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3. RIGHT-HANDED COORDINATE SYSTEM

A right-handed coordinate system consists of an ordered set of three mutually perpendicular axes (x, y, z) which have a
common origin and whose positive directions point in the same directions as the ordered set of the thumb, forefinger, and
middle finger of the right hand when positioned as shown in Figure 1. Note that this configuration of x, y, and z axes
always define a right-handed coordinate system independent of the orientation of the hand in space. To assure
consistent vector directions of moments and angular velocities and accelerations calculated by vector multiplications all
coordinate systems used in vehicle testing will be "right-handed". Sections 4 and 5 will define standardized orientations
of coordinate systems for the vehicle and dummy, respectively.

Positive angular motion and moment directions are determined by the right-handed screw rule. If any of the three positive

axes is grasped with-the righf hand with the thumb extended in the pncifi\m direction _as shown in Fij jure 2 for the x-axis,
then the curl of the fingers indicate the positive direction for angular motions and moments with respe¢t to that axis.
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FIGURE 1 - THE . CONFIGURATION OF A RIGHT-HANDED COORDINATE
SYSTEM RELATIVE TO THE\THUMB, FOREFINGER, AND MIDDLE FINGER OF THE RIGHT HAND

+X

FIGURE 2 - RIGHT-HANDED SCREW RULE
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A simple method to determine if a coordinate system is right-handed is to rotate the system 90 degrees about any of one
of its positive axes using the right-handed screw rule. For a positive 90 degrees rotation about the +x-axis, the coordinate
system is right-handed if the +y-axis rotates to the position previously occupied by the +z-axis. For a positive 90 degrees
rotation about the +y-axis, the coordinate system is right-handed if the +z-axis rotates to the position previously occupied
by the +x-axis. For a positive 90 degrees rotation about the +z-axis, the coordinate system is right-handed if the +x-axis
rotates to the position previously occupied by the +y-axis.

4. VEHICLE COORDINATE SYSTEMS

Vehicle coordinate systems will be consistent with the orientations specified in SAE J670 and SAE J1594. These
orientations are shown in Figures 3 and 4, respectively. For structures within the vehicle that have a principle axis of
motion such as the “fpnring wheel column _the vehicle coordinate system may he rotated about the y_axis such that the

+x-axis or +z-axis is|directed along the column axis.

PITCH
VELOCITY (q)

SIDE
VELOCITY (v)

] ___.—’V—-"Q LONGITUDINAL
X VELOCITY (u)
ROLL NORMAL
VELOCITY (p} VELOCITY (w)

24 YaW
VELOCITY (r)

z
AXIS

FIGURE 3 - VEHICLE DYNAMICS COORDINATE SYSTEM - SAE J670

FIGURE 4 - VEHICLE AERODYNAMICS COORDINATE SYSTEM - SAE J1594
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5. DUMMY COORDINATE SYSTEMS

The definition of the dummy coordinate system given in SAE J211 will be used. A coordinate system can be affixed to
any point on the dummy. The coordinate system will translate and/or rotate with the dummy part to which it is attached
during the test. To define standard orientations of the coordinate axes, the dummy will always be considered as standing
erect. For this posture, the +x-axis will be directed forward, the +y-axis will be directed from the dummy's left to its right
side and the +z-axis will be directed downward from head to toe. In anatomical terminology, the +x-axis is directed from
posterior to anterior (P-A), the +y-axis is directed from left to right (L-R), and the +z-axis is directed from superior to
inferior (S-1). Figure 5 shows examples of this standardized orientation for coordinate systems attached to a few body
points. Note that as the dummy is articulated to sit in a vehicle or during a test the coordinate systems rotate with their
respective dummy parts.

FIGURE 5 - ORIENTATIONS OF STANDARDIZED DUMMY COORDINATE SYSTEMS FOR
STANDING AND SEATED POSTURES
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6. STANDARD POLARITIES FOR RECORDED DUMMY MEASUREMENTS
6.1  Polarities of Acceleration, Velocity, and Displacement

Positive recorded outputs for these transducers are to be consistent with the positive axes of the coordinate system
defined for the specific dummy or vehicle point being measured. In general, for any dummy component oriented in its
standard standing position, blows to its back side, left side, and top will produce positive accelerations relative to its +x,
+y, and +z directions, respectively. As illustrated in Figure 6, a blow to the back of the dummy's head produces an
acceleration in the forward direction (+x) which should be recorded as a positive acceleration. A blow to the top of the
head produces a +z acceleration. A blow to the left side of the head produces a +y acceleration. Note that since the SID
dummy is only instrumented to measure accelerations, the polarities of its transducers are determined by the methods
described in this section

X +Y
+Z " +Z
Impact Direction Impact Directions to
to Produce +Ax Produce +Ay and +Az

FIGURE|6 - HEAD IMPACT DIRECTIONS THAT PRODUCE POSITIVE HEAD ACCELERATIONS
RELATIVE TO THE HEAD COORDINATE SYSTEM

For relative displacgment of body parts, the coordinate system of interest must be defined. For ejample, frontal chest
compression is the dlistance that the sternum moves relative to the thoracic spine. In this case, the goordinate system is
fixed to the thoracic ppine. When‘the sternum moves closer to the spine, its displacement is rearward relative to the spine
which is in the negalive x-diregtion. Hence, the polarity for chest compression is negative. For lateral chest compression,
a blow to the left sigle of the\chest produces a positive displacement of the impacted ribs relative tp the thoracic spine.
However, a blow to| the €ight side of the chest produces a negative rib displacement. The direcfions of these chest
compressions are ill strated |n Frgure 7. The rearward dlsplacement of the t|b|a relatlve to the femur that is measured by
the knee shear tranddu
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+AY

+X

Frontal Lateral

FIGURE 7 - DIRECTIONS OF FRONTAL AND LATERAL CHEST COMPRESSION

6.2 Polarities of Measured External Loads

For load cells that measure loads applied directly to the dummy or vehicle structure, their recorg
should be consistent with the direction of the applied external load referenced to the standardized ¢
the point of the load|application. For example, load cells that measure shouldér belt loading of the g
to measure F, and [F, applied to the clavicle. The rearward (-x) compongnt of the shoulder belt
clavicle should be r
the BIOSID, a later
applied to the crest

| inward load applied to the crest of the left illiumX(+Yy) would be positive, while
¢f the right ilium (-y) would be negative.

6.3 Polarities of Measured Internal Loads

Defining recorded qutput polarities for load cells that measure loads internal to the dummy requ
dummy sectioning scheme and a definition of what seetioned dummy part is to be loaded in the po
internal loads occuf in pairs of equal magnitudes but opposite directions.
illustrated by the freg-body diagram of a cube shown in Figure 8. It is assumed that the load cell of

S

ed output polarities
oordinate system at
lavicle are designed
force applied to the

corded with a negative polarity. The downward (+z))cemponent should have a positive polarity. For

b lateral inward load

ires a standardized
Sitive direction since

The standardized sg¢ctioning scheme is

interest is contained

within the cube and|responds to loads applied to the surfaces of the cube. Load cell outputs shodild be recorded with

positive polarities when normal loads, shear‘lpads, torques, or moments are applied in the positive
by the standardizeq coordinate systems 1o the right, front, and/or bottom surfaces of the cube
represented by solid arrows. For static/equilibrium, equal magnitude but opposite direction loads
applied to the left, back, and/or top surfaces of the cube as indicated by the dashed arrows.

For example, upper|and lower<neck, lumbar spine, and upper and lower tibia load cells should ha
outputs when the dummy is_sectioned below the load cell in question and positive loads are applied t
of the sectioned body part, that contains the load cell in question. Dummy manipulations for ch

direction, as defined
These loads are
(negative) must be

Ve positive recorded
b the bottom surface
=cking the recorded
fic dummy load cells

polarities of the outguts ef various transducers are given in Section 7. Free-body dlagrams for speC|

in Section 8.

polarities are given
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FIGURE 8 -|[FREE-BODY DIAGRAM OF A SECTIONED DUMMY PART CONTAINING THE |LOAD CELL
OF INTEREST (ILLUSTRATED-AS'A CUBE). PRINCIPLE AXES OF LOAD CELL ALIGNED|PARALLEL
TO RESPELCTIVE AXES OF/LOCAL DUMMY COORDINATE SYSTEM. BOLD ARROWS OF NORMAL
FORCES|(F), SHEAR FORCES (S), AND MOMENTS (M) SHOWN IN POSITIVE DIRECTIDNS AND
APPLIED TO THE FRONT, RIGHT, AND BOTTOM SURFACES OF THE CUBE. DOTTED
ARROWS INDICATE DIRECTION OF LOADS APPLIED TO THE BACK, LEFT, AND[TOP
JURFAEES FOR STATIC EQUILIBRIUM. ALL LOAD CELL OUTPUTS FOR THIB
LOAD SYSTEM TO BE RECORDED WITH POSITIVE POLARITIES.
6.4 Example of IntermatvsExternattoads

A test to determine an external vs internal load cell is as follows. An internal load cell measures forces and moments
between two body segments. A Eurosid shoulder load cell is mounted between the arm and clavicle and is considered
internal. This load cell will also measure an external impact to the shoulder but the internal rule take precdence. The
10 year old shoulder load cell is an external load cell. Although the load cell is mounted within the shoulder structure, it
will only measure the external forces applied to the shoulder from the shoulder belt. Forces from the arm are not
measured.

7. DUMMY MANIPULATIONS FOR CHECKING POLARITIES OF MEASURED LOADS

Table 1 contains descriptions of dummy manipulations that can be used to verify the correctness of the polarities of
recorded outputs for some of the more common load cells used in dummies.
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TABLE 1 - DUMMY MANIPULATIONS FOR CHECKING RECORDED LOAD CELL
POLARITY RELATIVE TO SIGN CONVENTION

Load Cell Measure Dummy Manipulations Polarity
Upper F, Head Rearward, Chest Forward +
and F, Head Leftward, Chest Rightward +
Lower F, Head Upward, Chest Downward +
Neck M, Left Ear Toward Left Shoulder +
Loads M, Chin Toward Sternum +
M ChinFeward-eft-Shoulder +
Leff Shoulder F, Arm Rearward, Chest Forward
Loadis (SID llIs, F, Arm Leftward, Chest Rightward
ES2] WorldSID) F, Arm Upward, Chest Downward
Right Shoulder F, Arm Forward, Chest Rearward
Loagls (SID lls, F, Arm Rightward, Chest Leftward
ES2] WorldSID) F, Arm Downward, Chest Upward
Right Glavicle Loads F, Shoulder Forward,Chest Rearward
(Infernal LC) F, Shoulder Downward, Chest Upward
Left Clavicle Loads F, Shoulder'Rearward, Chest Forward
(Infernal LC) F, Shoulder Upward, Chest Downward
Upper F, Chest Rearward, Pelvis Forward +
and R Chest Leftward, Pelvis Rightward +
Lower F, Chest Upward, Pelvis Downward +
Llumbar M, Left Shoulder Toward Left Hip +
Spine M, Sternum Toward Front of Legs +
(Al ATD’S) M, Right Shoulder Forward, Left Shoulder Rearward +
Leftthiaetoad E Lethac Rightward—Chestettward +
y H
(SID lIs)
Right lliac Load F, Right lliac Rightward, Chest Leftward +
(SID lIs)
Pubic Load F, Right H-Point Pad Leftward, Left Pad Rightward (-)
(Side Impact)
Crotch Belt F, Pubic Rearward, Pelvis Forward (-)
Loads F Pubic Upward, Chest Downward (-)
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TABLE 1 - DUMMY MANIPULATIONS FOR CHECKING RECORDED LOAD CELL
POLARITY RELATIVE TO SIGN CONVENTION (CONTINUED)

