Qualification Procedures for the
Q3s Three-Year-Old Child Side Impact Dummy

SEPTEMBER 2018

Task Performed under Contract to:
Vehicle Research and Test Center
National Highway Traffic Safety Administration



Table of Contents

1. Q3SHEAD QUALIFICATION PROCEDURES ........ccccootiitiiiiiieieesie e 1
1.1, Required INStrUMENTAtION........ccuiiiee et nreeeeanes 1
1.2.  General Head Pre-Test Preparation..........ccceieeieeieneeneeie et siee e s 1
1.3. Q3s FRONTAL HEAD QUALIFICATION TESTS.....ccccoiiieieieenene e 4

1.3.1. Frontal Head Pre-Test Preparation............cccccvevueiieeiieiieseesiesieseesiesee e e eaesnee e 4
1.3.2.  Frontal Head TeSt PrOCEAUIES .........coiiiiiiieiieeie et 6
1.4. Q3S LATERAL HEAD QUALIFICATION PROCEDURES .........cccccvviiiininieiein, 7
1.4.1. Lateral Head Pre-Test Preparation..........ccceoveveieeiieiiesee e seseesie e see e 7
1.4.2. Lateral Head TeSt PrOCEAUIES .......ceoiiiiiiieieeie ettt 9

2. Q3S NECK QUALIFICATION PROCEDURES ........ccccitiiiieieienie e 10

2.1. Q3S NECK FORE-AFT FLEXION QUALIFICATION PROCEDURES. ................... 10
2.1.1.  Required INStrUMENTAtION........c.cciverieiieiiere e ese et e e e e e enes 10
2.1.2.  Pre-TeSt PreParation.........cccccieueieenienie e seesiee ettt nbe e sre e enes 10
2.1.3.  TESE PIOCEAUIES .....ccuiiieieieite ettt b bbbt 16

2.2. Q3S NECK LATERAL FLEXION QUALIFICATION PROCEDURES - LEFT SIDE

17
2.2.1.  Required INStrUMENTAtION........c.cciverieiieieere e e e neenes 17
2.2.2.  Pre-TesSt PreParation.........cccccuoueieeiieeiesienie e siee ettt nbe e sreeneeenes 17
2.2.3. TESE PIOCEUUIES ... .eetiitieiteeie ettt sttt ettt b et nte st e beebe st nbeeneeenes 22

2.3. Q3S NECK LATERAL FLEXION QUALIFICATION PROCEDURES - RIGHT
SIDE 24

2.3.1.  Required INStrUMENtAtiON..........cccveiieiieiiee e esie et e e e e enes 24
2.3.2.  Pre-TeSt Preparation.........cccccvcieieerieiieseese e seesiesaesiaeseeseesreesaesnsessaessesnsessaessennes 24
2.3.3. TESE PIOCEUUIES ... .eeuiiiiieiteeieeiee sttt sttt sttt b ettt ne e beebeeneenreeneeenes 29

2.4, Q3S NECK TORSION QUALIFICATION PROCEDURES ..........ccoocviiiiiiinieieiens 31
2.4.1.  Required INStrUMENTALION........c.cciveiieiieseere e sre e enes 31
2.4.2.  Pre-TeSt PreParation.........cccocioueieerieiie e siee ettt nbe e sre e enes 31
2.4.3.  Opposite Side Test Preparation..........cccccereeieiieereeiiesieesesieeseesie e seesse e saesseenes 36
244, TESE PIOCEAUIES .....cciiieieieite ettt bbbttt e e 36

3. Q3S SHOULDER QUALIFICATION TESTS ..ot 39
3.1.  Required INStrUMENTALION ..........couiiieieeie et ae e e eeenes 39



3.2, Optional INStrUMENTALION..........ecveiieieeieceere et e e e eeenes 39

3.3, Pre-TeSt PreParatiOon ........c.cccueiieieiieieeie et sttt sttt sne e b be s sre e enes 39
I =TS A o o Tox=To U] £SO PRTPRT 53
Q3S THORAX WITH ARM QUALIFICATION TESTS ..ot 54
4.1. Required INStrUMENTALION ..........oiiiiiiie ettt 54
4.2, Optional INSTrUMENTALION. ......cceiiieie e 54
4.3, Pre-TeSt Preparation.........cccceiieiiieieiiieieeie e seeste s e teesee e sasenae e e steesaesseestaeneessaenseenes 54
O TSt o (0T ot=To (U PSPPI 68
Q3S THORAX WITHOUT ARM QUALIFICATION TESTS ....ooiiieieiecieseeeseeeeee e 69
5.1.  Required INStrUMENTALION ..........ccueiieieeiesierie et e e eeenes 69
5.2, Optional INStrUMENtAtION. .........couiiieieeieiie e 69
5.3, Pre-TesSt PreParatiOon ..........cccueiieieiieiieeiiesiesiee sttt st et sre e b sbesneesreeeeenes 69
5.4, TESE PIOCRAUIE......uiitiitieieie ettt bbbttt bbbt b e bbbt et e n e 81
Q3S PELVIS QUALIFICATION TESTS ....ciiieiese sttt 82
6.1.  Required INStrUMENTALION .........cooviiiiiieiesie e 82
6.2.  Optional INStrUMENTALION...........coveiieieeie e sreeeeenes 82
6.3, Pre-TeSt PreParation ........c.cocueiiiieiieiieeie ettt st sttt ne e sre e enes 82
I S =TS A o o Tor=To U] £ PR PRR 94
Q3S LUMBAR SPINE QUALIFICATION PROCEDURES........cccooiiiiiiiiinieeie e 95
7.1. Q3S LUMBAR SPINE FLEXION QUALIFICATION PROCEDURES...........c......... 95
7.1.1.  Required INStrUMENTALION. .........ciiiiiiiieiieie e e 95
7.1.2.  Pre-TeSt PreParation.........cccccveiueiueriesieseesieeiesieesieeaesaeseesseesreesaesseessaessssssessaessennes 95
7013, TESE PIOCRAUIES .....ccuiiiiiieteste ettt bbbt 101
7.2. Q3S LUMBAR SPINE LATERAL FLEXION QUALIFICATION PROCEDURES 103
7.2.1.  Required INStrUMENTAtION. .........cciveiieieiieseee e nreas 103
7.2.2.  Pre-Test Preparation.........cccccvcoeiiieieeiiesieeseesieseeseeste e s aeste e sraessesnsesseessesneessens 103
7.2.3. TESE PIOCEUUIES ......ceitieiieitieiteeie sttt sttt sttt se e b et e s e sbe et st e sbeenbeeneenreas 109



List of Figures

Figure 1. Half mass upper neck load cell simulator (left) installed for head qualification test

(AT |1 PSSP SOPRUPRPRS 1
Figure 2. Install accelerometers to mounting BIOCK.............ccviveiiiiiiieeie e 2
Figure 3. Accelerometers installed t0 DraCket............cocooiiiiiiieiiiii e 2
Figure 4. Install head accelerometer bracket into head...........ccccoooviiveieiiesi e, 3
Figure 5. Cable harness setup for suspending head ..o 3
Figure 6. Harness routing for frontal head drop impact..........cccccoeeeiiveieiienie e 4
Figure 7. Initial suspension of the head using approximate drop height ...........ccccooeiiiiiiinnnn, 4
Figure 8. Ensure that the head is level in the lateral direCtion...........cccccoeveveevv v, 5
Figure 9. Adjust head angle for frontal head qualification test...........ccccoveriiiiniininie e, 5
Figure 10. Harness routing for lateral head drop impact ...........cccooeviveieiiene e 7
Figure 11. Approximate drop height for lateral head Impact.............ccooeiveiiiiiiiinie e, 7
Figure 12. Ensure that the head is horizontal fore-aft.............ccocoviiiiieiiie i, 8
Figure 13. Adjust head angle for lateral head qualification test .............cccoceveiiiiiiiiniciiccee, 8
Figure 14. Interface plate for test pendulum ...........cccoooiiieiicie e 10
Figure 15. Install pendulum interface plate and pendulum accelerometer ...........cccccoeeveveneennene 11
Figure 16. Install ARS mount to front of headform...........cccooevveiii e, 11
Figure 17. ARS installed to measure rotational velocity about Y axiS.........cccoceviiiiiinieninnnnnn, 12
Figure 18. Mount 6 axis upper neck load cell to headform ............cccccoviveviviieici e, 12
Figure 19. Positioning the neck interface plate prior to mounting neck to pendulum................. 13
Figure 20. Mount neck to pendulum for fore-aft flexion tests...........cccocverviieniiere s, 13
Figure 21. Install headform and upper neck load cell t0 NECK..........ccovveieiiiiiiiie e, 14
Figure 22. Install ARS t0 PENAUIUM .......ooiiiie e 14
Figure 23. Tape and strain-relieve inStrumentation Wiring.........ccocceeeeveerenieneene e 15
Figure 24. Install hexcell to PendUlUM ...........covviiiii e 15
Figure 25. Interface plate for test pendulum ..o 17
Figure 26. Install pendulum interface plate and pendulum accelerometer ...........c.cccceovevvvrvennenn, 18
Figure 27. Install ARS mount to front of headform...........cccoeiiiiii e, 18
Figure 28. ARS installed to measure rotational velocity about the headform Y axis.................. 19
Figure 29. Mount 6 axis upper neck load cell to headform for left lateral neck tests.................. 19
Figure 30. Positioning the neck interface plate prior to mounting neck to pendulum................. 20
Figure 31. Attach headform to upper neck load cell for left lateral flexion tests...........cc......... 20
Figure 32. Install ARS t0 PENAUIUM .......ooiiie e 21
Figure 33. Tape and strain-relieve instrumentation Wiring.........ccoccoeveveerenieniene e 21
Figure 34. Install hexcell to PendUlUM ...........coviiiiii e 22
Figure 35. Interface plate for test pendulum ...........cccooiiiiiiiin e 24
Figure 36. Install pendulum interface plate and pendulum accelerometer ...........c.cccceovevveriennenn, 25
Figure 37. Install ARS mount to front of headform...........cccoeiiiiii e, 25
Figure 38. ARS installed to measure rotational velocity about the headform Y axis.................. 26
Figure 39. Mount 6 axis upper neck load cell to headform for right lateral neck tests................ 26
Figure 40. Positioning the neck interface plate prior to mounting neck to pendulum................. 27
Figure 41. Attach headform to upper neck load cell for right lateral flexion tests...................... 27
Figure 42. Install ARS t0 PENAUIUM ......oiiiiiecece e 28
Figure 43. Tape and strain-relieve inStrumentation Wiring.........ccooceeoeveereninneene e 28


file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112722
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112722
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112723
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112724
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112725
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112726
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112727
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112728
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112729
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112730
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112731
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112732
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112733
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112734
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112735
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112736
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112737
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112738
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112739
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112740
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112741
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112742
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112743
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112744
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112745
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112746
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112747
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112748
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112749
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112750
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112751
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112752
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112753
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112754
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112755
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112756
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112757
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112758
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112759
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112760
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112761
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112762
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112763
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112764

Figure 44. Install hexcell to PendUlUM .........c.ooviiiiii e 29
Figure 45. Assemble neck adapter plate assembly to lower neck...........ccccooeieiiiiiineienen, 31
Figure 46. Assemble upper neck load cell to twist fixture end plate........ccccoevvevviieiiveieiienenn, 32
Figure 47. Assemble neck to upper neck 10ad Cell ..........coooiiiiiiiii i, 32
Figure 48. Torsion fixture (without neck) installed on pendulum...........cccccovvveiiiiiiiccc e, 33
Figure 49. Neck torsion fixture details (neck not installed)...........cccooeiieiineniiie e, 33
Figure 50. Placement for torsion pendulum Weight...........cccooeiiei i 34
Figure 51. Align pins in torsion fixture end plate and neck adapter plate assembly into torsion

