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1.0 INTRODUCTION

This report supplements the UMTRI report entitled ''Validation
Command Language (1979 Version)' (See Reference 1), Section 2. Part 2
of the report amplifies Section 2.2.1 and 2.2.7 of Reference 1 to
provide step-by-step instructions for filtering data. Part 3 deals with
the changes to the original VCL (now known as the MVMA version). Parts
L and 5 deal respectively with the CAL/HSRI 3-D Version of the VCL and

the new graphics postprocessor for the VCL.



2.0 USER INSTRUCTIONS FOR FILTERING DATA

The sections of the VCL report which are pertinent to this
discussion are found in Section 2.2.1 (pp. 15 and 16), Section 2.2.7
(pp. 29 to 3k4), and example three contained in Section 2.4 (pp 43 to 45
and 65 to 95).

The following steps can be used to achieve filtering of data by

means of the VCL.

Step 1. The data to be filtered is formatted 2s follows: if 600 points
are to be provided, 602 cards must be prepared. The first card contains
the start time, the time increment (At), the number of points (600),
the dimension code, and a unit switch. See pp. 15 and 16 of report for

details on the selection of these quantities.

The second card contains the format in parenthesis starting in the
first column, e.g., (E15.0). Then follow the six hundred (or whatever)
data cards, one point per card which may be left-adjusted if a decimal
point is always punched. Otherwise the decimal point will be placed
according to the specified format from the right of the field specified

in the format.

Step 2. The Sampling rate s=1/t is computed and the frequency (f) at
which filtering is desired is chosen. The ratio or normalized upper
passband frequency is computed as f/s. Then using Table 6 of the report:
(page 3L4), the value in the second column closest to this ratio is
selected and the corresponding filter name in the first column is jotted
down, e.g., LP224492.

I'f none of these filters is acceptable, it is possible to generate
a new filter made to order (with the FG command) or it is possible to
halve or quarter the sampiing rate and perhaps find a ready made filter

closer to the desired normalized upper passband frequency. These two

techniques are not normaliy used and will not be described here.
Step 3. The VCL is then run using the commands outiined in Table 1 with

the datz deck provided in Step | attached to the logical device number

named.



TABLE 1. VCL COMMANDS FOR FILTERING USER DATA

CP.

1, final time (msec), output unit switch (see page 7)*

TR filename*

TQ TESTV.

1, At (msec), final time (msec)*
FD TESTV, TESTQ, filtername.

TP TESTQ

0, At, final timex*

*The values referred to symbolically are supplied to be consistant
with those specified in the data deck generated in Step One which is
tored in file "filename''. The filtername used is the one determined in

Step Two.



3.0 UPDATES TO THE MVMA VERSION OF THE VCL

The principal changes in the MVMA Version have to do with a
restructuring of the data references to MVMA quantities stored from the
MVMA runs. Command changes also have occurred in the McAuto
implementation. The next subsection deals with these command changes.

The final subsection deals with the corrections for data references,

3.1 Changes in Commands

The McAuto version changes one command and implements the '"QOFF-

LINE" option of the "Start Plot! command.

The Test Quantity Command no longer accepts & filename. A TQ is
meaningful only after a TR and before the next TR or MR or FG. Likewise
a MQ is meaningful only after a MR and before the next TR or MR or FG.

Table 2 presents the revised commands.

3.2 Changes in Data Reference Parameters

Many changes have been made in quantities printed as part of the
MVMA 2-D tabular printout. Table 3 of this report replaces Table 3 of
the VCL Report.




TABLE 2. REVISED MVMA VCL COMMANDS
Sentence
Sentence Abbrevia- Notes
Contents tion
TeST RUN Filename TR Filename of file which
contains user data
TEST QUANTITY Dataname TQ Dataname is name by
(a) File record number ( ) which this data is
(b) Time increment (msec) to be referenced. Ffile
(¢) final time (msec) record number is starting
record of file which contains
first header card for this
data. More than one such
data set can exist in one
file
MODEL RUN Filename 1 MR Filename 1 is basic

Filename 2

hold file for MVMA run
and Filename 2 is contact
information hold file




TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (1 of 10).

