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Motivating Crash Test

IPTM Special Problems 2015

Transit Bus Vs School Bus
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THE UNIVERSITY of

TULSA School Bus Description

2001 Thomas Built Bus by Freightliner
VIN: 4UZAAXAK332C134136

Weight: 18,400 Ib
Front: 7,000lb Rear: 11,400Ib
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Iﬁﬁfﬁf& School Bus Data
cEzi - SUMMary

Engine

Make: Caterpillar

Model Number: 3126B

Serial Number: CKM01078

Engine Control Module Family: ADEM2000

190 Hp @2100 RPM, 2500 RPM governed
Transmission

Make: Allison

Model: AT-545

Date of Manufacture: 02/22/01
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THE UNIVERSITY of

TULSA . .
wizzz o Crash Testing (Aside)

Q: Can we actually crash a bus into a bus?
A: Yes

Considerations:

Power for tow — Use the power band of the tow
vehicle -> compound pulleys

Force of the pull — Ensure strength of
components

Energy Management — Cables are dangerous
Brake systems — Stop the bus, if heeded

SAE World Congress 2016 2016-01-1493



THE UNIVERSITY of

TULSA
wrzz o Crash Testing Parts

= Custom Spindles, Plates and Hubs
« 12" plate steel, plasma cut for 5 lugs
« 7000 Ib trailer spindl_es welded to the plate
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THE UNIVERSITY of

TULSA .
=z Materials

3/8" galvanized steel cable (7x19) rated at
14,400 Ib

4 ton Crosby/McKissick Snatch Blocks

Hollow Polyester Rope - for Lifting
Flexible, 3/8" Diameter,
3500 Ib. Lifting Capacity .
Wire rope snake — 1200 Ib work load §& '
Breakaway at pickup
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Tow System in Action
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THE UNIVERSITY of

TULSA
e Crash Data

= Speed at impact

eGPS on School Bus x:438.915 y:28.7508 n:4807

0 | | | | | |
410 415 420 425 430 435 440 445
Time(secs)
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Accelerations and Delta-
V of School Bus
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@ zsmz - SChool BUS

Accelin X x:438.936 y:-0.0775545 n:3036

TUVIiRSSK Acceleration in X for

-10
-15
438 439 440 441 442 443 444
Time(secs)
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THE UNIVERSITY of

TULSA |
sz Delta-Voin X for School Bus

Calculated fom Accel in X x:438.9434 y:0.0976793 n:1501 x:439.6254 y:-21.2933 dx:0.682

0T
5 \\
£-10

= N
(4]

%-15 \
()

-20

-25 \

_‘_‘_‘_‘_‘ﬂ

438.5 439.0 439.5 440.0 440.5 441.0
Time(secs)
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THE UNIVERSITY of

TULSA
=z Pitch of School Bus

eDAQ_IPTM_FL2015_Crash_3.sie - IMU_data@Pitthe 48.RN8 17137 n:184823

(9)

1
(&)

Accel X_06

439 440 441 442
Time(secs)
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EXTRACTING HVEDR DATA
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:fsﬁﬁx Heavy Venhicle Event
iz Data Recorders

(]

= Records set from events can be stored inside
electronic control modules (ECMs)

= Most often these are the englne control
modules pre -

Detroit Diesel
Mercedes
Cummins
Caterpillar
Mack/Volvo
Navistar
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TUTSA Downloading the CAT
sz from the School Bus

File View Diagnostics Information Service Utilities Help

- B & WY

Sie o [COITen I:‘LI'I.II I
.63?30:,0.00 E'I:M Snﬂpﬁhﬂtﬁ

;b‘r
)

13151:53:53 Diagnostic  164- 3 Injection Actuation Pressure voltage hig 52172015 12:41:04 PM

13152:02:38 Diagnostic 164- 3 Injection Actuation Pressure voltage high (15) 5/21/2015 12:47:55 PM
o f 13145:30:01 External Trigger- Data Link Message 51872015 12:48:41 PM

P Wl s L B B ol ool IR [ et = _ a0 fa B AT PRARMG S M AT A RR

e L L R By R B AR E EARAS Y WOE NRITEE 8 LS Bl B W hr AN R

geed [mp:h]

13151:49:37 Sudden Stop  84-14 Quick 5top Occurrence 51’21‘.}!2{}15 12:33:42 PM

\.-’ghicle S

=
L

L ! f | f f
=S (LI L e e B

Clear | | Clear All
01 Snapshot Information
N ECM Trigger Date: 5/21/2015
- ECM Trigger Time: 12:41:04 PM
[Mode ||
| l View Data J | View Graph | ‘ Cancel
SAE World Congress 2016 2016-01-1493
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THE UNIVERSITY of

TULSA _
==z (Getting Snapshot Data

3l Cat Electronic Tec

File View Diagnostics Information Service Utilities Help

& B & v T 2yl el 2@

Snapshot: 13151:49:37 Sudden Stop  84-14 Quick Stop Occurrence 32072015
12:33:42 PM

Receiving data ...