LD (TS STTTUTTPP TR PRPRPRRPRPTN 34
Figure 52. Bolt end plate (upper neck end) to torsion fIXtUre..........cccoveeierenieic s, 35
Figure 53. Torsion fixture with neck fully installed (zero pins in place) .......ccccocovvveviveieiienenn, 35
Figure 54. Torsion test setups for chin left and chin right side tests .........cccooeiiiiiii i, 36
Figure 55. Uninstall zero pins Prior t0 teSt .........cccveiviiierieeie e 37
Figure 56. Final configuration for neck torsion test ..........cccveiiiiiiin i 37
Figure 57. Laser line device Set ON trPOM.........coiveiiiieiece e 39
Figure 58. Align laser with probe centerline and pendulum path reference line on support surface
....................................................................................................................................................... 40
Figure 59. Grounding the dUMMY ........cooiiiiiiee e 40
Figure 60. Determine the shoulder impact POINt .........c.ccoveveiieiieii e 41
Figure 61. Qualification bench seat specifications for Q3s qualification tests............cccccceuenen. 42
Figure 62. Q3s positioning deViCe fOr Q3S ......cciiveiiiieieeiesie e 43
Figure 63. Proper umbilical placement and jacket ClOSUIe ...........cccooeiieeienenie e, 43
Figure 64. Ensure that jacket is not tucked into pelvis/femur interface............cccocvvevviveieiienenn, 44
Figure 65. Insert pins into Q3S POSItIONING TEVICE ........covvieiiiieiieieeee e e 44
Figure 66. Position DOItS INt0 the KNEE .......c.ccuviiiie e 45
Figure 67. Pull feet apart while tightening bolt on positioning tool ..., 45
Figure 68. Knees just touching the inner spacing bar on the positioning device..........c...cc.coe...... 46
Figure 69. Squaring the dummy to the seat using the Q3s positioning tool .............cccccevereennenn. 46
Figure 70. Setting the arm medially for shoulder testS..........cccvvveiiiiiiieie e, 47
Figure 71. Setting the arm parallel to sagittal plane for shoulder tests..........cccoceviiiiiiiieninnnnn, 47
Figure 72. Using arm reference line to ensure that arm is parallel to seat back..............c.c.......... 48
Figure 73. Checking that the DeNCh IS SQUAIE .........ccuiiiiiieeeee e 49
Figure 74. Use laser to align dummy laterally..........ccooeiieieiiiieecs e 50
Figure 75. Pointer inserted into center 0f Probe ... 51
Figure 76. Align probe with shoulder impact POINt..........cccceieiieiiiic e, 51
Figure 77. Final setup for shoulder qualification teSt..........cccooviiiiiiiiiieiee e, 52
Figure 78. Laser line device Set ON trPOQ.........ccvveiieiieiiee e 54
Figure 79. Align laser with probe centerline and pendulum path reference line on support surface
....................................................................................................................................................... 55
Figure 80. Grounding the dUMMY ........oooiiiiiiiiee e 55
Figure 81. Draw a reference line on the UPPer arm .........ccceeieiieiesie e 56
Figure 82. Qualification bench seat specifications for Q3s qualification tests............ccccccceuenen. 57
Figure 83. Q3s positioning deViCe fOr Q3S ......cciiiieiiiieiieie e 58
Figure 84. Proper umbilical placement and jacket ClOSUIe ...........cccooiieeiininniei e, 58
Figure 85. Ensure that jacket is not tucked into pelvis/femur interface............ccccvveevveiciienenn, 59
Figure 86. Insert pins into Q3S POSItIONING TEVICE .......covieiiiiiiieieeee e e 59


file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112765
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112766
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112767
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112768
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112769
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112770
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112771
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112772
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112772
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112773
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112774
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112775
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112776
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112777
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112778
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112779
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112779
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112780
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112781
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112782
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112783
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112784
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112785
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112786
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112787
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112788
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112789
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112790
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112791
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112792
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112793
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112794
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112795
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112796
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112797
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112798
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112799
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112800
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112800
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112801
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112802
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112803
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112804
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112805
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112806
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112807

Figure 87.
Figure 88.
Figure 89.
Figure 90.
Figure 91.
Figure 92.
Figure 93.
Figure 94.
Figure 95.
Figure 96.
Figure 97.
Figure 96.
Figure 97.
Figure 98.
Figure 99.
Figure 100
Figure 101

Figure 102.
Figure 103.
Figure 104.
Figure 105.
Figure 106.
Figure 107.
Figure 108.
Figure 109.
Figure 110.
Figure 111.
Figure 112.
Figure 113.
Figure 114.
Figure 115.
Figure 116.
Figure 117.

surface

Figure 118.
Figure 119.
Figure 120.
Figure 121.
Figure 122.
Figure 123.
Figure 124.
Figure 125.
Figure 126.
Figure 127.
Figure 128.

POSition DOIES INTO the KNEE ......o.viiiiiiee s 60
Pull feet apart while tightening bolt on positioning tool .............cccccvviiiniiiiiene 60
Knees just touching the inner spacing bar on the positioning device...........c...cccue.... 61
Squaring the dummy to the seat using the Q3s positioning tool ..............cccceevevnenee. 61
Positioning probe to impact point 0N thOraX ...........cccevveieeiieese s 62
Pointer inserted into center Of Probe .........cco e 62
Align pointer between IRTRACC DOIS .....ocvviieiiee e 63
Checking that the bench is aligned..........cccooveiiiiiini e 63
Setting the arm medially for thorax with arm testS ...........ccecvevevieviiere s, 64
Setting the arm parallel to sagittal plane for thorax with armtests.............ccccccvevnenne. 64
Setting arm to CONtACE POSITION .......ecveivieieeie et neeenes 65
Use laser to align dummy laterally...........cocooiiiiiiiii s 66
Final setup for Q3s thorax with arm qualification test..........cccccevviieviieveiiececen 67
Laser line device Set ON trIPOU. ........coiiiiiiieieie e 69
Align laser with probe centerline and pendulum path reference line on support surface
...................................................................................................................................... 70
. Grounding the QUMMY .......coiiiiccce e sre e nres 70
. Qualification bench seat specifications for Q3s qualification tests............c..cccoeeuen. 71
Remove the arm and tape the sleeve on the impact Side..........cccccevvvevieeiiiccii e, 72
Q35 positioning deVice TOr Q3S ......coiiiiriieierie e e 72
Proper umbilical placement and jacket closure (shown prior to arm removal)........ 73
Ensure that jacket is not tucked into pelvis/femur interface...........ccccccevvninnininnnn, 73
Insert pins iNto Q3 POSILIONING UEVICE .....eevvveieiieieee e 74
POSItIoN DOILS INTO the KNEE........coeiiieiiee s 74
Pull feet apart while tightening bolt on positioning tool .............cccccevveiiiieiicenen, 75
Knees just touching the inner spacing bar on the positioning device........................ 75
Squaring the dummy to the seat using the Q3s positioning tool ..............cccceevenenen. 76
Pointer inserted into center Of Probe ..o 77
Align pointer between IRTRACC DOIS .....ccvevviiiiieir e 77
Checking that the DENCN IS SQUAIE .........ooiiiiiieiee e 78
Adjusting the dummy laterally ..........ccoooeiiveieiiic e 79
Final setup for thorax without arm qualification test ...........cccoverviiiininnienie e, 80
Laser line device Set ON trPOU...........civeieiieiiec e 82
Align laser with probe centerline and pendulum path reference line on support
...................................................................................................................................... 83
Grounding the dUMIMY .......c.ooiiiii e 83
Qualification bench seat specifications for Q3s qualification tests.............cccceeu..... 84
Q35 positioning deVice TOr Q3S ......coiiiiriieierie e e 85
Proper umbilical placement and jacket ClOSUIE ...........cccvevveiervene e 85
Ensure that jacket is not tucked into pelvis/femur interface...........cccocovenieniininnnn, 86
Insert pins iNto Q3 POSILIONING UEVICE .....eevvveieiieieee e 86
POSItIoN DOILS INTO the KNEE........coeiiiiiee s 87
Tape the impact side arm to the head for pelvis tests.........c.cccvvvevevieiievn e 87
Pull feet apart while tightening bolt on positioning tool .............cccoceviniiiiniinnen, 88
Knees just touching the inner spacing bar on the positioning device........................ 88
Squaring the dummy to the seat using the Q3s positioning tool ...............ccccceveenneee. 89

Vi


file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112808
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112809
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112810
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112811
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112812
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112813
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112814
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112815
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112816
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112817
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112818
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112819
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112820
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112821
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112822
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112822
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112823
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112824
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112825
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112826
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112827
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112828
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112829
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112830
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112831
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112832
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112833
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112834
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112835
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112836
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112837
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112838
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112839
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112840
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112840
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112841
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112842
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112843
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112844
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112845
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112846
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112847
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112848
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112849
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112850
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112851

Figure 129. Setting approximate pelvis impact POSITION .........cccccveiveiieieere s 90
Figure 130. Pointer inserted into center Of Probe ..., 90
Figure 131. Positioning probe for pelvis impact using POINLEr..........cccvvevviiiereere e, 91
Figure 132. Checking that the Bench IS SQUAre ...........ccooiiiiiiiic e 91
Figure 133. Adjusting the dummy laterally ...........ccoviiiiieiiie e 92
Figure 134. Final setup for Q3s pelvis Qualification teSt ...........cceviiiiieereie e, 93
Figure 135. Interface plate for test pendulUM ..........cooiiieii i 95
Figure 136. Install pendulum interface plate and pendulum accelerometer ............cccccceoereenenn. 96
Figure 137. Install ARS t0 PENAUIUM .......coooiiiieees e 96
Figure 138. Install ARS to mount then to front of headform...........ccccoooeiininiiii e, 97
Figure 139. ARS installed to headform for lumbar flexion tests..........cccoovvvvvviiiniic i, 97
Figure 140. LUMDAr INTEITACE .......oiviiiiiie e 98
Figure 141. Aligning the lumbar interface to the headform ..........ccccccovveveiieic i, 98
Figure 142. Install lumbar interface to headform ..., 99
Figure 143. Installing lumbar load cell to lumbar Spine.........c.cccvevviiiiiece e, 99
Figure 144. Mount lumbar load cell to pendulum ... 100
Figure 145. Installing headform to lumbar Spine..........ccccovviii i 100
Figure 146. Final setup for the Q3s lumbar spine flexion qualification test.............cc.cccoevenenne. 101
Figure 147. Interface plate for test pendulUM..........ccoooviiiiiiie e 103
Figure 148. Install pendulum interface plate and pendulum accelerometer .............ccccceevennne. 104
Figure 149. Install ARS t0 PENAUIUM .......coviieiececeee e 104
Figure 150. Install ARS to mount then to front of headform...........cccooe i 105
Figure 151. ARS installed to headform for lumbar lateral tests ..........ccccovvveveeieiieie s 105
Figure 152, LUmMbAr INTEITACE .......oouiiiiiiie et 106
Figure 153. Aligning the lumbar interface to the headform ..........cccccveviiieic i 106
Figure 154. Install lumbar interface to headform ... 107
Figure 155. Installing lumbar load cell to lumbar Spine.........c.cccevveieiie i 107
Figure 156. Mount lumbar load cell to pendulum ... 108
Figure 157. Mount headform to the lumbar SPIiNe ..........ccccoveie e 108
Figure 158. Final setup for the Q3s lumbar spine lateral qualification test............ccccocevvenenne. 109
List of Tables
Table 1. Q3s Fore-Aft Neck Flexion Pulse Parameters.........ccccovvveveeiieeiiciie e see e 16
Table 2. Q3s Neck Lateral Flexion Pulse Parameters..........ccoovevviiieiieeiic s 23
Table 3. Q3s Neck Lateral Flexion Pulse Parameters..........ccoveiveeiieeiieeiiee e sie e 30
Table 4. Q3s TOrsion PUlSE Parameters .........ccveiiiiiii et 38
Table 5. Q3s Lumbar Spine Flexion Pulse Parameters............ccocevveierieerisiesieese e seese e 102
Table 6. Q3s Lumbar Spine Lateral Pulse Parameters ...........ccooeieiienieniiie e 110

vii


file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112852
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112853
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112854
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112855
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112856
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112857
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112858
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112859
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112860
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112861
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112862
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112863
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112864
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112865
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112866
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112867
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112868
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112869
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112870
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112871
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112872
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112873
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112874
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112875
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112876
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112877
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112878
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112879
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112880
file://vrtcsanwfsb/NVS311/PROJECT/Q3s/Q3s%20Cert%20Procedures/Q3s%20Qualification%20Procedures%205_16_2016.docx#_Toc464112881

NOTE: All qualification procedures in this manual are illustrated for left side qualifications.
Right side qualification tests mirror images of those presented and follow the same procedures
unless otherwise noted (for example, lateral neck flexion). For information on reversing the
assembly of the dummy to impact the right side, see the “Procedures for Assembly, Disassembly,
and Inspection (PADI) of the Q3s Child Side Impact Crash Test Dummy” (PADI) document.