QUANTITY DESCRIPTION , CATG. NO. COL. NO.
Airbag CG force components - head moment 20 3
Airbag CG force components - head x 20 1
Airbag CG force components - head z 20 2
Airbag CG force components - lower torso moment 20 12
Airbag CG force components - lower torso x 20 10
Airbag CG force components - lower torso z 20 11
Airpbag CG force components - middle torso moment 20 9
Airbag CG force components - middle torso x 20 7
Airbag CG force components - middle torso z 20 8
Airbag CG force components - upper leg moment 20 15
Airbag CG force components - upper leg X 20 13
Airbag CG force components - upper leg z- 20 14
Airbag CG force components - upper torso moment 20 6
Airbag CG force components - upper torso X 20 4
Airbag CG force components - upper torso z 20 5
Airbag contact forces - head pressure 19 ]
Airbag contact forces - head tension 19 2
Airbag contact forces - lower torso pressure 19 7
Airbag contact forces - lower torso tension 19 8
Airbag contact forces - middle torso pressure 19 5
Airbag contact forces - middle torso tension 19 6
Airbag contact forces - upper leg pressure 19 9
Airbag contact forces - upper leg tension 19 10
Airbag contact forces - upper torso pressure 19 3
Airbag contact forces - upper torso tension 19 4
Airbag variables - bag gas mass 18 4
Airbag variables - bag pressure 18 1
Airbag variables - bag temperature 18 2
Airbag variables - bag volume 18 3
Airbag variables - mass flow in 18 5
Airbag variables - mass flow out 18 6
Airbag variables - supply temperature 18 7
8cdy joint coordinate - elbow x 13 9
Sody joint coordinate - elbow z 13 10
Body joint ccordinate - hip x 13 5
Body joint coordinate - hip z 13 6
Scdy joint coordinate - knee x 13 7
Bedy joint coordinate - knee z 13 8
B8cdy joint coordinate - lower spine x 13 3
2cdy joint coordinate - lower spine z 13 4
3edy joint coordinate - upper spine x 13 1
8cdy joint coordinate - upper spine z 13 2
B8ody joint velocity - elbow ¥ ‘ 14 9
8cdy joint velocity - elbow 2 14 10
3cdy joint velocity - hip x 14 5
8ody joint velocity - hip z 14 6



TABLE 2.

QUANTITY DESCRIPTION

Body joint velocity - knee x
Body joint velocity - knee 2

Body joint velocity - lower spine x

Body joint velocity - lower spine z

Body joint velocity - upper spine x

Body joint velocity - upper spine z

Body link angles - head

Body link angles - lower arm

Body 1ink angles - lower leg

Body link angles - lower torso

Body link angles - middle torso

Body 1ink angles - neck

Body link angles - shoulder

Body link angles - upper arm

Body 1ink angles - upper leg

Body 1ink angles - upper torso

Body 1ink angular acceleration - head

Bedy link angular acceleration - lower arm
Body 1ink angular acceleration - lower leg
Body link angular acceleration - lower torso
Body link angular acceleration - middle torso
Body link angular acceleration - neck

Body 1ink angular acceleration - shoulder
Body link angular acceleration - upper arm
Body link angular acceleration - upper leg
Body link angular acceleration - upper torso
Body 1ink angular velocity - head

Body 1ink angular velocity - lower arm

Body Tink angular velocity - lower leg

Body 1ink angular velocity - lower torso

Body link angular velocity - middle torso
Body link angular velocity - neck

Body 1ink angular velocity - shoulder

Body link angular velocity - upper arm

Body link angular velocity - upper leg

Body link angular velocity - upper torso
Center of mass resultant moment - nead

Center of mass resultant moment - head applied

force component
Center of mass rasultant moment - lower arm
Center of mass resultant moment - lower leg
Center of mass resultant moment - lower torso
Center of mass resultant moment - middle torso
Center of mass resultant moment - upper arm
Center of mass resultant moment - upper leg
Center of mass resultant moment - upper torso
Center of mass x force ccmoonent - head
Center of mass x force component - head applied
force component

Center of mass x force component - lower arm
Center of mass x force component - Tcwer leg

7

CATG. NO.

14
14
14
14
14
14
10
10
10
10
10
10
10
10
10
10
12
12
12
12
12
12
12
12
12
12
11
1
1
11
11
1
11
11
11
11
32

32
32
32
32
32
32
32
32

30.