3126 Truck (CKMO1078)

=
s = 9:29 PM

ol M o3 @M Lo f

o E @R EE e o
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THE UNIVERSITY of

Crash Reconstruction
Research Consortium X . m .

3l Cat Electronic Tec!

File View Diagnostics Information Service ilities  Help

S Be N2 ?@A

Cat Electronic Technician

@ Unable to retrieve snapshot data.

3126 Truck (CKMO1078)

— -
9:29 PM

e @D
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' THE UNIVERSITY of BUt We kn OW data
@ iUk
e QXSS

Data Bus was Recorded Network Logs from ET
During the Crash Showed Data for Quickstop

File Edit Search View Encoding Language Settings Macre Run Plugins Window ? X
cHHBE GBI 4 HBD e st B2 |51 E0EAL|IENEE sy =W
[H uncated4rafiic.bd B3 |

1 02,rM,21,4096,1,00,01,84,de,80, fe,ac, 90,d3,03,01,00,01,01,22,72,05,2d,07,79, 98,
02,RrM, 18,4096,1,00,01,84,£2,80, fe,ac, 90,d3,03,01,00,01,02, 20,00, 31,00,
02,BRM, 22,4096,1,00,01,85,09, 80, fe,ac, %0,d3,03,01,00,01,03,b3,51,08,b4,9%8,08,b5,1b,
02,mrM,21,40%96,1,00,01,85,83,80, fe,ac, %0,d3,03,01,00,02,01, 22,7b,05,2d,07,79, 98,
02,RrM, 18,4096,1,00,01,85,97,80, fe,ac, 90,d3,03,01,00,02,02, 20,04, 31,00,
02,BRM, 22,4096,1,00,01,85, a=, 80, fe,ac, 90,d3,03,01,00,02,03,b3,85,08,b4,%8,08,b5,1b,
02,RM, 21, 409¢,1,00,01, 86, 28, 80, fe,ac, 90,d3,03,01,00,03,01,22,80,05,2d,07,785, 98,
02,BM, 18, 4096,1,00,01, 86, 3b, 80, fe,ac, %0,d3,03,01,00,03,02,20,04, 31,00,
02,mrM,22,4096,1,00,01,86,53,80, fe,ac, %0,d3,03,01,00,03,03,b3,91,08,b4,9%8,08,b5,1b,
02,RM, 21,4096,1,00,01,86,cd, 80, fe,ac, 90,d3,03,01,00,04,01,22,77,05,2d,07,75, 98,
02,BRM, 18, 4096,1,00,01,86,e0,80, fe,ac, %0,d3,03,01, 00,04, 02,20,05,31,00,
02,RM, 22,4096,1,00,01, 86, £8, 80, fe,ac, %0,d3,03,01,00,04,03,b3, 5¢,08,b4,98,08,b5,1b,
02,BRM, 21, 4096,1,00,01,87,72,80, fe,ac, %0,d3,03,01,00,05,01,22,6f,05,2d4,07,79, 98,
02,RrM,18,40%6,1,00,01,87,86,80, fe,ac,%0,d3,03,01,00,05,02,20,06,31,00,
02,RM, 22,4096,1,00,01,87, 9d, 80, fe,ac, 90,d3,03,01,00,05,03,b3,5£,08,b4,98,08,b5, 1b,
02,BM, 21,4096,1,00,01,88, 44,80, fe,ac, %0,d3,03,01,00,06,01,22,74,05,24,07,79, 98,
02,RrM, 18,4096,1,00,01,88,57,80, fe,ac, 90,d3,03,01, 00, 06,02, 20,07, 31,00,
02,BRM, 22,4096,1,00,01, 88, 6e,80, fe,ac, %0,d3,03,01,00,06,03,b3,96,08,b4,98,08,b5,1b,
02,mrM,21,40%96,1,00,01, 88, f8,80, fe,ac, %0,d3,03,01,00,07,01,22,84,05,2d4,07,79, 98,
02,RrM, 18,409¢,1,00,01,89,0b, 80, fe, ac, 90,d3,03,01,00,07,02, 20,09, 31,00,
02,BRM, 22,4096,1,00,01,89%, 23,80, fe,ac, %0,d3,03,01,00,07,03,b3,5¢,08,b4,98,08,b5,1b,
02,RM, 21, 4096,1,00,01,89, 5¢, 80, fe, ac, 90,d3,03,01,00,08,01,22,83,05,2d,07,75, 98,
02,BRM, 18, 4096,1,00,01,89%,b0, 80, fe,ac, %0,d3,03,01, 00,08, 02, 20,0a,31,00,
02,mrM,22,4096,1,00,01,89,c7,80, fe,ac,%0,d3,03,01,00,08,03,b3,99,08,b4,98,08,b5,1b,
02,RM, 21, 409¢,1,00,01, 8a, 9¢, 80, fe, ac, 90,d3,03,01,00,09,01,22,78,05,2d,07,785, 98,
02,BRM, 18, 4096,1,00,01, 8a,af, 80, fe,ac, %0,d3,03,01, 00,09, 02, 20,0b, 31,00,
02,RrM, 22,4096,1,00,01, 8a, cé, 80, fe,ac, %0,d3,03,01,00,0%,03,b3,58,08,b4,98,08,b5, 1b,
02,BRM, 21, 4096,1,00,01, 8b, 40, 80, fe, ac, %0,d3,03,01, 00, 0a,01,22, 6e,05,2d4,07,79, 98,
02,RrM,18,40%96,1,00,01, 8b, 54,80, fe,ac, %0,d3,03,01, 00, 0a, 02,20, 0¢c, 31,00,
02,RrM, 22,40896,1,00,01, 8b, éb, 80, fe,ac, 90,d3,03,01,00,0a,03,b3,53,08,b4,98,08,b5,1b,
02,BRM, 21, 4096,1,00,01, 8¢, 03,80, fe,ac, %0,d3,03,01, 00, 0b,01,22,73,05,2d4,07,79, 98,
02,RrM, 18,40%¢,1,00,01, 8¢,16,80, fe,ac, %0,d3,03,01, 00, 0b, 02, 20,0, 31,00,
N2 BM 22 ANGA 1 NN N1 8~ 2= AN fe a3~ 6N 42 N2 01 N0 Nh N2 h2 2G NR h4d GR N8R h5 1h
Normal text file length:11232  lines: 145 Ln:1 Col:1 Sel:0|0 UNIX UTF-8 INS

