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DATA SHEET A3
HEAD DROP TEST (572.32) (50 Male)

Dummy Serial Number;_ 403 Test Date: 05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive head drops are necessary)

It has been at least 2 hours since the last head drop. (572.32(c)(5))
X N/A, ONLY one head drop performed

The head assembly consists of the complete head (78051-61X), the neck transducer
structural replacement (78051-383X), and three (3) accelerometers. (572.32(b))

Torque the skull cap screws to 160 Ibf-in.
Accelerometers and their respective mounts are smooth and clean.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.35(i))

The head assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a
test. (572.132(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 45%
Record the minimum humidity: 34%

Visually inspect the head skin for cracks, cuts, abrasions, etc. Repair or replace the head
skin if the damaged area is more than superficial. Note: If the damage resulted from the
vehicle crash test in which the dummy was an occupant, the damaged area is to be
documented with photography and the post test calibration verification testing completed
before any replacement or repairs are made.

Record findings and actions: No Damage

Clean the impact surface of the skin and the impact surface of the fixture with
isopropyl alcohol, trichloroethane or equivalent prior to the test. (572.32(c)(2))



10.

11.

12.

13.

14,

16.

Suspend and orient the head assembly as shown in Figure 6A. The lowest point on the
forehead is 0.5 in. below the lowest point on the dummy’s nose when the midsagittal
plane is vertical. (572.32(c)(3))

Record the actual distance: 0.5 inches

NOTE: The masses of the suspension device and the accelerometer cables are to be
kept as lightweight as possible to minimize their effect on the test results.

The 1.6 mm (0.062 inch) diameter holes located on either side of the dummy's head are
equidistance within 2 mm from the impact surface. A typical test setup is shown in Figure
TA.

Record the right side distance: 501 mm
Record the left side distance: 501 mm

The impact surface is clean and dry and has a micro finish in the range of 203.2x10° mm
(8 micro inches) to 2032.0x10® mm (80 micro inches) (RMS). (572.32(c)(4))

Record actual micro finish: 24.8 micro inches

The impact surface is rigidly supported. (572.132(c)(4))

The impact surface is a flat horizontal steel plate 50.8 mm (2 inches) thick and 610 mm
(24 inches) square. (Figure 6A)

Record thickness: 50.9 mm
Record width: 604 mm
Record length: 595 mm

Drop the head assembly from a height of 376.0 + 1.0 mm (14.8 inches £ 0.04 inches) by
a means that ensures a smooth, instant release onto the impact surface. (572.32(b) &
(572.32(c)(4))

Complete the following table using channel class 1000 data. (572.36(i)):

Parameter Specification Result
Peak resultant acceleration 225g9<x<275¢g 245 ¢
Resultant versus time history curve Unimodal Yes

Less than 10% of the peak

- Yes
resultant acceleration

Oscillations after the main pulse

Lateral acceleration y-axis acceleration <15 g -20g

Plots of the X, y, z, and resultant acceleration data follow this sheet.

05/26/2022
Date




MGA RESEARCH CORPORATION
HEAD DROP TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test ID: D221311
Tested Parameter Units Specification Result | Pass/Fail
Laboratory Temperature deg C 18.9t0 25.6 21.9 Pass
Laboratory Relative Humidity % 10to 70 45 Pass
Peak Resultant Acceleration G's 225to0 275 245 Pass
Peak Lateral Acceleration G's <=+/-15.0 -2.0 Pass
Unimodal N/A Yes Yes Pass
Oscillations N/A within 10% of peak Yes Pass
Overall Test Results Pass

Jomo flior

Ldboratory Technician

(—3(_7 'i’q {_QJ_CWW# QA btj\

Approved By

05/26/2022

Test Date




= I“‘l @) TEST DESC: HEAD DROP TEST DATE: 05/26/2022
=—11Jj¢ TEST # D221311

HEAD RESULTANT ACCELERATION (G's) vs TIME (ms)

250
Max: 245.0 G's
Tmax: 2.0 ms
200
Min: 0.0 G's
| Tmin: -10.8 ms
150 CFC 1000
100
50 +
0 et Pttt
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——————— Ill‘ .l TEST DESC: HEAD DROP TEST DATE: 05/26/2022
- 0 ¢ TEST #: D221311

15 Head Y (G's) vs TIME (ms)
1 Max: 1.4 G's
T Tmax: 1.4 ms
0.5 Min: -2.0 G's
W Tmin: 4.7 ms
0- My AT M Mt AN gt
il CFC 1000
-0.5+
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2.5 —ttt
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Head Z (G's) vs TIME (ms)
125
| Max: 107.6 G's
Tmax: 2.0 ms
Min: -1.4 G's
Tmin: 17.0 ms
CFC 1000
-25 —tt—tt—t——f——————
-20 0 20 40 60 80 100



DATA SHEET A4
NECK FLEXION TEST (572.33) (50" Male)

Dummy Serial Number;_ 403 Test Date: 05/26/2022

Technician: Jon Love

X

Pre test calibration
Post test calibration verification

Test attempt no. 1 (when successive flexion tests are necessary)

1. It has been at least 30 minutes since the last flexion test. (572.36(m))
X N/A, ONLY one neck test performed

2. The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer (C-
1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

3. The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.

(572.33(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 34%

4. Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the

dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs

are made.
Record findings and actions: No damage

5. Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is

necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,

verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

6. Pre-test calibration Neck cable torque: Torgue the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before

torquing. (572.33(c)(2))



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 9A for the flexion test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence

upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 22.6 to 23.4 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Flexion Test Results (572.33(b)(1) & 572.33(c)(4)

Parameter Specification Results
Pendulum impact speed 22.6 ft/s < speed < 23.4 ft/s 22.83 ft/s
@ 10 ms 22.5<9g=<275 23.36¢9
gigg}g;‘;‘t‘ion @20ms | 17.6<g<226 18.92 g
Versus Time A@go\’i% rgg 12.5<g<18.5 16.72 g
Pulse ms 29 g maximum 16.70 g
First Pendulum Decay to 5g 34 ms< times 42 ms 37.6 ms
Plane D Rotation 64° < max. rotation < 78° 73°
57 ms < time of max. rotation < 64 ms 59.4 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 113 ms <time <128 ms 120.2 ms
Maximum Moment 65 Ibf-ft < moment < 80 Ibf-ft 66.2 Ibf-ft
47 ms < time of max. moment < 58 ms 50.1 ms
Time of first decay to 0 Ibf-ft
Positive Moment Decay** 97 ms < time < 107 ms 98.7 ms

(Flexion)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(1)(ii))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate and
the honeycomb material. (572.33(b)(3))




X 14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the
occipital condyle, and D plane rotation follows this sheet.

éﬂ'l/ cg@lﬁ&/ 05/26/2022

Sz'/grfature Date

1-10



MGA RESEARCH CORPORATION
NECK FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221312

Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6 t0 22.2 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Pendulum Velocity m/s 6.89t07.13 6.96 Pass

10 ms G's 22.50 to 27.50 23.36 Pass
Pendulum Deceleration 20 ms G's 17.60 to 22.60 18.92 Pass

30 ms G's 12.50 to 18.50 16.72 Pass
Peak Pendulum Deceleration After 30 ms G's <=29.0 16.7 Pass
Deceleration Decay Time to Cross 5 G's ms 34.0t0 42.0 37.6 Pass
Maximum "D" Plane Maximum Deg 64.0to 78.0 72.8 Pass
Rotation Time ms 57.0 to 64.0 59.4 Pass
"D" Plane Rotation Decay Time To Zero ms 113.0 to 128.0 120.2 Pass
Crossing ' ' '
Moment About OCCIpItaI Maximum Nm 88.1 to 108.5 89.7 Pass
Condyle Time ms 47.0 10 58.0 50.1 Pass
Positi\(e Moment Decay Time To Zero ms 97.0 to 107.0 98.7 Pass
Crossing

Overall Test Results Pass
%/?n/ c%WL/ 05/26/2022

Labcﬁétory Technician Test Date

(,3@ -qu .LQJ_C.WUE Md—c)\
Approved By

1-11




————————— Ill‘l @) TEST DESC: NECK FLEXION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221312

0 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 25.9 G's
Tmax: 7.9 ms
Min: -2.8 G's
Tmin: 43.8 ms
CFC 60

5 NECK ROTATION (DEG) vs TIME (ms)

Max: 72.8 DEG
Tmax: 59.4 ms
Min: -29.0 DEG
Tmin: 174.3 ms
CFC 60

1-12



————————— Ill‘l @) TEST DESC: NECK FLEXION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221312

o OCCIPITAL MOMENT (Nmj vs TIVE (m)

Max: 89.7 Nm
Tmax: 50.1 ms
Min: -27.6 Nm
Tmin: 14.9 ms
CFC 600

1-13




DATA SHEET A5
NECK EXTENSION TEST (572.33) (50" Male)

Dummy Serial Number;_ 403 Test Date: 05/26/2022

Technician: Jon Love

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive extension tests are necessary)

It has been at least 30 minutes since the last extension test. (572.36(m))
X N/A, ONLY one neck test performed

The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer
(C-1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.
(572.33(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 34%

Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the
dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs
are made.

Record findings and actions: No damage

Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is
necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,
verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

Pre-test calibration Neck cable torque: Torque the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before
torquing. (572.33(c)(2))

1-14



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 10A for the extension test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence

upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 19.5 ft/s to 20.3 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Extension Test Results (572.33(b)(2) & 572.33(c)(4))

Parameter Specification Results
Pendulum impact speed 19.5 ft/s < speed < 20.3 ft/s 19.85 ft/s
@ 10 ms 17.2<gs<21.2 20.16 g
gigg}g;‘;‘t‘ion @20ms | 14<g<19 16.15 g
Versus Time ﬂg\(l)ems 11.0<g<16.0 13.33 g
Pulse 30 ms 22 g maximum 13.70¢g
First Pendulum Decay to 5g 38 ms < time< 46 ms 40.9 ms
Plane D Rotation 81° < max. rotation < 106° 99.8°
72 ms < time of max. rotation < 82 ms 79.5 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 147 ms < time <174 ms 161.0 ms
Maximum Moment -59 Ibf-ft < moment < -39 Ibf-ft -44.8 |bf-ft
65 ms < time of max. moment <79 ms 73.1 ms

Time of first decay to 0 Ibf-ft
Positive Moment Decay** 120 ms < time < 148 ms 143.1 ms
(Extension)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(2)(11))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate
and the honeycomb material. (572.33(b)(3))

1-15




14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the
X occipital condyle, and D plane rotation follows this sheet.

A/ gﬂﬁé-/ 05/26/2022

Siqﬁdure Date

1-16



MGA RESEARCH CORPORATION
NECK EXTENSION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221313
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6t0 22.2 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Pendulum Velocity m/s 5.951t06.19 6.05 Pass
10 ms G's 17.20 to 21.20 20.16 Pass
Pendulum Deceleration 20 ms G's 14.00 to 19.00 16.15 Pass
30 ms G's 11.00 to 16.00 13.33 Pass
Peak Pendulum Deceleration After 30 ms G's <=22.0 13.7 Pass
Deceleration Decay Time to Cross 5 G's ms 38.0 t0 46.0 40.9 Pass
Maximum "D" Plane Maximum Degrees 81.0t0 106.0 99.8 Pass
Rotation Time ms 72.0 to 82.0 795 Pass
"D" PI Rotation D Time To Z
ane Rolafion Lecay Time fo 2ero ms 1470101740 | 161.0 Pass
Crossing
Condyle Time ms 65.0 to 79.0 73.1 Pass
Negative Moment Decay Time To Zero ms 120.0 to 148.0 143 1 Pass
Crossing
Overall Test Results Pass

Laborafif)ry Technician

Approved By

05/26/2022

Test Date

1-17




————————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221313

5 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 21.0 G's
Tmax: 8.8 ms
Min: -2.5 G's
Tmin: 45.5 ms
CFC 60

NECK ROTATION (DEG) vs TIME (ms)

100
Max: 99.8 DEG
75— Tmax: 79.5 ms
Min: -32.0 DEG
50 - Tmin: 199.9 ms
CFC 60

25

-25

1-18



————————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221313

o OCCIPITAL MOMENT (Nmj vs TIVE (ms)

Max: 31.0 Nm
Tmax: 196.2 ms
Min: -60.8 Nm
Tmin: 73.1 ms
CFC 600

1-19




DATA SHEET A6
THORAX IMPACT TEST (572.34) (50" Male)

Dummy Serial Number;_ 403 Test Date: 05/25/2022

Technician: Jon Love

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive thorax impact tests are necessary)

It has been at least 30 minutes since the last thorax impact test. (572.137(q))
X N/A, ONLY one thorax impact test performed

The test fixture conforms to the specifications in Figure 12A.

The complete assembled dummy (78051-218) is used (572.34(b)) and is dressed in a
form fitting cotton stretch above-the-elbow sleeved shirt and above-the-knee pants. No
shoes are worn. (572.34(b))

The dummy assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C
(72°F) and at a relative humidity from 10% to 70% for a period of at least four (4) hours
prior to this test. (572.34(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 43%
Record the minimum humidity: 32%

Remove the chest skin and visually inspect the thorax assembly for cracks, cuts,
abrasions, etc. Particular attention should be given to the rib damping material (78051-17
thru 78051-22), chest displacement transducer assembly (78051-317) and the rear rib
supports (78051-304). Inspect for rib deformation using the chest depth gage (83-5006-
007). If any damage is noted repair and/or replace the damaged components unless the
damage resulted from the vehicle crash test in which the dummy was an occupant in
which case the damage must be documented and post test calibration verification testing
completed before any repairs or replacements are made.

~X - No Damage

__ - Damage from crash test, no repairs or replacement because this is a post test

calibration verification. Record damage:

____ - The following repairs or replacement was performed. Record:

1-20



10.

11.

12.

13.

14.

15.

Seat the dummy, (chest skin still removed) without back and arm supports on the test fixture
surface as shown in Figure 12A. The surface must be long enough to support the pelvis
and outstretched legs. (572. 34(c)(2))

Level the ribs both longitudinally and laterally = 0.5° and adjust the pelvis angle to 13° +
2°. The angle may be measured using the special H-point tool (78051-532) that inserts
into the pelvic structure and extends outward beyond the pelvic skin surface or by using
the surface of the pelvic adaptor block. (572.34(c)(2)

The midsagittal plane of the dummy is vertical within £ 1°. (572.134(c)(3))

The longitudinal centerline of the test probe is centered within + 2.5 mm of the midsagittal
plane of the dummy and is 12.7 mm = 1 mm below the horizontal peripheral centerline of
the No. 3 rib and is within 0.5° of a horizontal line in the dummy's midsagittal plane.
(572.34(c)(4))

Align the adjustable neck bracket index marks to the "zero" position. (Figure 12A)

Record locations such as the rear surfaces of the thoracic spine and the lower neck
bracket reference with respect to locations such as the rear surfaces of the thoracic spine
and the lower neck bracket. These reference measurements are necessary to ensure the
dummy is in the same position after the chest skin is installed. The reference locations
must be accessible after installation of the chest skin. It may be necessary to leave the
chest skin zipper unfastened until the references are checked and fasten it just prior to
the test.

Install the chest skin and reposition the dummy as described in the preceding paragraph
using the reference measurements recorded.

Place the arm assemblies horizontal £ 2° and parallel to the midsagittal plane. The arms
are held in place by tightening the adjustment nut that holds the arm yoke to the clavicle
assembly.

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 Class 180.