30
30
30

OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (2 of 10).
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TABLE 3

QUANTITY DESCRIPTION

Center
Center
Center
Center
Center
Center
Center

Center
Center
Center
Center
Center
Center
Center
Contact
Contact
Contact
Contact
Contact
Contact

Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
-Contact
Contact

Contact

of mass
of mass
of mass
of mass
of mass
of mass
of mass

of mass
of mass
of mass
of mass
of mass
of mass
of mass
belt vs
belt vs
belt vs
belt vs
belt vs
belt vs

belt vs
belt vs
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse

ellipse

ellipse

X

N N X X X X

N N NNNNNKN

force
force
force
force
force
force
force

force
force
force
force
force
force
force

component
component
component
component
component
component
component

component
component
component
component
component
component
component

lower torso
middle torso
upper arm
upper leg
upper torso
head

head applied
force component
Tower arm
Tower leg
lower torso
middle torso
upper arm
upper leg
upper torso

attachment - absorbed energy

attachment - deflection rate

attachment - deflection

attachment - unadjusted tension

attachment - resultant force

attachment - resultant heading
angle

attachment. - ring equil. tension

attachment - tension adjustment

vs ellipse - body segment x for
ellipse A

vs ellipse - body segment z for
ellipse A

vs ellipse - body segment x for
ellipse B

vs ellipse - body segment z for
ellipse B

vs ellipse - center point x for
ellipse A

vs ellipse - center point z for
ellipse A

vs ellipse - center point x for
ellipse 8

vs ellipse - center point z for
ellipse B

vs ellipse - deflection rate

vs ellipse - deflection

vs ellipse - normal force

vs line - -contact point x on body

segment

vs Tine - contact point z on body

, segment

vs line - contact point position

on line
vs line - contact point velocity

on line

CATG. NO

30
30
30
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3
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31
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TABLE 3.

QUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (page 4 of 10).

QUANTITY DESCRIPTION

Contact

Contact ellipse

Contact ellipse
Contact ellipse
Contact ellipse
Contact ellipse
Femur and tibia
Femur and tibia
Femur and tibia
Femur and tibia
Femur and tibia

Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filtered
Filterad
Filtered
Filtered
Friction
Friction
Friction
Friction
Friction
Friction
Friction
Friction

ellipse

Vs

Vs

Vs
Vs
VS
Vs

line -
line -

line -
line -
line -
line -

contact point x in
inertial space
contact point z in
inertial space

CATG. NO.

Tine defl. rate (ellipse)

normal force
tangential force

loads - femur axial at knee
loads - femur axial at sensor
loads - femur shear at knee
loads - tibia axial at foot
loads - tibia axjal at knee

accelerations - chest A-P

accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations
accelerations

severity
severity
severity
severity
severity
severity
severity
severity
severity
severity
severity
severity

component joint torgue -

index -
index -
index -
index -
index -
index -
index -
index -
index -
index -
index -
index -

- chest resultant
- chest S-I

- head A-P

- head reasultant
- head S-I

- hip resultant

- hip x

- hip 2z

chest SI A-P

chest SI resultant
chest SI S-I

chest mod SI A-P
chest mod SI resultant
chest mod SI S-I

head ST A-P

head SI resultant
head SI S-I

head mod SI A-P

head mod SI resultant
head mod SI S-I

elbow

component joint torque
component joint torgue
component joint torgue
component joint torgue
component joint torque
cemponent joint torgue
component joint torque

hip

knee

lower neck
Tower spine
shoulder at arm
upper neck
upper spine

Joint absorbed energy - elbow

Joint absorbed energy - hip

Joint absorbed energy - knee

Joint absorbed energy - lower neck
Joint absorbed energy - lower spine
Joint absorbed energy - neck length
Joint absorbed energy - shcoulder at arm

4
4
Tine deflection (ellipse) ¢4
4
4
4
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Joint viscous absorbed energy - elbow 29 1

TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (nage 5 of 10).
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Joint absorbed energy - shculder at torso 16 8
Joint absorbed energy - shoulder length 16 10
Joint absorbed energy - upper neck 16 1
Joint absorbed energy - upper spine 16 4
Joint friction absorbed energy - elbow 28 8
Joint friction absorbed energy - hip 28 5
Joint friction absorbed energy - knee 28 6
Joint friction absorbed energy - lower neck 28 2
Joint friction absorbed energy - lower spine 28 4
Joint friction absorbed energy - shoulder at arm 28 7
Joint friction absorbed energy - upper neck 28 1
Joint friction absorbed energy - upper spine 28" 3
Joint muscle tension absorbed energy - elbow 39 8
Joint muscle tension absorbed energy - hip 39 6
Joint muscle tension absorbed energy - knee 39 7
Joint muscle tension absorbed energy - Tower neck 39 2
Joint muscle tension absorbed energy - lower spine 39 5
Joint muscle tension absorbed energy - neck length 39 3
Joint muscle tension absorbed energy - shoulder at

arm 39 1
Joint muscle tension absorbed energy - shoulder at

torso 39 9
Joint muscle tension absorbed energy - shoulder

/ length 39 10
Joint muscle tension absorbed energy - upper neck 39 1
Joint muscle tension absorbed energy - upper spine 39 4
Joint stop absorbed energy - elbow 27 9
Joint stop absorbed energy - hip 27 5
Joint stop absorbed energy - knee 27 6
Joint stop absorbed energy - lower neck 27 2
Joint stop absorbed energy - lower spine 27 4
Joint stop absorbed energy - shoulder at arm 27 7
Joint stop absorbed energy - shoulder length 27 8
Joint stop absorbed energy - upper neck 27 ]
Joint stop absorbed energy - upper spine 27 3
Joint torques - elbow 15 9
Joint torques - hip ' 15 - 5
Join% torques - knee 15 6
Joint torques - lower neck 15 2
Joint torques - lower spine 15 4
Joint torgues - shoulder at arm 15 8
Joint torgues - shoulder at torso 15 7
Joint torgues - upper neck 15 1
Joint torques - upper spine 15 3
- 0
Joint viscous absorbed energy - hip 29 6
Joint viscous absorbed energy - knee 29 7
Joint viscous absorbes energy - lower neck 29 2
Joint viscous absorbed energy - lower spine 29 5
Joint viscous absorbed energy - neck length 29 3
Joint viscous absorbed energy - shoulder at arm 29 8
Joint viscous absorbed energy - shoulder length 29 9
Joint viscous absorbed energy - upper neck 29 ]

10



TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (page 6 of 10).

QUANTITY DESCRIPTION CATG NO. COL. NO.
Joint viscous absorbed energy - upper spine 29 4
Kinetic energy - arms 17 -
Kinetic energy - head 17 2
Kinetic energy - head superior-inferior 17 4
Kinetic energy - torso 17 3
Kinetic energy - total body 17 1
Line movement of Point A x 3 1
Line movement of Point A z 3 2
Line movement of Point 1 X 3 3
Line movement of Point 1 z 3 4
Line movement of Point 2 X. 3 5
Line movement of Point 2 z 3 6
Line movement of Point 3 X 3 7
Line movement of Point 3 z 3 8
Line movement of Point 4 X 3 9
Line movement of Point 4 2 3 10
Line movement of Point 5 X 3 11
Line movement of Point 5 2 3 12
Linear component of joint torque - elbow . 23 8
Linear component of joint torque - hip 23 5
Linear component of .joint torque - knee 23 6
Linear component of joint torgue - lower neck 23 2
Linear component of joint torque - lower spine 23 4
Linear component of joint torque - shoulder at arm 23 7
Linear component of joint torque - upper neck 23 ]
Linear component of joint torgue - upper spine 23 3
Muscle tension forces - neck 38 10
Muscle tension forces - shoulder Tength 38 11
Muscle tension torque - elbaw 38 )
Muscle tension torque - nip 38 5
Muscle tension torque - knee 38 6
Muscle tension torque - lower neck 38 2
Muscle tension torque - lower spine 38 4
Muscle tension torque - shoulder at arm 38 8
Muscle tensicn torque - shculder at torso 38 7
Muscle tension torque - upper neck 38 i
Muscle tension torque - upper spine 38 3
Neck and shoulder forces - neck linear 37 1
Neck and shoulder forces - neck muscle 37 4
Neck and shoulder forces - neck non-linear 37 2
Neck and shoulder forces - neck total 37 5
Neck and shoulder forces - neck viscous 37 3
Neck and shoulder forces - shoulder linear 37 6
Neck and shoulder forces - shoulder muscle 37 9
Neck and shoulder forces - shoulder non-linear 37 7
Neck and shoulder forzes - shoulder total 37 10
Neck and shoulder forces - shculder viscous 37 8
Neck joint coordinatas - lower neck x 21 )
Neck joint coordinates - lower neck z 21 8



TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (page 7 of 10).