| v

I

o w ®

N R T N

Do e WK S o

B O B R R T N N S e e N =l e
S o ®

Oy
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THE UNIVERSITY of

TULSA .
“U"“Sm J1708 Network Ana|YS|S

s f
b'uEHsmTucnncuPTm 2015\CAT HVEDR Data\bus-bus-crash\bus-bus.txt - Notepad++ [Administrator] { The PC s ays send me the \E

Language Settings Macro Run  Plugins  Window 7
Del it BE = ED DO = = v | datafrom frame 48.
]

0z2,RM,15,405%6,1,00,01,=24,48,80, fe,ac,%0,d1,03,01,00, 2L,
0z,s™,00,6,0,0,06,ac,fe,80,70,d3,
oz,rM,21,405%¢,1,00,01,24, 8¢c,80, fe,ac,90,d43,03,01,00,
0z,rM,16,405%¢,1,00,01,24,5%£,80, fe,ac,90,d3,03,01,0
0z,rM,22,405%6,1,00,01,24,b7,80,fe,ac,90,d43,03,0
cz,sM,00,10,0,0,06,ac, f=, 80,80,d1,03,01,00, 30,
0z2,RM,15,40%e,1,00,01, 24, £tc,80, £te,ac,90,d1,03,01,00, 30,
0z,sM,00,6,0,0,06,ac,fe,80,70,d3,

0z2,rM,21,40%e,1,00,01,a5,32,80, fe,ac,%0,d3,03,01,00,30,01,22,00,00,24,07,75, 98,
02,RrRM, 186,40%¢,1,00,01,a5, 45,80, fe, ac, 90,d3,03, 01,00, 30,02,20,04, 31,00,
0z2,pM,22,40%¢,1,00,01,a5, 5¢,80, fe,ac,90,d43,03,01,00,30,03,b3,fc,02,b4,a0,0£f,b5,00,
0z,sm,00,10,0,0,06,ac, fe,80,80,d41,03,01,00, 31,

0z2,pM,13,40%¢,1,00,01,a5,92,80, fe,ac,90,d1,03,01,00, 31,
0z2,s8M,00,6,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

1 | 3

r22,%e,00,24,07,78,88,
(02,20,06,31,00,
0,2f,03,b3,£fc,02,b4,a0,0£,b5, 98,

length : 85965 lines: 1056 Ln:903 Col:51 Sel:0|0 Dos\Windows UTF-8 IMS
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THE UNIVERSITY of

TULSA .
“U"“Sm J1708 Network Ana|YS|S

m— e
b-c::c.EJHSI]\TUCRRC"-IPTM 2015\CAT HVEDR Data\bus-bus-crashibus-bus.txt - Notepad++ [Administrator] [ ECM Says, “Are you ready forxz
Language Settings Macro Run  Plugins  Window 7 .
PelmalesEE s BB 5 = ~ v = Metosend the data in the 48"
1 frame?”

