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HH EZ ISR SERRIT:
Welcome 1. Instructor & Course Introduction 1.  Complete
2 Student Expectations All Ttems
3 Syllabus 2. Passed the
4. Student Introductions pre-test
5 Ask the Facilitator
6 Pre-Test
Module One | Math Review, Friction & Newton's Laws Complete All
M1) 1. Ml Introduction Items
2. MI Lesson One: Math Review
3. M1 Lesson Two: Friction




HH ARENE SERRIT:
4. Ml Lesson Three: Newton's Laws
5. MI Lesson Four: Extracting Data From AutoStats Reports
Module Two | Center of Mass, Estimating Speed & Kinetic Energy 1. Complete
M2) 1. M2 Introduction All Items
2. M2 Lesson One: Center of Mass Lecture 2. Module
3. M2 Lesson One: Center of Mass Project One (Instructor Led item has
Whiteboard) been
4. M2 Lesson One: Project Two (Quiz) completed
5. M2 Lesson One: Project Two Solution Guide by scoring
6. M2 Lesson One: Project Three (Quiz) at
7. M2 Lesson One: Project Three Solution Guide least 80.0
8. M2 Lesson One: Project Four (Quiz)
9. M2 Lesson One: Project Four Solution Guide
10. M2 Lesson Two: Estimating Speed Lecture
11. M2 Lesson Two: Project One (Quiz)
12. M2 Lesson Two: Project One Solution Guide
13. M2 Lesson Three: Kinetic Energy Lecture
14. M2 Lesson Three: Kinetic Energy Instructor Led Project
15. M2 Lesson Three: Project One (Quiz)
16. M2 Lesson Three: Project One Solution Guide
17. M2 Lesson Three: Project Two (Quiz)
18. M2 Lesson Three: Project Two Solution Guide
19. M2 Lesson Three: Project Three (Quiz)
20. M2 Lesson Three: Project Three Solution Guide
Module Time/Distance 1.  Complete
Three (M3) | 1. M3 Introduction All Items
2. M3 Resources 2. Module
3. M3 Lesson One: Time/Distance Lecture item has
4. M3 Lesson One: Time/Distance Instructor Led Project been
5. M3 Lesson One: Project One (Quiz) completed
6. M3 Lesson One: Project One Solution Guide by scoring
7. M3 Lesson One: Project Two (Quiz) at
8. M3 Lesson One: Project Two Solution Guide least 80.0
9. M3 Lesson One: Project Three (Quiz)
10. M3 Lesson One: Project Three Solution Guide
11. M3 Lesson One: Project Four (Quiz)




HH ARENE SERRIT:
12. M3 Lesson One: Project Four Solution Guide
13. M3 Lesson One: Project Five (Drawing Project) (Quiz)
14. M3 Lesson One: Project Five (Drawing Project) Solution
Guide
Module Four | Airborne & Critical Speed 1. Complete
(M4) 1. M4 Introduction All Items
2. M4 Lesson One: Airborne Lecture 2. Module
3. M4 Lesson One: Airborne Instructor Led Project item has
4. M4 Lesson One: Project One (Quiz) been
5. M4 Lesson One: Project One Solution Guide completed
6. M4 Lesson One: Project Two (Quiz) by scoring
7. M4 Lesson One: Project Two Solution Guide at
8. M4 Lesson Two: Critical Speed Lecture least 80.0
9. M4 Lesson Two: Critical Speed Instructor Led Project
10. M4 Lesson Two: Project One (Quiz)
11. M4 Lesson Two: Project One Solution Guide
12. M4 Lesson Two: Project Two (Quiz)
13. M4 Lesson Two: Project Two Solution Guide
14. M4 Lesson Two: Critical Speed & Airborne Combo Project
(Quiz)
15. M4 Lesson Two: Critical Speed & Airborne Combo Project
Solution Guide
Module Five | Vectors 1.  Complete
(M5) 1. M5 Introduction All Ttems
2. M5 Lesson One: Vectors Lecture
2. Module
3. MS Lesson One: General Vector Demonstration
item  has
4. MS Lesson One: Vectors Instructor Led Mathematical Project b
een
5. MS5 Lesson One: Vectors Instructor Led Graphical Project
completed
6. M5 Lesson One: Project One (Quiz)
by scoring
7. MS5 Lesson One: Project One Solution Guide
at least
8. MS Lesson One: Project Two (Quiz) 20.0
9.  MS5 Lesson One: Project Two Solution Guide .
10. MS5 Lesson One: Project Three (Quiz)
11. M5 Lesson One: Project Three Solution Guide
Module Six | Inline Momentum & Two Dimensional Momentum 1. Complete
(M6) 1. M6 Introduction All Items




HH ARENE SERRIT:
2. M6 Resources 2. Module
3. M6 Lesson One: Inline Momentum Lecture item  has
4. M6 Lesson One: Inline Momentum Instructor Led Project been
5. M6 Lesson One: Project One (Quiz) completed
6. Mo Lesson One: Project One Solution Guide by scoring
7. M6 Lesson One: Project Two (Quiz) at least
8. Mo Lesson One: Project Two Solution Guide 80.0
9. M6 Lesson One: Project Three (Quiz)
10. M6 Lesson One: Project Three Solution Guide
11. M6 Lesson Two: Two Dimensional Momentum Lecture
12. M6 Lesson Two: Two Dimensional Momentum Instructor Led
Project
13. M6 Lesson Two: Project One (Quiz)
14. M6 Lesson Two: Project One Solution Guide
15. M6 Lesson Two: Project Two (Quiz)
16. M6 Lesson Two: Project Two Solution Guide
Module Working Momentum 1.  Complete
Seven M7) | 1. M7 Introduction All Items
2. M7 Resources
2. Module
3. M7 Lesson One: Working Momentum - Center of Mass &
item  has
Drawing Cars
been
4. M7 Lesson One: Working Momentum - Measuring Angles &
completed
Skid Marks
by scoring
5. M7 Lesson One: Working Momentum - Vector Math |
at east
6. M7 Lesson One: Working Momentum - Vector Diagrams 20.0
7. M7 Lesson One: Project One (Quiz) .
8. M7 Lesson One: Project One Solution Guide
9. M7 Lesson One: Project Two (Quiz)
10. M7 Lesson One: Project Two Solution Guide
Module Multiple Departures 1.  Complete
Eight (M8) 1. M8 Introduction All Items
2. M8 Lesson One: Multiple Departures - Center of Mass &
2. Module
Drawing Cars .
item  has
3. M8 Lesson One: Multiple Departures - Measuring Angles & b
een
Skid Marks
completed
4. M8 Lesson One: Multiple Departures - Vector Math &
by scoring




HH RENE SERRIT:
Diagrams at least
80.0
Module Nine | Motorcycles, Commercial Vehicles & Pedestrian/Bicycle Crashes 1.  Complete
M9) 1. M9 Introduction All Items
2. M9 Resources
2. Module
3. MO9: Multiple Crash Project (Assignment)
item  has
4. MO9: Multiple Crash Project Solution Guide b
een
5. M9: Multiple Crash Project Solution Guide
completed
6. M9 Lesson One: Introduction to Motorcycle Crashes
by scoring
7. M9 Lesson Two: Introduction to Commercial Vehicle Crashes |
at east
8. M9 Lesson Three: Introduction to Pedestrian/Bicycle Crashes £0.0
Module Ten | Course Review, Optional Project, Final Exam 1.  Complete
(M10) 1.  MI10 Introduction All Items
2 M10 Course Review (Knowledge)
2. Module
3 M10 Course Review (Math) (Quiz)
item  has
4.  MI10 Course Review (Math) Solution Guide b
een
5 Final Exam (Quiz)
completed
by scoring
at least
80.0
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Welcome Everyone!!
People L X . .

This is a place for you tell me and everyone else a little bit about yourself, it is also a place to meet everyone and network.

Modules One day you may need assistance in a certain area and you may have attended a course with someone close that could help. |
Zoom look forward to interacting wit you all in way or another and feel free to reach out with any issues or questions.
Accredible

~ Reply

) John McCarthy Jr

{
@ | Jn10.202

Hi, my name is John McCarthy, | work for the West Springfield Police Department in Massachusetts. | have worked for this
Department for six years and am currently our departments K-9 handler. | was assigned to the West Springfield Police
Department Accident Reconstruction team within the past year along.

B 1 BREVE

The principle of conservation of linear momentum states that:

The total vector sum of the linear momentum of a system at impact is equal to
the total vector sum of the momentum after the collision

Simply put, what goes in must equal what comes out, thus momentum is
“conserved” (Momentum occurs in a closed system)
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Question Anytime Motion ToFrom a Stop Constant
Need “a” or “f° Need “a” or “f” P/R/Pedestrian
No “a or “F
t t= 2% oR t=0.45 °
a W E
) . d
Time tzi—" 1;:1 OR t= — t= =
a a fg) v
(Long)
d d = Vy(t)+. 5(a)(t? d= —— OR d= —-
= Volt)x-5(aj(r’) 2540 T 1982(F)
Diztance OR d =.5(al(t*) (¥ 36) d =V(t)
{Far) d = Vu(t) + 16, 1{f 1t OR
d = 4.90(f)(t*) (#36)
Spead §=./Sa? +254(d}(f) = ./ 254(d)(f)
- _ d
Velocity V=.,Velt2{a)d OR Vv =.,/2(alid)] OR V= "
(Fast) v =.Vo!+19.62(f)(d) V=.19.62(f)(d)
V=V, +alt) (when Yo =10
V=alt)
Factor (f)

. Vi—Va 52 .
Deceleration = ![II:: = oo fagi. = nin) + m
OR :f“:i!:—I| fap=nte
Acceleration = 4.:.3: fagi =ptm

F
v 1.466 - f £ | W
Conztants Conversions Acceleration Drag Sled

11



Kinetic Energy

K. = 1/2(m)(V*)

Airborne
(Any airborne)
THT(d}

 Cos@,/th+[d{Tan 8}

In - Line Momentum
Rear-end (Unit 2 stopped)
W,5, = W5, + W,.5,

wis?) 221(d}
K. = 2552 T Cos by Eht[d[Tan 8)) or
K, =2 Level taka-off §, =5, + 220
= 1
—————————————————————— §=122% Rear-end (Unit 2 moving)
(H"-WH W15] +w15;-_ = W'LS'_; +w:54
Wk = W(f)(g)(d) V=1 or
________________________________________ _ Wk, _ Waks
S1=5+ Wy Wy
(Speed Veloci ) Head-on (Unir 2 depares ro 07
5= “lzs.g:‘j:ﬁr: W|S| - WgS-d = W.S-J + WES| or
— I'.'.| K-el 5:.=5:+ ab il —wz_sz
yow W, Wy
Head-on (Umir 2 depares o 1807
Critical Speed Convert grode to angle W5, — W5, = W,5, —W.,5, or
. o Tan=1 o Was, WS
(Radius) 8=m 5, =5 o, T
2
== E Convert angle to grade
Bimo] z
---------------------- Two-Dimensional Momentum |
(Speed) m= Tan© (Impact speed wnat 2)
W, S, Sinfr = W, 5,5in8 4+ W, 5,5ing
§=11.27,r(f) Center of Mass or
(Behind front axle)
Mass ) = WySqSinh | SyS5imgh
Wy Sing Siny
X = “"':’"' (Tmpact speed unit 1)
w N L] W5, Cosa + W5, Cosifr = W54 CosB + W, 5, Cosgh
E m {Ire_frone of rear axle) or
X = Wyiwh) 5, = 5.Cos0 + Wakjlosg _ W Sa Cos
v 1= a3 W, W,
Momentum

Two - Dimensional Momentum Symbaois

W1 = Unit #1 total weight

31 =Impact speed Unit # 1

33 =Post impact speed Unit # 1
o = Approach angle Unit & 1

6 = Departure angle Unit # 1

Wz ="Tnit # 1 total weight

5; =Impact speed Unit & 2

54 =Post impact speed Unit # 2
w = Approach angle Unit # 2
¢ =Departure angle Unit # 2

