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more accurate data.

SECTION 1

TEST SUMMARY

A Flexpoint Sensor Systems Bend Sensor was tested using two different test set-
ups to evaluate the similarities and differences in the process and results. The test setups
were a linear impact system and a pendulum impact system. The testing was performed to
evaluate the effectiveness of the Flexpoint system to differentiate between a leg form and a
steel pole.

Sixteen (16) individual sensors were evaluated at different impact speeds and in
various impact conditions. Two target impact speeds were used for testing; 25 kph and 40
kph. At each speed, a sensor was first impacted with either the leg form or the pole and
then impacted by the other object. Each test was performed on two individual sensors for

Sensor Impact First Second Target First Object’s | Second Object’s
Number Type Object Object Speed Actual Speed Actual Speed
Sensor 1 Pendulum Leg Pole 25 kph 24.9 kph 24.8 kph
Sensor 2 Pendulum Leg Pole 25 kph 25.0 kph 25.1 kph
Sensor 3 Linear Leg Pole 25 kph 25.3 kph 25.7 kph
Sensor 4 Linear Leg Pole 25 kph 25.3 kph 25.7 kph
Sensor 5 Pendulum Pole Leg 25 kph 25.1 kph 24.8 kph
Sensor 6 Pendulum Pole Leg 25 kph 25.2 kph 24.8 kph
Sensor 7 Linear Pole Leg 25 kph 25.5 kph 25.0 kph
Sensor 8 Linear Pole Leg 25 kph 25.9 kph 24.7 kph
Sensor 9 Pendulum Leg Pole 40 kph 38.0 kph 39.9 kph
Sensor 10 | Pendulum Leg Pole 40 kph 40.4 kph 39.2 kph
Sensor 11 Linear Leg Pole 40 kph 39.8 kph 41.0 kph
Sensor 12 Linear Leg Pole 40 kph 39.9 kph 41.0 kph
Sensor 13 | Pendulum Pole Leg 40 kph 38.4 kph 40.1 kph
Sensor 14 | Pendulum Pole Leg 40 kph 40.3 kph 40.0 kph
Sensor 15 Linear Pole Leg 40 kph 41.8 kph 39.9 kph
Sensor 16 Linear Pole Leg 40 kph 40.4 kph 39.5 kph

see the response time of the Flexpoint sensor for each test.

During the testing only one of the four segments on the sensor was impacted as to
give the best data. Data from all four segments is plotted for both the leg impact and the
pole impact for each sensor. In addition, the impacted segment on both the leg impact and
the pole impact were plotted together to allow easier comparison.

The test was setup using a piece of Styrofoam and thin plastic to represent the
bumper. The Flexpoint sensor was attached to the back of the thin plastic using the
adhesive on the sensor. It was then sandwiched in between the Styrofoam and the plastic.
Also, there was a membrane sensor attached to the outside of the plastic. This was done to




SECTION 2

TEST DATA

Sensor Number

Pole Response Time (ms)

Leg Response Time (ms)

Sensor 1 0.4 0.2
Sensor 2 0.1 0.4
Sensor 3 0.2 3.4
Sensor 4 0.4 0.6
Sensor 5 0.2 0.7
Sensor 6 0.2 0.4
Sensor 7 0.4 0.7
Sensor 8 0.2 0.7
Sensor 9 -0.2 0.8
Sensor 10 -0.1 0.9
Sensor 11 0.0 1.4
Sensor 12 0.1 1.4
Sensor 13 0.3 0.4
Sensor 14 0.2 0.4
Sensor 15 0.1 0.9
Sensor 16 0.1 0.4




Plot No

Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
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Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
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Plot No.
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Plot No.
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Plot No.
Plot No.
Plot No.
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TEST DATA (Cont’)