Load Cell Measure Dummy Manipulations Polarity
lliac Lap F, Upper lliac Spine Rearward, Chest Forward (-)

Belt Loads M, Upper lliac Spine Rearward, Chest Forward +
Left Side F, Left Side of Abdomen Rightward, Chest Leftward +

Abdominal Load
(EURQSID-1, ES-2)

Right Side F, Right Side of Abdomen Leftward, Chest Rightward (-)
Abdgminal Load
(EURQSID-1, ES-2)
emur F, Knee Upward, Upper Femur Downward +
Loads F, Knee Rightward, Upper Femur Leftward +
(Dummy in F, Knee Forward, Pelvis Rearward +
Seatgd Position, M, Knee Leftward, Hold UpperEemur in Place +
emurs M, Knee Upward, Hold Upper Femur in Place +
Horizontal) M, Tibia Leftward, Hold Pelvis in Place +
Knee Clevis F, Tibia Downward, Femur Upward +
Ugper Tibia F, Tibia Forward, Knee Rearward +
Loads F, Tibia'Rightward, Knee Leftward +
(Al ATD’s) F, Tibia Downward, Femur Upward +
M, Ankle Leftward, Hold Knee in Place +
M, Ankle Forward, Bottom of Knee Clevis Rearward +
Lower Tibia F, Ankle Forward, Knee Rearward +
Loads F, Ankle Rightward, Knee Leftward +
(Al ATD’s) F, Ankle Downward, Knee Upward +
M Ankle Leftward, Hold Knee in Place +
M, Ankle Forward, Bottom of Knee Clevis Rearward +
Backplate F, Backplate Forward, Thorax Rearward
(Euro-SID,ES-2) F, Backplate Rightward, Thorax Leftward
M Push Forward on Bottom Edge of Backplate, Hold
y Thorax in Place
M Push on Left Edge of Backplate, Hold Thorax in N

z Place
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TABLE 1 - DUMMY MANIPULATIONS FOR CHECKING RECORDED LOAD CELL
POLARITY RELATIVE TO SIGN CONVENTION (CONTINUED)
Load Cell Measure Dummy Manipulations Polarity
T-12 Spine F, Chest rearward, pelvis forward +
(Euro-SID, ES-2) F, Chest leftward, pelvis rightward +
M, Left shoulder to left hip +
M, Chest forward, hold pelvis +
Left Acetabulum E Hold pelvis, push on left side of H-point +
(BID-lls)
Right|Acetabulum F, Hold pelvis, push on right side of H-point -
(BID-lls)
Rib Fprce Sensor F, Compression -
(BID-lls)
8. FREE BODY DIAGRAMS OF SPECIFIC DUMMY TRANSDUCERSSHOWING LOAD SYSTEMS THAT PRODUCE
OUTPUTS THAT ARE TO BE RECORDED WITH SPECIFIED POLARITIES
8.1 Hybrid lll Typg Dummies (Large Male, Mid-Size Male, Small'Female, 10-Year Old, 6-Year Old, pnd 3-Year Old)
a. Upper Neck Load Cell—See Figure 9.
b. Lower Neck Load Cell—See Figure 10.
c. Neck Load Celly (3-year old)—See Figure 11.
d. Shoulder Load ¢ells—See Figure 12.
e. Lower Thoracic Bpine Load Cell—See Figure:13.
f. Chest Deflectior] Transducer—See Figure 44.
g. Lower Lumbar §pine Load Cell—See Figure 15.
h. lliac Lap Belt Lopd Cell—See Figure~16.
i. Pubic Load Cell+—See Figure 17.
j. Femur Load Cel|—See Figure 18.
k. Upper and Lowgr Tibia and&nee Clevis Load Cells—See Figure 19.
I.  Ankle/Toe Load|Cell—See Figure 20.
m. Clavicle Load Cg¢ll, Extérnal—See Figure 21.
n. Clavicle Load C¢ll, Interhal—See Figure 22.
0. Acetabulum Load(Cell (3-year old)—See Figure 23.
p. Rib Load Cells— fgure 24-
gq. Face Load Cell—See Figure 25.
8.2 BIOSID
a. Upper and Lower Neck Load Cells—See Figure 9 and Figure 10.
b. Left Shoulder Load Cell—See Figure 26.
c. Right Shoulder Load Cell—See Figure 27.
d. Rib Deflection Transducers—See Figure 28.
e. Lower Lumbar Spine Load Cell—See Figure 29.
f. lliac Wing Load Cell—See Figure 30.
g. Pubic Load Cell—See Figure 31.
h. Sacrum Load Cell—See Figure 32.
i.

2-Channel Sacrum Load Cell—See Figure 33.
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j-
k.

Acetabulum Load Cell—See Figure 34.
Femur Load Cell—See Figure 35.

8.3 CRABI Type Dummies (6, 12, and, 18 Months Old)

©Po0CO

8.4

3TXT T SQ@ 02000

© TOS>

5

8.6

SQ@ ™t a0 T

©
-

@ eoo0oTw

. Head Accelerom

Upper Neck Load Cell—See Figure 36.

Lower Neck Load Cell—See Figure 37.
Shoulder Load Cells—See Figure 12.

Lower Lumbar Spine Load Cell—See Figure 38.
Pubic Load Cell—See Figure 16.

WorldSID

Upper and Lowg
Lower Neck Loa|
Upper Neck Loa|
Femur Load Cel
Upper and Lowg
Knee Load Cell

Pubic Load Cell
Femoral Neck L
Shoulder Load ¢
Lumbar Spine L
Sacro-lliac Load
Arm Acceleromgq

Pelvis Acceleror
Thorax Accelero
Chest Dellection

THOR

LX/FLX Lower L|
Face Load Cell-
Acetabulum Loa
Lower Neck Loa

EuroSID
T-12 Load Cell—

Upper Neck Loa|
Lower Neck Loa|

r Arm and Elbow Load Cells—See Figure 39.
d Cell—See Figure 40.

d Cell—See Figure 41.

—See Figure 42.

r Tibia Load Cells—See Figure 43.
Polarities—See Figure 44.

—See Figure 45.

bad Cells—See Figure 46.
ell—See Figure 47.

pbad Cell—See Figure 48.
Cell—See Figure 49.

ters—See Figure 50.

eters—See Figure 51.
heters—See Figure 52.
meters—See Figure 53.

—See Figure 54.

bg—See Figure 55.
-See Figure 25.

d Cell—See Figure 56:
d Cell—See Figure\57.

-See Figure 58.
d Cell=See Figure 59.
d Cell—See Figure 60.

Backplate Load

all_Sece |:ig||rn 81

Shoulder Load Cell—See Figure 62.
Pubic Load Cell—See Figure 63.
Lumbar Load Cell—See Figure 64.

Abdominal Load

SID-lIs

Cell—See Figure 65.

Rib Load Cell—See Figure 66

Upper Neck Loa

d Cell—See Figure 9.

Lower Neck Lowad Cell—See Figure 10.

Acetabulum Loa

d Cell—See Figure 34.

Upper Femur Load Cell—See Figure 35.
lliac Wing Load Cell—See Figure 30.
Pubic Load Cell—See Figure 31.
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h. Femur Load Cell—See Figure 18.
i. Shoulder Load Cell—See Figure 67.

8.8 BioRID

a. T-1Load Cell—See Figure 68.

b. Upper Neck Load Cell—See Figure 9.
c. Lumbar Load Cell—See Figure 15.

8.9 Q-Series

a. Upper, Lower Neck-and Lumbarload Cells—See I:ignrn 89

8.10 Miscellaneous
a. Airbag Ineraction Arm—See Figure 70.
9. NOTES
9.1 Marginal Indicla
The change bar (l) Ipcated in the left margin is for the convenience of the dser in locating areas wher

have been made to [the previous issue of the report. An (R) symbol to the left of the document title
revision of the report.

PREPARED BY THE'SAE DUMMY TESTING EQUIPMENT SUBCOMMITTEE
OF THE SAE HUMAN BIOMECHANICS AND SIMULATION STANDARDS COMMIT]

e technical revisions
ndicates a complete

[EE
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BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT

Fz THE AXES SHOWN ILLUSTRATE Fz +FX HEAD REARWARD, CHEST FORWARD
Mz THE DIRECTION OF APPLIED MZ _—FY +FY HEAD LEFTWARD, CHEST RIGHTWARD
FX  FORCES TO THE HEAD FOR / +FZ HEAD UPWARD, CHEST DOWNWARD
/FY POSITIVE LOAD CELL OUTPUT. FX +MX LEFT EAR TOWARD LEFT SHOULDER
+MY CHIN TOWARD STERNUM
MX% Sy MY &D +MZ CHIN TOWARD LEFT SHOULDER

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

MOMENT CORRECTION EQUATION TO TRANSFER
THE MEASURED MOMENT FROM THE LOAD CELL
TO THE OCCIPITAL CONDYLE.

MOMENT X ABOUT OCCIPITAL CONDYLE

M, =MX+FY<O.DD
M, MOMENT X ABOUT OCCIPITAL CONDYLE
MX= MEASURED MOMENT FROM LOAD CELL
FY= MEASURED FORCE FROM LOAD CELL

1
oo, M, =MY—F X<0.D.

CENTER OF FORCE AND

MOMENT AXIS TO < MOMENT Y ABOUT OCCIPITALACONBDYLE]

OCCIPITAL CONDYLE. MY= MEASURED MOMENT FROM LOAR CELL
FX= MEASURED FORCE FROM WOAD GELL
0D.=0.01778M FOR LOAD @ELLS) WHICH INSTALL

THRU HOLE IN BASE BF “SKULL

MY

Mx

MOMENT Y ABOUT OCCIPITAL CONDYLE

THE DIRECTION OF APPLIED

MX MY
THE AXES SHOWN ILLUSTRATE FX /

FORCES TO THE NECK FOR Fy Mz VALID FOR: H3-5TH, 50TH, 95TH. 6YO
POSITIVE LOAD CELL OUTPUT. 10%0, BioSID, SID-IIs
Fz Fz
FRONT VIEW LEFT VIEW HYBRIBIII ‘UPPER NECK LOAD CE}L

OUTRYT POLARITY PER SAE. J-211

FIGURE 9 - UPPER NECK LOAD CELL

mg G?REESCTSI%%VSFII}IF’UPT_TIESTE vz TRANSFORMATION EQUYATIONS
Fx FERCES 70 THE NEGK FOR il FOR LOWER NECK LOAD CELL
FY POSITIVE LOAD CELL OUTRUF. X MOMENT CORRECTION EQUATIONS 10 TRANSFER
™ My X THE MEASURED MOMENT FROM THE] LOAD CELL
MY AT POINT A TO THE BASE OF THf NECK AT
LOWER NECK POINT B.
LOAD CELL TRANSFORMATION EQUATJONS

Fx =Fxm
Fy =Fw
Fz=Fam
k =M FuD

< X

v =Myt Dt Pz Dy
Mz =Ma—Fow Iy

WHERE:
FXM ‘FYM ‘FZM 'MXM ’MYM 'zM
ARE THE FORCES AND MOMENTS|MEASURED
AND

Mz THE AXES SHOWN ILLUSTRATE w2 BY THE LOWER NECK LOAD CELL
FX THE DIRECTION OF APPLIED FY
Fz FORCES TO THE CHEST FOR
POSITIVE LOAD CELL DUTPUT. Fz Fofv Fz MMy Mz
FRONT VIEW ARE_THE CALCULATED FORCES AND MOMENTS
LEFT VIEW AT THE CENTER OF THE BASE §iF THE NECK.
BODY SEGMENT MANIPULATIONS LDUMMY SIZE Dy D,
EORROSITINC L OAD ool Dl SMALL_FEMALE 175 25
SID-11s 175 100
+FX NECK REARWARD, CHEST FORWARD SOTH,95TH 200 1185
+FY NECK LEFTWARD, CHEST RIGHTWARD ® REPRESENTS A FORCE VECTOR 6 YEAR OLD 125 934
+FZ NECK UPWARD, CHEST DOWNWARD DIRECTED OUT OF THE PAGE 10 YEAR OLD 0 CONSULT MFG.
+MX LEFT EAR TOWARD LEFT SHOULDER BIOSID 200 1000
My CHIN TOWARD STERNUM X REPRESENTS A FORCE VECTOR SID-H3 0 50