0z2,RM,15,405%6,1,00,01,=24,48,80, fe,ac,%0,d1,03,01,00, 2L,
0z,s™,00,6,0,0,06,ac,fe,80,70,d3,
0z2,rM,21,405%6,1,00,01,24, 8¢c,80, fe,ac,90,43,03,01,00,2£,01,22, 5e,0
0z,rM,15,405%e,1,00,01,24,%f,80, fe,ac,50,d3,03,01,00,2£,02, 20
0z,rM,22,405%6,1,00,01,24,b7,80, fe,ac,90,d3,03,01,00, 2L,
0z2,sm,00,10,0,0,06,ac,fe,80,80,d1,03,01,00,30,
0z,rM,15,40%e,1,00,01, 24, £tc,80, fe,ac,90,d1,03,01,00, 30,
vz,sM,UU,e,U,U,Uc,ac,te,al, fU,d3,
0z2,rM,21,40%e,1,00,01,a5,32,80, fe,ac,%0,d3,03,01,00,30,01,22,00,00,24,07,75, 98,
02,RrRM, 186,40%¢,1,00,01,a5, 45,80, fe, ac, 90,d3,03, 01,00, 30,02,20,04, 31,00,
0z2,pM,22,40%¢,1,00,01,a5, 5¢,80, fe,ac,90,d43,03,01,00,30,03,b3,fc,02,b4,a0,0£f,b5,00,
0z,sm,00,10,0,0,06,ac, fe,80,80,d41,03,01,00, 31,

0z2,pM,13,40%¢,1,00,01,a5,92,80, fe,ac,90,d1,03,01,00, 31,
0z2,s8M,00,6,0,0,06,ac,fe,B80,70,d3,

J

c,02,bd4,a0,0Lt,b3, 98,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

1 | 3

length : 85965 lines: 1056 Ln:903 Col:51 Sel:0|0 Dos\Windows UTF-8 IMS
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THE UNIVERSITY of

TULSA

e 11708 Network Analysis

f
e
hox (JHSINTUCRRCAIPTM 2015\CAT HVEDR Data\bus-bus-crash\bus-bus.tut - Notepad++ [Administrator] [ PC says, “OK, I'm ready’

]

Language Settings Macro Run  Plugins  Window 7

| | g 2 2| BEE|= nlEiEjlﬂﬁal_ﬂ (#] bl | E a v =

please send your data.”

0z,RM,15,405%¢,1,00,01,24,48,80, fe,ac,50,d1,03,01,

0z,s™,00,6,0,0,06,ac,fe,80,70,d3,

0z,rM,21,405%e,1,00,01,24, 8c,80,fe,ac,50,d3,03,01,
0z,rM,15,405%e,1,00,01,24,%£,80, fe,ac,50,d3,03,01,
0z,rM,22,405%6,1,00,01,24,b7,80,fe,ac,50,d3,03,01,

cz,sM,00,10,0,0,06,ac, f=, 80,80,d1,03,01,00, 30,
02 rM 13 4066 1 00 01 34 fc 80 . fe ac. 90 41, .03 07

0o, 2t,

0o,2f,01,22, %e,00
0o0,2f,02,20,0
0o0,2f,03,

(bd,a0,0t,b3, 98,

00

0z,sM,00,6,0,0,06,ac,fe,80,70,d3,

0z2,rM,21,40%e,1,00,01,a5,32,80, fe,ac,90,d3,03,01,
02,RrRM, 18, 40%¢,1,00,01,a5, 45,80, fe,ac, 90,d3,03, 01,
0z,pM,22,40%¢,1,00,01,a5, 5¢,80, fe,ac,90,d3,03,01,

0z,sm,00,10,0,0,06,ac, fe,80,80,d41,03,01,00, 31,

0z2,RM,13,40%¢,1,00,01,a5,9%2,80, fe,ac,90,d1,03,01,

0z2,s8M,00,6,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

oo, 30,01,22,00,00,24,07,79, 88,
oo, 30,02,20,04,31,00,
00,30,03,b3, fc,02,b4,20,0£f,b5,00,

0o, 31,

{11}

length : 85965 lines: 1056

Ln:903 Col:51 Sel:0|0 Dos\Windows UTF-8

IMS
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THE UNIVERSITY of

TULSA .
“U"“Sm J1708 Network Ana|y5|5

e f
2ox UHSINTUCRRCAIPTM 2015\CAT HVEDR Data\bus-bus-crash\bus-bus.txt - Notepad++ [Administrator] [ ECM sends all the requested \E_
Language Settings Macro Run  Plugins  Window 7 data fOr that frame |n 3 J1 708

L2y 2z BR = 1E0H0|ENRE =av =
1 messages.

