 

- 5 1 0  I F  ( N E E D K ( 1 6 )  .EQ.  0) GO TO 560 
READ ( 5 . 5 2 0 )  N P L T .  (NYP(K ) .K= I .NPLT)  

5 2 0  FORMAT ( 1 8 1 4 )  
WRITE ( 6 . 5 2 3 )  N P L T  

5 2 3  FORMAT ('OCATEGORY 1 6  CONTROLS: ' .  15. ' CASES ' )  
I F  (NPLT  .GT.  0 )  GO TO 5 2 5  
NEEDK( 16) = 0 
GO TO 560 

5 2 5  DO 5 5 0  K = 1.  N P L T  
NYPLT  = N Y P ( K )  

W R I T E ( 6 . 5 2 8 )  K .  NYPLT  
5 2 8  FORMAT( I0X .  'FOR PLOT  NO. ' .  13. ' . NO. OF CURVES = ' .  13) 

C 
C I N P U T  CARD I . 2 . K  
C 

READ (5.529) Mx (1 .K ) .  M X ( 2 . K ) .  Mx(B.K) .  (MY( I . J .K ) .MY(~ .J .K ) .  
1 M Y ( 3 . J . K ) .  NPLSMB(J .K ) .  J = 1. N Y P L T )  

5 2 9  FORMAT (1913 /  (SX .  1613)) 
WRITE ( 6 . 5 2 9 )  M X ( 1 . K ) .  MX(2 .K ) .  M X ( 3 . K ) .  (MY( l . J .K ) .MY(2 . J .K ) .  

I M Y ( 3 . J . K ) .  NPLSMB(J.K). 3 = 1 .  N Y P L T )  
C 
C I N P U T  CAR0 I . 3 . K  
C 

READ (5.530) N X ( K ) ,  X O ( K ) .  X N ( K ) .  X L ( K ) .  X S ( K )  
5 3 0  FORMAT ( 1 4 .  4 X .  4 F 8 . 0 )  

C 
I N P U T  CARD I . 4 . K  

READ (5.530) N Y ( K ) .  YO(K ) .  YN(K ) .  Y L ( K ) .  Y S ( K )  

C I N P U T  CARD I . 5 . K  
C 

READ ( 5 . 5 4 0 )  N X L A B ( K ) .  ( X L A B ( I . K ) . I = l . N W 6 0 )  
5 4 0  FORMAT ( 1 4 .  4 X .  1 5 A 4 )  

C 
C NOTE - ABOVE FORMAT ASSUMES 4 ALPHANUMERIC CHAIZACTERS FOR S INGLE 
C P R E C I S I O N  WORDS ON I B M  360 AND 3 7 0  COMPUTERS. THE 1 5 A 4  TERM I N  Tt1E 
C FORMAT W I L L  HAVE TO B E  CHANGED ON NON- IBM COMPUTERS TO PRODUCE A 

T a b l e  C . 6 .  Listings of  Code Changes to GUCVS (Pag 15 to 38) 



L i s t i n g  o f  S U S P : C U T S ( I . ~ ~ ~ )  a t  1 0 : 0 6 : 0 2  on AUG 2 9 .  1 9 8 5  f o r  C C i d = S S 5 3  

C CONTINUOUS S T R I N G  OF 60 CHARACTERS I N  CORE MEMORY 
c 
C I N P U T  CARD I . 6 . K  
C 

READ ( 5 . 5 4 0 )  N Y L A B ( K ) .  (YLAB(I.K).E=I.NW~O) 
C 
C INPUI CARD 1.7. K 
C 

READ ( 5 . 5 4 0 )  N P L B I ( K ) .  ( P L B l ( I . K ) . I = l . N W G O )  
5 5 0  CONTINUE 
5 6 0  I F  ( L I N E S  . L E .  0) GO TO 7 4 0  

C 
C READ I N  SELECTED T I M E S  FOR COMMON REFERENCE 
C 

KATG = 1 
KASE = 1 
K P T  = 0 
KWANT = KBEG 
LASTM = - 1 
DO 590 I = I. L I N E S  

C A L L  INREAD(KATG.  KASE.  I. R S T F ( 1 ) )  
KMUL = K S T F ( 3 )  
I F  ( K I N C  . L E .  0) GO TO 5 8 0  
I F  (KMUL - LASTM) 590. 5 8 5 .  5 6 5  

