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PART 3 USERS' GUIDE

This part of the report contains a detailed description of the data re-
quired to operate the MVMA 2-D model and program output generated using sample
data sets. The first section contains a tabular Tisting of all data regquired,
the format of the cards, and the units of physical quantities. The second
section supplements this table with text to provide the user with information
concerning particular data gquantities which may not be easily chosen (e.q.,
sign conventions on joint angles, integration control parameters, etc.). The
third section describes normal output.

Section 3.4 discusses two example simulations, including preparation of
the data sets, It is highly recommended that all MVMA 2-D users read this

section completely and carefully.

3.1 DESCRIPTION OF THE INPUT DATA CARDS

Two data decks are required for computer simulations made with the MYMA
2-D model. (See Figure 64.) Each data deck consists of a series of eighty-
chafacter Tines which will be called "cards" in this discussion. The first
data deck is read by the input pre-processor "INP," and the cards are identified
by numbers 100 thréugh 1000 in columns 78-80 or 77-80.* Primarily, these cards
contain data which describe the crash event, the occupant, the vehicle in-
terijor, and the restraint systems. The second data deck is read by the output pre-
processor "QUTP."** Each card is identified by a number 1001 through 1600.
in columns 77-80. These cards contain data which control printout and various
post-processing functions. In general, data cards can be in any order within
a data deck. Cards which control model options not used for a particular
simuiation need not be present. Also, various quantities can be defaulted to

constants stored within the program by omitting their cards from the data deck(s).

*There are a few cases of tabular input where no identification numbers
are included (vehicle accelerations, energy-absorbing steering column parameters,
airbag parameters).

**UINP" and "GUTP" are two of the five major parts of the computer model,
discussed in Volume 3. 215



DATA DECKS

Card Number

100 Cords raad by INP,
101 100, 200,..., 900 content used ftor
102 avtomatic titling of pages
i
}
1
i
1000 1000 (blank} marks end of data deck
1001
1002 Cards read by QUTP.
1003
i
|
i
1600 1600 (biank) marks end of data deck

FIGURE 84 Data Decks
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Each card consists of ten fields. (See Figure 65.) The tenth field is
reserved for the previously mentioned card identification number. The first
nine fields, consisting of eight columns each, are data fields. Thus, up
tc nine numbers may be required per card although most cards make use of a
smaller number of fields. Numerical data must be specified in either F, E,
or D format, examples of which are given with Figure 65. B8lanks in numeric
fields are treated as zeros by most computer systems, so E- and D-format
numbers must be right-adjusted within data fields. Alphanumeric data are
required on some cards; blanks within an alphanumeric field will not be
ignored since a blank is a legitimate alphanumeric character,

A summary of the cards required to exercise the MVMA 2-D model is in-
ciuded here as Table 6. This table contains a card identification number in
the first column, a general description of data contents in the second, and
the number of cards which may contain a particular identification number in
the third. A detailed description of all data cards and their content, card
by card and field by field, is given in Table 7. This table, which includes
over 100 card Tayouts, is the primary reference for preparation of data sets.
In addition to collecting in one place a description of all reguired input
data, the table includes information regarding default values fqr fields of
cards omitted from the data deck{s) and alsc information regarding required
units for data, field by field. The units required for running the model

with metric-system or English-system data are indicated separately.

Following Table 7, Section 3.2 contains input data descriptions that are
more detailed than those included on the card layouts in Table 7. Sect%bn.
3.2 also includes many figures and tables which should be useful in the
preparation of input data sets. This section will answer many of the questions

that are likely to arise during input data set development, However, the
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user may sometimes find it necessary to refer to Volume 1 or to the Tutorial
System Self-Study Guide [8], which contains the most complete description

available of input gquantities needed by the MVMA 2-D model.
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TABLE 6. SUMMARY OF REQUIRED INPUT DATA CARDS

1.0, LCard Contents Number of Cards
Control Block
100 Computer run title 1
101 Simulation Controls (Card 1) 1
102 Simulation Controls (Card 2) 3
103 Integration control 1
104 Debugging controls 1
105 Debugging contrcls 1
106 Contact interacticn controls up to 100
107 Stored output specifications {(Card 1) 1
108 Stored gutput specifications (Card 2) 1
109 Stored output specifications {Card 3} 1
110 Stored output specifications (Card 4) ]
117 Stored output specifications (Card 5) i
Cccupant Parameter Input Block

200 Occupant parameter subtitle 1
201 Occupant body segment lengtns 1
202 End of link teo center-of-mass lengths 1
203 Mass of body segments 1
204 Moments of inertia 1
205 Head-Neck joint parameters (forward) 1
206 Neck-Upper Torso joint parameters (forward) 1
207 Upper spine joint parameters 1
208 Lower spine joint parameters ]
208 Hip joint baraneters 1
210 Knee joint parameters 1
211 Upper Arm-Upper Torsc joint parameters 1
212 Elbow joint parameters 1
213 Neck element parameters {for elongation) 1
214 Shoulder element parameters (for elongation) ]
215 Head-Neck joint parameters (rearward) 1
216 Neck-Upper Torsc joint parameters (rearward) 1
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TABLE & SUMMARY OF REQUIRED INPUT DATA CARDS

1.0. Card Contents Number of Cards

217 "Natural” link displacements 1

218 Occupant accelerometer and belt attachment parameters 1

219 Contact ellipse specifications (Card 1) 1 for each ellipse

220 Caontact ellipse specifications (Card 2) 1 for each ellipse

221 = Contact ellipse material cards (Same as 403-408) 1 set for each ellipse

226 material

227 Head-Neck joint muscle tension coefficients ]

228 Neck-Upper Torso joint muscle tension coefficients 1

229 Upper Spine joint muscle tension coefficients 1

230 Lower Spine joint muscle tension coefficients 1

231 Hip joint muscle tension coefficients 1 .

232 Knee joint muscle tension coefficients ]

233 Upper Torso-Upper Arm muscle tension coefficients 1

234 Elbow joint muscle tension ccefficients 1

235 Shoulder-Upper Torso joint muscle tension coefficients 1

236 Neck element elongation muscle tension coefficients ]

237 Shoulder element elongation muscle tension coefficients- 1

238 Muscle tension versus time 1 for each peint 1n
each muscle tension
table

239 Radial shoulder joint stiffness (elastic) 1 for each point in
table

240 Radial shoulder joint stiffness (quadratic} 1 for each point 14
table :

241 Radial shoulder joint stiffness (cubic) 1 far each point in
table

242 Neck element parameters (for compression) 1

Occupant Description Input Block

300 Occupant description subtitle 1
301 Initial body link angles relative to vehicle 1
302 Initial body Vink angular velocities relative to vehicle i
303 Initial conditions for upper torsoc and neck 1
304 Initial shoulder location and velocity relative to upper

torso attachment 1
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TABLE 6. SUMMARY QF REQUIRED INPUT DATA CARDS
I.D. Card Contents

Number of Cards

Vehicle Interior Input Block

400 Vehicle Interior Characteristics subtitle
401- Description of real line contact regions
402

4C 3~ Material property specification

408

406- Line parameters within a region

410

411 Line segment location

412 Friction coefficients

1
2 cards for each
region
1 set for each
material
1 set for each line
within region

1 set for each line
segment in a region,
ordered on time.

1 card for each fric-
tion combination

Vehicle Interior Belt Anchors Input Block

500 Vehicle interior configuration subtitle 1

501 MODROS belt anchor points relative to vehicle origin 1
Impact Specification Input Block

600 Vehicle impact subtitle 1

601 Vehicle initial conditions and accelerometer location 1

602 Vehicle horizontal accelerationversus time 1

- Acceleration versus time

603 Vehicle vertical acceleration versus time
- Acceleration versus time

604 Vehicle angu]ar acceleration versus time
- Acceleration versus time

€05 Head appiied force spec1f1cat1ons
606 Head applied force component versus time

Several cards,
4 time points per
card

1

Several cards, 4 time
points per card

1

Several cards, 4
time points per card

1

1 for each point in
head force tab]e

Belt Restraint System Input Block

700 Belt restraint system subtitle
701~ MODROS belt system parameters
703
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TABLE 6. SUMMARY OF REQUIRED INPUT DATA CARDS

1.0. Card Contents Number of Cards

704~ Belt material cards for MODROS and advanced belt sys- 1 set for each

709 tems material name used
for belts

710~ Advanced belt system parameters 10

719

720 Advanced belt system and ring parameters ]

721- Advanced belt system inertia reel parameters 3

723

Energy Absorbing Steering Assembly Input Block

800 Energy absorbing steering assembly system subtitle 1

801- EA steering assembly parameters 3

803

804 Gearbox position versus time 1

- Position versus time Several cards, 4
time points per card

805 Head/steering system properties 1

8CS Upper torsa/steering system properties 1

807 Middle torso/steering system properties 1

808 Lower torso/steering system properties 1

809 Front 1ine intersection points 1

810 Steering wheel material card 1

811 Reaction material names . 1

812- Steering assembly system and body material properties 1 set for each materia’

817 name used on Cards
805-811

Airbag Restraint System Input Block

900 Airbag system subtitle 1

901- Airbag system parameters 3

903

904 Airbag mass influx rate versus time 1

- Rate versus time Several cards, 4
time points per card

805 Supply gas temperature versus time 1

- Temperature versus time Several cards, 4
time points per card

806 Bag porosity versus pressure differential ]

- Porosity versus temperature Several cards, 4

223 : : time points per card



TABLE 6. SUMMARY OF REQUIRED INPUT DATA CARDS

1.D. Card Contents Number of Cards
907~ Airbag occupant contact reference points 3
909

Execution and Qutput Block
1C00 “"Go" Card for model execution 1
1001- Category selection and ordering specification 2
1002 .
1003 Printout contreols 1
1004 Filter and HIC controls 1
1100- Joint relative angle test values 8
1107
1200- Standard 1ist test values 2
1201
1202 Face and chest ellipse designation 1
1300 Type A comparisons 1
1400~ Type B comparisons 2
1401
1500~ Stick figure control parameters 2
15C1
1502 Stick figure time point specifications 1
1600 "Go" Card for output processor 1
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3.2 DETAILED DESCRIPTION OF INPUT DATA QUANTITIES

This section of the report includes material to supplement Table 7
of Section 3;1. Answers to many questions that will arise during preparation
of input data sets will be found here. This section is necessarily rela-
tively brief, however. If a user's question is not adequately answered
in this section, it is suggested that reference be made tc the 397-page
Tutorial System Self-Study Guide [8]. The focus of the Tutorial System is
preparation of input data sets. It provides the user with detailed
information about all aspects of the simulation model and also gives
general guidance in proper use of the model for predicting occupant dynam-
ics. Tables 8 and 9, which follow, are an index to use of the Tutorial

System Self-Study Guide.
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DATA CARDS REFERENCED BY MCDULES

Module Data Cards Referencg?
2 201-217, 303, 227-228
3 201-203, 2055217, 227, 228, 233, 235-242, 303
4 102, 103, 106, 219-226, 402, 412, 903, 907-90¢
5 102, 103, 106, 219, 401-412
6-1 103, 219, 221-226, 401, 403-408, 702-71¢
-2 102, 103, 219, 222, 401, 402, 404, 409, 410, 412, 605,
806, 705
7 205, 206, 215, 216, 301-304, 409, 1301, 1502
8 601-606
9 102, 218, 50%, 701-723
10 102, 411, 901-809
11 -
12 101, 102, 104, 105, 107-111, 218, 1000-1004, 1100-1107,
1200-1202, 1300, 1400, 1401, 1500-1302, 16C0
Table 8. a*a Carcs Referenced By Tutorial System Mcdules.
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CATA CARD FIELDS
AND REFERENCING MODULES

Card Field
1 2 4 5 6 8 9

ml{)'l 12 12 2 2 12 12 12 12 12
102 9,12 10,12 [12 4 4.5 4 6-2 12 12
103 6-2 6-2 £-1 -1 £-2 5 5 4 4
104 12 2 12 12 12 12 12 12 12
105 12 12 12 12 12 12 12 12 12
106 4,5 A,5 4,5 4,5

- 107 12 12 12 12 12 12 12 12 12
108 12 12 12 12 12 12 12 12 12
109 12 12 12 12 12 12 12 12 12
110 |2 12 12 12 i2 12 12 12 12
1 12 12 12 12
201 2,3 2 2 2 Z 2 3 3
202 2,3 2,3 2 2 2 2 2 2 3
203 2 2 2 2 2 2 2 2 2,3
204 2 2 2 2 2 2 2 2
205 2,3 2,3 2,3 2,3 2.3 2,3 2,3 2,3,7 12,3
206 2,3 2,3 2,3 2,3 2.3 2,3 2,3 2,3.,7 12,3
207 2 2 2 2 2 2 2 2 2
208 2 2 2 2 2 2 2 2 2
209 2 2 2 2 2 2 2 2 2
210 2 2 2 2 2 2 2 2 2
211 2,3 2,3 2,3 2,3 2,3 2,3 2,3 2,2 2,3
212 2 pd 2 2 2 2 2 2 i