1. Q3S HEAD QUALIFICATION PROCEDURES

1.1. Required Instrumentation
e Head X accelerometer
e Head Y accelerometer
e Head Z accelerometer

1.2. General Head Pre-Test Preparation

e Soak the head assembly in a controlled environment at a temperature between 69 - 72°F
(20.5 - 22.2°C) and relative humidity of 10 - 70% for at least four hours prior to a test.

o Install the half mass (0.075 kg) simulated upper neck load cell using four (4) M5 x 12
FHCS (Figure 1).

Figure 1. Half mass upper neck load cell simulator (left) installed for head qualification test (right)



e Attach the 3 accelerometers to the accelerometer mounting block using two (2) M1.4 x 3
SHCS for each accelerometer (Figure 2). Ensure that all axes are oriented properly. Note
that the Z axis accelerometer is installed upside down.

Figure 2. Install accelerometers to mounting block

e Attach the accelerometer block to the accelerometer bracket (Figure 3) using two (2)
M2.5 x 0.45 x 16 SHCS. Ensure that all axes are oriented properly with respect to the
bracket.

Figure 3. Accelerometers installed to bracket



o Install the accelerometer bracket, assuring that the guide pin is placed properly into the
head (Figure 4). Tighten the two M3 x 10 SHCS and one M3 x 40 SHCS that hold the
bracket to the head.

e Feed the head accelerometer wiring out the recessed area in the head and replace the
skullcap, taking care not to damage accelerometer wiring protruding from the head.
Tighten the skull cap using four (4) M5 x 12 BHCS.

Figure 4. Install head accelerometer bracket into head

e Clean the head skin with isopropyl alcohol and allow it to dry thoroughly.
e Suspend the cable harness system for holding the head during testing (Figure 5).

Figure 5. Cable harness setup for suspending head
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1.3. Q3s FRONTAL HEAD QUALIFICATION TESTS

1.3.1. Frontal Head Pre-Test Preparation

e Suspend the head in the harness with forehead down (Figure 6). Be careful that the
harness cable is not in the impact region of the head.

e Adjust the height so that the closest point on the forehead is approximately 376 mm from
the impact surface (Figure 7).

Approximate

drop height I

Figure 7. Initial suspension of the head
using approximate drop height

Figure 6. Harness routing for frontal
head drop impact



o Level the head laterally (Figure 8). Placement of a bubble level along the edge of the
upper neck load cell simulator may aid in this process. Paper can be wedged underneath
the bubble level to ensure contact with the straight edge of the upper neck load cell

simulator.

|

Figure 8. Ensure that the head is level in the lateral direction

e Adjust the head angle so that the upper neck load cell simulator is 28 + 2° forward from
the vertical (Figure 9). Ensure that the head remains horizontal laterally (Figure 8).

Figure 9. Adjust head angle for frontal

head qualification test
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Adjust the head assembly so that it is 376 + 1 mm (14.80 £ 0.04”) from the impact
surface to the lowest point on the head (Figure 7).

Ensure that the head angles in previous steps are still maintained.

Be sure to remove the bubble level and paper wedge prior to test.

Clean the impact surface with isopropyl alcohol and allow the surface to dry.

1.3.2. Frontal Head Test Procedures

Configure the frontal head qualification test as described in the pre-test preparation
above.
Release the head assembly so that it falls freely to the impact surface at the proper
temperature and humidity specifications.
The data acquisition system conforms to SAE Recommended Practice J211 (July, 2007).
The head accelerations are collected and filtered using a Channel Class 1000 phaseless
filter.
Time zero is defined as the time of contact between the head and the impact surface. All
channels are at a zero level at this point.
Calculate the resultant head acceleration using the formula:
dres = [(aX)2 + (ay )2 + (az )2]1/2

The peak head resultant acceleration shall lie within the proper specifications:

0 Peak head resultant acceleration: 255 — 300 G

0 Y component acceleration (Ay): <+15G
Wait at least 2 hours between consecutive head qualification tests on the same side of the
head



1.4. Q3S LATERAL HEAD QUALIFICATION PROCEDURES

1.4.1. Lateral Head Pre-Test Preparation

e Suspend the head in the harness with the left side of the head towards the impact surface.
Be careful that the harness cable is not in the impact region of the head (Figure 10).

e Adjust the height so that the closest point on the impact side of the head is approximately
200 mm from the impact surface (Figure 11).

Approximate
drop height

Figure 10. Harness routing for lateral head Figure 11. Approximate drop height
drop impact for lateral head impact



e Ensure that the head is horizontal fore-aft (Figure 12). Placement of a bubble level along
the edge of the upper neck load cell simulator may aid in this process.

Bubble
Level

Figure 12. Ensure that the head is horizontal fore-aft

e Adjust the head angle so that the upper neck load cell simulator is 35 £ 2° forward from
the vertical (Figure 13). Ensure that the head remains horizontal in the fore-aft direction
(Figure 12).

|

Figure 13. Adjust head angle for lateral head
gualification test
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Raise the head assembly so that it is 200 + 1 mm (7.87 + 0.04”) from the impact point to
the lowest point on the head (Figure 11).

Ensure that the head angles in previous steps are still maintained.

Be sure to remove the bubble level prior to test.

Clean the impact surface with isopropyl alcohol and allow the surface to dry.

1.4.2. Lateral Head Test Procedures

Configure the frontal head qualification test as described in the pre-test preparation
above.
Release the head assembly so that it falls freely to the impact surface at the proper
temperature and humidity specifications.
The data acquisition system conforms to SAE Recommended Practice J211 (July 2007).
The head accelerations are collected and filtered using a Channel Class 1000 phaseless
filter.
Time zero is defined as the time of contact between the head and the impact surface. All
channels are at a zero level at this point.
Calculate the resultant head acceleration using the formula:
dres = [(aX)2 + (ay )2 + (az )2]1/2

The peak head resultant acceleration and peak X component acceleration shall lie within
the proper specifications:

0 Peak head resultant acceleration: 114 — 140 G

o0 X component acceleration (Ax): <+£15G
Wait at least 2 hours between consecutive head qualification tests on the same side of the
head.



2. Q3S NECK QUALIFICATION PROCEDURES
2.1. Q3S NECK FORE-AFT FLEXION QUALIFICATION

PROCEDURES

2.1.1. Required Instrumentation

Speed trap

Pendulum accelerometer
Six-axis upper neck load cell
Two angular rate sensors (ARS)

2.1.2. Pre-Test Preparation

Soak the neck assembly in a controlled environment at 69 - 72°F (20.5 - 22.2°C) and
relative humidity of 10 - 70% for at least four hours prior to a test.

Inspect the neck for deformation, tears or breaks in the rubber. Replace the neck if
deformation or damage is observed.

Install the interface plate to the bottom of the pendulum using four (4) M6 x 15 SHCS
(Figure 14 and Figure 15).

Install accelerometer to the pendulum (Figure 15).

Figure 14. Interface plate for test pendulum
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Figure 15. Install pendulum interface plate and pendulum accelerometer

¢ Install the Angular Rate Sensor (ARS) to the ARS mount then install the mount to the
front of the headform?so that it measures rotational velocity about the (headform) Y axis?
(Figure 16 and Figure 17).

Figure 16. Install ARS mount to front of headform

! Drawing #020-9050.
2 Axis reflects J211 (July 2007) convention.
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Figure 17. ARS installed to measure rotational
velocity about Y axis

e Mount the 6 axis upper neck load cell to the headform using four M5 x 12 FHCS. For
flexion tests, use the rear set of bolt holes for the load cell. Wiring should protrude out
the back of the headform (Figure 18).

Figure 18. Mount 6 axis upper neck load cell to headform
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e Position the neck interface plate at the base of the neck for mounting to the pendulum
Figure 109.

Figure 19. Positioning the neck interface plate prior to mounting neck to pendulum

e Mount the neck to the pendulum. First install the two M5 x 20 SHCS on the front side of
the neck (note that the front of the neck has “slits” in the rubber segments). Then install
the two M5 x 20 SHCS to the rear of the neck (Figure 20).

Figure 20. Mount neck to pendulum for fore-aft flexion tests

13



e Attach the headform and upper neck load cell to the neck with four M5 x 10 SHCS
(Figure 21).

pendulum
& neck

coordinate
system

Figure 21. Install headform and upper neck load cell to neck

e Install the Angular Rate Sensor (ARS)? to the pendulum interface plate using two M1.4 x
8 SHCS so that it measures rotational velocity about the Y’ axis (Figure 21 and Figure
22).

Figure 22. Install ARS to pendulum

% Install the Angular Rate Sensor (ARS) SA572-S58 for this application.
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e Tape and strain-relieve the instrumentation wiring leaving plenty of slack for neck
flexion (Figure 23).

¢ In addition, zero all instrumentation channels with the pendulum vertical (Figure 23 —
right).

Figure 23. Tape and strain-relieve instrumentation wiring

¢ Install the proper size hexcell to meet the pulse requirements specified in Table 1 (Figure
24).

Figure 24. Install hexcell to pendulum
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2.1.3. Test Procedures

e The neck pendulum has a mass as specified in Figure 22, 49 CFR 572.33.
e Mount an accelerometer on the pendulum at the location specified in Figure 22, 49 CFR

572.33.

e Test shall be performed at the 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 -
70%.

e Time zero is defined as the time of contact between the pendulum striker plate and the
honeycomb.

e All channels are at the zero level when the pendulum is vertical.

e Post-test offset removal of the data signals shall be performed only on the pendulum
acceleration and upper neck moment signals.

e Raise the pendulum and allow it to fall freely such that it achieves an impact velocity
between 4.6 — 4.8 m/s at the time of contact with the arresting block and meets the
required pulse specifications included in Table 1.

Table 1. Q3s Fore-Aft Neck Flexion Pulse Parameters

Spec. Limits
Parameter units | lower upper

impact speed m/s 4.6 4.8

g @10ms | m/s 1.1 2.1
58

335 | @0ms | mis | 28 3.8
% o

== @30ms | mis 4.1 5.1

e The data acquisition system conforms to SAE Recommended Practice J211 (July 2007).
e The pendulum acceleration is filtered using a Channel Class 180 phaseless filter.
e The ARS is filtered using a Channel Class 60 phaseless filter.
e The neck moment about the Y’-axis is filtered using Channel Class 600 phaseless filter.
e Determine the change in pendulum deceleration by integrating the pendulum acceleration
beginning at time zero.
e Determine the headform rotation using the following formula®:
0 Headform Rotation = f(Headform Angular Rate)y - (Pendulum Angular Rate),- dt
e The peak rotation, peak moment, and headform rotation decay time to zero shall lie
within the proper specifications:
0 Peak headform rotation: 69.5 — 81.0°
0 Peak moment® (My’): 41.5 - 50.7 Nm
0 Headform rotation decay time to 0° from peak angle: 45 — 55 ms
e Wait at least 30 minutes between consecutive tests on the same neck.

4 Perform this calculation after filtering the ARS sensors. Begin integration at time zero.
> Maximum moment measured during the time interval while the rotation is within the specified corridor.
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2.2. Q3S NECK LATERAL FLEXION QUALIFICATION

PROCEDURES - LEFT SIDE

2.2.1. Required Instrumentation

Speed trap

Pendulum accelerometer
Six-axis upper neck load cell
Two angular rate sensors (ARS)

2.2.2. Pre-Test Preparation

Soak the neck assembly in a controlled environment at the 69 - 72°F (20.5 - 22.2°C) and
relative humidity of 10 - 70% for at least four hours prior to a test.