+MZ CHIN TOWARD LEFT SHOULDER DIRECTED INTO THE PAGE

HYBRID IIT LOWER NECK LOAD CELL
OUTPUT POLARITY PER SAE. J-211

FIGURE 10 - LOWER NECK LOAD CELL
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Fz Fz
X Mz THE AXES SHOWN ILLUSTRATE vz
THE DIRECTION OF APPLIED FY
Fy FORCES TO THE HEAD FOR Fx
MX&? POSITIVE LOAD CELL OUTPUT. Q
MY

Mx

BODY SEGMENT MANIPULATIONS FOR
POSITIVE UPPER AND LOWER NECK LOAD
CELL OUTPUT PER SAE J-211

+FX HEAD REARWARD, CHEST FORWARD
+FY HEAD LEFTWARD, CHEST RIGHTWARD
+FZ HEAD UPWARD, CHEST DOWNWARD
+MX LEFT EAR TOWARD LEFT SHOULDER
+MY CHIN TOWARD STERNUM

+MZ CHIN TOWARD LEFT SHOULDER

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

MOMENT CORRECTION EQUATIONS

UPPER NECK LOAD CELL

THE UPPER NECK LOAD CELL NEUTRAL AXIS
Frsmaind

L Ly CORRESPONDS TO THE OCCIPITAL CONDYLE
| LOCATION, NO MOMENT CORRECTION IS REQUIRED.
|

LOWER NECK LOAD CELL

MOMENT CORRECTION EQUATION TO TRANSFER

5 E THE MEASURED MOMENT FROM THE LOAD CELL
I TO THE BASE OF THE NECK.

THE DIRECTION OF APPLIED
MZ FORCES TO THE CHEST FOR
POSITIVE LOAD CELL OUTPUT.
Fz
FRONT VIEW LEFT SIDE VIEW

OMENT ABOUT THE BASE OF  THE NECR

FX= MEASURED FORCE)FROM LOAD CELL

FY
@9m MX% wx w % MY = MOMENT Y ABOUT THE BASE DOF THE [NECK
L THE MAES SHON ILLUSTRATE B MYS*MEASURED MOMENT FROM LOAD CELL
X
F.

MX, . =MX—F Y(DZ>

DZ MXe MOMENT X ABOUT THE BASE, OF\THE [NECK
MX= MEASURED MOMENT FROM L@AD CELL
® FY= MEASURED FORCE FROM LBAD ‘CELL
MOMENT Y ABOUT THE BASE (R THE NECK
& L V) [SESEStERY

MY, =MY +F 2§ D2>

DZ EQUALS, 66/INCHES OR .0168M

THREE, YEAR OLD HYBRID III NECK LOAD| CELLS

DUTPUT POLARITY PER S.AE. J-21

FIGURE 11 - NECK LOAD)CELLS

SYM REVIS]
A

TOAP APPL 2
TO SHOULDER| NOT ARM. [cR¥

DATE
726 1

TN N
1N NG
N R
7/ GG
R 7
7 % 7
7 /
j// /i /
SHOUL DER SHoulDER i — 7
yoAaD CELL LOAD" CELL //// \
7
7
7
/,
///j
FX\ FX BODY SEGMENT MANIPULAFIONS
Fx R POSITIVE LOAD CEL} OUTPUT
e ey e SRS
\
FZ Fz FORCES TO THE SHOULDERS FOR & CHEST REARWARD
POSITIVE LOAD CELL OUTPUT. Fz +FZ SHOULDER DOWNWARD
CHEST UPWARD
MANIPULATIONS APPLY T BOTH LEFT
AND RIGHT SHOULDERS
® REPRESENTS A FORCE|VECTOR
IGHT ARM LEFT ARM Fz DIRECTED OUT OF THH PAGE
X REPRESENTS A FORCE |VECTOR
FX THE AXES SHOWN ILLUSTRATE _ DIRFCTED INTO THE PhGE
> THEDIRECTION  OF APPLTED t >
x FORCES TO THE CHEST FOR
FRONT VIEW POSITIVE LOAD CELL OUTPUT. LEFT SIDE VIEW

12718 MONTH INFANT (CRABI>

HYBRID IIT 3 YEAR 0OLD
SHOULDER LOAD CELL

OUTPUT POLARITY PER S.AE. J-211

FIGURE 12 - SHOULDER LOAD CELLS
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THE AXES SHOWN ILLUSTRATE

THE DIRECTION OF APPLIED
FORCES TO THE CHEST FOR

POSITIVE LOAD CELL OUTPUT.

THORACIC
SPINE

FRONT VIEW

BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT

LEFT SHOULDER REARWARD

LJ

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

FORCES TO THE PELVIS FOR
POSITIVE LOAD CELL OUTPUT.

® REPRESENTS A FORCE VECTOR

+FX CHEST REARWARD, PELVIS FORWARD

+FY CHEST LEFTWARD, PELVIS RIGHTWARD DIRECTED DUT OF THE PAGE
+FZ CHEST UPWARD, PELVIS DOWNWARD 3 REPRESENTS A FORCE VECTOR
+MX LEFT SHOULDER TOWARD LEFT HIP DIRECTED INTO THE PAGE
+MY STERNUM TOWARD FRONT OF LEGS

+MZ RIGHT SHOULDER FORWARD,

FXMX ‘w»w

FY Mz
Fz

LEFT (VAEW

HYBRID «ITINTHORACIC SPINE LOAN} CELL
SMALL "REMALE, S0TH, LARGE WALE
QOTPUT POLARITY PER SAE. J-211

FIGURE 13 - LOWER THORACIC SRINE LOAD CELL

i
0

e 6 p 66 o
°

e ol
)

Ex: T

RECTION OF APRLIED FORCES

THE AXES SHOWN TMLUSTRATES
FZ / THE_ DI
TO THE SPINENFOR POSITIVE OUTPUT.

\
/

Fz

BODY Sr
FOR POSITIVE POTENTIOMETER

=GMENT MANIPULATIONS
OUTPUT

+AX, ~ CHEST FORWARD, SPINE REARWARD
+AYL  CHEST RIGHTWARD, SPINE LEFTWARD
+AZ' CHEST DOWNWARD, SPINE UPWARD

* THE CHEST POTENTIOMETER ILLUSTRATED
IN THIS DRAWING MCASURES AX ONLY

DUE TO DIFFICULTY IN THE APPLICATION
OF FX FORCES THAT PRODUCE POSITIVE
OUTPUT, IT IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION OF
FORCES THAT PRODUCE NEGATIVE OUTPUTS.

~AX CHEST REARWARD, SPINE FORWARD

® REPRESENTS A FORCE VECTOR
oy DIRECTED OUT OF THE PAGE
X REPRESENTS A FORCE VECTOR

Fx DIRECTED INTO THE PAGE

CHEST POTENTIOMETER

FRONT VIEW

THE AXES SHOWN ILLUSTRATES

LEFW

THE_DIRECTION OF APPLIED FORCES
TO THE CHEST FOR POSITIVE OUTPUT.

HYBRID III CHEST POTENTIOMETER

OUTPUT POLARITY PER SAE J-211

FIGURE 14 - CHEST DEFLECTION TRANSDUCER
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FX THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE SPINE FOR
POSITIVE LOAD CELL OUTPUT.

LUMBAR SPINE

LOAD CELL

k

M

MX

MY MX
FX MY
oy THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
Mz FORCES TO THE PELVIS FOR
FX POSITIVE LOAD CELL OUTPUT. FY MZ
Fz Fz
LEFT VIEW
BODY [SEGMENT MANIPULATIONS ®  REPRESENTS A FORCE VECTOR
FOR AOSITIVE LOAD CELL OUTPUT DIRECTED OUT OF THE PAGE
+FX  GHEST REARWARD, PELVIS FORWARD
+FY HEST LEFTWARD, PELVIS RIGHTWARD X ;IE:ECE'?EESTI?\ITTJ FTE‘REc%A\éECTDR HYBRID, IN, LUMBAR SPINE LOAP CELL
+FZ  GHEST UPWARD, PELVIS DOWNWARD _
+Mx  JEFT SHOULDER TOWARD LEFT HIP QUIRUT POLARITY PER SAE. J-pi1
+MY  §TERNUM TOWARD FRONT OF LEGS
+Mz  RIGHT SHOULDER FORWARD, T e [ gD SELL AXES IS VAUID)FOR HYBRID 111 3 YO, 6 YO, SMALY FEMALE,
EFT SHOULDER REARWARD SOTHLARGE MALE
sioee
AS.LS. LOAD CELL
MY
NEUTRAL AXIS L’ »
THE AXES SHOWN ILLUSTRATE THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED THE DIRECTION OF APHLIED
FORCES TO Tt S.1S. FOF FORCES TO THE PELVES FOR
POSITIVE TRANSDUCER OUTPUT. POSITIVE TRANSDUCER] OUTPUT.
THE ILIAC LOAD CELLS FOR THE HYBRID III
bopy secuenT, MantpuLaTions T hAS, D BELLS IR THE S BRE
AND SSTH LARGE MALE CONTAIN TwO FX .
5TH FEMALE HYBRID III CHANNELS. THE TwO FX CHANNELS ARE REPRESENTS A FORCE VECTOR
DESIGNATED UPPER AND LOWER, CONSULT DIRECTED OUT OF THE PAGE
THE MANUFACTURER FOR THE EQUATION TO
BRI b, AL CALCULATE THE MOMENT, “MY” FROM THE FX X REPRESENTS A FORCE VECTOR
UPPER AND LOWER DATA. DIRECTED INTO THE PAGE
+My~ WPUSH TOP OF ILIAC REARWARD
PUSH TOP OF PELVIS FORWARD DUE TO DIFFICULTY IN THE APPLICATION
OE CY CORCCS TUAT DRODUCE DOSITIVE
DUE TO DIFFICUCTY IN THE APPLICATION
OF FX _FORCES THAT PRODUCE POSITIVE QUTPYT, IT IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION
QUTPUT, IT IS RECOMMENDED THAT OF FORCES WHICH PRODUCE NEGATIVE HYBRID III
POLARITY BE CHECKED BY APPLICATION uThUT.
D TEORCES WHICH PRODUCE NEGATIVE ANTERIOR SUPERIOR ILIAC SPINE LOAD CELL
TFXUPPER TR O Lo AREARWARD, OUTPUT POLARITY PER S.AE. J-211
-FX ILIAC REARWARD,
PELVIS FORWARD -FX, UPPER  BOTTOM OF ILIAC REARWARD, VALID FOR: H3-STH, 3YO, 6YO, 95TH
PELVIS FORWARD
sesse

FIGURE 16 - ILIAC LAP BELT LOAD CELL
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THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE CHEST FOR
NEGATIVE LOAD CELL OUTPUT.

