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Product characteristic advantages:

• Space efficient. High energy absorption per section height.
• High energy absorption per O-EATM weight required
• Wide range of load curves possible to match application requirements
• Stable under wide range of temperatures and environmental conditions
• Low tooling cost and launch time to production
• Capable of meeting and exceeding FMVSS201U and FMVSS214 criteria5

Energy Absorbing Capability:

Tube Section Height Deflection deflection Energy Absorption�
[mm] [mm] per height Maximum [J]

10x20 10 6 60% 20
13x20 13 9 69% 54
15x20 15 11 73% 72
19x19 19 15 79% 95
23x23� 23 19 83% 102
26x26� 26 22 85% 102+
28x28� 28 24 86% 102+

�  Can achieve less than 800 HICd against solid backing platform absorbing

  all 102J from FMH at 24 km/hr

�Dynamic Load Energy as tested at total stroke against solid fixture (FMH skin included).

Tube Strength:

For each shape, load curves can be developed to any level in the range
for optimizing the performance of a specific application. In order to
select or develop an O-EATM tube, the basic information required would be
• In-vehicle, Baseline Force-Deflection curve
• Sketch of section, with package space dimensions and tube length
• Angle and point of impact in relation between the tube and the FMH.
• Baseline HIC(d)

Custom loads and shapes can be made for specific applications
upon request. 
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Typical Tube Size List �

Round (OD) Square Rectangle

19~36 14.5x14.5 10x20
39 16x16 13x20
43 17x17 13.5x30
46 19x19 15x20
51 5 20x20 15x30
53 22x22 18x20
56 23x23 20x30
65 26x26 20x40

28x28 23x26
34x34 25x50
40x40 27x35
41x41 28x60
42x42 35x50

45x70

Custom Requests
Round tube availability: 14~100 outside diameter.

Square tube availability: 14x14 to 55x55.

Rectangular tubes can be produced in wide range of sizes,
limited by a maximum circumference of a 100mm diameter
round tube and a ratio of width to height of no greater than 2:1.

Custom shape requests should be submitted to O-Flex Engineering
for manufacturing capability, tooling lead time and cost.
See page 3  for general design limitations for irregular shapes.
Concave surfaces, negative angles, and sharp corner angles
should be avoided.

� All dimensions are metric system [mm]
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Pages 12 through 30  include load curves for typical size Square and Rectangular
tubes as these are the O-Flex most space-energy efficient shapes. These curves 
demonstrate the general capability for O-EATM tube on a range of sizes and constructions.

Energy Absorbtion Comparison
Component dynamic tests will help to show total energy absorption capable for5
a given tube size and construction. Tube length, impact angle, and mating
component structure stiffness will influence the selection process.

Static Load Test
Static load tests are beneficial for comparing tube samples with a more
repeatable test method. In general, Static tests exhibit lower force levels for the
same tube sample compared to Dynamic tests.

Standard Fixturing
Fixture drawings are shown on page 5  for dynamic load tests.
Tests for included comparison of O-Flex tubes are done using one test method.
Special test setups are possible at different angles and impact speeds.
In addition to the impactors used for results in this package, O-Flex Engineering
currently has a 15-20lbm dynamic flat plate impactor and a 10lbm dynamic
165 diameter spherical form.
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Dynamic Test Method

5

Clamp Detail
(typical each end)

Test Parameters
Machine: MGA Research - Horizontal, Nitrogen gas piston

Test speed: 24 km/hr
Form: FMH (Hybrid III) 10lb mass

Clamping: D-shape both ends
Standard Test length: 150mm

Dynamic Data
1.) Includes Head skin deflection, see data included.
2.) X-Axis force per deflection given. Y & Z neglected.
3.) Impact to tube face is perpendicular to tube face. Tube center is impacted at

25mm above center gravity for FMH for minimum head rotation.
4.) Rectangular tubes are impacted on the wider face deflection through

the shorter side. See note for impact face on each size.
5.) Accelerometers truncate at 300~320G's (~13kN). This is well beyond wall to wall

contact of the tube and its normal deflection stroke.