QUANTITY DESCRIPTION CATG. NO.  COL. NO.
Neck joint coordinates - lower neck x velocity 21 7
Neck joint coordinates - lower neck z velocity 21 8
Neck joint coordinates - neck length 21 9
Neck joint coordinates - neck length rate 21 10
Neck joint coordinates - upper neck x 21 ]
Neck joint coordinates - upper neck z 21 2
Neck joint coordinates - upper neck x velocity 21 3
Neck joint coordinates - upper neck z velocity 21 4
Nonlinear component of joint torque - elbow 24 8
Nonlinear component of joint torque - hip 24 5
Nonlinear component of joint torque - knee 24 6
Nonlinear component of joint torque - lower neck 24 2
Nonlinear component of joint torque - lower spine 24 4

Nonlinear component of joint torque - shoulder at

arm 24 7
Nonlinear component of joint torque - upper neck 24 1
Nonlinear component of joint torque - upper spine 24 3
Quantity for region - average migration XR 2 3
Quantity for region - average migration ZR 2 4
Quantity for region - end point movement A-X 2 5
Quantity for region - end point movement A-Z 2 6
Quantity for region - end point movement B-X 2 7
Quantity for region - end point movement B-Z 2 8
Quantity for region - force component XR 2 1
Quantity for region - force component ZR 2 2
Quantity for region - number ellipse contacting 2 9
Shoulder joint coordinates - shoulder at arm x 22 5
Shoulder joint coordinates - shoulder at arm z 22 6

Shoulder joint coordinates - shoulder at arm x
velocity 22 7

Shoulder joint coordinates - shoulder at arm z
velocity : 22 8
Shouider joint coordinates - shoulder at torso x 22 1
Shoulder joint coordinates - shoulder at torso z 22 2

Shoulder joint coordinates - shoulder at torso x
velocity 22 3
Shoulder joint coordinates - shoulder at torso z

velocity 22 4
Shoulder joint coordinates - shoulder length 22 9
Snoulder joint ccordinates - shoulder length rate 22 10
teering column coordinates - gear box x 33 11
Steering column coordinates - gear box z 33 12

Steering column coordinates - wheel attachment
- point x 33 9

Steering column coordinates - wheel attachment
point x 33 10
Steering cclumn coordinates - wheel hub x 33 7
Steering column coordinates - wheel hub z 33 8
Steering column coordinates - wheel Tower edge x 33 1
Steering column coordinates - wheel Tower edge z 33 2



TABLE 3.

QUANTITY

Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering

Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering

Steering
Steering

Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering
Steering

Steering

QUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (8 of 10).

DESCRIPTION CATG. NO.
column coordinates - wheel middle edge x 33
column coordinates - wheel middle edge z 33
column coordinates - wheel upper adge x 33
column coordinates - wheel upper 2dge z 33
column force components - head mement 36
column force ccmponents - head x 35
column force compcnents - head z 36
column force components - Tower torso
moment 36
column force components - lower torso X 38
column force components - lower torso z 36
column force compcnents - middle torso
' moment 36
column Torce components - middle torso x 3
column force ccmponents - middle torso z 36
column force components - uUpper torso
moment 36
column force components - upper torso x 36
column force components - upper torso z 36
column forces - lower column extensional
normal force 35
column forces - lower hinge moment 35
column forces - upper column extensional
normal force 35
column forces - upper hinge moment 35
column forces - wneel hub normal force 35
column forces - wheel hub tangential force 35
column forcas - wheel lower edge normal
force 35
column forces - wneel lower edce tan-
gential torce 35
column forces - wheel middle edge normal
forca 35
column forcas - wneel middle edge tan-
gential force 35
column forces - wneel upper edge normal
force 35
column Torcas - wneel upper edge tan-
cential force 35
column kxinematics - lower column exten-
sional displacement 34
column Kinematics - Tower column exten-
sional velocity 34
column kinematics - lower hinge angular
displacement 32
column xinematics - lower hinge angular
velocity 3
column kinematics - upper column exten-
sional displacament 34
column kinematics - upper column exten-
sjonal velocity 34

13
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TABLE 3. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (9 of 10).