DUE TO DIFFICULTY IN THE APPLICATION
OF FORCES THAT PRODUCE POSITIVE
OUTPUTS, IT IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION OF

-FX PUSH PUBIC REARWARD
:I PUSH CHEST FORWARD
I -FZ PUSH PUBIC UPWARD
PUSH CHEST DOWNWARD

@ REPRESENTS A FORCE pVECTG
DIRECTED OUT OF THE' RAGE

X REPRESENTS A FHERCE, VECTO
DIRECTED INTO_THE\ PAGE

I~—Fx

RIGHT LEG LEFT LEG PUBIC LOAD CELL

FRONT VIEW THE AXES SHOWN ILLUSTRATE LEFT SIDE VIEW
FORCES T8 THE RUBIC. LOAD
CELL FOR NEGATIVE GUTPUT. 1R/18 MONTH INFANT (CRABD
HYBRID III 3 YEAR |OLD
PUBIC LOAD CELL

OUTPUT POLARITY PER SAH J-211

se789

FORCES THAT PRODUCE NEGATIVE OUTPUTS.

FIGURE 17 - PUBIC ItOAD CELL

KNEE FEMUR ‘&0aD) CELL
UPPER LEG
FYE oy
X —
_@ Fz BODY SEGMENT MANIPULATIONS
Fz FOR POSITIVE LOAD CELL OUTPUT
v 4
MX
FX POLARITY TESTS APPLY TO DUMMY IN A
Fy SEATED POSITION
+FX  KNEE UPWARD, UPPER FEMUR DOWNWARD
+FY  KNEE RIGHTWARD, UPPER FEMUR LEFTWARD
+FZ  KNEE FORWARD, PELVIS REARWARD
TOP VIEW +MX  KNEE LEFTWARD, HOLD UPPER FEMUR|IN PLACE
THE AXES SHOWN TLLUSTRATE, THE AXES SHOWN ILLUSTRATE +MY  KNEE UPWARD, HOLD UPPER FEMUR IN PLACE
THE DIRECTION OF APPLIED THE DIRECTION OF APPLIED +MZ  TIBIA LEFTWARD, HOLD PELVIS IN PACE
FORCES| TO THE KNEE FOR FORCES TO THE UPPER LEG FOR
POSITI\E LOAD CELL OUTPUTY POSITIVE LOAD CELL OUTPUT.

® REPRESENTS A FORCE VECTOR
Fx DIRECTED OUT OF THE PAGE

FY
N 7 X REPRESENTS A FORCE VECTOR
MZj LS DIRECTED INTO THE PAGE
= Sy R g

Fz & 7

S

FEMUR LOAD CELL
OUTPUT POLARITY PER SAE. J-211

VALID FOR: H3-5TH, S0TH, 95TH
6Y0, 10Y0O, SID, BioSID, EuroSID

LEFT VIEW

sisu

FIGURE 18 - FEMUR LOAD CELL
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Fz

MZ

FY

||

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE KNEE FOR
POSITIVE LOAD CELL DOUTPUT
PER SAE J-211.

KNEE

KNEE CLEVIS LOAD CELL

UPPER TIBIA LOAD CELL

LOWER TIRIA 1 0AD CFIL

BODY SEGMENT MANIPULATIONS FOR POSITIVE
UPPER TIBIA LOAD CELL OUTPUT PER J-211

+FX TIBIA FORWARD, KNEE REARWARD
+FY TIBIA RIGHTWARD, KNEE LEFTWARD
+FZ TIBIA DOWNWARD, KNEE UPWARD
+MX TIBIA LEFTWARD, HOLD KNEE IN PLACE
+MY TIBIA FORWARD, HOLD KNEE IN PLACE
+MZ ROTATE FOOT TO RIGHT,

HOLD KNEE IN PLACE

BODY SEGMENT MANIPULATIONS FOR POSITIVE
LOWER TIBIA LOAD CELL OUTPUT PER J-211

+FX ANKLE FORWARD, KNEE REARWARD
+FY ANKLE RIGHTWARD, KNEE LEFTWARD
+FZ ANKLE DOWNWARD, KNEE UPWARD
+MX  ANKLE LEFTWARD, HOLD KNEE IN PLACE
+MY ANKLE FORWARD, HOLD KNEE IN PLACE
+MZ ROTATE FOOT TO RIGHT,

HOLD KNEE IN PLACE

BODY SEGMENT MANIPULATIONS FOR POSITIVE
KNEE CLEVIS LOAD CELL OUTPUT PER J-211

+FZ KNEE UPWARD, TIBIA DOWNWARD

© ® DIRECTED OUT OF THE PAGE
X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE
Y MX THE AXES SHOWN ILLUSTRATE MX. MY
. THE DIRECTION OF APPLIED .
FORCES TO THE FOOT FOR
POSITIVE LOAD CELL OUTPUT HYBRID TII TIBIA INSTRUMENTATION
F PER SAE J-211. FY DUTPUT POLARITY PER SAE. Jfeil
FzZ Fz
FRONT VIEW LEFT VIEW
Fz Fz
THE AXES SHEWN ILLUSTRATE
THE DIRECTION OF APPLIED MX
FORCES U THE ANKLE FOR (
POSITIWELLOAD CELL OUTPUT. X
ANKLE LOAD CELL
TOE LOAD CELL —
h
%ﬁw
THE AXES SHOWN ILLUSTRATE MX
THE DIRECTION OF APPLIED
FORCES TO THE FOOT FOR
POSITIVE LOAD CELL OUTPUT.
Fz Fz
FRONT VIEW LEFT SIDE VIEW
® REPRESENTS A FORCE VECTOR
BYDY=SEGMENT MANIPULATIONS FOR DIRECTED OUT OF THE PAGE

PASITIVE ANKLE 1LOAD CELL _OUTPUT PER

+FX  ANKLE REARWARD, FOOT FORWARD
+FY ANKLE LEFTWARD, FOOT RIGHTWARD
+FZ ANKLE UPWARD, FOOT DOWNWARD
+MX  HOLD ANKLE, FOOT LEFTWARD

+MY HOLD ANKLE, TOES UPWARD

BOD

AL =211

'Y SEGMENT MANIPULATIONS FOR

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

POSITIVE TOE LOAD CELL OUTPUT PER SAE J-211
+FZ TOE DOWNWARD, ANKLE UPWARD

HYBRID III ANKLE/TOE LOAD CELLS
OUTPUT POLARITY PER S.AE. J-211

FIGURE 20 - ANKLE/TOE LOAD CELL
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RIGHT SHOULDER

LEFT SHOULDER

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

FORCES TO THE SHOULDER FOR
POSITIVE LOAD CELL OUTPUT.

© e @ @ ©

X
FRONT VIEW

BODY SE(QMENT MANIPULATIONS FOR
POSITIVE| LOAD CELL OUTPUT

PER SAE |J-211

+FX SHOPLDER FORWARD, CHEST REARWARD
+FZ SHOWLDER DOWNWARD, CHEST UPWARD

MANIPULATIONS APPLY TO BOTH LEFT

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE CHEST FOR
POSITIVE LOAD CELL OUTPUT.

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

NOTE: THE LOAD CELL SHOWN IN THIS DRAWING IS A EXTERNAL

FX
LEFT SIDE VIEW

H-IIT CLAVICLE LOAD PELLS
EXTERNAL LOAD CELL]
OUTPUT POLARITY PER SAE| J-211

LOAD CELL. IT MEASURES EXTERNAL FORCES APPLIED TO THE
CLAVICLE ONLY. SEE THE DRAWING “ HYBRID III CLAVICLEwLOAD
CELLS, INTERNAL LOAD “ FOR CLAVICLE LOAD CELLS WHICH
MEASURE EXTERNALLY APPLIED FORCES AS WELL AS FERGES
APPLIED TO THE ARM.

AND RIGHT SHOULDERS

FIGURE 21 - CLAVICLE LOAD EELL, EXTERNAL

RIGHT CLAVICLE ASSY\

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE RIGHT ARM FOR
POSITIVE LOAP CELL OUTPUT.

/LEFT CLAVIELE ASSY

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

FORCES TO THE LEFT ARM FOR
POSITIVE LOAD CELL OUTPUT.

FRONT VIEW

BODY SEGMENT MANIPULATIONS FOR
POSITIVE RIGHT LOAD CELL OUTPUT

+FX ARM FORWARD, CHEST REARWARD
+FZ ARM DOWNWARD, CHEST UPWARD

BODY SEGMENT MANIPULATIONS FOR
POSITIVE LEFT LOAD CELL OUTPUT

+FX  ARM REARWARD, CHEST FORWARD
+FZ ARM UPWARD, CHEST DOWNWARD

NOTE: THE LOAD CELL SHOWN IN THIS DRAWING IS A INTERNAL
LDAD CELL. IT MEASURES BOTH FORCES APPLIED T

O Cl
CLAVICLE AS WELL

AS FORCES APPLIED TO THI
AWING “ HYBRID III CLAVICLE LOAD CELLS, EX

0 THE
E ARM. SEE THE
LOAD

DR R! EXTERNAL
FOR CLAVICLE LOAD CELLS WHICH ONLY MEASURE EXTERNALLY

APPLIED FORCES.

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

H-III CLAVICLE LOAD CELLS
INTERNAL LOAD CELL
OUTPUT POLARITY PER S.AE. J-211

FIGURE 22 - CLAVICLE LOAD CELL, INTERNAL
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BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL DUTPUT
ACCORDING TO SAE J-211.

LEFT ACETABULUM LOAD CELL
+FY LEFT LEG LEFTWARD,
PELVIS RIGHTWARD
RIGHT ACETABULUM LOAD CELL
+FY RIGHT LEG RIGHTWARD,

PELVIS LEFTWARD

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR

DIRECTED INTO THE PAGE

L |
T
@—@‘\ HYBRID-III 3 YEAR OLD

:_. —+F ELVIC ASSEMBLY

THE AXIS SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE H-POINT FOR
POSITIVE LOAD CELL OUTPUT
ACCORDING TO SAE J-211

MODEL# 2945
H-III 3 YEAR OLD
F&EENJ ACETABULUM LOAD CELL

LEFT SIDE
VIEW

3 YEAR*OLD HYBRID IIT ACETABULUM
QUTPUT POLARITY PER S.AE. J-gil

FIGURE 23 - ACETABULUM LOAD CELL

=]

&

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

POSITIVE LOAD CELL OUTPUT.

FORCES TO THE SPINE BOX FOR FY \j\
Fz

MY
FXT
Fz
THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

FORCES TO THE RIBS FOR
POSITIVE LOAD CELL OUTPUT.

[A]CHG. TO EXTERNAL|POLARITY[6/07

CELLS

BODY SEGMENT MANIPULATIONS FOR
POSITIVE LOAD CELL OUTPUT PER SAE J-211

+FX

+FY

+FZ

S$3165

FRONT VIEW

RIB LOAD CELL

RIBS FOREWARD,

SPINE REARWARD

RIBS RIGHTWARD,

SPINE LEFTWARD

RIBS DOWNWARD,

SPINE UPWARD

PUSH STERNUM UPWARD
HOLD SPINE IN PLACE

©® REPRESENTS A FORCE VECTOR

DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR

DIRECTED INTO THE PAGE

LEFT SIDE VIEW

HYBRID III RIB LOAD CELLS
DUTPUT POLARITY PER SAE. J-21t

FIGURE 24 - RIB LOAD CELLS


https://saenorm.com/api/?name=a411a83862d85b7ceb603ca1e68c2879

SAE

J1733 Revised NOV2007

-21 -

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE FACE FOR
NEGATIVE LOAD CELL OUTPUT.

DUE TO DIFFICULTY IN THE APPLICATION
OF FORCES THAT PRODUCE POSITIVE
OUTPUTS, IT IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION OF
FORCES THAT PRODUCE NEGATIVE OUTPUTS.

BODY SEGMENT MANIPULATIONS FOR
NEGATIVE LOAD CELL OUTPUT PER SAE J-211

FACE LOAD CELL
-FX PUSH FACE REARWARD
PUSH BACK OF HEAD FORWARD

-FX

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE EQTOR
DIRECTED INTO THE PAGE

.