[l 3 B
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Expert AutoStats ®

Vversion 5.9.1
copyright 2019 - All Rights Reserved

RUSSELL STRICKLAND
IPTM - UNF - THIS COPY NOT FOR USE IN LITIGATION
1200 ALUMNI DRIVE
JACKSONVILLE FL 32224-2678

10/31/2019

2010 FORD CROWN VICTORTIA COMMERCIAL LWB 4 DOOR SEDAN

curb weight: 4137 |1bs. 1877 kg.
curb weight Distribution - Front: 56 % Rear: 44 %
Gross vehicle weight Rating: 1bs. kg.
Number of Tires on vehicle: [a ]
Drive wheels: |REAR |
Horizontal Dimensions Inches Feet Meters
Total Length 218 18.17 5.54
wheelbase: 121 10.08 3.07
Front Bumper to Front Axle: 43 3.58 1.09
Front Bumper to Front of Front well: 26 2.17 0.66
Front Bumper to Front of Hood: 8 0.67 0.20
Front Bumper to Base of windshield: 65 5.42 1.65
Front Bumper to Top of windshield: 91 7.58 2.31
Rear Bumper to Rear Axle: 54 4.50 1.37
Rear Bumper to Rear of Rear well: 38 3.17 0.97
Rear Bumper to Rear of Trunk: 8 0.67 0.20
Rear Bumper to Base of Rear Window: 38 3.17 0.97
width Dimensions
Maximum width: 78 6.50 1.98
Front Track: 63 5.25 1.60
Rear Track: 66 5.50 1.68
vertical Dimensions
Height: | 59 | | 4.92 | 1.50]
Ground to -
Front Bumper (Top) 23 1.92 0.58
Headlight - center 27 2.25 0.69
Hood - top front: 31 2.58 0.79
Base of windshield 39 3.25 0.99
Rear Bumper - top: 25 2.08 0.64
Trunk - top rear: 39 3.25 0.99
Base of Rear window: 40 3.33 1.02
Registered Owner. IPTM - UNF - THIS COPY NOT FOR USE IN LITIGATION Serial Number. 19R-990430AQ03901
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Expert AutoStats ®

2010 FORD CROWN VICTORTIA COMMERCIAL LWB 4 DOOR SEDAN

Interior Dimensions Inches Feet Meters
Front Seat Shoulder width 61 5.08 1.55
Front Seat to Headliner 39 3.25 0.99
Front Leg Room - seatback to floor (max) 43 3.58 1.09
Rear Seat Shoulder width 60 5.00 1.52
Rear Seat to Headliner 38 3.17 0.97
Front Leg Room - seatback to floor (min) 46 3.83 1.17
Seatbelts: 3pt - front and rear
Airbags: FRONT SEAT AIRBAGS

Steering Data
Turning Circle (Diameter) | | | | | |

Steering Ratio:

wheel Radius: | 12 | 1.00] | 0.30]

Tire Size (OEM): P225/60R16

Acceleration & Braking Information
Brake Type: ALL DISC
ABS System: ALL WHEEL ABS

Braking, 60 mph to 0 (Hard pedal, no skid, dry pavement):

d = [140.0] ft t= [ 3.2] sec a = ft/sec? G-force =
Acceleration:
0 to 30mph t = 2.8] sec a = 15.7 | ft/sec? G-force = 0.49
0 to 60mph t = 8.0 sec a= 11.0| ft/sec? G-force = 0.34
45 to 65mph t = 5.1] sec a= 5.8 | ft/sec? G-force = 0.18
Transmission Type: [4spd AUTOMATIC |
Notes:
Federal Bumper Standard Requirements: 2.5 mph
This vehicles Rated Bumper Strength: 2.5 mph
N.S.D.C = 2010 - 2012
Registered Owner. IPTM - UNF - THIS COPY NOT FOR USE IN LITIGATION Serial Number. 19R-990430AQ03901
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Expert AutoStats ®

2010 FORD CROWN VICTORTIA COMMERCIAL LWB 4 DOOR SEDAN

other Information

Tip-Over Stability Ratio = [1.39 ] Stable
NHTSA Star Rating (calculated) FxRE
Center of Gravity (No Load): Inches Feet Meters
behind front axle = 53.24 4.44 1.35
in front of rear axle = 67.76 5.65 1.72
from side of vehicle = 39.00 3.25 0.99
from ground = 23.16 1.93 0.59
from front corner = 103.84 8.65 2.64
from rear corner = 127.85 10. 65 3.25
from front bumper = 96.24 8.02 2.44
from rear bumper - 121.76 10.15 3.09
Moments of Inertia Approximations (No Load):
Yaw Moment of Inertia = 3055.11 | Th*ft*sec?
Pitch Moment of Inertia = 2946.63 | Tb*ft*sec?
Ro11 Moment of Inertia = 594.66 | Tb*ft*sec?
Front Profile Information
Angle Front Bumper to Hood Front = 45.0| deg
Angle Front of Hood to windshield Base = 8.0| deg
Angle Front of Hood to windshield Top = 17.4] deg
Angle of windshield = 34.7| deg
Angle of Steering Tires at Max Turn = deg

First Approximation Crush Factors:
speed Equivalent (mph) of Kinetic Energy (KE) used in causing crush of indentation
may be evaluated using the following formula, the appropriated Crush Factor (CF),
and Maximum Indentation Depth (MID), in feet:

V(mph) = /(30 * CF * MID)

KE Equivalent Speed (Front/Rear/Side) = 21 CF
Bullet vehicle IMPACT SPEED estimation
based on TARGET VEHICLE damage ONLY = 27 CF

(Tested for Rear/side Impact only)

These CF values are based upon analysis of NHTSA Barrier Crash data, and from over
1000 vehicle accidents where independent evaluation of speed was possible. (These
are NOT 'A', 'B', 'C', or 'G' values)

The rear Impact data with more then 2-3 inches of crush damage should be looked at
carefully, since some vehicles have very weak trunk & fender strength. Therefore,

on some cars, especially GM, you estimate from the rear crush data may be high by

as much as 4-5 mph {on a crush of 18 inches).

Registered Owner. IPTM - UNF - THIS COPY NOT FOR USE IN LITIGATION

Serial Number. 19R-990430AQ03901
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TEREy EVIREZINIERR » SR T AR - HR/NESNEIE
bE - BVEBRREL - AHESS = EEhE s TR ERE o BRI
Bk - & R A — (A MEE I BLS RAH Y SR T  fE R D8R 1
MIIARIMEE ~ TFEEE - BAFRER—H&R L > WRZITHEARE > Frllf
RELLAHIRSY - RiE IR A - [FIRFEK -

FERH R e E o S S — K Ry - e R RrE
[FIEATA/N > INBERAEER > LN E R DI s Vs > FHERiess—
IR B B A3 & (53 ) FS Bl 2 S0 T = (V) s e o 2 350 20 L B (R 7 PDOF)
AL - FrARVERESIRE CHVEIEEBMEE > 408 5 Fox -

The vehicles move to the point from first touch thru maximum engagement

(separation) where the full force of Impulse (PDOF) is exerted on it by the

opposmg Vch.lclc- M, - Magnitude of the original

!.1om9n} km Vector

..“_>M Magnitude of the original

Momentum Vector

5 EEf R BHBIREIE R

=~ B b EEREISE (Center of Mass, Estimating Speed &

Kinetic Energy)
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DRI RES e AT 2 &k TEAMAAGTREE OIIE  HhEE s
LG RIS L - WE 6 Fror - MFREI T o e R B RIU(E ZE BIESE -

30 inches

The center of mass of this vehicle is
located 63.25 Inches or 5.27 feet
from the rear wheels and 30 Inches
or 2.5 feet from the left-side.

Wheel Base

You will now be able to accurately
depict the CM in two-dimensional
fashion.

flist 2R

FEE TR LR SH SRR AT 2 R o R ST AT LR
fimAaTE R (Skid Marks) ~ fmHa {78/ (Yaw Marks)  BE#ELSE (airborne) ~ HIfE
SR ~ EEIRE T ~ S ARIBRAN (R A I 5E)F 2 TR EEH S TR - R
EAFTERZ Y n] DAHE R SFTEASOR SRR T A7 - & DAt
TR Rt RS 2 TERESE HENGRE THEENRGEREER W&
G R TS S Smear K Shadow FiEE > EFE4IE 7 Fw -
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ng Skid Marks Skid Marks
mear - This part immediately follows the shadow mark, and indicates
* A skid mark consists of two parts:

the tire is locked and no longer rotating
Shadow — The portion before the tire locks up and stops rotating. Is " i g
the result of a “cleaning” action on the roadway and is followed by the The smear is c_aused by_ the heat, which is generated by the friction
very dark portion of the skid mark. This shadow is also known as the between the tire/road interface.

“impending skid”

Shadow Smear

When measuring a skid mark, always include the shadow in the
overall length measurement

[ 7 dmAaERE M

/g~ BERE - FESE(Time/Distance)

el ~ BRI S AR R i Y 1 B A SRR R R An (R A
PR ~ BEEERY AR - STRERAVEE - HIN RSSO SRR BRI
B EEEEE - IR TR - W EN T IR S B R e B
RpfH] ~ EERR (RS ~ BEEE ~ JURCGRIE ~ B EF B AER AN - BLUVARH
THEEZ AAFEEA > AR BER L ESCZ F - SRR T MBI
AR NERB o EE > 28 8 - R B FGEANZIER - AHERE
ZHE S EAER > DUBRERES Ranp] > R RSE - e H20E 9 Fror -

On-Scene Series of Events
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Institute of Police Technology & Management
Institute of Palice Technalogy & Management Univessity of North Florida
Uniuersily of Norlh Florida Tesllic Crash Reconstruction

Traffic Crash Reconsiruction
TO Project BMW vs Pedestrian

TD Froject BMW vs Pedestrian

“The constiuction arca measurcd BS fect (25.9 m) in length and 36 foct (1.0 mj in
width. The point of imgact (POI} was identficd 26 feet (7.9 mj into the construcion
arca. The constiucion arca was delermingd to have a 0.84 drag facler.

The SUY lafL skidmarks. Thess marks wers found al the final rest posilion and iraced
Lack 1o heir origin. Tha marks meved avar ko surfaces, Carlar Avenus and the
aonstruction area. Investigators determinad that the tiremarks began at the same fime.
Carter Avenua wes tetermined fo have £ 0.70 ceneleraton factor. The east and
westhound lanes, a5 well as the center lane, are 12 feet (3.7 mj wide.

s The right frant wheel of the SUY did not mark. You are_not to consiter it offering any
McDonald's resistance.

Rescarch founc the pedestrian vunning specd can be placed at 5 mph (8.0 Kph).

= ]
»

This moker vehicls crash oecurad yoslemday. An enployay Fom a local fas food
oslaurant wias killad whie crossing Carler Avenue

Wilnesses SIEIE she Wes nANIng #orss the sTest oward a bus sapped on the south
sicle af Carler Avenue, Upon amival of lirsl responiers, 1o bus was on sile,

The driver of the easthount SUV that stick the girl states she was driving at the posted
40 mph spasd limit when a city bus ahrupty pullad t the right shoukder and stoppad.
The driver sait she waR forcrd it the Ieft furn Ians which was under construstion. The
driver states she never saw the pedestrian unti after the impact

Srapshots and ebove sketch cevelopad through Cresh Zone

Inafitute of Palice Teshnalogy & Management Institute of Police Technology & Management
University of Narth Florida
Teaflc Trash Reronracion University of North Florida
Traffic Crash Reconstruction

TD Project BMW vs Pedestrian

TD Froject EMW va Pedestiian

>
e nadian Association of Technical
- :C.’L y N A(‘Cld?ntlnuesng_]atqr and
et — | e \ ¥ Reconstructionists
I
AN R The Vencde SPECS sces s provide courtesyofTrasport Canada

o L e

5
J— _ _ You searched for

T = = &

Year: 2005
Make: BMW
Model: X5 3.0i 4DR SUV AWD

Wiap developed hreugh Crash Zone

AT T P Gonrslrustod usig Ui wosl irtvaway of o resauranl Tho
RP s fomied by e norlh sids of Carler Axer us ot e soulhes) comer o s
dr sy
_ Vehicle
Spat Worh | South Ezst Wast
Feet /Meter | Fect/Meter | Feel! Meter Overall Length: 184in./4.67m Overall Width: 74in./19m
A LR Bagin Skid 18751449 47501485
B I Eod Skid 1557472 [(FIEXES Overall Hgt: 67in./1.7m Wheelbase: 111in./28m
© | LF End af Skid anc Final Res: 15.1/3.98 | 121.4137.00 Frt Trk Width: 61in./1.5m Rr Trk Width: 61in./1.5m
D ] 187548 1273.68
E | Commnucion pad (49 corery o 181427 Curb Weight 4696 Ibs / 2130 Kgs  |Front/Rear Weight : 48/52%
[The front overhang | 34in./.86 m |
[The rear overhang | 39in./.99 m |
©2001 CATAIR VS, Site design by
Institute of Police Technology & Management
Universty of North Florida
Traffic Crash Reconstustion Institutc of Police Technology & Managiemen
TD Project BIMW vs Pedestrian ety of Narth Plorida

1D Preject BYW vs Pedostdan

2005 BMW X5 3.0 4 Dr SUV AWD

1. Whatwasthe $JV's b pact spoad?

2 Whalwas BUN's spocd ot by imning ol skid?

3. Wihatwas the SV fims in slide from 5.E.4 o impret?

4. Report the pedestrian's weloily

Relsfiue i iMpsct, whers was tha pedestrian whan t1e SUV

5 bgan b skid?
& Asuming A rensien fme of 16 arenreis, whatwon the SLVE
eta fime ‘0 impact?
Contact Damage was found on the gril and the leacing edge of the hood.
ter of S i 5§ fi nt
(The centaof the dameige wes, flaced 44 Inche (1:1:m) from theleft fros . Relatve timpact whers was the pedestrian shen t1e SUV
cormer. 7 wasalrOP?