Inspect the neck for deformation, tears or breaks in the rubber. Replace the neck if
deformation or damage is observed.

Install the interface plate to the bottom of the pendulum using four (4) M6 x 15 SHCS
(Figure 25 and Figure 26).

Install accelerometer to the pendulum (Figure 26).

Figure 25. Interface plate for test pendulum
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Figure 26. Install pendulum interface plate and pendulum accelerometer

¢ Install the Angular Rate Sensor (ARS) to the ARS mount then install the mount to the
front of the headform®so that it measures rotational velocity about the headform Y axis’
(Figure 27 and Figure 28).

Figure 27. Install ARS mount to front of headform

® Drawing #020-9050
7 Axis reflects J211(July 2007) convention.
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Figure 28. ARS installed to measure rotational
velocity about the headform Y axis

e Mount the 6 axis upper neck load cell to the headform using four M5 x 12 FHCS. For
left lateral flexion tests, use the forward set of bolt holes for the load cell. Wiring should
protrude out the right side of the headform (Figure 29).

Figure 29. Mount 6 axis upper neck load cell to headform for left lateral neck tests
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e Position the neck interface plate at the base of the neck for mounting to the pendulum
(Figure 30).

Figure 30. Positioning the neck interface plate prior to mounting neck to pendulum

e Mount the neck to the pendulum. For left lateral tests, the left side of the neck is closest
to the hexcell. Note that in lateral tests, the neck coordinate system is rotated relative to
the headform coordinate system. First install the two M5 x 20 SHCS on the front side of
the neck (note that the front of the neck has “slits” in the rubber segments). Then install
the two M5 x 20 SHCS to the rear of the neck.

e Attach the headform and upper neck load cell to the neck with four M5 x 10 SHCS
(Figure 31). The load cell wiring should protrude from the right side of the headform

when facing the impact surface.

+/' pendulum

& neck
coordinate
system
+Y'
headform
coordinate
’
system +X
+X

Figure 31. Attach headform to upper
neck load cell for left lateral flexion tests
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e Install the Angular Rate Sensor (ARS)?® to the pendulum interface plate using two M1.4 x
8 SHCS so that it measures rotational velocity about the X' axis (Figure 32).

Figure 32. Install ARS to pendulum

e Tape and strain-relieve the instrumentation wiring leaving plenty of slack for neck
extension (Figure 33).
¢ In addition, zero all instrumentation channels with the pendulum vertical (Figure 33).

Figure 33. Tape and strain-relieve instrumentation
wiring

8 Install the Angular Rate Sensor (ARS) SA572-S58 for this application.
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Install the proper size hexcell to meet the pulse requirements specified in Table 2 (Figure
34).

Figure 34. Install hexcell to pendulum

2.2.3. Test Procedures

The neck pendulum has a mass as specified in Figure 22, 49 CFR 572.33.

Mount an accelerometer on the pendulum at the location specified in Figure 22, 49 CFR
572.33.

Test shall be performed at 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 - 70%.
Time zero is defined as the time of contact between the pendulum striker plate and the
honeycomb.

All channels are at the zero level when the pendulum is vertical.

Post-test offset removal of the data signals shall be performed only on the pendulum
acceleration and upper neck moment signals.

Raise the pendulum and allow it to fall freely such that it achieves an impact velocity
between 3.7 — 3.9 m/s at the time of contact with the arresting block and meets the
required pulse specifications included in Table 2.
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Table 2. Q3s Neck Lateral Flexion Pulse Parameters

Spec. Limits

Parameter units | lower upper
impact speed m/s 3.7 3.9
E 5 @10ms | mis 1.7 2.2
é S | @5ms | mis | 25 3.0
= @20 ms | m/s 3.4 3.9

The data acquisition system conforms to SAE Recommended Practice J211 (July 2007).
The pendulum acceleration is filtered using a Channel Class 180 phaseless filter.

The ARS is filtered using a Channel Class 60 phaseless filter.

The neck moment about the X'-axis is filtered using Channel Class 600 phaseless filter.
Determine the change in pendulum deceleration by integrating the pendulum acceleration
beginning at time zero.

Determine the headform rotation using the following formula®:

0 Headform Rotation = f(Headform Angular Rate)y - (Pendulum Angular Rate) dt
The peak rotation, peak moment, and headform rotation decay time to zero shall lie
within the proper specifications:

0 Peak headform rotation: 76.5 — 87.5°

0 Peak moment!® (Mx/): 25.3 —32.0 Nm

0 Headform rotation decay time to 0° from peak angle: 61 — 71 ms
Wait at least 30 minutes between consecutive tests on the same neck.

9 Perform this calculation after filtering the ARS sensors. Begin integration at time zero.
10 Maximum moment measured during the time interval while the rotation is within the specified corridor.
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2.3.Q3S NECK LATERAL FLEXION QUALIFICATION PROCEDURES

— RIGHT SIDE

2.3.1. Required Instrumentation

Speed trap

Pendulum accelerometer
Six-axis upper neck load cell
Two angular rate sensors (ARS)

2.3.2. Pre-Test Preparation

Soak the neck assembly in a controlled environment at 69 - 72°F (20.5 - 22.2°C) and
relative humidity of 10 - 70% for at least four hours prior to a test.

Inspect the neck for deformation, tears or breaks in the rubber. Replace the neck if
deformation or damage is observed.

Install the interface plate to the bottom of the pendulum using four (4) M6 x 15 SHCS
(Figure 35 and Figure 36).

Install accelerometer to the pendulum (Figure 26).

Figure 35. Interface plate for test pendulum
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Figure 36. Install pendulum interface plate and pendulum accelerometer

o Install the Angular Rate Sensor (ARS) to the ARS mount then install the mount to the
front of the headform*!so that it measures rotational velocity about the (headform) Y axis
(Figure 37 and Figure 38).

Figure 37. Install ARS mount to front of headform

11 Drawing #020-9050.
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Figure 38. ARS installed to measure rotational
velocity about the headform Y axis

e Mount the 6 axis upper neck load cell to the headform using four M5 x 12 FHCS. For
right lateral flexion tests, use the forward set of bolt holes for the load cell. Wiring
should protrude out the left side of the headform (Figure 39).

Figure 39. Mount 6 axis upper neck load cell to headform for right lateral neck tests
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e Position the neck interface plate at the base of the neck for mounting to the pendulum
(Figure 40).

Figure 40. Positioning the neck interface plate prior to mounting neck to pendulum

e Mount the neck to the pendulum. For right lateral tests, the right side of the neck is
closest to the hexcell. Note that in lateral tests, the neck coordinate system is rotated
related to the headform coordinate system. First install the two M5 x 20 SHCS on the
front side of the neck (note that the front of the neck has “slits” in the rubber segments).
Then install the two M5 x 20 SHCS to the rear of the neck.
e Attach the headform and upper neck load cell to the neck with four M5 x 10 SHCS
(Figure 41). The load cell wiring should protrude from the left side of the headform
when facing the impact surface.
+/' pendulum

& neck
coordinate
system
+/
headform
coordinate
system
+X

Figure 41. Attach headform to upper neck
load cell for right lateral flexion tests
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e Install the Angular Rate Sensor (ARS)*? to the pendulum interface plate using two M1.4
x 8 SHCS so that it measures rotational velocity about the X' axis (Figure 42).

+/' neck
coordinate
system

+X!

Figure 42. Install ARS to pendulum

e Tape and strain-relieve the instrumentation wiring leaving plenty of slack for neck
extension (Figure 43).
e In addition, zero all instrumentation channels with the pendulum vertical (Figure 43).

Figure 43. Tape and strain-relieve instrumentation wiring

12 Install the Angular Rate Sensor (ARS) SA572-S58 for this application.
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o Install the proper size hexcell to meet the pulse requirements specified in Table 3 (Figure
44).

Figure 44. Install hexcell to pendulum

2.3.3. Test Procedures

e The neck pendulum has a mass as specified in Figure 22, 49 CFR 572.33.
[ )

Mount an accelerometer on the pendulum at the location specified in Figure 22, 49 CFR
572.33.

o Test shall be performed at the 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 -
70%.

e Time zero is defined as the time of contact between the pendulum striker plate and the
honeycomb.

o All channels are at the zero level when the pendulum is vertical.
Post-test offset removal of the data signals shall be performed only on the pendulum
acceleration and upper neck moment signals.

¢ Raise the pendulum and allow it to fall freely such that it achieves an impact velocity
between 3.7 — 3.9 m/s at the time of contact with the arresting block and meets the
required pulse specifications included in Table 3.
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Table 3. Q3s Neck Lateral Flexion Pulse Parameters

Spec. Limits
Parameter units | lower upper

impact speed m/s 3.7 3.9

g @10ms | m/s 1.7 2.2
58

335 | @5ms | mis | 25 3.0
% o

== @20ms | mis 3.4 3.9

The data acquisition system conforms to SAE Recommended Practice J211 (July 2007).
The pendulum acceleration is filtered using a Channel Class 180 phaseless filter.

The ARS is filtered using a Channel Class 60 phaseless filter.

The neck moment about the X'-axis is filtered using Channel Class 600 phaseless filter.
Determine the change in pendulum deceleration by integrating the pendulum acceleration
beginning at time zero.

Determine the headform rotation using the following formula®®:

0 Headform Rotation = f(Headform Angular Rate)y - (Pendulum Angular Rate)x dt
The peak rotation, peak moment, and headform rotation decay time to zero time shall lie
within the proper specifications:

0 Peak headform rotation: 76.5 — 87.5°

o0 Peak moment* (Mx): 25.3 — 32.0 Nm

0 Headform rotation decay time to 0° from peak angle: 61 — 71 ms
Wait at least 30 minutes between consecutive tests on the same neck.

13 perform this calculation after filtering the ARS sensors. Begin integration at time zero.
14 Maximum moment measured during the time interval while the rotation is within the specified corridor.
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2.4.Q3S NECK TORSION QUALIFICATION PROCEDURES

2.4.1. Required Instrumentation

Speed trap

Pendulum accelerometer
Six-axis upper neck load cell
One rotational potentiometer

2.4.2. Pre-Test Preparation

e Soak the neck assembly in a controlled environment 69 - 72°F (20.5 - 22.2°C) and
relative humidity of 10 - 70% for at least four hours prior to a test.

¢ Inspect the neck for deformation, tears or breaks in the rubber. Replace the neck if
deformation or damage is observed.

e Assemble the neck adapter plate assembly to the lower neck using four M5 x 12 SHCS
(Figure 45).

Figure 45. Assemble neck adapter plate assembly to lower neck
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o Assemble upper neck load cell to the twist fixture®® end plate using four M5 x 12 FHCS
(Figure 46).

Twist
Fixture End
Plate

Figure 46. Assemble upper neck load cell to twist fixture end
plate

e Assemble neck to upper neck load cell using four (4) M5 x 10 SHCS inserted through the
bottom of the twist fixture end plate (Figure 47).

Figure 47. Assemble neck to upper neck load cell

15 Drawing DL210-200.
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o Install the neck torsion fixture assembly to the bottom of the test pendulum using four (4)
Y% - 20 x 1” SHCS (Figure 48 and Figure 49). Be sure the zero pins are installed into the
neck adapter plate assembly in the fore-aft positions (Figure 49) and the pendulum
weight on the torsion fixture is properly located on the pendulum rod assembly (Figure

50).

Figure 49. Neck torsion fixture details (neck not installed)
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Figure 50. Placement for torsion

To install the neck to the twist test fixture, align the pins on the torsion fixture end plate
and the neck adapter plate assembly into the fixture (Figure 51).