Impact the anterior surface of the thorax with the test probe so the longitudinal centerline
of the probe is within 2° of a horizontal line in the dummy's midsagittal plane at the
moment of impact. (572.34(c)(5)) The velocity of the test probe at the time of impact is 22
f/s £ 0.4 f/s. (572.34(b)) The probe is guided so there is no significant lateral, vertical or
rotational movement during the impact. (572.34(c)(6))
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X 16. Complete the following table:
Thorax Impact Results (572.34(b))

Parameter* Specification Result
Test Probe Speed 21.6 ft/s < speed < 22 4 ft/s 21.92 ft/s
Chest Compression 2.51in. < compression < 2.86 in. 2.56 in.
Peak resistance force** 1160 Ib < peak force < 1325 Ib 1275 1b
Internal Hysteresis*** 69% < hysteresis < 85% 71%
*Time zero is defined as the time of initial contact between the test probe and the chest
skin.

**Force = impactor mass x acceleration (572.34(b))
***Area under loading curve minus the area under the unloading curve divided by the
area under the loading curve.

X 17. Plots of chest compression, pendulum acceleration, pendulum speed, and force, follow

this sheet.
%1 Fa
1 g’iﬂf i 05/25/2022
S'@y(ature Date

1-22



MGA RESEARCH CORPORATION

THORAX IMPACT

HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221314

Tested Parameter Units Specification Result Pass/Fail

Laboratory Temperature deg C 20.6t022.2 21.9 Pass

Laboratory Relative Humidity % 10to 70 43 Pass

Probe Velocity m/s 6.58 t0 6.82 6.68 Pass

Peak Probe Force N 5159 to 5893 5,670 Pass

Peak Sternum Displacement cm 6.35t07.26 6.50 Pass

Internal Hysteresis % 69 to 85 71 Pass
Overall Test Results Pass

%/;i’]/ (%w;/ 05/25/2022
Laborafory Technician Test Date

(,3@ -qu .LQJ_C.WUE Md—c)\

Approved By
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————————— Ill‘l @) TEST DESC: THORAX IMPACT TEST DATE: 05/25/2022
- (] ‘ VELOCITY: 21.93 fi/s, 6.68 m/s TEST #: D221314

FORCE (N) vs CHEST DISPLACEMENT (cm)

6000
Max: 5669.7 N
5000 Tmax: 6.2 cm
Min: -36.3N
4000+
Tmin: 0.6 cm
3000 - CFC 180
2000+
1000 +
0 i
-1000 i 1 1 —— 1 1 1
-1 0 1 2 3 4 5 6 7
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DATA SHEET A7
LEFT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number;_ 403 Test Date: 05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration
Post test calibration verification

Test attempt no. 1 (when successive knee impact tests are necessary)

X 1
X 2
X 3

X 4
X 5
X 6
X 7
X 8
X 9
X_ 10.

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-001) with the upper leg assembly (78051-46) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 35%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of

SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))
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11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.86 ft/s
Peak resistance force* 1060 Ib < force <1300 Ib 1110 b

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

M%—/ 05/26/2022

Sighature Date
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MGA RESEARCH CORPORATION

LEFT KNEE IMPACT TEST
HYBRID 1l 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221316
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Probe Velocity m/s 2.07t02.13 2.09 Pass
Peak Probe Force N 4715 to 5782 4,938 Pass
Overall Test Results Pass

Labcf‘atory Technician

(,3@ -qu .LQJ_C.WUE Md—c)\

Approved By
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05/26/2022

Test Date




| Ill‘l O TEST DESC: LEFT KNEE
- ® ¢ VELOCITY: 6.86 ft/s, 2.09 m/s

TEST DATE: 05/26/2022
TEST #: D221316

FORCE (N) vs TIME (ms)
5000
Max: 4938.4 N
4000+ Tmax: 2.9 ms
Min: -52.2 N
3000+ Tmin: 8.1 ms
CFC 600
2000+
1000+
0
-1000 +— | — —
-20 0 20 40 60 80 100
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DATA SHEET A8
RIGHT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number;_ 403 Test Date: 05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration
Post test calibration verification

Test attempt no. 1 (when successive knee impact tests are necessary)

X1
X 2
X 3
X 4
X _ 5
X 6
X7
X 8
X 9
X 10.

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-002) with the upper leg assembly (78051-47) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 35%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))
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11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.89 ft/s
Peak resistance force* 1060 Ib < force <1300 Ib 1140 Ib

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

Mf%é&/ 05/26/2022

Sighature Date
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ATD Serial No: 403

MGA RESEARCH CORPORATION

RIGHT KNEE IMPACT TEST
HYBRID 1l 50TH PERCENTILE MALE

Test I.D: D221315

Laboratory Technician

Approved By

1-31

Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Probe Velocity m/s 2.07t02.13 210 Pass
Peak Probe Force N 4715 to 5782 5,071 Pass
Overall Test Results Pass

05/26/2022

Test Date




—————— Ill‘l @) TEST DESC: RIGHT KNEE
0 ‘ VELOCITY: 6.89 ft/s, 2.10 m/s

TEST DATE: 05/26/2022
TEST #: D221315

FORCE (N) vs TIME (ms)
6000
Max: 5071.4 N
5000+ Tmax: 2.9 ms
Min: -62.7 N
4000+
Tmin: 8.0 ms
3000+ CFC 600
2000+
1000+
0
-1000 +—— ‘ — —
-20 0 20 40 60 80 100
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DATA SHEET A9
HIP JOINT-FEMUR FLEXION (572.35(c)) (50 Male)

Dummy Serial Number;_ 403 Test Date: 05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive hip joint-femur flexion tests are necessary)

It has been at least 30 minutes since the last hip joint-femur flexion test. (572.36(m))
X N/A, ONLY one hip joint-femur flexion test performed

The test fixture conforms to the specifications in Figure 17A.

Use the assembled dummy (78051-218) except (572.35(c)(2)):

X 3.1 remove the leg assemblies (86-5001-001 & 002) by removing 3/8-16
Socket Head Cap Screw and retaining the structural assembly of the
upper legs (78051-43 & 44)

X 3.2 remove the abdominal insert (78051-52)

X 3.3 replace the instrument cover plate (78051-13) in the pelvic bone with
a rigid pelvic bone stabilizer insert (Figure 15A) and attach the pelvis
upper support device (Figure 16A).

The assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to this test.
(572.35(c)(v))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 45%
Record the minimum humidity: 34%

Seat the dummy on the rigid seat fixture. (572.35(c)(2)(ii))

Secure the dummy by bolting the stabilizer insert and the pelvis upper support device to
the seat back of the test fixture as shown in Figures 17A, 18A, and 19A. (572.35(c)(2)(ii))

Adjust the threaded rods until plane B is horizontal.
Secure the lever arm into the left femur shaft opening of the upper leg structure assembly

(78051-43) and firmly secure it using the 3/8-16 socket head cap screws (Figure 19A).
(572.35(c)(2)(iii))
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9. Lift the lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline
horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

10. Complete the following table:
Left Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result
Rotation Rate 5°/s < rotation rate < 10°/s 6°/s
Femur Torque at 30° Torque < 70 ft-lbf 68.4 ft-Ibf
Rotation at 150 Ibf-ft 40° < rotation < 50° 44°

11. Secure the lever arm into the right femur shaft opening of the upper leg structure
assembly (78051-44) and firmly secure it using the 3/8-16 socket head cap screws
(Figure 19A). (572.35(c)(2)(iii))

12. Lift the lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline
horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

10. Complete the following table:
Right Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result

Rotation Rate 5°/s < rotation rate < 10°/s 6°/s

Femur Torque at 30° torque < 70 ft-Ibf 66.4 ft-Ibf

Rotation at 150 Ibf-ft 40° < rotation < 50° 43°
Sighature Date
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MGA RESEARCH CORPORATION

HIP-FEMUR FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221310
Tested Parameter Units Specification Result Pass/Fall
Right Left

Laboratory Temperature deg C 18.91t0 25.6 21.9 21.9 Pass

Laboratory Relative Humidity % 10to 70 45 45 Pass

Rotation Rate deg/s 5.0t0 10.0 6.3 6.3 Pass

30 Degrees Nm 94.9 Nm Max 90.0 92.7 Pass

40.0 to 50.0 Degree

150 ft-Ibf / 203.4 Nm Deg Max Rotation 43.3 44 4 Pass

Overall Test Results Pass
/ 05/26/2022
LabBratory Technician Test Date

(—3(_7 'i’q {_QJ_CWW# QA btj\

Approved By
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Ill‘l .l TEST DESC: RIGHT HIP FEMUR FLEXION TEST DATE: 05/26/2022
0. ¢ TEST #: D221319

MOMENT (Nm) vs FEMUR ROTATION (°)

250
Max; 203.5 Nm
Tmax: 43.3 °
200 +
Min: 0.0 Nm
| Tmin: 0.0 °
150 + 10 Hz
100 +
50+
0 | |
0 20 40
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Ill‘l .l TEST DESC: LEFT HIP FEMUR FLEXION TEST DATE: 05/26/2022
0. ¢ TEST #: D221310

MOMENT (Nm) vs FEMUR ROTATION (°)

250
Max; 203.5 Nm
Tmax: 44.4 °
200 +
Min: 0.0 Nm
| Tmin: 0.0 °
150 +— 10 Hz
100 +
50+
0 | |
0 20 40
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DATA SHEET A10

PART 572 INSTRUMENTATION CALIBRATION INFORMATION

SERIAL DATE OF DATE OF
1.D. NO. MANUFACTURER MODEL NO. NO LAST NEXT
: CALIBRATION | CALIBRATION

DUMMY INSTRUMENTATION

HEAD ACCELEROMETERS
(1) LONGITUDINAL Endevco 7231C-750 AGH90 04/05/2022 10/05/2022
(2) LATERAL Endevco 7231C-750 AH5J3 04/05/2022 10/05/2022
(3) VERTICAL Endevco 7231C-750 C12885 04/05/2022 10/05/2022
NECK
TRANSDUCER Denton 1716A N7489 05/09/2022 11/08/2022

CHEST ACCELEROMETERS
(1) LONGITUDINAL Endevco 7231C-750 AGH74 04/05/2022 10/05/2022
(2) LATERAL Endevco 7231C-750 AH5D9 04/05/2022 10/05/2022
(3) VERTICAL Endevco 7231C-750 AHS5L1 04/05/2022 10/05/2022
CHEST .
POTENTIOMETER Humanetics 78051-317 403 04/04/2022 10/04/2022

FEMUR LOAD CELLS
(1) RIGHT FEMUR Humanetics 221AIN2 F3137 04/04/2022 10/04/2022
(2) LEFT FEMUR Humanetics 221AIN2 F3138 04/04/2022 10/04/2022
LABORATORY INSTRUMENTATION

NECK PENDULUM
ACGELEROMTER Endevco 7231C-750 AH5P1 01/13/2022 07/15/2022
THORAX
PENDULUM Endevco 7264C-2KTZ-360M17 P97372 11/17/2021 05/19/2022
ACCELEROMETER
KNEE PENDULUM
ACCELEROMETER Endevco 7264C-2KTZ-2-360M17 P82128 12/7/2021 06/08/2022
NECK ROTATION
TRANSDUCER 1 Spectrol 132-0-0-102 C3035 03/02/2022 09/01/2022
(OPTIONAL)
NECK ROTATION
TRANSDUCER 2 Spectrol 132-0-0-102 C3034 03/02/2022 09/01/2022

(OPTIONAL)

LABORATORY TECHNICIAN: ‘/%M/ g’/M(L/
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DATA SHEET A3
HEAD DROP TEST (572.32) (50 Male)

Dummy Serial Number;_ 403 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive head drops are necessary)

X 1. Ithas been at least 2 hours since the last head drop. (572.32(c)(5))
X N/A, ONLY one head drop performed

X 2. The head assembly consists of the complete head (78051-61X), the neck transducer
structural replacement (78051-383X), and three (3) accelerometers. (572.32(b))

X 3. Torgue the skull cap screws to 160 Ibf-in.
X 4. Accelerometers and their respective mounts are smooth and clean.

X 5. The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.35(i))

X 6. The head assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a
test. (572.132(c)(1))

Record the maximum temperature: 21.5°C
Record the minimum temperature: 21.2°C
Record the maximum humidity: 43%
Record the minimum humidity: 32%

X 7. Visually inspect the head skin for cracks, cuts, abrasions, etc. Repair or replace the head
skin if the damaged area is more than superficial. Note: If the damage resulted from the
vehicle crash test in which the dummy was an occupant, the damaged area is to be
documented with photography and the post test calibration verification testing completed
before any replacement or repairs are made.

Record findings and actions: No Damage

X 8. Clean the impact surface of the skin and the impact surface of the fixture with
isopropyl alcohol, trichloroethane or equivalent prior to the test. (572.32(c)(2))



X 9. Suspend and orient the head assembly as shown in Figure 6A. The lowest point on the
forehead is 0.5 in. below the lowest point on the dummy’s nose when the midsagittal
plane is vertical. (572.32(c)(3))

Record the actual distance: 0.5 inches
NOTE: The masses of the suspension device and the accelerometer cables are to be
kept as lightweight as possible to minimize their effect on the test results.

X 10. The 1.6 mm (0.062 inch) diameter holes located on either side of the dummy's head are
equidistance within 2 mm from the impact surface. A typical test setup is shown in Figure
TA.

Record the right side distance: 501 mm
Record the left side distance: 501 mm

X 11. The impact surface is clean and dry and has a micro finish in the range of 203.2x10° mm

(8 micro inches) to 2032.0x10® mm (80 micro inches) (RMS). (572.32(c)(4))
Record actual micro finish: 24.8 micro inches

X 12. The impact surface is rigidly supported. (572.132(c)(4))

X 13. The impact surface is a flat horizontal steel plate 50.8 mm (2 inches) thick and 610 mm
(24 inches) square. (Figure 6A)

Record thickness: 50.9 mm
Record width: 604 mm
Record length: 595 mm
X 14. Drop the head assembly from a height of 376.0 + 1.0 mm (14.8 inches * 0.04 inches) by
a means that ensures a smooth, instant release onto the impact surface. (572.32(b) &
(572.32(c)(4))
X 16. Complete the following table using channel class 1000 data. (572.36(i)):
Parameter Specification Result
Peak resultant acceleration 225g9<x<275¢g 249 ¢g
Resultant versus time history curve Unimodal Yes
0
Oscillations after the main pulse Less than 10% of t'he peak Yes
resultant acceleration
Lateral acceleration y-axis acceleration <15 g 469
X 17. Plots of the X, y, z, and resultant acceleration data follow this sheet.
A it 08/24/2022
Signature Date




MGA RESEARCH CORPORATION
HEAD DROP TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test ID: D221961
Tested Parameter Units Specification Result | Pass/Fail
Laboratory Temperature deg C 18.9t0 25.6 215 Pass
Laboratory Relative Humidity % 10to 70 43 Pass
Peak Resultant Acceleration G's 225t0 275 249 Pass
Peak Lateral Acceleration G's <=+4/-15.0 4.6 Pass
Unimodal N/A Yes Yes Pass
Oscillations N/A within 10% of peak Yes Pass
Overall Test Results Pass

M%ﬁ/ 08/24/2022

Labbratory Technician Test Date

Approved By




= I“‘l 8] TEST DESC: HEAD DROP TEST DATE: 08/24/2022
=—ngye TEST # D221961

0 HEAD RESULTANT ACCELERATION (G's) vs TIME (ms)

Max: 248.9 G's
Tmax: 1.9 ms
200+
Min: 0.0 G's
Tmin: -9.4 ms
150 CFC 1000
100
50
O+—+—+—+—++—+==r—d
-20 0 20 40 60 80 100
Head X (G's) vs TIME (ms)
50
Max: 0.9 G's
0 Tmax: 7.5 ms
Min: -222.8 G's
50+ Tmin: 1.9 ms
CFC 1000
-100 +
-150 +
-200+
-250 —_—
-20 0 20 40 60 80 100



————————— @) TEST DESC: HEAD DROP

TEST DATE: 08/24/2022
TEST #: D221961

5 Head Y (G's) vs TIME (ms)

Max: 4.6 G's
T Tmax: 1.6 ms
3+ Min: -2.4 G's
Tmin: 4.6 ms
2,,
CFC 1000
1,,
07 MWWMMW\MWWW%
1+
-2 1
B3+ttt —f
-20 0 20 40 60 80 100
Head Z (G's) vs TIME (ms)
125
Max: 111.9 G's
100 -+ Tmax: 2.0 ms
Min: -1.8 G's
75+ Tmin: 7.0 ms
CFC 1000
50+
25—
0,
254+4——+—+—+—t—+—+—+—+—f+—+—+—+—+—F—+—+—+—+—F— —_
-20 0 20 40 60 80 100




DATA SHEET A4
NECK FLEXION TEST (572.33) (50" Male)

Dummy Serial Number;_ 403 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration

X Post test calibration verification

Test attempt no. 1_(when successive flexion tests are necessary)

X 1. Ithas been at least 30 minutes since the last flexion test. (572.36(m))
X N/A, ONLY one neck test performed

X 2. The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer (C-
1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

X 3. The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.
(572.33(c)(1))

Record the maximum temperature: 21.3°C
Record the minimum temperature: 21.0°C
Record the maximum humidity: 44%
Record the minimum humidity: 33%

X 4. Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the
dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs
are made.