A

9 fEEZED
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A~ ZZf&E(airborne)FIEE S ZEE (Critical Speed)

7zl (airborne)

SRR AR E: - HiE R R G AR INER IR Z

TEIZANE 10 Fos > sz a0 st IR & (LI AT Z 2R - A DAHI BT B SR i3

AiE S AN EEBLZT R AR BIAIA] airborne 2 5T RELATUHUSEEEAT 2 IH

3 2.73d B 2.73d
CosO,/th + [d(tan©)] CosO,/th + [d(m)]

)
+

d = Horizontal distance traveled in the air
h = Vertical height change (-h if the object lands higher)

(+h if the object lands lower)
6 “Theta” = “Takeoff angle” (in degrees ) enter calculator as a
negative number.
Cos 6 =will become a positive number (4 decimal places)
tan 6 (m) = enter as a negative number ( 4 decimal places)

m (tan 6 )= “Takeoff grade” (2 decimal places) is a negative number

U DATA COLLECTION I

Downhill Takeoff

—

4
1%/Touch

10 BEHPE LI5S 2 RE
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KREFHZZEZOIBEERGE AN AR E - Hoh 2 2 FraniE 11 fr
I o BEERERIPERS I ~ AOHES A ~ SOt SRS TRE - HPOR BN A=A
[ $i ] 2 28 . airborne ZZRFE ST AIETRIZ > BT RN R RS2 -

Institute of Police Technology & Management Institute of Police Technology & Management
University of North Florida University of North Florida
Traffic Crash Reconstruction Traffic Crash Reconstruction
Airborne Equation Project 2 Alrborne Project 2

Time Distance Study

a
1 Freeer -
[ = Iy - iﬂ 4. How long was the vehicle sliding on the asphalt bridge surface?
C

5. How long was the vehicle sliding on the concrete surface?

An ATV skidded across two surfaces of an abandoned road before going airbomne.

The vehicle slid 120 feet (36.6 m) on a concrete surface with a 0.65 deceleration

factor. 6. What was the speed of the vehicle after skidding for 83 feet (253
m) on the concrete surface?

It continued skidding an additional 60 feet (18.3 m) on an asphall surfaced bridge

with a 0.45 deceleration factor.

7. How long did it lake 1o slide 83 feet (25.3 m) on the concrete
The vehicle then went airborne from a level takeoff, traveled 37 feet (11.3 m) surface?
horizontally and fell 3.8 feet (1.2 m).

UL

Tan 8] (Tan'
Distance Height 1L ( Em” d a:; ™ Cos®

1. What was the airborne speed of the vehicle? |:’
2. Whatwas the speed of the vehicle when it started on the asphalt

bridge surface?
3. Whatwas the speed of the vehicle when it started on the

concrete surface?

& 11 airborne 7 {F2&E REZE /5

K& L (Airborne & Critical Speed)

8 R T LS A A ] R U A B (Speed) ~ BEJEE (4
(Coefficient of friction) i i 4 #5325 /& (Super-¢elevation of the roadway) » ‘& Bl
P R LR critical speed) » (B SRR SMER - BRRA BT S HARG BRI &
R B 5K FEE TR critical speed yaw mark » CSY) » ATLIFIF CSY 43477
(SRR - SBROES S B SRR B B X BT PITCH » 3
%Y FEIROLL » PURISE Z FRETYAW” » 4018 12 Fir -
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* “Pitch” - rotates around horizontal “X” axis (front/rear)
* “Roll” - rotates around vertical “Y” axis (over left/right)
* “Yaw” - rotates around the “Z” axis (a curved path)

[l 12 B iR Ay — fE sy

EERT B THERY CHUET B UG AR A RS s R A
HHLL "o (Alpha)For o EEEamAR - ARSI o B R
T EEAE G AR AR IIEEERaT T8 E 2 mREh /) - (i L
ERE B SRR G ST R (AT - (I Y 152 (B R IR mBa ER e 24
TEFiERAe S MU A Bl S R EE Y LR (B - FOFTEEARRY “CSY” S ELY Ry 20°
S /N o 4TI 13 BT e

T B S ) AR R & (L AT A A R > M B R CSY B o
REmHIBSIR G AERTEREIIMA » WRAAFAEHER ST > REEHHY T RIS EHY >
& H HVREIHY - ERin R IROUR- AT © S mAa e i BN - S
#gELE - ERT TR WiareE TR R EG R E T R
RGN BRI > AR e SR > LR E RSP oe 2T
F R IR FE HIREES » A E 2w AR FRATESHR R - o] DU i BEEhEh - AR a
FECEHERAGIRES - ke e S A IR AL A0E 14 For -

=M CSY MYsZAYEE (chord) fz Hh FE FE(MO) B LA T B EE 6 (1 & S 2
R HEMTTEANE 15 s - PR - PREEE G A 15T
B B S EASKAT

c? m
— -+ —0
8(mg) 2

23



r=

C= %

mo = HHEEHRE

8 = HEENVEE R

2= HEENEETEH
S = 3.86Vrf

S= DL mph FEEArHYZRE
r= FHRARETIEK
f= SRR B PS5 E
3.86 = HEENVEE T

Vehicle in
a critical

speed yaw
maneuver

13 B IR CSY Z ARJE#EN

STRIATIONS
Free: /\_
If there are no longitudinal ™~/ ‘
forces present, the direction of ;

the slip is lateral. .
Tire is free rolling.

Striations will be parallel to the Frea
axle.

14 RESURETN SR AnH U RENARE 2 Z 5F P
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Examine the suspected “CSY”
marks from the point where the
out-tracking begins (cross-over)
to a point equal to two chord
lengths along the mark.

15 8| CSY (3£ R (chord) K 145 (MO) FI AL

CSY AR ZMER BT - Hor 2 4140

Institute of Police Technology & Management
University of North Florida
Traffic Crash Reconstruction

Critical Speed Yaw Eguation

Institute of Police Technol ogy & Management
University of North Florida
Traffic Crash Reconstruction

Critical Speed Yaw Equation

Two young men talked a car dealer into
allowing them to take this 2004 Ferrari
F430 Spider for a test drive.

Canadian Association of Technical Accident
Inu gators and Reconstructionists

Investigators found side slip marks which
began in the west bound lane and led to
this 24 inch {:61 m) diameter tree. Crush
on the vehicle was measured to be 29
inches / .74 meters at the deepest

The Vahicls SPEES saltwae ks prawhlor oo ey of Transpad Ganada, [y Tind any arrs inthe

tahulated data, ploase srnall Aaa ierrian at G anAet acca

penetration. You searched for a:
Year 2004
Make: FERRARI
Member Model:  F430 SPIDER 2DR GONVERTIBLE
The following information was developed concerning this vehicle. Aoplication
[Vahicle ifi
Qverall Overall
The dealer was contacted and supplied a F360 Length: 177in/a5m  jgrin. 78in. /1.8 m
Spider for test skids. The F360 specs are - — - -
similar to the F430. The skids were done on a [Overall Height: 48in./1.2m heelbase:] 102in./2.8 m
level surface on a straight stretch of State Front Track B5in./1.7m Rear Track B3in/1.6m
Highway 790. Tests were conducted using a [Width: [Width:
shot marker and an electronic speed [Curb Weight: Front/Rear
measuring device. 3064 1bs./11389.8 Kgs [Waight 60/40 %
Distribution:]
[The front ovarhang J4zin.i 1.0m |
[The rear overnang [32in.7.81m |

41 (66 Kph
75.5 Ft. (23.0 m)

43 (69.2 Kph]
83.25 Ft. (25.37 m

© 2001 CATAIR VS, Site design by
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Institute of Police Technology & Management
University of North Florida Institute of Police Technology & Management
Treffic Crash Reconstruction University of Narth Florida
Traffic Crash Reconstrudion
Critical Speed Yaw Equation

Critical Speed Yaw

1 From the chords and middie ordinates secured on the right front
tire mark, compute the appropriate radius,

2 From the radius calculated from the RF tire mark and the provided
wehicle Epecs, compute the appropriate radii for a critical speed
calculation

3 Fram the road measurcments. compute the appropriate radius for

the eenter of the westbound lanc.

L

4 From the test data, determine "y~ ‘ ‘
5 Adjust " for any super-elevalion present al the site

Site measurements were secured by investigators. Two adjacent chords were struek on the

right front tire mark near the crossaver. The yaw mark begins in the westbound lane, & Using the Apprapristc radi and apprapriate fiction vokue. computc

crogses the eastbound lane and south shoulder before leaving the traffic way and striking a the: spead for the crash vehlcle

L

tree.
- 7. Using the appropriate radii and apprapriate friction vakie. compute
First Chard Second Chord ik N N
Chord Mo Chord Mo the critical speed for this section of road

50 Ft. f15.2 m 6in./15m S50Ft f152m | 6.25in./ 158m

Super-elevation was measured along striations in the Rise: un

‘WE lane from the center of the lane toward the fog 2.4in./.06 m 48in./1.2m

line.

State Highway 790 is a two lane opposite direction roadway. The sast and westbound
lanes are separated by a double solid yellow line. A chord and middle ordinate was struck
on the east bound fog line of State Highway 790. This is the inside radius of this road,
across from and immediately prior to the crossover. The lane widths were also secured.

The roadway super-elevation was found i be the same as the striations.

Chord hio Lane Widths
30Ft81m 6in/A5m

A

16 CSY Z{EFEEZEH

75 =B (Vectors)

A AR LN TR AEBEIRE - P — (R EAYEDR Vector R =
3.7 @ 302° » HIEAU S DAUTNIE © 1. BEIEHESE - 2. KP4 - 3. EE
PREREISE—IRERRTA 302WAE - A HBHEBZRE 3.7 5. TlHEE - &

[ A

17 Fr7

Vector Construction Determining the X and Y components of a
y Vector
We summarize our notation for length and angle as: length @ angle X; = Cosine(40°) x40
X, =3064
For example Vector R = 3.7 @ 302°. Y, = Sine(40%) x 40
This gives us all the information needed to draw Vector R. 302 \)0\\9// p Y, =2571
1. Select the starting point. Y ©
2. Draw a horizontal line. ¢l
3. Draw a second line at an :
angle of 302°, ! X
X
4. Measure the length: 3.7
g ‘Vector M, can be written mathematically in its unit vector form as;
5. Complete the vector. M, = 30.64,+ 2571
x v

17 —

FEERRYAIE
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R B LIFGE AT ER] » A

AT

PR Ryl - 222
B (EHSR LS 28

H

18 Fr7Is

Institute of Police Technology & Managere i
University of Morth Florica
Trafiic Crach Raconstruction

Vector Sum Project No, 2

Using = bluBlitz template, ti-& a:tacved diagram and the positions labelec 3= “Foint of
Separation” and "Puirt taTgert to Separation’, locate the apprasimate certler of mass of 2ach
webitl pusilion

Use the provided X axis. Using 00 degraes as the measuremat % record +in the chat
below. Daermine the Cosine and Sine waluss ‘ar W and ertar them in the chart belors

Using & buB Itz template arc the approximate semters cf mass af each vehicle Fasition
establish departure wectors (P75 and P for each vehicle  Using an IPTM 360° pratractor,
measure the angle eash departure vedor mekes with tha X' axs (Band @). Record these
angles inthe chart below  Deterrine Casine and Sine values for tese deaarture angles and
recard them inthe chart below

Calsulats § as wellas ts Gosine and Sine values and enter trem in t1e chart below.

Fuirt Tangent
to Sﬁparjon -

Wsxmum Engagamen:
Point ot Separaton ..
F’mntTar\ﬁem
to Separaton

x-agis

Insfitute of Police Technolody & Managerent
University of Horth Florida
Traffic Crush Reconstruetion

Vector Sum Project No. 2

Py {Rez1ta1t vecor] co-oninates 3-8 represented by the sums of the Ps and P.
campenenis. Calcuiate tha coordinales of Py and recerd them n fhe chart belov.

PLEZ /N
&z 84k B2 RFHieftZ EiAA
AFEEAL ~ FEWE R ~ A [EIEE R b
B8t DEtEHERRRE 2 HE - HUHE R S AEE TR M

X Campanents Y Components

e | o0 e B
e | o ru-| It
. '

[ ‘(x) Py= | |l‘0

Galculate the Magnitude of the Resultant Veotar {P).

Magnitudencarn = R

Galculate the Direction of the ResuItant Yector (P

=
e P,

Direction (Angle) = Tan [Ahule)'[gunj and [Pl] - Angle
e

:’—|.

pIzE

27
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Institute of Police Technology & Management
University of Morth Florida
Traffic Crash Reconstruction

Vector Sum Project No.2

Mathematieally determine the X and Y compunants of each departure vector and
cord thern in the charl belour.

Vector | viteight [ Speed | wagnitude angle cos  Sin
P a [ o [100] o
Pz ¥
Pa 16528 | 354 o
P 20280 | 39.1 [

B

P [CSnpamra anged dMECES YOU o multiply the magnitude of whateuer veetor you are
rking with, by the gosie of the departure angle formed by that vector and the *X"
als.