QUANTITY DESCRIPTION
Steering column kinematics

Steering column kinematics

Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered

Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered
Unfiltered

Unfiltered

accelera
accelera
accelera
accelera
accelera
accelera
accalera
accelera

tions -
tions -
tions -
tions -
tions -
tions -
tions -
tions -

- upper hinge angular
displacement

- upper hinge angular
velocity

chest A-P

chest resultant
chest S-I

head A-P

head resultant
head S-1

hip resultant
hip x

accelerations - hip z

severity
severity
severity
severity
severity

severity
severity
severity
severity
severity
severity

severity

Vehicie
Vehicle
Vehicle
Vehicle
Vehicie
Vehicie
Vehicle
Jehicle
Vehicle
Vehicle

response
response -
response -
response -
response -
response -
response -
response -
response -
response -

index -
index -
index -
index -
index -

ndex -
index -
index -
index -
index -
index -

index -

chest SI A-P
chest SI resultant
chest ST S-1

chest modified SI A-P

CATG. NO.

34
34
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chest modified SI result-

ant

chest modified SI S-I

head SI A-P

head SI resultant
head SI S-1I

head modified SI A-P

0o 0o OO0 00 0O O

head modified SI result-

ant
head modified SI S-I

- horizontal acceleration

horizontal displacement

horizontal time
horizontal velocity
pitch acceleration
pitch angle

pitch velocity
vertical acceleration
vertical displacement
vertical velocity

Viscosity
Viscosity
Viscosity
Viscosity
Jiscosity
Viscosity
Viscosity
Viscosity

component joint

torque -

elbow

cemponent
component
comoonent
component
component
ccmoonent
component

joint
joint
joint
“joint
joint
joint
joint

torque -
torque -
torque -
torque -
torgue -
torque -
torque -

hip
knee
lower neck
lower spine

uoper neck
upper spine

shoulcer at arm
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TABLE 3.

OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (10 of 10).

QUANTITY DESCRIPTICH

Chest C.G.
Chest C.G.
Chest C.G.
Chest C.G.
Chest C.GQ

Head C.G.

Hip motion
Hip motion
Hip motion
Hip motion
Hip motion
Hip motion
Joint rela
Joint rela
Joint rela
Joint rela
Joint rela
Joint rela
Joint rela
Joint rela

motion -
motion
motion
motion
motion

. motion -
. motion -
. motion -
. motion -

motion -
motion -

. motion -

motion -
motion -
motion -

- X=-posi

z-posi

x-position
x-velocity
x-acceleration
z-position
z-velocity
z-acceleration
x-position
x-velocity
x-acceleration
z-position
z-velocity
z-acceleration
nead angle
angular velocity
angular acceleration
tion

x-velocity
x-acceleration

tion

z-velocity

- z-acceleration

tive angl
tive angl
tive angl
tive angl
tive angl
tive angl
tive angl
tive angl

es - upper neck

es - lower neck

es - upper spine

es - lower spine

es - hip

es - knee

es - shoulder at arm
es - elbow

Joint relative angle
Joint relative angle
Joint relative angle
Joint relative angle
Joint relative angle
Joint relative angle
Joint relative angle
Joint relative angle
Neck reaction forces
Neck reaction forces

Neck reaction forces
Neck reaction forces

Neck reaction forces
Neck reaction forces

Neck reaction forces
Neck reaction forces

Neck reaction forces
Neck reaction forces

velocities - upper neck

velocities -
velocities -
velocities -
velocities -
velocities -
velocities -
velocities -
- upper neck
- upper neck
on neck
- upper neck
- upper neck
on head
- lower neck
.~ lower neck
S~ on neck
- lower neck
- Jower neck
on torso

Tower neck
upper spine
Tower spine

hip

knee

shoulder at arm
elbow

shear on neck
compressive

shear on head
compressive

shear on neck
comprassive

shear on worso
compressive

- moment at upper neck
- moment at lower neck
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47
47 -
47
47
47
47
46
46
46
46
46
46
46
46
46
48
48
48
48
48
48
49
49
49
49
49
49
49
49
50
50
50
50
50
50
50
50
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L.0 THE CAL/HSR!I VERSION OF THE VCL

This original VCL was developed for use with the MVMA 2-D Model.
It proved useful enough that a version was developed for use with the
CAL/HSRI 3-D Model (Reference 2). This necessitated changes in the
model data reading, many minor changes in commands, and a new model data
reference system. The next subsection discusses the changes in commands

while the last subsection discusses the available model data.