Table 9. C[ata Card Fields Referencing Modules (Page 1 of §)

(Tutorial System)
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Card Field
T 1 2 3 4 5 6 7 8 9
213 3 3 3 3
214 3 3 3 3 3 3
215 2,3 2,3 2,3 2,3 2,3 2,3 2,3,7 12,3 2,3
216 2,3 2,3 243 2,3 2,3 2,3 2,3,7 12,3 2,3
217 Z 2 2 2 2 2 2,3 2
218 12 12 12 Q 9 9 9 9 8
215 4 2 4,6-1 4,6-1 4 4,5,6~2
220 4 o 4 4 4 4
221 4,6-1 B,6-1 ¢,6-1 4,6-1 |4,6-1 1{4,6-1 4,6-1 14,6-1 4,6-1
222 4,6-1 B,6-1 4,6-2 4,6-1 {4,6-1 (4,6-1
223 4,6-1 pB,6-1 4,6-1
224 4,6-1 4,6-1 4.6-1
225 4,6-1 4,6-1 4,6-1 4,6-1 14,6-1 |4,6-1 4,6-1 [4,86-1
226 4,6-1 4,6-1 4,6-1 4,6-1 |4,6-1 [4,6-1 4,6-1 |4,6-1
227 2,3 2,3 253 2,3 2,3
228 2,3 2,3 2,3 2,3 2,3
229 4 2 2 2 2
230 2 2 2 2 2
231 2 2 2 2 2
232 2 2 2 2 2
233 2,3 2,3 2,3 2,3 2,3
234 2 2 2 2 2
233 2,3 2,3 2,3 2,3 2,3

Table 9, Data

Card Fields Referencing Moduies (page 2 of 6)
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Card Field
1 2 3 4 5 é 7 8 @

i??é 2,3 2,3 2,3 2,3 2,3

237 2,3 2,3 2,3 2,3 2,3

238 2,3 2,3 2,3

239 3 3

240 3 3

241 3 3

242 3 3 3 3

301 |7 7 7 7 7 7 7 7 7
302 7 7 7 7 7 7 7 7 7
303 7 7 7 7 2,3,7 3,7

304 3,7 7 3,7 7

401 3 5 5,6~1 5,6-1 5,6-2 5,6-2 (5,62 }5,6-2

402 5 5 5 4,5,6-215,6-2 5 5

403 5,6-1 5,6-1 5,6-1 |5,6-1 5,6-1 5,6-1 ]5,6~-1 ]5,6-1 5,6-1
404 5,6-1 5,6-1 5,6-2 (6«2 6-2 62 5,6-1 |5,6-1 5,6-1
405 6-1 6-1 -1

406 6-1 6-1 6-1

407 6-1 6-1 g-1 6-1 6-1 6-1 g-1 6-1

408 6-1 6-1 16-1 61 6-1 61 6-1 61

409 5 5 5 5 5,6-2,7 j6-2 5 5

410 5 5 5 62 62 6-2 6-2

411 5 5 5 5,10 5,10 5 5 10

412 4,5,6-2 ¥4,5,6-2 14,5,6-215,6-2 |5,6-2

Table 9.

Data Card Fields Referencing Modu?es-
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Card Field
1 2 3 4 5 6 7 8 9

S{iL 9 9 g § 9 9 9 9
£01 8 8 8 8 8 8 2 8
602 8 8 8
603 8 8 8
604 3 8
605 6-2,8 (6-2,8 6-2,8 |6-2,8 [6-2,8
606 6-2,8 [6-2,8 £-2,8
701 9 9 9 9 9 9 9
702 6-1,9 |6-1,9 9 9 9 9 3 9
703 6-1,9 [6-1,9 9 9 6-1,9 |6-1,9 |8 9
704 6-1,9 |6-1,8 6-1,%9 |[6-1,9 |6-1,9 |6-1,% }6-1,9 [6~1,9 |&-1,9
705 6-1,9 J6-1,9 6-2,9 6-1,9 16-1,9 1}6-1,9
706 6-1,9 [6-1,9 6-1,9
707 6-1,9 6»1,9- 6-1,3
708 6-1,9 6-1,9 6-1,9 |6-1,9 |6-1,9 {6-1,5 |6-1,9 16-1,9
709 6-1,9 p-1,9 6-1,9 le6-1,9 (6-1,9 ([6-1,9 {6&-1,9 |6-1,9
710 3 9 9 9 9 6-1,9 1|6-1,9 |9 3
711 9 £ 9 9 9 6-1,9 16-1,% |8 9
712 9 9 9 9 9 6-1,9 |6-1,9 19 9
713 9 9 9 9 9 6-1,9 |6-1,9 9
714 9 9 9 9 9 6-1,9 {6-1,3 9 9
715 9 9 9 9 3 6-1,9 {6-1,9 19 9
716 )19 9 9 9 9 6-1,9 |6-1,9 18 g

Table 9. Data Card Fields Referencing Modules {page 4 of 6}
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Card Field

1 2 3 4 5 é 7 8
717 9 9 9 9 g 9 9
718 9 9
718 9 9 g 9 9 g 9
720 9 9 9 9 g 9 9 9
721 g 9 g 9 9 9
722 9 9 9 g 9 9
723 9 9 9 9 9 9
901 10 10 10 10 10 10 10 10 10
502 10 i0 10 10. 10 10 10 10
803 10 10 10 10 10 4,10
904 10
905 10
906 10
907 4,10 4,10 4,10 4,10 4,10 4,10
508 4,10 4,10 4,10 4,10 4,10 4,10
90% 4,10 4,10 4,10 4,10
1000 12 |
1001 12
1002 12
1003 12 12 12 12 12
1004 12 12 12 12 12 12 12 12
1100 12 12
1101 12 12

Table 9. Data

Card Fields Referencing Moduies (page 5 of 6)
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Card Field
1 2 5

oz |12 |12
1103 12 12
1104 12 12
1105 12 12
1106 12 12
1107 12 12
1200 12 12 12 12 12 12 12 12 12
1201 12 12 12 12 12 12 12 12 12
1202 12 12 12 12 |
1300 12 12 12 12 12 12 12 12
1400 |12 12 12 12 12 12 12
1401 12 12 12 - 12 12 12 12
1500 12 7,12 12 12 12 12 12 12
1501 12 12 12 12 12 12 12 12 12
1502 12 12 12 12 12 12 12 12 12
1600 12

Table 9. Data Card Fieids Referencing'ModUTES (page 6 of 6)_




INPUT DATA CARDS

Card 100

This card contains the run title. It is used by the program in the

automatic preparation of headings for each page of printed output.
Card 101

The switch MKSSWT instructs the program fo interpret input data from
all foliowing cards in metric units or English units. The required units
for all input values, whether metric or English, are indicated in Table 7.
Input units are mixed, e.g., "in" (or "cm") might be required for one
value while "ft" {(or "m"} will be required for another. Internal units,
however, are in-1b-sec for a run made in English system units and m-N-sec
for a metric system run. See Table 10 for conversion constants.

The integration option indicator, INTOP, should be set equal to 1.
at present. The integration subroutine which has been supplied with this
program uses a fixed Runge-Kutta approach and is the same one supplied ori-
ginally with MODROS. If another value is chosen, it will automatically be
set to 1.

The quantity, EDEPS, in field 4 is an editing constant. After inversion
of the matrix, the resulting accelerations are compared with this value.

If they are smaller than EDEPS, they are set to zero. This procedure was
developed in previous HSRI models to minimize the effects of truncation,
roundoff, inversion, and other types of small errors. The value usually

chosen is 0.
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METRIC/ENGLISH SYSTEM CONVERSION CONSTANTS

PHYSICAL QUANTITY CONVERSION RELATION
Length 1 in. = 2.54 cm*
Length 1 ft. = .3048 m*
Length 39.370075% in. = 1 m
Force 1 1b. = 4.4482276 N
Mass 1 Ibm = .483858237 kg~
Mass 1 1b~sec?/in. = 175.12684 ka
Mass B P slug = 14.593903 kg.
Moment of Inertia | 1 1b-sec?-in = 0.11268483 kg-m?
Torque d 1 Tb=in = 0.11298483 Nem
Enerqy 1T in-1b = 0.11298483 N-m
Linear Spring Coefficient 1 1b/in. = 1.7572684 N/cm
Second Order Coefficient 1 1b/in2 = 0.68947573 N/cm=
Third Order Coefficient 1 1b/in3 = 0.27144714 N/cm?
Fourth Order Coefficient 1 1b/in* = 0.10686895 N/cm*
Fifth Order Coefficient 1. 1b/in3 = 0.0420743%0 N/cms
S§ixth Order Coefficient 1 1b/in® = 0.016564721 N/cm®
Pressure 1 19/in® = 0.68947573 N/cm?
Pressure 1 atm. = 14.6%6 ib/in® _ i

= 1.013253% x 10° N/m¢
Gas Constant T fe-1b/{1bm °F) = 5.38032 Joules/{kg °C)
Specific Heat 1 BTU/1b-°F = 1 kg-cal/kg-°C

= 4,.1868 Joules/gm-C*
Earth Standard Gravity 1 E.S5.G. = 9.80665 m/sec?*

= 32.174049 ft/sec? = 386.08858 in/sec?

* Exact conversion

Table 10. Metric/English System Conversion Cons®ants
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Beginning time, 7B, is usually chosen to be 0.0 msec unless the exercise
is a restart. The final time, TF, usually ranges from 150-250 msec for
vehicle occupant studies and up to 1 second for pedestrian studies.

Tne numerical integration step size, DT, is usually selected as 0.00]
sec. Smaller sizes have been used in particularly violent dynamic events.

The print time increment, PTINC, in Field 8 is sometimes set to
0.001 sec. For applications where the increment is not so critical, PTINC =
0.005 sec. will produce a complete record of an output subject on one sheet
of printed paper for a 200-msec simulation.

Card 102

The first three fields of Card 102 indicate whether belt, airbag, and
energy-absorbing steering assembly submodels are to be used. If an option is
not desired, it is necessary only to enter a O, here; the associated submodel
parameter cards need not be removed from the data deck.

The fourth, fifth, and sixth fields of Card 102 control inhibitions
of contact between body segments and the various regions describing the
vehicle. Field 6, ILL, should be selected first. If it is set to 1, contact
between body ellipses is not sensad in the program, If it is set to 0, then
the setting of LHIB in field 4 controls ellipse contact inhibitions. Some
of the Cards 106 contain two ellipse names. If LHIB = 0, these potential
contacts are allowed; if LHIB # 0, these contacts are not considered.

Field 5 controls the meaning of Cards 106 for region-ellipse contacts. It
should be noted that only those contacts which are 1ikely to be important
should be included. The more contacts which must be tested, the more complex
the algorithm and costly the computer run.

Field 7 contains FNU. This quantity attempts to soften the effect of
a discontinuous fricticnal force. Assume that a normal force begins to move

tangentially over a surface. Theory states that a friction force exists
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the moment this tangential motion starts. FHU defines a velocity ramp.
For zero velocity, tangential friction is zerc. For the velocity, FNU, the
friction force attains its full value. For tangential velocities between
0 and FHU, the tangential force behaves as a Tinear function of velocity.
{See Section 2.6.6). Values from 1.0 to 10 in/sec are reasonable.

Field 8 contains EPSINV. This quantity is used to sense errors intro-
duced during matrix inversion due to singularity conditions. The
guantity is particularly tuned to matrix diagonal quantities which are very
small compared with their neighbors. If the matrix tends to singularity,
this check will register as a fatal errcr and execution will be terminated.
This value which has been used successfully in HSRI crash victim simulators
is 0.000007.

Field 9 contains MX, the exezution CPU time limit. This gquantity will

depend on user experience with the particular simulation event which is being

conducted. It is estimated that 2 min. should be sufficient for most pur-

poses,
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Card 103

The first, second, and fifth fields define DSTEPX, DSTEPY, and LIMCNT
which are used when deflection js shared between a contact ellipse and a
region (or other ellipse). The shared deflection problem can be stated as

Fi(61) = Fp(dy)
61 +52=5

where

Fis Foare the forces on the contacting elements,

& is the total deflection

81, 6, are the def?ecﬁibhs o? the.fﬁdiéidué} eTeﬁents.
Without including an elaborate formulation, the shared deflection algorithm
can be described as follows. First, a non-zero §is sensed. It is necessary
to balance forces and soive the individual deflections, &; and §,. A fﬁnction
G is defined as fol?bws:

G(&1) = Fy (6,) - Fp {6 = &)

and the algorithm attempts to find &; in the range 0 to § for which
G(s;) = C.

For initial contact, two &'s are estimated.

5. < , ;u-_-i

b “+

The quantity G is computed for both. If both G's have the same sign, 3,
does not 1ie between &,y and 3;, and new &§,;'s must be selected until ¢,
is trapped. When the two G's are of the same sign, then §, is trapped and
an interval halving procedure is used to isolate it.
For the case of continuing contact, the following information is available
to the program: & new & as well as &; and 5, for the previous time step.