P (Sincnpas ng) lracts you fo multiply the magituce of hatever vactar
ing with, by the of the departure angle formed by that vectar and the

Vertor X Components ¥ Components

= Py*(Cos8) | Ps, = Py (Sing)

Py

= P, (Cos ®) | Py, = Py (8N D)

Ps

Institute of Police Technology & Management
University of Morth Florida
Traffic Crash Reconstruction

Vector Sum Project No.2

CGalculate the Impact Speed of the ¥ vehicle,

! Vo = [P
ves| P w s T W, e sin W)

HERELE(E > LUBEH
T e R R A A () B R S Horp
HIRE BRI 1R 2 R e )T R B
B EEE 2 H 0 DU R RS
IR 2 E

Galculate the Wagnitude of the Impact Speed of the ¥ vehicle.
O

I v [ v [ I P, = W,*V, |

l | e |

Calculate the X component of the Y vehicle's impact speed.

Wiz V2 Cosy P, =W,"V,*Cos ¢
Py

Galculate the Impact Speed of the X vehicle.

Pi w, Pax

V=

Calculate the Magnitude of the Impact Speed of the X vehicle.

Vit v P, = WY,




Insiitute of Police Technology & Management
Uniersity of North Florida Institute of Police Technology & Management
Traffic Crash Reconstruction University of North Florida
Traffic Crash Reconstruction
Vector Sum Project No. 2

Vector Sum Project No,2

Galculate the A Y of the ¥ vehicle,
Calculate the PDOF acting on the ¥ vehicle.

[ W | w | cosp | av,= i, r V) eV eV ecosm) |

A=
‘ ‘ ‘ | | i sin g A oz
©

vy +5ing )"
A

Galculate the A Y of the X vehicle,

v ¥: Cos 0 | AV, =4[V + V) - (24, *V, +Cose
Av= i 1 i i } } f oA V) (20 Y } } Calculate the PDOF acting on the X vehicle.
N
.
v Sin @ aw a Yy + Sing
Calculate the Magnitude of the Impulse Yector acting on the Y vehicle. i AV1
[ [ [ e ] [ ap, =w=av, |
Ap
| ‘ ‘ | Check digit using the PDOF's. fUse when W < 180 degrees)
Galculate the Magnitude of the Impalse Vector aing an fhe X veRicle w [ e [ & ] [ W= 180- ([ + [ag]) |
[ w [ e ] [ Bp, =wWrav, | | | ‘
am
‘ | ‘ | Check digit using the PDOF's. {Use when > 180 degrees)
| o, | a, \ ‘\IJ=180+(|0'1|+}¢12|)|
" | |
5 R
Insfitute of Police Technology & Mawagermen Institute of Police Technology & Management
University of North Florida University of North Florida
Traffic Crath Reconstruction Traffic Crash Reconstruction
Wector Sum Project No. 2 Vector Sum Project No. 2

1. Using a bluBliz mplate constiuct ar ¥ axiz i1 the space or pagar provided
2 Using # BBtz irmplate, e X axinanc e previot s calculafions an nformalio~ conlr.ct REDUCTION FACTOR - 2000 LES - MPH
the magnit ude and direction of he vector P, Use an apprepriale scale of your chaosrg.

Praperly mar L1e semse ol veelul Py, and label (e veclon PT
Nntz the prsition nf the vertax farmed by the veetnr Py and the X axis

Using a bluBlitz fernplate, the X ¥ vertex and the previous ealsulations and infermatior.
cansknLct the magniude and direclian o the vactor Py, Use I p-eviously established scale
Fraperly mar< tve sense of veator Pr. and label the vester.

Using & BBz template. the X axis ain the preio. 3 caloulations and informatian piat the
caort rates af the resultant vector {Pr. P

Using a bluBiitz fernplte. the X ¢ Y vertex, congiruct the wagnitude and direction of the
resuRant vectar P

5. Praperly marc tra sense of vector P, erc labelthe vecto”

10 Using & BIUBIEZ ternpiate or IPTR 360° protractor. measure the angle formed
by the resul:ant vector Peand tre ¥ axis

1. Compars nis angle with the direotion previausly ealsulated for the resultant vector Pe

12, Using a bluBlitz terplate. the X« ¥ vertex and the pravious aaloulatians and informatior

constrct the ragniude and direction o the vclor Pa Use tle peviously estatlished scale,

13, Praperly mar< t1e sanse of vector Pr. and label the veeter.

14, Using a BUBIZ termplate. the X ¢ Y veres and the previous calculiatians and informatior.
constiet the Magnituds and disction of tha vectar Pa Uss the previously astatlished scale.

15, Properly mar< tve sense of vector Ps. and label the veeter

18, Usitg a buDiiz template. construct tFe Inf se wecter & g from the sense of rector Py to the
serse of vedor Py

17, Properly Mard tha sense of Tha IMpLise vaciar & ps, and label the vactor

1B, Using a buBifz template and tre previously establisner scale measure the
magn tude of the impulse veoctor & pa,

18, Compare Lis with the magriuce previously calculated far the impulss vector & pr

20 Using & BUBITZ templale, CONSIUCE [Fe M se eCler & pi IO The Sense of veelor P1 10 e
sanees ol vector P

21, Properly mar< b sense of the impulse voc-or A pa, 2nd label the vector

2. Using a bluBiitz femplate and the previously establisher soale measure the

A

|

|

reagn hude of the impuis2 vectn >
23, Somparc tis insgnitunc with the magniuge previowely measured ‘or e impuls veetor & ps
24, EMSUIE the Genge of thes IIPULSE veetor A o 5 0p303 16 ofthe IMpUISE weetar A pa
25, Uging a bUBiz template or 1111 SEI° prolracior, measurs the angla formed

by the tail o7the ma_lse vectar & pz and the sense of secor Py
26, Conpare tais aagle with the areviously calkulated PDOF angle iz
2¢. Using & bluBlitz termplats or IPTM 380° protractor. messurs the angle forned

by the tail orthe ma_ise vectar & py and the sense of sactor Pr
28, Gompare tais 37gle with the areviously cakUlated PDOF angle (il

a ]

18 [FEEMEEE
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HEREVMINEE (HE) MZEE (ZE) AU - httehESr iR Es
- E R E R BRI AR M B B AV R B N R R S E RV A B -
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HENEENMSARSEORE  NAREEtoERR "EEHE" TH
theVicas (E8) MEE (RE) BYsRiE - WiEHEHIER AR E/
AR THY - AR DERAE—E TEERE, B RIERAR TR B IR T —
FERFRHE  WNEETER > RIFRE —E8HY TE1& -

-

B P B S AR R > A RO AR AR B E R R A
EREL Py Py BS5— ~ HREERIR AT B8 0 Ps o Py BB — » EREERIEIR
B - AleREETFRAREOTREADT

Pl +P2 :-:P'_'{ +P_1_I

—— Yy
PRE = POST

AR RE AT AR T ORFFELALA 2 - R AN B AT DUZ AR5

HRE B (fps 2 mph) - AEAEENE T > ATDURBFEEEE © &y TR

> AJLLFHZERE (S,mph) (UEFZRRE (V.fps) SMRFTRZEE SRy -

W.Sl + WESE L l'a"-'r-l 53 + W-IS4

Hep t W1~ W2 Rys— ~ s 2 88 ST~ 82 Jysf— » HfEhE
AIZ 2RI > S3 ~ S4 RySs— ~ Ul ERhiE R 2 211E - fEGRIENIE Z ZE B - B
i SR LU U5 R 180 FERYTT mIBERH - AR DA ERARFEAVET R AR - 515
AR R A 2R - HAESESEBIANE 19 B -
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Vehicle £1 Vehicle #2

Weight = 4970 Iba. Weight = 3000 Ibs,
Post Impact Information Post Impact Information
=7 =.79
& i voticles #ere Involvad 12 cad on callilon A winess Ina car n=60 % n=60%
icle 42 e ing al b speed limil ol 38 aph d =42 feet d =42 feet
Ater impact, brih or =, sl 1 firel st Sa=___ 00 8=
Lising Ui ol awing inforniatian, whal is e ipast spred of Veliicle £17 §= S.=_ 3SMPH
Adjust “f’ and Caleulate £3 and S4:
Diagram NOT te Scale o a culate 232 *
EKnown Data: fog = uin) Known Data: Ty = nin)
d=42 1t fog = . 79(.60) d=42ft. Ty = 790 60)
=79 fogg = .47 £=.79 Togy = .47
n=60 53 = 30010 n=60 S, = /300d)(1)
S, = 30(42)(.47) s, = ,[30(42)(.47)
s, = VE9Z.20 s, = V59220
Vehicle #1 Vehicle #2 §3 = 24.33 mph Sy = 24.33 mph
Woignt = 4970 Ibs, (2254,4 Kgs) Woight = 3000 Ibe. [1360.8 Kgs) c_’“"""’e 51 B o
Enown Data Veh. #1: Enown Diata Veh. #2:
Wi = 4970 Ibs. W =3000 Ibs.
r r §,=2433 mph §,=24.33 mph
H M $:=35 mph

Wiy — Wobat = Wi Vs + WaV,
“ - I I “ - | | 497008, (1} — 3000(35) = 4970(24.33) + 3000(24.33)
4970(S,) ~ 105,000 = 120,920.10 + 72,990
165,000 + 4970(S, ) ~ T5-000 = 193,910.10 + 105,000
4970(S,) = 298,910.10
70(51)

C 7
S, = 60.14 mph

19 RIEFHEFEES]
—4EE

B2 FERZBOOE R 2 MR e | M2 A - HRE
BERHNF A IR ANE] > AT LA R R AR (A A B bl e e 1 20T P FEE AR
FEREEFIAE > Pla ~ VACESRFEN | ~ B0 2 WifEpr 2 mE - 0 ~ OERx
W 1~ B 2 REER 2 A > EHERLHE 2 A e DA AL sUE > q0E 20
B~ - EEhEESEEAIA0E 21 Frr -

{EH 360 &4 S drim s A RN EORARE BT V2 HVEATTRE R

o WV, sind . V,sin ¢

W,siny  siny

{EH 360 &4 drimaa N SR E T VI VEATGRER |
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WV, cosg WV, cosy

V,=V,Cos@ +

m m

Angles

We use the following Greek letters to identify the angles that appear
in the Momentum Equations

20 EEERRIHEATR 2 AL EE

Institute of Police Technology & Management
University of North Florida
Traffic Crash Reconstruction
nal {380) Momentum Project #1-Online

Two vehicles were involved in a collision. Both vehicles were moving when the impact
took place:

Two Dime

After impact, both crash vehicles slid o final rest.

Using the following information, calculate the impact speeds of both vehicles.

Diagram NOT to Scale

Vehicle #1 Vehicle #2
Weight = 2400 Ibs./1088.6 Kgs Weight = 4100 Ibs./1869.7 Kgs
Approach a = o Approach W = 270°
DE":"“' [ = 3100 Depature  © = 3000
Post Impact Information Past Impact Information

f = 065 f 0.65

n = 100% n 100%

d = 30 feet (8.1m) d = 26 feet (7.9 m)

21 ZHEEhE SRR

J\~  IhEhE(Working Momentum)
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FEEZBRERME BITBE  AEDEERT  SEILA - - EAGE
Jef o 2 (RG] B2 BRI RO 1 AR R R BT B2 LEY > EHhE

SEEBIANE 22 Frors - HEEEA

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Momentum Project 1

£n Theventber 08, 2015 2 2010 Tard Mustang GT wis traveling was! v Tllis Averve, Al by

itesectiva el 1 oo Drive the Mustaze: collided wilk: o 2010 Dulge G2

corner ulthe Mustang mesting with the sight i zem
callision ur contralled und did o 11e peverent and came ko vst in the geass. Both drivers

S SFared series i

Lsing the proviged sl iz end deia sheots comslene a momenin unalysis ixchicing 1

vior diagrum. Also compleie a time distanes snalysis and answer the following qusstions.

Speed Yuestions

- What s he npproach angle of e Furd Vinstan

. il is e wppronch amgle of the Dudge Canivau?

. Wlkar s the denarenre angle nf the Fard Mustang?

4. Whatis the departure nagle of the Dadge

S Wi Ihe depnrtuce specd uf 1 Ford Muslang?

. Whar is the departure speed of the Dardge Caravan?

" What is the impuct xpeed of the Ferd Mustang?

S, Whut s the buapuel speed of the Dodge Canmin?

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Momentum Project 1

20, v Lows did the Dude Casavan slids on (he Paverueat post iompet?

Distance Questione

21, Bused o the Weation ot the impact and ving a PR of 1.6 scoonds, where was the

print o perecptinn fur the Ford Vustang? (Hew far from impact?)

22, used va dine Losation ol ke impare | aiod wsins o KL UL Lo scvoods, »hore ws (be

int uf perecptian for the Dudge Caravan? (How fur from impact?)

23, Thosy fur frou i e b

wiis the Tord Mustang nhe

e Dulge £

applied e brnhes?

24, Haa far from i pace wss the Dodge Caravan when the Ford Muscang apiplied the

Drakes?