5 6 5  I F  (KWANT .GT.  KMUL)  GO TO 590 
I F  (KWANT .NE.  EMUL) WRITE ( 6 . 5 7 0 )  KWANT. KMUL 

5 7 0  FORMAT ( 'OWARNING---EXPECTED NEXT T I M E  M I S S I N G = ' .  16. 
1 ' REPLACED BY  ' .  16) 

5 8 0  K P T  = K P T  + 1 
T I M E ( K P T )  = R S T F ( 1 )  

5 8 5  L I N E Q T I K P T )  = K S T F ( 2 )  
I F  (KWANT .EQ. K F I N )  GO TO 600 
LASTM = KMUL 
KWANT = MINO(KWANT + K I N C . K F I N )  

590 CONTINUE 
C 
C P R I N T  D E S I R E D  CATEGORIES 
C 

600 I F  (KATDO . L E .  0) GO TO 800 
C 
C LOOP OVER D E S I R E D  CATEGORIES 
C 

DO 7 8 0  I A  = 1 .  KATDO 
C GET GENERAL CATEGORY CONTROLS 

NKAT = IORDER(1A)  
IF (NEEDK(NKAT) .EQ. O) GO TO 780  

C ZERO P R I N T I N G  CONTROLS FOR T H I S  CATEGORY TO I N I T I A L I Z E .  
DO 6 0 4  L = 1. 3 
DO 6 0 2  M = 1. 6 
KONTLP(M.L)  = 0 

6 0 2  CONTINUE 
6 0 4  CONTINUE 

KASKOL = K A S L I N ( 1 , N K A T )  
KASPAG = K A S L I N ( 2 . N K A T )  
KASFUL  = K A S L I N ( 3 , N K A T )  

C GET RANGE OF CASE UKIVEK INDICES FOR CURRENT CATEGORY 
I F  (NKAT .GT.  7 )  GO TO 6 1 0  
KASTAR = 1 

T a b l e  C .  6 .  1 , i s t i n g s  o f  Code Changes to GUCVS (Page 16 o f  38) 
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Listing of S U S P ; C U T S ( 1 , 5 8 4 )  at 1 0 : 0 6 : 0 2  on AUG 2 9 .  1 9 8 5  for C C i d = S S 5 3  

58 1  1  7.2.14.10.1.10.4.2.8.4.2,8,4.2.12.6.2,12.0.1.0.0.1.0/ 
582 DATA L P P .  NW60. MAXKAP. KWDPLN / 4 1 .  1 5 .  6000. 2 0 /  
5 8 3  DATA LDNARY / 8 .  1 0 .  11 /  
5 8 4  E NO 

Page 1 1  
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L i s t i n g  o f  C V S B ( 2 3 1 3 . 2 5 6 3 )  a t  1 0 : 0 9 : 0 5  on AUG 2 9 .  1 9 8 5  f o r  C C i d = S S 5 3  P a g e  4 

NYPLT  = N Y P ( K )  
DO 2 4  J = l . N Y P L T  
J Y  = J Y  + 1 
J P  = M Y ( 1 . J . K )  - 2 0  
J E  = I A B S ( M Y ( 2 . J . K ) )  
Z(NPTS.JY) = UMSEC 
I F  ( J E . N E . 0 )  Z ( N P T S . J Y )  = T D A T A ( J E . J P )  
IF (.NOT.LTABH) GO TO 2 1  

STORE DATA TO P R I N T  TABULAR T I M E  H I S T O R I E S  

TEST = DMOD(UMSEC.PRDT) 
TEST = DMINI(TEST.DABS(PRDT-TEST)) 
I F  ( N P R T ( ~ B ) . E Q . O  .AND. T E S T . G T . E P S ( 4 ) )  GO TO 2 1  
L I N E S  = L I N E S  + 1 
N T T H  = MOD(L1NES-1 .LPP)  + 1 
USEC(NTTH) = UMSEC 
DO 2 6  J = 1  .NT 
DO 2 6  I = 1 . 1 4  
Z T T H ( 1 . N T T H . J )  = T D A T A ( 1 . J )  
I F  (NTTH.EQ.LPP)  C A L L  H E D I N G  ( L I N E S . L P P )  
GO TO 2 1  
I F  ( .NOT .LTABH .OR. L I N E S . E Q . 0 )  GO TO 30 
IF (NTTH.NE.LPP) CALL HEOING (LINES.LPP) 
I F  (NDPT.NE.0)  C A L L  H I C C S I ( N P T S . J H I C )  
I F  ( .NOT .LPLOT)  GO TO 98 