In this case new s;'s must be estimated until s, s trapped as described above.
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The quantities, &,,, are estimated using a classical Newton's method.

DSTEPX and DSTEPN are the maximum and minimum allowed trial adjust-
ments of the component deflection values at any iteration step. Values of
.2 and .02 are virtually always suitable. The number of iterations allowed,
LIMCNT, should be about 20. The zero of G(a]) is usually found in fewer

than 10 iterations. LIMCNT is essentially the Timit of the subscript i in 14

Fields 3 and 4 contain FORLIM and HARDCN which relate to the contact
between two elements specified to be "rigid." In reality the model treats
rigid members as extremely stiff elastic-plastic solids. The linear elastic
constant, HARDCN, is usually chosen to be 15,000 1b/in while FORLIM often
Timits the value of the resulting contact force to 100,000 1b.

Fields 6 and 7 contain TPC and EPSFAC which are used when contact region
line segments are specified to move as a function of time (See Figure 32).
They are introduced to avoid abrupt changes in velocity at line segment corner
points. The quantity EPSFAC is the number of integration time steps over
which the maximum ramp length connecting the two velocity levels is specified.
The quantity TPC defines the ramp length on the basis of a percentage of

the time Detween t; and t,. The quantity, =, shown in Figure 32 1is defined as
e = min ngPC X (t2 - t1), EPSFAC x Afg

The usual value for TPC is 0.05 (5% of the ramp)} and 10 for EPSFAC which
allows a change of velocity to become complete within 5 msec if the integration
time step is selected to be 0.5 msec.

Fields 8 and 9 contain the geometric quantities BETELP and GAMELP which
relate to ellipse contact. Because the tpye ellipse contact problem involves

an extremely compiex algorithm, HSRI has chosen to replace all ellipses by
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special ;1rc1es thus leading to an important reduction in computer exercise
costs. If the ellipse is nearly a circle (if the ratio of the shorter to
the longer semi- axis is nearly unity), the ellipse is simply replaced
by a circle placed at the ellipse center. The ratio of axis lengths {the
level of the desired approximation) is controlled by the input quantity

BETELP. HSRI usuaily sets BETELPat least as large as 0.75, usually 1.0.

If the ratio of the semi- axes is less than BETELP, a circie with
a radius equal to the shorter semi- axis js allowed to migrate along
the major axis essentially sweeping out a rectangle capped with

semi-circular ends. This geometric figure replaces the ellipse. In a

way this is similar to the straight line techniques used in ROS but without
the attencant analytical problems. The quantity GAMELP controls the extent
of the excursion of the circle. When GAMELP = 1, the circle can travel to a
point where it is tangent with the end of the ellipse. HSRI practice is

to choose GAMELP = 0.9 or higher. See Section 2.6.7 for the analysis and
Figure 35 for a schematic.

Cards 104-1G5

Auxiliary or debugging printout for this program is organized in terms
of sixteen four-level switches. Each switch corresponds to a particular
section of the program. The levels of a particular switch control the depth
of detail of the debugging printout. Examples of hexadecimal debug words
for use on the 104-105 cards as well as a complete description of the output
available using this technique are included as Section 4.3.5 of this report.
Because debug printout is specified as a function of time, it is possibie
to isolate very small time domains for detailed study. This is usually
necessary because of thé immense amount of printout which can be generated

by the debug commands.
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Debug printout can be obtained for all four evaluations of derivatives
required by the Runge-Kutta integration or only at the final evaluation
(at the full time step at). If debug printout for the intermediate evalua-
tions is felt uniikely to be of value for a particular run, then the total
amount of debug printcut can be reduced to one fourth by setting Field 9
of Card 104 to 1. While it is generally true that intermediate evaluations
are not important for uncovering a program bug, they can in some cases be of
value. A value of 1. is recommended,

Field § of Card 105 contains KDICTP. The packing debug dictionary contains
intarnal references to storage of contact force information and connects
these references to external alphabetic titles of contact ellipses and regions.
Although this material is not useful in the case of routine exercises, it
shouid be cobtained when new simulation problems are initiated or when debug
printout is required. A value of 0. is recommended.
Card 106 |

tach of these cards contains the name of an ellipse attached to the
body of the crash victim and either another ellipse or cne of the contact
regions describing the vehicle. Depending on the settings of KHIB, LHIB,
and ILL on Card 102, they may refer to contacts which are allowed or which
are disallowed. The most customary practice is to select desired or anticipated
contacts and include them on these cards. The general operaticnal philosophy

is to use as few contacts as possible thus minimizing run costs.

Cards 107-111

These cards contain switches controlling storage of potential program
output quantities. The amount of storage should be kept at a minimum to
reduce costs. The actual printout of these classes of variables is controlied

by Card 1001 and 1002. Table 11 provides a listing of all output categories.

350



Category
Number

0

BT TS A

0 ~ O

11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
30
31

Description

Formatted Printout of Input Quantities

Vehicle Response

Real Line Region Parameters

Real Line Region Individual Line Segment Movement
Contact Forces Inciuding Occupant-Vehicle, Occupant-
Belt, Occupant-Occupant

Neck Reaction Forces

Unfiltered Body Accelerations (Head, Chest, Pelvis)
Filtered Body Accelerations (Head, Chest, Pelvis)
Unfiltered Severity Indices

Filtered Severity Indices

Body Link Angles

Body Link Angular Velocities

Body Link Angular Accelerations

Body Joint Coordinates

Body Joint Velocities

Body Joint Torques

Body Joint Absorbed Energies

Body Kinetic Energies

Airbag Variables

Airbag Contact Forces

Airbag Center of Mass Forces and Moments

Neck Joint Coordinates

Shoulder Joint Coordinates

Joint Torque ETastic Components

Joint Torgue Joint-Stop Components

Joint Torque Friction Components

Joint Torque Viscosity Components

Joint Absorbed Energy Joint Stop Components
Joint Absorbed Energy Friction Components

Joint Absorbed Energy Viscosity Components
Center of Mass X-Component Forces

Center of Mass Z-Component Forces

Table 11 List of Qutput Categories
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Category

Number Description

32 Center of Mass Resultant Moments

33 Steering Column Coordinates .
34 Steering Column Generalized Coordinates 1
35 Steering Column Forces and Moments

36 Forces and Moments on Body Due to Steering Cotumn

37 Neck and Shoulder Forces

38 Muscle Tensicon Forces o
39 Muscle Tension Energy Absorption

40 Femur and YTibia Accelerations and Loads

4] Joint Relative Angle Comparisons Against Upper and

Lower Test Values
42 Standard List of Quantities to be Compared Against
Test Values

43 Individual Type A Comparisons

44 Individual Type B Comparisons

45 Printer-Plots of Stick Figures

46 Head Center-of-Gravity Motion

47 Chest Center-of-Gravity Motion

48 Hip Motion

49 : Joint Relative Angles )
50 Joint Relative Angle Velocities .

Table 11 List of Output Categories
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Card 200
This card contains the run subtitle for the occupant parameter input
biock. It is used by the program in the automatic preparation of headings

for each page of printed output,

Cards 201-204

Useful schematics are included as Figures 86 and 67.

Cards 205-216 (plus Card 242)

There are a variety of guantities on these cards which define the
geometry and torsional strength properties of the various joint structures.
Joint geometry will be discussed followed by a discussion of joint torgue
generation.

Figure 68 is a sketch of a human in a standing position. His body links
have been sketched in to show that they are not necessarily in alignment.
This factor becomes important in auxiliary programs which compute body
link dimensions on the basis of external anthropometric data.

Figure 69 is a schematic representation of the standing man represented
by his Tinks and contact circles. In this diagram the misalignment of the
Tinks is shown and the misalignment on angular displacement between the
upper torso iink and the neck link is labeled ZETA.

Figure 70 is a sketch of a human in a seated position. His body links as
required for input to the program have been superimposed on the body
outline to show their positions. The same considerations apply to sitting
position as were discussed for the standing position in Figure 68.

Figure 71 is similar to Figure 69 except that the occupant is seated.

It is apparent that the natural angular displacement of the links at the knee
and hip are different for the seated position and the standing posiiion.
Distinction between seated and standing positions becomes necessary when the

simulation is used to characterize vehicle occupants and pedestrians.
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Articulated Body Scnematic

Figure 66.
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0 = constant

L,,= constant

Figure 67. Shouider Joint
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Figure 68. Standing Position
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Figure 69,

Schematic Representation of Man
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Figure 70. Sitting Position
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Figure 71,

Schematic Sitting Positien
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Figure 72. Provision for "Natural" Link Orientation
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Figure 72 shows how natural link orientation might be obtained in the
construction of a dummy which employs an assemblage of symmetrical jointed
links. Namely, interconnecting flanges of appropriate angular sweep could
be used between the links. This feature would allow the joint to be at
rest in a natural position without exerting a torque. In actual dummy
construction, the individual links might incorporate the angular character-
istics required at each end. This figure is included only to point out that
both dummies and the mathematical models of humans must accommodate the

natural angular dispiacement of the links when the human is at rest.

On Cards 205-216, joint-stop angles and a "natural 1ink angle" must be

prescribed for each joint. A1l are prescribed as "relative angles.™

Figure 73 defines, for the purposes of this discussion, the relative
angular displacements between two adjacent links. Figure 74 illustrates
the definitions of joint-stop angles and the "natural link angle." Consider
the joint between body links ”La” and ”LB.“ Here, "a" shall designate the
tink nearer tc the head and "8" the link nearer to the feet. The upper
and Tower joint-stop angles and the "natural link angle” are defined by

counterclockwise (positive) rotation of La with respect to L_, as shown

g
in the Figures. Positions of La requiring clockwise rotation are

described by negative angles.

Field 1 of Cards 205-212 and 215-216 contains KJI{I,1). If positive;
this is the linear coefficient of an elastic torque generated when two links
move away from their "natural" link orientation defined above. If negative,
the magnitude is taken as a linear joint-stop spring stiffness. Quadratic

and cubic joint-stop stiffnesses are in fields 2 and 3.
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Figure 73.
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Figure 74, Definition of joint stop angles and
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Field 4 on these cards contains a viscous damping constant. The damping

torque generated at a joint is

where Tg is the torgue, Cg is the damping constant, and eg is the relative
angular velocity between the two adjacent body elements.

Fields 5 and 6 define the joint constant friction properties of the crash
victim as shown in Figure 7. When the relative angular velocity between the
two adjacent body segments exceeds the threshold velocity Vg, the frictional
torque, Fg, is applied to resist the motion.

Fields 7 and 8 on cards 205-212 and 215-216 define the location of
upper and lower joint stops. Field 9 defines the ratio of conserved to
stored energy in the stops. It is used in the computation of an unloading
curve.

Cards 213, 214, and 242 contain similar quantities for elongation
and compression of the neck and shoulder elements. Analogies with the quan-
tities on Cards 205-212 and 215-216 do not always hold strictly. First,
there is no “stop" for the neck element. It might be considered that there
is a stop at zero elongation since the quadratic and cubic deflection co-
efficients take effect immediately with deviation from the initial neck iength
(Field 5 of Card 303), but no conserved-absorbed energy ratio (Field 9) is
used. Energy can be dissipated through viscous damping for both the neck and
shoulder element, but there is no constant friction. The shoulder element
does have a stop (RSH), i.e., an elongation at which a conserved-absorbed
energy ratio takes effect along with a stiffening of the deflection curve
{the gquadratic and cubic deflection coefficients), The neck element behaves
differently in elongation and compression if the coefficients on Cards 213

and 242 differ.
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Card 217

Fields 1-7 on Card 217 define the "natural” 1ink displacements for.the
joints. When relative joint angles equal these "rest angles," the joint
torques due to linear spring forces are zero. It should be noted that this
natural angle does not have to correspond to the initial position of the

crash victim. The "natural" angle is described in Figure 74.

Card 218

Self-contained. (See Figure 75.)

Card 219

This bard and at least two following it should be included for each
contact-sensing eliipse attached to the crash victim. This first contains
an ellipse name used in output headings, the name of the material defining
the force-deformation characteristics of the ellipse, the body element on
which the ellipse is attached, and the friction class. A friction class
number is assigned to each ellipse and each contact region. For each pair

of friction class numbers, a friction constant is assigned (see Card 412).

Card 200.

This card locates the ellipse with respect to the center of gravity of
the particular body segment to which it is attached. Fields 3 and 4 locate
the center of the ellipse while fields 4 and 6 determine the semi-axes of
the ellipse which are located parallel to the moving coordinate system
attached to each body element. Figure 76 illustrates the definition of

these various parameters.

365



L/ +f downward along body

Az ._ : -2, +{ toward back of body
Upper ~— Vg
Tetfso Strap ' m
e L A EZ
3
o a5k
_ £,
4_({
AL .
5

One-Piece
Lap Belt.