1—/ Fz

rx\

FY

FX

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE CHEST FOR
POSITINVE 1 OAD CELL_OUTPUT

FRONT VIEW LEFT VIEW
THER/HYBRID III FACE LO4D CELL
OUTIPUT POLARITY PER SAE Jq211
FIGURE 25 - FACE LOAD CELL
THE AXES SHOWN ILLUSTRATE
FHRCES 701 THE ARM TOR. -
EEE%LDER POSITIVE LOAD CELL OUTPUT.
CELL

TRONT TCW

BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT

+FX LEFT SHOULDER FORWARD, CHEST REARWARD

+FY LEFT SHOULDER RIGHTWARD, CHEST LEFTWARD

+FZ LEFT SHOULDER DOWNWARD, CHEST UPWARD
DUE TO RIB INTERACTION WITH THE RIB GUIDES, IT IS
RECOMMENDED TO CHECK POLARITY BY APPLYING THE ABOVE
LISTED FORCES DIRECTLY TO THE RIGHT SIDE FACE OF THE
LOAD CELL.

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

BIOSID SHOULDER LOAD CELL
LEFT SIDE IMPACT
OUTPUT POLARITY PER SAE. J-211

FIGURE 26 - LEFT SHOULDER LOAD CELL
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SAE

sYM REVISION DATE
CORRECT POLARITY 10
A |INTERNAL LOAD CELL

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE ARM FOR
POSITIVE LOAD CELL OUTPUT

SHOULDER
LOAD
CELL

Fz
FY
FX =

Fz
ARM
FY
FX

_\—\/\A FX
FY —|—
_\ FY
X THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE CHEST FOR Fz
Fz POSITIVE LOAD CELL OQUTPUT.
RIGHT SIDE VIEW FRONT ATV
BODY YEGMENT MANIPULATIONS
@ REPRESENTS A FORCE VECTOR
FOR POSITIVE LOAD CELL OUTPUT REPRESENTS & FORCE VECTI
+FX RIFHT SHOULDER REARWARD, CHEST FORWARD <
+FY RIFHT SHOULDER LEFTWARD, CHEST RIGHTWARD REPRESENTS A FORCE VECTOR
+Fz RIFHT SHOULDER UPWARD, CHEST DOWNWARD DIRECTED INTO THE PAGE BIOSID SHOULDER LOAB CELL
DUE TO RIB INTERACTION WITH THE RIB GUIDES, IT IS RIGHT SIDE IMPAQT
RECOMMENDED TO CHECK POLARITY BY APPLYING THE ABOVE OUTPUT POLARITY PER S.AH J-211
LISTED FORCES DIRECTLY TO THE LEFT SIDE FACE OF THE
LOAD CHLL.
sermen
X' STRING PO MMEMETER
-'] BR
ALK o i 5 by -
,-/_- F
FYy Ft 1
p— ol
g R
TR i — —
el T Siiia
f',—-_- o _-\-\-H"M_.
FRONT VIFW FRONT VIEW
LEFT SIDE IMPACT

RIGHT SIDE IMPACT

THE pAxEs SHOWHN L
THE DIRECTION OF APFLIED

TUE e elriae T RS TRATE

THE MRECTION 0F APPLIED

FORCES TO THE CHEST FOR

MEGATIVE STRING POTENTIDMETER

OUTPLIT, MOTE: ARM MOUNTED O RIGHT S1DE

BODY SECHEMT MANIPULATIONS
FOR HEGATIVE FOTEMTIRHETER OUTFUT

ARM OR RIGHT SIDE OF CHEST LEFTWARD
SPIHE RIGHTWARD

-F¥

FORCES TO THE CHEXT FOR
POSITIVE STRING POTEMTIOMETER
OUTPUT, NOTEr ARM MOUWTED [N LEFT SIDE

BOOY SEGHEMT HAMIPULATIONS

FOR POSITIVE POTENTIOMETER DUTRUT
ARM OF LEFT SIDE OF CHEST RIGHTWARD
EPIME LEFTWARD

+FY

BIOSID CHEST DEFLECTION
OUTPUT FOLARITY FPER SAE. J-211

FIGURE 28 - RIB DEFLECTION TRANSDUCERS


https://saenorm.com/api/?name=a411a83862d85b7ceb603ca1e68c2879

SAE

J1733 Revised NOV2007

LUMBAR SPINE

THE AXES SHOWN ILLUSTRATE FZ
THE DIRECTION OF APPL. MZ
FORCES TO THE LUMBAR SPINE FOR

POSITIVE LOAD CELL OUTPUT.

BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT

+FX CHEST REARWARD, PELVIS FORWARD
+FY  CHEST LEFTWARD, PELVIS RIGHTWARD

I
T\

‘-|—|-|-' LUMBAR stE

+MY STERNUM TOWARD FRONT OF LEGS
+MZ RIGHT SHOULDER FORWARD,
LEFT SHOULDER REARWARD

Fx M

Fz

MY MX
FY

r4

FRONT VIEW

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED Fy MZ
FORCES TO THE PELVIS FOR

POSITIVE LOAD CELL OUTPUT. Fz

LEFT SIDE VIEW

¥ REPRESENTS A FORCE VECTO
DIRECTED INTO THE/PAGE

BIOSID BUMBAR SPINE LOA

OUTPYT POLARITY PER S.AE. J{2l1

+FZ CHEST UPWARD, PELVIS DOWNWARD
+MX  LEFT SHOULDER TOWARD LEFT HIP

REPRESENTS A FURCE VECTIR
DIRECTED OUT OF THE PAGE

FIGURE 29 - LOWER LUMBAR SPINE LOAD CELL

FY

RIGHT ILfiaC LUMBAR SPINE

LOAD CELL7

THE AXES SHOWN ILLUSTRATE
THE,DIRECTION OF APPLIED

FORCES TO THE ILIAC FOR
PESITIVE LOAD CELL OUTPUT. Fy
LEFT ILIAC LOAD CELL

I

/ : X ]
ILIAC WING
fa-- FY

BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT

LEFT ILIAC LOAD CELL

l _______ \.V +FY LEFT ILIAC RIGHTWARD, CHEST LEFTWAR]
L VO (AN —— @ e T ’
- i = ‘ol & clo |
RN e 1o O ol RIGHT ILIAC LOAD CELL
= HH i” P I (o) ] +Y RIGHT ILIAC RIGHTWARD, CHEST LEFTWARD
(:4\ ® REPRESENTS A FORCE VECTOR
@ @ DIRECTED OUT OF THE PAGE
X REPRESENTS A FORCE VECTOR
X DIRECTED INTO THE PAGE
THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPI
FORCES TO THE PEL\/IS FI:IR
POSITIVE LOAD CELL QUTPUT. BIOSID/SID-IIs ILIAC LOAD CELLS
FRONT VIEW

LEFT SIDE VIEW

OUTPUT POLARITY PER S.AE. J-211

FIGURE 30 - ILIAC WING LOAD CELL
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DUE TO DIFFICULTY IN THE APPLICATION
LUMBAR SPINE OF FORCES THAT PRODUCE POSITIVE
OUTPUTS, IT IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION OF

FORCES THAT PRODUCE NEGATIVE OUTPUTS.
ILIAC WING
T I I . BODY SEGMENT MANIPULATIONS
ol I Y b I FOR NEGATIVE LOAD CELL OUTPUT
TN [
HH HH PUBIC LOAD CELL
—-FY PUSH TO LEFT ON RIGHT SIE H-FOINT PAD
Fy PUBIC PUSH TO RIGHT ON LEFE#| SIDEM H-APINT PAD
LOAD CELL
X REPRESENTS A EORCE) VECTOR
DIRECTED INTD (THE “PAGE
H-POINT PAD FY
THE AXES SHOWN ILLUSTRATE BIOSIDASID-IIs PUBIC LOAD CELL
FORCES TO THE H-POINT -
FRONT VIEW PAD FOR NEGATIVE LOAD LEFT SIDE VIEW OUSPUT POLARITY PER SAE.|J-211
CELL DUTPUT.
-
Y
\ THE AXES SHOWN ILLUSTRATE
- THE DIRECTION OF “APPLIED FY
S TO THE CH P,
FOR POSITIVE LOAD CELL DUTPUT.
LUMBAR SPINE BODY SEGMENT MANIPULATIONY
FOR POSITIVE LOAD CELL OUfPUT
ﬁ SACRUM LOAD CELL
| | +FY  RIGHT H-POINT PAD LEFTWARD,
15 ol e CHEST RIGHTWARD
as i) -
|
i 1 -
| i | - ®
- REPRESENTS A FORCE VEC]OR
i | DIRECTED OUT OF THE PAG|
@) FY X REPRESENTS A FORCE VEC|OR
R DIRECTED INTO THE PAGE
N
\tSADRUM LOAD CELL FY H-POINT PAD
THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
RIGHT SIDE VIEW  FORCES 10 THE H-AOINT FRONT VIEW BIOSID SACRUM LOAD CELL
FOR POSITIVE LOAD CELL DUTPUT. OUTPUT POLARITY PER S.AE. J-211
seoss

FIGURE 32 - SACRUM LOAD CELL
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LUMBAR SPINE

sern

i
aQ
Ff-=

o el

@

—-FY PUSH RIGHT H-POINT PAD LEFTWARD,

+FY PUSH RIGHT H-POINT PAD LEFTWARD,

DUE TO DIFFICULTY IN THE

APPLICATION OF FORCES THAT

PRODUCE POSITIVE OUTPUT IN BOTH
LOAD CELL CHANNELS, THE CHANNEL
POLARITY IS CHECKED BY APPLICATION
OF FORCES WHICH PRODUCE NEGATIVE
OUTPUT IN THE LEFT CHANNEL AND
POSITIVE OUTPUT IN THE RIGHT CHANNEL.

2 CHANNEL SACRUM LOAD CELL
LEFT SACRUM CHANNEL

PUSH LEFT H-POINT PAD RIGHTWARD.
RIGHT SACRUM CHANNEL

FRONT VIEW

H-POINT PAD

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE H-POINT FOR
THE LOAD CELL OUTPUT
POLARITIES AS NOTED.

-FY
LEFT SIDE VIEW

BIOSID (2y CHANNEL SACRUM LOAD| CELL
OUTPUT POLARITY PER SAE. J-2it

SACRUM LOAD CELL

POUSH CEF T A-PUOINT PAD RIGHTWARD.

REPRESENTS |A FORCE] VECTOR
DIRECTEP™QAUT, OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIREEGTED INTO THE RAGE

FIGURE 33 - 2-CHANNEL SACRUM LOAD CELL

LUMBAR SPINE

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE PELVIS

FOR POSITIVE LOAD CELLMOOIRUT.

ACETABULUM LOAD CELL

FRONT VIEW

THE AXES SHOWN ILLUSTRATE
by 1ED

LEFT SIDE VIEW

BODY SEGMENT MANIPULATIONS FlOR
POSITIVE LOAD CELL OUTPUT PR SAE J-211

LEFT ACETABULUM LOAD|CELL

+FY LEFT H-POINT PAD RIGHTWARD,
PELVIS LEFTWARD

DUE TO DIFFICULTY IN THE APPLICATION
OF FORCES THAT PRODUCE POSIJIVE RIGHT
OUTPUTS, IT IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION OF
FORCES THAT PRODUCE NEGATIVE OUTPUTS.

>

BODY SEGMENT MANIPULATIONS FOR
NEGATIVE LOAD CELL OUTPUT PER SAE J-211

RIGHT ACETABULUM LOAD FELL

-FY RIGHT H-POINT PAD LEFTWARD,
PELVIS RIGHTWARD

® REPRESENTS A FORCE VEETOR
DIRECTED OUT OF THE PAGE

FORCES TO THE H-POINT

FOR POLARITY OF OUTPUT AS NOTED.