PLOT DATA V I A  SUBROUTINE SLPLOT 
L 

C 
C A L L  COMPRS 
J Z  = N D P T + I  
DO 5 0  K = i . N P L T  
J X  = 1 
I F  ( M X ( ~ . K ) . E Q . O )  GO TO 4 2  
J Z  = JZ + 1 
J X  = JZ 
I F  ( Z ( I . J X ) . E Q . O . O  .OR. MX(P .K ) .GE .O)  GO TO 4 2  
DO 4 1  I = P . N P T S  

4 1  Z ( I . J X )  = Z ( I . J X )  - Z ( 1 . J X )  
Z(  1 . J X )  = 0.0 

4 2  NYPLT  = N Y P ( K )  
DO 4 4  J = l . N Y P L T  
J Y  = J Z  + J 
IF (Z( I .JY) .EQ.O.O .OR. M Y ( ~ . J . K ) . G E . o )  GO TO 4 4  
DO 4 3  1=2.NPTS 

4 3  Z ( I . J Y )  = Z ( I . J Y )  - Z ( 1 . J Y )  
Z ( 1 . J Y )  = 0.0 

4 4  CONTINUE 
NXK = N X ( K )  
NYK = N Y ( K )  
XOK = XO(K)  
YOK = YO(K )  
XNK = XN(K)  
YNK = Y N ( K )  
XLK  = X L ( K )  
YLK = Y L ( K )  
XSK = X S ( K )  

T a b l e  C. 6 .  Listings of  Code Changes to GUCVS (Page 2 3  of 3 8 )  





L i s t i n g  of SUSP:CUTS(631 .834 )  a t  1 0 : 0 6 : 5 1  on AUG 2 9 .  1 9 8 5  f o r  C C i d = S S 5 3  P a g e  1 

SUBROUTINE FETCH(KATG. KASPT.  N L I N .  KOLB)  
COMMON /HOLDIT/ B A G T T L ( ~ . ~ ) .  BOYTTL(S ) .  B L T T T L ( 5 . 8 ) .  C O M E N T ( ~ O ) .  

1 D A T E ( 3 ) .  DT .  J D I N T ( 1 0 0 ) .  INCSML.  I N C B I G .  P L T T L ( 5 . 1 0 0 ) .  
2 S E G ( 1 0 0 ) .  V P S T T L ( 2 0 ) .  L L F R S T .  KASTDP. NRNTIM.  
3 T I M L A S .  MULTPL.  NPL .  NPLT .  NRNVAR. LFENKT.  
4 NBAG. N B L T .  LBBAG. LBBELT .  LRJNT .  L B P L .  
5 LBSEG. K K N T R L ( ~ ~ I ) .  NSD. NSEG. ISPSWT.  
6 NSTEPS. NVEH. NGRND. NHRNSS. N J N T  

COMMON /PRESET/ ISYMB(~S). KAsLIN(~.I~). L O N A R Y ( ~ ) .  L P P .  NW60 
1 . MAXKAP 
COMMON /FETCHT/ D ( 3 . 3 . 1 2 ) .  D P M I ( 3 . 3 . 1 0 0 ) .  G. LPMI(IOO). P I .  

1 S E G L A ( 3 . 1 2 ) .  s E ~ ~ P ( 3 . 1 2 ) .  S ~ G ~ v ( 3 . 1 2 ) .  WMEG(3.12) ,  
2 WMEGD(3.12). U N I T L .  U N I T T .  UN ITM.  RADIAN.  T IMMAX.  
3 IKAsE( I~) .  NKASE.  KASKOL. KASPAG. KASFUL 

COMMON /IOCNTL/ LONWRK- KWOPIN-  I O T A l K  
COMMON /FETcHU/ PQUANT(IG). K O N T L P ( 6 . 3 ) .  J D T P T S ( 1 8 ) .  I P I N ( 3 ) .  

1 KKAS.  MSECPT. MT IMPT  
COMMON /HLDCON/ N R N B A S ( ~ ~ ~ ) .  L F 1 ~ ~ 1 ( 2 4 1 ) .  KASNUM. K A T K O L ( 1 2 ) .  