Figure 51. Align pins in torsion fixture end plate and neck adapter plate
assembly into torsion fixture

Secure the torsion fixture end plate to the top plate assembly using three #10-24 x 1”
SHCS (Figure 52). Figure 53 shows the neck fully installed with zero pins in place.
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Figure 52. Bolt end plate (upper neck end) to torsion fixture

Figure 53. Torsion fixture with neck fully installed (zero pins in place)
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2.4.3. Opposite Side Test Preparation

To test torsion response on the opposite side of the neck, follow these steps:
¢ Remove the entire assembly from the pendulum, rotate it 180 degrees and reassemble
the neck mounting plate to the pendulum (Figure 54).

Chin left torsion | | g o | Chin right torsion
test setup s test setup

Figure 54. Torsion test setups for chin left and chin right side tests

2.4.4. Test Procedures

e The neck pendulum has a mass as specified in Figure 22, 49 CFR 572.33.

e Mount an accelerometer on the pendulum at the location specified in Figure 22, 49 CFR
572.33.

e Test shall be performed at 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 - 70%.
The potentiometer and load cell transducers must measure zero rotation when the neck is
not in torsion. Prior to testing, with the zero pins (Figure 49) in place, remove the bias on
these test data channels. No further pre or post-test bias removal of these data signals
shall be performed.

e Once the bias is removed from the potentiometer and load cell data channels, be certain
to remove the zero pins to prevent damage (Figure 55)!
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e Time zero is defined as the time of contact between the pendulum striker plate and the
honeycomb. Only the pendulum acceleration bias is removed at time zero.

Figure 55. Uninstall zero pins prior to test

e The final test setup configuration is shown in Figure 56.

Figure 56. Final configuration for neck torsion test
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e Raise the pendulum and allow it to fall freely such that it achieves an impact velocity
between 3.5 — 3.7 m/s at the time of contact with the arresting block and meets the
required pulse specifications included in Table 4.

Table 4. Q3s Torsion Pulse Parameters

Spec. Limits
Parameter units lower upper
impact speed m/s 3.5 3.7
@10
c ms m/s 0.9 1.3
>
S38| @15
g 2| ms m/s 1.4 2.0
=5 @20
ms m/s 2.0 2.6

The data acquisition system conforms to SAE Recommended Practice J211 (July 2007).
The pendulum acceleration is filtered using a Channel Class 180 phaseless filter.
The potentiometer is filtered using a Channel Class 60 phaseless filter.
The neck moment about the Z-axis is filtered using Channel Class 600 phaseless filter.
Determine the change in pendulum deceleration by integrating the pendulum acceleration
beginning at time zero.
e The peak rotation, peak moment, and headform rotation decay time to zero shall lie
within the proper specifications:

o0 Peak rotation: 74.5-91.0°

0 Peak moment!® (Mz): 8.0 — 10.0 Nm

0 Rotation decay time to 0° from peak angle: 85 — 102 ms
e Wait at least 30 minutes between consecutive tests on the same neck.

16 Maximum moment measured during the time interval while the rotation is within the specified corridor.
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3. Q3S SHOULDER QUALIFICATION TESTS

3.1.Required Instrumentation
e Shoulder string potentiometer

e Test probe accelerometer

e Speed trap

3.2. Optional Instrumentation
e Dual axis tilt sensor installed in spine box

3.3.Pre-Test Preparation

e With the pendulum in its lowest resting position, draw a reference line along the bench
support surface along the path of the pendulum; using a line laser device®’ (set for
vertical) positioned on a tripod (Figure 57) will aid in this process.

o Align the laser vertically along the back of the probe, along the top of the centerline of
the probe (Figure 58), and along the probe path reference line on the support surface.
Leave the laser in this position for the duration of the setup.

Figure 57. Laser line device set on tripod

17 For ease of setup, a laser line device is utilized in this procedure. However, any method which achieves the same
result is acceptable if such a device is unavailable.
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Figure 58. Align laser with probe
centerline and pendulum path
reference line on support surface

e Unfasten the upper portion of the suit jacket and electrically ground the dummy using a
cable between a metal component of the dummy and the ground such as that shown in
Figure 59.

Grounding
Cable

Figure 59. Grounding the dummy

40



To determine the center of impact point on the shoulder, draw a reference line between
the center of the shoulder and the bolts at the distal (elbow) end of the upper arm. Draw a
line connecting the centers of the lower shoulder bolts (Figure 60). Next, measure 15mm

up from the line through the lower shoulder bolts along the arm reference line. This is
the point of impact.

IMPACT

POINT

15mm above
center of lower
shoulder bolts

arm
reference
line

. -

Figure 60. Determine the shoulder impact point
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e Reinstall the jacket.

e The dummy wears only the jacket for this procedure. No additional clothing or shoes are
placed on the dummy.

e Place the qualification bench® (Figure 61) in the probe’s impact area so that the dummy
can be impacted in the shoulder.

e Seat the dummy on a sheet of 387 x 521 mm PTFE (Teflon®) (2-mm thick) on the
bench. The edge of the sheet must be along the impact side of the bench’s seat pan.

e Place a sheet of 514 x 514 mm PTFE (Teflon®) (2-mm thick) between the seatback and
the dummy’s posterior thorax; the edge of the sheet must be along the impact side of the
bench’s seatback.

e The probe impact surface has a 70.0 + 0.25 mm diameter face, and a mass of 3.81 + 0.02
kg.

e The probe longitudinal axis should be positioned level (0 + 1°).

Figure 61. Qualification bench seat specifications for Q3s qualification tests

18 This is the same bench specified for WorldSID and SID-1IsD qualification procedures.
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e To prepare to install the Q3s positioning tool*® (Figure 62) between the dummy’s knees,
push the femurs and tibias downward so that the legs make full contact with the test

surface.

Figure 62. Q3s positioning device for Q3s

e Ensure that the instrumentation umbilical exits the dummy from the non-impact side of
the pelvis. In addition, fastening the hook and loop closure which connects the thoracic
part of the jacket to the pelvis portion with a small overlap allows for easier adjustment of

the jacket (Figure 63).

small overlap of hook

and loop closure is
recommended

full overlap of hook

and loop closure does
not allow for easy

adjustment

)

Figure 63. Proper umbilical placement and jacket closure

19 “Q3s Positioning Tool™, First Technology Safety Systems, Drawing # 020-9000, June 22, 2010.
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e Ensure that the jacket is not tucked into the pelvis/femur interface during the setup
procedures (Figure 64). If it is, pull the suit upwards near the shoulders.

Jacket tucked
into pelvis
interface

Jacket NOT
tucked into
pelvis interface

Figure 64. Ensure that jacket is not tucked into pelvis/femur interface

e For this procedure, the pins on either side of Q3s positioning device should both be
installed (Figure 65).

!M'ililb'ililhlt'i

Figure 65. Insert pins into Q3s positioning device
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e Be sure the bolts on the positioning tool are correctly seated into the knee (Figure 66).

Figure 66. Position bolts into the knee

o Pull the feet apart while hand-tightening either left or right bolt (Figure 67) until the inner
side of the knee just touches the center spacer of the positioning tool (Figure 68).

Figure 67. Pull feet apart while tightening bolt on positioning tool
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Figure 68. Knees just touching the inner spacing bar on the positioning device

Push the dummy’s chest toward the seatback, so that the ribs make full contact with the
seatback. If the optional tilt sensor is installed, the sensor should indicate 24.6 + 1°.

Push the feet towards the seatback to position the pelvis.

Adjust the pelvis position so that both left and right extensions of the Q3s positioning
device are equidistant from the seatback (Figure 69). This “squares” the dummy with the
seat.

Figure 69. Squaring the dummy to the seat using the Q3s positioning tool
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e Move the arm inwards (medially) until initial contact occurs between the sleeve and the
portion of the suit covering the thorax (Figure 70).

Figure 70. Setting the arm medially for shoulder tests

e Assure that the lower arm is parallel to the sagittal plane (Figure 71).

Figure 71. Setting the arm parallel to sagittal plane for shoulder tests
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Position each arm so that the upper arm is parallel to the seatback; the lower arm should
be perpendicular to the upper arm. To ensure that the arm is parallel to the seatback,
measure the distance between the arm reference line (Figure 72) at the shoulder and the
reference line near the elbow. Both should be equidistant from the seatback.

Figure 72. Using arm reference line to ensure that arm is
parallel to seat back
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Adjust the bench position (roughly) so that the probe contacts the shoulder near the
impact point. When the pendulum probe is at its lowest position during travel, it should
be just touching the shoulder. Using the lateral laser device will aid in the process.
Square the bench by measuring the distance of a reference edge along the back of the
bench which is parallel to the line of impact, such as the edge of the table (Figure 73).
Perform this measurement at both ends of the bench. Slightly adjust bench until it is
parallel to the line of impact so that both measurements are equidistant (+ 1 mm) to the
reference, taking care to maintain the shoulder positioning at the probe.

Measurements
should be

equidistant on
both ends of
bench

Figure 73. Checking that the bench is square

49



To ensure that the dummy is seated upright (not leaning laterally), using a laser device
positioned in front of the dummy, align the laser between the feet and along the dummy’s
midsagittal plane (Figure 74). Align the laser between the feet and along the centerline of
the Q3s positioning tool. Placing a measuring tape between the feet to ensure the dummy
is upright may be useful. As an alternative, if the optional tilt sensor device is installed in
the spinebox, ensure that the lateral positioning of the dummy is 0 + 1°. Adjust the
dummy as necessary to achieve these results.

Figure 74. Use laser to align dummy laterally
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e To aid in determining probe positioning, place a pointer device in the centerline of the
probe (Figure 75).

Figure 75. Pointer inserted into center of probe

o Align the center of the probe with the shoulder impact point. The lateral laser will aid in
this process. In addition, pulling back the probe and using a small pointer inserted into
the center of the probe face may facilitate this task (Figure 75 and Figure 76). Move the
seat or adjust the table up or down as needed to achieve the desired results taking care to
maintain the square seat position. Remove the pointer after the shoulder impact point is

set.

Figure 76. Align probe with shoulder impact point
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e Recheck that the bench is square (Figure 73). Adjust as necessary.

e Recheck that the dummy is upright using either the frontal laser or optional tilt sensor
(Figure 74) and adjust if necessary.

e Recheck that the dummy is fully seated against the seatback. The optional tilt sensor
should indicate 24.6 £ 1°. Adjust as necessary.

¢ Recheck that the centerline of the probe is centered on the impact point of the shoulder
(Figure 76). Be sure to remove the pointer after this step.

e Secure the bench to the support surface using a clamp or any suitable method.
Carefully remove the Q3s positioning tool.

e Figure 77 shows the final setup for the shoulder qualification test.

——

Figure 77. Final setup for shoulder qualification test
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3.4.Test Procedures

e The test probe should have a mass of 3.81 + 0.02 kg?° with a 70.0 + 0.25 mm face
diameter, and a 6.4 - 12.7 mm radius.

e Mount an accelerometer on the test probe with its sensitive axis in line with the
longitudinal centerline of the test probe.

e Release the test probe within the 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 -
70% specifications so that it achieves a velocity between 3.5 — 3.7 m/s at the instant of
contact with the dummy.

e At the instant of contact, the probe should be horizontal (= 1°), and the centerline of the
probe should be within 2 mm of the dummy’s shoulder rotation centerline.

e The data acquisition system should conform to SAE Recommended Practice J211 (July

2007).

e The probe acceleration is collected and filtered using a Channel Class 180 phaseless
filter.

e The shoulder deflection is collected and filtered using a Channel Class 180 phaseless
filter.

e Time zero is defined as the time of contact between the impact probe and the shoulder.
All channels should be at a zero level at this point.
e Calculate probe force using the filtered probe acceleration?!:
O Fprobe = (mprobe )X(aprobe )
e The peak lateral shoulder displacement and peak probe force shall lie within the proper
specifications:
0 Peak lateral shoulder displacement: 17.0 — 22.0 mm
0 Peak probe force: 1123 - 1437 N
e Wait at least 30 minutes between consecutive shoulder impact tests on the same shoulder.

