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2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J211 Instrumentation for Impact Test
SAE J670 Vehicle Dynamics Terminology
SAE J1594 Vehicle Aerodynamics Terminology

SAE J2052 Test Device Head Contact Duration Analysis

3. RIGHT-HANDED COORDINATE SYSTEM

A right-handed coorflinate system consists of an ordered set of three mutually perpendicularcaxés (X, y, z) which have a
common origin and ywhose positive directions point in the same directions as the ordered sef.0f'the tHumb, forefinger, and
middle finger of the right hand when positioned as shown in Figure 1. Note that this configuration of x, jy, and z axes always
define a right-handefl coordinate system independent of the orientation of the hand in-space. To asslire consistent vector
directions of momenfs and angular velocities and accelerations calculated by vector’multiplications al| 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 mofion and moment directions are determined by the right-handed screw rule. If any|of the three positive

axes is grasped with the right hand with the thumb extended in the positive direction, as shown in Figure 2 for the x-axis,
then the curl of the fingers indicate the positive direction for angular motions and moments with respeg¢t to that axis.

Y

—
—

+Z

Figure 1 - The configuration of a right-handed coordinate
system relative to the thumb, forefinger, and middle finger of the right hand
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Figure 3 - Vehicle dynamics coordinate system - SAE J670
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5. DUMMY COOR

The definition of the
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DINATE SYSTEMS
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Figure 4 - Vehicle aerodynamics coordinate system - SAE J1594

dummy coordinate system given in SAE J211cwill be used. A coordinate system
The coordinate system will translate and/errotate with the dummy part to which| it is attached during
fandard orientations of the coordinate axes, the dummy will always be considergd as standing erect.
+x-axis will be directed forward, the +y<axis will be directed from the dummy's left to its right side and
rected downward from head to toe,.In"anatomical terminology, the +x-axis is direqted from posterior to
-axis is directed from left to right (L-R), and the +z-axis is directed from superior tq inferior (S-I). Figure
f this standardized orientationfor coordinate systems attached to a few body points. Note that as the
to sit in a vehicle or during a-test the coordinate systems rotate with their respecfive dummy parts.

can be affixed to any
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systems for standing and seated postures
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6. STANDARD POLARITIES FOR RECORDED DUMMY MEASUREMENTS
6.1 Polarities of Acceleration, Angular Rate, 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. Figure 7 is a quasi-static method to determine
polarity using gravity as the force to check for proper accelerometer polarities. Figure 8 describes a method to validate the
polarity of the angular rate sensor (ARS). In order to accomplish this the sensor must be rotated with sufficient speed to
correctly determine the polarity. Free body diagrams for specific dummy load cells showing the load systems that produce
the required outputs[Shouldbe recorded with the speciiied porarities given I Section 8.

) <A ) ) <A

G
v v
hE A

Figure 6 - Head impact directions that produce positive head
accelerations relative to the head coordinate system
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Position Dummy on Back (static value)

X s

X axis accelerometers shift positive

Z axis accelerometers shift positive

Side View

0 Position Dummy omLeft Side (sthtic value)
rﬁﬁ : L Y axis gecelerometers|shift positive
IIT I
s T N Z@xis accelerometers|shift positive
i K..r':_ 'F
. L4 Z=0 i k! : } ._{lz
i Rear View ;j Referto Figure 5 for uppef leg axis

orientation in seated position

Figure 7 - Accelerometer poélarity check by whole body positioning

As illustrated in Figufe 8, ARS Polarity Checks are.as follows:
+X Angular Ratg - Rotate ATD onto right side
+Y Angular Ratd - Rotate ATD rearwards
+Z Angular Ratel- Rotate ATD to right,about vertical axis

RY
Y
o>
X RX\
\-_.—-‘
&> RZ
y4

Figure 8 - ARS polarity check by rotation
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For relative displacement of body parts, the coordinate system of interest must be defined. For example, frontal chest
compression is the distance that the sternum moves relative to the thoracic spine. In this case, the coordinate system is
fixed to the thoracic spine. When the sternum moves closer to the spine, its displacement is rearward relative to the spine
which is in the negative x-direction. Hence, the polarity for chest deflection is negative. For lateral chest compression, a
blow to the left side of the chest produces a positive displacement of the impacted ribs relative to the thoracic spine.
However, a blow to the right side of the chest produces a negative rib displacement. The directions of these chest
compressions are illustrated in Figure 9. The rearward displacement of the tibia relative to the femur that is measured by
the knee shear transducer is in the negative x-direction. The polarity for this motion is negative.

F
X

Figure 9 - Directions of frontal'and lateral chest deflections

6.2 Polarities of Mpasured External Loads

For load cells that m

be consistent with th
of the load applicatig
Fx and F; applied to
recorded with a neg

pasure loads applied directlycto'the dummy or vehicle structure, their recorded ou

e direction of the applied external load referenced to the standardized coordinat

n. For example, load cells that measure shoulder belt loading of the clavicle are

the clavicle. The reasward (-x) component of the shoulder belt force applied to t
ive polarity. The'”downward (+z) component should have a positive polarity.

Tj
6.3 Polarities of Mpasured Intérnal Loads

Defining recorded ol
sectioning scheme &
loads occur in pairs

tput polarities for load cells that measure loads internal to the dummy requires a

put polarities should

system at the point
esigned to measure
ne clavicle should be

standardized dummy

nd a.définition of what sectioned dummy part is to be loaded in the positive difjection since internal
bf-equal magnitudes but opposite directions. The standardized sectioning schemla is illustrated by the
free-body diagram ot a cube shown in Figure 10. It 1S assumed that the foad cell of interest is contained within the cube and

responds to loads applied to the surfaces of the cube. Load cell outputs should be recorded with positive polarities when
normal loads, shear loads, torques, or moments are applied in the positive direction, as defined by the standardized
coordinate system, to the right, front, and/or bottom surfaces of the cube. These loads are represented by solid arrows. For
static equilibrium, equal magnitude but opposite direction loads (negative) must be 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 have positive recorded
outputs when the dummy is sectioned below the load cell in question and positive loads are applied to the bottom surface
of the sectioned body part that contains the load cell in question. Dummy manipulations for checking the recorded polarities
of the outputs of various transducers are given in Section 7.
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Figure 10 - 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 respective axes of local dummy coordinate system. Bold arrows of normal

forces (F), shear forces (S), and moments (M) shown in positive directions 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

surfaces for static equilibrium. All load cell outputs for this
load system to be recorded with positive polarities.
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6.4 Example of Internal Versus External Loads

A test to determine an external versus 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 precedence. The Hybrid
[1110-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 RESPONSES

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 sensors used in dummies.

Table 2 contains degcriptions of THOR-50M dummy manipulations for checking recorded sensor polgdrities relative to sign
convention.

NOTE: For neck load cell force polarity checks, the manipulative force application point on theyhead should be in-line with
OC joint to gvoid inducing moments that can produce misleading output polarity.
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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 Fx Head Rearward, Chest Forward +
and Fy Head Leftward, Chest Rightward +
Lower F Head Upward, Chest Downward +
Neck Mx Left Ear Toward Left Shoulder +
Loads My Chin Toward Sternum +
(All ATDs) M: Chin Toward Left Shoulder +
Left Shoulder Fx Arm Rearward, Chest Forward +
Loads (SID lls,[Qs, Fy Arm Leftward, Chest Rightward +
ES2, WorldSIP) Fz Arm Upward, Chest Downward +
Right Shouldgr Fx Arm Forward, Chest Rearward +
Loads (SID lls,|Qs, Fy Arm Rightward, Chest Leftward +
ES2, WorldSID) F Arm Downward, Chest Upward +
Right Clavicle Lpads Fx Shoulder Forward, Chest Rearward +
(Internal LC Fz Shoulder Downward, Chest Upward +
Left Clavicle Loads Fx Shoulder Rearward, Chest Forward +
(Internal LC Fz Shoulder Upward, Chest Downward +
Right and Left Fx Sheulder Forward, Chest Rearward +
Clavicle Loads F2 Shoulder Downward, Chest Upward +
(External LC
Upper Fx Chest Rearward, Pelvis Forward +
and Fy Chest Leftward, Pelvis Rightward +
Lower F Chest Upward, Pelvis Downward +
Thoracic & Lunjbar. Mx Left Shoulder Toward Left Hip +
Spine My Sternurn Toward Frontof tegs +
(All ATDs) M; Right Shoulder Forward, Left Shoulder Rearward +
Left lliac Load Fy Left lliac Rightward, Chest Leftward +
(SID llIs)
Right lliac Load Fy Right lliac Rightward, Chest Leftward +
(SID lIs)
Pubic Load Fy Right H-Point Pad Leftward, Left Pad Rightward -)

(Side Impact)
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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
Crotch Belt Fx Pubic Rearward, Pelvis Forward (-)
Loads Fz Pubic Upward, Chest Downward (-)
lliac Lap Fx Upper lliac Spine Rearward, Pelvis Forward (-)
Belt Loads My Upper lliac Spine Rearward, Pelvis Forward +
Left Sidg Fy— teftSideof Abdomen Rightward, Chestteftward—— +
Abdominal foad
(EUROSID-1,|ES-2)
Right Side Fy Right Side of Abdomen Leftward, Chest Rightward (-)
Abdominal foad
(EUROSID-1,|ES-2)
Femur Fx Knee Upward, Upper Femur-Downward +
Loads Fy Knee Rightward, Upper Femur Leftward +
(Dummy |n F. Knee Forward, Pelvis.Rearward +
Seated Position, Mx Knee Leftward, Hold Upper Femur in Place +
Femurs My Knee Upward,Hold Upper Femur in Place +
Horizontdl) M Tibia Leftward, Hold Pelvis in Place +
Knee Cleyis F- Tibia\Downward, Femur Upward +
Upper Tibjia Fx Tibia Forward, Knee Rearward +
Loads Fy Tibia Rightward, Knee Leftward +
(All ATDS3) Fz Tibia Downward, Femur Upward +
Mx Ankle Leftward, Hold Knee in Place +
My Ankle Forward, Bottom of Knee Clevis Rearward +
Lower Tibia Fx Ankle Forward, Knee Rearward +
Loads Fy Ankle Rightward, Knee Leftward +
(All ATDs) Fz Ankle Downward, Knee Upward +
Mx Ankle Leftward, Hold Knee in Place +
My Ankle Forward, Bottom of Knee Clevis Rearward +
Backplate Fx Backplate Forward, Thorax Rearward +
(EUROSID-1, ES-2) Fy Backplate Rightward, Thorax Leftward +
M Push Forward on Bottom Edge of Backplate, Hold Thorax in +
y Place
M: Push on Left Edge of Backplate, Hold Thorax in 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 Fx Chest rearward, pelvis forward +

(EUROSID-1, ES-2) Fy Chest leftward, pelvis rightward +

Mx Left shoulder to left hip +

My Chest forward, hold pelvis +

Left Acetabulum Fy Hold pelvis, push on left side of H-point +
(SID-lls)

Right Acetabylum Fy Hold pelvis, push on right side of H-point (-)
(SID-lls)

Left Acetabulum Fy Left leg leftward, pelvis rightward +
(H3-3YO

Right Acetabtilum Fy Right leg rightward, pelvis leftward +
(H3-3YO

Rib Force Sensor Fx Compression (-)
(SID-lls)