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

BIOSID/ SID-IIs ACETABULUM LOAD CELL
OUTPUT POLARITY PER SAE. J-211

FIGURE 34 - ACETABULUM LOAD CELL
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THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE PELVIS

LUMBAR SPINE

FOR POSITIVE LOAD CELL DUTPUT.

BODY SEGMENT MANIPULATIONS FOR
POSITIVE LOAD CELL OUTPUT PER SAE J-211

LEFT FEMUR LOAD CELL

|
SOk

i
ok
[&)
[
[

+FY LEFT LEG RIGHTWARD,
HOLD PELVIS IN PLACE
RIGHT FEMUR LOAD CELL

+FY RIGHT LEG RIGHTWARD,
HOLD PELVIS IN PLACE

FY

— N v

® REPRESENTS A FORCE |VECTOR
DIRECTED OUT OF \THE| PAGE

X REPRESENTS A /FERCE |VECTOR
DIRECTED INTO THE PHGE

FY
—
LEFT SIDE VIEW
FRONT VIEW THE AXES SHOWN ILLUSTRATE

THE DIRECTION OF APPLIED

FORCES TO THE LEGS

FOR POSITIVE LOAD CELL OUTPUT.

BioSID¥ SID-IIs FEMUR LOApPp CELLS
OUTPUT POLARITY PER S.AE. J-gi1
FIGURE 35 - FEMUR LOAD CELL
BODY SEGMENT MANIPULATIONS
Fz Fz FOR POSITIVE LOAD CELL OUTPUT
Fx Mz Mz

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE HEAD FOR
POSITIVE LOAD CELL BUTPUT.

oD.
CENTER OF
FORCE AND
MOMENT AXES
TO OCCIPITAL
CONDYLE.

URRER NECK LOAD Coll

+FX HEAD REARWARD, CHEST FORWARD
+FY HEAD LEFTWARD, CHEST RIGHT\YARD
+FZ HEAD UPWARD, CHEST DOWNWAR
+MX LEFT EAR TOWARD LEFT SHOUUDER
+MY CHIN TOWARD STERNUM

+MZ CHIN TOWARD LEFT SHOULDER

©

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

MOMENT CORRECTION EQUATION TO TRANSFER
THE MEASURED MOMENT FROM THE LPAD CELL
TO THE OCCIPITAL CONDYLE.
MOMENT X ABOUT OCCIPITAL CONDYUE
M, =MX+FY(O.D.>
Mgz MOMENT X ABOUT OCCIPITAL CONDYLE
MX= MEASURED MOMENT FROM LOAD §ELL
FY= MEASURED FORCE FROM LOAD CHLL

MOMENT Y ABOUT OCCIPITAL CONDYLE
MeemMY—-F X<O.D>

ocy.
M, MOMENT Y ABOUT OCCIPITAL CONDYLE
E

locy.

FRONT VIEW

sess

Fz

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE NECK FOR
POSITIVE LOAD CELL OUTPUT.

LEFT SIDE VIEW

LL
FX= MEASURED FORCE FROM LOAD CELL

0.0.=0.0102M FOR 6 MONTH CRABI
. .0058M FOR 12 AND 18 MONTH CRABI

6/12/18 MONTH

INFANT (CRABI> UPPER NECK LOAD CELL

OUTPUT POLARITY PER S.AE. J-211

FIGURE 36 - UPPER NECK LOAD CELL
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Fz Fz
MZ Fx nz FY
THE AXES SHOWN ILLUSTRATE
- THE DIRECTION OF APPLIED X
FORCES TO THE NECK FOR MY
MX My POSITIVE LOAD CELL OUTPUT. Mx

A/
75777
7 75000 Vo
Z 27000 Voo
Z 4
2, 77277,
A = (00
7% ! FE ,//////,/ BODY SEGMENT MANIPULATIONS
7 /,///// FOR POSITIVE LOAD CELL OUTPUT
% 2
7 +FX HEAD REARWARD, CHEST FORWARD
Z +FY HEAD LEFTWARD, CHEST RIGHTWARD
+FZ HEAD UPWARD, CHEST DOWNWARD
+MX LEFT EAR TOWARD LEFT SHOULDER
LOWER NECK o | +MY CHIN TOWARD STERNUM
I @ FMZ UAIN TUOWARD LEF T HUULDER
= :ﬂ7 Fh
=R FE=h ® REPRESENTS A FORCH VEGTOR
J_ _l DIRECTED OUT OF THE PAGE
= ==
T = X REPRESENTS A-RORCE VECTOR]
| | DIRECTED INTD, THE PAGE
t | LUMBAR SPINE
y x THE AXES SHOWN ILLUSTRATE 6/12/18 MONTH
3> THE DIRECTION OF APPLIED
] FORCES TO THE CHEST FOR INFANT "¢CRABI> LOWER NECK LOAD CELL
POSITIVE LOAD CELL OUTPUT. DUTPUT POLARITY PER SAE. J-2|1
MZ
X
Fz
FRONT VIEW LEFT VIEW
Fz Fz
MZ__~FX THE AXES SHOWN I'LUSTRATE vz Y
THE DIRECTION, BF” APPLIED
FY FORCES 70" THE®LUMBAR SPINE FOR FX
MX POSITIVE LOAD CELL OUTPUT.
MY MY MX BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT
+FX CHEST REARWARD, PELVIS fORWARD
+FY CHEST LEFTWARD, PELVIS RIGHTWARD
LUMBAR STANE +FZ CHEST UPWARD, PELVIS DOWNWARD
+MX LEFT SHOULDER TOWARD LEFT HIP
+MY STERNUM TOWARD FRONT OFf LEGS
+MZ RIGHT SHOULDER FORWARD,
LEFT SHOULDER REARWARD
® REPRESENTS A FORCE VECTQR
1] DIRECTED OUT OF THE PAGH]
H X REPRESENTS A FORCE VECT{R
il DIRECTED INTO THE PAGE
IGHT LEG LEFT LEG
FRONT_VIEW LEFT SIDE VIEW
MY MX MX MY
6/12/18 MONTH
FY THE AXES SHOWN ILLUSTRATE Fx INFANT (CRABI
Mz THE DIRECTION OF APPLIED oy Mz
FX FORCES TO THE PELVIS FOR LUMBAR SPINE LOAD CELL
Fz POSITIVE LOAD CELL OUTPUT. Fz
OUTPUT POLARITY PER S.AE. J-211
sessaL

FIGURE 38 - LOWER LUMBAR SPINE LOAD CELL
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Fz
THE AXES SHOWN ILLUSTRATE Mz
THE DIRECTION OF APPLIED Fz
FORCES TO THE SHOULDER
FOR POSITIVE LOAD CELL Mz
DUTPUT PER SAE J-211 <

ARM
LOAD CELL
W

ELBO!
ACCELEROMET]
ELBOW

LOAD CELL-

ELBOW POT-

ARM
LOAD CELL-
T

WRIS
ACCELEROMETE!

BODY SEGMENT MANIPULATIONS
FOR POSITIVE OUTPUT PER SAE J-211

UPPER ARM LOAD CELL

+HX SHOULDER REARWARD, ELBOW FORWARD

+FY SHOULDER LEFTWARD, ELBOW RIGHTWARD
+FZ SHOULDER UPWARD, ELBOW DOWNWARD

+MX ELBOW LEFTWARD, HOLD SHOULDER IN PLACE
+MY ELBOW FORWARD, HOLD SHOULDER IN PLACE

+MZ ROTATE ELBOW COUNTERCLOCKWISE
WHEN VIEWED FROM HAND

ELBOW LDOAD CELL
+MX ELBOW LEFTWARD, HOLD SHOULDER IN PLACE
+MY ELBOW FORWARD, HOLD SHOULDER IN PLACE

LOWER ARM LOAD CELL

+FX ELBOW REARWARD, WRIST FORWARD

+FY ELBOW LEFTWARD, WRIST RIGHTWARD
+FZ ELBOV UPWARD, WRIST DOWNWARD

+MX WRIST LEFTWARD, HOLD ELBOW IN PLACE
+MY WRIST FORWARD, HOLD ELBOW IN PLACE

+MZ ROTATE WRIST COUNTERCLOCKWISE

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE HAND FOR
POSITIVE LOAD CELL OUTPUT
PER SAE J-211

Fz

FRONT VIEW

LEFT SIDE VIEW

NOTE:  THE BODY SEGMENT MANIPULATIONS APPLY TO
BOTH LEFT AND RIGHT ARMS. THE ARM AND ELBOW
LOAp CELL POLARITIES CONFORM TO J-211

VNV TEWE DT RO TAND

ELBOW POTENTIOMETER
+RY LOWER ARM UPWARDS
HOLD UPPER ARMgIN, PLACE

WORLDSID ARM ASSEMBILY
OUTPUT POLARITY PER SAE. J-l1

FIGURE 39 - UPPER AND LOWER ARMAND ELBOW LOAD CELLS

THE AXES SHOWN ILLUSTRATE Fz
MZ _ e«  THE DIRECTION OF APPLIED MZ —FY
FORCES TO THE NECK FOR

FY POSITIVE LOAD CELL OUTPUT. FX
MX& MY My &D MX

BODY SEGMENT MANIPULATIONS FOR
POSITIVE LOAD CELL OUTPUT PER SHE J-211

+FX NECK REARWARD, CHEST FORWARD
+FY NECK LEFTWARD, CHEST RIGHTWARD
+FZ NECK UPWARD, CHEST DOWNWARD
+MX LEFT EAR TOWARD LEFT SHOULDER
+MY CHIN TOWARD STERNUM
+MZ CHIN TOWARD LEFT SHOULDER

TRANSFORMATION EQUATIONS
FOR LOWER NECK LOAD CEjL

MOMENT CORRECTION EQUATIONS TO TRAN$FER
THE MEASURED MOMENT FROM THE LOAD CELL
AT POINT A TO THE BASE OF THE NECK BT

POINT B.
TRANSFORMATION EQUATIONS
Fyx =Fxu
Fy =Fym
Fz =Fam
My =Myui—FyuDz
My =Myt FuDz
WHERE:! Mz =May

F>(M JFVM 'FZM ’MXM ’MYM 'MZM

ARE THE FORCES AND MOMENTS MEASURE]
BY THE LOWER NECK LOAD CELL AND

iy Fz M My Mz

ARE THE CALCULATED FORCES AND MOMENTS

J J T Rt e R T e e S e AT HE N CK.
B D,= 0.0145 M
STANDARD LOAD CELL POLARITY CONFORMS TO J-211
MY MX THE AXES SHOWN ILLUSTRATE MX A IN THE LOWER NECK POSITION
THE DIRECTION OF APPLIED MY
FY e L oAb JORSD PR . FX 3 WORLDSID LOWER NECK LOAD CELL
Mz oy Mz OUTPUT POLARITY PER SAE. J-2lt
FX
Fz ® REPRESENTS A FORCE VECTOR Fz
FRONT VIEW DIRECTED OUT OF THE PAGE LEFT VIEW

X REPRESENTS A FORCE VECTOR

DIRECTED INTO THE PAGE
$-W50-71000

FIGURE 40 - LOWER NECK LOAD CELL
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THE AXES SHOWN ILLUSTRATE
MZ _ ty  THE DIRECTION OF APPLIED

FORCES TO THE HEAD FOI
POSTTIVE LOAD CELL GUTPUT.

