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SECTION I 

INTRODUCTION 

The purpose of this report is to document the results of a dynamic impact test performed 

with an instrumented moving barrier. This testing was part of a series of full scale tests as 

outlined in contract DTRS-57-95-C-00010, TTD #l (see table below). The test results reported 

here are for Test No. 1 of a series of four tests, utilizing various impact velocities and angles, that 

were conducted for this project. Previously, two demonstration tests were conducted that are 

referred to as Demonstration Test No. 1 and 2. The objective of this testing was to determine the 

feasibility of using an instrumented barrier face to determine local forces induced on an impacted 

vehicle during a side impact event. Additionally, it is to determine the dynamic force and 

displacement characteristics of the aluminum deformable barrier face used for FMVSS 2 14 D 

testing. Due to the volume of data generated with this test, Appendix A (data and still 

photographs) is presented as an entirely separate document in a three-ring binder. Data plots 

from load cells that experienced less than 667.2 Newtons and data plots from displacement 

transducers that measured less than 2 mm were omitted from this report. 

I Test 

I Test No. 4 

MDB Towing Velocity 1 MDB Impact Angle I MDB Crab Angle 

41.5 kph I 90” I 26” 

32.2 kph 

20.9 kph 

37.8 kph 

47.95 kph 

54.7 kph 

60” 19” 

60” 19” 

60” 19” 

75” 23” 

90” 27” 
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SECTION 2 

TEST SUMMARJ 

The modified FMVSS 214 D moving barrier with a Plascore FMVSS 214 D deformable 

barrier face was crabbed 19” to the left. It was towed at 20.9 kph into a rigid barrier situated 49” 

from perpendicular to the moving barriers longitudinal direction of travel. That is 30” from 

perpendicular (left barrier face to contact rigid barrier first) to the front surface of the deformable 

barrier face. The test was conducted February 27, 1997 at the MGA Research Corporation 

Proving Grounds and Crash Test Center in Burlington, Wisconsin. 182 channels of data were 

recorded during the impact event, 44 deformable barrier face displacements, forces from 44 

triaxial barrier face load cells (X, Y, and 2 axis), 5 moving barrier accelerations and barrier 

contact. The test was documented with seven high speed cameras. 

The parameters for this dynamic test into a stationary barrier were as follows: 

MDB Impact Angle: 60” 

MDB Wheel Crab Angle: 19” 

MDB Towing Velocity: 20.9 kph 



SECTION 3 

BARRIER INFORMATION 

The instrumented moving deformable barrier (MDB) is an extension of the FMVSS 214 

Dynamic Barrier used for crash testing. The barrier has been modified to include an array of 44 

triaxial load cells located behind the honeycomb front face. The barrier also includes 44 string 

potentiometers to measure the displacements of the front face of the honey comb structure. A 

report detailing the design of the moving deformable barrier has been submitted for this project. 

Previous to this test, the MDB was modified to meet the center of gravity requirements 

specified by FMVSS 214D. For completeness, the properties of the MDB, as well as the FMVSS 

214D requirements are listed in the following table: 

Moving Deformable Barrier 

Specification FMVSS 214D Requirements MDB 

CGx (mm) 1098 - 1148 1101.7 

CGY (mN -32.8 - 17.4 -1.8 

CGz (mm) 475 - 525 514.8 

Ix (kgm*) 482.6 - 533.4 537.6 

I IY (km*) I 2149.9 - 2376.2 I 3159.1 

Iz (kgm*) I 2443.4 - 2700.6 I 3518.4 

I Total Weight (kg) I 1356.5 - 1365.5 I 1358.9 
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LOAD CELL AND DISPLACEMENT MEASI JREMENT DESIGNATION AND 

CONFIGURAI’I ON 

Alummm Honeycomb 

/- Barr’er 7 Backing Phte 

Load Cell 

Alunlnun Honeycomb Barrier Mounted on Load Cell Backing Plate 

Load Cell and Displacement Measurement Designation 
1 1 1 

5 1 q13p7 

6 10 14 18 -H--t 7 11 15 19 

21 25 29 3337 

22 263034 38 

23 27 31 353s 

24 283236 40 

41 

42 

43 

44 

As viewed from front of barrier face 
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LOAD CELL AND DISPLACEMENT MEASIJREMENT DESIGNATION AND 