0z2,RM,15,405%6,1,00,01,=24,48,80, fe,ac,%0,d1,03,01,00, 2L,
0z,s™,00,6,0,0,06,ac,fe,80,70,d3,
0z,rM,21,405%6,1,00,01,24, 8c,80, fe,ac,%0,d3,03,01,00,2£,01,22, %=, 00,
0z,rM,15,405%e,1,00,01,24,%f,80, fe,ac,%0,43,03,01,00,2£,02,20,06, 31
0z,rM,22,405%6,1,00,01,24,b7,80, fe,ac,90,d43,03,01,00,2£,03,b3, £c,
cz,sM,00,10,0,0,06,ac, f=, 80,80,d1,03,01,00, 30,
0z,rM,15,40%e,1,00,01, 24, £tc,80, fe,ac,90,d1,03,01,00, 30,
0z,sM,00,6,0,0,06,ac,fe,80,70,d3,
0z2,rM,21,40%e,1,00,01,a5,32,80, fe,ac,%0,d3,03,01,00,30,01,22,00,00,24,07,75, 98,
02,RrRM, 186,40%¢,1,00,01,a5, 45,80, fe, ac, 90,d3,03, 01,00, 30,02,20,04, 31,00,
0z2,rM,22,40%¢,1,00,01,a5, 5¢,80, fe,ac,90,d43,03,01,00,30,03,b3,fc,02,b4,a0,0£f,b5,00,
0z,sm,00,10,0,0,06,ac, fe,80,80,d41,03,01,00, 31,

0z2,pM,13,40%¢,1,00,01,a5,92,80, fe,ac,90,d1,03,01,00, 31,
0z2,s8M,00,6,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

1 | 3

J

(0f,b5, 098,

length : 85965 lines: 1056 Ln:903 Col:51 Sel:0|0 Dos\Windows UTF-8 IMS
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oox (JHSINTUCRRCWPTM 20150CAT HVEDR Data\bus-bus-crashibus-bus.txt - Motepad ini 'f \E
- e PC sends a message to

THE UNIVERSITY of

TULSA

Crash Reconstruction
Research Consortium

J1708 Network Analysis

]

Language

Settings Macre Run  Plugins
| % | % = |EE

= 1

Window 7

ECEH =] — request the data for frame 49.

0z2,RM,15,405%6,1,00,01,=24,48,80, fe,ac,%0,d1,03,01,00, 2L,
0z,s™,00,6,0,0,06,ac,fe,80,70,d3,
oz,rM,21,405%6,1,00,01,24, 8c,80, fe,ac,%0,d3,03,01,00,2£,01,22, %, 00,
0z,rM,16,405%e,1,00,01,24,%t,80, fe,ac,90,43,03,01,00,2£,02, 20,06,
0z,rM,22,405%6,1,00,01,24,b7,80, fe,ac,5%0,d3,03,01,00,2£,03,b3,¢
cz,sM,00,10,0,0,06,ac, f=, 80,80,d1,03,01,00, 30,
0z,rM,15,40%e,1,00,01, 24, £tc,80, fe,ac,90,d1,03,01,00, 30,
0z,sM,00,6,0,0,06,ac,fe,80,70,d3,
02,rM,21,405%e,1,00,01,a5, 32,80, fe,ac,90,d43,03,01,00,
02,RrRM, 18, 40%¢,1,00,01,a5, 45,80, fe,ac, 90,d3,03, 01,
0z2,pM,22,40%¢,1,00,01,a5, 5,80, fe,ac,90,d3,03,0

J

0,0f,b5,98,

r22,00,00,24,07,79,88,
,02,20,04,31,00,
0,30,03,b3,fc,02,bd4,a0,0f,b5,00,

0z,sm,00,10,0,0,06,ac, fe,80,80,d41,03,01,00, 31,

0z2,pM,13,40%¢,1,00,01,a5,92,80, fe,ac,90,d1,03,01,00, 31,
0z2,s8M,00,6,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

1 | 3
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02,RM,13,40%¢,1,00,01,=24, 48,80, fe,ac,%0,d41,03,01,00,2¢,
0z,s,00,6,0,0,06,ac,fe,80,70,d4d3,
02,RM,21,40%¢,1,00,01,=24,8¢c,80, fe,ac,%0,43,03,01,00,2%,01,22, %=, 00,
02,rM,18,40%¢,1,00,01,=24, %f,80, fe,ac, 90,d43,03,01,00,2£,02,20,06, 31
02,prM,22,40%¢,1,00,01,24,b7,80, fe,ac,90,d43,03,01,00,2%,03,b3, fc,
oZ,sw,00,10,0,0,06,ac, fe,80,80,41,03,01,00, 30,
02,RM,13,40%¢,1,00,01,24, fc, 80, fe, ac, %0,d41,03,01,00, 30,
0z,s™,00,¢6,0,0,06,ac,fte,80,70,d3,
02,RM,21,40%¢,1,00,01,a5,32,80, fe,ac,%0,d43,03,01,00, 30,01,
02,BM,18,40%¢,1,00,01,a5,45,80, fe,ac,90,d43,03,01,00,30,02
02,R™M,22,40%6,1,00,01,a5, 5¢,80, fe,ac,%0,d43,03,01,00, 30,0
02.s5M,.00,10,0,0,06,ac, fe, B80,80,41,.03,01,00,31,
02,RM,13,405%¢,1,00,01,25,52,80, fe,ac,%0,41,03,01,00, 31,
UL, sM,UU,e,U,U,Ue,ac,re,cl, fU,ds,
02,sM™,00,6,0,0,06,ac,fe,B80,70,d4d3,
02,sM™,00,6,0,0,06,ac,fe,B80,70,d4d3,
02,s™,00,6,0,0,06,ac,fe,B80,70,d43,