Rib Load$ Fx Ribs forward, spine rearward +

(Hybrid 11l Fy Ribs rightward, spine leftward +

F Ribs downward, spine upward +

My Push sternum upward, hold spine in place +

Ankle Loagls Fx Ankle rearward, foot forward +

(Hybrid 111) Fy Ankle leftward, foot rightward +

F Ankle upward, foot downward +

Mx Hold ankle, foot leftward +

My Hold ankle toes upward +

Toe Loads F2 Toe downward, ankle upward +

(Hybrid I11)
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Table 2 - THOR-50M dummy manipulations for checking recorded sensor
polarity relative to sign convention

Sensor Measure Dummy Manipulations Polarity
Head Ax Impact Rear of Head in Forward Direction +
Accelerometers Ay Impact Left Side of Head in Rightward Direction +
(CG) A; Impact Top of Head in Downward Direction +
Head CG Wx Rotate Right Ear Toward Right Shoulder +
Angular Rate Sensor Wy Rotate Chin Toward Sternum (-)
Tz Rotate-Chim Toward Right-Stroutder +
Upper Fx Head Rearward, Chest Forward +
and Fy Head Leftward, Chest Rightward +
Lower Fz Head Upward, Chest Downward +
Neck Mx Left Ear Toward Left Shoulder +
Loads My Chin Toward Sternum +
M Chin Toward Left Shoulder +
Front Neck Sp:ling F Rotate Head Rearward +
Rear Neck Spijing Fz Rotate Chin Toward Chest
Occipital Cgr;tjyle Rotary Oy Rotate Chin Toward'Chest (-)
Face Load C¢ll Fx Hold Back of Flead, Push Face Rearward (-)
T1 Acceleromgter Ax ImpactRear of Thorax in Forward Direction
(Tri-Pack) Ay Impagct Left Side of Thorax in Rightward Direction
A Impact Top of Thorax in Downward Direction
Mid-Sternum Accelgrometer A Impact Rear of Thorax in Forward Direction +
Thorax Acceleroineter Ax Impact Rear of Thorax in Forward Direction +
(Tri-Pack) Ay Impact Left Side of Thorax in Rightward Direction +
A Impact Top of Thorax in Downward Direction +
T4 Thorax Wx Rotate Thorax Rightward +
Angular Rate Sensor Wy Rotate Thorax Rearward +
Wz Rotate Right Shoulder Backward and Left Shoulder Forward +
T12 Accelerometer Ax Impact Rear of Thorax in Forward Direction
(Tri-Pack) Ay Impact Left Side of Thorax in Rightward Direction
A Impact Top of Thorax in Downward Direction
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Table 2 - THOR-50M dummy manipulations for checking recorded sensor
polarity relative to sign convention (continued)

Sensor Measure Dummy Manipulations Polarity
T12 Fx Chest Rearward, Pelvis Forward +
Load Cell Fy Chest Leftward, Pelvis Rightward +
F2 Chest Upward, Pelvis Downward +
Mx Rotate Left Shoulder Toward Left Hip +
My Rotate Sternum Toward Front of Legs +
Left & nghtCCéI”awc:l -oad Fx Push Center of Clavicle Rearward Toward Spine (-)
(Medial & Lateral) Fz Push Center of Clavicle Downward Toward Pelvis +
Upper Left & Right Fx Shoulder Rearward, Elbow Forward +
Arm Fy Shoulder Leftward, Elbow Rightward +
Load Cell F Shoulder Upward, Elbow Downward +
Mx Rotate Elbow Leftward +
My Rotate Elbow Forward +
M With Upper Arm Vertical and Lower Arm Horizontal, Rotate +
‘ Hand Rightward

Upper Abdomgn Ax Impact Front of Abdomen in Rearward Direction (-)

Accelerometer
Pelvis Accelerometer Ax Impact Rear of Pelvis in Forward Direction +
(Tri-Pack) Ay Impact Left Side of Pelvis in Rightward Direction +
A Impact Top of Pelvis in Downward Direction +
Pelvis Wx Move Left Leg Upward and Right Leg Downward +
Angular Rate Sgnsor Wy Rotate Pelvis Rearward +
Wz Move Upper Legs Rightward +
Left Acetabulum Ex Move Femur Forward, Pelvis Reannard (_)
Load Cell Fy Move Femur Rightward, Pelvis Leftward (-)
Fz Move Femur Downward, Pelvis Upward (-)
Right Acetabulum Fx Move Femur Forward, Pelvis Rearward +
Load Cell Fy Move Femur Rightward, Pelvis Leftward +
Fz Move Femur Downward, Pelvis upward +
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Table 2 - THOR-50M dummy manipulations for checking recorded sensor
polarity relative to sign convention (continued)

Sensor Measure Dummy Manipulations Polarity
ASIS Load Cell Fx Push Inward Toward Back of Pelvis (-)
Left and Right My Push Top of ASIS Toward Back of Pelvis +
Femur Loads Fx Knee Upward, Upper Femur Downward +
Left & Right Fy Knee Rightward, Upper Femur Leftward +
(Dummy in Fz Knee Forward, Femur Rearward +
Seated Positidn, Wx Knee Leftward, Hold Upper Femur in Place +
Femur Horizontal, My Knee Upward, Hold Upper Femur in Place +
Knee Bent) M: Tibia Leftward, Hold Pelvis in Place +
Knee Shear Displapement D« Hold Femur, Move Tibia Forward +
Upper Tibia Fx Tibia Forward, Knee Rearward +
Loads Fy Tibia Rightward, Knee Leftward +
Fz Tibia Downward, Knee Upward +
Mx Rotate Tibia Leftward, Hold Knee in Place +
My Rotate Tibia Forward;Hold Knee in Place +
Lower Tibia Fx Ankle Forwardy,Knee Rearward +
Loads Fy Ankle Rightward, Knee Leftward +
F2 Ankle Bownward, Knee Upward +
Mx Ankle'Leftward, Hold Knee in Place +
My Ankle Forward, Hold Knee in Place +
Tibia Ax Impact Back of Tibia in Forward Direction +
Accelerometer Ay Impact Left of Tibia in Rightward Direction +
Achilles Load Cell F2 Hold Tibia, Move Toes Upward +
Ankle Rotation Ox Hold Tibia, Rotate Bottom of Foot Leftward +
Potentiometer Oy Hold Tibia, Pull Toe Upward +
©; Hold Tibia, Rotate Toe Rightward +
Foot Ax Impact Back of Foot in Forward Direction +
Accelerometer Ay Impact Left of Foot in Rightward Direction +

Az Impact Top of Foot in Downward Direction +
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Table 2 - THOR-50M dummy manipulations for checking recorded sensor
polarity relative to sign convention (continued)

A. Thorax Instrumentation.

Polarity
Polarity Raw
Thorax Manipulation Transducer Quadrant Eng. Units Voltage
Upper Left (-) +
Push Ribcage Inward IR-TRACC Upper Right (-) +
(toward spine) Lower Left (-) +
Lower Right (-) +
Upper Left (-) (-)
Push Ritcage; Downward Rotary Ry Upper Right (-) +
(head-to-pelvis) Lower Left () ()
Lower Right (=) +
Upper Left + (-)
[ ' Upper Right + -
o efggny e | RoayRe | TRRECEEE ?
Lower Right +

NOTE: Prime symbol in Rz' indicates that the axes of the rotary potentiometers are not who
aligned with the respective dummy thorax coordinates axes.

y

B. Abdomen Instrumentation.

Rolarity
Polarity Raw

Abdomep Manipulation Transducer Quadrant Eng. Units \[oltage
Push Rifcage Inward IRTRACC Left ) +
(toward gpine) Right ) +
Push Ricage Downward Rotary Ry Léﬁ ) ()
(head-toqpelvis) Right ) +
Push Rifcage to Dumimy's \ Left +
Right (left-to-right) Rotary Rz Right + +

NOTE: Primeisymbol in Rz' indicates that the axes of the rotary potentiometers are not who
aligned with the respective dummy thorax coordinates axes.

y
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FREE BODY DIAGRAMS OF SPECIFIC DUMMY TRANSDUCERS SHOWING LOAD SYSTEMS THAT PRODUCE
OUTPUTS THAT ARE TO BE RECORDED WITH SPECIFIED POLARITIES

oo
—

Hybrid Ill Type Dummies (Large Male, Mid-Size Male, Small Female, 10-Year Old, 6-Year Old, and 3-Year Old)

3T AT TSQ@ e a0 T

©® 0DOS>

PQO0T®

8.3 WorldSID

TOS3ITATTISQ@MOQ0 T

2 CRABI Type

Upper Neck Load Cell - See Figure 11.
Lower Neck Load Cell - See Figure 12.

Neck Load Cells

(3-year old) - See Figure 13.

Shoulder Load Cells - See Figure 14.
Lower Thoracic Spine Load Cell - See Figure 15.

Chest Deflection
Lower Lumbar S

Transducer - See Figure 16.
pine Load Cell - See Figure 17.

lliac Lap Belt Load Cell - See Figure 18.

Pubic Load Cell
Femur Load Cel
Upper and Low
Ankle/Toe Load
Clavicle Load C
Clavicle Load C
Acetabulum Loa
Rib Load Cells -
Face Load Cell -

Upper Neck Loa
Lower Neck Loa
Shoulder Load ¢
Lower Lumbar S
Pubic Load Cell

Upper and Lowe
Lower Neck Loa
Upper Neck Loa
Femur Load Cel
Upper and Lowe
Knee Load Cell

Pubic Load Cell

igure 19.
- See Figure 20.

r Tibia and Knee Clevis Load Cells - See Figure 21.

ell - See Figure 22.
I, External - See Figure 23.
I, Internal - See Figure 24.
d Cell (3-year old) - See Figure 25.
See Figure 26.
See Figure 27.

ummies (6, 12, and, 18 Months Old)

d Cell - See Figure 28.

d Cell - See Figure 29.

ells - See Figure 14.

pine Load Cell - See Figure 30.
- See Figure 19.

r Arm and Elbow Load Cells'=\See Figure 31.
d Cell - See Figure 32.

i Cell - See Figure 33.

- See Figure 34.

I Tibia Load Cells - See Figure 35.

Polarities - See'Rigure 36.

- See Figure 37.

Femoral Neck L¢ad Cells £ See Figure 38.

Shoulder Load
Lumbar Spine

ell - SeeFigure 39.

Load €elr- See Figure 40.
Sacroiliac Load Eell ~ See Figure 41.
Arm Accelerom = fgure 42-
Head Accelerometers - See Figure 43.
Pelvis Accelerometers - See Figure 44.

Thorax Accelero
Chest Deflection

meters - See Figure 45.
- See Figure 46.
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LX/FLX Lower Leg - See Figure 47.

See Figure 27.

Acetabulum Load Cell - See Figure 48.
Lower Neck Load Cell - See Figure 49.

See Figure 50.

Upper Neck Load Cell - See Figure 51.
Lower Neck Load Cell - See Figure 52.
Backplate Load Cell - See Figure 53.

€ll=See Figure 54.

- See Figure 55.