1 — Leg into Bumper, Sensor 1

2 — Pole into Bumper, Sensor 1

3 — Impact Sensor 1, Leg and Pole
4 — Leg into Bumper, Sensor 2

5 — Pole into Bumper, Sensor 2

6 — Impact Sensor 2, Leg and Pole
7 — Leg into Bumper, Sensor 3

8 — Pole into Bumper, Sensor 3

9 — Impact Sensor 3, Leg and Pole
10 — Leg into Bumper, Sensor 4

11 — Pole into Bumper, Sensor 4

12 — Impact Sensor 4, Leg and Pole
13 — Leg into Bumper, Sensor 5

14 — Pole into Bumper, Sensor 5

15 — Impact Sensor 5, Leg and Pole
16 — Leg into Bumper, Sensor 6

17 — Pole into Bumper, Sensor 6

18 — Impact Sensor 6, Leg and Pole
19 — Leg into Bumper, Sensor 7

20 — Pole into Bumper, Sensor 7

21 — Impact Sensor 7, Leg and Pole
22 — Leg into Bumper, Sensor 8

23 — Pole into Bumper, Sensor 8

24 — Impact Sensor 8, Leg and Pole
25 — Leg into Bumper, Sensor 9

26 — Pole into Bumper, Sensor 9

27 — Impact Sensor 9, Leg and Pole
28 — Leg into Bumper, Sensor 10
29 — Pole into Bumper, Sensor 10
30 — Impact Sensor 10, Leg and Pole
31 — Leg into Bumper, Sensor 11
32 — Pole into Bumper, Sensor 11
33 — Impact Sensor 11, Leg and Pole
34 — Leg into Bumper, Sensor 12
35 — Pole into Bumper, Sensor 12
36 — Impact Sensor 12, Leg and Pole
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Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
Plot No.
Plot No.

Plot No

37 — Leg into Bumper, Sensor 13
38 — Pole into Bumper, Sensor 13
39 — Impact Sensor 13, Leg and Pole
40 - Leg into Bumper, Sensor 14
41 — Pole into Bumper, Sensor 14
42 — Impact Sensor 14, Leg and Pole
43 — Leg into Bumper, Sensor 15
44 — Pole into Bumper, Sensor 15

. 45 — Impact Sensor 15, Leg and Pole
Plot No.
Plot No.
Plot No.

46 — Leg into Bumper, Sensor 16
47 — Pole into Bumper, Sensor 16
48 — Impact Sensor 16, Leg and Pole

29
29
30
31
31
32
33
33
34
35
35
36



Volts (V)

Volts (V)

Leg into Bumper, Sensor 1

134916862023 2360 2697 3034 3371|3708 4045/4382/4719 5056 5393 5730 6067|6404 6741

Segment Number

Pole into Bumper, Sensor 1

1349 2023 2360 3371/3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

——Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
——Bend Sensor 4



Volts (V)

IMPACT SENSOR 1 - LEG & POLE

3.5

25

0.5

0

1 312 623 934 1245 1556 1867 2178 2489 2800 3111 3422 3733 4044 4355 4666 4977 5288 5599 5910 6221 6532 6843
Segment number

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 2

1349 1686 2023 3371|3708 40454382 4719 5056 5393 5730 6067|6404 6741

Segment Number

Pole into Bumper, Sensor 2

1349 2023 2697 3371/3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 2 - LEG & POLE

940 1253 1566 1879 2192/2505/2818/3131/34443757 4070 4383 4696 5009 5322/5635,5948 626116574

Segment number

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 3

1349 20232360 2697 33713708 4045 4719 5056 5393|5730 6404 6741

Segment Number

Pole into Bumper, Sensor 3

1349 2023 3371/3708/4045 4719,5056/5393/5730 6404/6741

Segment Number

——Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
——Bend Sensor 4




IMPACT SENSOR 3 - LEG & POLE

4.5

3.5

% —POLE
£ —LEG
>
15
;
05

0
1 313 625 937 1249 1561 1873 2185 2497 2809 3121 3433 3745 4057 4369 4681 4993 5305 5617 5929 6241 6553 6865

Segment number
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Volts (V)

Volts (V)

Leg into Bumper, Sensor 4

N
1349 202323602697 3034 33713708 4045 47195056 5393 5730 64046741

Segment Number

Pole into Bumper, Sensor 4

1349 1686 202323602697 303413371 3708 4045/4382/4719,5056 5393 5730 6067 6404 6741

Segment Number

11

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 4 - LEG & POLE

940/ 125315661879 2505 31313444 3757 4383/4696/5009|5322 6261

Segment number

12

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 5

134916862023 2360 2697 3034 3371|3708 4045/4382/4719 5056 5393 5730 6067|6404 6741

Segment Number

Pole into Bumper, Sensor 5

1349 2023 2360 3371/3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

13

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 5 - LEG & POLE

940/ 125315661879 2505 31313444 3757 4383/4696/5009|5322 6261

Segment number

14

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 6

—Bend Sensor 1
—— Bend Sensor 2

—— Bend Sensor 4

Bend Sensor 3

|
il

I \;\r/\%_ﬁ—
13491686 2023 3371|3708 40454382 47195056 53935730 6067|6404 6741

Segment Number

Pole into Bumper, Sensor 6

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4

‘»A‘
“VL\}\/\AMEE*

1349 2023 2697 3371/3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

15



Volts (V)

IMPACT SENSOR 6 - LEG & POLE

940 1253 1566 1879 2192/2505/2818/3131/34443757 4070 4383 4696 5009 5322/5635,5948 626116574