20 Mass includes probe mass and all rigidly attached hardware, plus 1/3 of supporting cable weight.
21 Mass should be measured in kg and acceleration should be measured in m/s?.
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4. Q3S THORAX WITH ARM QUALIFICATION TESTS

4.1. Required Instrumentation

e Thorax IRTRACC displacement device
e Test probe accelerometer

e Speed trap

4.2. Optional Instrumentation
e Dual axis tilt sensor installed in spine box

4.3. Pre-Test Preparation

e With the pendulum in its lowest resting position, draw a reference line along the bench
support surface along the path of the pendulum; using a line laser device?? (set for
vertical) positioned on a tripod (Figure 78) will aid in this process.

o Align the laser vertically along the back of the probe, along the top of the centerline of
the probe (Figure 79), and along the probe path reference line on the support surface.
Leave the laser in this position for the duration of the setup.

Figure 78. Laser line device set on tripod

22 For ease of setup, a laser line device is utilized in this procedure. However, any method which achieves the same
result is acceptable if such a device is unavailable.
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Figure 79. Align laser with probe centerline
and pendulum path reference line on
support surface

Unfasten the upper portion of the suit jacket and electrically ground the dummy using a
cable between a metal component of the dummy and the ground such as that shown in
Figure 80.

Grounding
Cable

Figure 80. Grounding the dummy
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Draw a reference line between the center of the shoulder and the bolts at the distal
(elbow) end of the upper arm. (Figure 81).

arm
reference
line

Figure 81. Draw a reference line on the upper arm
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e Reinstall the jacket.

e The dummy wears only the jacket for this procedure. No additional clothing or shoes are
placed on the dummy.

e Place the qualification bench?® (Figure 82) in the probe’s impact area so that the dummy
can be impacted on the arm.

e Seat the dummy on a sheet of 387 x 521 mm PTFE (Teflon®) (2-mm thick) on the
bench. The edge of the sheet must be along the impact side of the bench’s seat pan.

e Place a sheet of 514 x 514 mm PTFE (Teflon®) (2-mm thick) between the seatback and
the dummy’s posterior thorax; the edge of the sheet must be along the impact side of the
bench’s seatback.

e The probe impact surface has a 70.0 + 0.25 mm diameter face, and a mass of 3.81 + 0.02
kg.

e The probe longitudinal axis should be positioned level (0 + 1°).

Figure 82. Qualification bench seat specifications for Q3s qualification tests

23 This is the same bench specified for WorldSID and SID-1IsD qualification procedures.
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e To prepare to install the Q3s positioning tool?* (Figure 83) between the dummy’s knees,
push the femurs and tibias downward so that the legs make full contact with the test

surface.

Figure 83. Q3s positioning device for Q3s

e Ensure that the instrumentation umbilical exits the dummy from the non-impact side of
the pelvis. In addition, fastening the hook and loop closure which connects the thoracic
part of the jacket to the pelvis portion with a small overlap allows for easier adjustment of

the jacket (Figure 84).

small overlap of hook

and loop closure is
recommended

full overlap of hook

and loop closure does
not allow for easy

adjustment

)

Figure 84. Proper umbilical placement and jacket closure

24 “Q3s Positioning Tool™, First Technology Safety Systems, Drawing # 020-9000, June 22, 2010.
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e Ensure that the jacket is not tucked into the pelvis/femur interface during the setup
procedures (Figure 85). If it is, pull the suit upwards near the shoulders.

Jacket tucked
into pelvis
interface

Jacket NOT
tucked into
pelvis interface

Figure 85. Ensure that jacket is not tucked into pelvis/femur interface

e For this procedure, the pins on either side of Q3s positioning device should both be
installed (Figure 86).

!M'ililb'ililhlt'i

Figure 86. Insert pins into Q3s positioning device
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Be sure the bolts on the positioning tool are correctly seated into the knee (Figure 87).

Figure 87. Position bolts into the knee

o Pull the feet apart while hand-tightening either left or right bolt (Figure 88) until the inner
side of the knee just touches the center spacer of the positioning tool (Figure 89).

Figure 88. Pull feet apart while tightening bolt on positioning tool
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Figure 89. Knees just touching the inner spacing bar on the positioning device

Push the dummy’s chest toward the seatback, so that the ribs make full contact with the
seatback. If the optional tilt sensor is installed, the sensor should indicate 24.6 + 1°.

Push the feet towards the seatback to position the pelvis.

Adjust the pelvis position so that both left and right extensions of the Q3s positioning
device are equidistant from the seatback (Figure 90). This “squares” the dummy with the
seat.

Figure 90. Squaring the dummy to the seat using the Q3s positioning tool
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e Adjust the bench position (roughly) so that the probe contacts the shoulder near the
impact point. When the pendulum probe is at its lowest position during travel, it should
be just touching the shoulder. Using the lateral laser device will aid in the process.

e Square the bench by measuring the distance of a reference edge along the back of the
bench which is parallel to the line of impact, such as the edge of the table (Figure 90).
Perform this measurement at both ends of the bench. Slightly adjust bench until it is
parallel to the line of impact so that both measurements are equidistant (+ 1 mm) to the
reference, taking care to maintain the shoulder positioning at the probe.

e Raise the impact arm to reveal the thorax. Carefully pull down the jacket at the hole
under the arm (Figure 91).

Figure 91. Positioning probe to impact
point on thorax

e Pull back the probe and insert a small pointer into the center of the probe (Figure 92).
This will allow access to the proper area of impact (the portion of the arm corresponding
to an impact between the IRTRACC bolts). Align the pointer with the center point
between the IRTRACC bolts (Figure 93). The lateral laser will also aid in this process.

‘

Figure 92. Pointer inserted into center of probe
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Figure 93. Align pointer between IRTRACC bolts

Reposition the arm so that the upper arm is perpendicular to the lower arm; move the arm
down so that it is in the probe impact area. Square the bench by measuring the distance
of a reference edge along the back of the bench which is parallel to the line of impact,
such as the edge of the table (Figure 94). Perform this measurement at both ends of the
bench. Slightly adjust bench until it is parallel to the line of impact so that both
measurements are equidistant (£ 1 mm) to the reference, taking care to maintain the
thorax positioning at the probe.

Measurements
should be
equidistant on
both ends of
bench

Figure 94. Checking that the bench is aligned
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e Move the arm inwards (medially) until initial contact occurs between the sleeve and the
portion of the suit covering the thorax (Figure 95).

Figure 95. Setting the arm medially for thorax with arm tests

e Assure that the lower arm is parallel to the sagittal plane (Figure 96).

Figure 96. Setting the arm parallel to sagittal plane for thorax with armtests
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Pull the probe away from the dummy and carefully pull up the sleeve of the jacket to
reveal the reference line. Reposition the impact arm so that the pointer aligns with the
reference centerline of the arm (Figure 97). Remove the pointer after the arm impact
point is set. Pull the sleeve back down onto the arm.

Figure 97. Setting arm to contact position

To ensure that the dummy is seated upright (not leaning laterally), using a laser device
positioned in front of the dummy, align the laser between the feet and along the dummy’s
midsagittal plane (Figure 96). Align the laser between the feet and along the centerline of
the Q3s positioning tool. Placing a measuring tape between the feet to ensure the dummy
is upright may be useful. As an alternative, if the optional tilt sensor device is installed in
the spinebox, ensure that the lateral positioning of the dummy is 0 + 1°. Adjust the
dummy as necessary to achieve these results.
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Figure 98. Use laser to align dummy laterally
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Move the seat as needed to achieve desired results. Align the bench by measuring the
distance of a reference edge along the back of the bench which is parallel to the line of
impact, such as the edge of the table (Figure 94). Perform this measurement at both ends
of the bench. Slightly adjust bench until it is parallel to the line of impact so that both
measurements are equidistant (= 1 mm) to the reference, taking care to maintain the arm
impact positioning at the probe.

Recheck that the dummy has maintained an upright position using the front laser or the
optional tilt sensor device (Figure 96). The front laser may need to be repositioned along
the midsaggital plane if the bench was moved in the previous step.

Secure the bench to the support surface using a clamp or any suitable method.

Remove the Q3s positioning device.

Figure 97 shows the final setup for the dummy.

Figure 99. Final setup for Q3s thorax with arm qualification test
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4.4. Test Procedure

e The test probe should have a mass of 3.81 + 0.02 kg 2 with a 70.0 + 0.25 mm face
diameter, and a 6.4 - 12.7 mm radius.

e Mount an accelerometer on the test probe with its sensitive axis in line with the
longitudinal centerline of the test probe.

e Release the test probe within the 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 -
70% specifications so that it achieves a velocity between 4.9 — 5.1 m/s at the instant of
contact with the dummy.

e At the instant of contact, the probe should be horizontal (= 1°), and the centerline of the
probe should be within 2 mm of the centerline of the arm reference line corresponding to
the center of the IRTRACC bolts.

e The data acquisition system should conform to SAE Recommended Practice J211 (July
2007).

e The probe acceleration is collected and filtered using a Channel Class 180 phaseless
filter.

e The thorax displacement (IRTRACC) is collected and filtered? using a Channel Class
180 phaseless filter.

e Time zero is defined as the time of contact between the impact probe and the arm. All
channels should be at a zero level at this point.

e Calculate probe force using the filtered probe acceleration?’:

O Fprobe = (mprobe )X(aprobe )

e The peak lateral thorax displacement and peak probe force shall lie within the proper
specifications:

0 Peak lateral thorax displacement: 22.5 — 27.5 mm
0 Peak probe force: 1360 — 1695 N

e Wait at least 30 minutes between consecutive thorax with arm impact tests on the same

arm.

% Mass includes probe mass and all rigidly attached hardware, plus 1/3 of supporting cable weight.
2 Filtering should be performed only after the IRTRACC data has been calculated into displacement.
27 Mass should be measured in kg and acceleration should be measured in m/s?.
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5. Q3S THORAX WITHOUT ARM QUALIFICATION TESTS

5.1.Required Instrumentation

e Thorax IR-TRACC displacement device
e Test probe accelerometer
e Speed trap

5.2. Optional Instrumentation
e Dual axis tilt sensor installed in spine box

5.3.Pre-Test Preparation

e With the pendulum in its lowest resting position, draw a reference line along the bench
support surface along the path of the pendulum; using a line laser device?® (set for
vertical) positioned on a tripod (Figure 98) will aid in this process.

o Align the laser vertically along the back of the probe, along the top of the centerline of
the probe (Figure 99), and along the probe path reference line on the support surface.
Leave the laser in this position for the duration of the setup.

Figure 100. Laser line device set on tripod

28 For ease of setup, a laser line device is utilized in this procedure. However, any method which achieves the same
result is acceptable if such a device is unavailable.
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Figure 101. Align laser with probe
centerline and pendulum path reference
line on support surface

Unfasten the upper portion of the suit jacket and electrically ground the dummy using a
cable between a metal component of the dummy and the ground such as that shown in
Figure 100.

Grounding
Cable

Figure 102. Grounding the dummy
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e The dummy wears only the jacket for this procedure. No additional clothing or shoes are
placed on the dummy.

e Place the qualification bench?® (Figure 101) in the probe’s impact area so that the dummy
can be impacted in the thorax.

e Seat the dummy on a sheet of 387 x 521 mm PTFE (Teflon®) (2-mm thick) on the
bench. The edge of the sheet must be along the impact side of the bench’s seat pan.

e Place a sheet of 514 x 514 mm PTFE (Teflon®) (2-mm thick) between the seatback and
the dummy’s posterior thorax; the edge of the sheet must be along the impact side of the
bench’s seatback.

e The probe impact surface has a 70.0 + 0.25 mm diameter face, and a mass of 3.81 + 0.02
kg.

e The probe longitudinal axis should be positioned level (0 + 1°).

Figure 103. Qualification bench seat specifications for Q3s qualification tests

2 This is the same bench specified for WorldSID and SID-1IsD qualification procedures.
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e Remove the arm on the impact side, reinstall the jacket, and tape the sleeve of the suit
to the dummy, assuring that it will clear the cables from the impact probe (Figure
102). The non-impact arm is positioned with the upper arm and lower arm
perpendicular as shown in Figure 102.

Figure 104. Remove the arm and tape the sleeve on the impact side

e To prepare to install the Q3s positioning tool*® (Figure 103) between the dummy’s knees,
push the femurs and tibias downward so that the legs make full contact with the test
surface.