Kinetie Energy Queshions

* much hin

e enerpy i (e Lord FusLang, us

while sliding (0 1 Slup vo (bt

arass utter the volli

24, Haw much kinetie cnergy did the Furd Mustang use while sliding mm the navement
postimpact?

27 How nch kinetic enevay did the Dodge Caravan sse shile shding o.a stop an the

Ernss ulier e wolliivn?

23 AR -

avas wlich wis
il Lrive, Uhisvelivlz vullided it e intsrsesior, with (e il im0

¢ the Cursaan, Bl vehicle- lot the

32
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INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Momentum Project 1

9, Whalis lbe Deltu ¥ Fur the Ford Mustiog?

ar s the Delen ¥ for the Dd ge Caravan?

11 Wiiat is the FDOF for the Ford Mustang?

12, Bhat is the FDOT for the Dodge Caruvun®

13, Whar is the speed of the Fmd Vinseang af the siart o7 irs slids?

14, What b the speed of the Dudge Canavan ot Ehe starf uf its skids?

Tinte Questions

135, How many seeonds did it take for the Ford Mostang 0 skid from hrake aynlicstion

ta pace?

T, Hos ety seecomtls i it take the Dodge Carsvan to skid from brake ap

impaet?

17, Ll loag did it Lake L Ford Muslung o slide 1o % stop on Lic goiss susbuee afle:

mpaer?

18, Tl Loogs did the Ford Mustuay slide o the puvement pust impuct?

19, Haww long diel 1 1alze the Thadge Cavavan ta A T 2 Stap) an the Zrass surface after

inpaci?

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Momentum Praject 1

26, Luw el Kiustic energy i 1he Dodze Carasan wse while sliding un
pusl impaet?

29, Haw much dnetic energy did the Ferd Mustang have ot Inpact?

30, Haw much Kinetic energy did the Datige CAravan have at impac

31 How wweh Winetie energy did the Ford Mosrang nse sliding i 1mpacr?

32 Tl muneh Kinetie ing 10 i paci?

ergy il 1he Thulae €

e <

33, Wt s (e (ol kinetic snery possrssed by the Pord Vastans an he slort of iy
pre impael slid?
34, Wit was the fotal Kinetic encry [uississtd by the Dorlge Carasatn it 1he Start oFits

pre impaet skids?

35, What is the Kinetic o alent spocd loss for the Frd Mustang for the pre
impact siia?

36, Wlhat is the Kinetic eqquial

1 hoss for e Fowd Tidiug en 1he g eass.

pust imparct skid*

97, Wit v (be Kinelie cuergy quivalent spoed loss for e Lord Mustaog i

the puvement post impact?
38, Wittt wats the total Kinetic encrgy cquivalent spoed los fr the Fard Mustang post
inpacr?

39, What was the Kinetic enerey equivalent speed loss fur the Dadpe Cavavan for the

e sl 3hid?



40, Wha i> e Kinelic cocrsy equivalent spocd loss for

41, What is the

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Momentum Project 1

Dudie Carwa slilios oo

e grass st it skid?

unergy equivalent speed liss far the Dodise Caravan s

the pavement post impact?

42, What ix the toral Kinctic energy cquivalent spocd loss for the Didge Caravan post

inpaci?

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

versity of North Flarida

o aite s

weraton 5.4,
A 2018 WAl

£ sLuins cii
AT

L

2010 PR WUSTANG T 2 OBR COUFE

Gross enisTe wight, Bacing:

i el

a 1o at ladanicld

i of bear el]
4530 T T s Ot Tk
s e T gt wesr ndas

whith atmsnsions
Wexn e

Ik v v
£a:3 oF xar i
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Momentum Project 1 data

FarCd  Flonda 2ive & Flis ve

Forida Ciiva 2 lanas NS

[PIENET

N1E3 Spes LM S0 mph (805 Kpn) me-0 73

Gramsy Shaulder “ran Sled vsed ~u = 1530

Fllis s 2 lanes Fi
“2foot lancs {385 ml Spece Limil 55 mph (50.5 Kphh fnu =073
X Gan 2010 Fond Muslang T 3884l 11612 Kge)

Pre-impact skicl o ulllesk up all 4 fires.
Pust impact F¥ skids Razars 1ot biaking
¥ Gan 2010 Gty Srand Guravan 4402105 115967 ki)
Pre-impsct skick Tom full lock up all 4 1res.

Pust

1ot RF skid ful logk ua LF L scullig wily 50, i ree biakirg

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Flarida

Copl fuwile

weraton 346

ST T
T e
L
930 0705 SRAAD CARRITN 1 DEOR YN
- [ e
A o [T e [

Grass wenicls neishe masing [ e
b et e

Frane ssr v Frane ale

3 13p ot Aindzhiold

Rear bssr o bear of fear Gel]
G e T s S trunk
o w3 e b wear st

width stnenzions
Wexira
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INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Traffic Crash Reconstruction

Working Momentum Project No. 1-Online TCR
Metric Units Solution Guide

Ford (V1) Pre and Post Impact Info
Finding and Adjusting “f”

“f" Adj.-Grass
W1-1612 Kgs Dragsled-Grass  Brake 's";f' P Adj.= (@xn)+/- m
Pre Impact Info = “F* Adj. = (63x.53) +/-0
D-29.8m F S/t o =
f=u 53% 5 7 Adj.= .33
=73 w oS
Post Impact Info - “¢* Adj.-Road
DRoad-4.2m f=35
w(road)-.73 “F Adj.= (px nj+/-m
- 235 | 47% | 235 “F Adj. = (.73 x.53) +/-0
D Grass-3.2 m £=0.633 g's . = (.73 x.53) +/-
“F Adj.= 38

u(Grass)-.63

Speed Combined-Post Impact - S3

s=[si+25axDxt

§=4/16.37" +254 x4.2x0.38
§=.{267.97 +405.38

Speed @ Grass
5=4254xDxf
S=[254%x32%0.33
s=qf26822

$=16.37 km/h
s=./67335
$=25.94 km/h

2010 Ford Mustang GT
(Vahicle # 1) Dimensions

oL ow Wb ™ Weight% | FO
478 m| L8 m| 272 m| L60m 5347 REN]
Wi =47% Total Weight W= 16120.47) Wi = 737.64 Kgs
TH764(272 2061178
= IETeHETZ) g BGTE oy 127m

X = —“"::m X¢

1612

1612

235% CM  265%

1.27m

2010 Dodge Grand Caravan
(Vehicle # 2) Dimensions

oL | ow | we W | Weight% | Fo
513m |19 m | 307m| 1.65m S6/4 AHTm
W, = 44% Total Weight Wo = 1997044) W= §76.68 Kps
W { W) HTH6B(3.07 2697.54
Xp= M), - TR g IS X, =135

w 1997

22%

m

Dodge (V2) Pre and Post Impact Info
Finding and Adjusting “f”

W1-1997 Kgs Drag sled-Grass
Pre Impact Info Brake Infa
D-13.6m -F
u=73 =w ® [sen | %
Paost Impact Info 10
DRoad-4.4m =5
ufroad)-.73
D Grass-22.2m F=0.633 g's 2 |aax| 2
u(Grass)-.63

“f* L/F Tire-Grass
(wxnj+/-m
(63x.28)+/- 0
17

“# RfF Tire-Grass
P ad) = (pxn)ofm T

“F" L/F Tire-Road
" Adj.= [gxn) +/-m

“F" R/F Tire-Road
¥ Adj. = (pxn)+/-m
“F Adj. = .73 x.28) +/-0 “F Adj. = (73 x.28)+/-0

" Adj. = 20

Speed @ Grass

§=254xDxf
s=\xm2x027
s =4152247

5=39.01 km/h

34

“ LfF Tire @ 60%
“F Adj.=Fxn

“F Ad. = (.17 %.60)
“f Adj. =10

“F" LIF Tire @ 60 %
“f ad) = fxn
“f* Ad] = (.20 x.60)

“+" Adj-Grass
CEAALRSF = 7
“F Ad}. L/F(E0%) = .10
" Ad) Grass= 27
“* Adj-Road
“PAdLRF= 20
“F Adj. L/FB0%) = 12
“FAdj.Rosd = .32

Speed Combined-Post Impact - 54

S=./s1254xDxf
S=. lyﬂl:—zﬂxﬂ4iﬂ,32

5=,f1521.78 +357.63
5=,/1879.41

§=43.35 km/h
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Institute of Palice Technology & Management

University of North Florida

Traffic Crash Reconstruction

Vector Sum Solution-Momentum Project 2 Online-Metric Units

3]3uy aunpedaq pue yoeoisddy (TA) prod

i ine the Xand Y e of each departure vector and
recard them in the chart below:.
Vector | Weight | Speed Magnitude Angle Cos Sin
Py 1612 92.00 148,304.00 o o2 1.00 o
P2 1297 77.38 154,533.53 v 229 -6561 | -.7547
Ps 1612 25.94 41,815.28 [] 300 0872 | -g962
Ps 1997 43.35 86,569.95 [} 275 .5000 | -.B660
B kal 3256 | 9455

Pr {CoSbepariure angte} directs yau to multiply the magnitude of whatever vector you are
working with, by the casine of the departure angle formed by that vector and the 'X*

axis.

Pr: {Sifpsparturs angls) directs you to multiply the magnitude of whatever vector you are
warking with, by the sine of the daparture angle formed by that vector and the “X” axis.

Vector X Components ¥ Components

. P3, = Pn(CosB) P;, = Pn(Sin@)
3,646.29 -11,656.38

. Py, = Pn(Cos¢) P;, = Pn({Sin¢)
43,284.97 -74,989.57

X Components ¥ Components
P s 3,646.29 X Pays -41,656.38 )
Puor = 43.284.97 (X) Py -74,969.57 )
+ +
Pl: = 46,931.26 | X Ply= | -116,625.95 wl
Calculate tha Magnitude of the Resultant Vector {Pr).
Magnitudepesaian = P, = \qu,,z +P
125.714.57 ‘ Units

snusAy si||3

o
th

saaJ453q 00
5331890 622

aAuQ epuold

Institute of Police Technalagy & Management

University of North Flarida
Traffic Crash Reconstruction

Vectar Sum Projecl

Z yaloig wnuswop ¥ 1

s318uy ainledaqg pue yaeolddy (zA) 28poqg

Py {Resuliant vestor) co-ardinates are represented by the sums of the Py and P4
components. Calculats the coordinates of Prand racord tham in the chart below.

Magnitude Pt = |

Calculata tha Diraction of the Resultant Vactoer (Py).

35

Direction {Angle) =  Tan (A“ﬂ")z[:ls:

] and tan”™

1 {0y _ .
(P’! =Angle

Direction = | B80T




Institute of Palice Technalogy & Management
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Institute of Police Technology & Management
Traffic Crash Reconstruction

University of North Florida

N Traffic Crash Reconstruction
Vector Sum Project
Vector Sum Project
Calculate the Impact Speed of the Y vehicle.
Calculate the AS of the Y vehicle.
Ply w; Siny Py Tz ez
S: = Sy = Wosinn S S Gosg | AS2 = | [82% + 8,%] - [2(5:}(84)}(CosB)]
2Siny 88 = A
-116,625.95 1997 -7547 77.38 Kph w55 | 335 558 FEETTE
Calculate the Magnitude of the Impact Speed of the Y vehicle. Calculats the AS of the X vehicle.
W: Se P, = W,S; — .,
Paz 997 738 15 S S5 Cos® | AS, = \”sl +83%] - [2(51)(53)}{€osO)]
154,527.86 = 9200 | 2584 | 0872 96.38 Kph

Calculate the X component of the Y vehicle’s impact speed.

Calculate the Magnitude of the Impulse Vector acting onh the Y vehicle.
W: EY cos g Py, = W;5;Cosy
Pa=
= 1997 773 6561 -101,385.72 Ws AS: Ap, = Wy(AS,)
Ap 1997 75.38 150,533.86
Calculate the Impact Speed of the X vehicle.
yr—— Galculate the Magnitude of the Impulse Veclor acting on the X vehicle.
ty — Py
Pu wi Pux $y= (_)
S = wy Wi A8 Ap; = W, (AS;)
46,931.26 1612 101,385.72 52.00 Kph Ap 1612 9333 15655056

Calculate the Magnitude of the Impact Speed of the X vehicle.

Wi S W, S

1612 92.00 148,304.00

=

Institute of Police Technology & Management
Universily of North Florida Momentum Project 2 — Momentum Solution
Traffic Crash Reconstruction

Vector Sum Project

Calculate the PDOF acting on the Y vehicle.