1 | 3

J

0f, b3, 98,

,00,2d,07,79,88,
04,31,00,
3,fc,02,bd,a0,0f,b5,00,

length : 85965 lines: 1056 Ln:903 Col:51 Sel:0|0 Dos\Windows UTF-8 IMS

SAE World Congress 2016 2016-01-1493 30



/7
— = f « . \g
ox (JHSINTUCRRCWPTM 20150CAT HVEDR Data\bus-bus-crashibus-bus.txt - Motepad++ [Administrator] PC Says YeS
y .

THE UNIVERSITY of

TULSA .
“U"“Sm J1708 Network Ana|y5|5

lj|:’l:|ﬁﬂlh| & %|ug§1|%?iIE;EjI!EaIJ|[][j[jIH EH E oA vV OE

Language Settings Macro Run  Plugins  Window 7

0z2,RM,15,405%6,1,00,01,=24,48,80, fe,ac,%0,d1,03,01,00, 2L,
0z,s™,00,6,0,0,06,ac,fe,80,70,d3,
0z,rM,21,405%e,1,00,01,24, 8¢c,80, fe,ac,9%0,d43,03,01,00,2£,01,22, 5,00
0z,rM,16,405%e,1,00,01,=24,%£,80, fe, ac,90,43,03,01,00,2£,02,20,0¢
oz,rM,22,405%6,1,00,01,24,b7,80,fe,ac,5%0,d3,03,01,00,2£,03,b3
cz,sM,00,10,0,0,06,ac, f=, 80,80,d1,03,01,00, 30,
02,RM,15,40%e,1,00,01, 24, £fc,80, fe,ac,90,41,03,01,00, 30
0z,sM,00,6,0,0,06,ac,fe,80,70,d3,
0z2,rM,21,40%e,1,00,01,a5,32,80,fe,ac,50,d3,03,01
02,RrRM, 18,40%¢,1,00,01,a5, 45,80, fe,ac, 90,d3,03
0z,pM,22,40%¢,1,00,01,a5,5¢c,80, fe,ac,90,d3
0z,s™,00,10,0,0,06,ac,fe,B80,80,d1,03,01
02,PM,13,40%¢,1,00,01,a5,82,80, fe, ac

ral,0f,b3, 98,

,01,22,00,00,24,07,789,98,
,30,02,20,04,31,00,
1,00,30,03,b3,fc,02,b4,a0,0£f,b5,00,
.31,

,dl,03,01,00,31,

0z2,s8M,00,6,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

1 | 3
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Language Settings Macro Run  Plugins  Window 7

0z2,RM,15,405%6,1,00,01,=24,48,80, fe,ac,%0,d1,03,01,00, 2L,
0z,s™,00,6,0,0,06,ac,fe,80,70,d3,
0z,rM,21,405%6,1,00,01,24, 8¢c,80, fe,ac,9%0,d43,03,01,00,2£,01,22, 5,00
0z,rM,16,405%e,1,00,01,24,%£t,80, fe,ac,90,43,03,01,00,2£,02, 20,06,
oz,rM,22,405%¢,1,00,01,24,b7,80, fe,ac,90,43,03,01,00,2£,03,b3,
cz,sM,00,10,0,0,06,ac, f=, 80,80,d1,03,01,00, 30,
0z,RM,15,40%e,1,00,01, 24, £tc,80, fe,ac,90,d1,03,01,00, 30,
0z,sM,00,6,0,0,06,ac,fe,80,70,d3,
0z2,rM,21,40%e,1,00,01,a5,32,80, fe,ac,90,d3,03,01,
02,RrRM, 18,40%¢,1,00,01,a5, 45,80, fe,ac, 90,d3,03,0
0z,RM,22,40%6,1,00,01,a5,5¢c,80,fe,ac,90,d43,0
0z,sm,00,10,0,0,06,ac, fe,80,80,d41,03,01,0
02,PM,13,40%¢,1,00,01,a5,92,80,fe,ac,9
0z2,s8M,00,6,0,0,06,ac,fe,B80,70,d3,

0,0f,b5,98,

1,22,00,00,2d4,07,79,88,
o,02,20,04,31,00,
00,30,03,b3, fc,02,b4,20,0£f,b5,00,

,03,01,00,31,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,
0z,sM,00,¢,0,0,06,ac,fe,B80,70,d3,