L,1 Changes in Commands

The data structure employed in CAL/HSRI 3-D Model storage is much
simpler and less comprehensive than the MVMA 2-D. On the other hand,
the CAL/HSRI 3-D Mcdel has much more general possibilities in the use of
units. The result of these differences caused changes in many commands.
Table L contains the revised command prototypes. This table supplements
both Table 2 of this report and Table 1 of the VCL Reoport. Table 5 of
this report replaces Table 2 of the VCL report. The ordering

restrictions mentioned in Section 3.1 also apply here.

4.2 Changes in Data Reference Parameters

The CAL/HSRI 3-D Model Data is specified by using the 3-D output
page number, an index specifying which group of data on that page (there
of ten may be more than one) and an index specifying which variable in
the set. From these three indices, the model quantity desired is
located in the binary hold file. Section 2.2.2 of the VCL Report does
not apply to the CAL/HSRI 3-D Version of the VCL. Table 6 of the
present report replaces both Tables 3 and 4 of the VCL report. The
examples in the VCL report pages L3-95 do not apply to the CAL/HSR! 3-D
VCL. Table 7 supplements Table 10 of the VCL Report while Table 8
supplements Table 17.
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TABLE 5. TEST DATA QUANTITY DIMENSION CODE INDICES

Quantity Default Code
Type Dimensions I ndex
distance in ]
force b 2
time sec 3
torgue or moment in-1b L
velocity in/sec 5
acceleration G's 6
angle value deg 7
angle velocity rev/sec 8
angle acceleration rev/sec/sec S
strain in/in 10
pressure psig 11
temperature °R 12
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TABLE 6. CAL/HSRI 3-D DATA QUANTITIES AVAILABLE

Quantity
Description

Cat. No.

Rela-
tive
Col.
No.

Number
of
Groups

Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
kirbag
Airbag
Airbag
Airbag
Airbag
Belt fo
Belt fo
Belt st
Belt st
Joint f
Joint f
Jeint r
Joint t
Jeint t
Joint v
Panel v
Panel v
Panel v
Panel v
Panel v
Panel v
Panel v
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment
Segment

center location -x

center location -y

center location -z

contact force -x

contact force -y

contact force -z

orientation angle - pitch

orientation angie - roll

orientation angle - yaw

semiaxis iength -A

semiaxis length -B

semiaxis length -C

static pressure

supply pressure

temperature

rce - point A

rce - point B

rain - point A

rain - point B

lex. angle

lex. spring torque

esultant torgue

ors. angie

ors. spring toraue

iscous and coulomb torque

ersus segment contact deflection
ersus segment contact friction force
ersus segment contact location -x
ersus segment contact location -y
ersus segment contact location -2
ersus segment contact normal force
ersus segment contact resultant force
angular acceleration - resultant
angular acceleration =-x

angular acceleration -y

anguliar acceleration -z

angular displacement - pitch
anguiar displacement - resultant
angular dispiacement - roll
angular displiacement - yaw
angular velocity - resultant
angular velocity -x

angular velocity -y

angular velocity -z

11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15
11-15

N N N B Vs BV BVs AV e}

VIO OONONO B 00 00 00 00 00 00 001 ~1 1

-— \w \O 00

OV~ — N

W N — =W NW N )~ NI — U o

(WS L WS WS )

E ol N i N Y B B B Y B N e AN e AN @ e AN 0 AN ¢ AN ~allS ~o i ~ N g

Lol SN P e -
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TABLE 6.

CAL/HRI 3-D DATA QUANTITIES AVAILABLE (continued)

Rela-
Quantity tive|Number
Description Cat. No.| Col. of
No. |Groups

Segment linear acceleration - resultant I b L
Segment linear acceleration -x ] i n
Segment linear acceleration -y ] 2 L
Segment linear acceleration -z ] 3 L
Segment linear displacement - resultant 3 L "
Segment linear displacement -x 3 ] b
Segment linear displacement -y 3 2 4
Segment linear displacement -z 3 3 L
Segment linear velocity - resultant 2 L 4
Segment linear velocity -x 2 ] b
Segment linear velocity -y 2 2 L
Segment linear velocity -z 2 3 L
Segment versus segment contact deflection 10 ] 10
Segment versus segment contact friction force 10 3 10

Segment versus segment contact location of seg
T=-x 10 5 10

Segment versus segment contact location of seg
1-y 10 6 10

Segment versus segment contact location of seg
1-2 10 7 10

Segment versus segment contact location of seg
2-x| 10 8 10

Segment versus segment contact lecatior of seg
2-y 10 9 10

Segment versus segment contact location of seg
2-2 10 10 10
Segment versus segment contact normal force 10 2 10
Segment versus segment contact resultant force 10 L 10
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TABLE 8.