1612 Kgs 1997 Kgs
Se sin g AS: 5.94 Kph 3 ph
a:
’ 13.35 9455 75.38 Angle Cos Sin WS, Simp = W, S,Sind + W,S,Sing
a=0" 1 0 1997(S,) ~.7547 = 1612(25.94) ~. 9962 + 1997(43.35) ~. 8660
W =220 | 6561 | 7547 “1507.13(S;) = “41,656.38 + ~74,969.57
) . 6 =275° | .0872 [ 9962 T1507.13(5;) = "116,625.95
Calculate the PDOF acting on the X vehicle. #=300° | 5000 |-.8660 % - l:‘-’i;:f
., [S35In6 S, = 77.53 Kph
Sa Sin & ASy o®y= Sin~ (7)
a ASy WS, Cos < +W;S,Cosip = W, S;Cos8 + W, S, Cosd

25.94 -.9962 98.38 -16.06 ¢ 1612(5,)(1) + 1997(77.53) ". 656

1612(25.94)(. 0872) + 1997(43.35)( 5000)
1612(S;) + “101,582.2

3,646.29 + 43,284.97

1612(5;) + 101,582 24 46,931.26
Check digit using the PDOF's. TUT 56226 + 1612(S,) + ~TUT582-36 = 46,931.26 + 101,582, 26
b @ Y=180+/-(ay + a2)
W -16.06¢ 32.93° 228.99¢
B CosB 4 w.-.;‘::u, _ w,,\.w(:.u.
5, = 25.94(.0872) + ‘wum:‘wm’ |w7[17;1:,; 6561
= 5, = 162+ 0202 1080
w= l:s(l-(rz,va_l - Use this formula if PSI is between 0 and 180 degrees 5; = 27.63 +49.62 5y =2.26+26.85— 62.78

s, = 77.25 Kph 5, = 91.89 Kph

w =180+ +w, - Use this formula if PSlis between 180 and 360 Degrees

at and a2 are entered as absolute values in these equations

36



Traffic Crash Reconstruction Working
Momentum Project #2 — Online — U.S. Units

Question # 1 - 0 Degrees
Question # Z — 229 Degrees
Question # - 3 - 275 Degrees
Question # - 4 - 300 Degrees
Question # - 5 — 25.94 Kph
Question # - 6— 43.35 Kph
Question # - 7 = 92.00 Kph
Question # - 8— 77.38 Kph
Question # - 9~ 93.38 Kph
Question # - 10 - 45.37 Kph
Question # -11—-16.06 Degrees
Question # - 12 - -32.93 Degrees
Question #-13 — 118.27 Kph

Question # - 14— 92.24 Kph

Dodge Start of
Skids to Impact

Question # 16 Vi-V
Dodge Data = A
S Impact = 77.38 Kph 25.62- 21.49
S Initial = 92.24 Kph BT
V1=21.49 Mps 4.13

5.62 Mps e

t=0.57 seconds
“3" =7.16 Mps/s

Ford Time On
Grass
Question # 17
Ford Data g= V-V
fxa

SEnd =0 Mph
S Grass = 16.37ph
V1=4.54ps

4.54
V2 =0Fps =15
“f=.33

a7 =323 Mps/s t=1.45 seconds

Fard Time On
Road

Question # 18
Ford Data

S Grass= 16.37 Kph
S Road = 25.94 Kph

= 7.2-4.54
V1=4.54 Mps B
V2 =7.20 Mps 266
“f= 38 g
“a" =3.72 Mps/s

t=0.71 seconds
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Question # 13
Ford Impact Speed
S =54.67 Mph

V = B0.14 Fps

Skid Distance

D =91Ft.

=73

23.50 Fps/fs

Question # 14
Dodge Impact Speed
5=47.16 Mph
V=69.13Fps

Skid Distance

D =42Ft.

=73

“a” = 23.50 Fps/s

Question # 15

Ford Data

SImpact = 92.00 Kph
S Initial = 118.27 Kph
V1= 25.55 Mps

V2 = 32.85 Mps

“ =73

“a" =7.16 Mps/s

Question # 19
Dodge Data

S End =0 Mph

S Grass = 39.01ph
V1=0 Fps

V2 =10.84 Mps
=27

“a" = 2.64 Mps/s

Question # 20
Dodge Data
SRoad = 49.35 Kph
S Grass = 39.01 Kph
V1=12.04 Mps

V2 =10.84 Mps
=32

“a" =3.13 Mps/s

Question # 21
Ford Data

5 @ Start = 118.27 Kph

V =32.85Mps
=73

“a" = 7.16 Mps/s
D Slide = 29.8 m

§=./S:+254xDxf
5=./92.00 + 254 x29.8 X 0.73

§ =./8464 +5525.51
5 =./13980.51

$=118.27 km/h

5:-‘5;1:2541:0’:1

§= 77.3!:-*251"\].6’”17]
5 =.f5967.66 + 252071

5 =.[8509.37

$=92.24 km/h

Ford Start of Skid
to Impact

1o 2852555
7.16

7.3

t=
7.18

t=1.01 seconds

Dadge Time On
Grass

Dodge Time On
Road

(o f204 1084
313

t=0.38 seconds

Ford Distance From Impact Including PRT

D=vxt
PRT Dist. =
Slide Dist.
Dist. To POI = 8236 M

D=3285% 16

D =5256 meters



Dodge Distance From Impact Including PRT

Question # 22

Dodge Data D=vxt

S @ Start = 92.24 Kph D=25.62%16

V =25.62 Mps Slide Dist. =13.6
“r - 73 D =40.99 meters Dist. To POl =54.59 m

“a" =7.16 Mps/s
D Slide = 13.6 M Ft.

Ford Distance From Impact When Dodge Began To Brake

Question # 23 .
Dodge Data D=vixt+05xaxt
S @ Start = 92.24 Kph D=25.92X0.57-0.5X7.16X0.57
V=25.62 Mps

D=14.77-05%7.16 x0.32
“© =73

D=14.77-1.14

" =7.16 Mps/s
D Slide = 13.6 m
“t" . 57 Secs (#16)

D =13.63 meters

Dodge Distance From Impact When Ford Began To Brake

Question # 24 Dodge Time @
Ford Data Constant Speed D=vxt

Vo =32.85 Mps “t” V1 -1.01 (#15)

“t” =1.01 Sec

e DAY 94 D=14.45 meters
“ =73
D=13.6m
Ford Ke at Impact
wxs'
KE="2%%6
Question # 29
Ford Data
Speed @ Imp.
92.00 Kph
W-1612 Kgs 13643968
KE= T
KE = 524768 N-m
Dodge Ke at Impact
Wxs'
KE="76 -
Question # 30 1997 x 72.38°
Dodge Data KE= %
Speed @ Imp.
77.38 KPH (= 1997 % 5987.66
W — 1997 Kgs %
11957357.02
%
KE = 459898.34 N-m
Ford Wk Pre Impact Slide
Question # 31
Ford Data W.=wx fxgxD
-3 W= 1612 % 0.73 X 9.81 X 20.8
W - 1612 Kgs
D-29.8 W =344011.66 N-m

D total =D1 + D2
Dtotal =14.45+13.6
D=32.85%0.44 D Total = 28.05m

38

Question # 25
Ford Data
“f-.33

Question # 26
Ford Data
“f-.38
W - 1612 Kgs
D-42m

Question # 27
Dodge Data
f-.27
W - 1997 Kgs.
D-222m

Question # 28
Dodge Data
“F-.32
W - 1997 Kgs
D-44m

Question # 32
Dodge Data
“f-.73
W - 1997 Kgs
D-13.6

Question #33
Ford Data
Speed @ Start
118.27 KPH
W-1612 Kgs

Question # 34
Dodge Data
Speed @ Start
92.24 KPH
W - 1997 Kgs

Ford Wk Grass

W.=wx fxgxD
W, =1612x0.33 x 0.8 x3.2

W:=16699.28 N-m

Fard Wk Road

W.:=wx fxgxD
W, = 1612 % 0.38 x 9.81 x 4.2

W: =25238.69 N-m

Dodge Wk Grass

W.o=wxfxgxD
W, = 1997 x 0.27 x 9.81 x 22.2

W:=117425.87 N-m

Dodge Wk Road

Wi=wx fxgxD
W, = 1997 X 0.32 X 9.81 x 4.4

W:=27583.52 N-m

Dodge Wk Pre impact Slide

W.=wx fxgxD
W, =1997 X 0.73 9.81 X 13.6

W: =194495.17 N-m

Ford Ke @ Start

2
WxS
KE =
26
1612 x 118.27°
KE 3 e
26
_ 1612%13987.79
= 2%

(3

_ 22548317.48
T

KE

KE = 867242.98 N-m

Dodge Ke @ Start

wxs
26

KE =

1997 x 9224
KE = ————
26
1997 X 8508.21
KE 8 ——————
26
_ 16990895.37
T

XE

KE = 653495.97 N-m



S=/254xDxf

S=254xDx f Question # 39
tion # 35
Question $=[FEETE Doee e s=ExEExn
.73 -y D-136m s=.fan
D-298m
$=50.21 km/h

§=74.33 km/h

5=254xDxf

§=4254xDx f Question & 4D
Question # 36 S=254%32%0.33 Dodge Data S=f254x222%027
Ford Data .27
“f-.33 5 =4[268.22 D-222m 5=-f1522.47
D-32m
§=16.37 km/h $=39.01 km/h
$=/254xDx f =/254xDxf
Question #37 q;;:i:;:l:l
Ford Data S=.{254x4.2%0.38 “"g 32 5=4/259 %44 x032
“-.38 .
Dodzm = fa538 D-44m s=.f357.63
§=20.13 km/h §=18.91 km/h
s.=[si+s s.= [sies:
T T T
S.=.16.37 +10.64 Question # 42 s =.39.01  + 1891
Q‘;ES‘;”;““ Ford Data
O ata
51-39.01 Kph N e e
S, =+/267.97 + 347. §,.=-/1521.78 +357.58
51-16.37 Kph o = 267.97 +347.44 52 -18.91 kph ‘
52 -20.13 Kph
S =4/615.41 5.=+/1879.36
S.=24.8 km/h 5.=43.35 km/h

&l 23 LhEhE(FREE RS

L~ ZREGHE L BEFH T a BB & (Multiple Departures)

55/ U Z SR8 B % Kbl 2 BB U5 (m BREN & - SRR A PR = BB R#L -
2B g~ FEAVN ~ A~ BUFBIEETR X wmisE R

TESEZRPIANGE 24 o - EAEEAIME 25 Bor -
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AND MANAGEMENT

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Flerida University ef North Florida

Multiple Departure Momentum Project Multiple Departure Momentum Project
Multiple Departure Momentum Project data

A 2007 Chevrolet 1506 Silverado, vin: 2GCLC13CTTISEXXXAX , was travelling west on Main
Strest. The pickup was hauling a 2009 Puma RBKS 5" wheel caniper, VIN #
AXATPUG2ISM2X XXX

2 Car Crash Investigation Main and River Street
River Streel —4 Lanes N/ S

‘oot Lanes  Speed Limit — 45 MPIL/ 724 KPIIL - Mu =072
Main Street — 4 Lanes E/ W

12 Toot Lanes  Speed Limit 45 MPIT/ 724 KPII Mu =072

Grass Shoulder - “" =0.55

X Clar - 2007 Chevrolel 150G

A 2010 Towd Expedition x4 bearing VIN: verado - 4448 Lbs. / 2018 Kes.
IEMIULGSTALDGX XXX, was travelling soulh on . . o
River $lreet 2009 Puma 281 RBKS 5" Wheel Camper — 7670 Lbs / 3479.1 Kps.

Trailer is 3011 (9.1 mg leng and 81t (2.4 m) wide, TW is 72 inches (1. Km] C‘Mh
SL{1.5 m} in front of tmnt axle. ngpm is 26ft (7.9 m) from chk cdge

lmlle{ Cenler of rear axle 1 15 0 O (1.8 m) in fronl uﬁe‘n :wigeo[ Lmllel Csmcr
front axle is 8. $tt{2.6 m} in nnnt of rear edge of tra

=1

“The Ford struck the Chevrolet on the right rear
quatter wilh sufficicnt foree as Lo dislodye the travel
trailer.

' ) ) ) ) Pre-impact no skids
Main Stueet is a level, 4 fune asphalt, East/West road with 12 foot lanes and § face shoraklers. &
0.72 drag Luetor was Sond. The posted speed Lot is 45 ruph. Post impact skids ull lock up all 4 tires for wailer

Ri
A

Sarcetis a Tevel, 4 lane asphalt NorthiSouth road with 12 foot lancs and § foot shoulders All tires are seulTing at 6% for Pick up.
72 drag facor was found. The posted speed limitis 45 mph_

A manicured lawn was found on the southwest comer of this intersection. Thrag sled tests found Y Car- 2010 Ford Fxpedition — 5805 Ibs. £ 2633 Kes
the grass ko have a 0153 drag factsr. s S T 290 LDs. £2653 Bas.
The impact cirele was identified as being within the intersection, Ne pre-impact tire marks

Nur Pre-impact skid marks were fiund fovany vehicle in this crash. The Chevrolet Pickup tuck Post-impact full Tock up all 4 tires

Iefl the impsct using enly 66% of its bruking clliviency. The Puma Trailer left the impact using
& full lock up ol ils rear tandems. The Lord Lixpedition Lell the impuct with s Iull wheel lockup.

A seale divgram was completed and is included here. Vehicle Spees were obtained and are
inluded here.