Angle Impact Setup
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19x19-2102

Outer tube dimensions (mm)

Number of aluminum layers: (ex 2 = original process name PHHP, Paper-Alum-Alum-Paper)

Thickness of each aluminum layer: 5=55, 7=70, 8=80, 9=90, 1=100, 2=120 microns

Material code: 0 = Basic size, 1~9 = Various size, color, or special process

Load strength rating, increasing from 0 - 4

Basic Size - Construction
Example O-EA Designation



Test Sample:

5/10/2001

Comparison Tests Program: -

Setup: Hybrid III, FMH;   Test Fixture mounted to solid backer FMH mass: 4550 g

150mm test length, DS Adhesive Tape

No OEA Tube Impact Angle Vel HIC d� EA t�
[degrees ⊥  ] [kph] [J]

5 23x23-2103 0° 23.88 779 101.6

2 23x23-2103 10° 23.58 797 101.5

3 23x23-2103 20° 23.84 759 100.5

4 23x23-2103 30° 23.65 696 100.5

5 23x23-2103 40° 23.84 679 101.0

� HICd value is for the O-Flex OEA & FMH headskin component only.
� Including FMH Headskin deflection from actual test data.

23x23-2103

Dynamic Test Result
Angle Impact

Application:

Test Date:

PHHP100

Force vs. Displacement
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4/25/2008

22x22-2103 O-EA @ 12mph Angle Impacts NA

Setup: 1500 Hat Background, Angle Plate 4573 g

Test Operator: BT

No Shot # OEA Tube Fig. Part Details Vel HIC d� EA t� d� F avg� a avg� a max�
[kph] [J] [mm] [kN] [G] [G]

1 102879 Baseline Shot 5 Baseline Shot-1500 HAT 19.63 1295.0 67.98 22.02 3.09 68.86 186.43

2 102881 22X22X150 2102OEA 29.5g 10 Taped to Hat Section in vertical position 19.35 639.0 66.06 20.91 3.16 70.45 136.57

3 102882 22X22X150 2102 OEA 30.04g 11 Taped to Hat Section at 30 Degrees inclination to head form 19.04 483.0 63.96 22.23 2.88 64.17 109.68

4 102883 22X22X150 2102 OEA 30.07g 12 Taped to Hat Section at 45 Degrees inclination to head form 19.45 379.0 63.31 49.13 1.29 28.74 95.95

5 102884 22X22X150 2102 OEA 30.05g 0 Taped to Hat Section at 20 Degrees inclination to head form 19.80 566.0 69.17 21.12 3.28 73.04 114.59

Mean 19.45 672.40 66.09 27.08 2.74 61.05 128.64

Range 0.76 916.00 5.86 28.22 1.99 44.30 90.48

Std Dev 0.29 361.26 2.52 12.34 0.82 18.35 35.45

� HICd value is for the O-Flex OEA & FMH headskin component only, using Resultant X+Y+Z data.
� Including FMH Headskin deflection from actual test data, under maximum acceleration listed.
� Reference limit for useable absorption level.
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22x22

Dynamic Test Result
Angle Impact Against 1500 HIC Background

Test Date:

Test Description: Program:

FMH mass:

Acceleration vs. Displacement
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1) Test condition 1. Normal Temp. 20°C
2. 50°C x 95% x 400h
3. 80°C x 24h
4. 100°C x 24h
5. 0°C x 24h

5

2) Test Sample O-Flex Energy Absorbing Tube 26x26-2102
Plastic Rib T
Plastic Rib H
Plastic Rib D

3) Test equipment Dynamic test (FMVSS201)

26x26 O-Flex Rib T

Rib H Rib D
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O-EA and Plastic Rib Sections

Test Part
Test Part

Test Part



Round vs Square

Shape Comparison
Dynamic Test Result

Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

Impact perpendicular to tube face

5

� Stroke includes FMH Head skin deflection from actual test data.
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Force vs. Displacement
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Size-Construction Layer AL Microns Size-Construction Layer AL Microns