Record findings and actions: No damage

X 5. Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is
necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,
verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

X 6. Pre-test calibration Neck cable torque: Torque the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before
torquing. (572.33(c)(2))



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 9A for the flexion test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence
upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 22.6 to 23.4 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Flexion Test Results (572.33(b)(1) & 572.33(c)(4)

Parameter Specification Results
Pendulum impact speed 22.6 ft/s < speed < 23.4 ft/s 22.83 ft/s
@ 10 ms 22.5<9g=<275 23.48¢g
gigg}g;‘;‘t‘ion @20ms | 17.6<g<226 21.20 g
Versus Time A@go\’i% rgg 12.5<g<18.5 18.46 g
Pulse ms 29 g maximum 18.30 g
First Pendulum Decay to 5g 34 ms< times 42 ms 34.9 ms
Plane D Rotation 64° < max. rotation < 78° 70°
57 ms < time of max. rotation < 64 ms 58.7 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 113 ms <time <128 ms 114.6 ms
Maximum Moment 65 Ibf-ft < moment < 80 Ibf-ft 70.6 Ibf-ft
47 ms < time of max. moment < 58 ms 48.0 ms
Time of first decay to 0 Ibf-ft
Positive Moment Decay** 97 ms < time < 107 ms 97.1 ms

(Flexion)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(1)(ii))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate and
the honeycomb material. (572.33(b)(3))




X 14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the
occipital condyle, and D plane rotation follows this sheet.

M %é/ 08/24/2022

Slgnature Date




MGA RESEARCH CORPORATION
NECK FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221962
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6t022.2 21.3 Pass
Laboratory Relative Humidity % 10to 70 44 Pass
Pendulum Velocity m/s 6.89t07.13 6.96 Pass
10 ms G's 22.50 to 27.50 23.48 Pass
Pendulum Deceleration 20 ms G's 17.60 to 22.60 21.20 Pass
30 ms G's 12.50 to 18.50 18.46 Pass
Peak Pendulum Deceleration After 30 ms G's <=29.0 18.3 Pass
Deceleration Decay Time to Cross 5 G's ms 34.0t0 42.0 34.9 Pass
Maximum "D" Plane Maximum Deg 64.0t0 78.0 70.0 Pass
Rotation Time ms 57.0 to 64.0 58.7 Pass
E)[?';Esliannge Rotation Decay Time To Zero ms 113.0 to 128.0 114.6 Pass
Moment About Occipital Maximum Nm 88.11t0 108.5 95.7 Pass
Condyle Time ms 47.0t0 58.0 48.0 Pass
gfsét;\i/r?gMoment Decay Time To Zero ms 970 to 107.0 97 1 Pass
Overall Test Results Pass
M/?%é/ 08/24/2022
Labo’ratory Technician Test Date

4«:% %
App@/ed By




————————— Ill‘l @) TEST DESC: NECK FLEXION TEST DATE: 08/24/2022
- (] ‘ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221962

5 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 24.9 G's
Tmax: 8.4 ms
Min: -2.8 G's
Tmin: 38.8 ms
CFC 60

5 NECK ROTATION (DEG) vs TIME (ms)

Max: 70.0 DEG
Tmax: 58.7 ms
Min: -51.3 DEG
Tmin: 176.8 ms
CFC 60




————————— Ill‘l @) TEST DESC: NECK FLEXION TEST DATE: 08/24/2022
- (] ‘ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221962

o OCCIPITAL MOMENT (Nmj vs TIVE (m)

Max: 95.7 Nm
Tmax: 48.0 ms
Min: -22.2 Nm
Tmin: 14.1 ms

CFC 600




DATA SHEET A5
NECK EXTENSION TEST (572.33) (50" Male)

Dummy Serial Number;_ 403 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration

X Post test calibration verification

Test attempt no. 1_(when successive extension tests are necessary)

X 1. Ithas been at least 30 minutes since the last extension test. (572.36(m))
X N/A, ONLY one neck test performed

X 2. The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer
(C-1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

X 3. The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.
(572.33(c)(1))

Record the maximum temperature: 21.3°C
Record the minimum temperature: 21.0°C
Record the maximum humidity: 44%
Record the minimum humidity: 33%

X 4. Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the
dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs
are made.

Record findings and actions: No damage

X 5. Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is
necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,
verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

X 6. Pre-test calibration Neck cable torque: Torque the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before
torquing. (572.33(c)(2))



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 10A for the extension test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence

upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 19.5 ft/s to 20.3 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Extension Test Results (572.33(b)(2) & 572.33(c)(4))

Parameter Specification Results
Pendulum impact speed 19.5 ft/s < speed < 20.3 ft/s 19.85 ft/s
@ 10 ms 17.2<g=<21.2 18.77¢g
gigg}g;‘;‘t‘ion @20ms | 14<g<19 15.52 g
Versus Time ;%S\C/)ems 11.0<g<16.0 11.82 g
Pulse 30 ms 22 g maximum 13.10g
First Pendulum Decay to 5g 38 ms < time< 46 ms 42.7 ms
Plane D Rotation 81° < max. rotation < 106° 100.1°
72 ms < time of max. rotation < 82 ms 80.2 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 147 ms < time <174 ms 163.6 ms
Maximum Moment -59 Ibf-ft < moment < -39 Ibf-ft -41.6 |bf-ft
65 ms < time of max. moment <79 ms 77.6 ms

Time of first decay to 0 Ibf-ft
Positive Moment Decay** 120 ms < time < 148 ms 144.7 ms
(Extension)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(2)(i1))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate
and the honeycomb material. (572.33(b)(3))




14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the

X occipital condyle, and D plane rotation follows this sheet.
M%ﬁ/ 08/24/2022
Signature Date



MGA RESEARCH CORPORATION
NECK EXTENSION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221963
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6t0 22.2 21.3 Pass
Laboratory Relative Humidity % 10to 70 44 Pass
Pendulum Velocity m/s 5.951t06.19 6.05 Pass
10 ms G's 17.20 t0 21.20 18.77 Pass
Pendulum Deceleration 20 ms G's 14.00 to 19.00 15.52 Pass
30 ms G's 11.00 to 16.00 11.82 Pass
Peak Pendulum Deceleration After 30 ms G's <=22.0 13.1 Pass
Deceleration Decay Time to Cross 5 G's ms 38.0 t0 46.0 42.7 Pass
Maximum "D" Plane Maximum Degrees 81.0t0 106.0 100.1 Pass
Rotation Time ms 72.0 to 82.0 80.2 Pass
"Dll PI R t t- D T. T Z
ane otation Lecay 1ime 1o ero ms 147.0t0 1740 | 163.6 Pass
Crossing
Condyle Time ms 65.0 to 79.0 77.6 Pass
Negative Moment Decay Time To Zero ms 120.0 to 148.0 144 7 Pass
Crossing
Overall Test Results Pass

M%@é/ 08/24/2022

Labo‘Fatory Technician Test Date




‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221963

—————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 08/24/2022
®

0 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 19.8 G's
Tmax: 8.6 ms
Min: -0.9 G's
Tmin: 50.7 ms
CFC 60

125

NECK ROTATION (DEG) vs TIME (ms)

100

75

50

25

Max: 100.1 DEG
Tmax: 80.2 ms
Min: -30.0 DEG
Tmin: 199.9 ms
CFC 60




————————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 08/24/2022
- (] ‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221963

o OCCIPITAL MOMENT (Nmj vs TIVE (m)

Max: 29.6 Nm
Tmax: 199.2 ms
Min: -56.4 Nm
Tmin: 77.6 ms
CFC 600




DATA SHEET A6
THORAX IMPACT TEST (572.34) (50" Male)

Dummy Serial Number;_ 403 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive thorax impact tests are necessary)

X

X

1.

6.

It has been at least 30 minutes since the last thorax impact test. (572.137(q))
X N/A, ONLY one thorax impact test performed

The test fixture conforms to the specifications in Figure 12A.

The complete assembled dummy (78051-218) is used (572.34(b)) and is dressed in a
form fitting cotton stretch above-the-elbow sleeved shirt and above-the-knee pants. No
shoes are worn. (572.34(b))

The dummy assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C
(72°F) and at a relative humidity from 10% to 70% for a period of at least four (4) hours
prior to this test. (572.34(c)(1))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 44%
Record the minimum humidity: 33%

Remove the chest skin and visually inspect the thorax assembly for cracks, cuts,
abrasions, etc. Particular attention should be given to the rib damping material (78051-17
thru 78051-22), chest displacement transducer assembly (78051-317) and the rear rib
supports (78051-304). Inspect for rib deformation using the chest depth gage (83-5006-
007). If any damage is noted repair and/or replace the damaged components unless the
damage resulted from the vehicle crash test in which the dummy was an occupant in
which case the damage must be documented and post test calibration verification testing
completed before any repairs or replacements are made.

~X - No Damage

__ - Damage from crash test, no repairs or replacement because this is a post test

calibration verification. Record damage:

____ - The following repairs or replacement was performed. Record:

Seat the dummy, (chest skin still removed) without back and arm supports on the test fixture



X

10.

11.

12.

13.

14.

15.

16.

surface as shown in Figure 12A. The surface must be long enough to support the pelvis
and outstretched legs. (572. 34(c)(2))

Level the ribs both longitudinally and laterally = 0.5° and adjust the pelvis angle to 13° +
2°. The angle may be measured using the special H-point tool (78051-532) that inserts
into the pelvic structure and extends outward beyond the pelvic skin surface or by using
the surface of the pelvic adaptor block. (572.34(c)(2)

The midsagittal plane of the dummy is vertical within £ 1°. (572.134(c)(3))

The longitudinal centerline of the test probe is centered within + 2.5 mm of the midsagittal
plane of the dummy and is 12.7 mm £ 1 mm below the horizontal peripheral centerline of
the No. 3 rib and is within 0.5° of a horizontal line in the dummy's midsagittal plane.
(572.34(c)(4))

Align the adjustable neck bracket index marks to the "zero" position. (Figure 12A)

Record locations such as the rear surfaces of the thoracic spine and the lower neck
bracket reference with respect to locations such as the rear surfaces of the thoracic spine
and the lower neck bracket. These reference measurements are necessary to ensure the
dummy is in the same position after the chest skin is installed. The reference locations
must be accessible after installation of the chest skin. It may be necessary to leave the
chest skin zipper unfastened until the references are checked and fasten it just prior to
the test.

Install the chest skin and reposition the dummy as described in the preceding paragraph
using the reference measurements recorded.

Place the arm assemblies horizontal £ 2° and parallel to the midsagittal plane. The arms
are held in place by tightening the adjustment nut that holds the arm yoke to the clavicle
assembly.

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 Class 180.

Impact the anterior surface of the thorax with the test probe so the longitudinal centerline
of the probe is within 2° of a horizontal line in the dummy's midsagittal plane at the
moment of impact. (572.34(c)(5)) The velocity of the test probe at the time of impact is 22
f/s £ 0.4 f/s. (572.34(b)) The probe is guided so there is no significant lateral, vertical or
rotational movement during the impact. (572.34(c)(6))

Complete the following table:



Thorax Impact Results (572.34(b))

Parameter* Specification Result
Test Probe Speed 21.6 ft/s < speed < 22.4 ft/s 21.65 ft/s
Chest Compression 2.5in. < compression < 2.86 in. 2.631n.
Peak resistance force** 1160 Ib < peak force < 1325 Ib 1269 Ib
Internal Hysteresis*** 69% < hysteresis < 85% 70 %

*Time zero is defined as the time of initial contact between the test probe and the chest

skin.

**Force = impactor mass x acceleration (572.34(b))
***Area under loading curve minus the area under the unloading curve divided by the
area under the loading curve.

17. Plots of chest compression, pendulum acceleration, pendulum speed, and force, follow

this sheet.

HAgnature

08/24/2022

Date




MGA RESEARCH CORPORATION

THORAX IMPACT

HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 403 Test I.D: D221964

Tested Parameter Units Specification Result Pass/Fail

Laboratory Temperature deg C 20.6t022.2 214 Pass

Laboratory Relative Humidity % 10to 70 44 Pass

Probe Velocity m/s 6.58 t0 6.82 6.60 Pass

Peak Probe Force N 5159 to 5893 5,647 Pass

Peak Sternum Displacement cm 6.35t07.26 6.68 Pass

Internal Hysteresis % 69 to 85 70 Pass
Overall Test Results Pass

Wn%& 08/24/2022
Laboratory Technician Test Date

Approved By ~




—————— @) TEST DESC: THORAX IMPACT

‘ VELOCITY: 21.65 ft/s, 6.60 m/s

TEST DATE: 08/24/2022
TEST #: D221964

6000

5000+

4000+

3000+

2000+

1000+

FORCE (N) vs CHEST DISPLACEMENT (cm)

Max: 5646.8 N
Tmax: 6.2 cm
Min: -163.7 N
Tmin: 0.3 cm

CFC 180




DATA SHEET A7
LEFT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number;_ 403 Test Date: 08/25/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive knee impact tests are necessary)

X 1
X 2
X 3

X 4
X 5
X 6
X 7
X 8
X 9
X_ 10.