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida Multiple Departure Momentum Project

Multiple Departure Momentum Project
Expert AutoStats®

wersion 5.1.0
copyright 2014 - A1l Rights Reserved

2009 Palomine Puma Fifth Wheel Series 281 RBKS
AL ELLIS - INSTRUCTOR

LFTH - UNF - THIS €OFY NOT FOR USE IN LLTLGATLION
1200 ALUMNI DRIVE
JACKSONWILLE FL 32224-2678

1171772015

loor PlanSpecial

2007 CHEVROLET €1500 SILVERADO 1194B Z DOOR 4X2 PICKUP

‘ Spees. Tnvestigation P—— e s
RV Txpe Fifth Wheel curb weight Distribution - Front: [ 58 % Rear: [ 47 %
Tength x Width BOTL (9.T) % BTt (2.4m) GFL (1B m) Track Gross vehicle weight Rating: [ea00_Tibs. k.
Tandem Axles 2 Number of Tires an vehicle: ]
orive whesls: h
Welght Lbs/Kgs 7102 Lbs./ 32214 Kgs 7670 Lbs. / 3479.1
cel-Contuine Horizontal Dimensions Inch
Self.Contained Yes el Lenoth
Slides 1 wheelbase: [o.92]
Tead Tandem Axle BT (2.6 ) Trom rear of trailer rront cumper to Frant Axle: =]
Front muwper to Frant of rront well
Center o SFL (1.5 m) In front of Lead Tandem Axle FIOTE BNEY. D5 RITNE &F HO0E:
26 T .0m © Front uwper to Base of windshizld: a3
King Fin 6 L. (7.%m) Erom rear of traller Frent Rumper to Top of Windshield: o8]

Rear sumper to Rear Axle:
Rear sumper Lo Rear of Rear wells
Rear sumper to Rear of Trunl
Rear Gumper to Base of Rear window:

width Dimensions
maximum width:
Front Track:

Rear Track:

vertical Dimensions
Height:
Ground to -
Front tumper Clop)
neadlight - center
tiood - tap front:
Base of windshield

]
—
]
—
—c
9]
—c

7

Rear Bumper - top
Trunk - top rear:
Base of Rear window:

—
—
—

Hegstered Cwner I7TM - UNF - THIS COPY NOT HIR USE IN LITKATGN Senal Wumber: 11R-290430AU3805
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INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Multiple Departure Momentum Project

Expert AutoStats®
version 5.4.0
Copyright 2014 - A1 Rights Reserved

AL ELLIS - INSTRUCTOR
IPTM - UNF - THIS COPY NOT FOR USE IN LITIGATION
1200 ALUMNI DRIVE
JACKSONVILLE FL 32224-2678

11/17/2015

2010 FORD EXPEDITION 4 DOOR 4X4 UTILITY

curb weight
curb weight Distribution Front:

Rear:

Gross vehicle weight Rating:

e

Nusber of Tires on vehicle:
Drive wheels.

Horizontal Dimensions
Total Length
wheelbase:

Front Busper to Front Axle
Front Busper to Front of Front well:
Front Busper to Front of Hood:

Front Busper to Base of Windshield
Front Busper to Top of windshield:

Rear Bumper to Rear Axle
Rear Bumper to Rear of Rear well
Rear Bumper to Rear of Trunk:

Rear Bumper to Base of Rear Window

ki
=D
X
[oo7]
[Co.16]
[Coe]
1.30
5]
mcszy
[Co.oe]
Cox]

width pimensions
Maximum width
Front Track:

rear Track: CL7]
Vertical Dimensions
Height:
Ground to
Front wumper (Top) -
Headlight - center ] [o.97]
Wood - top front ]
Base of windshield [0
Rear Bumper - top: o9
Base of Rear Window - e

redl Ouner ¥

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Multiple Departure Momentum Project

Time Questions

15. How long did it take the Chevrolet Silverado to slide to a stop after the
collision?

16. How long did it take the Puma trailer te slide to a stop after the collision?

17, How long did it take the Ford Expedition to slide to a stop on the
grass after the collision?

18. How long did the Ford Expedition slide on the pavement after the

collision. Kinetic Energy

19, How much kinetic energy did the Chevrolet Silverado use while sliding
to a stop after the collision?
20. How much kinetic energy did the Puma trailer use while sliding to a

stop after the collision?

21. How rmuch kinetic energy did the Ford Expedition use while sliding on the

grass to a stop after the collision.

22, How much kinetic energy did the Ford Expedition use while sliding on the

pavement after the collision?

"TM - UNF - THIS COPY NOT FOR USE IN LTIGATION Serisl Number: 14R.990430AQ03905
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INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Flerida

Multiple Departure Mementum Project

Speed Questions

1. What is the approach angle of the Chevrolet Silverado and Puma
trailer?

2. What is the approach angle of the Ford Expedition?
3. What is the departure angle of the Chevrolet Silverado?

4. What is the departure angle for the Puma trailer?

w

. What is the departure angle of the Ford Expedition?

6. What is the departure speed of the Chevrolet Silverado?

-

. What is the departure speed for the Puma trailer?

8. What is the departure speed of the Ford Expedition?

9. What is the impact speed of the Chevrolet Silverado and Puma trailer?
10. What is the impact speed of the Ford Expedition?

11. What is the Delta V for the Chavrolet Silverado?

12. What is the Delta V for the Ford Expedition?

13. What is the PDOF for the Chevrolet Silverado?

14. What is the PDOF for the Ford Expedition?

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University ef North Florida

Multiple Departure Momentum Project

23. How much kinetic energy did the Chevrolet Silverado and Puma trailer
have at

Impact?

24. How much kinetic energy did the Ford Expedition have at impact?

25. What is the kinetic energy equivalent speed loss for the Chevrolet
Silverado post impact skid?

26. What is the kinetic energy equivalent speed loss for the Puma trailer
post impact?

27. What is the kinetic energy equivalent speed loss for the Ford
Expedition on the grass postimpact skid?

28. What is the kinetic energy equivalent speed loss for the Ford
Expedition on the pavement post impact?

29. What is the total kinetic energy equivalent speed loss for the Ford

Expedition post impact?

24 Z7RhiiHE 2 BERA 5 R B2 Eh B A E SR ZE B



INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Multiple Departure Project

Speed Questions

What is the approach angle of the Chevrolet Silverado and Puma trailer? ) deg

~

. What is the approach angle of the Tard Fxpedition? 90 degrecs

w

- What is the departure angle of the Chevrolet Silverado? S0 degrees

-

What is the departure angle for the Puma trailer? 81 degrees

0

. Whal is the departure angle of the Ford Expedition? 61 degrees

t4l

‘What is the departure speed of the Chevrolet Silverado? 24.58mph/7.49 Kph

-

What is the departure speed for the Puna trailer? 20.58mph/9.01 Kph

L

What is the departurc speed of the Ford Expedition? 34.66mph/19.56 kph

™

10. What is the impact speed of the Ford Expedition? 83.33mph/25.39 kph

11. What is the Delia V for the Chevrolet Silverado? 18 85mph/5.73 Kph

12. What is the Delta V for the Puma Trailer? 31.63mph/9.64 Kph

13. What is the Delta V for the Chevrolet Silverado/ Pumia Trailer combination?

27.0100ph8.23 kph

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Multiple Departure Project

Kinetic Energy

21. How much kinetic energy did the Chevrolet Silverado use while

after the collision? 89543 fr-Ibs/121404,00 Nm

22, low much kinetic energy did the Fuma wrailer use while sliding to a stop atter the

collision? 223657 fi-bs/303238.17 Nm

23. How much Kinetic energy did the Ford Expedition use while sliding on the grass to a

stop after the collision. 103445 fi-Ih /14025

Nm

24, How much Kinctic energy did the Ford Expedition use while sliding on the pavement

after the collision? 129024 f1-1h&/174933.05 N

25. How much kinetic energy did the Chevrolet Silverado and Puma trailer have ut

Tmpact? 113599 fi-1bs/154019.56 Nm

26. llow much kinctic encrey did the Ford Expedition have at impact?

1343642 ft-1bs/1821733.93 Nm

27, What is the Kinctic energy equivalent speed loss far the Chevrolet Silverado post

impact skid? 24.58mph/39.55 Kph

28. What s the kinctic energy equivalent speed loss for the Puma teailer post impact?

29.58mph/47.60 Kph

. What is the impact speed of the Chevrolet Silverado and Puma trailer? 16.77mph/5.11 kph

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Multiple Departure Project

14. What is the Delta V for the Ford Expedition? 55,6 1mph/16.94 Kph

15. What is the PDOT for the Chevrolet Silverado/ Puma Trailer combination?

7240 degrees

16. What is the PDOF for the Ford Expedition? 17.58 degrees

Time Questions

17. How leng did it take the Chevrolet erade te slide Lo a stop alter the collision”?

1.58 scconds

18. How long did it take the I'ima frailer to stide to a stop atter the collision’

1.87 seconds

19. How long did it take the Ford Expedition fo slide to a stop on the grass atter the

collision? 1.9 seconds

20. How long did ihe Ford Expedition slide on ihe pavemeni aller the collision.

0.73 seconds

INSTITUTE OF POLICE TECHNOLOGY
AND MANAGEMENT

University of North Florida

Multiple Departure Project

29, What is the Kinetic energy equivalent speed loss for the Ford Expedition on the

grass post impact skid? 23.12mph/37.20 Kph

30. What is the kinctic cnergy equivalent spocd loss for the Ford Expedition on the

pavement post impact? 25.82mph/+0.68 Kph

31. What s the total kinetic energy equivalent speed loss for the Ford Expedition post

impuct? 34.66mph/55.77 Kph

Distances used for amalysis: WILL VARY 1!

Silverado Post hnpact — RI7= 22ft/6.7 m, L¥ = 23tt77.0 m,

RR = 3510'10.6 m, LR = 36f/10.9 m

ft/12.4m, LI = 41ft/ 12.4 m,

Puma Trailer Post Impact — RF =

RR = 40ft/12.1 m, LR = 40{1/12.1 m

Expedition Post Impact - Grass— RF = 3600/10.9 m, LF = 381/11.5m,

RR = 26ft/7.9 m, LR = 28f/8.5 m

Lxpedition 'ost Impact — Pavement — RI7 = 286t/8.5 m, LF = 25(¢/7.6 m,

RR = 38{t/11.58 m, LR = 34i/10.36 m

There were no Pre Impact tire Marks

25 2Rl HE 2 BB 5 [F BB & 1R SR A S
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‘ehicle Evidence
Common Alr Brake System

oot valve | Semiety vmive  GhHeoh vaive:

Vehicle Evidence

The compressor pumps air into the reservoir, where it is stored

Vehicle Evidence

The foot valve draws the compressed air from the reservoir when the brake is applied.

Vehicle Evidence

Brake Lines for Trailer Glad hand Connectors

Vehicle Evidence

Internal view of rear chambers

46

ehicle Evidence
Common System Schematic

Colar K to Alr Valwes & Linas
" 7 o

Vehicle Evidence

The governor controls the air compressor cut-in and cut-out pressure

The operating pressure range for vehicle air brake systems must be between 80 psi and
145 psi

An air-pressure gauge indicating air pressure in the main reservoir system is usually mounted
on the dashboard of the vehicle cab and also has a low air warning device

Vehicle Evidence

Upon brake application, the compressed air is directed through a series of lines and valves to
the brake chambers

Vehicle Evidence
Air Brake Chambers

Comemon Rear Chamber

Vehicle Evidence

Cormmon front brake chambers




P ——

Vehicle Evidence

e

Brake chamber Cage Bolts
The force is exerted by the compressed air to mechanical linkages
Stored on chamber Dust Cap on Chamber Bolt Insert

Used to release the brake when no air is present in chamber

28 PHEZAE L4

PPN L - HIERZ FHE — R RIS - 2068 29
FIR o BHAESERCZ I R NI AZORG E T 2 2T -

Velocity Required for a vehicle to roll over (in fps)

V=, /RxXgXP.