Il - See Figure 56.
Cell - See Figure 57.

ee Figure 58

d Cell - See Figure 11.
0 Cell - See Figure 12.
d Cell - See Figure 59.
ad Cell - See Figure 60.
Cell - See Figure 61.

- See Figure 62.

- See Figure 20.

84 THOR

a.

b. Face Load Cell -
C.

d.

8.5 Eurosid-1, ES-2, ES-2re
a. T-12Load Cell -
b.

c.

d.

e. Shoulder Load (
f.  Pubic Load Cell
g. Lumbar Load Ce
h. Abdominal Load
8.6 SID-lIs

a. RibLoad Cell - S
b. Upper Neck Loa
c. Lower Neck Loa
d. Acetabulum Loa
e. Upper Femur Lo
f. lliac Wing Load
g. Pubic Load Cell
h. Femur Load Cel
i.

Shoulder Load
8.7 BioRID
a. T-1Load Cell - §
b. Upper Neck Loa
¢c. Lumbar Load CHg
8.8 Q-Series
a. Upper, Lower Ng

8.9 Miscellaneous

a. Airbag Interactio

ell - See Figure 63.

ee Figure 64.
g Cell - See Figure 11.
Il - See Figure 17.

ck and Lumbar\Load Cells - See Figure 65.

h Afm-¥See Figure 66.

9. NOTES

9.1 Revision Indicator

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document title
indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE SAFETY TEST INSTRUMENTATION STANDARDS COMMITTEE
OF THE SAE HUMAN BIOMECHANICS AND SIMULATION STANDARDS COMMITTEE
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THE AXES SHOWN ILLUSTRATE

+FX HEAD REARWARD, CHEST FORWARD
THE DIRECTION OF APPLIED Mz Fy +FY HEAD LEFTWARD, CHEST RIGHTWARD
FORCES TO THE HEAD FOR +FZ HEAD UPWARD, CHEST DOWNWARD
POSITIVE LOAD CELL OUTPUT, X +MX LEFT EAR TOWARD LEFT SHOULDER
* @ﬁ = +MY CHIN TOWARD STERNUM
My X +MZ CHIN TOWARD LEFT SHOULDER

BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL DUTPUT

® 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 EMX+FYCO.D.
MOMENT X ABOUT OCCIPITAL CONDYLE

MEASURED MOMENT FROM LOAD CELL
MEASURED FORCE FROM LOAD CELL

Fy=

MOMENT Y ABOUT OCCIPITAL CONDYLE
o -~ Mo=MY —F X<0.D.>
CENTER OF FORCE AND 1Y
MOMENT AXIS TO

OCCIPITAL CONDYLE.

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF
FORCES TO THE NECK FOR

POSITIVE LOAD CELL OUTPUT,

MOMENT Y ABOUT OCCIPITAL CONDYLE
MEASURED MOMENT FROM, LOAD CELL
Fx= MEASURED FORCE FROM LOAD CEfL

0.0.=0.01778M FOR LOAT BELKS WHICH

INSTALL
THRU HOLE IN BASE DF SKULL

APPLIED

YALID, FOR' H3-5TH, S0TH, S5TH, gr0
10Y0, BioSID, SID-IIs

Mx§ s@w

FX /

FY Mz
Fz

FRENT VIEW LEFT VIEW HYBRID, IIT UPPER NECK LOAD| CELL
e DOFPUT POLARITY PER SAE. J-2J1
Figure 11 - Upper neck load.cell
g THE AXES SHIWN TLLUSTRATE TRANSFORMATION EQUATIONS
X ToRces m T Netk iR FOR LOWER |NECK LOAD CELL
FOSITIVE LOAD CELL OUTPUT MOMENT CORKEECTION EQUATION: TO THAMEFEE
THE MEASURET MOMENT FROM THE LOAD CELL
&T POINT & TO THE BASE OF THE MNECKE AT
FOINT B,
TEANSFORMATION EUUATIONS
T i
— P
(1 Fy FF o
1
H ]
'|I \ Fz 3o
| -
I| II My FMyy— "_‘rr-'J-'g
| i
| |I — My FMyt P DA Foy Dy
R )
D’___________._ Mz FMaFw Dy

L

FX

FZ

THE axE5 SHOwWN ILLUSTEATE
THE TIRECTION OF
FORCES TO THE CHESET FOR

P r s TR = T E o)

WHERE!
Fao Fow Flow Moo Moy Mo

ARE THE FORCER|AMD MOMENTS MEASURED

EY THE LOWER MECK LOAD CELL AND

APPLIED

e TR

FRONT WIEW

BODY SEGMENT MANIFULATIONE

FO= POSITIVE LO&D

+F
+FY
+FZ
+Mx
+MY
+M7

CELL OUTFUT

HEAD REARWART, CHEST FORWART
HEAD LEFTWARD, CHEST RIGHTWARD
HEAD UPWARD, CHEST DOWHWaRD
LEFT E&R TOwaRD LEFT SHOULDER

CHIN TOWARD STEENUM
CHIN TOWARD LEFT SHOULTER

B H MM, M,

r ARE THE CALCULATED FORCES AND MOMENTS
LEFT WIEW AT THE CENTER OF THE BASE OF THE MECK.

DuMMY SIZE D, Dy

sMaLL FEMALE L7353 L1253

SID-1Is 175 Lo

S0TH.95TH 200 L1eS

® REPRESENTS A FORCE VECTOR & YEAR OLD 125 93
DIRECTED OUT OF THE PAGE 10 YE&R OLD 0 CONSULT MFG,

BIOSID 200 LoD

% REPRESENTS & FORCE VECTOR SID-H3 0 50

DIRECTED INTO THE FAGE

HYERID III LOWER MNECK LOAD
OUTPUT POLARITY PER SAE, J-2l1

CELL

Figure 12 - Lower neck load cell
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J
. Mz
A Y

!
MX i\:/) -

SOSITIVE UPPER AND LOWER MECK LOAD
Fz CELL OUTPUT PER SAE J-211
THE AXES SHOWN TLLUSTRATE gz
THE DIRECTION [F APPLIED FY- +F¥ HEAD REARWARD, CHEST FORWARD
FORCES TO THE HEAD FOR X +F¥ HEAD LEFTWARD, CHEST RIGHTWARD
POSITIVE LOAD CELL DUTPUT. +FZ HEAD UPWARD, CHEST DOWNWARD
+MX LEFT EAR TOWARD LEFT SHOULDER
+MY CHIN TOWARD STERMUM
+MZ CHIN TOWARD LEFT SHOULDER

BODY SEGMENT MANIPULATIONS FOR

p

OO

[
Y
[

\ [Eapmain

!

N

|
\
|
/

/

/
/

® REPRESENTS 4 FORCE WECTOR
DIRECTED OUT OF THE PAGE

¥ REPRESENTS A FORCE WECTOR
DIRECTED INTO THE PAGE

MOMENT CORRECTION EQUATIONS

UPPER MECK LOAD CELL
THE UPPER NECK LOAD CELL NEUTRAL AXIS
CORRESPONDS TO THE OCCIPITAL CONDYLE
LOCATION. NO MOMENMT CORRECTION IS REQUIRED.
LOWER NECK LOAD CELL

MOMENT CORRECTION EQUATION TO TRANSFER
THE MEASURED MOMENT FROM THE LOAD CELL

TO THE BASE OF THE NECK.
MOMENT X ABOUT THE BASE OF THE NECK
¥ = p—
M¥ e MA—F Y (DD
Mg MOMENT ¥ ABOUT THE BASE NF| THE NECK
MX= MEASURED MOMENT FROM (04D deiL
FY= MEASURED FORCE FROM\NIAD CHLL
MOMENT ¥ ABOUT THE BasE DF THE ngck
N & o] e MY MY 2N DD
- e
" \W j iyl MY, = MOMENT ¥ ABOUL/THE BASE DOF| THE NECK
- Hﬂ—‘% J = THE AXES SHOWN TLLUSTRATE -/ MYE"MEASURED MOMENT, FROM LOAD CELL
. THE DleecTion ur meBLD Fx= MEASURED! faRCE/FROM LOAD Cel L
FORCES TO THE CHEST FOR .
i PZ pasl ,F;VL Lons & i DUTPUT. ﬂ\. Mz DZ EQUALS Jo6 INCHES OR 0168
Fz
FRENT vIEW LEFT SIDE VIEW
THREE \EAR OLD HYBRID IIT MECK |LOAD CELLS
OOTPUT POLARITY PER SAE|J-211
Figure 13 - Neck load-cells
Ml
|A ‘LL"’"’L T LOAD APPLIED |' =
T0 SHPULDER. NOT ARM, |5
SHOU FS-\[JUI 1A
LOaD LOAQ_DELL
[ T
FX BODY SEGMENT MANJPULATIONS
FOR POSITIVE LOAL CELL OUTPUT
THE AXES SHOWN ILLUSTRATE +FX SHOULDER FOwWARD,
THE DIRECTION OF ARPLIED T aR
Fz FORCES TO THE SHOULDERS FOR FHEST REARWRD
POSITIVE LOAD CELL OUTPUT +FZ SHOULDER DOWNWARD,
CHEST UPWAR
MANIPULATIONS APFLY TO BOTH LEFT
AND RIGHT SHOULDYRS
® REPRESENTS A FPIRCE VECTOR
RIGHT DIRECTED DUT Of THE PAGE
M RESRES

RCE

VECTOR

s27al

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPI D
FORCES TO THE CHEST FOR
POSITIVE LOAD CELL OUTPUT

ifrx

FRONT VIEW

LIk C
DIRECTED INTO THE PAGE

LEFT SIDE VIEW

12/18 MONTH INFANT (CRABD
HYBRID III 3 YEAR 0OLD
SHOULDER LOAD CELL

OUTPUT POLARITY PER SAE J-211

Figure 14 - Shoulder load cells
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IHE AXES SHUWN LLLUSIREAIL
THE DI ION OF APPLIED
FORCE O THE CHEST
FOSITIVE LOAD CELL OUT=UT

HORACIC
S2INE
LOAD C
AXES SHOWN [LLUSTRATE
DIRECTION OF APPLIED
0 T FELWVIS FOR
LOAD CELL OUTPUT .
- - i .
FRONT wWIDW LEFAY Lo
. I ® RLERESENTS A FURCE VR
e RWARD. PELVIS FORWARD DIRECTED OUT OF THE PAGE HY B8R EBDIN T T HURACTE SPINE f el Cell
e ! RTINS X RESRESENTS A FURCE VECTOR SHalN FEMALE, S0TH, ARE MALE
+M \RD PLORESENTS Lo vEE QuUTRUT POLARITY PER sAZ. odenl
+M RNUM TIWaRD RN DIRECTED INTO THE PAGE
+M7] {T SHOULDER FORWARD,
T SHEIULDER REARWARD
Figure 15 - Lower thoracic spine‘load cell
BODY SI
FOR POSITIVE POTENTIOMETER
THE AXES SHOWN ILLUSTRATES
FZ / THE_DIRECTION OF APPLIED FORCES =GMENT MANIPULATIONS
TO THE SPINE FOR{ POSITIVE OUTPUT.
X outPUT
£ +AX,  CHEST FORWARD, SPINE REARWARD
+AYy  CHEST RIGHTWARD, SPINE LEFTWAR
S +AZ® CHEST DOWNWARD, SPINE UPWARD
* THE CHEST POTENTIOMETER ILLUSTRATED
OO IN THIS DRAWING MCASURES AX ONLY.
DUE 7O DIFFICULTY IN THE APPLICATION
== OF FX FORCES THAT PRODUGE POSITIVE
= OUTPUT, IT IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION OF
FORCES THAT PRODUCE NEGATIVE OUTPUTS.
-AX ~ CHEST REARWARD, SPINE FORWARD
o g ® REPRESENTS 4 FORCE VECTOR
v DIRECTED DUT OF THE PAGE
Ieje ] ® REPRESENTS A FORCE VECTOR
ols 0| o Fx - DIRECTED INTO THE PAGE
- e o
F o [w e
Ak .
o ladsl o F2 N — CHEST POTENTIOMETER
o = o
u,
FZ \/ Z\Q/J
FRONT WVIEW LEFT-WVI
THE AXES SHOWN ILLUSTRATES HYBRID III CHEST POTENTIOMETER
THE DIRECTION OF APPLIED FORCES
TO THE CHEST FOR POSITIVE OUTPUT, OUTPUT POLARITY PER SAE. J-2i1