Figure 105. Q3s positioning device for Q3s

30 “Q3s Positioning Tool”, First Technology Safety Systems, Drawing # 020-9000, June 22, 2010.
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e Ensure that the instrumentation umbilical exits the dummy from the non-impact side of
the pelvis. In addition, fastening the hook and loop closure which connects the thoracic
part of the jacket to the pelvis portion with a small overlap allows for easier adjustment of

the jacket (Figure 104).

small overlap of hook
and loop closure is
recommended

full overlap of hook

and loop closure does
not allow for easy

adijustment

\ :
a8

Figure 106. Proper umbilical placement and jacket closure (shown prior to arm removal)

Ensure that the jacket is not tucked into the pelvis/femur interface during the setup
procedures (Figure 105). If it is, pull the suit upwards near the shoulders.

Jacket NOT
tucked into
pelvis interface

Jacket tucked
into pelvis
interface

-

Figure 107. Ensure that jacket is not tucked into pelvis/femur interface
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e For this procedure, the pins on either side of Q3s positioning device should both be
installed (Figure 106).

A :MMMMWM!

Figure 108. Insert pins into Q3s positioning device

e Be sure the bolts on the positioning tool are correctly seated into the knee (Figure 107).

Figure 109. Position bolts into the knee
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o Pull the feet apart while hand-tightening either left or right bolt (Figure 108) until the
inner side of the knee just touches the center spacer of the positioning tool (Figure 109).

Figure 110. Pull feet apart while tightening bolt on positioning tool

Figure 111. Knees just touching the inner spacing bar on the positioning
device
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e Push the dummy’s chest toward the seatback, so that the ribs make full contact with the
seatback. If the optional tilt sensor is installed, the sensor should indicate 24.6 + 1°.
Push the feet towards the seatback to position the pelvis.

Adjust the pelvis position so that both left and right extensions of the Q3s positioning
device are equidistant from the seatback (Figure 110). This “squares” the dummy with
the seat.

Figure 112. Squaring the dummy to the seat using the Q3s positioning tool

o Carefully pull down the jacket at the hole under the arm. This will allow access to the
proper impact area, the center of the IRTRACC bolts. Adjust the bench position
(roughly) so that the probe contacts the thorax near the impact point. When the pendulum
probe is at its lowest position during travel, it should be just touching the thorax. Using
the lateral laser device will aid in the process.
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Pull back the probe and insert a small pointer into the center of the probe (Figure 111).
This will allow access to the proper area of impact (the portion of the thorax
corresponding to an impact between the IRTRACC bolts). Align the pointer with the
center point between the IRTRACC bolts (Figure 112). The lateral laser will also aid in
this process. Remove the pointer from the probe.

i —

Figure 113. Pointer inserted into center of probe

Figure 114. Align pointer between IRTRACC bolts
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Square the bench by measuring the distance of a reference edge along the back of the
bench which is parallel to the line of impact, such as the edge of the table (Figure 113).
Perform this measurement at both ends of the bench. Slightly adjust bench until it is
parallel to the line of impact so that both measurements are equidistant (+ 1 mm) to the
reference, taking care to maintain the thorax positioning at the probe.

Measurements
should be
equidistant on
both ends of bench

Figure 115. Checking that the bench is square
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e To ensure that the dummy is seated upright (not leaning laterally), using a second laser
device positioned in front of the dummy, align the laser between the feet and along the
dummy’s midsagittal plane (Figure 114). Align the laser between the feet and long the
centerline of the Q3s positioning tool. Placing a measuring tape between the feet to
ensure the dummy is upright may be useful. As an alternative, if the optional tilt sensor
device is installed in the spinebox, ensure that the lateral positioning of the dummy is 0 £
1°. Adjust the dummy as necessary to achieve these results.

Figure 116. Adjusting the dummy laterally
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e Secure the bench to the support surface using a clamp or any suitable method.
e Remove the Q3s positioning device.
e Figure 115 shows the final setup for the dummy.

Figure 117. Final setup for thorax without arm qualification test
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5.4.Test Procedure

e The test probe should have a mass of 3.81 + 0.02 kg 3! with a 70.0 + 0.25 mm face
diameter, and a 6.4 - 12.7 mm radius.

e Mount an accelerometer on the test probe with its sensitive axis in line with the
longitudinal centerline of the test probe.

e Release the test probe within the 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 -
70% specifications so that it achieves a velocity between 3.2 — 3.4 m/s at the instant of
contact with the dummy.

e At the instant of contact, the probe should be horizontal (= 1°), and the centerline of the
probe should be within 2 mm of the centerline of the arm reference line corresponding to
the center of the IRTRACC bolts.

e The data acquisition system should conform to SAE Recommended Practice J211 (July
2007).

e The probe acceleration is collected and filtered using a Channel Class 180 phaseless
filter.

e The thorax displacement (IRTRACC) is collected and filtered3? using a Channel Class
180 phaseless filter.

e Time zero is defined as the time of contact between the impact probe and the thorax. All
channels should be at a zero level at this point.

e Calculate probe force using the filtered probe acceleration®3:

O Fprobe = (mprobe )X(aprobe )

e The peak lateral thorax displacement and peak probe force shall lie within the proper
specifications:

0 Peak lateral thorax displacement: 24.5 — 30.5 mm
0 Peak probe force: 610 — 754 N

e Wait at least 30 minutes between consecutive thorax impact tests on the same side of the

thorax.

31 Mass includes probe mass and all rigidly attached hardware, plus 1/3 of supporting cable weight.
%2 Filtering should be performed only after the IRTRACC data has been calculated into displacement.
33 Mass should be measured in kg and acceleration should be measured in m/s?.
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6. Q3S PELVIS QUALIFICATION TESTS

6.1.Required Instrumentation
e Test probe accelerometer
e Speed trap

6.2. Optional Instrumentation
e Dual axis tilt sensor installed in spine box

6.3.Pre-Test Preparation

e With the pendulum in its lowest resting position, draw a reference line along the bench
support surface along the path of the pendulum; using a line laser device* (set for
vertical) positioned on a tripod (Figure 116) will aid in this process.

e Align the laser vertically along the back of the probe, along the top of the centerline of
the probe (Figure 117), and along the probe path reference line on the support surface.
Leave the laser in this position for the duration of the setup.

Figure 118. Laser line device set on tripod

34 For ease of setup, a laser line device is utilized in this procedure. However, any method which achieves the same
result is acceptable if such a device is unavailable.
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Figure 119. Align laser with probe
centerline and pendulum path reference
line on support surface

Unfasten the upper portion of the suit jacket and electrically ground the dummy using a
cable between a metal component of the dummy and the ground such as that shown in
Figure 118.

Grounding
Cable

Figure 120. Grounding the dummy
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e Reinstall the jacket.

e The dummy wears only the jacket for this procedure. No additional clothing or shoes are
placed on the dummy.

e Place the qualification bench® (Figure 119) in the probe’s impact area so that the dummy
can be impacted in the pelvis.

e Seat the dummy on a sheet of 387 x 521 mm PTFE (Teflon®) (2-mm thick) on the
bench. The edge of the sheet must be along the impact side of the bench’s seat pan.

e Place a sheet of 514 x 514 mm PTFE (Teflon®) (2-mm thick) between the seatback and
the dummy’s posterior thorax; the edge of the sheet must be along the impact side of the
bench’s seatback.

e The probe impact surface has a 70.0 + 0.25 mm diameter face, and a mass of 3.81 + 0.02
kg.

e The probe longitudinal axis should be positioned level (0 + 1°).

Figure 121. Qualification bench seat specifications for Q3s qualification tests

3 This is the same bench specified for WorldSID and SID-1IsD qualification procedures.
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e To prepare to install the Q3s positioning tool® (Figure 120) between the dummy’s knees,
push the femurs and tibias downward so that the legs make full contact with the test
surface. When installed on the dummy, the (impact side) edge of the positioning tool
should be flush or no more than 10mm inboard of the edge of the Teflon® sheet; the edge
of the sheet must be along the impact side of the bench’s seat pan.

R )

Figure 122. Q3s positioning device for Q3s

e Ensure that the instrumentation umbilical exits the dummy from the non-impact side of
the pelvis. In addition, fastening the hook and loop closure which connects the thoracic
part of the jacket to the pelvis portion with a small overlap allows for easier adjustment of
the jacket (Figure 121).

small overlap of hook

and loop closure is
recommended

full overlap of hook

and loop closure does
not allow for easy

adjustment

e Y

Figure 123. Proper umbilical placement and jacket closure

36 “Q3s Positioning Tool”, First Technology Safety Systems, Drawing # 020-9000, June 22, 2010.
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e Ensure that the jacket is not tucked into the pelvis/femur interface during the setup
procedures (Figure 122). If it is, pull the suit upwards near the shoulders.

Jacket tucked
into pelvis
interface

Jacket NOT
tucked into
pelvis interface

Figure 124. Ensure that jacket is not tucked into pelvis/femur interface

e For this procedure, initially only, the pins on either side of Q3s positioning device should
both be installed (Figure 123).

!M'ililb'ililhlt'i

Figure 125. Insert pins into Q3s positioning device
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Be sure the bolts on the positioning tool are correctly seated into the knee (Figure 124).

Figure 126. Position bolts into the knee

e Tape the impact side arm of the dummy to the head, assuring that it will clear the cables
from the impact probe (Figure 125). The non-impact arm is positioned with the upper
arm and lower arm perpendicular as shown in Figure 125.

Figure 127. Tape the impact side arm to
the head for pelvis tests
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o Pull the feet apart while hand-tightening either left or right bolt (Figure 126) until the
inner side of the knee just touches the center spacer of the positioning tool (Figure 127).

Figure 128. Pull feet apart while tightening bolt on positioning tool

Figure 129. Knees just touching the inner spacing bar on the positioning
device
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Push the dummy’s chest toward the seatback, so that the ribs make full contact with the
seatback. If the optional tilt sensor is installed, the sensor should indicate 24.6 + 1°.
Push the feet towards the seatback to position the pelvis.

Adjust the pelvis position so that both left and right extensions of the Q3s positioning
device are equidistant from the seatback (Figure 128). This “squares” the dummy with
the seat.

Figure 130. Squaring the dummy to the seat using the Q3s positioning tool

Remove both pins on the Q3s positioning tool.

Adjust the bench position (roughly) so that the probe contacts the pelvis near the impact
point. When the pendulum probe is at its lowest position during travel, it should be just
touching the pelvis. Since the pin is removed from the Q3s positioning device on the
impact side, swing the extension bar upwards and forward out of the way to access an
approximate impact site (Figure 129).

Pull the probe back, swing the positioning arm towards the seat back, and re-check that
the dummy is square in the seat (Figure 128).
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Figure 131. Setting approximate pelvis impact position

¢ Pull back the probe and insert a small pointer into the center of the probe (Figure 130).

Figure 132. Pointer inserted into center of probe
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e Align the pointer with the pelvis impact point hole on the Q3s positioning tool (Figure
131).

Figure 133. Positioning probe for pelvis impact using pointer

e Square the bench by measuring the distance of a reference edge along the back of the
bench which is parallel to the line of impact, such as the edge of the table (Figure 132).
Perform this measurement at both ends of the bench. Slightly adjust bench until it is
parallel to the line of impact so that both measurements are equidistant (+ 1 mm) to the
reference, taking care to maintain the pelvis positioning at the probe.

Measurements
should be
equidistant on both

ends of bench

Figure 134. Checking that the bench is square
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e Remove the pointer after the pelvis impact point is set.

e To ensure that the dummy is seated upright (not leaning laterally), using a second laser
device positioned in front of the dummy, align the laser between the feet and along the
dummy’s midsagittal plane (Figure 133). Align the laser between the feet and long the
centerline of the Q3s positioning tool. As an alternative, if the optional tilt sensor device
is installed in the spinebox, ensure that the lateral positioning of the dummy is 0 £ 1°.
Adjust the dummy as necessary to achieve these results.