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-001) with the upper leg assembly (78051-46) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 47%
Record the minimum humidity: 36%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))



11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.82 ft/s
Peak resistance force* 1060 Ib < force <1300 Ib 1162 Ib

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

M% 08/25/2022

Signature Date




ATD Serial No: 403

MGA RESEARCH CORPORATION

LEFT KNEE IMPACT TEST
HYBRID Il 50TH PERCENTILE MALE

Test I.D: D221966

Labdratory Technician

Appy_+ed By —

Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 214 Pass
Laboratory Relative Humidity % 10to 70 47 Pass
Probe Velocity m/s 2.07t02.13 2.08 Pass
Peak Probe Force N 4715 to 5782 5,168 Pass
Overall Test Results Pass

08/25/2022

Test Date




| Ill‘l O TEST DESC: LEFT KNEE
- ® ¢ VELOCITY: 6.83 ft/s, 2.08 m/s

TEST DATE: 08/25/2022
TEST #: D221966

FORCE (N) vs TIME (ms)
6000
Max: 5167.6 N
5000+ Tmax: 2.7 ms
Min: -14.2 N
4000+
Tmin: 20.2 ms
3000+ CFC 600
2000+
1000+
0
-1000 +— ‘ — —
-20 0 20 40 60 80 100




DATA SHEET A8
RIGHT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number;_ 403 Test Date: 08/25/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive knee impact tests are necessary)

X1
X2
X3
X 4
X _ 5
X _ 6
X7
X 8
X 9
X 10

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-002) with the upper leg assembly (78051-47) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 47%
Record the minimum humidity: 36%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))



11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.89 ft/s
Peak resistance force* 1060 Ib < force <1300 Ib 1142 Ib

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

M% 08/25/2022

Signature Date




ATD Serial No:

MGA RESEARCH CORPORATION

RIGHT KNEE IMPACT TEST
HYBRID Il 50TH PERCENTILE MALE

403

Test I.D: D221965

D

ry Techn

Lak rato

Ap@%dﬁi = -

Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 214 Pass
Laboratory Relative Humidity % 10to 70 47 Pass
Probe Velocity m/s 2.07t02.13 210 Pass
Peak Probe Force N 4715 to 5782 5,082 Pass
Overall Test Results Pass

08/25/2022

Test Date




—————— @) TEST DESC: RIGHT KNEE
EEEEEEEEEEIIIF!I

‘ VELOCITY: 6.89 ft/s, 2.10 m/s

TEST DATE: 08/25/2022
TEST #: D221965

FORCE (N) vs TIME (ms)
6000
Max: 5081.9 N
5000+ Tmax: 2.9 ms
Min: -18.1 N
4000+
Tmin: 15.4 ms
3000+ CFC 600
2000+
1000+
0
-1000 +—————+—F—"7F+—+—+—+—1—+——+—+—+—"— — :
-20 0 20 40 60 80 100




DATA SHEET A9
HIP JOINT-FEMUR FLEXION (572.35(c)) (50 Male)

Dummy Serial Number;_ 403 Test Date: 08/25/2022

Technician: Jonah Pulokas

X

Pre test calibration
Post test calibration verification

Test attempt no. 1_(when successive hip joint-femur flexion tests are necessary)

It has been at least 30 minutes since the last hip joint-femur flexion test. (572.36(m))
X N/A, ONLY one hip joint-femur flexion test performed

The test fixture conforms to the specifications in Figure 17A.

Use the assembled dummy (78051-218) except (572.35(c)(2)):

X 3.1 remove the leg assemblies (86-5001-001 & 002) by removing 3/8-16
Socket Head Cap Screw and retaining the structural assembly of the
upper legs (78051-43 & 44)

X 3.2 remove the abdominal insert (78051-52)

X 3.3 replace the instrument cover plate (78051-13) in the pelvic bone with
a rigid pelvic bone stabilizer insert (Figure 15A) and attach the pelvis
upper support device (Figure 16A).

The assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to this test.
(572.35(c)(v))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 47%
Record the minimum humidity: 36%

Seat the dummy on the rigid seat fixture. (572.35(c)(2)(ii))

Secure the dummy by bolting the stabilizer insert and the pelvis upper support device to
the seat back of the test fixture as shown in Figures 17A, 18A, and 19A. (572.35(c)(2)(ii))

Adjust the threaded rods until plane B is horizontal.
Secure the lever arm into the left femur shaft opening of the upper leg structure assembly

(78051-43) and firmly secure it using the 3/8-16 socket head cap screws (Figure 19A).
(572.35(c)(2)(iii))

Lift the lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline



horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

X 10. Complete the following table:
Left Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result
Rotation Rate 5°/s < rotation rate < 10°/s 6°/s
Femur Torque at 30° Torque < 70 ft-lbf 69.7 ft-Ibf
Rotation at 150 Ibf-ft 40° < rotation < 50° 44°

X 11. Secure the lever arm into the right femur shaft opening of the upper leg structure
assembly (78051-44) and firmly secure it using the 3/8-16 socket head cap screws
(Figure 19A). (572.35(c)(2)(iii))

X 12. Liftthe lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline
horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

X 10. Complete the following table:
Right Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result
Rotation Rate 5°/s < rotation rate < 10°/s 6°/s
Femur Torque at 30° torque < 70 ft-Ibf 68.8 ft-Ibf
Rotation at 150 Ibf-ft 40° < rotation < 50° 43°
gM /% . 08/25/2022
ignature Date



ATD Serial No:

MGA RESEARCH CORPORATION
HIP-FEMUR FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

Test 1.D:

403 D221960
Tested Parameter Units Specification Result Pass/Fail
Right Left

Laboratory Temperature deg C 18.9t0 25.6 214 21.4 Pass

Laboratory Relative Humidity % 10to 70 47 47 Pass

Rotation Rate deg/s 5.0t0 10.0 6.3 6.3 Pass

30 Degrees Nm 94.9 Nm Max 93.3 94.5 Pass

40.0 to 50.0 Degree

150 ft-Ibf / 203.4 Nm Deg Max Rotation 42.6 44 4 Pass

Overall Test Results Pass
M/%& 08/25/2022
Laboratory Technician Test Date

Approved By / -




I“‘l 8]) TEST DESC: RIGHT HIP FEMUR FLEXION TEST DATE: 08/25/2022
N TEST #: D221969

o MOMENT (Nm) vs FEMUR ROTATION ()

Max: 203.5 Nm

Tmax:; 42.6 °
200

Min: 0.0 Nm

Tmin: 0.0 °
1507 10 Hz

100

50




I“‘l §]) TEST DESC: LEFT HIP FEMUR FLEXION TEST DATE: 08/25/2022
N TEST #: D221960

o MOMENT (Nm) vs FEMUR ROTATION ()

Max: 203.6 Nm

Tmax: 44.4 °
200

Min: 0.0 Nm

Tmin: 0.0 °
1507 10 Hz

100

50




DATA SHEET Al
DUMMY DAMAGE CHECKLIST (50" Male)

Dummy Serial Number;_ 403 Test Date: 08/24/2022

Technician: Jonah Pulokas

This check sheet is completed as part of the post test calibration verification.

X Perform general cleaning.

Dummy ltem Inspect for Comments Damage OK
Outer skin Gashes, rips, cracks X
Ballast secure X
Head
General appearance X
Broken or cracked rubber X
Upper neck bracket firmly
attached to the lower neck X
Neck bracket
quseness at the condyle X
joint
Nodding blocks cracked or X
out of position
Spine Broken or cracks in rubber X
Broken or bent ribs X
Broken or bent rib supports X
Ribs Damping material
separated or cracked X
Rubber bumpers in place X
Chest Bent shaft X
Dlzzlsaecr?qr&;nt Slider arm riding in track X
Transducer leads | Torn cables X
Accelerometer Head mounting secure X
Mountings Chest mounting secure X
Skin condition X
Knees Insert (do not remove) X
Casting X
. Normal movement and
Limbs adjustment X
Wires intact X
Knee Sliders Rubber returned to “at rest” X
position
Pelvis Broken X
Other X




If upon visual examination, damage is apparent in any of these areas, the appropriate
engineer or engineering technician is to be consulted for a decision on repair or
replacement of parts.

Repair or Replacement approved by:

M-%&/ 08/24/2022

Slgnature Date

Describe the repair or replacement of parts:

Checked by:

W %/ny _ 08/24/2022

Signature Date



DATA SHEET A10

PART 572 INSTRUMENTATION CALIBRATION INFORMATION

SERIAL DATE OF DATE OF
1.D. NO. MANUFACTURER MODEL NO. NO LAST NEXT
: CALIBRATION | CALIBRATION

DUMMY INSTRUMENTATION

HEAD ACCELEROMETERS
(1) LONGITUDINAL Endevco 7231C-750 AGH90 04/05/2022 10/05/2022
(2) LATERAL Endevco 7231C-750 AH5J3 04/05/2022 10/05/2022
(3) VERTICAL Endevco 7231C-750 C12885 04/05/2022 10/05/2022
NECK
TRANSDUCER Denton 1716JTF N7489 05/09/2022 11/08/2022

CHEST ACCELEROMETERS
(1) LONGITUDINAL Endevco 7231C-750 AGH74 04/05/2022 10/05/2022
(2) LATERAL Endevco 7231C-750 AH5D9 04/05/2022 10/05/2022
(3) VERTICAL Endevco 7231C-750 AHS5L1 04/05/2022 10/05/2022
CHEST .
POTENTIOMETER Humanetics 78051-317 403 04/04/2022 10/04/2022

FEMUR LOAD CELLS
(1) RIGHT FEMUR Humanetics 2121AJLN2 F3137 04/04/2022 10/04/2022
(2) LEFT FEMUR Humanetics 2121AJLN2 F3138 04/04/2022 10/04/2022
LABORATORY INSTRUMENTATION

NECK PENDULUM
ACGELEROMTER Endevco 7231C-750 AH5P1 07/15/2022 01/14/2023
THORAX
PENDULUM Endevco 7264C-2KTZ-360M17 P97372 05/19/2022 11/18/2022
ACCELEROMETER
KNEE PENDULUM
ACCELEROMETER Endevco 7264C-2KTZ-2-360M17 P82128 05/31/2022 11/30/2022
NECK ROTATION
TRANSDUCER 1 Spectrol 132-0-0-102 C3035 03/02/2022 09/01/2022
(OPTIONAL)
NECK ROTATION
TRANSDUCER 2 Spectrol 132-0-0-102 C3034 03/02/2022 09/01/2022

(OPTIONAL)

LABORATORY TECHNICIAN:

Gonol fillheno




i ot "M, "WIp 10} pasn s}201Ng a8yl JO a2elNs Jeal ay) uo H1ON31
S8l 8'81-8'/1 juiod swes ay) 0] B3| 1amo| 8y} Jo adeuNS 1sowteal ayl Iv3LI1dOod MD0011Nngd N
G'6T L6T-T6T 199} 84} 10 LIONO] 1HOIFH 1LOAId 33N N

3y} Jo aueyd [eluoziioy sy} 01 1j0q 10Aid 83U JO SuIlIRIUBD
ST 6°LT-6'9T 199} 84} 10 LIONOY 1HOIFH TvV3L1I1d0d 1
a1 Jo aue|d [eluozioy ay) jo aue|d sy} 0] aJeLINS 18aS
. o ENTTENVICERENINS HLONI
T'€¢ 8'€c-8¢¢ [e21aA Jeal ay] 01 Ysajl aauy ayl Jo 1ed 1sow premio) ayl 33NM OL MO0L1lNd A
. oo "90BJINS 18as
8L €85/ 3y} 01 3j0q 1oAld Mmog|a 3yl Mojaq Ysa|} ayl WOy dINSea 1HOI3H 1534 MOg14 C
)10 10AId MOq[D Y} Yim
et 9'ET-0°ET aul| Ul MOg[e U} Uo Ysajy 8y} Jo Led 1SIMO] SU} O} SIASJD HLONS 1 _
Japinoys ays jo do} uo ulod 1saybiy ayl woly ainsesy MOg13 O1 "3dINOHS
. N [EEIEIETEN)
81 8191 99BJINS [BJILAA Jedl 18aS 01 upjs ded ||Nys Jo Yoeqd 3ANITOVE O1 Xovd AvaH H
e TT F—— si1oAld 1SUM pue Moq||d LOAId 1SIdM 5
3Y1 yum aull u 10Aid 1SUM 3yl 01 YSaj} Mod|a au Jo yoeq 0L MOg13 40 Movd
] . ‘Juawbas
09 1955 Jnway Jaddn ayy uo juiod 1saybiy syl 1e painses|y FONVAVITO HOIHL s
o€ Je-ge ‘aInixiy syl ANITMOVE 3
JO 92.LINS |edIlsA Jeal 8yl 0] SIAS|D Jap|noys ay) JO I8lua)d NWOYd LOAId 43dTNOHS
. o ANITHOVE
- ERIEIETE]
v's 55€S jod NOYdd NOILVYOOT LNIOd-H d
g'¢ g'e-ee adualajey 1HOIFH LNIOd-H 2
¢'0¢c G'0¢-6'6T "90BLINS 183 3y} 01 }|0q 10AId 1ap|noys Jo sulliddD | LHOIFH LOAId ¥3ATNOHS d
L'vE 0'GE-9VE "peay ayl jo doi uo juiod 1saybiy 01 82elNS Jess 1HOIFH ONILLIS TVL1O0L v
ININIINSVYIN (sayoup
WNLOY NOISN3INIA Sivi3da NOILdIFdOS3d NOISN3NIA
ATdNISSY

SNOISNINIA TYNYILXT 3 LHVdENS 2LS 18Vd ‘TOV# NS ,0S IIl AI49AH

3-1



AONIHIANNDHID LSIVM

06 16-6'8 ERIVEIETEN| 40 LININIINSYIAN JO4 ag
NOILYO01 IONIHI43Y
JONIHIANNDYID LSTHD
0.1 T°LT-6'9T RTINS 40 ININIINSYIAN HO4 vV
NOILYO01 IONIHI43Y
£ee TVE-62¢ 80BLNS 1e8s dA0Qe "Ul T'6-6'8 pPainsea|\ JONIYIANNDYID LSIVM VA
. . . o . (L3IMOVC LSTHD HLIM)
- 2JelINS Jeas aAoge ‘Ul - alNSea
g'8¢ ¥'6€-2'8¢ NS 7 ge "urT°.T-69T P N | SoNSMa4NASYIS LSTHO A
oY Zv-9¢ 100§ 8y} Jo Med 1sapIm ay L Hldv3yg 1004 M
L'9T Z'LT-€9T SasIAB[0 Jap|noys Ys| pue 1ybu Jo sabpa apIsINO H1lav3yg ¥3Aa1NOHS A
Z0T S'0T-6'6 [eay jo seal 01 80} jo di H19N31 1004 d
. o e . TENYAS
- 9JelINS Jeas aAnoge - a2INsea
8'8 06-v'8 1NS ] AOQE Ul T'LT-6'9T pal N LNOHLIM HLd3d 1S3HD o)
ININIENSYAN
TYALOY S1vl3a NOILdIYOS3A NOISNINIA

panunuod ‘SNOISNINIA TVYNYILXT 3 LHVd9INS ¢S 18Vd ‘TOV# NS ,0S IIl AId9AH




DATA SHEET A3
HEAD DROP TEST (572.32) (50 Male)

Dummy Serial Number; 401 Test Date: 05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive head drops are necessary)

It has been at least 2 hours since the last head drop. (572.32(c)(5))
X N/A, ONLY one head drop performed

The head assembly consists of the complete head (78051-61X), the neck transducer
structural replacement (78051-383X), and three (3) accelerometers. (572.32(b))

Torque the skull cap screws to 160 Ibf-in.
Accelerometers and their respective mounts are smooth and clean.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.35(i))

The head assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a
test. (572.132(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 45%
Record the minimum humidity: 34%

Visually inspect the head skin for cracks, cuts, abrasions, etc. Repair or replace the head
skin if the damaged area is more than superficial. Note: If the damage resulted from the
vehicle crash test in which the dummy was an occupant, the damaged area is to be
documented with photography and the post test calibration verification testing completed
before any replacement or repairs are made.