Figure 16 - Chest deflection transducer
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THE AXES SHOWN ILLUSTRATE -
THE DIRECTION OF APPLIED z
FOR TO THE SPINE FOR —Fy
POSITIVE LOAD CELL OUTRUT, SPMZ
Fx
MX
{ \ ——————— T
/ "\ - ] | .‘J
| L LUMBAR SPINE
/ff \\ 4 LOAD CELL
/ \
[ |
| |
| i
! [
|
‘ -
[LT—
Fx
THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE PELVIS FOR
POSITIVE LOAD CELL OUTRUT. FY M7 J‘L
£z
LEFT VIEW
BODY SEGMENT MANIPULATIONS ®  REPRESENTS & FORCE WECTOR
FO® POSIT{VE LOAD CELL OUTPUT DIRECTED OUT OF THE PAGE
X EST| REARWARD, PELVIS FORWARD .
+FY EST| LEFTwARD, PELVIS RIGHTWARD M  REPRESENTS A FORCE VECTOR HYBRIDNIIT LUMBAR SPINE |OAD CELL
L CHEST) UPWARD, PELWVIS DOWNWARD DIRECTED INTO THE PAGE - P P
+M¥  LEFT BHOULDER TOWARD LEFT HIP ONTPUT POLARITY PER S.A4. J-211
+MY  STERMUM TOWARD FRONT OF LEGS - =
+MZ  RIGHT| SHOULDER FORWARD. NOTE: X MLANE B LDAD CELL EEs 18 WhaUID FOR HYBRID 111 3 ¥O, & YO, [SMALL FEMALE,
LEFT FHOULDER REARWARD S0TH, LARGE MALE
sisee
Figure 17 - Lower lumbar spine load cell
ASLS. LOAD CELL
My My
— NEUTRAL AXIS Il — /I —
C ) .
/
THE AXES SHOWMN ILLUSTRATE THE AXES SHOWN ILLUSTRATE
BhmEas = i e el
POSITIVE TRANSDUCER OUTPUT, /'//\\\ POSITIVE TRANFOLCER DUTPUT
[
Y
P
) THE ILIAC LOAD CELLS FOR THE HYBRID III
BODY [SEGMENT MANIPULATIONS -
FOR JOSITIVE LGARNCELL OUTPUT 3 YEAR OLD, & YEAR OLD. 10 YEAR OLD
AND 95TH LARGE MALE CONTAIN TwO FX Y
5TH JEMALE €YpRIB 111 CHANNELS. THE TwO FX CHANNELS ARE LPRESENTS A FORCE VICTO
DESIGNATED UPPER AND LOWER. CONSULT DIRECTED OUT OF THE PRGE
FORWAR THE MANUFACTURER FOR THE EQUATION TO N
X A e CALCULATE THE MOMENT, “MY* FROM THE FX X REPRESENTS A FORCE VRCTOR
UPPER AND LOWER DATA. DIRECTED INTD THE PAG
+MY REEH TOR OF ILIAC REARWARD
= o O PELw s TR WAk D TOE 1O DIFrICOCT T N THE RerCICRT IO
DUE TO DIFFICULTY IN THE APPLICATION e RS o e RELE POSITIVE
OF £X _FORCES THAT PRODUCE POSITIVE POLARITY BE CHECKED BY APPLICATION
QuUTPUT, IT IS RECOMMENDED THAT OF FORCES WHICH PRODUCE NEGATIVE HYBRID TIII
POLARITY BE CHECKED BY APPLICATION ouTenT = :
OF FORCES WHICH PRODUCE NEGATIVE ' ANTERIOR SUPERIOR ILIAC SPINE LOAD CELL
DuTRUT. ~FX, UPPER  TOP OF ILIAC REARWARD, OUTEUT POLARITY PER SAE. J—si1
SFX  ILIAC_ REARWARD, PELVIS FORWARD T o
PELVIS FORWARD -FX, UPPER  BOTTOM DF ILIAC REARWARI, WALID FOR: H3-5TH, 3Y0, 6YD, 95TH
PELWVIS FORWART
seess

Figure 18 - lliac lap belt load cell
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52789

THE AXES SHOWN ILLUSTRATE
THE DIRECTION DOF APPLIED
FORCES TO THE CHEST FOR

NEGATIVE LOAD CELL OUTPUT

DUE 7O DIFFICULTY IN THE APPLICATION
OF FORCES THAT PRODUCE POSITIVE
OUTPUTS, 1T IS RECOMMENDED THAT
POLARITY BE CHECKED BY APPLICATION OF
FORCES THAT PRODUCE NEGATIVE OUTPUTS.

PUBIC REARWARD
PUSH CHEST FORWARD
PUSH PUBIC UPWARD
PUSH CHEST DOWNWARD

-FX PUSH

-FZ

FRONT

WVIEW

THE AXES SHOWN ILLUSTRATE
APPLIED

THE DIRECTION 0OF
FORCES TO THE PUBIC LT
CELL

0AD

FOR NEGATIVE OUTPUT

LEFT SIDE WVIEW

#® REPRESENTS A FORCE,
DIRECTED OUT OFNTHESPACE

K REPRESENTS A WURCE ECTOR
DIRECTED INTE WHE PAQE

ECTOR

PUBIC LOAD CELL

12718 MONTH INFA

HYBRID III 3 YE
PUBIC LOAD

OUTRUT POLARITY PER

(CRABD
(R OLD
ELL

SAEL J-2l

Figure 19 - Pubic.load cell

THE AXES SH
THE DIRECTIO)
FORCES TO T
POSITIVE LO

WN ILLUSTRATE
aF APPLIED

E KMEE FOR

D CELL DUTPUL

TOP VIEW

— s\

i |
L |

. ,/
" Wq i‘

FEMUR LOADNCELL

UPFER LEG

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCLES TO THE UPPLR LEG FOR
POSITIVE LOAD CELL OUTPUT.

BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT

POLARITY TESTS APPLY TO DUMMY IN 4
SEATED POSITION

+FX KNEE UPWARD, UPPER FEMUR DOWNWARD

+FY KNEE RIGHTWARD, UPPER FEMUR] LEFTWARD
+FZ KNEE FORWARD, PELVIS REARWSRD

+MX KNEE LEFTWARD, HOLD UPPER HEMUR [N PLACE
+MY KNEE UPWARD, HOLD UPPER FEMUR IN PLACE
+HMZ TIBIA LEFTWARD, HOLD PELWIS|IN FLACE

® REFRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE

M REPRESENTS A FORCE WECTOR
DIRECTED INTO THE PAGE

sim4

FEMUR LOAD CELI
OUTPUT POLARITY PER S.AE, J-211
VALID FOR: H3-STH, SO0TH, S5TH
6Y0, 10v0, SID, BioSID, EuroSID

Figure 20 - Femur load cell
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THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE KNEE FOR
POSITIVE LOAD CELL OUTRUT
PER SaE J-211

KNEE CLEWIS LOAD

UPPER TIEIA LOAD CELL

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

+FX TIBIA FORWARD, KNEE REARWARD
+FY TIBIA RIGHTWARD, KMEE LEFTWARD
+FZ TIBIA DOWMNWARD, KNEE UPWARD
+Mx}  TIBIA LEFTWARD, HOLD KNEE IN PLACE
tMY TIBIA FORWARD, HOLD KMEE IN PLACE
+MZ ROTATE FOOT 7O RIGHT,

HOLD KNEE IN PLACE
BODY SEGMENT MaNIPULATIONS FOR POSITIWVE
LOWER TIBIA LDOAD CELL OUTPUT PER J-211

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

HOLD ®MEE IN PLACE

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

+FZ KNEE UPWARD, TIBIA DOWNWARD

REPRESENTS A FORCE WECTOR
DIRECTED OUT OF THE PAGE

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

. =
FORCES TO FOOT FOR FX
CELL OUTPUT v

POSITIVE LOA
FER SAE J-

X REPRESENTS A FORCE WECRIR
DIRECTED INTO THE PAGE

HYBRIND <11 TIBIA INSTRUMENTATION

BUTPUT POLARITY PER S4E J-211

Figure 21 - Upper and lower tibia and knee clevis load cells

Fz

THE AXES SHOWK TLLUSTRATE
THE DIRECTION OFWAPPLIED
FORCES TO [g& ANKLE FOR
POSITIVE WJADSCELL OUTPUT.

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

Fz

FRONT VIEW

BODY SEGMEWT MANIPULATIONS FOR

ANKLE LOAD CELL

.