1 | 3
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02,BM,13,40%6,1,00,01,24,48,80, fe,ac,%0,d1,03,01,00,2%,
az,sm,00,6,0,0,06,ac,fe,80,70,d3,
02,RM,21,40%6,1,00,01,24,8¢c,80, fe,ac,%0,d3,03,01,00,2f£,01,22, %=,00,
02,RM,18,40%6,1,00,01,24,5%f,80, fe,ac,%0,d3,03,01,00,2£,02,20,06,
02,RM,22,40%6,1,00,01,24,b7,80, fe,ac,%0,d3,03,01,00,2f£,03,b3,
a2,sm,00,10,0,0,06,ac, fe,80,80,d1,03,01,00, 30,
02,RM,13,40%6,1,00,01,24, fc, 80, fe,ac,%0,d1,03,01,00, 30,
0z,sM™m,00,6,0,0,06,ac,fe,80,70,d3,
02,BM,21,40%6,1,00,01,a5,32,80, fe,ac,%0,d3,03,01,00
02,BM,18,40%6,1,00,01,a5,45,80, fe,ac,90,d3,03,01
0z,BM,22,40%¢,1,00,01,a5, 5¢,80, fe,ac,%0,d3,03,
z,sm,00,10,0,0,06,ac, fe,80,80,d1,03,01, 00,
0z,BM,13,408%¢,1,00,01,a5,8%2,80, fe,ac, 590,
0z2,sM,00,6,0,0,06,ac,fe,80,70,d3,
0z,s5M,00,6,0,0,06,ac,fe,80,70,d3,
0z,sM™m,00,6,0,0,06,ac,fe,80,70,d3,
0z,sM™m,00,6,0,0,06,ac,fe,80,70,d4d3,

1 | 3

J

0,0f,b5,98,

22,00,00,24,07,79,88,
,02,20,04,31,00,
r30,03,b3,fc,02,b4,a0,0£,b5,00,

3,01,00,31,

length : 85965 lines: 1056 Ln:903 Col:51 Sel:0|0 Dos\Windows UTF-8 IMS
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Crash Reconstruction
Research Consortium

Cat Electronic Technician

@ Unable to retrieve snapshot data.

SAE World Congress 2016 2016-01-1493

34



THE UNIVERSITY of

TULSA
=iz Recovered Speed Data

Recovered Snapshot Speed Record

30
Break out data in the frames and find the

Speed data N
75 .... [ J
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[ J
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[ J
[ J
[ J
15 .0
[ J
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[ J
10 [ J [ ]
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5 .... [ ]
[ J
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0 @
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SR Synchronized Network

Crash Reconstruction
Research Consortium

Vehicle Speed Record Comparison

30
——]J1587 Road Speed (mph) }wﬁdm
25 ' ——Recovered EDR Speed el '
—eDAQ Road Speed (mph) 7 fffr’
.20 eGPS Speed (mph) f,:f
L b
£ 7
b=t <
3 15 4 T,s’
(¥s]
® ff'f
o V-
% 10 ,fr i

0 5 10 15 20 25
Time (sec)
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™
Crash Reconstruction ?
Research Consortium W r I
]
I

Vehicle Speed Record Comparison

——]1587 Logged Road Speed (mph)
—e—Recovered EDR Speed (mph)
—eDAQ Road Speed (mph)
===eGPS J1708 Speed (mph)

5
4.5
4
‘éi3.5
~ 3
o
8)5_2'5
MENPAN Missing CAT Network N
SENEl Data for Road Speed
PN (3 points = 360 ms).
0.5 Perhaps from a power
' glitch.
0
22 22.5 23

23.5

Time (sec)
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FOTSA Key _Pomts from Crash
werzzi T esting

Crashing a Bus into a Bus
Upsized Cable System

Mixed Vehicle Network, Vbox, IST, ACM, and
eDAQ data.

Recorded and synchronized J1708 network
traffic into a crash.

Manually recovered previously unobtainable
information from CAT ECMs.
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wses Literature Review

Messerschmidt, W., Austin, T., Smith, B.,
Cheek, T., et al., "Simulating the Effect of
Collision-Related Power Loss on the Event Data
Recorders of Heavy Trucks," 2010-01-1004

Cutting power after a hard brake produced a
Snapshot that CatET Could not recover.

Austin, T. and Farrell, M., "An Examination of
Snapshot Data in Caterpillar Electronic Control
Modules," 2011-01-0807

Survey of many Cat ECMs and data retention.
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Thesis Statement:

CATERPILLAR ECMS HAVE
RECOVERABLE DATA, EVEN
AFTER A POWER LOSS

SAE World Congress 2016 2016-01-1493
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THE UNIVERSITY of

TULSA
=z Research Procedure

Build the extraction algorithm into a tool
(Forensic Link Adapter).

Simulate speed data for Quickstop Events

oggle power at various times after the
Quickstop starts.

Extract the data with the Forensic Link
Adapter.

Attempt extraction with CatET.