BODY SEGMENT MANIPULATIONS FOR
POSITIVE LOAD CELL OUTPUT PER SAE J-211

+FX HEAD REARWARD, CHEST FORWARD
+FY HEAD LEFTWARD, CHEST RIGHTWARD
+FZ HEAD UPWARD, CHEST DOWNWARD
+MX LEFT EAR TOWARD LEFT SHOULDER
+MY CHIN TOWARD STERNUM

+MZ CHIN TOWARD LEFT SHOULDER

® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

MOMENT CORRECTION EQUATION TO TRANSFER
THE MEASURED MOMENT FROM THE LOAD CELL
TO THE OCCIPITAL CONDYLE.
MOMENT X ABOUT OCCIPITAL CONDYLE

Mo =MX+FYC(O.DD
MOMENT X ABOUT OCCIPITAL CONDYLE
MX= MEASURED MOMENT FROM LOAD CELL
FY= MEASURED FORCE FROM LOAD CELL

MOMENT Y ABOUT OCCIPITAL CONDYLE

0.D. CENTER OF
FORCE AND MOMENT _|
AXIS TO OCCIPITAL
CONDYLE

MY MX
Y THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

| MZ FORCES TO THE NECK FO
X POSITIVE LOAD CELL EIUTPUT
Fz

FRONT VIEW

S-WS50-71000 UPPER

Fz

LEFT VIEW

Moy 1T T ACLL D)

MOMENT Y ABOUT OCCIPITAL/ ‘€ONDYLE
MW MEASURED MOMENT FROM LOADNCELL
FX= MEASURED FORCE FROM,LUAD CEfL

0D.= 0195 M OR .768 INCHES
TO CONFORM TO SAE J-R11\SIGN CONVENTION, THE

POLARITY OF THE DATA) FER FX AND MY CHANNELS
MUST BE CHANGED.

WORLDSTBHUPPER NECK LOAD CELL
OUTPUT POLARITY PER S.AE. Jp211

FIGURE 41

- UPPER NECK LOADCELL

THE A
DIREC

CELL

Mz

TROCHANTER:
FEMORAL] NECK
LOAD| CELL.

FEMUR LOAD CELL]

KNEE CONTACT
[Lmn CELL

i
e/

=

e, SOV ILLUSTRATE THE
SCHANTER R POSTTIVE,LOAD
UTPUT ACCORDING 10 J-211,

My

FY

THE AXES SHOWN ILLUSTRATE THE
DIRECTION OF APPLIED FORCES

HE KNEE FOR FOSITIVE LOAD CELL
OUTPUT ACC

Fz =9

6 Fz
M %z

BODY SEGMENT MANIPULATIONS FOR POSITIVE FEMUR LOAD CELL
OUTPUT ACCORDING TO J-211. MANIPULATIONS APPLY TO|A DUMMY IN
A SEATED POSITION. MANIPULATIONS ARE FOR BOTH THE| LEFT AND
RIGHT LEGS.

+FX  KNEE UPWARD, TROCHANTER DOWNWARD
+FY  KNEE RIGHTWARD, TROCHANTER LEFTWARI
+FZ  KNEE FORWARD, PELVIS REARWARD
+MX  KNEE LEFTWARD, HOLD TROCHANTER IN PJACE
4MY  KNEE UPWARD, HOLD TROCHANTER IN PLARE

+MZ  WITH TIBIA PERPENDICULAR TO FEMUR,

ROTATE TIBIA LEFTWARD, HOLD PELVIS IN PLACE

THE POLARITY OF THE DATA FOR THE FEMUR LOAD Czas IN BOTH
THE LEFT AND RIGHT LEG CONFORMS TO SAE J-211 SI
CONVENTION.

RIGHT VIEW

My

A0

BOLARITY TESTS APPLY TO DUMMY IN A SEATED POSITION
® REPRESENTS A FORCE VECTOR DIRECTED OUT OF THE PAGE.
X REPRESENTS A FORCE VECTOR DIRECTED INTO THE PAGE.

\/DRLDSID FEMUR INSTRUMENTATIEIN
TPUT POLARITY

FIGURE 42 - FEMUR LOAD CELL
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FR]

LOWER _TIRIA L OAD CELL

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE KNEE FOR
POSITIVE LOAD CELL OUTPUT
PER SAE J-211

KNEE

UPPER TIBIA LOAD CELL

FY

BODY SEGMENT MANIPULATIONS FOR POSITIVE

UPPER TIBIA LOAD CELL OUTPUT PER J-211
+FX TIBIA FORWARD, KNEE REARWARD

+FY TIBIA RIGHTWARD, KNEE LEFTWARD
+FZ TIBIA DOWNWARD, KNEE UPWARD

+MX TIBIA LEFTWARD, HOLD KNEE IN PLACE

+MY TIBIA FORWARD, HOLD KNEE IN PLACE

+MZ ROTATE FOOT COUNTERCLOCKWISE WHEN

VIEWED FROM BOTTOM OF SHOE.

BODY SEGMENT MANIPULATIONS FOR POSITIVE

LOWER TIBIA LOAD CELL OUTPUT PER J-211

+FX ANKLE FORWARD, KNEE REARWARD
+FY ANKLE RIGHTWARD, KNEE LEFTWARD
+FZ ANKLE DOWNWARD, KNEE UPWARD

+MX ANKLE LEFTWARD, HOLD KNEE IN PLACE

+MY ANKLE FORWARD, HOLD KNEE IN PLACE

+MZ ROTATE FOOT COUNTERCLOCKWISE WHEN

VIEWED FROM BOTTOM OF SHOE.

TO CONFORM TO SAE J-211 SIGN CONVENTION,
THE POLARITY OF THE DATA FOR FX, FY, MX

AND MY CHANNELS MUST BE CHANGED.

[INT VIEW

S-WS50-71010

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE FOOT FOR
POSITIVE LOAD CELL OUTPUT FY
Fz PER SAE J-21l.

SHOE \

Fz

LEFT VIEW

ANKLE
POTENTIOMETERS

BODY SEGMENT MANIPULATIONS FOR'RO$ITIVE

ANKLE POTENTIOMETER OUTPUT RER J-pi1

+oX PUSH BOTTOM OF SHOE/LEFTWAR.
+aY PUSH FRONT OF SHOEWUPWARD
+oZ PUSH TOE OF SHOE RIGHTWARD

REPRESENTS A FORCE VECTOR
DIRECTED OUT/-@F JHE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

WORLDSID TIBIA INSTRUME 2TATII:IN
1

OUTPUT POLARITY PER SAE. J

FIGURE 43 - UPPER AND LOWER TIBIA LOAD CELLS

FEMORAL NECH
LDAD CEL

THE axes
4 FT DIRECTION OF APPLIED

cr

SHOWN ILLUSTRATE THE
FORCES

coN

DUTBOARD KNEE
ONTACT

INBOARD
TACT
LOAD CELL

THE KNEE FOR POSITIVE LOAD CELL

DUTPUT ACCORDING 10 J-211.

coN

INBOARD
TACT
LOAD CELL

BODY SEGMENT MANIPULATIONS FOR POSITIVE KNEE LOAD fELL

LOAD CELL
LEFT KNEE DUTBOARD SIDE

+FY

LEFT KNEE INBOARD SIDE

OUTPUT ACCORDING 7O J-211

PUSH DUTBOARD SIDE RIGHTWARD, HOLD FEMUR IN PUacE.

E_TO THE DIFFICULTY IN THE APPLICATION OF FY FORFE TH

a1

DU
PRODUCES POSITIVE OUTPUT, IT IS RECOMMENDED THAT POLARITY BE
ECKED TIVE

CHECKED BY APPLICATION OF FORCE WHICH PRODUCES NEG|
OUTRUT
-FY PUSH INBOARD SIDE LEFTWARD, HOLD FEMUR IN PLACI
RIGHT KNEE OUTBOARD SIDE

E_TO THE DIFFICULTY IN THE APPLICATION OF FY FORfE

AT

DU TH
PRODUCES POSITIVE OUTPUT, IT IS RECOMMENDED THAT POLARITY BE
ECKED TIVE

CHECKED BY APPLICATION OF FORCE WHICH PRODUCES NEG
QUTRUT

~FY PUSH DUTBOARD SIDE LEFTWARD, HOLD FEMUR IN PLAfE.
RIGHT KNEE INBOARD SIDE
+FY PUSH INBOARD SIDE RIGHTWARD, HOLD FEMUR IN PLAFE.

THE KNEE LOAD CELL POLARITY FOR THE LEFT LEG INBOARD AND

RIGHT LEG OUTBOARD
AGREE WITH SAE J-211

E LOAD CELLS MUST TO CHANGE:

KNEE POTENTIOMETERS

+aY WITH ATD IN A SEATED POSITION, ROTATE TIBIA UPWARD.

S
&
&

RIGHT VIEW

3 REPRESENTS A FORCE VECTOR DIRECTED INTD THE PAGE.

WORLDSID KNEE POLARITY
OUTPUT POLARITY PER SAE. J-211

FIGURE 44 - KNEE LOAD CELL POLARITIES
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RIGHT ILIAC Wi FT ILAC WING
8 8
°
o o o
§ PUBIC LOAD CELL MANIPULATIONS
A s EOR POSITIVE LOAD CELL OUTPUT
“ +FY RIGHT ILIAC WING RIGHTWARD, LEFT ILIAC WING
@ 9 LEFTWARD.
THE PUBIC LOAD CELL OUTPUT POLARITY
CONFORMS TO SAE J-211 SIGN CONVENTION.
¢ REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE
@ REPRESENTS A FORCE VECTOR
DIRECTED IN TO THE PAGE
2
FY o of% 0
R 5 ¢ o ’ FY
we Vo i
“ o) °
THE AX#S SHOWN THE AXES SHOWN
ILLUSTRIATE THE ILLUSTRATE THE
DIRECTIPN OF APPLIED DIRECTION OF APPLIED
FORCES | TO THE RIGHT FORCES TO THE LEFT,
SIDE OF| THE PUBIC SIDE OF THE PUBIC
LOAD CHLL FOR LOAD CELL FOR WORLDSID (SUBIC LOAP CELL
POSITIVE LOAD CELL POSITIVE LOAD ‘CELL
OUTPUT, ouTPUT
s-wso-71081
+FY
FEMORAL NECK: +FX
LDAD CELL +FZ
(] )
PELJVIS BONE
LEFT LEG
J
RIGHT LEG
@ []

FEMORAL NECK
LOAD ‘GELL:

RIGHT FEMORAL NECK LOAD CELL:

mx
THE AXES SHOWN l

FORCES TO THE RIGHT
FEMUR FOR POSITIVE gy
- o

FT FEMORAL NECK LOAD fELL

UTPUT
MMY IN A

¢ REPRESENTS A FORCE VECTOR

WITH THE DUMMY IN A
SEATED POSITION.