TOE LO&aD CELL

® REPRESENTS A FORCE WECTOR
DIRECTED OUT [JF THE PAagE

Fz

Pz
LEFT SIDE VIEW

+FZ  ANKLE UPWARD, FOOT DOWNWARD
+MX HOLD ANKLE, FOOT LEF TWARD
+MY  HOLD ANKLE, TOES UPWARD

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

+tFZ  TOE DOWNWARD, ANKLE UPWARD

POSITIVE ANRLE LOAD CELL DUTPUT PER SAE J 211
+FX ANKLE REARWARD, FOOT FORWART X REPRESENTS A FORCE WECTOR
+FY  ANKLE LEFTWARD, FOOT RIGHTWARD DIRECTED INTO THE PAGE

HYERID III ANKLE/TOEC LOAD CELLS
OUTPUT POLARITY PR SAL J-211

Figure 22 - Ankle/toe load cell
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RIGHT SHOULDER T\ In LEFT S=OULDER

THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

FORCES TO THE SHOULDER FOR
POSITIVE LDAD CELL OUTPUT,

FZ
THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF ARPLIED
/M FORCES TO THE CHEST FOR
POSITIVE LOAD CELL OUTPUT. Fi
$ J
FRONT WIEw VEFT sIDE v
® REPRESENTS A FORCE WECTOR
BODY SEGMENT| MANIPULATIONS FOR DIRECTED OUT OF THE PAGE
POSITIVE LOAY CELL DOUTFUT
PER SAE J-21 MW REPRESENTS A FORCE WVECTOR
+FX  SHOULDEA FORWARD, CHEST REARWARD DIRECTED INTO THE PAGE H-TIT CLAVICLE LJAD CELLS
+FZ  SHOULDER] DOWNWARD, CHEST UPWARD EXTERNAL LOAD|CELL
R OQUTPUT POLARITY PER|SAE. J-211
MANIPULATIONY APPLY TO BOTH LEFT NOTE: THE LOAD CELL SHOWN IN THIS DRAWING IS A& EXTERNAL
AND RIGHT SHRULDERS LOAD CELL. IT MEASURES EXTERNAL FORCES APPLIED TO WE

CLAVICLE DMLY SEE THE DRAWING * HYBRID [11 CLAWICCE BOAD
CELLS, INTERNAL LOAD " FDOR CLAVICLE LOAD CELLS WHIOH
MEASURE EXTERNALLY APPLIED FORCES AS WELL &5 FORGES
APPLIED TO THE ARM

Figure 23 - Clavicle load cell, external

RIGHT CLAWICLE ASSY—\ f—_EFT CLAVICLBMASEY
THE AXES SHOWN ILJUSTRATE THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED THE DIRECTION OF APPLIED
FORCES TO THE RIGHT ARM FOR FORCES TO THE LEFT ARM FOR
POSITIVE LOAD CELY OUTPUT POSITIVE LOAD CELL OUTPUT
rz
[
Irz e
® REPRESENTS & FORCE WECTOR
FRONT VIEW DIRECTED OUT OF THE PAGE
BODY SEGMENT MANIPULATIOMS FOR BODY SEGMENT MANIPULATIONS FOR X REPRESENTS A FDRCE VECTOR
POSITIVE RIGHT LOAD CELL OUTPUT POSITIVE LEFT LOAD CELL OUTPUT DIRECTED INTO THE PAGE
+FX ARM FORWARD, CHEST REARWARD +FX  ARM REARWARD, CHEST FORWARD H-TI1 CLAVICLE LOAD C N
+FZ ARM DUOWNWARD, CHEST UPWARD +FZ ARM UPWARD, CHEST DOWNWARD INTERNAL LOAD CELL
QUTPUT POLARITY PER SAE. J-211
NOTE: THE LOAD CELL SHOWN IN THIS DRAWING IS A INTERNAL
LOAD CELL. IT MEASURES BOTH FORCES APFLIED 70 THE
CLAVICLE A4S WELL AS FORCES APPLIED TO THE ARM.  SEE THE
DRAWING * HYBRID III CLAVICLE LOAD CELLS, EXTERNAL LOAD
FOR CLAVICLE LOAD CELLS WHICH ONLY MEASURE EXTERNALLY
APPLIED FORCES,

Figure 24 - Clavicle load cell, internal
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BODY SEGMENT MANIPULATIONS
FOR POSITIVE LOAD CELL OUTPUT
ACCORDING TO SAE J-211

LEFT ACETABULUM LOAD CELL

ey LEFT LEG LEFTWARD,
PELWVIS RIGHTWARD

RILHT ACE TABULUNM LUsL CELL

Wy RIGHT L
FELVIS
L_u
|
F—a
® L PRESENTS A F IR
i DIRECTED OUT OF TeE
T ® REPRESENTS A FORCEZ WECTOR
DIRECTED INTD THE PaGl
HYBRID-III 3 YLAR LLD

PELWIC ASSEMBLY

LowapeLs 29as o -
3 YEAR OLD LEFT SIDE
ACETABULUM _OAD CELL VIZW

THE AXIS SHOWM [LLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE H-POINT FOR
POSITIVE LOAD CELL OUTRPUT
ACCORDING TO SaE J-211

3 YRAR OLD HYBRID IIT AQETABULUM
OUTPUT POLARITY PER S.afg J-211

Figure 25 - Acetabulum-load cell

[A]cHG. TO EXTERNAL POLARITY[6/07
THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED
FORCES TO THE SPINE BOX FOR FY
POSITIVE LOAD CELL OUTPUT. ﬁ FZ
|
|
Q)
i o CELLS
—— e MY
- = FX !
| | f FZ
- - THE AXES SHOWN ILLUSTRATE
1 1 THE DIRECTION OF APPLIED
— FORCES TO THE RIBS FOR
=l POSTTIVG | AT CFEL OUTPUT.
( ™
g
FRONT VIEW LEF | 1JE IE
BODY SEGMENT MANIPULATIONS FOR
POSIT. LOAD CELL OUTPUT PER SAE J-2
ITIVE LOAD CE ER SAE J-ail ® REPRESENTS A FORCE VECTOR
RIB LOAD CELL DIRECTED OUT OF THE PAGE
+FX  RIBS FOREWARD,
SPINE REARWARD X REPRESENTS A FORCE VECTOR
DIRECTED INTO THE PAGE
+FY  RIBS RIGHTWARD.
SPINE LEFTWARD HYBRID III RIB LOAD CELLS
+FZ  RIBS DOWNWARD, OUTPUT POLARITY PER SAE. J-2l1
SPINE UPWARD
+MY  PUSH STERNUM UPWARD
HOLD SPINE IN PLACE
53165

Figure 26 - Rib load cells
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T FFE TY THI PLIC 0O
THE AXES SHOWN ILLUSTRATE pue 1o DIFFICLL N PP ICATION

R OF FORCES THAT PRODUCE POSITIVE
;HEF?ISET%”E—TF D;Af;'j#;ll - QUTPUTS, IT IS RECOMMENDED THAT
e — (ES C R T POLARITY BE CHECKED BY APPLICATION OF

T NEGATIVE LOAD CELL OUTPUT - Y R FORCES THAT PRODUCE MWEGATIVE OUTPUTS.
A
- ~ [C;% r BODY SEGMENT MANIPULATIONS FOR
el / NEGATIVE LOAD CELL OUTPUT PER SAE J-211
. R |

N | .‘ \\ FACE LOAD CELL

‘ N )] FX | \ -FX PUSH FACE REARWART

| - . - / | ’f | PUSH BACK OF HEAD FORWARD

m / / | =

\ f /’ | Ty

\ / [

/ }
/ - !
\ / -Fx ‘
\. { g | 8
- - ~ -
\‘ # | ® REPRESENTS A FORCE WVECTOR
\ DIRECTED OUT OF THE PAGE

A
X REPRESENTS A FORCE VECTOR
| L
\
| -
\ "
S e
[ R —

DIRECTED INTO THE PAGE
FRONT VIEW LEFT VIEW

—] -

THERA HYBRID III FACE|LOAD CELL
ONTPUT POLARITY PER SHE J-211

Figure 27 - Face load'cell

BODY SEGMENT MANIPULATION:
Fr i,;z FOR POSITIWVE LOAD CELL OufPuT
+FX HEAD REARWARD, CHEST FORWARD
- +FY HEAD LEFTWARD, CHEST RIGHTWARD
THE AXES SHOWN ILLUSTRATE +F7 HEAD UPWARD, CHEST U_ﬂ N'WARD
’%\L My THE DIRECTION OF APPLIED +MX LEFT ElAk’ llL\u’AH[] LEFT |SHOULDER
= FORCES TO THE HEAD FOR MY CHIN TOWARD STERMNUM
POSITIVE LOAD CELL OUTPON +MZ CHIN TOWARD LEFT SHOW DER

® REFRESENTS A FORCE WECTOR
DIRECTED OUT OF THE PAQE

M REPRESENTS & FORCE VECFOR
DIRECTED INTO THE PAGE

MOMENT CORRECTIOM EQUATION|TO TRANSFER
THE MEASURED MOMENT FROM YHE LOAD CELL
TO THE OCCIPITAL CONMDYLE

MOMENT X ABOUT OCCIPITAL CPNDYLE
My =MX+F Y<O.D
My.z MOMENT X ABOUT DOCCIPIT4L CONDYLE

MX= MEASURED MOMENT FROM LJOAD CELL
FY= MEASURED FORCE FROM LOAD CELL

t

MOMENT ¥ ABOUT OCCIPITAL CPNDYLE
Moe=MY =Fx<0.D

b MAOUIAE LT ZOUT nooIipiTdl CONDYLE
MY= MEASURED MOMENT FROM LOAD CELL
FX= MEASURED FORCE FROM LDOAD CELL

UPPER NECK LOAD CELL

MY M
= \Sj
FY 2
. M7

Fz

102M FOR & MONTH CRABI

.0.=0.0
.D.=0.0058M FOR 12 AND 18 MONTH CRABI

THE AXES SHOWN ILLUSTRATE N
FRONT VIEW THE DIRECTION OF APPLIED LEFT SIDE VIEW
FORCES TO THE

A12/18 MOMTH
POSITIVE LOAD

6
INFANT (CRABI) UPPER NECK LOAD CELL
DUTPUT POLARITY PER S.AE J-211

e

Figure 28 - Upper neck load cell
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THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF AFPLIED
FORCES TO THE MECK FO=
FOSITIWE LOAD CELL OUTPUT,

LOWER MECK
LOal CELL

TRANSFORMATION EQUATIONS
FOR LOWER WECK LOAD CELL

MOMEMT CORRECTION EQUATIONS TO TRAWNSFER
THE MEASURED MOMENT F=OM THE LOAD CELL
AT POINT & TO THE Ba4SE OF THE MECK AT
POINT B

TRANSFORMATION EQUATIONS

Fy =F g

Fyv =F

Fo =F oy

My =Myy—FyuDz
My =MyptFuDs
M. =

FRONT WIEW

POINT &

ITHE AXES SHOWN ILLUSTRATE
THE DIRECTION OF a&PFLIED
FORCES TO THE CHEST FOR
POSITIWE LOAD CELL OUTPUT.

LEFT WIEW

Figure 29 - Lower neck load cell

WHERE!
FXP‘ JF‘“H "—_.7_'\1 'MXM “1‘”-1 '\42\1

ARE AHE FORCES AND MOMENTS MEASURED
BY THE,LOWER NECK LOAD CELL &ND

Fofe s

ARE THE CALCULATI
AT THE CENTER OF

x My Mz

D FORCEE AMND MOMENTS
THE BASE OF THE MECK.

DUMMY
CRARI

L1SE DZ
Jels 2S00 40127 M)

THE AXES SHOWN TLLUSTRATE

e THE DIRECTION OF APPLIED
A ,@ FY FORCES TO THE LOWBAR SPINE
e = POSITIVE LOAD GELL, OUTRUT

UMBAR SPINE
LOap ©

FOrR

ELL

BODY SEGMENT MANIPULATIOMS

FOR POSITIVE LOAD CELY OUTPUT

+FX CHEST REARWARD, PEYWIS FORWARD
+FY CHEST LEFTWARD, PEIYVIS RIGHTWARD
+FZ CHEST UPWARD, PELWV]S DOWNWARD
+MX LEFT SHOULDER TOWARD LEFT HIP

+MY STERMUM TOWARD FRO|
+MZ RIGHT SHOULDER FORY

LEFT SHOULDER REARWARD

@ REPRESENTS A FORCE YECTOR
DIRECTED OUT OF THE |PAGE
¥ REPRESENTS A FORCE YECTOR

DIRECTED INTO THE PARE

T OF LEGS
ARD,

RIGHT

- - . —

VIEW

FRONT
MY \\VX
THE AXES SHOWM ILLUSTRATE
THE DIRECTION OF APPLIED

bl
- —*—% ]
R .
‘“Z
Fx [ FORCES TO THE PELWIS FOR

Fz POSITIVE LOAD CELL OUTPUT.