Figure 135. Adjusting the dummy laterally

e Secure the bench to the support surface using a clamp or any suitable method.
e Remove the Q3s positioning device.
e Figure 134 shows the final setup for the dummy.
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Figure 136. Final setup for Q3s pelvis Qualification test
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6.4.Test Procedure

e The test probe should have a mass of 3.81 + 0.02 kg " with a 70.0 + 0.25 mm face
diameter, and a 6.4 - 12.7 mm radius.

e Mount an accelerometer on the test probe with its sensitive axis in line with the
longitudinal centerline of the test probe.

e Release the test probe within the 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 -
70% specifications so that it achieves a velocity between 3.9 — 4.1 m/s at the instant of
contact with the dummy.

e At the instant of contact, the probe should be horizontal (= 1°), and the centerline of the
probe should be within 2 mm of the center of the pelvis impact point.

e The data acquisition system should conform to SAE Recommended Practice J211 (July
2007).

e The probe acceleration is collected and filtered using a Channel Class 180 phaseless
filter.

e Time zero is defined as the time of contact between the impact probe and the pelvis. All
channels should be at a zero level at this point.

e Calculate probe force using the filtered probe acceleration®®:

O Fprobe = (mprobe )X(aprobe )
e The peak probe force shall lie within the proper specifications:
0 Peak probe force: 1587 — 1901 N

e Wait at least 30 minutes between consecutive pelvic impact tests on the same side of the

pelvis.

37 Mass includes probe mass and all rigidly attached hardware, plus 1/3 of supporting cable weight.
38 Mass should be measured in kg and acceleration should be measured in m/s?.
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7. Q3S LUMBAR SPINE QUALIFICATION PROCEDURES
7.1. Q3S LUMBAR SPINE FLEXION QUALIFICATION PROCEDURES

7.1.1. Required Instrumentation

Speed trap

Pendulum accelerometer
Six-axis lumbar load cell

Two angular rate sensors (ARS)

7.1.2. Pre-Test Preparation

e Soak the lumbar spine assembly in a controlled environment at 69 - 72°F (20.5 - 22.2°C)
and relative humidity of 10 - 70% for at least four hours prior to a test.

o Inspect the lumbar spine for deformation, tears or breaks in the rubber. Replace the
lumbar if deformation or damage is observed.

o Install the interface plate to the bottom of the pendulum using four (4) M6 x 15 SHCS
(Figure 135 and Figure 136).

o Install accelerometer to the pendulum (Figure 136).

Figure 137. Interface plate for test pendulum
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Figure 138. Install pendulum interface plate and pendulum accelerometer

e Install the Angular Rate Sensor (ARS)* to the pendulum interface plate using two M1.4
x 8 SHCS so that it measures rotational velocity about the Y’ axis (Figure 137 and Figure
146).

Figure 139. Install ARS to pendulum

% Install the Angular Rate Sensor (ARS) SA572-S58 for this application.
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e Install the Angular Rate Sensor (ARS)“ to its mount using two M1.4 x 8 SHCS so that it
measures rotational velocity about the (headform) Y axis. Then install this assembly to
the front of the headform (Figure 138 and Figure 139).

B /£
M2.5 x 16
i 18

Figure 140. Install ARS to mount then to front of headform

oordinate
system

+X

Figure 141. ARS installed to headform for lumbar flexion tests

40 Install the Angular Rate Sensor (ARS) SA572-S58 for this application.
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e Align and insert the alignment pin on the lumbar interface (Figure 140) to the back of the
headform (Figure 141).

Figure 142. Lumbar interface

Figure 143. Aligning the lumbar interface to the headform
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e Attach the lumbar interface to the headform using four M5 x 12 SHCS (Figure 142).

Figure 144. Install lumbar interface to headform

e Mount the lumbar load cell to the lumbar spine using four M5 x 12 SHCS (Figure 143).
The load cell wiring should protrude from the back of the lumbar spine.*

Figure 145. Installing lumbar load cell to lumbar spine

41 The chamfered counter-bored holes indicate the back of the lumbar spine.
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e Mount the lumbar load cell to the pendulum interface using four M5 x 12 FHCS (Figure
144). The back of the lumbar spine should be on the side opposite of the impact surface
of the pendulum.

Figure 146. Mount lumbar load cell to pendulum

e Mount the headform to the lumbar spine using two lumbar spine mounting screws*2
(Figure 145). Be certain these screws are tight so that the headform does not slip in the
mount.

Figure 147. Installing headform to lumbar spine

42 These are specialty screws, Part 020-9902, drawing 020-9060.
100



e Shows the final setup for the Q3s lumbar spine flexion qualification tests (Figure 146).
o Install the proper size hexcell to meet the pulse requirements specified in Table 5.

+/' pendulum

\ & lumbar
k@ coordinate

system

+ 4
headform Y
coordinate

system

Figure 148. Final setup for the Q3s lumbar spine flexion qualification test

7.1.3. Test Procedures

e The neck pendulum has a mass as specified in Figure 22, 49 CFR 572.33.

e Mount an accelerometer on the pendulum at the location specified in Figure 22, 49 CFR
572.33.

e Test shall be performed at 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 - 70%.

e Time zero is defined as the time of contact between the pendulum striker plate and the
honeycomb.

o All channels are at the zero level when the pendulum is vertical.
Post-test offset removal of the data signals shall be performed only on the pendulum
acceleration and moment signals.

e Raise the pendulum and allow it to fall freely such that it achieves an impact velocity
between 4.3 — 4.5 m/s at the time of contact with the arresting block and meets the
required pulse specifications included in Table 5.
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Table 5. Q3s Lumbar Spine Flexion Pulse Parameters

Spec. Limits
Parameter units | lower upper

impact speed m/s 4.3 4.5

g @10ms | m/s 1.3 1.7
58

335 | @0ms | mis | 27 3.7
% o

== @30ms | mis 4.1 4.9

The data acquisition system conforms to SAE Recommended Practice J211 (July 2007).
The pendulum acceleration is filtered using a Channel Class 180 phaseless filter.
The ARS is filtered using a Channel Class 60 phaseless filter.
The lumbar moment about the Y'-axis is filtered using Channel Class 600 phaseless filter.
Determine the change in pendulum deceleration by integrating the pendulum acceleration
beginning at time zero.
e Determine the headform rotation using the following formula®®:
0 Headform Rotation = s(Headform Angular Rate)y - (Pendulum Angular Rate), dt

e The peak rotation, peak moment, and rotation decay time to zero shall lie within the
proper specifications:

0 Peak headform rotation: 47.0 — 58.5°

o Peak moment* (My"): 78.2 —96.2 Nm

0 Headform rotation decay time to 0° from peak angle: 49 — 59 ms

43 perform this calculation after filtering the ARS sensors. Begin integration at time zero.
4 Maximum moment measured during the time interval while the rotation is within the specified corridor.
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7.2.Q3S LUMBAR SPINE LATERAL FLEXION QUALIFICATION

PROCEDURES

7.2.1. Required Instrumentation

Speed trap

Pendulum accelerometer
Six-axis lumbar load cell

Two angular rate sensors (ARS)

7.2.2. Pre-Test Preparation

Soak the lumbar spine assembly in a controlled environment at 69 - 72°F (20.5 - 22.2°C)
and relative humidity of 10 - 70% for at least four hours prior to a test.

Inspect the lumbar spine for deformation, tears or breaks in the rubber. Replace the
lumbar if deformation or damage is observed.

Install the interface plate to the bottom of the pendulum using four (4) M6 x 15 SHCS
(Figure 147 and Figure 148)

Install accelerometer to the pendulum (Figure 148).

Figure 149. Interface plate for test pendulum
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Figure 150. Install pendulum interface plate and pendulum accelerometer

e Install the Angular Rate Sensor (ARS)* to the pendulum interface plate using two M1.4
x 8 SHCS so that it measures rotational velocity about the Y’ axis (Figure 149).

Figure 151. Install ARS to pendulum

4 Install the Angular Rate Sensor (ARS) SA572-S58 for this application.
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e Install the Angular Rate Sensor (ARS)“ to its mount using two M1.4 x 8 SHCS so that it
measures rotational velocity about the X axis. Then install this assembly to the front of
the headform (Figure 150 and Figure 151).

Figure 152. Install ARS to mount then to front of headform

headform
coordinate
system

Figure 153. ARS installed to headform for lumbar lateral tests

4 Install the Angular Rate Sensor (ARS) SA572-S58 for this application.
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e Align and insert the alignment pin on the lumbar interface (Figure 152) to the back of the
headform (Figure 153).

Figure 154. Lumbar interface

Figure 155. Aligning the lumbar interface to the headform
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e Attach the lumbar interface to the headform using four M5 x 12 SHCS (Figure 154).

Figure 156. Install lumbar interface to
headform

e Mount the lumbar load cell to the lumbar spine using four M5 x 12 SHCS (Figure 155).
The load cell wiring should protrude from the back of the lumbar spine.*’

Figure 157. Installing lumbar load cell to lumbar spine

47 The chamfered counter-bored holes indicate the back of the lumbar spine.
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e Mount the lumbar load cell to the pendulum interface using four M5 x 12 FHCS (Figure
156). The left side of the lumbar should be closest to the hexcell for left side lateral
tests*e,

Figure 158. Mount lumbar load cell
to pendulum
e Mount the headform to the lumbar spine using two lumbar spine mounting screws*°

(Figure 157). Be certain these screws are tight so that the headform does not slip in the
mount. Note that the headform is positioned 90 degrees with respect to arc of the
pendulum swing. This configuration is unique to this particular test. The headform is
positioned edgewise in the other qualification tests (neck frontal, neck lateral, lumbar
frontal).

Figure 159. Mount headform to the lumbar spine

48 The right side of the lumbar is closest to hexcell for right side lateral tests.
49 These are specialty screws, Part 020-9902, drawing 020-9060.
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e Tape the ARS wiring to the headform, allowing sufficient slack. Figure 158 shows the
final setup for the Q3s lumbar spine lateral qualification tests.

pendulum
& lumbar
coordinate
system
+Y’
headform
coordinate
system
+X

Figure 160. Final setup for the Q3s lumbar spine lateral qualification test

7.2.3. Test Procedures

The neck pendulum has a mass as specified in Figure 22, 49 CFR 572.33.

e Mount an accelerometer on the pendulum at the location specified in Figure 22, 49 CFR
572.33.

Test shall be performed at 69 - 72°F (20.5 - 22.2°C) and relative humidity of 10 - 70%.

e Time zero is defined as the time of contact between the pendulum striker plate and the
honeycomb.
All channels are at the zero level when the pendulum is vertical.

e Post-test offset removal of the data signals shall be performed only on the pendulum
acceleration and moment signals.

e Raise the pendulum and allow it to fall freely such that it achieves an impact velocity
between 4.3 — 4.5 m/s at the time of contact with the arresting block and meets the
required pulse specifications included in Table 6.
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Table 6. Q3s Lumbar Spine Lateral Pulse Parameters

Spec. Limits
Parameter units | lower upper

impact speed m/s 4.3 4.5

g @10ms | m/s 1.3 1.7
58

335 | @0ms | mis | 27 3.7
% o

== @30ms | mis 4.0 4.8

The data acquisition system conforms to SAE Recommended Practice J211 (July 2007).
The pendulum acceleration is filtered using a Channel Class 180 phaseless filter.
The ARS is filtered using a Channel Class 60 phaseless filter.
The lumbar moment about the X'-axis is filtered using Channel Class 600 phaseless filter.
Determine the change in pendulum deceleration by integrating the pendulum acceleration
beginning at time zero.
e Determine the headform rotation using the following formula®:
0 Headform Rotation = s(Headform Angular Rate)x - (Pendulum Angular Rate) dt

e The peak rotation, peak moment, and headform rotation decay time to zero time shall lie
within the proper specifications:

0 Peak headform rotation: 46.1 — 58.2°

o Peak moment®! (Mx’): 79.4 —98.1 Nm

0 Headform rotation decay time to 0° from peak angle: 48 — 59 ms

%0 perform this calculation after filtering the ARS sensors. Begin integration at time zero.
51 Maximum moment measured during the time interval while the rotation is within the specified corridor.
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