Record findings and actions: No Damage

Clean the impact surface of the skin and the impact surface of the fixture with
isopropyl alcohol, trichloroethane or equivalent prior to the test. (572.32(c)(2))



X 9

X 10.
X 11,
X 12
X 13
X 14,
X 16.
X 17,

Suspend and orient the head assembly as shown in Figure 6A. The lowest point on the
forehead is 0.5 in. below the lowest point on the dummy’s nose when the midsagittal
plane is vertical. (572.32(c)(3))

Record the actual distance: 0.5 inches

NOTE: The masses of the suspension device and the accelerometer cables are to be
kept as lightweight as possible to minimize their effect on the test results.

The 1.6 mm (0.062 inch) diameter holes located on either side of the dummy's head are
equidistance within 2 mm from the impact surface. A typical test setup is shown in Figure
TA.

Record the right side distance: 501 mm
Record the left side distance: 501 mm

The impact surface is clean and dry and has a micro finish in the range of 203.2x10° mm
(8 micro inches) to 2032.0x10® mm (80 micro inches) (RMS). (572.32(c)(4))

Record actual micro finish: 24.8 micro inches

The impact surface is rigidly supported. (572.132(c)(4))

The impact surface is a flat horizontal steel plate 50.8 mm (2 inches) thick and 610 mm
(24 inches) square. (Figure 6A)

Record thickness: 50.9 mm
Record width: 604 mm
Record length: 595 mm

Drop the head assembly from a height of 376.0 + 1.0 mm (14.8 inches £ 0.04 inches) by
a means that ensures a smooth, instant release onto the impact surface. (572.32(b) &
(572.32(c)(4))

Complete the following table using channel class 1000 data. (572.36(i)):

Parameter Specification Result
Peak resultant acceleration 225g9<x<275¢g 251¢g
Resultant versus time history curve Unimodal Yes

Less than 10% of the peak

- Yes
resultant acceleration

Oscillations after the main pulse

Lateral acceleration y-axis acceleration <15 g 530

Plots of the X, y, z, and resultant acceleration data follow this sheet.

W‘%ﬁ/ 05/26/2022

Signature Date




MGA RESEARCH CORPORATION
HEAD DROP TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test ID: D221301
Tested Parameter Units Specification Result | Pass/Fail
Laboratory Temperature deg C 18.9t0 25.6 21.9 Pass
Laboratory Relative Humidity % 10to 70 45 Pass
Peak Resultant Acceleration G's 225to0 275 251 Pass
Peak Lateral Acceleration G's <=+/-15.0 5.3 Pass
Unimodal N/A Yes Yes Pass
Oscillations N/A within 10% of peak Yes Pass
Overall Test Results Pass

Laboratory Technician

(—3(_7 'i’q {_QJ_CWW# QA btj\

Approved By

05/26/2022

Test Date




TEST #: D221301

———————— Ill‘l:l TEST DESC: HEAD DROP TEST DATE: 05/26/2022
—_— .

HEAD RESULTANT ACCELERATION (G's) vs TIME (ms)

300
| Max: 251.3 G's
250 Tmax: 1.8 ms
1 Min: 0.0 G's
200+ Tmin: -11.7 ms
] CFC 1000
150
100 +—
50—
0 ‘ ‘ —t—f— —
-20 0 20 40 60 80 100
Head X (G's) vs TIME (ms)
50
| Max: 2.4 G's
0 Tmax: 3.6 ms
i Min: -222.4 G's
-50 + Tmin: 1.8 ms
i CFC 1000
-100
-150 -
-200 -
-250 1 —_—f—
-20 0 20 40 60 80 100



——————— Ill‘ .l TEST DESC: HEAD DROP TEST DATE: 05/26/2022
- 0 ¢ TEST #: D221301

5 Head Y (G's) vs TIME (ms)

1 Max: 5.3 G's
5 .

1 Tmax: 2.9 ms
47 Min: -2.5 G's
31 Tmin: 1.3 ms
.l CFC 1000
1 .

0 M

1+

2L

B3+——+——+ft+—+++F+++—+f—+———F—+—t—t——f———+

-20 0 20 40 60 80 100
Head Z (G's) vs TIME (ms)
125
| Max: 117.1 G's

100 -+ Tmax: 1.8 ms

il Min: -0.8 G's

75+ Tmin: 19.5 ms

il CFC 1000

50—
25
0 ]
-25 —tt—tt—t——f——————
-20 0 20 40 60 80 100



DATA SHEET A4
NECK FLEXION TEST (572.33) (50" Male)

Dummy Serial Number; 401 Test Date: 05/26/2022

Technician: Jon Love

X

Pre test calibration
Post test calibration verification

Test attempt no. 1 (when successive flexion tests are necessary)

1. It has been at least 30 minutes since the last flexion test. (572.36(m))
X N/A, ONLY one neck test performed

2. The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer (C-
1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

3. The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.

(572.33(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 35%

4. Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the

dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs

are made.
Record findings and actions: No damage

5. Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is

necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,

verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

6. Pre-test calibration Neck cable torque: Torgue the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before

torquing. (572.33(c)(2))



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 9A for the flexion test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence

upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 22.6 to 23.4 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Flexion Test Results (572.33(b)(1) & 572.33(c)(4)

Parameter Specification Results
Pendulum impact speed 22.6 ft/s < speed < 23.4 ft/s 22.83 ft/s
@ 10 ms 22.5<9g=<275 24.09¢9
gigg}g;‘;‘t‘ion @20ms | 17.6<g<226 20.20 g
Versus Time A@go\’i% rgg 12.5<g<18.5 16.32 g
Pulse ms 29 g maximum 16.30 g
First Pendulum Decay to 5g 34 ms< times 42 ms 37.8 ms
Plane D Rotation 64° < max. rotation < 78° 68°
57 ms < time of max. rotation < 64 ms 58.8 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 113 ms <time <128 ms 113.2 ms
Maximum Moment 65 Ibf-ft < moment < 80 Ibf-ft 67.1 Ibf-ft
47 ms < time of max. moment < 58 ms 50.1 ms
Time of first decay to 0 Ibf-ft
Positive Moment Decay** 97 ms < time < 107 ms 98.0 ms

(Flexion)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(1)(ii))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate and
the honeycomb material. (572.33(b)(3))




X 14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the
occipital condyle, and D plane rotation follows this sheet.

%/ﬂ’l/ C%U‘&-/ 05/26/2022

Signdture Date




MGA RESEARCH CORPORATION
NECK FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221302
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6t022.2 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Pendulum Velocity m/s 6.89t07.13 6.96 Pass
10 ms G's 22.50 to 27.50 24.09 Pass
Pendulum Deceleration 20 ms G's 17.60 to 22.60 20.20 Pass
30 ms G's 12.50 to 18.50 16.32 Pass
Peak Pendulum Deceleration After 30 ms G's <=29.0 16.3 Pass
Deceleration Decay Time to Cross 5 G's ms 34.0t0 42.0 37.8 Pass
Maximum "D" Plane Maximum Deg 64.0t0 78.0 68.3 Pass
Rotation Time ms 57.0 to 64.0 58.8 Pass
"D" Plane Rotation Decay Time To Zero ms 113.0 to 128.0 113.2 Pass
Crossing
Moment About Occipital Maximum Nm 88.11t0 108.5 91.0 Pass
Condyle Time ms 47.0t0 58.0 50.1 Pass
gfsét;\i/r?gMoment Decay Time To Zero ms 970 to 107.0 98.0 Pass
Overall Test Results Pass
%ﬁv Sove 05/26/2022
LaboFa/tory Technician Test Date

(,3@ -qu .LQJ_C.WUE Md—c)\

Approved By




————————— Ill‘l @) TEST DESC: NECK FLEXION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221302

0 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 25.5 G's
Tmax: 8.5 ms
Min: -2.0 G's
Tmin: 43.7 ms
CFC 60

5 NECK ROTATION (DEG) vs TIME (ms)

Max: 68.3 DEG
Tmax: 58.8 ms
Min: -51.6 DEG
Tmin: 173.1 ms
CFC 60




————————— Ill‘l @) TEST DESC: NECK FLEXION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221302

o OCCIPITAL MOMENT (Nmj vs TIVE (m)

Max: 91.0 Nm
Tmax: 50.1 ms
Min: -23.2 Nm
Tmin: 14.4 ms
CFC 600




DATA SHEET A5
NECK EXTENSION TEST (572.33) (50" Male)

Dummy Serial Number; 401 Test Date: 05/26/2022

Technician: Jon Love

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive extension tests are necessary)

It has been at least 30 minutes since the last extension test. (572.36(m))
X N/A, ONLY one neck test performed

The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer
(C-1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.
(572.33(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 35%

Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the
dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs
are made.

Record findings and actions: No damage

Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is
necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,
verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

Pre-test calibration Neck cable torque: Torque the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before
torquing. (572.33(c)(2))



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 10A for the extension test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence

upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 19.5 ft/s to 20.3 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Extension Test Results (572.33(b)(2) & 572.33(c)(4))

Parameter Specification Results
Pendulum impact speed 19.5 ft/s < speed < 20.3 ft/s 19.85 ft/s
@ 10 ms 17.2<gs<21.2 20.37 g
gigg}g;‘;‘t‘ion @20ms | 14<g<19 16.91 g
Versus Time ﬂg\(l)ems 11.0<g<16.0 12.94 g
Pulse 30 ms 22 g maximum 13.60 g
First Pendulum Decay to 5g 38 ms < time< 46 ms 38.8 ms
Plane D Rotation 81° < max. rotation < 106° 96.7°
72 ms < time of max. rotation < 82 ms 78.8 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 147 ms < time <174 ms 157.8 ms
Maximum Moment -59 Ibf-ft < moment < -39 Ibf-ft -42.5 |bf-ft
65 ms < time of max. moment <79 ms 73.7ms

Time of first decay to 0 Ibf-ft
Positive Moment Decay** 120 ms < time < 148 ms 140.6 ms
(Extension)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(2)(11))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate
and the honeycomb material. (572.33(b)(3))




14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the
occipital condyle, and D plane rotation follows this sheet.

S .
éﬁ'l/ 2 05/26/2022

SI nature Date




MGA RESEARCH CORPORATION
NECK EXTENSION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221303
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6t0 22.2 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Pendulum Velocity m/s 5.951t06.19 6.05 Pass
10 ms G's 17.20 to 21.20 20.37 Pass
Pendulum Deceleration 20 ms G's 14.00 to 19.00 16.91 Pass
30 ms G's 11.00 to 16.00 12.94 Pass
Peak Pendulum Deceleration After 30 ms G's <=22.0 13.6 Pass
Deceleration Decay Time to Cross 5 G's ms 38.0 t0 46.0 38.8 Pass
Maximum "D" Plane Maximum Degrees 81.0t0 106.0 96.7 Pass
Rotation Time ms 72.0 to 82.0 78.8 Pass
"D" PI Rotation D Time To Z
ane Rolafion Lecay Time fo 2ero ms 147010 1740 | 157.8 Pass
Crossing
Condyle Time ms 65.0 to 79.0 73.7 Pass
Negative Moment Decay Time To Zero ms 120.0 to 148.0 140.6 Pass
Crossing
Overall Test Results Pass
%m/ Swe 05/26/2022
Lavaa/tory Technician Test Date

(,3@ -qu .LQJ_C.WUE Md—c)\

Approved By




————————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221303

5 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 21.3 G's
Tmax: 8.7 ms
Min: -3.7 G's
Tmin: 45.5 ms
CFC 60

00 NECK ROTATION (DEG) vs TIME (ms)

Max: 96.7 DEG
75 Tmax: 78.8 ms
Min: -32.3 DEG
Tmin: 197.3 ms

CFC60

50

25

-25




————————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 05/26/2022
- (] ‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221303

o OCCIPITAL MOMENT (Nmj vs TIVE (m)

Max: 32.3 Nm
Tmax: 181.8 ms
Min: -57.6 Nm
Tmin: 73.7 ms
CFC 600




DATA SHEET A6
THORAX IMPACT TEST (572.34) (50" Male)

Dummy Serial Number; 401 Test Date: 05/25/2022

Technician: Jon Love

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive thorax impact tests are necessary)

It has been at least 30 minutes since the last thorax impact test. (572.137(q))
X N/A, ONLY one thorax impact test performed

The test fixture conforms to the specifications in Figure 12A.

The complete assembled dummy (78051-218) is used (572.34(b)) and is dressed in a
form fitting cotton stretch above-the-elbow sleeved shirt and above-the-knee pants. No
shoes are worn. (572.34(b))

The dummy assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C
(72°F) and at a relative humidity from 10% to 70% for a period of at least four (4) hours
prior to this test. (572.34(c)(1))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 43%
Record the minimum humidity: 32%

Remove the chest skin and visually inspect the thorax assembly for cracks, cuts,
abrasions, etc. Particular attention should be given to the rib damping material (78051-17
thru 78051-22), chest displacement transducer assembly (78051-317) and the rear rib
supports (78051-304). Inspect for rib deformation using the chest depth gage (83-5006-
007). If any damage is noted repair and/or replace the damaged components unless the
damage resulted from the vehicle crash test in which the dummy was an occupant in
which case the damage must be documented and post test calibration verification testing
completed before any repairs or replacements are made.

~X - No Damage

__ - Damage from crash test, no repairs or replacement because this is a post test

calibration verification. Record damage:

____ - The following repairs or replacement was performed. Record:




10.

11.

12.

13.

14.

15.

Seat the dummy, (chest skin still removed) without back and arm supports on the test fixture
surface as shown in Figure 12A. The surface must be long enough to support the pelvis
and outstretched legs. (572. 34(c)(2))

Level the ribs both longitudinally and laterally = 0.5° and adjust the pelvis angle to 13° +
2°. The angle may be measured using the special H-point tool (78051-532) that inserts
into the pelvic structure and extends outward beyond the pelvic skin surface or by using
the surface of the pelvic adaptor block. (572.34(c)(2)

The midsagittal plane of the dummy is vertical within £ 1°. (572.134(c)(3))

The longitudinal centerline of the test probe is centered within + 2.5 mm of the midsagittal
plane of the dummy and is 12.7 mm = 1 mm below the horizontal peripheral centerline of
the No. 3 rib and is within 0.5° of a horizontal line in the dummy's midsagittal plane.
(572.34(c)(4))

Align the adjustable neck bracket index marks to the "zero" position. (Figure 12A)

Record locations such as the rear surfaces of the thoracic spine and the lower neck
bracket reference with respect to locations such as the rear surfaces of the thoracic spine
and the lower neck bracket. These reference measurements are necessary to ensure the
dummy is in the same position after the chest skin is installed. The reference locations
must be accessible after installation of the chest skin. It may be necessary to leave the
chest skin zipper unfastened until the references are checked and fasten it just prior to
the test.

Install the chest skin and reposition the dummy as described in the preceding paragraph
using the reference measurements recorded.

Place the arm assemblies horizontal £ 2° and parallel to the midsagittal plane. The arms
are held in place by tightening the adjustment nut that holds the arm yoke to the clavicle
assembly.

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 Class 180.