CONFIGURATION 

Load Cell1 
Manufacturer1 Key Transducers 
Modetr 6244-02 
Capacity1 FX 25000 Ibs 

Fy 25000 Ibs 
Fz 25000 Lbs 

t , l/4’ 

2,625 

t-5.75 -- 

hole thru 

\ 
‘\ - 

Illsplacement Potentiometer: 
Manufacturer! Unimeasure 
Modet: PB-20-100G 
Range: 20 inches 

- Backing Plate 

-Load Cell 
(Fx. Fv. Fz) 

/ Displacement 
Potentiometer 

Typical Load Gel\ 
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SECTION 1 

TESTNO. 1 DATA 

The load cell triaxial forces and dynamic displacements recorded during this test are 

presented in this section along with static barrier face crush measurements. 
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PHOTOGRAPHIC TARGE:T LOCATIONS 

All Targets 5' unless otherwlse noted 

All dlmenslons In mllllneters 

- 

500 

- 

500 

- 

1 - Stationary Barrier 

8 .. 
H Deformable Bawler 

3 Inch 

3 Inch targets 
on bumper J 

/ targets 
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PHOTOGRAPHIC COVERAGE 

Location 

Left Barrier Impact Low 

Left Barrier Impact High -1290 1 -940 1 1840 

Right Front Close-up 

Right Overall 

Top Wide 

Top Front Half 

Pit 

-- 

Coordinates 

4710 1 6730 1 790 

-700 1 9500 1 I 155 

-190 1 1360 1 5200 N/A 1 8 1 885 I 
710 1 1360 1 5050 N/A 1 13 1 1015 I 
920 1360 -3155 N/A 1 13 1 995 I 

Angle Lens Speed (fps) 
(mm> 

90” 1 25 1 1020 1 

90” 1 13 1 1005 1 

90” 1 35 1 1015 I 

90” 1 13 1 1010 I 
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APPENDIX A 

DATA AND STILL PHOTOGRAPHS 

TTD #l TESTING 

TEST NO. 1 

TEST DATE: FEBRUARY 27,1997 



TEST DATA 



Data Plot: 

Figure A-l - String Pot 29 

Figure A-2 - String Pot 32 

Figure A-3 - String Pot 34 

Figure A-4 - String Pot 35 

Figure A-5 - String Pot 36 

Figure A-6 - String Pot 37 

Figure A-7 - String Pot 38 

Figure A-8 - String Pot 39 

Figure A-9 - String Pot 40 

Figure A- 10 - String Pot 4 1 

Figure A-l 1 - String Pot 42 

Figure A-12 - String Pot 43 

Figure A-13 - String Pot 44 

Figure A- 14 - LC #4 FX 

Figure A-l 5 - LC #5 FX 

Figure A- 16 - LC #6 FX 

Figure A-l 7 - LC #8 FX 

Figure A- 18 - LC # 10 FX 

FigureA-19-LC#ll FX 

Figure A-20 - LC #22 FX 

Figure A-21 - LC #24 FX 

Figure A-22 - LC #25 FX 

Figure A-23 - LC #26 FX 

Figure A-24 - LC #30 FX 

Figure A-25 - LC #31 FX 

Figure A-26 - LC #32 FX 

Figure A-27 - LC #35 FX 

Figure A-28 - LC #36 FX 

Figure A-29 - LC #37 FX 

Figure A-30 - LC #38 FX 

Figure A-31 - LC #39 FX 

Page No. 