5 The ‘attachment point { E (3 ) is iHustrated
for jower torso belt ottachment to the middie
torso element. In general this belt may be gttached
""" to dny torso element and thecoordinates { Z (3 )
o are;épeclhed wnth respect te the upper ;omt of'

el



Upper Middie Loawer Upper """': b X
Head torso torso torse legs ! é ¥
! -L
F Y —
Gy = w o 5 T
Upper Lower Lower -z
arms arms legs
Anterior
ce semi-axis along z
Superior -———T—':'— inferior
semi-axis along x
z
Posterior

Example for a ‘foot' ellipse

Figure 76,
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Cards 221-226

See Cards 403-408.
Cards 227-238

Cards 227-237 contain the musclie element coefficients 1> Ay, A,
which, together with the tabular time-dependent muscle tensions |M| from
238~Cards, define the Maxwell coefficients of the composite musculature at
a joint. This is discussed in Section 2.3.2.

The Titerature does not at present contain a great deal of experimental
information relating to the values a7, 35, 23, and Mt ). HSRI has successfully
used values determined by Bowman [10G] from certain published data for the
knee and by scaling on the basis of available anthropometric data. The avail-
able values which are pertinent to the MVMA 2-D simulation are given below.

M| in each instance is the maximum degree of muscle contraction by an

ma X
average man. Figure 77 pertains to scaling of these data.*

Upper neck joint and lower neck:

3y = 1.476 1b in/deg
]

3, = 0.153 deg”
ag = 0.0129 sec/deg
[M] = 210 1b in

ma X
Shoulder-upper torso joint:

ay = .15 1b in/deg
a, = 0.153 deg”’
ay = 0.0129 sec/deg
1M = 5 1b in

ma X
ileck element elongation:

42.3 1b/in
1

a1

a, = 4.4 in

*L s the effective moment arm at a joint for action of a muscle,.
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ag = 0.37 sec/in

M, = 210 b

*Shoulder-upper torsc joint:

a; = 0.15 1b in/deg
. -1

a, = 0.153 deg

aq = 0.0129 sec/deg

M = 5 1b in

'max
*Shoulder eiement elongation:

3y = 4,23 1b/in
. g
2, = 4.4 9in
a4 = 0.37 sec/in
lMlmax = 200 1b
Knee:
ay * 10.44 b in/deg
' -1
2y = 0.105 deg
ay = C.0088 sec/deg

|M] = 4320 1b in (two knees together)

max
Cards 239-241

Since shoulder flexibility may be more restricted in some directions than
in others {See Section2.3.7)allowance has been made for angular dependence of
the stiffness coefficients for elongation of the shoulder element. Periodic
tables may be entered by use of Cards 239-241,

Card 242

See the last paragraph of the secticn describing Cards 205-216.

Card 300

This card contains the run subtitle for the occupant orientation input

block. It is used by the program in the automatic preparation of headings for

each page of printed output.

* The shoulder muscle tension parameter values are littie better than guesses.
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Figure 77. Muscle at a joint
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Fmax i is the maximum static tension that can be generated in
*

the muscle element under the same conditiecns. For scaling from
individual to individual for the same joint, iFllg/{FIg can

reasonably be taken as (mIT/mzifj where m is total body mass.
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Card 301

This card contains the initial body link angles. They are computed
relative to the null position shown in Figures 7% and 79. Two examples are alsc
shown in Figure 79, an upright occupant position with arms extended and
a representative seated position. The angles included in the tabular ocutput
use this same convention.

In auxiliary debug output, the angles are computed using a different
convention., The null position is shown in Figure 80 as well as the values
corresponding to the seated example of Figure 79.

Card 302

Self-contained (See Card 301)

Cards 303-304

Self-contained. (See Figure 67 for XS and ZS.)
Card 400

This card contains the run subtitle for the input block used to describe
the snape and physical properties of the vehicle interior. It is used by the
program for the automatic preparation of headings for each page of printed cutput.

Cards 401-402

These two cards which must be supplied for each contact region contain the
control switches which select the various contact force generation options avail-
able with the program.

Each contact region is given a region name and a name for the material
properties as specified in Fields 1-4 of Card 401. The switch in Field 5
selects the force generation model to be used. The standard model (switch = 0)
uses techhiques similar to MODROS and older HSRI models. That is, line seg-
ments within a region deform independently for each impinging contact-sensing
ellipse and continuity is not maintained between adjacent line segments within
a region. The force-deformation curve may be tabular, polynomial or a combination.

The standard force-deformation model does have the advantages of the real-line

371



by.09.64.04.05,85.67.88.0,=0 (input or ocutput)
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Upper Legs (3) M, 27 ower Legs (6}

Knee

Neck

Figure 78. Occupant Model Configuration with all Body Link Angles Equal to
Zero, for INPUT or QUTPUT
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Figure 79. Bedy Link Angle Conventions for Input Data and Tabular Outpuf
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Heck

Upper Middle Lower Upper Lower
Head ¥ Torso , Torso —e Torsc o Legs o L2GS
Upper Lower
Shoulder Arms Arms
Element

Null Position

Seated Position

Figure 80. Body Link Angle Conventions for Auxiliary Debug OQutput.
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interior model in the sense that resuitant forces are computed in a direction
perpendicular to the particular line segments of the region which are contacted.

If the switch = 1 in Field 5, & model of material response coupled with
structural deformation is used. The force-deformation properties for the
region are appiicable for all line segments. However, continuity of the
line segments is maintained and permanent deformation of cne segment will
result in permanent deformaticn for all. This permanent deformation aiso
affects the location of the region for contacts involving additicnal
e]Tipses. In addition, the use of this structural model allows variable
stiffness within a contact region. A use of this is to simulate exactly the
force-deformation curve of a region in the place where tesf data is
available and to provide stiffer response near support structure for the
region.

Field 6 of Card 401 supplements the contact model.

If the switch = 0, muitiple ellipses interacting with one

line segment are not considered independently. Rather, the sum of their
independent forces is required to equal the maximum of the forces generated

if they are all considered independently. This effectively distributes

the loading of several contact ellipses over the surface and improves the

model of contact. I[f the switch = 1, the older technique s used where each
contact-sensing eliipse interacts independently with the contact 1ine segments.
For this option to work the cavity analysis must be used as specified by the
switch in Field 8 of Card 401.

The switch in Field 7 of card 401 considers the case where a large
contact-sensing ellipse interacts with a curved area within a region
including several line segments. When the switch =g, the forces generated
by all the involved 1ine segments are combined to yield a resultant force

acting in the approprizte direction. When the switch = 1, the forces act
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independently on the ellipse as is the case with older HSRI models and
MODROS.

The switch in Field 8 of Card 401 controls the use of a "cavity analysis"
for line segments within a region. Individual contact ellipses yield a
"dent" when they impinge on a surface. The shape of this dent is controlled
by parameters on Card 404, the "cavity coefficients." Tha purpose of these
dents i3 to control the phasing of centact eliipse interactions with a surface.
If one ellipse interacts, a dent is formed with deformation of the surface
existing away from the area of contact. If a second ellipse begins to
impinge, it should see this dent rather than the original contact surface
for proper phasing of contact forces. This refinement of the analiysis is
not incliuded in MODROS or older HSRI models.

Field 3 of card 402 includes the number of individual line segments
in the contact region. The location and properties of each of the line
segments are included on 409-4117 cards.

Field 4 of Card 402 identifies the friction class of the contact
region. A friction class number is attached to each ellipse and each
contact region., For each pair of friction class numbers, friction
coefficients are assigned (see Card 412).

The switch in Field 5 of Card 402 controls use of the structural
deformation model. If the switch is 0, structural deformation is allowed.
If the switch is 1, it is not.

The switches in Fields 6 and 7 of Card 402 define the coordinate
systems used in the input data and in the printed output. Vehicle coor-
dinates will most often be selected for occupant protection studies while

inertial coordinates will be mostly used in pedestrian studies.
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Cards 403-408 (221-226) (704-709) (812-817)

These six cards are used to describe material properties for regions,
contact ellipses, belts, and steering assembly components. A set must be in-
cluded for each material property name included elsewhere in the input data.

Card 403 (221, 704, 812)

The quantities included in Fieids 3-8 determine key points on the
force-deformation curve shown as Figures 12, 81, 82, 83, 84, and 85,

Card 404 (222, 705, 813)

Field 3 contains the guantity FOREPS. When shared deflection is used,
it is necessary to solve for a deflection in two elements such that the
force is the same acting on both. Because exact solution is not possible,
a range of error must be specified. This range of error is specified on the
applied force. For most problems an error range of 5 1b. is felt to be
adequate.

Fields 4, 5, and & contain cavity coefficients which are read if this
option is sejected. The quantity »; controls the extent of the dent due
to the deflection. The quantity i, controls the extent of the dent due to
the size of the impinging ellipse and i3 controls the shape of the dent
under the contact ellipse. The action of these coefficients is shown in
Figure 86. Their values should be selected based on the size of the
dent observed when a ball impinges into the contact surface during an
experimental impact. The smallest possible cavity is given by
A= A= Az = 0,

Fields 7, 8, and § specify names for varicus material properties

specified in detail on other cards.
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Static Loading Curve

Force

Deflection, &

sc = yield point (elastic limit)
5, = breaking point

5. = end of breakdown curve

Figure 81. Static Loaging Curve
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Combined Loading Curve
Force

~ Static Loading Curve

Deflection, &

5,= deflection at peak of inertial spike curve

55 = deflection at cutotf of inertial spike curve

Figure 82. Inertial Spike Curve
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Cavity for xy = 0, %, # 0, 23 =0

d = min (i3r, an)

Cavity for Ay = 0, 2; =0, x3 # 0

Figure 86. Cavity Coefficients
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Card 405 (223, 706, 814)

This card or cards defines the ratic of permanent deflection to
maximum deflection used in computing material unicading force-deflection
curves, Field 2 contains a deflection or a negative number. If a negative
number is given, there is only cone 405 card for this material and G is
assumed to be constant. See Figure 84.

Card 406 (224, 707, 815)

This card or cards defines the ratio of conserved energy to total
energy used in computing material unloading force-deflection curves.
Field 2 contains a deflection or a negative number. If a negative number
is given, there is only one 406 card for this material and R is assumed to
be constant. See Figure 83.

Card 407 (225, 708, 816)  (See Figures 81 through 85.)

This card defines the static force-deflection curve for a material
(Field 1) either as a polynomial or as a table of force versus deflection.

If Field 2 contains a negative number, then force is given by
Fom ()8 + 082 #0383 + Cus + £g8% + (86

If Field 2 contains a deflection and Field 3 contains a force, then
multiple 407 cards must be included to build a force-deflection table.

Card 408 (226, 709, 817)

The comments given for Card 407 apply except that the specified curve
is the inertial spike shown in Figure 82 and discussed in Section 2.4.1.

Cards 409 and 410

These two cards must be included for each line segment and contain several
required and optional quantities. Fields 5, 6, and 7 of Card 409 refer

to the penetration limit, edge constant, and direction factors which are
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defined as in previous HSRI models. The penetration limit is
needed to avoid force generation when a contact ellipse is legitimately
under a contact surface. For example, the knee is often placed under the
plane of the upper instrument panel. The value for this number should
be selected larger than the amount of deflection which is expected of the
surface in one time integration step.

The edge constant has been defined to handle cases where a contact
ellipse interacts at the edge of a region or at a corner where twe
line segments meet. Its effect is shown in Figures 87 and 88. The
force calculated based on a deflection, &, is reduced frem its
full value where the eilipse is in full contact with the surface, to
2ero when the ellipse has sl1id to the side off the edge of the

surface. The value for this constant should be chosen

0s »< 0.5

An example of the selection of a particular value is included in Section 2.6.2,

The direction factor indicates which side of a surface should be
contacted. It is selected based on a determination of whether the time-zero
inertial origin lies behind or in front of the contact surface. If the
inertial origin is on the same side of the surface which should be contacted,
1.should be entered. Otherwise -1.should be entered. * See Figure 89.

The third field of Card 410 determines whether the contact line seament
is programmed tc move as a predetermined function of time thus representing
events such as vehicle coliapse or motion of a deployable restraint system,

If the region does ﬁct move, i. should be entered,

*No line segment defined by 411-Cards is allowed to pass through the
inertial origin at t=0.

385



E(S;}\)
E=]
.:1;///,
/////; 5 |
: 0
E:O ‘ ~E 2 E:O
A s B \ |
(5:0) (S-‘“:'I)
=1
§= -\ S=1TA
wn "‘j
Figure 87, Effectiveness Factor E as a Function of s, the Positicn of
Contact Point with Respect to Line Segment, With Edge

Constant X as a Parameter

386



> e
yr B

il

E

Figure 88.

Effectiveness Factors for Edge Constant Values ot 0.

387

and .5

0



D.F. =
frame

D.F. = -1.
PANEL
o;—bx
DF = -1. inertial
B z frame
LOWER
PANEL
orx
N inertial D.F. = 1.
\Z frame
'\
-1.