Impact the anterior surface of the thorax with the test probe so the longitudinal centerline
of the probe is within 2° of a horizontal line in the dummy's midsagittal plane at the
moment of impact. (572.34(c)(5)) The velocity of the test probe at the time of impact is 22
f/s £ 0.4 f/s. (572.34(b)) The probe is guided so there is no significant lateral, vertical or
rotational movement during the impact. (572.34(c)(6))



X 16. Complete the following table:
Thorax Impact Results (572.34(b))

Parameter* Specification Result
Test Probe Speed 21.6 ft/s < speed < 22 4 ft/s 21.92 ft/s
Chest Compression 2.51in. < compression < 2.86 in. 2.791n.
Peak resistance force** 1160 Ib < peak force < 1325 Ib 1285 1b
Internal Hysteresis*** 69% < hysteresis < 85% 70 %
*Time zero is defined as the time of initial contact between the test probe and the chest
skin.

**Force = impactor mass x acceleration (572.34(b))
***Area under loading curve minus the area under the unloading curve divided by the
area under the loading curve.

X 17. Plots of chest compression, pendulum acceleration, pendulum speed, and force, follow

this sheet.
71 ~ 05/25/2022
Sigpéture Date



MGA RESEARCH CORPORATION

THORAX IMPACT

HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221304

Tested Parameter Units Specification Result Pass/Fail

Laboratory Temperature deg C 20.6t022.2 21.9 Pass

Laboratory Relative Humidity % 10to 70 43 Pass

Probe Velocity m/s 6.58 t0 6.82 6.68 Pass

Peak Probe Force N 5159 to 5893 5,715 Pass

Peak Sternum Displacement cm 6.35t07.26 7.08 Pass

Internal Hysteresis % 69 to 85 70 Pass
Overall Test Results Pass

%ﬁl/ St~ 05/25/2022
Laboratory Technician Test Date

Approved By




————————— Ill‘l @) TEST DESC: THORAX IMPACT TEST DATE: 05/25/2022
- (] ‘ VELOCITY: 21.93 fi/s, 6.68 m/s TEST #: D221304

FORCE (N) vs CHEST DISPLACEMENT (cm)

6000
Max: 57154 N
5000 Tmax: 6.5 cm
Min: -50.5N
4000+
Tmin: 0.7 cm
3000 - CFC 180
2000+
1000 +
0 i
-1000 i 1 1 1 —— 1 1 i
-1 0 1 2 3 4 5 6 7 8



DATA SHEET A7
LEFT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number; 401 Test Date: 05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration
Post test calibration verification

Test attempt no. 1 (when successive knee impact tests are necessary)

X 1
X 2
X 3

X 4
X 5
X 6
X 7
X 8
X 9
X_ 10.

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-001) with the upper leg assembly (78051-46) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 35%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))



11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.89 ft/s
Peak resistance force* 1060 Ib < force <1300 Ib 1200 Ib

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

, L 05/26/2022
Hfgnature Date




MGA RESEARCH CORPORATION

LEFT KNEE IMPACT TEST
HYBRID 1l 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221306
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Probe Velocity m/s 2.07t02.13 210 Pass
Peak Probe Force N 4715 to 5782 5,336 Pass
Overall Test Results Pass

Labdratory Technician

(,3@ -qu .LQJ_C.WUE Md—c)\

Approved By

05/26/2022

Test Date




—————— Ill‘l @) TEST DESC: LEFT KNEE
0 ‘ VELOCITY: 6.89 ft/s, 2.10 m/s

TEST DATE: 05/26/2022
TEST #: D221306

FORCE (N) vs TIME (ms)
6000
Max: 5335.9 N
5000+ Tmax: 2.4 ms
Min: -61.8 N
4000+
Tmin: 8.1 ms
3000+ CFC 600
2000+
1000+
0
-1000 +—— ‘ — —
-20 0 20 40 60 80 100




DATA SHEET A8
RIGHT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number; 401 Test Date:05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration
Post test calibration verification

Test attempt no. 1 (when successive knee impact tests are necessary)

X1
X 2
X 3
X 4
X _ 5
X 6
X7
X 8
X 9
X 10.

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-002) with the upper leg assembly (78051-47) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 46%
Record the minimum humidity: 35%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))



11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.96 t/s
Peak resistance force* 1060 Ib < force <1300 Ib 1075 1b

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

" & ol 05/26/2022
Signature Date




ATD Serial No:

MGA RESEARCH CORPORATION

RIGHT KNEE IMPACT TEST
HYBRID 1l 50TH PERCENTILE MALE

401

Test I.D: D221305

Labdratory Technician

(,3@ -qu .LQJ_C.WUE Md—c)\

Approved By

Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 21.9 Pass
Laboratory Relative Humidity % 10to 70 46 Pass
Probe Velocity m/s 2.07t02.13 212 Pass
Peak Probe Force N 4715 to 5782 4,783 Pass
Overall Test Results Pass

05/26/2022

Test Date




—————— @) TEST DESC: RIGHT KNEE

‘ VELOCITY: 6.94 ft/s, 2.12 m/s

TEST DATE: 05/26/2022
TEST #: D221305

FORCE (N) vs TIME (ms)
5000
Max: 4782.5N
4000 - Tmax: 2.8 ms
Min: -9.0 N
3000+ Tmin: 9.2 ms
CFC 600
2000
1000
0
-1000 —t——f 1 — 1 :
-20 0 20 40 60 80 100




DATA SHEET A9
HIP JOINT-FEMUR FLEXION (572.35(c)) (50 Male)

Dummy Serial Number; 401 Test Date: 05/26/2022

Technician: Jonah Pulokas

X  Pre test calibration

Post test calibration verification

Test attempt no. 1 (when successive hip joint-femur flexion tests are necessary)

It has been at least 30 minutes since the last hip joint-femur flexion test. (572.36(m))
X N/A, ONLY one hip joint-femur flexion test performed

The test fixture conforms to the specifications in Figure 17A.

Use the assembled dummy (78051-218) except (572.35(c)(2)):

X 3.1 remove the leg assemblies (86-5001-001 & 002) by removing 3/8-16
Socket Head Cap Screw and retaining the structural assembly of the
upper legs (78051-43 & 44)

X 3.2 remove the abdominal insert (78051-52)

X 3.3 replace the instrument cover plate (78051-13) in the pelvic bone with
a rigid pelvic bone stabilizer insert (Figure 15A) and attach the pelvis
upper support device (Figure 16A).

The assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to this test.
(572.35(c)(v))

Record the maximum temperature: 21.9°C
Record the minimum temperature: 21.6°C
Record the maximum humidity: 45%
Record the minimum humidity: 34%

Seat the dummy on the rigid seat fixture. (572.35(c)(2)(ii))

Secure the dummy by bolting the stabilizer insert and the pelvis upper support device to
the seat back of the test fixture as shown in Figures 17A, 18A, and 19A. (572.35(c)(2)(ii))

Adjust the threaded rods until plane B is horizontal.
Secure the lever arm into the left femur shaft opening of the upper leg structure assembly

(78051-43) and firmly secure it using the 3/8-16 socket head cap screws (Figure 19A).
(572.35(c)(2)(iii))



10.

11.

12.

10.

Lift the lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline
horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

Complete the following table:
Left Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result
Rotation Rate 5°/s < rotation rate < 10°/s 6°/s
Femur Torque at 30° Torque < 70 ft-lbf 62.5 ft-Ibf
Rotation at 150 Ibf-ft 40° < rotation < 50° 43°

Secure the lever arm into the right femur shaft opening of the upper leg structure
assembly (78051-44) and firmly secure it using the 3/8-16 socket head cap screws
(Figure 19A). (572.35(c)(2)(iii))

Lift the lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline
horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

Complete the following table:
Right Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result
Rotation Rate 5°/s < rotation rate < 10°/s 6°/s
Femur Torque at 30° torque < 70 ft-Ibf 62.7 ft-Ibf
Rotation at 150 Ibf-ft 40° < rotation < 50° 42°

05/26/2022
Date




MGA RESEARCH CORPORATION

HIP-FEMUR FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221300
Tested Parameter Units Specification Result Pass/Fall
Right Left

Laboratory Temperature deg C 18.91t0 25.6 21.9 21.9 Pass

Laboratory Relative Humidity % 10to 70 45 45 Pass

Rotation Rate deg/s 5.0t0 10.0 6.3 6.3 Pass

30 Degrees Nm 94.9 Nm Max 85.0 84.8 Pass

40.0 to 50.0 Degree

150 ft-Ibf / 203.4 Nm Deg Max Rotation 41.9 43.4 Pass

Overall Test Results Pass
M /%éﬁ, 05/26/2022
Labdratory Technician Test Date

Approved By




I“‘l @) TEST DESC: RIGHT HIP FEWUR FLEXION TEST DATE: 05/26/2022
o) TEST #: D221309

MOMENT (Nm) vs FEMUR ROTATION (°)

250
Max; 203.6 Nm
Tmax:41.9°
200 +
Min: 0.0 Nm
| Tmin: 0.0 °
150 +— 10 Hz
100 +
50+
0 | |
0 20 40



I“‘l @) TEST DESC: LEFT HIP FEMUR FLEXION TEST DATE: 05/26/2022
o) TEST #: D221300

MOMENT (Nm) vs FEMUR ROTATION (°)

250
Max; 203.5 Nm
Tmax: 43.4°
200 +
Min: 0.0 Nm
| Tmin: 0.0 °
150 +— 10 Hz
100 +
50+
0 | |
0 20 40



DATA SHEET A10

PART 572 INSTRUMENTATION CALIBRATION INFORMATION

SERIAL DATE OF DATE OF
1.D. NO. MANUFACTURER MODEL NO. NO LAST NEXT
: CALIBRATION | CALIBRATION
DUMMY INSTRUMENTATION
HEAD ACCELEROMETERS
(1) LONGITUDINAL Endevco 7231C-750 c12811 04/05/2022 10/05/2022
(2) LATERAL Endevco 7231C-750 C12853 04/05/2022 10/05/2022
(3) VERTICAL Endevco 7231C-750 AL6Y2 04/05/2022 10/05/2022
NECK
TRANSDUCER Denton 1716AJLN2 NET2183 02/17/2022 08/19/2022
CHEST ACCELEROMETERS
(1) LONGITUDINAL Endevco 7231C-750 AGH55 04/05/2022 10/05/2022
(2) LATERAL Endevco 7231C-750 AGH70 04/05/2022 10/05/2022
(3) VERTICAL Endevco 7231C-750 AGH72 04/05/2022 10/05/2022
CHEST .
POTENTIOMETER Humanetics 78051-317 401 04/04/2022 10/04/2022
FEMUR LOAD CELLS
(1) RIGHT FEMUR Denton 2121AJTF F2026 04/04/2022 10/04/2022
(2) LEFT FEMUR Denton 2121AJTF F2027 04/04/2022 10/04/2022
LABORATORY INSTRUMENTATION
NECK PENDULUM
ACGELEROMTER Endevco 7231C-750 AH5P1 01/13/2022 07/15/2022
THORAX
PENDULUM Endevco 7264C-2KTZ-360M17 P97372 11/17/2021 05/19/2022
ACCELEROMETER
KNEE PENDULUM
ACCELEROMETER Endevco 7264C-2KTZ-360M17 P82128 12/07/2021 06/08/2022
NECK ROTATION
TRANSDUCER 1 Spectrol 132-0-0-102 C3035 03/02/2022 09/01/2022
(OPTIONAL)
NECK ROTATION
TRANSDUCER 2 Spectrol 132-0-0-102 C3034 03/02/2022 09/01/2022

(OPTIONAL)

LABORATORY TECHNICIAN: / ﬂ/l/ %M/"/




DATA SHEET A3
HEAD DROP TEST (572.32) (50 Male)

Dummy Serial Number; 401 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive head drops are necessary)

X 1. Ithas been at least 2 hours since the last head drop. (572.32(c)(5))
X N/A, ONLY one head drop performed

X 2. The head assembly consists of the complete head (78051-61X), the neck transducer
structural replacement (78051-383X), and three (3) accelerometers. (572.32(b))

X 3. Torgue the skull cap screws to 160 Ibf-in.
X 4. Accelerometers and their respective mounts are smooth and clean.

X 5. The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.35(i))

X 6. The head assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a
test. (572.132(c)(1))

Record the maximum temperature: 21.5°C
Record the minimum temperature: 21.2°C
Record the maximum humidity: 43%
Record the minimum humidity: 32%

X 7. Visually inspect the head skin for cracks, cuts, abrasions, etc. Repair or replace the head
skin if the damaged area is more than superficial. Note: If the damage resulted from the
vehicle crash test in which the dummy was an occupant, the damaged area is to be
documented with photography and the post test calibration verification testing completed
before any replacement or repairs are made.

Record findings and actions: No Damage

X 8. Clean the impact surface of the skin and the impact surface of the fixture with
isopropyl alcohol, trichloroethane or equivalent prior to the test. (572.32(c)(2))



X 9

X 10.
X 11,
X 12
X 13
X 14,
X 16.
X 17,

Suspend and orient the head assembly as shown in Figure 6A. The lowest point on the
forehead is 0.5 in. below the lowest point on the dummy’s nose when the midsagittal
plane is vertical. (572.32(c)(3))

Record the actual distance: 0.5 inches

NOTE: The masses of the suspension device and the accelerometer cables are to be
kept as lightweight as possible to minimize their effect on the test results.

The 1.6 mm (0.062 inch) diameter holes located on either side of the dummy's head are
equidistance within 2 mm from the impact surface. A typical test setup is shown in Figure
TA.

Record the right side distance: 501 mm
Record the left side distance: 501 mm

The impact surface is clean and dry and has a micro finish in the range of 203.2x10° mm
(8 micro inches) to 2032.0x10® mm (80 micro inches) (RMS). (572.32(c)(4))

Record actual micro finish: 24.8 micro inches

The impact surface is rigidly supported. (572.132(c)(4))

The impact surface is a flat horizontal steel plate 50.8 mm (2 inches) thick and 610 mm
(24 inches) square. (Figure 6A)

Record thickness: 50.9 mm
Record width: 604 mm
Record length: 595 mm

Drop the head assembly from a height of 376.0 + 1.0 mm (14.8 inches £ 0.04 inches) by
a means that ensures a smooth, instant release onto the impact surface. (572.32(b) &
(572.32(c)(4))

Complete the following table using channel class 1000 data. (572.36(i)):

Parameter Specification Result
Peak resultant acceleration 225g9<x<275¢g 253 ¢
Resultant versus time history curve Unimodal Yes

Less than 10% of the peak

- Yes
resultant acceleration

Oscillations after the main pulse

Lateral acceleration y-axis acceleration <15 g -3.449

Plots of the X, y, z, and resultant acceleration data follow this sheet.