A-l 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-10 

A-11 

A-12 

A-13 

A-14 

A-15 

A-16 

A-17 

A-18 

A-19 

A-20 

A-2 1 

A-22 

A-23 

A-24 

A-25 

A-26 

A-27 

A-28 

A-29 

A-30 

A-3 1 



Data Plot: 

Figure A-32 - LC #40 FX 

Figure A-33 - LC #41 FX 

Figure A-34 - LC #42 FX 

Figure A-35 - LC #43 FX 

Figure A-36 - LC #44 FX 

Figure A-37 - LC #l FY 

Figure A-38 - LC #4 FY 

Figure A-39 - LC #6 FY 

Figure A-40 - LC #8 FY 

Figure A-41 - LC #12 FY 

Figure A-42 - LC #22 FY 

Figure A-43 - LC #28 FY* 

Figure A-44 - LC #32 FY 

Figure A-45 - LC #35 FY 

Figure A-46 - LC #36 FY 

Figure A-47 - LC #38 FY 

Figure A-48 - LC #40 FY 

Figure A-49 - LC #41 FY 

Figure A-50 - LC #42 FY 

Figure A-5 1 - LC #43 FY 

Figure A-52 - LC #44 FY 

Figure A-53 - LC #3 FZ 

Figure A-54 - LC #l 1 FZ 

Figure A-55 - LC #23 FZ 

Figure A-56 - LC #25 FZ 

Figure A-57 - LC #27 FZ 

Figure A-58 - LC #29 FZ 

Figure A-59 - LC #3 1 FZ 
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A-45 
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A-49 

A-50 

A-5 1 

A-52 

A-53 

A-54 

A-55 

A-56 

A-57 

A-58 

A-59 

* No valid data collected 



Data Plot 

Figure A-60 - LC #32 FZ 

Figure A-61 - LC #35 FZ 

Figure A-62 - LC #40 FZ 

Figure A-63 - LC #I41 FZ 

Figure A-64 - LC #43 FZ 

Figure A-65 - LC #44 FZ 

Figure A-66 - Cart CG X Acceleration vs. Time 

Figure A-67 - Cart CG X Velocity vs. Time 

Figure A-68 - Cart CG X Displacement vs. Time 

Figure A-69 - Cart CG Y Acceleration vs. Time 

Figure A-70 - Cart CG Y Velocity vs. Time 

Figure A-71 - Cart CG Y Displacement vs. Time 

Figure A-72 - Cart CG Z Acceleration vs. Time 

Figure A-73 - Cart CG Z Velocity vs. Time 

Figure A-74 - Cart CG Z Displacement vs. Time 

Figure A-75 - Cart Rear X Acceleration vs. Time 

Figure A-76 - Cart Rear X Velocity vs. Time 

Figure A-77 - Cart Rear X Displacement vs. Time 

Figure A-78 - Cart Rear Y Acceleration vs. Time 

Figure A-79 - Cart Rear Y Velocity vs. Time 

Figure A-80 - Cart Rear Y Displacement vs. Time 

Figure A-S 1 - String Pot Displacement - Row # 1 

Figure A-82 - X Axis Forces - Row #l 

Figure A-83 - Summed X Axis Forces - Row #l 

Figure A-84 - Y Axis Forces - Row #l 

Figure A-85 - Summed Y Axis Forces - Row #l 

Figure A-86 - String Pot Displacements - Row #2 

Figure A-87 - X Axis Forces - Row #2 

Figure A-88 - Summed X Axis Forces - Row #2 

Figure A-89 - Y Axis Forces - Row #2 
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Data Plot 