Line-Segment Direction Factors, Defined at ¢ =
hr]

A
DF. =1 ‘material side’
of line segments
B
. . io;——bx
inerhia 1. c
Zz

it

Figure 89,

388



g

The fourth through seventh fields of Card 410 are used to simulate
structural response of a contact region. The gamma (y) quantities have
the units of inverse mass and are therefore called "mass impedance,”

Their effect is to influence the amount a Tine segment can be pushed out
of the way during the force action of a contact ellipse, When y = 0,
the end point of a line segment cannot be pushed out of the way. When v
is a very large number, the Tine segment can be pushed out of the way
without generating a substantial force. Therefore, it is apparent that
Yy quantities must be selected while developing force~-deformation curves
and can probably be used to simulate the inertia) spike.

The k's relate to the structural connection between the line segments
within a region. When k = 0, the line segments within a reéion are
connected, but only for the purpose of maintaining continuity. As k
is increased, the coupling of line segments with respect to one another
becomes more apparent. The effect of the k's is that of a torsional spring
at the points where line segments meet. Hence, they are calied "bending
constants, ™

The main use of the k and y quantities which is obvious at this early
stage of their development is to allow variation of material properties
within a region. Let us assume that a force-deformation curve is determined
from a single test such as a pendulum test of an instrument panel. Most
Tikely this test is conducted at a "soft" part of the instrument panel.
Where the panel is more curved or where it is supported by substructure, it
will be stiffer. The y quantities should be choseny >0 for the line segments
where the "soft" test result is measured. For sharp corners and for sub-

structure, values of y = 0 should be chosen. The effect of v is governed by

- 2
a8 = yF (at)2 + Mper‘manent
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where A8 is the total permanent motion of the line segment during a time

integration step.

Adpermanent is the permanent motion of the 1ine segment due to
permanent deformation resuiting from the force-de-
formation curve

Fis the force at the beginning of the time integration step

At is the size of the time integration step.
Therefore, the value of y may be estimated on the basis of the relationship
desired between the measured force-deformation curve, the expected applied
force and the time duration during which the force acts.
Card 411

At least one 411 card must be included for each 1ine segment of each

region. The identification name is given in the first field. The
remaining fields Tocate the line segment as a function of time.* Although
the Tine segments will move with the vehicle to simulate a non-deforming
occupant compartment or vehicle exterior surface, it s also possible to
specify their location as a function of time with respect to the vehicular
or inertial coordinate systems in order to moedel such physical events as
predetermined vehicle collapse or deployment of a restraint system. This
motion is then superimposed upon any of the types of structural deformation
which may occur during occupant-vehicle contact. The third field specifies
the point in time at which position is specified while the 4th through 7th
fields specify Tocation of the endpoints. If the location of the line seg-

ment 15 time independent, a negative number should be entered in Field 3.

*It is not atlowed for a line segment or its extension to pass exactly
through the inertial origin at t=0.
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Field 8 is used to define a point of a frontal interior outline for air-
bag contact. This usage is &escribed completely in footnotes for Card 411,
Card 412

Card 412 contains friction coefficients for eliipse-region contact.
It should be recalled that a friction class has been assigned to each region
and to each ellipse. These cards match regions and ellipses for which
non-zero friction is desired in the first fwo fields while the last three

fields contain the linear and nonlinear friction coefficients.

Card 500

This card contains the run subtitle for the vehicle interior configuration
input block. It is used by the program for automatic preparation of headings
for each page of printed output.

Card 501

This card contains anchor points for the belt restraint systems as
defined in Figure 16,all relative to the vehicle-fixed coordinate frame.
Card 600

This card contains the run subtitle for the vehicle impact specification
input block. It is used by the program for the automatic preparation of
headings for each page of printed cutput.

Card 601
Fields 1-6 give the vehicle x, y, and & position and initial velocity

with respect to the inertial cocrdinate system., Because it is possibie to

use accelerometer data from a test as input to this program, accelerometer

location in vehicle coordinates is specified in Fields 7 and 8. If
deceleration force is given instead of acceleration, vehicle or sled mass

must be included in Field 9.
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Cards 602, 603, 604, 605, 606

These sets of cards define vehicle horizontal, vertical, and angular

accelerations as functions of time and also head-applied forces. Card
content is self-explanatory.
Card 700

This card contains the run subtitle for the belt restraint system
input block. It is used by the program for the automatic preparation of
headings for each page of printed cutput.
Card 701 {See Figure 75 for Simple Belt System schematic.)

Card 701 contains physical parameters relating to the iap belt and
the upper torso belt attached to the upper spine body segment. Belt length
and slack quantities are self-explanatory. Tne breaking force features évai]w
able with the HSRI force-deformation routines are duplicated in the belt rou-
tine using Fields 5, 6, and 7 of this card. The time duration, DELTB, insures
that the belt force will gradually be reduced to zero rather than undergo a
step-function dropoff, a potential source of solution instability. This tech-
nique differs from that available with the force-deformation routines where
force dropoff occurs over a small change in deformation. The technigue used
in preparing input data may well depend on the availability of experimental data.
If a force-deformation curve of the belt material is available, that technigue
would probably be easiest. Where a dynamic break test is available the 701
Card would probably be best.
Card 702

Fields 1-4 represent an attempt to uncouple compliance of a lap belt
structure with compliance of the vehicle occupant whether it be dummy, cadaver,
or human. In otherwords, physical properties may be determined separately
for the belt structure and for the occupant, The material names for occupant

and belt materials are included in these four fields.
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Fields 5-7 refer to the lower torsc belt element. Field 7 allows the belt
to be attached on any of the three torso elements.

Field 8 allows the user to supply either force-strain or force-deflac-
tion input data for the three belt segments. The two types of data may not
be mixed. |
Card 703

The eignt fields of this card contain the material names for the torso
belts. Belt materfal properties are again uncoupled from occupant deformaticn
properties.

Cards 704-709

See Cards 403-408. HNote: Belts B} and 87 (see Figure 90 ) should have
the same material unless they are made independent by the conditions at the
upper ring (viz. RING(1) = 1; see Card 720). This holds in addition for belts
82 and 83 at the lower ring. It also applies for pairs 8} - B2 and 83-* 84
1f the force equalization options are selected (Card 717).

- Wnhenever a belt pair must be treated as a common strap but the materials
for the separate segments are different, the program arbitrarily uses the

material for the first member of the pair.

Cards 710-716

Figures S0 and 91 illustrate the Advanced Belt System and the definition of
attachment points on the occupant. (Note that while belt attachment points are
measured from joints for input, the internal values are with respect to torso
segment CG's.)

Card 717 7

Field 1 allows the user to specify and of three types of interbelt in-
fluence for the belt segments passing over the torso. If zero is entered,
then the belt segments are considered independent (as in the MODROS belt option}
and no adjustment of torso belt forces is made. Interbelt influence is

discussed in Section 2.5.2.3.
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Field 2 ailows the user to supply either force-strain or force deflec-
tion input data for the belt segments of the advanced belt system. The twe
types of data may not be mixed.

The value in Field 3 indicates which torso segment is attached to by the
lower torso belt. Fields 4 and 5 define out-of-plane separations for the
torso belt and lap belt attachment points. These values are needed oniy if
the "free slipping” options are turned "on" by the values in Fields 6 and 7;
in this case the out-of-plane length is used in order tc determine teotal belt

length.

Card 718

This card is needed whenever the rings of the defined belt system
have the possibility of moving within the vehicle. The values in the two
fields of this card are control parameters for the subroutine (RELAX) which
‘determineﬁ the ring Tocation for a force balance at any instant of time. The
method of relaxation [19, 20, 21] is used to solve a system, in this case of
order 2, of simultaneous, nonlinear algebraic equations. The general method
is to systematically reduce to zero a set of functioﬁs of the unknowns—
in this case, cart-reiative x and z ring coordinates—by adjusting the
values of the unknowns. When the functions, called residuals, have been re-
duced to zero, the current vaiues of the unknowns constitute the solution
vector. Convergence is tested by examining the nearness toc zero of the sum
of the squares of the residuals.

Field 2 should contain an upper 1imit on the number of relaxation steps

allowed per ring per evaluation. (This value should probably be at least 10.)
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If convergence is not attained within this number of steps, then the
calling program (BELT2) is returned to and the best solution vector obtained
through this number of steps wil? be used. Execution is not terminated but
a warning is printed out.

Field 3 contains a value for the maximum acceptable force imbalance at

the ring for either the x or z direction (in the vehicle system).

Card 719

No more than three values will ever be needed on this'card. ATl quantities
relate to interbelt influence for the torso belts. A footnote on Card 719
summarizes which fields are required for the four possible INFLNC options.

Fields 1 and 2 contain friction coefficients for the normal-force fric-
tion option. Field 3 also is used for this option. The larger of the torso
belt forces will always be reduced by a calculated adjustment {see Section 2.5.2.3

for analysis pertaining tola11 parameters on this card); the smaller force
will be increased by any fraction of this amount depending on the value, from
0. to 1., entered in Field 3.

For the normal-force friction optien, the belt subroutine chooses the
influencer and influencee at each time evaluation on the basis of which torso
belt force is larger or smaller. Tnis is true also of the force difference

saturation option. In contrast, if the percentage influence option is

selected, the user must specify which of the torso belts is the influencer and
influences. Field 4 controls this. Fields 5-7 are used for these alternate

options and the meanings of the parameters are fully explained in Section 2.5.2.3.
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Card 720

The four vehicle anchors (see Figure 90 for the advanced beit system
may be of several types. The first four fields of this card specify the
anchor type for anchers 1 to 4, respectively. A zero means that the anchor
is free. ilormally, this would mean that either the anchor or the associated
belt is absent or "pre-broken." If a2 1. is entered, thenbelt &4, 5, 6, or 7 fastens
securely to the anchor. If a 2 i entered, thenbelt 5, 6, or 7 leads o an iner-
tia reel fixed at the anchor location. Only anchors 1-3 may be of this
type, The reel may be of the webbing-sensitive or vehicle-sensitive type,
as specified on Cards 721-723. A 3. means that belts1, 2, or 3 leading to the
anchor are either fixed to the frame or ring or instead pass through
a ring which is fixed to the vehicle frame at the anchor location., Hote
shat 1f the ring is not fixed to the vehicle frame, then it is of necessity
fixad to one end of a "ring strap" belt segment (belt number & or 6), i.e.,
the associated ring strap must in such case be present.

There are two rings in the system. Lengths of webbing pass through
the rings but may be considered: 1) to be fixed to the ring; 2) to slide with
normal-force friction through the ring; or, 3) to slip freely. These options
are controlled by Fields § and &. Optiens 2 and 3 should give eguivalent re-
sults if the friction coefficient for option 2 is zerc. [f the normal fric-
tion option has been selectad for a ring, then the frictien'coefficient must
be entered in Field 7 or 8.

Figures 52 and 93 illustrate all possible ANCHOR and RING specifications.
Cards 7231-723

If an inertia reel has been requested for anchor 1, 2, or 3, then
properties of the inertia reel are entered on ore of these cards. The reels
may be either vehicle sensitive or webbing sensitive. If yehicle sansitive,

then the "lock" cendition can be specified either as a lock time or as a
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pair of values for maximum vehicle pitch and maximum resultant acceleration
at the anchor location. If webbing sensitive, then the reel can be made %o
lock either on the basis of a Timiting velocity or acceleration for belt
fead-out.

Standard values for some of these lock-condition parameters are:
vehicle sensitive resultant acceleration, 0.4 g, and pitch angle, 14°;
webbing sensitive belt feed-cut acceleration, 0.6 to 0.9 g's. (See References
15 through 18.}
Cards 800-817

The energy- absorbing steering assembly system cards are mostly self-
contained. But the analytical symbols used for all quantities in Section 2.8
are given on these cards so easy reference may be made if necessary to the
figures and text for the analysis.

Cards 900-809

The airbag system cards are likewise mostly self-contained. References
may be made te figures in the analysis section and to the one on Card 909.
Reasonable values for all parameters on Cards 901-903 are indicated in the
Defaults column. See Figure 94 for definition of occupant contact lines.
Card 1000

This card marks the end of the input data deck which is supplied to the
input processor and signifies that work on the input deck is to begin.

Card 1007, 1002

These two cards together with the other cards numbered greater than 1000
comprise the control information to the output processor. The function of the
first two cards is to specify the output subjects or categories which are de-
sired and the order in which these are to appear. This is accomplished by listing
the categcries desired in the order desired using a series of possibly mixed

individual 1istings and group listings. An individual listing consists of a
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one- or two-digit category number followed by a comma. Leading zeros may

be present and bIanks.are ignored. As many of thesc 1istings as needed may

be used. Numbered categories are 1isted in Table 11 following the description
of Cards 107-111.