1 K P R E L M ( ~ ) .  K A T K A S ( ~ . ~ ~ ) .  K A s ~ T ~ ( 5 . 2 4 1 ) .  MAXPTS. 
2 NRN. LSTEP.  LASREC(3 )  

COMMON /ZTTHNG/ T 1 ~ ~ ( 6 0 0 0 ) .  Z ~ ~ ~ ( 6 0 0 0 . 1 1 ) .  L I N E Q T ( 6 0 0 0 )  
D I M E N S I O N  C O N T L P ( ~ . ~ ) .  ~ ( 3 . 1 2 ) .  F M ( 3 . 3 . 3 ) .  I S W T ( ~ ) .  LSWT(2 )  

1 . KQUANT(14 )  
EQUIVALENCE ( C O N T L P ( 1 . 1 ) .  KoNTLP(I.I)). (KQUANT(I).PQUANT(I)) 
DATA T W O P I / 6 . 2 8 3 1 8 5 /  
L IN  = L I N E Q T ( N L 1 N )  
K P T  = KASPT 
K A T  = KATG 
KOL = KOLB  
MSECPT = N L I N  
MT IMPT  = L I N  
KAS  = KONTLP(6 .  K P T )  
I F  (KAT  . L E .  0) GO TO 900 
I F  (KAT  - 7 )  5. 700. 800 

5 I T 0  = KONTLP(5 .  K P T )  
I S W T ( 2 )  = I T 0  
I F R M  = I A B S ( K O N T L P ( 4 .  K P T ) )  
I S W T ( 1 )  = I F R M  
DO 90 J = 1 .  2 
11 = 3 
L S W T ( I 1 )  = 0 
DO 10 I = 1. 1 2  
IF (IKASE~I) .LE.  O)  GO TO 2 0  
IF (IKASE(I) .NE. ISWT(II)) GO TO 10 
L S W T ( I 1 )  = I 
GO TO 90 

1 0  CONTINUE 
2 0  JJ = NKASE + 1 

I F  (NKASE . L T .  1 2 )  GO TO 4 0  
DO 30 I = 1 .  1 2  
I F  ( I K A S E ( I )  .EQ. NVEH) GO TO 30 
I F  ( I K A S E ( 1 )  .EQ.  NGRND) GO TO 3 0  
JJ = I 
GO TO 4 0  

30 CONTINUE 
W R I T E ( 6 . 9 9 9 9 )  I K A S E .  NKASE. ISWT.  LSWT. L I N .  KPT .  K A T .  KOL  

9999 FORMAT( ' 0FATAL  ERROR---FETCH CURRENT CASE SPACE ' .  
I 'FILLED WITI~ VECH/GRND.,/(SX. 12110 ) )  

T a b l e  C . 6 .  Listings o f  Code Changes t o  GIJCVS (Page 2 5  o f  38) 



L i s t i n g  o f  S U S P : C U T S ( 6 3 1 . 8 3 4 )  a t  1 0 : 0 6 : 5 1  on AUG 2 9 .  1 9 8 5  f o r  C C l d = S S 5 3  
P a g e  2 

STOP 99 
4 0  I F  (NKASE . L T .  1 2 )  NKASE = JJ 

IKASE(JJ) = ISWT(II) 
L S W T ( I 1 )  = JJ 

C RECORDING CATEGORY 2 
C A L L  I N R E A D ( 2 .  ISWT(J ) .  L I N .  Z T T H ( 1 . 1 ) )  
aa Grr .nr. = 1. 3 
SEGLP(M. JJ) = Z T T H ( M . I ~  
SEGLV(M. JJ) = ZTTH(M+B.I) 
SEGLA(M. JJ) = ZTTH(M+G.I) 

60 CONTINUE 
C RECORDING CATEGORY 3 

C A L L  INREAD(~.IsWT(J).LIN.ZTTH(~.~)) 
DO 70 M = 1. 3 
WMEG(M. JJ) = Z T T H ( M . I )  
g f i ~ ~ D ( % .  JJ) = ZTTH{M+3.:! 