Figure A-90 - Summed Y Axis Forces - Row #2 

Figure A-91 - String Pot Displacements - Row #3 

Figure A-92 - X Axis Forces - Row #3 

Figure A-93 - Summed X Axis Forces - Row #3 

Figure A-94 - Y Axis Forces - Row #3 

Figure A-95 - Summed Y Axis Forces - Row #3 

Figure A-96 - String Pot Displacements - Row #4 

Figure A-97 - X Axis Forces - Row #4 

Figure A-98 - Summed X Axis Forces - Row #4 

Figure A-99 - Y Axis Forces - Row #4 

Figure A-100 - Summed Y Axis Forces - Row #4 

Figure A-101 - String Pot Displacements - Column #8 

Figure A-102 - X Axis Forces - Column #8 

Figure A-103 - Summed X Axis Forces - Column #8 

Figure A-104 - Y Axis Forces - Column #8 

Figure A-105 - Summed Y Axis Forces - Column #8 

Figure A-106 - String Pot Displacements - Column #9 

Figure A-107 - X Axis Forces - Column #9 

Figure A-108 - Summed X Axis Forces - Column #9 

Figure A- 109 - Y Axis Forces - Column #9 

Figure A-l 10 - Summed Y Axis Forces - Column #9 

Figure A- 111 - String Pot Displacements - Column #l 0 

Figure A- 112 - X Axis Forces - Column # 10 

Figure A- 113 - Summed X Axis Forces - Column # 10 

Figure A-l 14 - Y Axis Forces - Column #lO 

Figure A-l 15 - Summed Y Axis Forces - Column #lO 

Figure A-l 16 - String Pot Displacements - Column #Ill 

Figure A- 117 - X Axis Forces - Column # 11 

Figure A- 118 - Summed X Axis Forces - Column #l 1 
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Data Plot 

Figure A-l 19 - Y Axis Forces - Column #l 1 

Figure A- 120 - Summed Y Axis Forces - Column # 11 

Figure A-121 - Summed X Axis Forces - Rows 

Figure A-122 - Summed X Axis Forces - Columns 

Figure A- 123 - Total X Axis Forces 

Figure A- 124 - Summed Y Axis Forces - Rows 

Figure A-125 - Forve X Load Cell #3 1 vs. String Pot #3 1 

Figure A-126 - Force X Load Cell #32 vs. String Pot #:32 

Figure A-127 - Force X Load Cell #33 vs. String Pot #33 

Figure A-128 - Force X Load Cell #34 vs. String Pot #34 

Figure A-129 - Force X Load Cell #35 vs. String Pot #35 

Figure A-130 - Force X Load Cell #36 vs.String Pot #36 

Figure A-l 3 1 - Force X Load Cell #37 vs. String Pot #37 

Figure A-l 32 - Force X Load Cell #38 vs. String Pot #38 

Figure A- 133 - Force X Load Cell #39 vs. String Pot #39 

Figure A-l 34 - Force X Load Cell #40 vs. Siring Pot #40 

Figure A-135 - Force X Load Cell #41 vs. String Pot #41 

Figure A-l 36 - Force X Load Cell #42 vs. String Pot #42 

Figure A-l 37 - Force X Load Cell #43 vs. String Pot #43 

Figure A- 13 8 - Force X Load Cell #44 vs. String Pot #44 

Figure A-139 - Force X Load Cell #33 vs. String Pot #36 

Figure A-140 - Force X Load Cell #34 vs. String Pot #36 

Figure A-141 - Force X Load Cell #35 vs. String Pot #I36 

Figure A-142 - Force X Load Cell #37 vs. String Pot #40 

Figure A-143 - Force X Load Cell #38 vs. String Pot 640 

Figure A-144 - Force X Load Cell #39 vs. String Pot k40 

Figure A-145 - Force X Load Cell #4 1 vs. String Pot h44 

Figure A-146 - Force X Load Cell #42 vs. String Pot k44 

Figure A-147 - Force X Load Cell #43 vs. String Pot k44 
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DATA NOT INCLUDED IN REPORT 

String Potentiometers With a Value Less Than 2 mm 

Data Plot Negative Peak Displacement (mm) Positive Peak Displacement (mm) 