Hop
V = Velocity in fps
R = Radius of path of the CM in Feet
g = Gravity constant

Pr = Propensity to Roll
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Institute of Police Technology & Management

Institute of Police Technology & Management
University of North Florida University of North Florida
Traffic Crash Reconstruction Traffic Crash Reconstruction
Vector Sum Analysis for Project No. 5 collision 1 __ Vector Sum Analysis for Project No.5 collision1
Mathematically Getermine the X and Y companents of each departure vecior and P (Resultant vector) co-ordinates are ropresented by the sums of the P3 and Ps
ly P s lep:
record them in the chart below. components. Calculate the coordinates of P: and record them in the chart below.
Vehele 1 - Dhdaz  Veh:cle > - Pontias
Vector | Weight | Speed |  Magnitude Angle Cos  Sin X Components ¥ Components
P |3910 [3503| 13678651 o ¢ |100] 0 Pa= 3 X Py= Fg9e, )
102002 35 127855
Pa 300t |as8v| 2886983 | v | 97 |oung]| 0995 Puc= 1435),53 X) Pey= (0926, 15 |
Ps | 3Gie | 3649 39590 | 0 | 1o |ogpes| 025 5 .
Ps 30r¥| 3629 il sebE3 [ 80 | ».1234| 09844 5619/
‘ Pu= (133,58 |® Pos | 1>0560,9/  |™
8 | 17 logess| o294 121323, 5¢
= £8P = 2609 0 o
P1 (Casosparurs ang) diracts you to muliply the magnitude of whatever vector you are
working with, by the coslne of the departure angle formed by that vector and the X" Calculate the Magnitude of the Resultant Vector (P:).
axis.
Magnituderesunan = JIPE P F)
P (SiNdepariure angie) lirects you to multiply the magnitude of whatever vector you are Magnitude P = 176043 8% Units
waorking with, by the sine of the departure angle formed by that vector and the “X" axis. (1
Vector X Components Y Components Calculate the Direction of the Resultant Vector (Py).
P3y = P3*(Cos 0) P3y = P;*(Sin 8) [m“\ By
Pa Direction (Angle) =  Tan (angie) = and |-%
102002, 3§ JDaRE 95 (Angle) angie) =| Ryn | p,) =Angle
Py = Py"(Cos ®) | Py, = P,*(Sin @) o
- 4x 4 a4y Direction = 4644 8
1935/, 53 1096215
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Institute of Police Technology & Management
University of North Florida

Traffic Crash Reconstruction

Vector Sum Analysls for Project No. 5 collision 1

Calculate the Impact Speed of the Y vehicle.

T
V2 Pyy w2 Siny 2 = (W, = Sin y)

[posesal] 3ors 0.49% 4250

Calculate the Magnitude of the Impact Speed of the Y vehicle.

W2 V2 2 W,"V,
P2z
S04 455 15841988
Calculate the X component of the Y vehicle’s impact speed.
W2 Va Cosy P, =W,"V,"Cos u

Pac=

3ovy 42050 | a9 - )5E6>63

Calculate the Impact Speed of the X vehicle.

P, -P,
Pu Wi Pax v, = (MJ
Vi= W,
1133388 3770 | 186626 350
Calculate the Magnitude of the Impact Speed of the X vehicle.
i W vi P=W,'V,
391° 3603 /36,986,>/
Institute of Police Technology & Management
University of Nortn Florica
Traffic Crash Reconstruction
Vector Sum Analysis for Project No.  collision 1
Calculate the PDOF acting on the Y vehicle.
Sin"
Vo Sing AV a= Vq *Sing
@ AV,
26,179 0,294 130/ £€79
Calculate the PDOF acting on the X vehicle.
=
v sino av, Y5 Sing
L4 AV,
>6.49 0.1736 o4 > >

Check digit using the PDOF’s.

[ o ] [ ¥=180- (o + a) |

a, |
| 5579 | >Q>ﬂ l a7

v
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Institute of Police Technology & Management
University of North Florida

Traffic Crash Reconstruction
Vector Sum Analysis for Project No. 5 collision 1

Calculate the A V of the Y vehicl

AVo| Ve | Vs [Cosplav, - Ui+ V7 ) (2 + V.V, + Gosp) |

= La.z;”l%.?ﬁ|o.?;l5| 13,0/ |
Calculate the A V of the X vehicle.
vi [ v [ coss [av, = {(v7+ V)24V, +V,+Cos0) |
AVi=
| 3523 | >649| o ZFC’K{ £ l

Calculate the Magnitude of the Impulse Vector acting on the Y vehicle.

5 | W [ aw ] [ ap, =w=av, |
pzl 324 ] 13el | | 39236 ¢& |

Calculate the Magnitude of the Impulse Vector acting on the X vehicle.

[ w1 avw [ Bp, =w:av, |
Apr =
[ s [ rect [T sonssee |
ErTRIEI
ey 3 g
e NS A
po P ®e
A% S B,

7 w25 )|¥)

2

2y m)gudm



Institute of Police Technology & Management
University of North Florida

Traffic Crash Reconstruction
Vector Sum Analysis for Project No. 5 collision 2

Mathematically determine the X and Y components of each departure vector and
record them in the chart below.

Velnide 1 : d ey velle 2: Pyntia ¢
[ vector | Weight | Spéed | Magnitude Angle Cos | sin

P 2682 |33g] 00 | 100 o
P | 0% |3339 2bo” 10,1732 F5¢

P ot | 1813 £0931.85 S807 |, b3t ogedd]
0,9396 | 0,34

[*3
v
P 3680|592 | jomes0e | 0 [335-[oses]vend
9
8

—_—
V4»”‘,>; + 2640 0 '/(r,”/)‘( S:/d-é/f 2
P (CoSpepsnure angle) directs you to multiply the magnitude of whatever vecior you are

working with, by the cosine of the departure angle formed by that vector and the X"
axis.

Pr (Sinosparturs angis) directs you to multiply the magnitude of whatever vector you are
working with, by the sine of the departure angle formed by that vector and the X" axis.

Vector X Components

Y Components
Py, = P;*(Cos 8) | Py, = P,*(Sin6)
" 473851 - 95412,8)
Pgx = P4*(Cos @) | Py = P, *(Sin @)
" gE51 ¢85 ~£3998,83

Institute of Police Technology & Management
University of North Florida
Traffic Crash Reconstruction

Vector Sum Analysis for Project No. 5 collision 2
llate the Impact Speed of the Y vehicle.

I e B P,
vz Py W, siny * = W, = sin y)

—Gaetab o] o

= \
24 2338

Calculate the Magnitude of the Impact Speed of the Y vehicle.

We Vz B W,*V,

(20 Q%L >f

P2=

3oy 23.9&

Calculate the X component of the Y vehicle's impact speed.

W2 Va Cosy P, =W,"V,*Cos y

Pox= |—

—1958.96

3o>¢ | 3333 [-w036

Calculate the Impact Speed of the X vehicle.

P wi Pax

$90 6f  3i8e | -mpd %

Calculate the Magnitude of the Impact Speed of the X vehicle.

Wy Vi P‘ i w‘ &V‘
3630 23.8] 1> 2428, €2

Pi=
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Institute of Police Technology & Management
University of North Florida

Traffic Crash Reconstruction
Vector Sum Analysis for Project No. 5 collision 2

Pu{Resulant vector) co- tes are represented by the sums of the Pz and Pa
components. Calculate the coordinates of Py and record them in the chart below.

X Components ¥ Components
Psc= Q73885 X) Py= ey &)
Pac= 9871 ¢ & (X) Pys= — 3995 &2
+ +

s [ jop 9etes | pus |

996000 |

)

Calculate the Magnitude of the Resultant Vector (Py).

Magnitudesssutsnt = (P, 24P,

Magnitude P = Units

Calculate the Direction of the Resultant Vector (Py).
A

T e Tan
Ise
_ L[ ty
Direction (Angle) =  Tan (angie) = [Hun) and (P‘,] = Angle

Direction = | — @592 l'

Institute of Police Technology & Management
University of North Florida

Traffic Crash Reconstruction
Vector Sum Analysis for Project No. 5 collision 2

Calculate the A V of the Y vehicle.

szl Va | Vs [cosplav, = J/= V7 ) (2 V, <V, - Cos B) |

|3>87| &1 5|M;47| 19,48

Calculate the A V of the X vehicle.

Vi I va | Cos 0 |AV = (V7 = V,7)-(24V, »V, +CosB) |

AVi=
(436

| 3,80 | ,amlo,qo

Calculate the Magnitude of the Impulse Vector acting on the Y vehicle.

[ w T aw ] [ 8p, =w,xay,

Apz =
[ e | 1926 | | oedsr

Calculate the Magnitude of the Impulse Vector acting on the X vehicle.

[ [ [ ow ] [ 2p, =Ws=av,

A‘"| 360 | 1436 | | £858.81




Institute of Police Technology & Management
U

iversity of North Florida
Traffic Crash Reconstruction

Vector Sum Analysis for Project No. 5 collision 2

Calculate the PDOF acting on the Y vehicle,

.o Sin
Va Sin 8 AV = V4 =Sing
a AVy
1€1% - p.A0>P 1948 ~ >0, 04

Calculate the PDOF acting on the X vehicle.

v, * sing ™"
Va sine avs a = ¥ "oind
W AV,
- 33 & 4,36 - G2
Check digit using the PDOF's.
[[a [ & ] \
[onne | 545 | |

Institute of Police Technology & Management

University of North Florida

Traffic Crash Reconstruction

Vector Sum Analysis for Project No. 5 collision 3

Mathematically determine the X and Y comporents of each departure vector and
record them in the chart below.

Vehide! = GMC

w2 i ke

[ vector ' weight | speed |  magnitude | Cos | Sin
[ » 4400|4385 | 1444311 1.00 0
P |5y | 125y 4305822 "laln36 |legped)
Pr | 4100 [28.46| 11688b00 04458 Lo, 5188
Pa 2024 | 33008 he 3006 0. 984§ |- 0.1034)
X 03450

P11 {CoSpeparture anpie} directs you to multiply the magnitude of whatever vector you are
wiorking with, by the cosine of the departure angle formed by that vector and the X"

axis.

Pr (Sifospartre Angis} directs you to multiply the magnitude of whatever vector you are
working with, by the sine of the departure angle formed by that vector and the "X axis.

Vector X Components Y Components
Py, = P3*(Cos 8) Pyy = P3*(Sin 8)
| ki 172 200> — 3004
Py = P4 *(Cos @) P4y = P, *(Sin @)
" 44 >1p, o8 _/>03, ke

52

o b =
S o=
T2
%53 %
s T 2a

Institute of Police Technology & Management
University of North Florida
Traffic Crash Reconstruction

Vector Sum Analysis for Project No. 5 collision 3

Pu{Resultant vector} co-ordinaltes are represented by the sums of the Ps and P4

‘c

y'ac
00 &bz s'd

components. Calculate the coordinates of P and record them in the chart below.

X Components Y Components
Pox= 112010,02 X) Py= — 30500.5%
Pa= 84 >10.08 ®): Pay= = /2503.60
+ +
TSR [0 ewe [ 4> pousd

)

)

Calculate the Magnitude of the Resultant Vector (Py).

Magnitudencsuars =

Magnitude Pr =

JP2+P,?

18699608 Mk

Calculate the Direction of the Resultant Vector (Pr).

Direction (Angle) = Tan = E] a [P "
rection (Angle) = (Angle) = an P = Angle
"

Run

A

Direction = |

/3.2

l;

%

va1 79,




Institute of Police Technology & Management Institute of Police Technology & Management
University of North Florida

University of North Florida
Traffic Crash Reconstruction Traffic Crash Reconstruction
___Vector Sum Analysis for Project No. 5 collision 3 . Vector Sum Analysis for Project No. 5 collision 3
Calculate the Impact Speed of the Y vehicle. Calculate the A V of the Y vehicle.

. - ( B ) szl Va | Va [cosg[av, = Jiv= VP )y (2 + VoV, + Cos B ) |
V; w: sin 2 = 2
=, Py 2 v (W, # Sin y) |m.>q.|:>,z4| va 2313
Luuzuﬂ 16| ot | -049828 1YL Calculate the A V of the X vehicle.
— v 7y
Calculate the Magnitude of the Impact Speed of the Y vehicle. AVi= i | ¥ [ Coso [V, =¥+ V)-2+V, +¥;1Cos0) |
435 | :g..“’,l g,!,:é)‘ﬁi 4,76
e T Pg W'V, 55T (6,76
Pz
309t 14Y 43088, 32 Calculate the Magnitude of the Impulse Vector acting on the Y vehicle.
Calculate the X component of the Y vehicle's impact speed. w2 { AV2 | | Ap, =W,*AV, ]
Apz
> 3Y) 3
W Ve Cosw P,, =W,"V,"Cos | i ‘ 295 l | bspegs |
Pa=
S04) 14:¢ 0. 193¢ 2gD) oo Calculate the Magnitude of the Impulse Vector acting on the X vehicle.
Calculate the Impact Speed of the X vehicle. Rion [ W [ v ] [ e, =w-av, |
. [ 4w | wm | [ gemess |
P Wi Pz v, = [‘—’—)
V= W,
1819>2,1e|  n00 2490 4565
Calculate the Magnitude of the Impact Speed of the X vehicle.
Wy Vi
Pi=
410° 45055 1DYts3, 1)
3
2R BRITIZP
e ULWY L g
~ = S E LK §
I TR T
Institute of Police Technology & Management a3 Z; ® ®® e 5
University of Nort Florida ® ® ) w w & S
Traffic Crash Reconstruction S e ¥ g, “ 9 8
5 Y% oo *
Vector Sum Analysis for Project No. s collision 3 & ° Ef
Calculate the PDOF acting on the Y vehicle. W
Sin"! g
Ve sing av: ap= Vg *Sing o
@ AV, £
232¢ | -0 9397 53,73 -13.93 — w
Calculate the PDOF acting on the X vehicle. . IS
& sin’ z
Vs sino av: a =% Sine 2
@ AV,
n =
284l | —o>x8d . )
©
Check digit using the PDOF's. 3
w }; - { . % ;‘
=
®
o
L3

T
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