7 0  CONTINUE 
C RECORDING CATREGORY 4 

C A L L  I N R E A D ( 4 .  ISWT(J).  L I N .  D ( I . ~ . J J ) )  
90 CONTINUE 

JFRM = LSWT(1 )  
JTO = LSWT(2 )  
I F  ( I O T A L K  .EQ. 0) GO TO 95 
w R I ~ E ( 6 . 9 3 )  KAT .  KPT .  L I N .  N L I N .  KOL.  ISWT.  LSWT 

9 3  FORMAT ( 'OFETCH: ' .  1 1 1 1 0 )  
9 5  I F  (KAT  . L T .  4 )  C A L L  MAT~ I (DPMI ( I . I . I FRM) .  CONTLP(I.KPT). ~ ( 1 . 1 2 ) )  

GO TO ( 1 0 0 .  2 0 0 .  300. 4 0 0 .  500. 600). K A T  
C 
C L I N E A R  ACCELERATION OF P O I N T S  ATTACHED TO SEGMENTS 
C 

I00 C A L L  C R O S S ( W M E G ( I . J F R M ) . V ( ~ . I ~ ) .  ~ ( 1 . 1 ) )  
CALL CROSS(WMEG(I.JFRM). ~ ( 1 . 1 ) .  ~ ( 1 . 2 ) )  
C A L L  CRDSS(WMEGD(I.JFRM). ~ ( 1 . 1 2 ) .  ~ ( 1 . 3 ) )  
C A L L  V E C A D D ( V ( I . ~ ) .  V ( 1 . 3 ) .  V ( 1 . 4 ) )  
C A L L  D O T ~ ~ ( D ( I . I . J F R M ) .  ~ ( 1 . 4 ) .  ~ ( 1 . 5 ) )  
CALL v ~ c ~ ~ ~ ( v ( 1 . 5 ) .  sEGLA( I .JFRM).  V ( 1 . 6 ) )  
I F  ( K O N T L P ( ~ . K P T )  .GT. 0) GO TO 1 1 0  
C A L L  D O T ~ I ( D ( ~ . ~ . L J F R M ) .  ~ ( 1 . 1 2 ) .  ~ ( 1 . 1 1 ) )  
C A L L  VECAOO(SEGLP( I ,JFRM).  ~ ( 1 . 1 1 ) .  ~ ( 1 . 1 0 ) )  
CALL v ~ c s u ~ ( v ( 1 . 1 0 ) .  SEGLP(I.JTO). ~ ( 1 . 9 ) )  
C A L L  M A T 3 1 ( D ( I . l . J T O ) .  V ( 1 . 9 ) .  V ( 1 . 2 ) )  
C A L L  D O T ~ ~ ( D ( I . I . J F R M ) .  ~ ( 1 . 1 ) .  ~ ( 1 . 3 ) )  
CALL v ~ c ~ ~ o ( v ( 1 . 3 ) .  SEGLV(I.JFRM). V ( 1 . 4 ) )  
C A L L  VECSUB(V(1 .4 ) .  S E G L V ( ~ . J T O ) .  ~ ( 1 . 5 ) )  
C A L L  CROSS(WMEG( l .JT0) .  ~ ( 1 . 2 ) .  V ( 1 . 3 ) )  
C A L L  V E C S U B ( V ( l . 5 ) .  V ( 1 . 3 ) .  V ( 1 . 1 ) )  
C A L L  V E C S U B ( V ( I . G ) .  S E G L A ( ~ . J T O ) .  ~ ( 1 . 7 ) )  
C A L L  M A T 3 1 ( D ( l . I . J T O ) .  V ( 1 . 7 ) .  V ( 1 . 8 ) )  
CALL CROSS(WMEG(I.JTO). ~ ( 1 . 1 ) .  ~ ( 1 . 3 ) )  
CALL s c ~ ~ ~ ~ ( v ( 1 . 3 ) .  .5. ~ ( 1 . 1 ) )  
C A L L  V E C S U B ( V ( I . ~ ) .  V ( l . 1 ) .  v ( l . 6 ) )  
CALL CROSS(WMEG(I.JTO). ~ ( 1 . 2 ) .  V ( 1 . 3 ) )  
CALL CROSS(WMEG(I.JTO). ~ ( 1 . 3 ) .  ~ ( 1 . 4 ) )  
C A L L  CROSS(WMEGD(1,JTO). ~ ( 1 . 2 ) .  ~ ( 1 . 1 ) )  
CALL v ~ c ~ o ~ ( v ( 1 . 1 ) .  ~ ( 1 . 4 ) .  V ( 1 . 5 ) )  
C A L L  V E C S U B ( V ( l . 6 ) .  V ( 1 ; 5 ) ,  ~ ! 1 . 7 ) !  
GO TO 1 2 0  

I 1 0  C A L L  M A T 3 1 ( D ( I . l . J T O ) .  V ( 1 . 6 ) .  V ( 1 . 7 ) )  