RIGHT FEMORAL NECK LOAD CELL MANIPULATIONS
EOR POSITIVE LOAD CELL DUTPUT

POLARITY MANIPULATIONS ARE FOR & SEATED DUMMY

+FX  RIGHT FEMUR UPWARD, PELVIS DOWNWARD
+FY  RIGHT FEMUR RIGHTWARD, PELVIS LEFTWARD
+FZ RIGHT FEMUR FORWARD, PELVIS REARWARD

THE POLARITY OF THE DATA FOR FEMORAL NECK
LOAD CELL IN THE RIGHT POSITION CONFORMS THE POLARITY OF THE DATA
To

L ol
E_DUI
SEATED POSITION

LEFT FEMORAL NECK LOAD CELL MANIPULATIONS

BOLARITY MANIPULATIONS ARE FOR & SEATED DUMMY
+FX  LEFT FEMUR DOWNWARD, PELVIS UPWARD

+FY LEFT FEMUR LEFTWARD, PELVIS RIGHTWARD
+FZ LEFT FEMUR REARWARD, PELVIS FORWARD

TO CONFORM TO SAE J-211 SIGN CONVENTION,

FOR THE FZ

SAE J-211 SIGN CONVENTION CHANNEL MUST BE CHANGED FOR THE LEFT

FEMORAL NECK LOAD CELL.
WORLDSID FEMORAL
OUTPUT POLARITY'

DIRECTED OUT OF THE PAGE

@ REPRESENTS A FORCE VECTOR

DIRECTED IN TO THE PAGE

NECK LOAD CELLS

PER SAE. J-211

FIGURE 46 - FEMORAL NECK LOAD CELLS
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THE AXES SHOWN ILLUSTRATE THE
DIRECTION OF APPLIED FORCES TO
THE ARM FOR POSITIVE LOAD CELL
OUTPUT PER SAE J-211

SHOULDER
LOAD CELL

BODY SEGMENT MANIPULATIONS

FOR POSITIVE OUTPUT PER SAE J—211

LEFT-SIDE LOAD CELL

THE AXES SHOWN ILLUSTRATE THE 23 ARM REARWARD, HOLD TORSO IN PLACE

DIRECTION OF APPLIED FORCES TO FY ARM LEFTWARD, HOLD TORSO IN PLACE
SHOULDER THE ARM_FOR POS\TWE LOAD CELL FZ ARM UPWARD, HOLD TORSO IN PLACE
LOAD CELL OUTPUT PER SAE J-

+z RIGHT—SIDE LOAD CELL

FX ARM FORWARD, HOLD TORSO IN PLACE
Y FY ARM RIGHTWARD, HOLD TORSO IN PLACE
FZ ARM DOWNWARD, HOLD TORSO IN PLACE
FX THE LOAD CELL POLARITY CONFORMS TO SAE J-211 FOR

THE LEFT SHOULDER. TO CONFORM TO SAE J-211 FOR
THE RIGHT SHOULDER, THE POLARITY OF THE FZ
CHANNEL MUST BE CHANGED.

EQRCE VECTOR

S—W50-71090

FRONT VIEW

¥ DIRECTED OUT OF THE PAGE

¢ REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

WHERLDSID SHOULDER LOAD|CELL
QUTPUT POLARITY PER SAE. J{eil

FIGURE 47 - SHOULDER*LOAD CELL

Fz

rz
z THe AES SHoWN ILLUSTRATE THE DIRECTION OF vz
AEFUED FORGES T0 THE SFINE. FOR. POSITV
MZ CELL
"
~ <)’" LUMBAR™OAD CELL

THE AXES SHOWN_ILLUSTRATE THE DIRECTION OF
APPLIED FORCES TO THE PELVIS FOR POSITIVE LOAD
CELL ouTPUT

BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT
1EX CHEST REARWARD, PELVIS FORWARD

LEFT SHOULDER REARWARD

3 REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THI

BEPRESENTS A FORCE_VECTOR
*® DIRECTED IN TO THE PAGI

S-ws0-71120

THE POLARITY OF THE LUMBAR LOAD CELL
CONFORMS TO SAE J-211

WORLDSID LUMBAR SPINE_LOAD CELL
OUTPUT POLARITY PER S.AE. J—2

FIGURE 48 - LUMBAR SPINE LOAD CELL
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RIGHT PUBIC INTERFACE

RIGHT ILIAC WING:

EFT ILIAC WING

THE AXES SHOWN
ILLUSTRATE THE

THE AXES SHOWN
ILLUSTRATE THE

PPLIED
FORCES TO THE RIGHT
ILIAC

POSITIVE LOAD CELL
ouTPUT

RIGHT-SIDE ILIAC LOAD CELL MANIPULATIONS
EOR POSITIVE LOAD CELL QUTPUT

REMOVE PUBIC LOAD CELL_TO CHECK
SACRO-TLIAC [DAD CELL POLARITIES
+FX  RIGHT ILIAC WING FORWARD, LUMBAR REARWARD
+FY RIGHT ILIAC WING RIGHTWARD, LUMBAR LEFTWARD
(AC WING DOWNWARD, LUMBAR UPWARD
+MX PUSH DOWNWARD ON TOP EDGE OF RIGHT ILIAC WING, HOLD
LUMBAR IN PLACE
4MY PULL UPWARD ON RIGHT PUBIC INTERFACE, HOLD LUMBAR

N PLAC
4MZ  PULL RIGHTWARD ON RIGHT PUBIC INTERFACE, HOLD LUMBAR
IN PLACE

THE _SACRO-ILIAC ‘BUTPUT POLARITY CONFORMS
TO SAE J-211 STGN GONVENTION.

¢ REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

@ REPRESENTS A FORCE VECTOR
DIRECTED IN TO THE PAGE

IED
FORCES TO THE|LEFT
ILIAC VING\FOI
POSITIVE ‘LOAD |CELL
OuTPUT:

LEFT-SIDE ILIAC LOAD CELL MANIPOLATIONS
EOR _POSITIVE | DAD CELL DUTPUT

REMOVE PURIC LOAD CEVL D0 CHECK
SACRO-TLIAC [DAD CELL_POLARITIES

+FX  LEFTALIAC WING REARWARD, LUMBAR FORWARD
+FY LEFT ILIACAWING LEFTWARD, LUMBAR RIGHTWAR
+FZ LEFT ILIAC VING UPWARD, LUMBAR DOWNWARD
+MX PUSH DOWNWARD ON TOP EDGE OF LEFT ILIAC ING, HOLD

LUMBAR IN PLACE
4MY BUSH DOWNWARD ON LEFT PUBIC INTERFACE, HJLD LUMBAR

INLPLACE
+MZ PULL LEFTWARD ON LEFT PUBIC INTERFACE, H D LUMBAR
IN PLACE

WORLDSID SACRO—ILIAC OAD CELL
OUTPUT POLARITY PER SAH J-211

THE 7268C TRIAXIAL ACCELEROMETER AXES ARE LABELED

1, 2, 3. WHEN THE ACCELEROMETER IS INSTALLED INTO

THE WORLDSID, THE ORIENTATION CHANGES SUQH THAT

THE ACCELEROMETER COORDINATE SYSTEM MAY NOT AGREE

WITH THE ATD COORDINATE SYSTEM. THE FOLYOWING

CHART PROVIDES THE REQUIRED CONVERSION.

THE CHART APPLIES TO BOTH LEFT AND RIGHT|ARMS.
WORLDSID ACCELEROMETER| J-211 PHLARITY

AXIS AXIS CHANGE HEQUIRED

FULL ARM UPPER AX 3 YE:

FULL ARM UPPER AY 2 NO

FULL ARM UPPER AZ 1 NO

FULL ARM LOWER AX 1 YE

FULL ARM LOWER AY 2 YE:

FULL ARM LOWER AZ 3 NO

FULL ARM

UPPE]
ACCELEROMETER

BODY SEGMENT MANIPULATIONS FOR
POSITIVE ACCELERIMETER QUTPUT PER SAE J-dil

FULL ARM
LOWER ARM:
ACCELEROMETER

FULL ARMS
FRONT VIEW

THE AXES SHOWN ILLUSTRATE THE
DIRECTION OF APPLIED FORCES TO
THE ARM FOR POSITIVE
ACCELEROMETER OUTPUT PER SAE
J=21

S-WS50—ARMS

ACCELEROMETERS MUST BE CHECKED BY IMPACTING THE
WORLDSID ARMS AND COLLECTING DYNAMIC DATA.
RUBBER HAMMER IS RECOMMENDED FOR THIS PROCEDURE.

+AX  IMPACT REAR OF ARM IN FORWARD DIRECTION

+AYx  IMPACT LEFT SIDE OF ARM IN RIGHTWARD DIRECTION
+AZ  IMPACT TOP OF ARM IN DOWNWARD DIRECTION

*DUE TO THE DIFFICULTY IN TESTING +AY WITH RIGHT

ARM ACCELEROMETERS, IT IS RECOMMENDED THAT AY
POLARITY BE CHECKED WITH APPLICATION OF A NEGATIVE
INRUT. IMPACT RIGHT SIDE OF ARM IN LEFTWARD DIRECTION

WORLDSID ARM ACCELEROMETERS
OUTPUT POLARITY PER SAE. J-211

FIGURE 50 - ARM ACCELEROMETERS
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BODY SEGMENT MANIPULATIONS FOR
POSITIVE ACCELEROMETER OUTPUT PER SAE J-211
THE AXES SHOWN ILLUSTRATE ACCELEROMETERS MUST BE CHECKED BY IMPACTING THE
THE DIRECTION OF APPLIED WORLDSID HEAD AND COLLECTING DYNAMIC DATA, A
IMPACTS TO THE HEAD FOR RUBBER HAMMER IS RECOMMENDED FOR THIS PROCEDURE.
POSITIVE ACCELEROMETER OUTPUT.
RX, RY +AX IMPACT REAR OF HEAD IN FORWARD DIRECTION
+AY IMPACT LEFT SIDE OF HEAD IN RIGHTWARD DIRECTION
AX +AZ IMPACT TOP OF HEAD IN DOWNWARD DIRECTION
+RX IMPACT TOP LEFT OF HEAD IN RIGHTWARD DIRECTION
AY RZ +RY IMPACT TOP FRONT OF HEAD IN REARWARD DIRECTION
+RZ IMPACT LEFT FRONT OF HEAD IN RIGHTWARD DIRECTION
Az THE 7268B TRIAXIAL ACCELEROMETER AXES ARE LABELED
AX, AY, AZ. WHEN THE ACCELEROMETER IS INSTALLED
INTO THE HEAD, THE ORIENTATION CHANGES SUCH THAT
THE ACCELEROMETER COORDINATE SYSTEM DOES NOT
AGREE WITH THE ATD COORDINATE SYSTEM, THE
FOLLOWING CHART PROVIDES THE REQUIRED CONVERSION.
‘:l WORLDSID ACCELEROMETER J-211 POLARITY
AXIS AXIS CHANGE REQUIRED
a +
AY 3 NO
Az 2 XES
RX RX YES
RY RY NO
RZ RZ NO
® REPRESENTS ‘A [FORCE VECTOR
DIRECTED OUT @F THE PAGE
X REPRESENTS 4 FORCE VECTOR
DIRECTED-INTO THE PAGE
WERLDSID HEAD ACCELEROMETERS
OUTPUT POLARITY PER S.AE. Jf2il
FRONT VIEW LEFT VIEW
J-w50-11000

FIGURE 51 - HEAD ACCELEROMETERS

BODY SEGMENT MANIPULATIONS FOR

POSITIVE ACCELEROMETER DOUTPUT PER SAE J-211
ACCELEROMETERS MUST BE CHECKED BY IMPACTING, THE
WORLDSID PELVIS AND COLLECTING DYNAMIC(DATA, A

RUBBER HAMMER IS RECOMMENDED FOR THISNPREACEDURE.

+AX IMPACT REAR OF PELVIS IN FORWARD DIRECTION

+AY IMPACT LEFT SIDE OF PELVIS INRIGHTWARD DIRECTION
+AZ IMPACT TOP OF PELVIS IN DOWNWARD DIRECTION

+RX

+RY
+AY

+AX PELVIS ACCELEROMETER

THE 7268B TRIAXIAL ACCELEROMETER AXES 4RE LABELED
AX, AY, AZ. WHEN THE ACCELEROMETER IS INSTALLED
INTO THE WORLDSID, THE ORIENTATION CHANGES SUCH
THAT THE ACCELEROMETER COORDINATE SYSTEM MAY NOT
AGREE WITH THE ATD COORDINATE SYSTEM. [THE
FOLLOWING CHART PROVIDES THE REQUIRED FONVERSION.

WORLDSID  [ACCELEROMETER J-2§1 POLARITY
AXIS AXIS CHANGE REQUIRED

PELVIS AX 3 YES
PELVIS AY 2 NO
PELVIS AZ 1 NO

@® REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE

FRONT VIEW

J-W50-PELVIS

WORLDSID PELVIS ACCELEROMETERS

OUTPUT POLARITY PER SAE J-211

FIGURE 52 - PELVIS ACCELEROMETERS
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