If there is a group of category numbers in either ascending or descending
order which are contiguous, a group listing may be employed to streamline the
specification of the string of numbers. The group Tisting consists of the
category number of the end of the string which is to be printed first followed
by a dash, hyphen, or negative sign (card 11 punch) followed by the category
number which is to appear last. Again, leading zeros may be present and
blanks are ignored wherever they appear. Card 1002 is treated as an extension
of Card 10C1 uséng only the first seventy-two columns of both cards., If these
cards are omitted, all categories are requested in the default ordering indicated
on the 1001-card layout in Table 7. If columns 1 and 2 contain "-1", the default
ordering minus category 0 will result. The terminating comma on the final
listing may optionally be omitted,

Card 1003

This card controls the auxiliary output from the output processor. The
first field (IDB) controls auxiliary printout from the HIC routine concerning
all the scans made in determining a HIC value. The second field (K0) doubles
as a switch and a specification of the Fortran togical device number for a
separate printout of peak and three-millisecond average acceleration calculation
values, If zero, it is interpreted as a switch which is off. If non-zero,
it is interpreted as a switch which is on and its value used for the lcgical
device number,

The third field controls a forced recomputation of filtered accelera-
tions and special indices. Normally, these computations take place only in
the first run of OUT after a run of GO.

The fourth and fifth fields describe the particulars of an accelerometer

mounted on the upper leg centerline. (See Section 4.6.2.5.)
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Card 1004

The first four fields of this card contain information governing
the application of numerical filters to head, chest, and hip accelerations.
A detailed explanation of the operation of the digital filter employed in
this model is found in Section 4.6.2.3. The first three fields are filtering
parameters used to control the filter operation. The fourth parameter con-
trols the method of extension of the acceleration data beyond the run time
span. The mirror image causes the completed data to be an even function around
the end points. The polar image causes the completed data to be odd at
each end point if the function value at the endpoint is considered zero. (See
Figure 142.) The polar image is thought to be superior normally.

The last four fields of this card control the calculation of the HIC

Index. An explanation of these parameters will be found in Section 4.6.2.4.
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Cards 11004107

Specification of the test values used to determine violations of joint
range of motion limitations. The high test value must not be less than the
low test value algebraically. If both high and low values are zerg, the
test is not carried out.

Cards 1200-1201

Specification of the test values used to determine violations of a
standard range of values for each individual quantity. A complete 1ist of
the quantities together with an explanation will be found in Section 4.6.2.1.
The testing is carried out only if the test value is greater than zero.
Cards 1202

Specification of the names of the ellipses which wilf represent
the face and chest'for purposes of the standard tests,
Card 1300

A general explanation of the Type A Comparison together with a complete
Tist of variables to which it may be applied will be found in Section 4.6.2.2.
The first two fields are filled with the category and column numbers found
in Table 114 in Section 4.6.2.2. The two identifiers are the names which are
required to make unique a request for a contact variable. In the case that a
category 2 or 3 variable has been requested, the first identifier must be the name
of the region for which the particular variable is to be tested. In the
Case & category 4 variable has been reguested, the identifiers must be set
to the ellipse and line names, the two ellipse names, or the belt name and
blanks for each case respectively. Belt names are assigned by the model and

are listed in Table 115 found in Section 4.6.2.2. The high test value must

be greater than or equal to the Tow test value. Negative values are allowed
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Cards 1400-1401

A general explanation of the Type B Comparison will be found in Section
4.6.2.2. The first six fields of each of these cards are filled in the same
manner as the corresponding six figlds on Card 1300 and all comments apply.
The seventh field of each of these cards is used to match the 1400 Card to
the 1407 Card. Each card specifies a variable for a Type B comparison, which
tests one variable against another variable. Hence it is necessary to supply
a matched Card 1400 and Card 1401 set in order to complete the specification
of a Type B comparison. If Field seven in both cards is left blank, then the
number used to match is assigned based on the number of occurrences of that
type of card. A1l the instances of Card 1400 for which Field seven is blank
are numbered in the order read and Tikewise with Card 1401, and the matching
is done on the assigned occurrence number. The numbers for matching‘need not
be consecutive, only the same.

Cards 1500-1501

These two cards contain the various switches and parameters which control
the production of the stick figure printer plots. Figure 95 is an example
of printer-plot output. Up to 27 such plots can be obtained for a simulation.

These will be in a time sequence similar to frames of a motion-picture film.
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The switch in Field one of Card 1500 causes horizontal and vertical
lines to be plotted through the origin of the vehicle system. If field two is
zero, and the input and ocutput processors are run without "GG," the user wilil
get a printer plot based on the input data alone, Fields three through six
define the area in vehicle coordinates to be plotted.

On Card 1501, Fields one, seven, eight, and nine deserve special comment.
The number of plots in Field one together with the values in Fields eight and
nine are ignored if Field seven is left blank or zero. In this case only the
times specifically listed on Card 1502 (of which there may be up to three in
the deck) are plotted. If Field seven is non-zero, Field one contains the
number of plots, Field eight contains the first time to be plotted and Field
nine contains the time increment to be applied to obtain the plot time unti]
the number of plots is reached.
‘Card 1502

This card is used to specify individual time points at which plots are
to be produced., There may be up to three instances of this card containing
a maximum of twenty-seven values. The values must be in ascending order in time.
Card 1600

This tard marks the end of the input data deck which is supplied to the

output processor and signifies that work on the production of output is to begin.
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3.3 DESCRIPTION OF NCRMAL QUTPUT

Section 3.2 describes the use of Cards 107-111 for controlling the storage
of potential program cutput quantities. Potential output is stored or disre-
garded on the basis of a switch setting for each of 45 normal output cate-
gories,* These are listed in Table 11. Section 3;2 also describes the use of
Cards 1001 and 1002 for specifying which of the stored output categories are
to be printed and in what order. Categories 0 and 41 to 45 constitute special
output which is discussed in detail in Section 4.4,2. A brief summary of these
options, however, is given in this section after the following discussion of
the normal output category options.

Category 1 output consists of the acceleration profiles (input) and the
integrated velocities and displacements. Note that x and z output is in a
mixture of units—inches for displacements, mph for velocities, and g's for
accelerations. x and z output gives the motion of the vehicle origin with re-
spect to the inertial frame regardless of whether input accelerations are
accelerometer readings or absolute.

Category 2 output summarizes the "activity” at the defined regions of the
vehicle interior, Forces against the region are resolved into special region
coordinates (Figure 38) and summed over all segments. If structural deforma-
tion is allowed (Card 402), then the third and fourth output items summarize the
overall deformation as an average over the segment endpoints. The columns
labeled "Endpoint Movement" give the coordinates of tﬁe region endpcints in either
the vehicle frame or inertial frame, depending on the value of Field 6 of the
region 402-Card and as indicated in the Category 2 page heading.

A detailed description of line segment movement is given by Category 3
output. The endpoint coordinates of each of the first five line segments in
the region are printed, As for Category 2, coordinates are with respect to

the vehicle or inertial frame depending on Field 6 of the region 402-Card.

*Categories 1-40 and 46-50.
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There are three types of Category 4 output. The first describes cdntact
interaction between a line segment and a contact-sensing ellipse. The columns
lapeled "On Line" give the position {and velocity) of the point of contact
measured along the line segment from its first endpoint. The last four columns
give the coordinates of.the point of maximum penetration by the ellipse in the
vehicle and body segment frames. The second type describes contact between body
ellipses. Deflections, rates, and force are printed in the first five columns.
The remaining co?umﬁs give the coordinates of the ellipse c¢enters and of the
contact point in the inertial and body segment systems, respectively. The third
type describes belt forces. Columns one and two are always belt deflection and
rate even though belt material properties may have been specified in terms of
strain. Column three, with the neading “Ring Eguilibrium Tension,” is used only
for the advanced belt system. This is the belt segment tension for force
balance at a slip ring, whether or not the ring is anchored to the vehicle. This
force includes the effect of friction at the ring., Column four is labeled
"Unadjusted Tension." For the MODRCS belt system, this is simply the belt seg-
ment tension. For the advanced belts, this is the tension determined from
considering the ring positions as guasi-anchor points, without adjustment for
friction between occupant and webbing., The positive or negative adjustment for
this friction is in column five, labeled, "Tension Adjustment." (This column
will contain all zeros for MODROS belts.) For the MODROS system the "Resultant
Force™ in the next column is the magnitude of the combined lap beit force
vectors; it is identical to the belt tension of column four for the torso belts.
For the advanced belt system, the resultant belt force is determined from columns
3, 4, and 5, "Resultant Heading" in the next column is the belt angle, measured
by counterclockwise rotation from the vehicle x-axis of a 1ine from the anchor
point to the atiachment point. For the MODROS lap belt combination, the heading
is that of the resultant force vector. Advanced belt system tensions and deflections
are in three-dimensional space, not merely projections onto the occupant plane.
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Neck reaction forces are printed for Category 5. The signs of all shear
forces will be consistent with positive shear on the neck for head-neck
flexion. Non-zero neck mass causes compressive forces on the neck at the
upper and lower neck joints to be different.

Filtered and unfiltered accelerations and injury criteria come from
categories 6-9. These ocutput pages are self-explanatory.

Categories 10-12 give body segment angles, velocities, and accelerations

in vehicle or inertial frames. Angles are defined in accordance with
Figure 78. Categories 13 and 14 give body joint coordinates and velocities
relative to the venicle system. Additional joint coordinates are printed in
Categories 27 and 22.

Total torgues at the joints are printed for Category 15. It is perhaps
worth noting that "Shoulder at Torso" means joint 9 in Figures 1 and 4, and
“Shoulder at Arm" means joint 7. The only torque contribution for joint 9
is from muscie tension. A1l torque components can contribute at joint 7
and the relative angle upon which the torques are based is between the upper
arm and upper torso lines, not the shoulder element and upper torso. Absorbed
energies for jpints and alsc for the neck and shoulder Tengths are printed
for Category 16.

Category 17 output consists of body kinetic energies. It should be
noted that neck element kinetic energy (if non-zers) is distributed between
the head and torso in proportion to o (Card 202).

Categories 18 to 20 print airbag submodel results. Category 18 prints
the thermodynamic variables which describe the state of the airbag; the headings
are self-explanatory. The airbag generates forces on five body segments which
act normal to the contact lines on the occupant (Figure g4 ). The total force
has two components: a) pressure force; b) bag membrane force. These are
printed for Category 19. The total force on each of the body elements is

resolved into x and z components, relative to the vehicle, and moments about
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the body element CG's. These are printed for Category 20.

Neck joint coordinates and velocities are printed for Category 21.

The neck length is printed also. Similar quantities for the shoulder come
from Category 22.

The contents of Cateqgories 23 to 29 are joint torque and absorbed energy
components. These pages are self-expianatory.

Categories 30 to 32 give the vehicle-relative x and z components of the
total external (non-gravitational)force on each of the body elements.
Occupant contact with the vehicle interior can contribute for all eight body
elements. The belt restraint forces, whether from the simple or advanced
system, contribute to the torsc elements only. Airbag contributions are to

the head, torso elements, and upper leg. The steering column forces contribute

tc the head and torso elements., Reaction forces at joints are not included.

The motion of the steering column subsystem is printed for Category 33 and
34. In particular the first six columns for Category 33 locate the points in
the system which sense contact by the occupant. (See Figures‘és and 56.)
Upper and lower column extensions and angles are printed for Category 34. C(ate-
goery 35 prints body contact forces against the steering wheel and reaction
forces within the steering column system, The vehicle-relative force and moment
components acting on the occupant result from Category 36.

Category 37 prints all components of internal force in the neck and shoulder
length elements. This page is self-explanatory.

Muscle tension may act at nine joints and in both length elements {neck and

shoulder). The dynamic muscle tension torques and forces are printed for

Category 38, Associated dissipated energy is printed for category 30,

Category 40 output consists of femur and tibia axial and shear forces.

These values are determined on the basis of analysis done by Danforth (Ref. 24).
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(Also, see Ref. 25.) This eanalysis is included in Volume 3, Section 4.6.2.5.

Options 41 through 44 constitute an updated version of the parameter assess~
ment capabilities used in earlier HSRI two- and three-dimensional crash victim
simulators. Options 41 through 43 yield output which identifies the quantity,
the peak value, the time at which the peak occurs, the time duration during
wnich the quantity exceeds an inputted test value together with the points in
time at which the quantity exceeds and then returns below the test value.
Option 41 causes both a nigh and low test against upper and lower test values.
If a zero test value is specified, the test is no% made. Option 45 is for a
printer-plot man and vehicle interior presented at specified time points at
which regular printout occurs. Details of these options will be found in
Section 4.4.2.  Figure 95 shows example printer-plot output.

Options 46, 47, and 48 are for head center-of-gravity, chest center-of
gravity, and hip-joint motions. x and z displacements, velocities, and
accelerations are printed for each category, and rotafiona1 motion is also
printed for the head and chest segments. Cptions 49 and 50 yield output of

joint relative angles and relative angie velocities, réspectiveiy.
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3.4 SAMPLE INPUT AND QUTPUT

The purpose of this section is io give the engineer who is learning to
use the MVMA 2-D model a "hands-on*® feeling for input data sets required
by the model. A complete and careful reading of Section 3.4 prior to a
first attempt at developing a data set is highly recommended. A careful
reading wouid probably benefit even users already familiar with the MYMA
2-D model,

Tnis section has been reproduced virtually intact from Module 13 of
the MVMA 2-D Tutorial System [8]. "Module" references in this section are

for the Tutorial System.
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Data decks are described and assembled in this section for the
following two simuiations:

1. a 30-mph frontal barrier crash with vehicle interior deformation
and a dummy passenger restrained only by a knee bar; and,

2. a crash with similar occupant and vehicle configurations except
that the occupant is restrained additionally by a torso harness.