CAL/HSR! VCL SUBPROGRAM TABLE

Routine Routines
Name Called Description
CONPAR INTMAR, RINF, processes run controls
UNPACK
KATIN finds proper category number
given page number
MODAT RINF, INTMAK, gets data quantity out of
KATIN, IUN, binary storage and stores it
STOREN
MODRUN | RINF, INTMAR sets up reading out
| of binary storage
I TSTRUN INTMAK. RINF, prepares to read experimenta!l
data from file and calculates
units conversion factors
UNPACK separates letters of unit names

for ccmparison and deiets¢ anv pa2riods
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5.0 THE VCL PLOTTING PROGRAM (PLOTVCL)

PLOTVCL is the plot generation postprocessor for the VCL package
which uses the TEKTRON!X PLOT-10 system to produce high-quality graphics

output on a graphic terminal.

5.1 PLOTVCL Functional Description

PLOTVCL is a stand-alone program which reads plot description
information from a binary input file and produces plots on the VDU with

a minimum of user interaction.

In the initialization stage, the user is prompted for his terminal
type and date transmission rate. This is followed by a request for the

name of the file in which the plot data are stored.

Plotting begins immediately after the filename is entered and
continues until the plot file is exhausted. Each plot is terminated by
the prompt '"Press return to continue', drawn along the bottom edge of
the screen. The plot displayed will remain on the screen until the

return key is passed.

When the end of the plot file is reached, the user is informed of
the END-OF-FILE and asked whether another file is to be plotted. A
"Yes'' response restarts the program, while any other response ends

execution.

5.2 PLOTVCL Examples

Three examples are included to illustrate output from the PLOTVCL
Program. A run of a data set known as Tutorial Example N.2(T2D)
produced hold files which were run through the VCL to produce plots
under both the PRINT and OFF-LINE options. In this manner parallel
examples of plots of Head Angle Verus Time (Table § and Figure 1), Head
Acceleration Versus Time (Table 10 and Figure 2), and Head Angle Versus

Head Acceleration (Table 11 and Figure 3) were obtained.

5.3 Plot Data File

The plot data file is a binary file which contains all of the
information needed to define the plots requested during the VCL session.
It is composed of pairs of records. The first record of each pair has

two items of information: an indicator of plot type and the number of

24




points in the data record which follows. The second record, the data
record, contains the actual values of the points to be plotted, along
with pointers to axis labels, page number, and time increment between
points, if appropriate. Table 12 gives a detailed description of the

possible record pairs.
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A3

TABLE 12 LAYOUT OF BINARY FLOT DATA FILE
Record Item NMumber of
Number Name wWords/I tem Type Comments
1 ITYPE 1 Integer 1=Phase Plane Type Plot
2=Cartesian Plot
3=Deviation Plot
4=0vertay for (2) or (3)
S5=Finish up (2) or (3)
1 NPT 1 Tntegey Number of points in data record
2 x NPT Real Values of data (x) [Phase Plane Plots Only]
2 v NPT Renl Values of Data (y)
2 x Index 1 Intecgnr Pointer to x-Axis Unit Label [Phase Plane Plots Only]
2 y Index 1 Integer Pointer to y-Axis Unit Label
2 PAGENO 1 Inteaom Aids in identifying plots
2 DELTAT 1 Raal Point-to-point time inc ement

for cartesan and deviation plots




WALIDATION COMMAND LAHGUAGE  FAGE: 0

DEGREES CRETESIAN PLOT
105+
Bl
3 /ff
\\\ y

{l 4= - - FE—
b 50 160 141 200
MSE:

Friss RETURN TO CONMTINUE

Fig. 1. CRT Facsimile of Head Angle versus Time.
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Fig. 3.
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