LEFT SIDE WIEW
X

M. g "—“‘EM‘J
Fx o

Py’ 5 MZ
Fz

6/12/18 MONTH
INFANT (CRABI>
LUMBAR SPINE LOAD CELL
LuTPUT

POLARITY PER

SAE J-211

Figure 30 - Lower lumbar spine load cell
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Fz BODY SEGMENT MANIPULATIONS

THE AXES SHOWN ILLUSTRATE F 1 P PE 211
£ ANES SHOWN ILLUSTRATE OR POSITIVE OUTPUT PER SAE J-211
FORCES TO THE SHOULDER

FOR POSITIVE LOAD CELL

UPPER ARM LOAD CELL

OUTPUT PER SAE J-21l My +FX SHOULDER REARWARD, ELBOW FORWARD
Y SHOULDER LEF TWARD, ELBOW RIGHTWARD
WFZ SHOULDER UPWARD, CLBOW DOWNWARD
ARM MK ELBOW LEFTWARD. HOLD SHOULDER [N PLACE
LOAD CELL \ My ELB0W FORWARD, HOLD SHOULDER IN PLACE
FLBO "Mz ROTATE ELBOW COUNTERCLOCKWISE
L BOW
ACCELEROMETER, )( WHEN VIEWED FROM HAND
/
ELB_EI\J \)<' ELBOW LDOAD CELL
LOAD CELL~, My ELBOW LEFTWARD, HOLD SHOULDER IN PLACE
FLBOW POT MY ELBOW FORWARD, HOLD SHOULDER IN PLACE
ARM LOWER ARM LOAD CELL
LOAD CELL R ELBOW REARWARD, WRIST FORWARD
T +EY ELBOW LEFTWARD, WRIST RIGHTWARD
. N ‘H"S, +FZ ELBOW UPWARD, WRIST DOWNWARD
ACCELEROMETE ‘\_,_7/ +MX WRIST LEF TwaARD, HOLD ELB0W [N PLACE
P PMY WRIST FORWARD, HOLD ELBOW IN PLACC
4 +MZ ROTATE WRIST COUNTERCLOCKWISE
X

WHEN VIEWED FROM HAND

ELBOW POTENTIOMETER
+RY LOWER ARM UPWARY,
HOLD UPPER ARM IN PLA

THE AXES SHOWN ILLUSTRATE

THE DIRECTION OF aAPPLIED
FORCES TO THE HAND FOR
POSITIVE LDAD CELL OUTPUT

PER SAE J-211

LEFT SIDE WIEW FRONT WIEW WORLDSID ARM ASqCMBLY
OUTPUT POLARITY PER SAE. J-211

NOTE:  THE BODY SEGMENT MANIPULATIONS APPLY TO
BOTH LEF|T AND RIGHT ARMS, THE ARM AMD ELBOW
LOAD CEL} POLARITIES CONFORM TO J-211

Figure 31 - Upper and lower arm and elbow load cells

Fz . . 5
A BODY SEGMENT MANIPULATIONS [OR
dﬁ M2 T T LS TRTE irzw POSITIVE LOAD CELL DUTPUT HER SAE J-211
FORCES TO THE NECK FOR 8 B . .
BOSTTIvE LOAE CELL BUTeUT. +FX  NECK REARWARD, CHEST FORWARD
A (g 7 X Y NECK LEFTWARD, CHEST| RIGHTWARD
‘\& +FZ NECK UPWARD, CHEST HUWNwWARD
fMX  LEFT EAR TOWARD LEF[ SHOULDER
#MY  CHIN TOWARD STERNUM
+M7 CHIN TOWARD LEFT SHQULDER

TRANSFORMATION EQUATIONS
FOR LOWER NECK LDaAD CELI

MOMENT CORRECTION EQUATIONS TO|TRANSFER
THE MEASURED MOMENT FROM THE UOAD CELL
AT POINT & TO THE BASE 0OF THE HECK AT

POINT B,
TRANSFORMATION EQUATIORS
Fx _FXM
Fy =Fu
Fz=Fa
My =My Fullz

My =Myt FuDy
WHERE Mz =May
FXM 1"_\*\4 ’FZM AMXM ‘MYM ‘\401

ARE THE FORCES AND MOMENTS MERSURED
BY THE LOWER NECK LOAD CELL #pND

P Fy 2 M My Mz

ARE THE CALCULATED FORCES ANDIMOMENTS
AT T CCMIER OT e BASE HE NECK.

D,= 00145 M
STANDARD LOAD CELL POLARITY CONFORMS TO J-211

THE AXES SHOWN ILLUSTRATE A IN THE LOWER NECK POSITION
N \_l\;\”‘x [HE DIRECTION OF APPLIED
ﬂg | FORCES TO THE TORSO FOR \ - ~
Y & POSITIVE LOAD CELL OUTRUT. WORLDSID LOWER NECK LOAD CELL
MZ OUTPUT POLARITY PCR SAL J-211
Fx

Fz ® REPRESENTS A FORCE WECTOR
FRONT WIEW DIRECTED OUT OF THE PAGE LEFT VIEW

XK REPRESENTS A FORCE WECTOR
DIRECTED INTD THE PAGE

S-W30-71000

Figure 32 - Lower neck load cell
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FZ F
d 2 THE AXES SHOWN ILLUSTRATE £z
THE DIRECTION OF APPLIED MZ —FY
e Fx FORCES TO THE HEAD FOR el
A el v POSITIVE LOAD CELL DUTPUT. ;
3 - 7 Fx
O

BODY SEGMENT MANIPULATIONS FOR
POSITIVE LOAD CELL OUTPUT PER SAE J-211
+Fx HEAD REARWARD, CHEST FORWARD
+FY HEAD LEF TWARD, CHEST RIGHTWARD
vFZ7 HEAD UPWARD, CHEST DOWNWARD
+Mx LEFT EAR TOWARD LEFT SHOULDER
+MY CHIN TOWARD STERNUM

+MZ CHIN TOWARD LEFT SHOULDER

® REPRESENTS A FORCE WVECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE WECTOR
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

Mpce MX+F Y CO.D.>

Muew MOMENT X ABOUT OCCIPITAL CONDYLE
Mx= MEASURED MOMENT FROM LOAD CELL
FY= MEASURED FORCE FROM LOAD CELL

MOMENT ¥ ABOUT OCCIRITAL CONDYLE

0.D. CENTER OF
FORCE AND MOMENT
AXIS TO OCCIFTTAL

CONDYLE

]

M, =MY —F XD
M= MOMENT v ABOUT OCCIRITAL CONDYLE
MY= MEASURED MOMENT FROMLPAD CELL
FX= MEASURED FORCE FREM LWAD CELL
0.D.= .0195 M OR 768 INCHES
TO CONFORM TO SARw-2W SIGN CONVENTION, THE

POLARITY OF THE_ D&TA FOR FX ARD MX CHANNELS

FEMORAL NECK
LOAD CELL-| KNEE CONTACT

WTER
FEMUR LOAD CELL:
LOAD CELL

N — -

FY

THE AXES SHOWN ILLUSTRATE

THE AXES SHOWh ILLUSTRATE THE T

TOP WIEW

MUST BE CHANGED
MX_
Fy 5\ i THE AXES SHOWN ILLUSTRATE Fx
; THE DIRECTION OF APPLIED
Mz FORCES TO THE MNECK FOR Fy WORLDEST UPPER NECK 1
Fx ] @'P POSITIVE LOAD CELL OUTPUT gUAPET PULARITY PER SA4E J-211
FZ
FRENT WIEW LEFT VIEW
S-wSp-71000 UPPER
Figure 33 - Upper neck load cell
TROCH|

BODY SEGMENT MANIPULATIONS FOR POSITIVE FH
DUTPUT ACCORDING TO J-211 MANIPULATIONS 4P|
A SEATED POSITION. MANIPULATIONS ARE FOR B

TAr O f FOR POSI Ve LoD THE CMEE iR FISITIVE LGAR oL RIGHT LEGs
ColL DUTPUT AFCDRDING 10 J-211 DUTRUT ACCORDING TO J-21L +FX KNEE UPWARD, TROCHANTER DOWNYARD
+FY KNEE RIGHTWARD, TROCHANTER LEfTwaRD
+FZ KNEE FORWARD, PELVIS REARWAR!
MY KNEE LEFTWARD, HOLD TROCHANTER IN PLACE
sMY KNEE UPWARD, HOLD TROCHANTER fN PLACE
+MZ WITH TIBIA PERPENDICULAR TO FEMUR,
ROTATE TIBIA LEFTWARD, HOLD PHLVIS IN PLACE
e —

MUR LOAD CELL
LY TO & DUMMY IN
TH THE LEFT AND

THE POLARITY OF THE DATA FOR THE FEMUR LOJ
THE LEFT aND RIGHT LEG CONFORMS 1O Sab J-
CONWVENTION,

hD CEL
1

LS IN BOTH
Pl sioy

RIGHT WIEW

EOLARITY TEST: I i

@ RLPRESENTS A FORCE VECTOR DIRECTED DUT OF THE PAGE
M REPRESENTS A FDRCE VECTOR BIRECTED INTO THE PAGE

\JDRL%SID FEMUR INSTRUMENTATION
U 11

TAUT POLARITY PER SAE J-&

Figure 34 - Femur load cell
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Fx—/
FRONT

Fy

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

KNEE

UPFER TIBIA LOAD CELL

~— LOWER TIBIA LDAD CELL

BODY SEGMENT MANIPULATIONS F
UPPER TIBIA LOAD CELL DUTPUT

+F X TIBIA FORWARD, KNEE REARWARD
+FY TIEIA RIGHTWARD, KNEE LEFTWARD

+FZ TIBIA DOWNWARD, KNEE UP

+MX TIBIA LEFTWARD, HOLD <NEE IN PLACE
+MY TIBIA FORWARD, HOLD KMEE IN PLACE
+MZ ROTATE FOOT COUNTERCLOCKWISE WHEN

WVIEWED FROM BOTTOM OF

BODY SEGMENT MANIPULATIONS F

LOWER TIBIA LOAD CELL OUTPUT PER J-211
+FX ANKLE FORWARD, XNEE REARWARD

+EY  ANKLE RIGHTWARD, KNEE L

MY ANKLE FORWARD, HOLD KNE

WIEWED FROM BOTTOM OF

+F7 ANKLE DDWNWARD, KNEE UPWARD
MY ANKLE LEFTWARD, HOLD KNEE IN PLACE

+MZ ROTATE FO0T COUNTERCLOCKWISE WHEN
TO CONWFORM TO SAE J-211 SIGN CONWVENTION,

THE POLARITY OF THE DATA FOR FX, FY, MX
AND MY CHANNELS MUST BE CHANGED.

Or POSITIVE
PER J-211

W AR

SHOE

OrR POSITIVE

EF TWARD

E IN PLACE

SHOE.