3.4.1 Introduction

It is normally convenient to construct a data set card by card,
beginning with Card 100 and proceeding through Card 1600. However, a
complete data set can also be viewed as a collection of subsets which
may be dealt with individually. In this section,discussion of the con-
struction of data sets is in terms of eighteen largely independent sub-
sets. These are identified in Figure 96 . Data subsets developed for
one simulation can be assembled with subsets developed for other simu-
lations to yield a complete data deck for a new simulation. As long
as the user keeps in mind and takes account of the various dependencies
between some of the subsets, a completely satisfactory composite data
deck will result.

3.4.2 Input Data for Example 1

The first example to be considered is simulation of a 30-mph frontal
barrier crash with a dummy passenger restrained only by a knee bar. The
frontal portion of the vehicle interior displaces toward the occupant.
Figure 27 is a schematic of the occupant and vehicle interior con-
figuration at crash onset. The following sections (3.4.2.1 through 3.4.2.11)
discuss the construction of the data set for Example 1, which is shown in
its entirety in Figure 109 .
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Arbitrary Decomposition
of MVMA 2-D Data Set Into Subsets

DATA SUBSET CARD NUMBERS
Title Cards 100, 200, ..., 900
General Controls for IN and GO 101, 102, 103
Debugging Printout Controls 104, 105
Categories of Qutput Variables

to be Stored 167 - 1N
Vehicle Motion 601 - 604
Occupant Description 201 - 242
Occupant Position 217, 301-304
Vehicle interior 401 . 4N
Friction Characteristics 412
Allowed or Disallowed Contact

Interactions 106
Belt Restraint System 218, 501, 701-.723
Airbag Restraint System 901 - 909
End of Data Deck for INP 1000
Categories of Qutput Variables

to be Printed 1001, 1002
HIC, Femur Loads, and Filtering 1003, 1004
Potential Injury Indicators 1100 - 1401
Printer-P!csf Stick Figure Time

Sequence . 1500 - 1502
End of Data Deck for QUTP 1600

FIGURE 96 Arbitrary Decomposition of MVMA 2-D Data Set Into Subsets
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FIGURE 97 Occupant and Vehicle Interior Configuration for Example 1



.
H

3.4.2.1 Title Cards. Each page of output for a simulation is headed
by titles which may be supplied on Cards 100, 200, 300, ..., 900. These
cards are discussed in Module 12. The 100-Card is for a “"run title,"
which should be centered in the first 72 columns and which will appear
on the first 1ine of each page of printout. (See Figure 68). The
second line of page heading consists of the concatenated content of
Cards 200, 300, ..., 900. Each of these cards is normally used for
description of a specific simulation characteristic. For example, as
indicated in Volume 2 of the MYMA 2-D report, the 700-Card normally
describes the type of belt restraint system used. However, there are
no restrictions on the content of these cards. The 19-column sub-
title fields of Cards 200, 300, ..., 700 plus the 17-column field of
either Card 800 or Card 300 (only one may be used) can be used together
for any 131-character description of the simulation. '

The title cards for Example 1 have been grouped together at the
beginning of the data set except for the 200- and 300-cards, which have
both been used for occupant description and are placed with the occu~
pant data cards {see Figure 102). It might be again noted, as explained
in Module 1, that data cards can be positioned within the data deck in
any order, without attention to card identification number. Exceptions
to this are the 1000- and 1600-cards, which serve as "end-of-data-deck"
markers and must be the last cards of the data decks for the Input
and Qutput  Pre-processors INP and QUTP.

3.4.2.2 General Controls fdr IN and GO. A number of general controls
are required for the cperation of the Input {IN) and Execution (GG}
Processors. These are on Cards 101, 102, and 103, which are discussed
in Modules 4, 5, 6, 9, 10, and 12.* Some of the most important of these
controls specify: 1) the system of units {metric or English) for the
simulation; 2) crash duration, integration time step, and time increment
for printing of output; 3} use or non-use of the various restraint sys-
tem options; 4) interpretation of "inhibition cards" for allowed or dis-
allowed contact interactions; and §) limits for the algorithm which

*The user is referred to Table 9 for aid in finding dis-
cussion in Modules 2 through 12 of the parameter in any data card field.
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MyMa 2-0 TUTORTAL EXAMPLE 61
KMEEF RAR 400
ez, £AMD, NISPL, : 500
30MPH FOMNT BARR ER 500
NO BFLTS 700
FIGURE 98 Title Cards for fxample 1
1. 1. 32.17% 0. 0. 200. 1. 5. 12. 101
0. Oa 0. 0. 0. 0. 10. .000001 5. 102
.2 .05 100000. 15000. 10 .05 10. 1. 1. 103

'FIGURE 99  General Controls for IN and GO for Example !
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determines shared-deflection force balance. Simulation Examples 1 and
2 of this sectionare both for 200 msec duration, one msec integration
time step, and five msec printout interval. The simulations are made
with English system data. Figure 99 shows Cards 101 through 103.

3.4£,2.3 Vehicle Motion. The vehicle motion, or more precisely,
occupant compartment motion, is described with Cards €01 through 604.
This prescription of the “crash history” is the subject of Module 8.
Cards for the 30-mph frontal barrier crash of Example 1 are shown in
Figure 100. Initial position and velocity values for vehicle hori-
zontal, vertical, and pitch coordinates are on Card 601, together with
two coordinates for an accelerometer location. The remaining cards spe-
cify acceleration histories for the three vehicle degrees of freedom.

The horizontal motion for this example, illustrated by the accelera-
tion profile in Figure 101, is defined by twenty-three time-accelera-
tion points on cards following the 602-card. The crash represented is
for an impact velocity of 30 mph, a &V of 32.83 mph, 33.9 g's peak
acceleration, and a stopping distance (or "crush") of 21.8 inches.

3.4.2.4 Qccupant Jescription. Most of the Cards 201 through 242
are used for prescribing occupant parameters. Cards 201 through 216
plus 227 through 242 describe mass and moment of inertia properties for the
body 1inks, link lengths, and joint properties. Cards 219 and 220 define
ellipses which represent the contact-sensing profile of the body.
Loading and unloading characteristics of body materials are prescribed
on Cards 221 through 226.* The data in Figure 102 are preliminary
data compiled by HSRI from several sources for a GM Hybrid II
dummy . Toe and heel ellipses have been positioned for a foot
in a flexed configuration since the MVMA 2-D model does not include
an articulation at the ankle joint.

Values pertinent to initial joint torgues are on Card 217
(see Section 3.4.2.5). Head and chest accelerometers are located by
values on the 218-Card (see Figure 122).

* See Modules 2, 3, 4, and 6 for discussion of occupant parameters.
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3.4.2.5 Qcgupant Position. The seated occupant at "time zero" for

Example 1 is shown in Figure 97 . Data are required for initial position-
ing of the occupant. In addition, a value is needed for the

jnitial velocity for each occupant degree of freedom (see Module 7).

As the occupant for Exampie 1 is initially at rest within the occupant
compartment, which is normally the case for crash simulations, these ini-
tial velocities -- fourteen fieids of Cards 302, 303, and 304 --

are 311 0. in the data of Figure 103.

The initial position data are on Cards 217, 307, 303, and 304.
First, initial position values are required for the fourteen occupant
degrees of freedom. These are the initial link angles {301), neck
length (303}, shoulder position (304}, and horizontal and vertical
locations within the occupant compartment of the upper torso center of
gravity (303). For the two example simulations, initial link angles
and upper torso CG location were estimated from scale drawings of the
"time zerc" occupant and vehicle-interior configurations, so the values
in Figure 103 produce only approximate initial occupant equilibrium.
The resulting total initial upward force on the occupant, for exampie,
is 207.1 1b, which does not equal the occupant weight, 163.7 1b. The
initial imbalance is not great enough to significantly affect the simu-
Tation results.

values on Card 217 are for the so-cailed "joint eguilibrium angles.”
The values in the example data have been selected to equal initial
relative joint angles, which may be determined by subtracting link angles
on Card 301. As explained in Module 2, this resuits in zero initial
values for the linear components of joint torques.

3.4.2.6 Vehicle Interior. A vehicle interior with which the occu-

pant is to interact must be prescribed by the user. Two types of data
are required. The first of these describes the geometrical profile
of the interior in the plane of occupant motion. (See Module 5.) The
primary elements of this description are the endpoint coordinates of
line segments which comprise so-called vehicle~interior "regions,”

a "region" being a set of connected strajght-line segments having the
same material properties. Figure 104 shows the vehicle interior pro-
fiie defined for Example 1. Reqicn and segment names are indicated,
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FIGURE 103  Occupant Position Cards for Example 1
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segment names in parentheses. Solid lines indicate positions of lina

segments before frontal interior penetration into the occupant compart-

ment, which begins at 40 ms. A7l penetration occurs between 40 and

80 ms, and the dashed lines represent the deformed vehicle interior,

Note that the toeboard segment decreases considerably in length,

There is no restriction that segment lengths be held cons*ant while

undergoing metion. Data for gne of the penetrating regions of the

vehicle intericr, the INSTRUMENT PANEL ragion, are illustrated in Figure
105 . The INSTRUMENT PANEL profile is defined entirely by Cards 401,

adz, 409, 410, and 2417.

The second type of data required for the venicle interior describes
material characteristics, T.e., Toading and unioading properties of
regions ¢f the defined profile. Datz are on Cards 403 through 408.

With regard to material specifications in Figure 105 for the INSTRU-
MENT PANEL, there are two Points werthy of note. First, the use of

the name IZERO on Card 404 for *he inertial spike curve ilTustrates

that curve names may be sharsd by materials; no inertial spike data
(Card 408) appear here for material IPMAT since the jnertial spike curve
IZERQ is defined elsewhare in the data set for a different material

(see Card 226 in Figure 102). It is also allowable to specify the same materia)
name for different regions or 2ilipses whije defining the materiz]
properties only once within the data sat, Second, the dependence of *he
R-ratio {for energy restitution) on maximum deformation is indicated on
the 406-Cards and has been e€stablished to be compatible with the G-
ratio (for permanent deformation) on Cards 405 and the lcading curve
from Cards 407. This is important to guarantes proper unioading he-
navioer for the material. Cetermination of G- and R-ratig cempatisilicy
1s dascribed in Module 6, Par: 2.

3.4.2.7 Friction Charactaristics., Frictional forcas between the
occupant and elements of the vehicle interior can be Targe enougn to
have a considerable effec* en the magnitude and direction of the
resultant forca vector at the interaction interface. t is therefore

impoertant in simulations to account for frictioral forces accurately,
The user of the MVMA 2.1 model assigns each body ellipse and each
vehicle interior region %c a "fricticn class;" this is done with
entries on Cards 215 and 402, CoefFicients of friction are spacified
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FIGURE 105 Data Cards for Definition of Geometrical Profile
and Material Properties for a Typical Region
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on 412-Cards for combinations of ellipse and region friction classes.
Figure 106 shows the 412-Cards in the data set for Example 1. There
is one card for each pairing of friction classes represented in the set
of contact interactions which can occur in this simulation. For any
simuiation, coefficienté of friction will default to Q9. for any pairing
not represented by a 472-card. Note that the first data card in Figure
106  includes ccefficients for tangential forces proportional to the
first and second powers of deflection, as explained in Module 8-2. For
this example, the values represent plowing resistance to relative motion
between the SEAT CUSHION and SEAT BACK regions and contacting body
ellipses.

3.4.2.8 Interaction "Inhibition" Cards. Modules 4 and 5 discuss

the use of 106-Cards for specification of allowed or disalliowed combina-
tions of potentially-interacting body ellipses and vehicle interior
regions. “Allowed" combinations are normally specified when the num-
ber of probable intaractions is less than the number of improbable
interactions. This is judged to be the case for the first simulation
example, so twenty-one allowed interactions have been specified between
the ten body ellipses and nine vehicle-interior regions. These are
shown in Figure 107. One card has been included for an ailowed
interaction between body ellipses THIGH and THORAX.

3.4.2.9 Belt Restraint System. Example 1 is a simulation for an
unrestrained occupant. As an illustration that it is unnecessary to re-
move restraint system data from the data deck for such a simulation,
belt system data cards are included in the complete data deck for Example
1 shown in Figure 109 . (These are Cards 218, 501 and 701 through 709).
It is necessary only to set the belt system usage switch in field 1 of
Card 102 to its "off" value, zero.