M% 08/24/2022

Sifjnature Date




MGA RESEARCH CORPORATION
HEAD DROP TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test ID: D221951
Tested Parameter Units Specification Result | Pass/Fail
Laboratory Temperature deg C 18.9t0 25.6 215 Pass
Laboratory Relative Humidity % 10to 70 43 Pass
Peak Resultant Acceleration G's 2251t0 275 253 Pass
Peak Lateral Acceleration G's <=+4/-15.0 -3.4 Pass
Unimodal N/A Yes Yes Pass
Oscillations N/A within 10% of peak Yes Pass
Overall Test Results Pass

M/%éé/ 08/24/2022

Labdratory Technician Test Date

Appfoved By




= I“‘l 8] TEST DESC: HEAD DROP TEST DATE: 08/24/2022
=—ngye TEST # D221951

0 HEAD RESULTANT ACCELERATION (G's) vs TIME (ms)

Max: 252.8 G's
250 Tmax: 1.9 ms
Min: 0.0 G's
200+ Tmin: -9.3 ms
CFC 1000
150 +
100+
50+
o +—+—r—+—t—rttrtt—+f—t————f——
-20 0 20 40 60 80 100
Head X (G's) vs TIME (ms)
50
Max: 0.5 G's
0 Tmax: 11.6 ms
Min: -224.4 G's
50+ Tmin: 1.9 ms
CFC 1000
-100 +
-150 +
-200 +
-250 —_—
-20 0 20 40 60 80 100



————————— @) TEST DESC: HEAD DROP

TEST DATE: 08/24/2022
TEST #: D221951

) Head Y (G's) vs TIME (ms)

Max: 2.0 G's
14 Tmax: 5.6 ms
Min: -3.4 G's
0+ Tmin: 2.6 ms
CFC 1000
1+
24
-3+
4 +—+—+—+—+—t+—+—+—+—+—+—+—+—+—+—F—+—+—+—+—1 —_
-20 0 20 40 60 80 100
Head Z (G's) vs TIME (ms)
125
Max: 116.5 G's
100 -+ Tmax: 1.9 ms
Min: -3.1 G's
75 - Tmin: 6.2 ms
CFC 1000
50 +
25+
0
254+4——+—+—+—t—+—+—+—+—f+—+—+—+—+—F—+—+—+—+—F— —_
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DATA SHEET A4
NECK FLEXION TEST (572.33) (50" Male)

Dummy Serial Number; 401 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration

X Post test calibration verification

Test attempt no. 1_(when successive flexion tests are necessary)

X 1. Ithas been at least 30 minutes since the last flexion test. (572.36(m))
X N/A, ONLY one neck test performed

X 2. The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer (C-
1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

X 3. The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.
(572.33(c)(1))

Record the maximum temperature: 21.3°C
Record the minimum temperature: 21.0°C
Record the maximum humidity: 42%
Record the minimum humidity: 31%

X 4. Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the
dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs
are made.

Record findings and actions: No damage

X 5. Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is
necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,
verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

X 6. Pre-test calibration Neck cable torque: Torque the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before
torquing. (572.33(c)(2))



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 9A for the flexion test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence
upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 22.6 to 23.4 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Flexion Test Results (572.33(b)(1) & 572.33(c)(4)

Parameter Specification Results
Pendulum impact speed 22.6 ft/s < speed < 23.4 ft/s 22.83 ft/s
@ 10 ms 22.5<9g=<275 23.46¢g
gigg}g;‘;‘t‘ion @20ms | 17.6<g<226 20.35 g
Versus Time A@go\’i% rgg 12.5<g<18.5 18.27 g
Pulse ms 29 g maximum 18.20 ¢
First Pendulum Decay to 5g 34 ms< times 42 ms 35.3ms
Plane D Rotation 64° < max. rotation < 78° 70°
57 ms < time of max. rotation < 64 ms 58.9 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 113 ms <time <128 ms 113.4 ms
Maximum Moment 65 Ibf-ft < moment < 80 Ibf-ft 71.2 Ibf-ft
47 ms < time of max. moment < 58 ms 47.6 ms
Time of first decay to 0 Ibf-ft
Positive Moment Decay** 97 ms < time < 107 ms 97.2 ms

(Flexion)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(1)(ii))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate and
the honeycomb material. (572.33(b)(3))




X 14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the
occipital condyle, and D plane rotation follows this sheet.

M%/ 08/24/2022

Signature Date




MGA RESEARCH CORPORATION
NECK FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221952
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6t022.2 21.3 Pass
Laboratory Relative Humidity % 10to 70 42 Pass
Pendulum Velocity m/s 6.89t07.13 6.96 Pass
10 ms G's 22.50 to 27.50 23.46 Pass
Pendulum Deceleration 20 ms G's 17.60 to 22.60 20.35 Pass
30 ms G's 12.50 to 18.50 18.27 Pass
Peak Pendulum Deceleration After 30 ms G's <=29.0 18.2 Pass
Deceleration Decay Time to Cross 5 G's ms 34.0t0 42.0 35.3 Pass
Maximum "D" Plane Maximum Deg 64.0t0 78.0 70.2 Pass
Rotation Time ms 57.0 to 64.0 58.9 Pass
"D" Plane Rotation Decay Time To Zero ms 113.0 to 128.0 113.4 Pass
Crossing
Moment About Occipital Maximum Nm 88.11t0 108.5 96.5 Pass
Condyle Time ms 47.0t0 58.0 47.6 Pass
gfsét;\i/r?gMoment Decay Time To Zero ms 970 to 107.0 97.2 Pass
Overall Test Results Pass
M %& 08/24/2022
Lab'oratory Technician Test Date

W%

App§o</ed By




————————— Ill‘l @) TEST DESC: NECK FLEXION TEST DATE: 08/24/2022
- (] ‘ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221952

0 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 25.2 G's
Tmax: 8.3 ms
Min: -2.4 G's
Tmin: 40.2 ms
CFC 60

5 NECK ROTATION (DEG) vs TIME (ms)

Max: 70.2 DEG
Tmax: 58.9 ms
Min: -49.9 DEG
Tmin: 174.2 ms
CFC 60




| II l‘l O TEST DESC: NECK FLEXION TEST DATE: 08/24/2022
- () ¢ VELOCITY: 22.83 ft/s, 6.96 m/s TEST #: D221952

o COCIPTAL MOVENT (Nm) v TIME (7s)

Mex: 96.5 Nm

Tmax: 47.6 ms
Min: -24.1 Nm

Tmin: 14.9 ms

CFC600




DATA SHEET A5
NECK EXTENSION TEST (572.33) (50" Male)

Dummy Serial Number; 401 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration

X Post test calibration verification

Test attempt no. 1_(when successive extension tests are necessary)

X 1. Ithas been at least 30 minutes since the last extension test. (572.36(m))
X N/A, ONLY one neck test performed

X 2. The components required for the neck tests include the head assembly (78051-61X),
neck assembly (78051-90), bib simulator (78051-84), upper neck adjusting bracket
(78051-307), lower neck adjusting bracket (78051-303), six axis neck transducer
(C-1709) and either three accelerometers or their mass equivalent installed in the head
assembly. Data from the accelerometers are not required. (572.33(b))

X 3. The assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C (72°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to a test.
(572.33(c)(1))

Record the maximum temperature: 21.3°C
Record the minimum temperature: 21.0°C
Record the maximum humidity: 43%
Record the minimum humidity: 32%

X 4. Visually inspect neck assembly for cracks, cuts and separation of the rubber from the
metal segments. Note: If the damage resulted from the vehicle crash test in which the
dummy was an occupant, the damaged area is to be documented with photography and
the post test calibration verification testing completed before any replacement or repairs
are made.

Record findings and actions: No damage

X 5. Inspect the nodding blocks (78051-351) for any deterioration, but when replacement is
necessary, ONLY replace during pre-test calibration. Using a Shore “A” type Durometer,
verify the hardness of the nodding blocks is between 80 and 90. Ensure the nodding
blocks are installed correctly. (78051-90).

Record findings and actions: No Deterioration; Hardness: Front 89; Back 90.

X 6. Pre-test calibration Neck cable torque: Torque the jam nut (78051-64) on the neck cable
(78051-301) to 1.0 + 0.2 Ib-ft by loosening the jam nut and relaxing the neck cable before
torquing. (572.33(c)(2))



10.

11.

12.

13.

The data acquisition system, including transducers, conforms to the requirements of SAE
Recommended Practice J211/1 MAR95. (572.36(i))

The test fixture pendulum conforms to the specifications in Figure 8A. (572.33(c)(3))

The head-neck assembly is mounted on the pendulum so the midsagittal plane of the
head is vertical and coincides with the plane of motion of the pendulum longitudinal
centerline as shown in Figure 10A for the extension test. (572.33(c)(3))

Install the transducers or other devices for measuring the "D" plane rotation with respect

to the pendulum longitudinal centerline. Note: Plane "D" is the bottom horizontal surface

of the skull. These measurement devices should be designed to minimize their influence

upon the performance of the head-neck assembly. An example of a measurement device
is shown in Figure 11A.

With the pendulum resting against the honeycomb material, the neck bracket was
adjusted until the longitudinal centerline of the pendulum was perpendicular £ 1 degree to
plane "D" on the dummy's head.

Release the pendulum and allow it to fall freely from a height to achieve an impact speed
of 19.5 ft/s to 20.3 ft/sec as measured at the center of the pendulum accelerometer.
(572.33(c)(4))

Complete the following table:
Neck Extension Test Results (572.33(b)(2) & 572.33(c)(4))

Parameter Specification Results
Pendulum impact speed 19.5 ft/s < speed < 20.3 ft/s 19.85 ft/s
@ 10 ms 17.2<g=<21.2 18.39¢
gigg}g;‘;‘t‘ion @20ms | 14<g<19 14.73 g
Versus Time ﬂg\(l)ems 11.0g<16.0 1254 g
Pulse 30 ms 22 g maximum 13.0¢g
First Pendulum Decay to 5g 38 ms < time< 46 ms 43.3 ms
Plane D Rotation 81° < max. rotation < 106° 94.0°
72 ms < time of max. rotation < 82 ms 79.8 ms
Time for Plane D Rotation to .
Cross 0° During First Rebound 147 ms < time <174 ms 160.6 ms
Maximum Moment -59 Ibf-ft < moment < -39 Ibf-ft -39.8 Ibf-ft
65 ms < time of max. moment <79 ms 76.9 ms

Time of first decay to 0 Ibf-ft
Positive Moment Decay** 120 ms < time < 148 ms 142.3 ms
(Extension)

*Moment about the occipital condyle = My — (0.058 ft x Fx)(572.33(b)(2)(i1))

My = Moment in Ibf-ft measured by the transducer

Fx = Force, in Ibf measured by the transducer

**Time zero is defined as the time of initial contact between the pendulum striker plate
and the honeycomb material. (572.33(b)(3))




14. Plots of pendulum acceleration, y-axis moment, x-axis force, y-axis moment about the

X occipital condyle, and D plane rotation follows this sheet.
M%A/ 08/24/2022
Signature Date



MGA RESEARCH CORPORATION
NECK EXTENSION TEST
HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221953
Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 20.6t0 22.2 21.3 Pass
Laboratory Relative Humidity % 10to 70 43 Pass
Pendulum Velocity m/s 5.951t06.19 6.05 Pass
10 ms G's 17.20 to 21.20 18.39 Pass
Pendulum Deceleration 20 ms G's 14.00 to 19.00 14.73 Pass
30 ms G's 11.00 to 16.00 12.54 Pass
Peak Pendulum Deceleration After 30 ms G's <=22.0 13.0 Pass
Deceleration Decay Time to Cross 5 G's ms 38.0 t0 46.0 43.3 Pass
Maximum "D" Plane Maximum Degrees 81.0t0 106.0 94.0 Pass
Rotation Time ms 72.0 to 82.0 79.8 Pass
"D" PI Rotation D Time To Z
ane Rolafion Lecay Time fo 2ero ms 147010 1740 | 160.6 Pass
Crossing
Condyle Time ms 65.0 to 79.0 76.9 Pass
Negative Moment Decay Time To Zero ms 120.0 to 148.0 142 3 Pass
Crossing
Overall Test Results Pass

Latforatory Technician

M@%@

Approved By

08/24/2022

Test Date




————————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 08/24/2022
- (] ‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221953

0 PENDULUM DECELERATION (G's) vs TIME (ms)

Max: 19.8 G's
Tmax: 8.4 ms
Min: -1.4 G's
Tmin: 52.2 ms
CFC 60

NECK ROTATION (DEG) vs TIME (ms)

100
Max: 94.0 DEG
75— Tmax: 79.8 ms
Min: -31.2 DEG
50 - Tmin: 199.9 ms
CFC 60

25

-25




————————— Ill‘l @) TEST DESC: NECK EXTENSION TEST DATE: 08/24/2022
- (] ‘ VELOCITY: 19.84 ft/s, 6.05 m/s TEST #: D221953

o OCCIPITAL MOMENT (Nmj vs TIVE (m)

Max: 32.0 Nm
Tmax: 196.5 ms
Min: -54.0 Nm
Tmin: 76.9 ms
CFC 600




DATA SHEET A6
THORAX IMPACT TEST (572.34) (50" Male)

Dummy Serial Number; 401 Test Date: 08/24/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive thorax impact tests are necessary)

X

X

1.

6.

It has been at least 30 minutes since the last thorax impact test. (572.137(q))
X N/A, ONLY one thorax impact test performed

The test fixture conforms to the specifications in Figure 12A.

The complete assembled dummy (78051-218) is used (572.34(b)) and is dressed in a
form fitting cotton stretch above-the-elbow sleeved shirt and above-the-knee pants. No
shoes are worn. (572.34(b))

The dummy assembly soaked at a temperature between 20.6°C (69°F) and 22.2°C
(72°F) and at a relative humidity from 10% to 70% for a period of at least four (4) hours
prior to this test. (572.34(c)(1))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 44%
Record the minimum humidity: 33%

Remove the chest skin and visually inspect the thorax assembly for cracks, cuts,
abrasions, etc. Particular attention should be given to the rib damping material (78051-17
thru 78051-22), chest displacement transducer assembly (78051-317) and the rear rib
supports (78051-304). Inspect for rib deformation using the chest depth gage (83-5006-
007). If any damage is noted repair and/or replace the damaged components unless the
damage resulted from the vehicle crash test in which the dummy was an occupant in
which case the damage must be documented and post test calibration verification testing
completed before any repairs or replacements are made.

~X - No Damage

__ - Damage from crash test, no repairs or replacement because this is a post test

calibration verification. Record damage:

____ - The following repairs or replacement was performed. Record:

Seat the dummy, (chest skin still removed) without back and arm supports on the test fixture



X

10.

11.

12.

13.

14.

15.

16.

surface as shown in Figure 12A. The surface must be long enough to support the pelvis
and outstretched legs. (572. 34(c)(2))

Level the ribs both longitudinally and laterally = 0.5° and adjust the pelvis angle to 13° +
2°. The angle may be measured using the special H-point tool (78051-532) that inserts
into the pelvic structure and extends outward beyond the pelvic skin surface or by using
the surface of the pelvic adaptor block. (572.34(c)(2)

The midsagittal plane of the dummy is vertical within £ 1°. (572.134(c)(3))

The longitudinal centerline of the test probe is centered within + 2.5 mm of the midsagittal
plane of the dummy and is 12.7 mm £ 1 mm below the horizontal peripheral centerline of
the No. 3 rib and is within 0.5° of a horizontal line in the dummy's midsagittal plane.
(572.34(c)(4))

Align the adjustable neck bracket index marks to the "zero" position. (Figure 12A)

Record locations such as the rear surfaces of the thoracic spine and the lower neck
bracket reference with respect to locations such as the rear surfaces of the thoracic spine
and the lower neck bracket. These reference measurements are necessary to ensure the
dummy is in the same position after the chest skin is installed. The reference locations
must be accessible after installation of the chest skin. It may be necessary to leave the
chest skin zipper unfastened until the references are checked and fasten it just prior to
the test.

Install the chest skin and reposition the dummy as described in the preceding paragraph
using the reference measurements recorded.

Place the arm assemblies horizontal £ 2° and parallel to the midsagittal plane. The arms
are held in place by tightening the adjustment nut that holds the arm yoke to the clavicle
assembly.

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 Class 180.