SAE World Congress 2016 2016-01-1493
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Crash Reconstruction
Research Consortium

Step 1: Build a Tool
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Ifeﬁ‘ﬁx Successful Snapshot
=iz Download Screen

Finis hn-_{ ECH D=,|.:I
otal SHarFs hEl'I" ;

Got 4 <} :
RFl._ju ARSIt S

T
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HOTER R_esults on the Forensic
wrzzi - Link Adapter Portal

‘ CAT Speed Change Snapshot Records Chart #1

ECM Event Time: Tue May 19 2015 7:33:42 CST
Adjusted Event Time: Tue May 19 2015 13:48:17 CST
PID 84: Road Speed

FMI 14: Special Instructions

750
- e s I +

P N

— Engine Speed T

Clutch Switch com =

500 =

Brake Switch o
o I
250 o |

=
: ?
-0.95 | 0 '

Road Speed: 27.5 MPH

® Engine Speed: 699 RPM |

Clutch Switch: 0
Brake Switch: 0

-20 -17.5 -15 -12.5 -10 -7.5 -5 -25 o

Time (sec).

CAT Speed Change Snapshot Records Chart #1 Table Download Table CSV &



https://fla.synercontechnologies.com/org/synercon-technologies/fla/1P1R90067/report/1981/

THE UNIVERSITY of

TUTSA |
weneeee TGt Sety D Dia gram

s eDA
USB ‘ Neo VI
L T L Data Recorder
S X A
USB _ ‘
.
DPA 4 J1708 and J1939 Networks
Diagnostic Adapter | ‘
4
e N
~ Caterpillar
+12V E ngl ne Boost pressure
o Control | JJ— |
Ignition
Signa| \ MOdu Ie | VSS |
"\ / Arduino Based

Microcontroller

Accelerator Pedal
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Crash Reconstruction
Research Consortium

Physical Test Setup

‘ RP1210 \

. —
Network Lo/g>r_\

Arduino and

SAE World Congress 2016
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iz Test Sequence

Normal Power
Operation Loss
Event Snapshot
Trigger Recovery

SAE World Congress 2016 2016-01-1493
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wrzi Test Sequence Signals

Normal Uperaflon Power Loss

ECM Volts Event Trigger Snapshot Recovery

——f——f—————

41 ] __

2
©
®
®
o
|
|
‘l\
|
|
|
|
|
I—
|
|
|

N
o
I

J1587 Road Speed
©c538
| 1 |

&)

10 15 25

SAE World Congress 2016~ me(secs) 2016-01-1493

N
o



THE UNIVERSITY of

TULS

Calculated Speed from Frequency
J1939 SPN 84
J1587 PID 84

50 i
., ,_,M‘i

Speed (mph)
on
___+__
—_l

-t
—_—t

B

14.5 15.0 155 16.0 16.5 17.0 17.5

Time(secs)

SAE World Congress 2016

=iz SigNal Delay

Speed signal generated by
using the tone() function
in Arduino.

Frequency converted to
speed with eDAQ

Speed is delayed about
180 to 190 milliseconds

About 4 mph is sustained
for at least 1 second, even
after the tone ring signal
has dropped to zero
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Sna pshot Recovery
T pun2 2018 170939 T Generated 41
R Quickstop records.
sy FLA recovered all
S available snapshots.

CatET recovered
only the snapshot
d-Ad) that was 7.87
seconds after event
trigger.

Event to Power loss
> 0.5 seconds

o
o

Throttle (%)

=]
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THE UNIVERSITY of

TULSA Ca
zezza - Limitations

This study does not address accuracy, just
availability.

Only tested 6NZ (ADEM2000) and BXS
(ADEM3) in the lab.

BXS did not always record QuickStop events
Recoverable data has to exist first.

Conducive conditions may not produce records.
Did not address off Engine fault codes.
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e Field Success

Crash Reconstruction
Research Consortium

]
-T ECM Event Time: 16:23:33 EST (Hex: 84 17 Ob 2d 03 1f)
[ | at Adjusted Event Time: Tue Apr 05 2016 18:19:42 EST

Diagnostic Clock: 54177:18:44 (Hex: d3 a1 24 98)
PID 84: Road Speed (Hex: 54)

Cou IC n ’t get FMI 14: Special Instructions (Hex: Oe)

Road Speed

the data =Tk

Clutch Switch
— - Brake Switch
— Cruise Switch

CAT Speed Change Snapshot Records Chart #1

100

Throttle (%)

) E.Ig

-20 -17.5 -15 -12.5 -10 -7.5 -5 -2.5 0 25

Time (sec).

CAT Speed Change Snapshot Records Chart #1 Table Download Table CSV &
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cEzi - SUMMary

Explanation and Demonstration of data
extraction algorithm

Description of Tool (FLA)

Experiment showing
Power loss (even brief) stops the recording
Data can be recovered, if the recording started

More examples and information at

SAE World Congress 2016 2016-01-1493 53
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