3.4.2.10 €nd of Data Deck for INP. The last card in the data deck
for the Input Processor, INP, must be the 1000-Card. It is blank except
for the card identification number in columns 77 through 8C. (See Figure
109.)
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3.4.2.11 Cutput Processor Controls. Cards 1001 through 1600 con-
stitute a separate data deck from Cards 100 through 1000, described in
the preceding secticns and read by the Input Pre-Processor. Cards 1007

through 1600 are read by the Qutput Pre-Processor. These cards control
post-processing and printout of data calculated and stored by the
Dynamic Solution Processor (or "Execution Processor," GO). These

data and data generated by the Input Processor are stored in four
external files (see Module 12); as long as the files are maintained in-
tact, they can be processed by the Qutput Processor any number of times,
using different control Cards 1001 through 1600. | ‘

*+x%x%  Qutput Categories for Printout. The entire Qutput Pre-

Processor data deck for Example 1 consists of seven cards. These are
shown in Figure 108 . The first two cards, 1001 and 1002, are used for
specification of categories of calculated data for which printout is
desired and the order of printout for these categories. The fifty

categories of results which may be printed are identified by Cate-
gory Number in Table 11. : The ordering
for printout shown for Example 1 in Figure 108 1is identical to the
default ordering which would result if the 1001- and 1002-Cards were
omitted from the data deck.* A1l categories are requested for Example
1. Requests for printout for categories for which no data are stored
will be ignored by the Qutput Processor.

*xxk%  HIC, Femur Loads, and Filtering. Various data
explained in Module 12 are required on Cards 1003 and 1004 for the post-
processor functions of filtering of occupant accelerations and determina-
tion of HIC and femur loads.

#xxxx  Potential Injury Indicators. In addition to HIC
and femur loads, other potential injury indicators can be determined
and printed by the Cutput Processor. These are also discussed in
Module 12. They are requested by using Cards 1100 through 1401, none
of which are included in the data deck for Example 1.

* The default ordering minus printout of the input data summary, Category
0, can be obtained by using a 1001-Card which contains only "-1" in
columns one and two. '
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swexx  Printer-Plot Stick Figures. As explained in Module
12, a time sequence of printer-plot pages can be produced which depict
 the occupant and all lines of the vehicle interior. A control for storing
data required for production of this printout is on Card 101, read by the
Input Pre-Processor and shown in Figure 89. Controls for producing
the printout are read from Cards 1500 through 1502 by the Qutput Pre-Processaor.
The most important data on these cards are margin coordinates which
frame the printer-plot image within the vehicle coordinate system and
the simulation times to be included in the time sequence of printouts.

xexxx  End of Data Deck for OUTP. As for the Input
Pre-Processor data deck, a single card is reguired tc mark the end of the
Qutput Pre-Processor data deck. It is Card 1600, which is blank except for
the card identification number.

3.4.3 Selectad Qutput from Simulation Example 1

Selected pages of printout from the MVMA 2-D Crash Victim Simuiator
are shown as Figures 110 through 124, Figure 109 contains the
data cards for Example 1 which generatsd the simulation results shown.

The MYMA 2-D model has undergone continucus development and improve-
ment since its inception, and it is expected that it will continue to
undergo change. Consequently, numerical results in Figures 110 through
124  should not be compared with results that MYMA 2-D users might
obtain by using the data set for Example 1 for simulation with their
own installations of the model. Rather, these figures are to be viewed
as illustrative of the format of MVMA 2-D printout.”

3.4.3.]1 Data Set Echo. Both the Input and Output Pre-Processors always
produce "echces" of their data decks. An example page from the Input Pre-
Processor "echo" for Example 1 is shown as Figure 110. The

eight-column data fields are separatad by asterisks.

3.4.3.2 Summary of Tnput Data. Figure 111  1s an example page of

printout of a summary of the input data. The entire input data summary
for Example 1 is 63 pages. 7This printout is produced whenever catagory 0
is requested on the 1001-Card.

*Results in Figures 114, 115, 116, 120, and 121 are not consistent with other
results since they were taken from a different simulation.
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3.4.3.3 Printer-Plot Stick Figure Sequence. The data decks for
Example 1 cause printer-plot stick figure gutput to be generated for
each 10 ms of simulation time. Selected “frames" of the time sequence

are shown as Figure 112,

3.6.3.4 Printout of Mumericai Results. HNine example pages of print-

out of numerical results are shown in Figures 113 through 124. The
definition of most output variables is clear. However, aid is provided
for the user in interpreting output in Section 3.3.

Only two special notes will be made here regarding output variables.
First, femur and tibia loads (Figure 122}  must be interpreted as for
two legs combined. That is, values for one leg are obtained by dividing
by two. Second, GMR Severity Indices are calculated for head and chest
in addition to values for thestandard Gadd Severity Index. The GMR
index is defined in a section of Volume 3
entitied, "Special Indices." It differs from Gadd index in that
its caiculation involves raising acceleration values to powers which
vary with acceleration level rather than the constant power 2.5,
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3.4.4 Input Data for Example 2

The second example data set includes the same 30-mph frontal barrier
crash acceleration profile as used for Example 1. Simulation Example 2
is similar to Example 1 in other ways also. It uses the same occupant
description data subset and the occupant is positioned within the vehicle
in an identical manner. The vehicle interior used is basically the same.
The primary difference between Examples ! and 2 is that while both occupants are
restrained by a knee bar, the occupant in Example 2 is additionaily
restrained by a torso harness. There are a number of other differences
in the data sets. None of these should affect the c¢rash dynamics,; they
have been included to illustrate various prcgram options.

3.4.4.1 Belt Restraint System. The three-belt submodel described in
Module 9 is used for this simulation. Since simulation Example 1 was
for an occupant unrestrained by belts, the belt system usage switch in
field 1 of Card 102 was set to 0. For Example 2, however, Lard 102
in Figure 1228 is seen to have a 2. in field 1. This indicates usage
of the three-belt submodel with both lap and torsc restraints. Since

it is desired for this simulation to have only the torsc harness and
the knee bar as restraints, and not a lap belt, the belt system data
subset shown in Figure 125 includes some specifications worthy of note.

While any of the seven belt segments of the Advanced Belt-Restraint
Submodel may be included or omitted from a belt system design, the Three-
Belt Submodel is not as flexible. It must include either both lap beit
and torso harness or the lap belt alone. . Therefcre, in the data sub-
set shown, in order to effectively eliminate the lap belt, a belt material
named NO STRENGTH is defined by 704- and 705-Cards and is prescribed a
zero stiffness with a 708-Card. This belt material is assigned to the
lap belt on Card 702.

The torso belts are each pre-tensioned to 5 ib. This i3 done by
assigning negative values for initial slack on Cards 701 and 702. Belt
anchor locations and attachment points on the occupant are prescribed
on Cards 501 and 218.
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3.4.4.2 Auxiliary Debuaging Printout. Module 12 explains the use

of 104- and 105-Cards for obtaining "debugging" printout of intermediate
results from the Execution Processor. Time-dependent, multi-level switches
may be set for sixteen divisions of program variables. Figure 126
illustrates specifications for debugging printout for Example 2 from O

to 3 ms and from 198 to 200 ms inclusive. Printout beginning at times

zero will be for switches 1, 7, 9, 10, 11, and 16 at levels 3, 1, 3, 3, 2,
and 2, respectively. At 1.1 ms, switches 7 and 16 are set to 0, and at

3.1 ms all debugging printout is suppressed. At 198 ms, all sixteen
switches are set at level 1; debugging priniout continues through the

end of the simulation (200 ms for Example 2) since the switches are not
reset to 0. Field 9 of Card 104 is set to 1. in order to limit debugging
printout to each finai evaluation for the four-step Runge-Kutta integration.
A "packing dictionary," which is often useful in interpreting debugging
printout,is requested by defaulting the ninth field of Card 105 to 0. by
omission of the card from the data deck.

3.4.4.3 Qutput Variable Storace. Section 3.4.2.11 has explained
the use of Cards 1001 and 1002 for specifying categories of calculated
data for which printout is desired. It should be kept in mind that

in order for the Qutput Processor to print out variables in response to
specifications on Cards 1001 and 1002, those variables must first be
stored in an external file, Specification of categories wnich are to be
stored during execution of the "GO" processor for possible later printout
is made separately through use of Cards 107 through 111. For Example 1,
these cards were omitted from the data deck and thus, by default, all
categories were stored for printout. However, the data deck for Example
2 includes the cards shown in Figure 127. . Only variables for categcries
for wnhich a "0." is specified will be written to the external file for
possible printout. Use of Cards 107 through 111 is explained in

Module 12.

3.4.4.4 Qther "Example 2" Modifications. Additional differences
between the data decks for Exampie 1 and Example 2 include the following.
{These can be seen in comparing the appropriate sections of their com-
plete data decks, which are shown in Figures 109 and 128.) First,
the vehicle interior for Example 2 does not include the ROCFHEADER,
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WINDSHIELD, and INSTRUMENT PANEL regions. Second, the 106-Cards are
absent from the data deck, and interaction "inhibition" controls on
Card 102 are redefined so that all potential ellipse-line interactions
are investigated. Third, the THORAX and HIP ellipses have been

made rigid since materials were defined for them for Ixample 1 only-
because of the possibility of THORAX-INSTRUMENT PANEL and HIP-FLOCR
interactions. Finally, printout of the summary of the input data is
often not desired; it is suppressed for Example 2 by removing Cate-
gary O from the string on Card 1001. Alternatively, a 1001-Card
containing only "-1" in columns one and two could have been usad.

This requests the default ordering for Categories 1 through 40 and

46 through 50 with omission of printout of the input data summary, Category 0.

3.4.5 Selected Qutput from Simulation Examole 2

Selected pages of printout produced by the complete Example 2
data deck in Figure 128 are shown as Figures 129 through 134.
These are: a printer-plot stick figure sequence; example debugging
printout; belt system data; body link angle accelerations; head, chest,
and hip accelerations; and HIC and Severity Indices.
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&,

O 4.7

40 . 86,7

°g, 47.9
300. l.?.q
O 0.

Compiete Data

6 = L)oo r= pe e S X

s.

~13.2
-13.2
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da
0.

54,7
4. T
&T7.9
&7,
La
Qa
8.

0.5

38.9
39.9
37.5
37. 4
l.

Qu

Chy 2
o2
47,4
&7 &

100.

100..

Qs

~“1S5a%
—1&.‘-
-16.‘
"lé‘#

Qo
1-

-20.1
"2001
~20.1
“"29. l
101.

DSTAT

1Q01.
FITAT

1-

10000,
[ZERD

le

la
| S

Q. Q.
TI=RO NGR

G' O.
1zex2 31

10000.
GASHEET

402
09
410
411
411
411
411
401
&Q2
403
[, 79
405
4G%
405
(479
408
&b
404
404
406
404
&7
07
407
w37
&07
497
4002
410
%11
411
&1L
611
401
“02
4Q9
410
&11
411
411
511
503
404
40%
405
408
405
40%
604
406
405
407
&7
4Q7
447
403
404
4Qs
408
406

Set for Simulation Example 2 {page 3 of 5)



100.

a.

NG STRENGTR

AT WERAING 81
6% WERAINTG 4t
&% WERAING R#1

GRELT]L
GRFLT1
GBELTL
GRELTL
G3ELTY
ARELTL
GAELT]
GRELTY
GRELTY
GAELTY
SRELTY
SARLT1
SRELTL
SRELTL
S8FLT1
SRELTL

O
«15
1.37
A.l6
40.
0-
1.37
2.06.
6,15
43,

0.

«333
9.91
11.28
14.36
15.06

A% JERRING £2
6% WEARING #£2

SAELT2
SBELY2
SRFLT2
sseLT2
SRELTZ2
SBELT2

0.
396
3.54
10.9
12,85
14,51

NO STRENGTH
NO STRENGTH

GNISTR -},

GNOSTR -1,

S“OSTQ -11
FIGURE 128

«25 .12% - 125

o. D. OI

0. Ol 0.

15,13 -. 20178 8800,
: ' 14.04

1.8
-33.52
$600.
-o G0 172

6% WESBING 42

Q0. C. G.16

Q. Q. 155

14.36

13,85

~1.95%
17.
10.
2.

15.04
SBELTL

14.51
SBELT2

11,
SNOSTR

14,12 -5.07
-l.2

1-

Q. Oo

Tzee] GIELTL

0. Ca
fZegl3g G3ELT]

O. 00
11£39 GNOSTR

496
407
407
407
407
407
407
407
507
407
407
407
407
412
12
412
412
412
612
412
412
412
412
218
501
701
702
703
04
705
708
706
705
706
705
707
707
797
707
707 .
708
708
708
708
7083
708
706
705
708
703
708
708
703
7CH
TCA
705
796
707
708
1000

Complete Data Set for Simulation Example 2 (page 4 of §)
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7!“6'“3:70*1“.21'22,37,38,49,50.15.23~26,2-5,13-20,33-36,30-32,16, 1001

27-29,39,17,40,6-9, 45 1002
00 00 M U- 1‘.-55 0025 1063
0. 00, 550. 0. <85 201. - 9. 1094
0. . -3, 62. 5, -t 10. Q. 1500
21. Q. 0. 1o ~ 1. Te 1. ' ] 17, 1501

150¢

th
R

FIGURE 128 Complete Data Set for Simulation Exampie 2 {page 5 of
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