Impact the anterior surface of the thorax with the test probe so the longitudinal centerline
of the probe is within 2° of a horizontal line in the dummy's midsagittal plane at the
moment of impact. (572.34(c)(5)) The velocity of the test probe at the time of impact is 22
f/s £ 0.4 f/s. (572.34(b)) The probe is guided so there is no significant lateral, vertical or
rotational movement during the impact. (572.34(c)(6))

Complete the following table:



Thorax Impact Results (572.34(b))

Parameter* Specification Result
Test Probe Speed 21.6 ft/s < speed < 22.4 ft/s 21.92 ft/s
Chest Compression 2.5in. < compression < 2.86 in. 2.84in.
Peak resistance force** 1160 Ib < peak force < 1325 Ib 1248 Ib
Internal Hysteresis*** 69% < hysteresis < 85% 71%

*Time zero is defined as the time of initial contact between the test probe and the chest

skin.

**Force = impactor mass x acceleration (572.34(b))
***Area under loading curve minus the area under the unloading curve divided by the
area under the loading curve.

17. Plots of chest compression, pendulum acceleration, pendulum speed, and force, follow

this sheet.

Jono fdloro

Sgnature

08/24/2022

Date




MGA RESEARCH CORPORATION

THORAX IMPACT

HYBRID Il 50TH PERCENTILE MALE

ATD Serial No: 401 Test I.D: D221954

Tested Parameter Units Specification Result Pass/Fail

Laboratory Temperature deg C 20.6t022.2 214 Pass

Laboratory Relative Humidity % 10to 70 44 Pass

Probe Velocity m/s 6.58 t0 6.82 6.68 Pass

Peak Probe Force N 5159 to 5893 5,551 Pass

Peak Sternum Displacement cm 6.35t07.26 7.21 Pass

Internal Hysteresis % 69 to 85 71 Pass
Overall Test Results Pass

08/24/2022
Labbratory Technician Test Date

==

Appr@/égd.é‘yy /




—————— @) TEST DESC: THORAX IMPACT

‘ VELOCITY: 21.93 fi/s, 6.68 m/s

TEST DATE: 08/24/2022
TEST #: D221954

6000

5000+

4000+

3000+

2000+

1000+

FORCE (N) vs CHEST DISPLACEMENT (cm)

Max: 5551.3 N
Tmax: 6.7 cm
Min: -171.7N
Tmin: 0.5 cm

CFC 180




DATA SHEET A7
LEFT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number; 401 Test Date: 08/25/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive knee impact tests are necessary)

X 1
X 2
X 3

X 4
X 5
X 6
X 7
X 8
X 9
X_ 10.

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-001) with the upper leg assembly (78051-46) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 47%
Record the minimum humidity: 36%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))



11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.79 ft/s
Peak resistance force* 1060 Ib < force <1300 Ib 1177 1b

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

MM 08/25/2022
nature Date




ATD Serial No:

MGA RESEARCH CORPORATION

LEFT KNEE IMPACT TEST
HYBRID Il 50TH PERCENTILE MALE

401

Test I.D: D221956

LaHoratory Technician

Approved By /

Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 214 Pass
Laboratory Relative Humidity % 10to 70 47 Pass
Probe Velocity m/s 2.07t02.13 2.07 Pass
Peak Probe Force N 4715 to 5782 5,234 Pass
Overall Test Results Pass

08/25/2022

Test Date




—————— @) TEST DESC: LEFT KNEE
EEEEEEEEEEIIIF!I

‘ VELOCITY: 6.80 ft/s, 2.07 m/s

TEST DATE: 08/25/2022
TEST #: D221956

FORCE (N) vs TIME (ms)
6000
Max: 5234.3N
5000+ Tmax: 2.4 ms
Min: -20.1 N
4000+
Tmin: 11.0 ms
3000+ CFC 600
2000+
1000+
0
-1000 +—————+—F—"7F+—+—+—+—1—+——+—+—+—"— — :
-20 0 20 40 60 80 100




DATA SHEET A8
RIGHT KNEE IMPACT TEST (572.35) (50" Male)

Dummy Serial Number; 401 Test Date: 08/25/2022

Technician: Jonah Pulokas

Pre test calibration
X Post test calibration verification

Test attempt no. 1_(when successive knee impact tests are necessary)

X1
X2
X3
X 4
X _ 5
X _ 6
X7
X 8
X 9
X 10

It has been at least 30 minutes since the last knee impact test. (572.36(m))
X N/A, ONLY one knee impact test performed

The test fixture conforms to the specifications in Figure 14A.

The leg assembly (86-5001-002) with the upper leg assembly (78051-47) removed, and
the load cell simulator (78051-319) is used. (572.35(b)(2))

The knee assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F)
and at a relative humidity from 10% to 70% for a period of at least four (4) hours prior to
this test. (572.35(b)(2)(ii))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 47%
Record the minimum humidity: 36%

Mount the test specimen and secure it to the rigid test fixture. (572.35(b)(2)(iii))
(Figure 14A)

No parts of the foot or tibia contact any exterior surface. (572.35(b)(2)(iii))
Align the test probe so that at contact the longitudinal centerline of the probe is collinear
within 2 degrees with the longitudinal centerline of the femur load cell simulator except it

is within 0.5 degrees horizontally. (572.35(b)(2)(iv)&(vi))

The probe is guided so there is no significant lateral, vertical or rotational movement
during the impact with the knee. (572.35(b)(2)(v))

The data acquisition system, including transducers, must conform to the requirements of
SAE Recommended Practice J211/1 MAR95 (572.136(m)) Class 600.

Contact the knee with the test probe at a speed between 6.8 ft/s and 7.0 ft/s. (572.35(b))



11. Complete the following table:
Knee Impact Results (572.35(b)(1))

Parameter Specification Result
Probe speed 6.8 ft/s < speed £ 7.0 ft/s 6.79 ft/s
Peak resistance force* 1060 Ib < force <1300 Ib 1107 Ib

*Force = impactor mass x deceleration (572.35(b)(1))

12. Plots of pendulum acceleration, pendulum speed, and force, follow this sheet. Time zero
is defined as the time of contact between the test probe and the knee. (572.3(b)(2)(vii))

M‘%ﬁ/ 08/25/2022

Signature Date




ATD Serial No: 401

MGA RESEARCH CORPORATION

RIGHT KNEE IMPACT TEST
HYBRID Il 50TH PERCENTILE MALE

Test I.D: D221955

Labdratory Technician

Approved By / —

Tested Parameter Units Specification Result Pass/Fail
Laboratory Temperature deg C 18.91t0 25.6 214 Pass
Laboratory Relative Humidity % 10to 70 47 Pass
Probe Velocity m/s 2.07t02.13 2.07 Pass
Peak Probe Force N 4715 to 5782 4,924 Pass
Overall Test Results Pass

08/25/2022

Test Date




—————— Ill‘l @) TEST DESC: RIGHT KNEE
0 ‘ VELOCITY: 6.80 ft/s, 2.07 m/s

TEST DATE: 08/25/2022
TEST #: D221955

FORCE (N) vs TIME (ms)
5000
Max: 4924.2 N
4000 Tmax: 2.8 ms
Min: -7.9 N
3000+ Tmin: 12.4 ms
CFC 600
2000
1000
0
-1000 +— | — —
-20 0 20 40 60 80 100




DATA SHEET A9
HIP JOINT-FEMUR FLEXION (572.35(c)) (50 Male)

Dummy Serial Number; 401 Test Date: 08/25/2022

Technician: Jon Love

X

Pre test calibration
Post test calibration verification

Test attempt no. 1_(when successive hip joint-femur flexion tests are necessary)

It has been at least 30 minutes since the last hip joint-femur flexion test. (572.36(m))
X N/A, ONLY one hip joint-femur flexion test performed

The test fixture conforms to the specifications in Figure 17A.

Use the assembled dummy (78051-218) except (572.35(c)(2)):

X 3.1 remove the leg assemblies (86-5001-001 & 002) by removing 3/8-16
Socket Head Cap Screw and retaining the structural assembly of the
upper legs (78051-43 & 44)

X 3.2 remove the abdominal insert (78051-52)

X 3.3 replace the instrument cover plate (78051-13) in the pelvic bone with
a rigid pelvic bone stabilizer insert (Figure 15A) and attach the pelvis
upper support device (Figure 16A).

The assembly soaked at a temperature between 18.9°C (66°F) and 25.6°C (78°F) and at
a relative humidity from 10% to 70% for a period of at least four (4) hours prior to this test.
(572.35(c)(v))

Record the maximum temperature: 21.4°C
Record the minimum temperature: 21.1°C
Record the maximum humidity: 47%
Record the minimum humidity: 36%

Seat the dummy on the rigid seat fixture. (572.35(c)(2)(ii))

Secure the dummy by bolting the stabilizer insert and the pelvis upper support device to
the seat back of the test fixture as shown in Figures 17A, 18A, and 19A. (572.35(c)(2)(ii))

Adjust the threaded rods until plane B is horizontal.
Secure the lever arm into the left femur shaft opening of the upper leg structure assembly

(78051-43) and firmly secure it using the 3/8-16 socket head cap screws (Figure 19A).
(572.35(c)(2)(iii))

Lift the lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline



horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

10. Complete the following table:
Left Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result
Rotation Rate 5°/s < rotation rate < 10°/s 6°/s
Femur Torque at 30° Torque < 70 ft-lbf 68.7 ft-Ibf
Rotation at 150 Ibf-ft 40° < rotation < 50° 41°

11. Secure the lever arm into the right femur shaft opening of the upper leg structure
assembly (78051-44) and firmly secure it using the 3/8-16 socket head cap screws
(Figure 19A). (572.35(c)(2)(iii))

12. Lift the lever arm parallel to the midsagittal plane at a rotation rate between 5 and 10
degrees per second while maintaining the % in. shoulder bolt longitudinal centerline
horizontal throughout the range of motion until the 150 ft-Ibf torque level is reached
(Figures 18A and 19A). (572.35(c)(2)(iv))

10. Complete the following table:
Right Hip Joint-Femur Flexion Results (572.35(c)(1) & (c)(2)(iv))

Parameter Specification Result
Rotation Rate 5°/s < rotation rate < 10°/s 6°/s
Femur Torque at 30° torque < 70 ft-Ibf 67.0 ft-Ibf
Rotation at 150 Ibf-ft 40° < rotation < 50° 42°
%/37/ <%WL-/ 08/25/2022
Signafure Date



MGA RESEARCH CORPORATION
HIP-FEMUR FLEXION TEST
HYBRID Il 50TH PERCENTILE MALE

Test 1.D:

ATD Serial No: 401 D221959
Tested Parameter Units Specification Result Pass/Fail
Right Left

Laboratory Temperature deg C 18.9t0 25.6 21.4 21.4 Pass

Laboratory Relative Humidity % 10to 70 47 47 Pass

Rotation Rate deg/s 5.0t0 10.0 6.2 6.3 Pass

30 Degrees Nm 94.9 Nm Max 90.9 | 93.087 Pass

40.0 to 50.0 Degree

150 ft-Ibf / 203.4 Nm Deg Max Rotation 41.7 40.6 Pass

Overall Test Results Pass
%/in/ (%w;/ 08/25/2022
Labqratory Technician Test Date

Approved By / :




I“‘l 8]) TEST DESC: RIGHT HIP FEMUR FLEXION TEST DATE: 08/25/2022
N TEST #: D221959

o MOMENT (Nm) vs FEMUR ROTATION ()

Max: 203.4 Nm

Tmax: 41.7 °
200

Min: 0.0 Nm

Tmin: 0.0 °
1507 10 Hz

100

50




I“‘l §]) TEST DESC: LEFT HP FENUR FLEXIN TEST DATE: 08/25/2022
N TEST # D221950

MOMENT (Nm) vs FEMUR ROTATION (°)

250
Max: 203.5 Nm
Tmax: 40.6 °
200 -
Min: 0.0 Nm
Tmin: 0.0°
150 10 Hz

100

50




DATA SHEET Al
DUMMY DAMAGE CHECKLIST (50" Male)

Dummy Serial Number; 401 Test Date: 08/24/2022

Technician: Jonah Pulokas

This check sheet is completed as part of the post test calibration verification.

X Perform general cleaning.

Dummy ltem Inspect for Comments Damage OK
Outer skin Gashes, rips, cracks X
Ballast secure X
Head
General appearance X
Broken or cracked rubber X
Upper neck bracket firmly
attached to the lower neck X
Neck bracket
quseness at the condyle X
joint
Nodding blocks cracked or X
out of position
Spine Broken or cracks in rubber X
Broken or bent ribs X
Broken or bent rib supports X
Ribs Damping material
separated or cracked X
Rubber bumpers in place X
Chest Bent shaft X
Dlzzlsaecr?qr&;nt Slider arm riding in track X
Transducer leads | Torn cables X
Accelerometer Head mounting secure X
Mountings Chest mounting secure X
Skin condition X
Knees Insert (do not remove) X
Casting X
. Normal movement and
Limbs adjustment X
Wires intact X
Knee Sliders Rubber returned to “at rest” X
position
Pelvis Broken X
Other X




If upon visual examination, damage is apparent in any of these areas, the appropriate
engineer or engineering technician is to be consulted for a decision on repair or
replacement of parts.

Repair or Replacement approved by:

M%L 08/25/2022

Sighature Date

Describe the repair or replacement of parts:

Checked by:
Lher abiez, 08/25/2022
Sigfiature ~ Date



DATA SHEET A10

PART 572 INSTRUMENTATION CALIBRATION INFORMATION

SERIAL DATE OF DATE OF
1.D. NO. MANUFACTURER MODEL NO. NO LAST NEXT
: CALIBRATION | CALIBRATION
DUMMY INSTRUMENTATION
HEAD ACCELEROMETERS
(1) LONGITUDINAL Endevco 7231C-750 c12811 04/05/2022 10/05/2022
(2) LATERAL Endevco 7231C-750 C12853 04/05/2022 10/05/2022
(3) VERTICAL Endevco 7231C-750 AL6Y2 04/05/2022 10/05/2022
NECK
TRANSDUCER Denton 1716A N1145 07/15/2022 01/14/2023
CHEST ACCELEROMETERS
(1) LONGITUDINAL Endevco 04/05/2022 AGH55 04/05/2022 10/05/2022
(2) LATERAL Endevco 04/05/2022 AGH70 04/05/2022 10/05/2022
(3) VERTICAL Endevco 04/05/2022 AGH72 04/05/2022 10/05/2022
CHEST .
POTENTIOMETER Humanetics 78051-317 401 04/04/2022 10/04/2022
FEMUR LOAD CELLS
(1) RIGHT FEMUR Denton 2121AJTF F2026 04/04/2022 10/04/2022
(2) LEFT FEMUR Denton 2121AJTF F2027 04/04/2022 10/04/2022
LABORATORY INSTRUMENTATION
NECK PENDULUM
ACGELEROMTER Endevco 7231C-750 AH5P1 07/15/2022 01/14/2023
THORAX
PENDULUM Endevco 7264C-2KTZ-360M17 P97372 05/19/2022 11/18/2022
ACCELEROMETER
KNEE PENDULUM
ACCELEROMETER Endevco 7264C-2KTZ-2-360M17 P82128 05/31/2022 11/30/2022
NECK ROTATION
TRANSDUCER 1 Spectrol 132-0-0-102 C3035 03/02/2022 09/01/2022
(OPTIONAL)
NECK ROTATION
TRANSDUCER 2 Spectrol 132-0-0-102 C3034 03/02/2022 09/01/2022

(OPTIONAL)

LABORATORY TECHNICIAN:
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