String Pot 1 -.136 .43 

String Pot 2 -.165 .66 
I 
I String Pot 3 I .72 

String Pot 4 -.99 1.56 
I I 

I String Pot 5 I 

String Pot 6 -1.10 1.37 

String Pot 7 -.22 .39 

Sting Pot 8 -.39 .42 

String Pot 9 -.60 .86 

String Pot 10 -.24 .54 

String Pot 11 -.13 .85 

String Pot 12 .03 .23 

1 String Pot 13 1 .82 

String Pot 14 -.47 .78 
I I 

1 StringPot 15 1 

String Pot 16 1 -.34 .68 
I I 

1 String Pot 17 1 

I String Pot 18 I 1.02 

String Pot 19 -.12 .51 
I I I 

I String Pot 20 I 

String Pot 21 -.23 .45 

String Pot 22 -.15 .65 

String Pot 23 I 

String Pot 24 I -.64 I 1.53 



DATA NOT INCLUDED IN REPORT 

Data Plot Negative Peak Displacement (mm) Positive Peak Displacement (mm) 
I I 

1 String Pot 25 1 

1 String Pot 26 1 

1 String Pot 27 I 

1 String Pot 28 I 

I String Pot 30 I 

I String Pot 31 I -.28 I 1.48 I 

I String Pot 33 I -.22 

Load Cells With A Force Value Less Than 667.2 Newtons (150 Ibs.) 

Data Plot Maximum Negative Value (N) Maximum Positive Value (N) 

I LC #l FX I -241 

LC #2 FX -189 155 

LC #3 FX -278 144 

LC #7 FX I -379 95 

LC #9 FX -563 361 

LC #12 FX -567 212 

LC #13 FX I 
~ LC#14FX 1 217 

1 LC#15FX 1 

I LC #16 FX I -487 

LC #17 FX I 

LC #18 FX I 

LC #19 FX I -124 

LC #20 FX -355 128 

LC#21 FX -215 160 

LC #23 FX I 

I LC #27 FX 1 -85 I 167 I 



DATA NOT INCLUDED IN REPORT 

Data Plot I Maximum Negative Value (N) I Maximum Positive Value (N) I 

LC #28 FX I ‘147 

LC #29 FX I -123 

LC #33 FX I 

LC #34 FX -634 478 

LC #2 FY -165 172 

LC #3 FY -99 112 

LC #5 FY -662 244 

LC #7 FY -196 198 

LC #9 FY I 132 1 
LC #lO FY I -63 1 I 489 

LC#ll FY I 224 

LC #13 FY I -463 372 

LC #14 FY I -356 

LC #15 FY I 235 

LC #16 FY -395 178 

LC #17 FY -219 220 

LC #18 FY -173 160 
I 

~ LC #19 FY I 191 1 
~ LC #20 FY I -158 I 196 I 

LC #21 FY I 221 

LC #23 FY -161 377 

LC #24 FY -547 278 

LC #25 FY -157 233 

LC #26 FY -119 79 

LC #27 FY -292 246 

LC #29 FY -150 95 



DATA NOT INCLUDED IN REPORT 

Data Plot Maximum Negative Value (N) 

LC #30 FY -1097 

Maximum Positive Value (N) 

959 

LC #31 FY I -1302 327 

LC #33 FY I 

LC #34 FY I 

LC #37 FY I 
LC #39 FY I 
LC #l FZ -128 144 

LC #2 FZ -112 124 

LC #4 FZ -291 291 

LC #5 FZ -384 510 

LC #6 FZ -474 504 

LC #7 FZ -554 394 

LC #8 FZ -167 228 
I I 

LC #9 FZ I -522 431 

LC#lOFZ I 

LC #12 FZ -172 222 

LC #13 FZ -326 165 

LC #14 FZ -399 213 

206 LC #15 FZ I 

LC#16FZ I 

LC#17FZ I 

LC #18 FZ I 

LC #19 FZ I 

LC #20 FZ I -392 

LC #21 FZ I 



DATA NOT INCLUDED IN REPORT 

1 Data Plot 1 Maximum Negative Value (N) 1 Maximum Positive Value (N) 1 

I LC #22 FZ I 

I LC #24 FZ I 

I LC#~~FZ I -123 

I LC#~~FZ I -283 

LC #30 FZ -193 299 

LC #33 FZ -445 629 

LC #34 FZ -69 211 

1 LC#37FZ 1 129 

I LC#~~FZ I 
I LC #39 FZ I 

1 LC#42FZ I 
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