4

\\HX IHE AXKES SHUWMN ILLUS IRAITE
/' THE DIRECTIOM OF APPLIED

FORCES TO THE FOOT FOR

POSITIVE LOAD CELL OUTRUT

PER SAL J-21L
— [ I

VIE W LEFT WVIEW

S-w30-71010

o EGMENT MANTPUCATIONS F

DIRECTED=OUT OF THE PAGE

XK REPREGSONTS A FORCE WECTOR
DIREETED)INTO THE PAGE

OUTPUT POLARITY PER S

ANKLE POTENTIOMETER OUTPUR PHR J-211

+aX PUSH BOTTOM DF SHOR LEFFWARD
+a¥ PUSH FRONT OF SHEE UPWwH
+of  PUSH TOE OF SHUE| RICHTWRRD

REPRESENTS A BEORCE VECTOR

WHORLDSID TIBIA INSTRPMENTATION
£ J-21

TR POSITIVE

D

Figure 35 - Upper and lower.tibia load cells

FEMBRAL NECK
LOAD CELL

OUTBOARD KNEE
CONTACT
LDAD CELL

INBOARD KWEE
CONTACT
LOAD CELL

BODY SEGUENT MANIPULATIONS FOR POSITIVE KWEE|LOAD CELL

DUTRUT ACCORDING 1O

LEFT KMEE DUTBOARD SIDE

+FY  PUSH DUTBOARD SIDE RIGHTWARD, HOLD FEMUR IN PLACE.

LEFT KNEE INBOARD SIDE

DIFFICULTY IN THE APPLICATION OF

DU o T
P»rmurns BSL v DuTPUr, 1T 14 RECOMMENBED 1hat POLARITY BE
CHECKED BY APPLICATION OF FORCE WHICH PRODUCES MEGATIVE

Burear”

F¥ PUSH INBOARD SIDE LEFTWARD, HOLD FEMUR I

RIGHT KNEE DUTBOARD SIDE
THE DIFFICULTY IN THE APPLICATION OF
m«umm\ FOSITIVE DUTPUT, [T IS RECOMMENDED
CHECKED BY APPLICATION OF FORCE WHICH PRODU
i
-FY PUSH OUTEDARD SIDE LEFTWARD, HOLD FEMUS
RIGHT KNEE INBOARD SIDE
+FY  PUSH INBOARD SIDE RIGHTWARD, HOLD FEMUR
4D CELL POLARITY FDR TUE LECT LE

-
5 iy u: || [IARI KIEE LOAD CELLS MUST 10
REE "It -t

KNEE POTENTIOMETERS
ta¥  WITH ATD IN A SEATED POSITION, ROTATE T1

¥ FORCE THAT
PLACE

FORCE THAT
L B ARITY BE
F= NEGATIVI

v FLACE.

IN PLACE.

INBOARD AND
HancEn 10

LA UPWARD,

® RCPRESENTS A FORCC WECTOR DIRECTED OUT OF THE PAGE

X REFRESENTS A FORGE VECTOR DIRECTED INTO

WORLDSID KNEE POLARITY
OUTPUT POLARITY PER SAL, J-211

Figure 36 - Knee load cell polarities

THE PAGE.
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RIGHT ILIAC WING LEFT ILIAC WING

PUBIC LOAD CELL MANIPULATIONS

— FOR _POSITIVE LOAD CELL OUTPUT
=, +FY  RIGHT ILIAC WING RIGHTWARD, LEFT ILIAC WING
3 LEF TWARD.

THE PUBIC LOAD CELL OUTPUT POLARITY
CONFORME TO SAE J-211 SIGN CONWVENTION.
PUBIC LOAD CELL

3¢ REPRESENTS A FORCE VECTOR
DIRECTED OUT OF THE PAGE
@ REPRESENTS A FORCE VECTOR
DIRECTED IN TO THE PAGE
FY
THE AXES SH THE AXES SHOWN
ILLUSTRATE ILLUSTRATE THE
BEETION DIRECTION OF APPLIED
2![]RFCFSTHTDHT FORCES TO THE LEET
SIDE DF WHL PUBIC SIDE OF THE PUBIG
LOAD CELL FOR LOAD CELL FOR WORLDSID PUBIE LOAD CELL
POSITIVE LOPD CELL POSITIVE LOARCELL OUTRUT POLARITY HER SAE. J-211
auTPUT auTPUT
=-uwmnriom
+FY
FEMORAL NECK X
LOAD CELL +FZ /
Lo
PELVIS BONE -
\err LEG
P >
RIGHT LEG
T
S @ @
o
FEMIRAL NECK L
ECK o 1fz
“FX
+EY RIGHT FEMORAL WECK LOAD CELL
e Loap cece
THE AXES SHOWN HE AXES SHOWNM
ILLUSTRATE THE e Tion o APPLIED
DIRECTION OF APPLIED
ORCES TO THE LEFT
S e gy MUR FOR POSITIVE
LOAD CELL DUTPUT LOAD CELL DUTPUT
WITH THE DUMMY IN A

WITH THE DUMMY IN &
SEATED POSITION Fz

SEATED POSITION

RIGHT FEMORAL NECK LDAD CELL MANIPULATIONS
POSITIY]

LEFT FEMORAL MECK LOAD CELL MANIPULATIONS

EOR £ LOAD CELL OUTPUT E0R PLSITIVE LOAD CELL QUTRUT
ange T

+FX  RIGHT FEMUR UPWARD, PELVIS DOWNWARD +EX LEFT FEMUR DOWNWARD, PELVIS UPWARD
+FY  RIGHT FEMUR RIGHTWARD, PELVIS LEFTWARD +FY  LEFT FEMUR LEFTWARD, PELVIS RIGHTWARD
+FZ  RIGHT FEMUR FORWARD, PELVIS REARWARD +FZ LEFT FEMUR REARWARD, PELWIS FORWARD
THE POLARITY OF THE DATA FOR FEMORAL NECK TO CONFORM TO SAE J-211 SIGN CUNVENTTUN
LOAD CELL IN THE RIGHT POSITION CONFORMS THE POLARITY OF THE DATA FOR THE
TO SAE J-211 SIGN CONVENTION CHANNEL BUST BE CHANGED FOR THE LEFT

FEMORAL NECK LOAD CELL.
WDRLDSID FEMORAL NECK LOAD CELLS
¢ REPRESENTS & FORCE VECTOR UTPUT POLARITY PER SAE. J-21
DIRECTED OUT OF THE PAGE

o REFRESENTS A FORCE VECTOR
DIRECTED IN TO THE

Figure 38 - Femoral neck load cells
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BODY SEGMENT MANIPULATIONS

FOR POSITIVE QUTPUT PER SAE J—211

LEFT—-SIDE LOAD CELL

Fx ARM REARWARD, HOLD TORSO IN PLACE
T THE AXES SHOWM ILLUSTRATE THE
D:g:;‘gi 3?°,§"p'>“pﬂ{é5"3§§r?§§% DIRECTION OF APPLIED FORCES TO ad ARM LEFTWARD, HOLD TORSO IN PLACE
THE ARM_FOR_POSITIVE LOAD CELL SHOULDER SHOULDER THEJMiM FOR POSITIVE LOAD CELL FZ ARM UPWARD, HOLD TORSO IN PLACE
OUTPUT PER SAE J—211 LOAD CELL OUTEUT PER SAE J-211
LOAD CELL
2 RIGHT-SIDE LOAD CELL
Fx ARM FORWARD, HOLD TORSO IN PLACE
"y Fy ARM RIGHTWARD, HOLD TORSO IN PLACE
Y FZ ARM DOWNWARD, HOLD TORSO IN PLACE

Fx LOAD CELL POLARITY CONFORMS TO SAE J-211 FOR
LEFI SHOULDER.  TD CONFORM TO SAE J-211 FOR
T SHOULDER, THE POLARITY OF THE FZ

RIGH
CHANNEL MUST BE CHANGED.

REPRESENTS A FORCE VECTOR

DIRECTED QUT OF THE PAGE

X REPRESENTS A FORCE VECTOR
DIRECTED INTQ THE PAGE

FRONT VIEW

WORLDSID SHOULDER UYOAD CELL
DUTPUT POLARITY PER SA4EL J-211

S—-W50-71080

Figure 39 - Shoulder load cell

THE MRES, SHOWN ILLUSTRATE THE DIRECTION GF e
ARPLIED) FORCES TO THE SPIME FOR POSITVE LOAD
CELL U TRUT

LUMBAR NEAD CELL

THE AXES SHOWN ILLUSTRATE THE DIRECTION OF
APBLIED FORCES 10 THE PELWIS FOR POSITVE LOAD
Ll ClIelT

"
Ve

BODY SEGMENT MANIPULATIONS IME POLARITY OF THE LUMBAR LOAD CELL

FOR POSITIVE LOAD CELL OUTPUT CONFORMS 1O SAE

REARWARD, PELVIS FORWARD

RD, FELWIS DOWNW)
SHOUL DER TOWARD LEFT HIP
WARD FRONT LEG!
T A

LEFT SHOULDER REARWARD
WORLDSID LUMBAR SPINE LOAD CFELL
3¢ REPRESENTS A FORCE VECTOR CUTPUT POLARITY PER SAL 4-211
DIRECTED OUT OF THE

1w REFRESENTS A FORCE vﬂ:mn
DIRECTED IN TO THE PAl

S-wso-71120

Figure 40 - Lumbar spine load cell
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SACRO-TLTAC L0AD GFLL

POSITIVE LOAD CELL

RIGHT PUBTC INTERFACE LEFT PUBIC INTERFACE

RIGHT ILIAC WING~._ AEFT LI winG

mz

Fr

THE AXES SHIWN
ILLUSTRATE Tt
DIRECTION DF APeLIED
FORCES 10 THE LEFT
ILIAZ WING FOR
POSITIVE LOAD CELL

RIGHT-SIDC ILIAC LOAD CELL MANIPULATIONS
FOR_POSITIVE LOAD GELL DUTEAT

BENOVE BUBIC LOAD CELL 10 CHECK

BEMOVE PUBIC LOAD CELL U CHECK
SACRO-TIaC [TAD CTLL POLARITEES SACRU-TLIAC [T (T Py ARl RS
1EX RIGHT ILIAC WING FIRWARD, LUMIAR REARVATD N n
$EYBIGHT ILIAC WING RIGHTWARD. LUMBAR. LEFTWARD T CEFT Iiackodm CEraarD, Limbas Kook
et ‘“G: v S e T T Lot S TEDLEET IIAC NG LRdmaD. LM ba B0
DU HyARD. ED IGHT 1L NG, L] ¢ FUSH nuuuwln ON TOP EDGE OF LEFT [LIAQ WING. HOLD

Y BULL UPWARD T RIGAT FUBIC INTERFACE, HOLD LUMBAR

N P

AL
wnz nuu. RIGHTWARD ON RIGHT FUBIC INTERFACE. WOLD LUNBAR

¢ REPRESENTS 4 FORCE VECTOR
DIRECTED QUT OF THE PAGE

@ REPRESENTS A FORCE VECTOR
DIRECTED N TO THE PAGE

LEFT-SIOE 1Lic L0AD cELL HabiRuL AN
FOR_POSITIVE. LDAD CELL DLJPGT

Sy ;;um- BounwRD v LEFT PUBIE INTERFACE. foLb LumBaR

M2 BOLL LEFTWARD ON LEFT PUBIC INTERFACE, HOLD LUMBAR
N RLACE

THE SACRO-ILIAC DUTPUTRODNGRITY CONFORMS
TO SAE J-211 SIGN CONYENTION,

WORLDSID SACRC—ILIAC LOAD CELL
QUTFUT FOLARITY PER SAE. 4-211

Figure 41 - Sacror-iliac load cell

FULL A
UPPER Al
ACCELEROMET

AEE[L[RD\‘I TE]