10x20-1933 * PHP 90 20x30-1702 * PHP 70

10x20-1133 * PHP 100 20x30-1802 * PHP 80

20x30-1103 * PHP 100

13x20-1103 * PHP 100 20x30-2804 * PHHP 80

13x20-2803 * PHHP 80 20x30-2103 * PHHP 100

13x20-2103 * PHHP 100

5 22x22-2802 * PHHP 80

13x30-1703 * PHP 70 22x22-2102 * PHHP 100

13x30-1102 * PHP 100 22x22-3101 * PHHHP 100

13x30-2102 * PHHP100

23x23-1703 * PHP 70

15x20-1703 PHP 70 23x23-1803 * PHP 80

15x20-1802 * PHP 80 23x23-1103 * PHP 100

15x20-1102 * PHP 100 23x23-2802 * PHHP 80

15x20-2803 * PHHP 80 23x23-2803 * PHHP 80

15x20-2103 * PHHP 100 23x23-2103 * PHHP 100

15x30-1103 * PHP 100 24x24-1103 PHP 100

15x30-2102 * PHHP 100

25x50-1103 * PHP 100

25x50-2102 * PHHP 100

16x16-1804 PHP 80

16x16-1104 PHP 100 26x26-1103 * PHP 100

26x26-2102 * PHHP 100

17x17-1103 * PHP 100 26x26-2103 * PHHP 100

17x17-2103 * PHHP 100

27x35-1801 * PHP 80

27x35-2103 * PHHP 100

19x19-1801 * PHP 80 28x28-1802 * PHP 80

19x19-1103 * PHP 100 28x28-1103 * PHP 100

19x19-2802 * PHHP 80 28x28-2102 * PHHP 100

19x19-2102 * PHHP 100 28x28-3802 * PHHHP 80

19x19-2103 * PHHP 100

28X60-1804 PHP 80

20x20-1103 * PHP 100 41x41-2802 PHHP 80

41x41-2102 PHHP 100

20x20-2102 * PHHP 100 41x41-3101 PHHHP 100

* Dynamic Load curves given on the following pages. page 12

Sample Tube Construction List



Test Sample: 10x20

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 20mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 13x20

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 20mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample:

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 20mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

13.5x30

Force vs. Displacement
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Test Sample: 15x20

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 20mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 15x30

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 30mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 17x17

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 19x19

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 20x20

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 20x30

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 30mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 30x20

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 20mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 22x22

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 23x23

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 25x50

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 50mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 26x26

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 27x35

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 35mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 35x27

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr
Impact 27mm face

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 28x28

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 24 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Test Sample: 41x41
Square

Dynamic Test Result
Setup: Hybrid III, FMH;   Fixture mounted to infinite backer FMH mass: 4573g

150mm test length, D-Shape clamps both ends Test Speed: 37 km/hr

5

� Stroke includes FMH Head skin deflection from actual test data.

Force vs. Displacement
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Bryant Tokarz
Applications Engineering

O-Flex Automotive 5.0
615-907-7301 
615-898-1910 Main 

Appendix A1

OEA Tube Dimensional Tolerancing

4/28/2008

For typical tube shapes, sizes, and lengths; refer to the following two sheets 
containing general and specific tolerancing that O-Flex manufacturing processes 
are capable.

Due to the flexible nature, it is not possible for O-Flex O-EA tube products to be 
dimensioned using general tolerancing specific to sheet metal or plastic materials. 
Hopefully the attached specifications can be used to design in proper tolerances 
with mating assemblies, however if different tolerances are needed to control a fit 
issue, please request assistance from O-Flex Quality Assurance and Product 
Engineering.



Tube Design Length Tolerance
+/- [mm]

< 20mm not capable -
20 ~ 100 mm 2.0

101 ~ 300 mm 5.0
301 ~ 500 mm 5.0

501 ~ 1000 mm 7.0

Tube Design Cross Section Dimensions Tolerance
+/-

Square and Rectangular shapes
Height & Width <=  40mm 0.5mm
Height & Width, > 40mm 1.0mm
Corner radius 2.0 ~ 4.0** 1.0mm

Irregular / non-symetrical shapes
Contour radius  0.0 ~ 25%
OEA shape boundary** 0.5~1.0mm

Perpindicularity (shape) 1.0mm
Tube ends perpindicular (anglecut) +0.0/-3.0mm
Angles [degree] 2°
Weight (g) 10%

**   Part drawing must reflect values as measured on actual impact test parts to specify target
Appendix A2

OEA Tube Dimensions

> 1000mm request for capability

4/28/2008



5

Clip Punch Hole to Hole Dimension "L" Tolerance
(use sketch above) +/- [mm]

20 ~ 100 mm 2.0
101 ~ 600 mm 3.0

See slot drawing above Tolerance
+/-

A - Slot width 0.3
B - End hole diameter 0.3
C - Insert hole diameter nominal
D - Insert center to end hole center nominal

E - Round holes or Rectangle cutouts
4 ~ 40mm dia/width 7.5%

Appendix A3

Keyslot-Type Punch Dimensions

Tube length maximum with holes = 600mm

4/28/2008