Table C .  6 .  L i s t i n g s  o f  Code Changes t o  GUCVS (Page 26 of 3 8 )  
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L i s t i n g  o f  S U S P : C U T S ( 1 1 2 3 . 1 1 3 4 )  a t  1 0 : 0 7 : 2 3  on AUG 2 9 .  1 9 8 5  f o r  C C i d = S S 5 3  

SUBROUTINE H I C C S I ( K A S E .  NUMTIM)  
DATA NUM /0/ 

C DUMMY H I C C S I  SUBPROGRAM 
c* * * * * * * * *  
C O R I G I N A L  ROUTINE FOUND I N  F I L E  " C V S H I C C S I " .  
C T H I S  ROUTINE NEEDS M O D I F I C A T I O N  BEFORE I T  CAN B E  USED.  
F*f***f*+* " . - - - -  

NUM = NUM + 1 
WRITE (6.9999) NUM. KASE. NUMTIM 

9999 FORMAT ('OHICCSI C A L L  NO. '. 1 5 .  ' ; ARGS='. 2 1 1 0 )  
RETURN 
END 

P a g e  1 
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L i s t i n g  of  S U S P : C U T S ( l 2 1 2 . 1 3 0 6 )  a t  1 0 : 0 7 : 5 8  on AUG 2 9 .  1 9 8 5  f o r  C C i d = S S 5 3  

4 0  FORMAT ( F 9 . 3 .  2 ( F 5 . 0 . 3 F 9 . 3 , 2 X . 3 F 9 . 3 ) )  
GO TO 1 9 0  

5 0  NGO = K A T  - 7 
I F  (NGO . L T .  1 .OR. NGO .GT. 3 )  GO TO 1 9 0  
GO TO (60. 1 3 0 .  8 0 .  1 0 0 .  1 1 0 .  1 5 0 .  1 7 0 ) .  NGO 

6 0  WRITE ( N T . 7 0 )  T IME(MsECPT) .  (PQUANT(J).J=I.JJ) 
70 FORHAT (F9.3. 2 ! F 9 . 3 . 3 F 9 . 2 . 3 F 8 . 3 ! !  

GO TO 1 9 0  
8 0  WRITE ( N T . 9 0 )  T IME(MSECPT) .  (PQUANT(J).J=1.JJ)  
90 FORMAT ( F 9 . 3 .  4 ( F 1 5 . 6 . F 1 2 . 2 . 3 X ) )  

GO TO 1 9 0  
I00 WRITE ( N T . 9 0 )  TIME(MSECPT). ( P Q U A N T ( J ) . ~ = ~ . J J )  

GO TO 190 
1 1 0  JJ = 2 

I F  ( K O N T L P ( 3 . 1 )  .NE.  0) JJ = 4 
I F  !KONTLP!?.2! . N E .  G! JJ = 6 
I F  ( K O N T L P ( 3 . 2 )  .NE.  0) JJ = 8 
WRITE ( N T . 1 2 0 )  TIME(MSECPT). (PQUANT(~).J=I.JJ) 

1 2 0  FORMAT ( F 9 . 3 .  4 ( F 1 4 . 3 . F 1 2 . 2 . 4 ~ ) )  
GO TO 1 9 0  

130 WRITE ( N T . 1 4 0 )  T IME(MSECPT) .  (PQlJANT(J) .J=1.10) 
1 4 0  FORMAT ( 2 F 9 . 3 .  3 F 9 . 2 .  3 F 8 . 3 .  2X.  3 F 8 . 3 )  

GO TO 1 9 0  
1 5 0  WRITE ( N T . 1 6 0 )  TIME(MsECPT). (PQUANT(J) .J= I .~~)  
1 6 0  FORMAT ( F 9 . 3 .  3 X .  3 F 9 . 2 .  2 ( 3 X . 3 F 9 . 3 ) .  3X .  3 F 9 . 2 )  

GO TO 1 9 0  
6 7 0  WRITE ( N T . 1 8 0 )  TIME(MSECPT). (PQUANT(J).J=I .JJ)  
I80 FORMAT ( F 9 . 3 .  4 ( 3 X . 3 F 9 . 2 ) )  
190 RETURN 

END 
SUBROUTINE SCALED(VA.O.VB) 
D I M E N S I O N  V A ( 3 ) . V B ( 3 )  
DO 1 0  I = I. 3 
v B ( 1 )  = v A ( I )  J 0 