THE 7268C TRIAXIAL ACCELEROMETER AXES WREC LABELED
1, 2, 3, WHEN THE ACCELEROMETER IS INSYALLED INTO
THE WORLDSID, THE ORIENTATION CHANGES JUCH THAT
THE ACCELEROMETER COORDINATE SYSTEM MAY NOT AGREE
WITH THE ATD COORDINATE SYSTEM, THE FPLLOWING
CHART PROWIDES THE REQUIRED CONVERSID

THE CHART &PPLIES TO BOTH LEFT AND RIQHT ARMS,

WORLDSID ACCELEROMETER| J-21Jf POLARITY

AxlS AXIS CHANGE REQUIRED
FULL ARM UPPER AX 3 ES
FULL ARM UPPER AY 2 0
FULL ARM UPPER A7 1 0
FULL ARM LOWER AX 1 ES
FULL ARM LOWER AY 2 ES
FULL ARM LOWER AZ 3 0

BODY SEGMENT MaNIPULATIONS FOR
POSITIVE ACCELEROMETER DUTPUT PER SAE ell
ACCELEROMETERS MUST BE CHECKED BY IMPAETING THE
WORLDSID ARMS &ND COLLECTING DYWAMIC DATA. &
RUBBER HAMMER 1S RECOMMENDED FOR THILS HROCEDURE

FRONT VIE

THE AXES SHOWN ILLUSTRATE THE
DIRECTION OF APPLIED FORCES TO
THE ARM FOR POSITIVE
ACCELEROMETER OUTPUT PER SALC
J=211

S-W50-AAHS

+AX IMPACT REAR OF ARM IN FORWARD DIRECTION
\ rAY* IMPACT LEFT SIDE OF ARM [N RIGHTWARD DIRECTION

+AZ IMPACT TODP OF ARM IN DOWMWARD DIRECTION

*DUE TO THE DIFFICULTY IN TESTING +AY WITH RIGHT
ARM ACCELERDOMETERS, IT IS RECOMMENDED THAT AY
POLARITY BE CHECKED WITH APPLICATION OF A MEGATIVE

IMRUT. [MPACT RIGHT SIDE OF ARM IN LEFTWARD DIRECTION

WORLDSID ARM ACCELEROMETERS
OUTPUT POLARITY PER SAE. J-211

Figure 42 - Arm accelerometers
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THE AXES SHOWN ILLUSTRATE
THE DIRECTION OF APPLIED

IMPACTS TO THE HEAD FOR
POSITIVE ACCELEROMETER OUTRUT,

BODY SEGMEMT MANIPULATIOMS FOR
POSITIVE ACCELEROMETER OUTPUT PER SAE J-211

ACCELEROMETERS MUST BE CHECKED BY IMPACTING
WORLDSID HEAD ANMD COLLECTING DYNAMIC DATA. A
RUBBER HAMMER IS OMMENDED FOR THIS PROCEDURE.

THE

+AX IMPACT REAR OF HEAD IN FORWARD DIRECTION

+AY IMPACT LEFT SIDE OF HEAD IM RIGHTWARD DIRECTION
+AZ IMPACT TOP OF HEAD IN DOWNWARD DIRECTION

+RH IMPACT TOP LEFT OF HEAD IN RIGHTWARD DIRECTION
+RY IMPACT TOP FRONT OF HEAD IN REARWARD DIRECTIOM
TR IMPACT LEFT FRONT OF HEAD IN RIGHTWARD DIRECTION

THE 726BB TRIAXIAL ACCELEROMETER AXES ARE LABELED
AX, AY, AZ.  WHEN THE ACCELEROMETER IS INSTALLED
INTO THE HEAD, THE ORIENTATION CHANGES SUCH THAT
THE ACCLLEROMETER CUORDINATE SYSTEM DOES NOT
AGREE WITH THE ATD COORDINATE SYSTEM, THE
FOLLOWING CHART PROVIDES THE REGUIRED CONVERSION.

FRENT VIEW LEFT VIEW

J-W30-11000

WORLDSID  [ACCELEROMETER J-211 POLARITY
AXIS AXIS CHANGE REQUIRED
AX 1 NO

—
Az 2 S
RX RX 2
RY RY )
RZ RZ 1
® REPRESEAS, A) FORCE VEETOR

DIRECTER OUT OF THE PHGE

XK RERRESENTE A FORCE WE
DIRECTED/INTO THE PAGE

CTOR

WRNRMSID HEAD ACCELFROMETERS
OOTPUT POLARITY PER SAE J-211

Figure 43 - Head accelerometers

BODY SEGMENT MANIPULATIONS FOR

POSITIVE ACCELERDMETER OUTPUT PER SAE J-211
ACCELEROMETERS MUST BE CHECKED BY IMPACTIMG THES
WORLDSID PELWIS &ND COLLECTING DYNAMIC DATAN,
RUBBER HAMMER IS RECOMMENDED FOR THIS PROCEDURE

A% IMPACT REAR OF PELWIS IN FORWARE™ DWRECTION
+AY IMPACT LEFT SIDE OF PELWVIS IM\ RIGWTWARD DIRECTION
+AZ IMPACT TOP OF PELWVIS IN DOWNWARD DIRECTION

THE 7268B TRIAXIAL ACCELEROMETER AXES ARE LABELED

AX, AY, AZ WHEN THE ACCELEROMETER IS INRTALLED
INTD THE WORLDSID, THE ORIENTATION CHANGEE SUCH
THAT THE ACCELEROMETER COORDINATE SYSTEM MAY NOT
AGREE WITH THE ATD COORDINATE SYSTEM,  THE
FOLLOWING CHART PROVIDES THE REGUIRED COWVERSION
WORLDSID  |ACCELEROMETER J-211 |POLARITY
AXIS I CHANGE] REQUIRED)
PELVIS AX 3 YES
PELVIS AY 2 O
PELVIS AZ 1 0

® REPRESENTS A FORCE WECTOR
DIRECTED OUT OF THE PAGE

X REPRESENTS A FORCE WECTOR
DIRECTED INTO THE PAGE

FRONT VIEW

J-WEO-PELVIS

WORLDSID PELVIS ACCELEROMETERY

QUTPUT POLARITY PER SAE J-211

Figure 44 - Pelvis accelerometers


https://saenorm.com/api/?name=212097a4f64e8bd135a2f7fdce46feae

SAE INTERNATIONAL J1733™ NOV2024

Page 37 of 47

BULY > MEMN MANLIFULA LTINS b U .
o B I N o a o ITHE 72e8B TRI \Xlﬂ\_ ACCELEROMETZR AXES ARE LABELED
PLSLTIVE ALLELERLMCTER UUTPLT PER SAL J-e L 2.3 WHEN THE ACCELERDMETER IS INSTALLED INTO
ACCELEROMETERS MUST BE CHECKED BY IMPACTING THE THE 1D, THE ORIENTATION CHANGES SUCH THAT
WORLDSID THORAY AMD COLLECTING DYMAMIC DATA A THE OMETER COORDINATE SYSTEM MAY NOT AGREE
RUBBER 13 ECOMMENDED FOR THIS FROCEDURE WITH THE aTh [RDINATE S¥STEM THE PO TwW NG
FAX R N7 RTR R T»— -'Mx o rnp FART TIREC TN CHART PROVIDES THE REQUIRED CONVERSION
+hs £CT SIDE OF BRI THOZ BIC ARD DIRELT
L0z > OF RIR NS ™ ARD DIRECTION WORLDSID  [ACCELEROMETE 211 POLARITY
TRE I N FT SHOUL DI [N RIGHTWARD DIRLECTIOMN AXIS (1 CHmr E REQUIRED
TR IMPACT  FRONT BASE O IN REARWARD DIRECTION T1oax 3 vEs
*DUF TA THE RIFFICL TY IN TESTING +4Y WITH RIGST 1 av =z MO
RIB ACCELEROMETERS, [T 1S RLCOMMEMDED THAT Ay _ -
POLARITY BE C-ECKED APPLICATION OF A NEGATIVE T YES
[NPUT. THURAX R Rx 8]
— IMPACT RIGHT SIDC OF RIB OR [N LEFTWARD DIRCCTION THORAX R7 RZ ND
14 ax E]
— 11 ALLELERUME TR T4 Ay 2
- a7
| _ T4 ACCLLIROMITCR Y e T4 8z !
Y @ / - i LEFT RIB AX 1
S LEFT RIB A¥ £
N LEFT RIB AZ 2
snz RIGHT RIB 4X 1 N
RIGHT RIB &Y 3 YES
RIGH RIB &7 2 N N
~ RIB ACCELEROME TERS re ax 3 YES
ROTATIONA T2 AY > i
ACCCLEROMETIRY — -
T2 A7 1 ND
® R PRESENTS A FLIRL WD TR
DIRECTED LuUT UF THE PAGE
K REPRESENTS A FLRC VECTHR
DIRZCTED INTD THE PAGE
- i TRL 5 PR A i
OFRUSIC THORAX A Lt
POLARITIES PER SaC |21
TI2 ACCILEROVETER
| -‘a‘I\)I\\ | JWEO - THORAY
Figure 45 - Thorax accelerometers
BCDY SZGMEINT MANIPULAIIONS
FOR POSITIVE OUTPUT PER SAF J-—3
IR-TRACC RIB DISPLACEMENT =
SHOULDER SENSOR
LOAD CELL, LEFT SIDE IMPACT
+DY _PUSH LEFT SIDE SHOULDER OR HBS
RIGHTWARD, HOLD THORAX IN PLACE
oy oy
—_ -T o g — RIGHT SIDE IMPACT
* fa e T I .
THE RIGHT SIDE POLARITY MUST BE CHCKED WITH
o o A NEGATVE DEFLECTION.
) e @ oy
—_— —] i —DY PUSH RIGHT SIDE SHOULDER OR RIBS
- & LEFTWARD, HOLD THORAX IN PLACE
-l ] I —
THE AXES SHOWN DY DY THE AXES SHOWN
ILLUSTRATE THE DIRECTION =~ —=— 2 —_ STRATE THE DIRECTION
OF APPLIED PISPLACEMENT o= = = ?E ﬁ;uﬁo Sll_%PELémmnz
TO THE SHOBLDER AND - 5 -
RIBS_FOR NEBATIVE ity S B Lo —t=F RIBS FOR POSIT
IR-TRACC OJTPUT PER RoTRACC auwur PER
SAE J-211 — ov
e A 1 F I TO CONFORM TO SAE J-211 SIG
- -t CONVENTION, THE POLARITY OF THE DATA
oy v FOR RIGHT SIDE IMPACT MUST BY
- =2 LB —_ CHANGED,
i —— I ——
~pr Aty
e — @
o —5 = g e
e o WORLDSID RIB DISPLACEVENI
POLARITIES PER SAE J—211
FRONT VIEW
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Figure 46 - Rib displacement
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