Segment number

16

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 7

134916862023 2360 2697 3034 3371|3708 4045/4382/4719 5056 5393 5730 6067|6404 6741

Segment Number

Pole into Bumper, Sensor 7

1349 2023 2360 3371/3708/4045, 4719,5056/5393/5730 6404/6741

Segment Number

17

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 7 - LEG & POLE

627 940 1253 1566 1879 2505 3131 3444 3757 4070 4696 5009 5322 6261

Segment number

18

6887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 8

1349 2023 3371/3708 4719,5056/5393/5730 6404/6741

Segment Number

Pole into Bumper, Sensor 8

1349 2023 3371 3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

19

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 8 - LEG & POLE

627 940/ 1253/1566/1879 2505/2818 3131 3444 3757 4070 4696/5009|5322 5948 6261

Segment number

20

6887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 9

1349 20232360 2697 3371 3708 4045 4719 5056 53935730 6404 6741

Segment Number

Pole into Bumper, Sensor 9

1349 2023 2360 2697 33713708 4045 4719,5056/5393/5730 6404|6741

Segment Number

21

——Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
——Bend Sensor 4




Volts (V)

IMPACT SENSOR 9 - LEG & POLE

940 1253(1566 1879 2192125052818 3131 34443757 4070 4383 4696 5009 5322 5635 5948 6261 6574

Segment number

22

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 10

b

1349 2023 2360 2697 33713708 4045 4719,5056/5393/5730 6404|6741

Segment Number

Pole into Bumper, Sensor 10

1349 1686 2023 3371|3708 40454382 4719 5056 5393 5730/6067/6404 6741

Segment Number

23

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 10 - LEG & POLE

940/ 125315661879 2505 31313444 3757 4383/4696/5009|5322 6261

Segment number

24

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 11

1349 2023 3371/3708 4719,5056/5393/5730 6404/6741

Segment Number

Pole into Bumper, Sensor 11

1349 2023 2360 2697 3371 3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

25

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 11 - LEG & POLE

627 940 1253|1566 1879 2505 3131/3444/3757 4070 4696 50095322 6261

Segment number

26

6887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 12

1349 2023 3371 3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

Pole into Bumper, Sensor 12

1349 2023 2360 2697 3371 3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

27

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 12 - LEG & POLE

627 940 1253|1566 1879 2505 3131/3444/3757 4070 4696 50095322 6261

Segment number

28

6887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 13

1349 1686 2023 33713708 40454382 4719 5056 5393 5730 6067|6404 6741

Segment Number

Pole into Bumper, Sensor 13

1349 2023 2360 2697 33713708 4045 4719,5056/5393/5730 6404|6741

Segment Number

29

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 13 - LEG & POLE

940 1253(1566 1879 2192125052818 3131 34443757 4070 4383 4696 5009 5322 5635 5948 6261 6574

Segment number

30

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 14

1349 2023 2360 2697 33713708 4045 4719,5056/5393/5730 6404|6741

Segment Number

Pole into Bumper, Sensor 14

1349 2023 2697 3371/3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

31

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 14 - LEG & POLE

940 1253 1566 1879 2192/2505/2818/3131/34443757 4070 4383 4696 5009 5322/5635,5948 626116574

Segment number

32

887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 15

e
1349 2023 3371/3708 4719,5056/5393/5730 6404/6741

Segment Number

Pole into Bumper, Sensor 15

\‘MJ

1349 2023 3371 3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

33

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 15 - LEG & POLE

627 940/ 1253/1566/1879 2505/2818 3131 3444 3757 4070 4696/5009|5322 5948 6261

Segment number

34

6887

—POLE
—LEG




Volts (V)

Volts (V)

Leg into Bumper, Sensor 16

1349 2023 3371 3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

Pole into Bumper, Sensor 16

1349 2023 2360 2697 3371 3708 4045 4719 5056 5393 5730 6404 6741

Segment Number

35

—Bend Sensor 1
—— Bend Sensor 2

Bend Sensor 3
—— Bend Sensor 4

—Bend Sensor 1
——Bend Sensor 2

Bend Sensor 3
— Bend Sensor 4




Volts (V)

IMPACT SENSOR 16 - LEG & POLE

627 940 1253|1566 1879 2505 3131/3444/3757 4070 4696 50095322 6261

Segment number

36

6887

—POLE
—LEG




SECTION 3

TEST PHOTOGRAPHS

Page No.
Photo No. 1 — Linear Impact System Setup 38
Photo No. 2 — Pendulum Impact System Setup 38
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Photo No. 2 — Pendulum Impact System Set-Up

38