10 CONTINUE 
RETURN 
END 

P a g e  2 . 
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L i s t i n g  o f  C V S B ( 4 6 9 9 . 4 7 8 8 )  a t  1 0 : 0 9 : 3 7  on AUG 2 9 .  1 9 8 5  f o r  C C i d = S S 5 3  P a g e  1  

SUBROUTINE SLPLOT(X .  NX.  XO. XN. XL.  X S I Z E .  XLAB.  NXLB.  
* Y, NY.  YO. YN. YL.  Y S I Z E .  YLAB. NYLB.  
* NPTS.  NYY. NDY. P L A B I .  N P L B I .  P L A B 2 .  NPLB2 .KPLT)  

C  0 6 / 0 2 / 8 3  
C  
C  
n 

ARGUMENTS: 
L. 

.,,..---, 
A \ l V r & 5 J  

.--.., -- -.--- a m - - * - - - -  -- - U K K A V  ur N r ~ a  aoab1aaua IU BE PLOTTED. 
C Y(NDY.NYY) - ARRAY OF NPTS*NYY ORDINATES TO B E  PLOTTED.  
C  NX . NY - 0 OR P O S I T I V E  - L I N E A R  PLOTS ON P O S I T I V E  A X I S  
C  NEGATIVE  - LOGARITHMIC  PLOT ON NEGATIVE  A X I S .  
C  NX.NY ARE G R I D  D I V I S I O N S  ALONG X- AND Y-AXES. 
C  XO. YO - M I N M  VALUES OF X  AN0 Y .  
C  XN. YN - MAXM VALUES OF X  AND Y.  
C  XL .YL  - LENGTH ( I N C H E S )  OF X.Y AXES. 
C  X S I Z E . Y S I Z E  - PAPER S I Z E  ( I N C H E S )  I N  X.Y O I R E C T I O N S .  
2 

X L A B , Y i A B  - X . Y  A X E S  iABEiS (AiPHAN""ERiC ARRAiSj. 

C NXI-B.NYLB - NO. OF CHARACTERS I N  X.Y L A B E L S .  
C  NPTS  - NO. OF P O I N T S  I N  X  ARRAY AN0 EACH Y  ARRAY. 
C  NY Y  - NO. OF Y  ARRAYS TO B E  PLOTTED VS.  X  ARRAY. 
C  NDY - F I R S T  D I M E N S I O N  OF Y  ARRAY I N  C A L L I N G  ROUTINE .  
C  (NDY MUST B E  .GE .  N P T S )  
C  P L A B l . P L A B 2  - 1ST & 2ND L I N E S  OF PLOT I D  LABELS  (ALPHANUMERIC) .  
C  N P L B l . N P L B 2  - NO. OF CHARACTERS I N  PLOT  I D  LABELS .  
C  K P L T  - PLOT NUMBER 
C  NP L  SMB - SYMBOL NO. TO B E  USED FOR EACH CUPVE 
C  
C  NOTE; PLOTS W I L L  B E  TRUNCATED AS FOLLOWS: 
C  NX.NY P O S I T I V E  - XO.YO . L E .  X.Y . L E .  XN.YN . 
C  NX.NY N E G A T I V E  - XO.YO . L E .  X.Y . L E .  XN.YN 
C  

COMMON/IPLSMB/NPLSMB(~OO) 
D I M E N S I O N  X(NPTS).Y(NOY.NYY).XLAB~l).YLAB(1).PLAB1~l).PLAB2(1) 
D I M E N S I O N  X P L ( 5 0 0 0 ) . Y P L ( 5 0 0 0 )  

C  
C  
C  WRITE ( 6 . 4 )  NDY.NYY.NPTS.Y 
C  4  FORMAfT ( lX . '  NDY ' , 1 6 , 5 X . '  NYY ' . 1 6 , 5 X . '  NPTS  ' . 1 6 . / . ( 1 X , 6 E 1 5 . 5 ) )  

C A L L  B G N P L t K P L T )  
C A L L  P A G E ( X S I Z E . Y S I Z E )  
C A L L  NOBRDR 
C A L L  NOCHEK 

L 

C CHECK TYPE OF PLOT  A X I S  
L 

C A L L  H E I G H T ( O . 1 8 )  
C A L L  I N T A X S  
C A L L  T I T L E ( P L A B ~ . N P L B ~ . X L A B , N X L B . Y L A B , N Y L B , X L , Y L )  
C A L L  FRAME 
YMESS=YL+0.25 
XMESS=XL-2 .5  
C A L L  H E I G H T ( O . 1 6 )  
I F  ( N X . L T . 0 )  XCYCL=ALOGIO(XN/XO)  
IF (NY.LT.O) YCYCL=ALOGIO(YN/YO) 
I F  ( N X . G T . 0 )  XSTEP=(XN-XO) /XL 
IF (NY.GT.O)  YSTEP=(YN-YO) /YL 

( N Y . G E . G  . A N D . N X . G E . s )  CAii ~R~FiX~.!S2AiE!.Xfi,Y~O:s2i\iEE 

I F  ( N X . L T . 0  .AND.  N Y . L T . 0 )  C A L L  L O G L O G ( X 0 , X C Y C L . Y O . Y C Y C L )  
I F  ( N X . G E . 0  .AND. N Y . L T . 0 )  C A L L  YLOG(X0.XSTEP.YO.YCYCL) 



L i s t i n g  of  C V S B ( 4 6 9 9 . 4 7 8 8 )  a t  1 0 : 0 9 : 3 7  on AUG 29. 1 9 8 5  f o r  C C i d = S S 5 3  

I F  ( N X . L T . 0  .AND. N Y . G E . 0 )  C A L L  XLOG(X0.XCYCL.YO.YSTEP) 
I F  ( N X . G T . 0 )  IGRX=NX 
I F  ( N X . L T . 0 )  IGRX=-NX 
I F  ( N Y . G T . 0 )  IGRY=NY 
I F  ( N Y . L T . 0 )  IGRY=-NY 
I F  (NX .EQ.0 )  I G R X = 1  
i t  ( N Y . ~ w . o )  IGKY=I 
CALL GRID( IGRX. IGRY 1 
DO 4 0  J = I . N Y Y  
J J P = N P L S M B ( J )  

C WRITE ( 6 . 5 2 )  XO.YO.XN.YN.XL .YL .JJP ,XSTEP.YSTEP.J .NYY 
5 2  FORMAT(1X. '  XO. YO ' . 2 F 1 5 . 5 . 5 X . '  XN. YN ' . 2 F 1 5 . 5 . / . 1 X . '  XL .  Y L  ' .  

1 2 F 1 5 . 5 . 5 X . '  NPLSMB ' . I 5 . / . 1 X . '  XSTEP. YSTEP ' . 2 F 1 5 . 5 .  
2 5 X . '  J ' . 1 4 , 5 X . '  NYY l . 1 4 )  

DO 39 I = l . N P T S  
XPL~I~=X~I) 
Y P L ( I ) = Y ( I . J )  

39 CONTINUE 
I F  ( J J P . L T . 0 )  C A L L  DASH 
I F  ( J J P . L T . 0 )  J J P I = J J P + I  
I F  ( J J P . G E . 0 )  J J P l = J J P  
C A L L  CURVE(XPL.YPL.NPTS.JJPI) 
I F  ( J J P . L T . 0 )  C A L L  R E S E T ( ' 0 A S H ' )  

4 0  CONTINUE 
C A L L  H E I G H T ( O . 1 5 )  
C A L L  MESSAG( 'ODIAC1 / GMR'. lS.XMESS.YMESS) 
YMS l=YMESS-0 .15  
XMS l=XMESS-0 .05  
C A L L  MESSAG(' . . . . . . . . . . . . .  S ' .1OO,XMS1,YMSl )  
CALL ENDPL(KPLT) 
RETURN 
END 

P a g e  2  

T a b l e  (:. 6 .  Listings of  Code Changes to CUCVS (Page 37 of 38) 



Llstlng of SUSP:CUTS(1319.1332) at 10:08:43 on AUG 29. 1985 for CCld=SS53 

SUBROUTINE VECADD(VA.VB.VC) 
DIMENSION VA(3). VB(3). VC(3) 
DO 1 0 1  = I. 3 
VC(I) = VA(I) + VB(I) 

10 CONTINUE 
RETURN 
€NO 
SUBROUTINE VECSUB(VA, VB. VC) 
DIMENSION VA(3). VB(3). VC(3) 
DO 10 I = I .  3 
VC(1) = VA(1) - VB(1) 

1 0  CONTINUE 
RETURN 
EN0 

1 

Page 1 


