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Basic SED Information

Stock, Super Stock and Masters Divisions

The information in this document is opinion based upon years of SBD experience, my understanding of
the physics involved, currently approved SBD parts, and current (2007/2008) SBD rules.

The specific features, conditions and setups that make a SBD car go fast change with track, ramp, part
and rule changes. The science does not change, but the application of the scienee changes based upon
different tracks, ramps, parts. and rules.

Primary Influences on a SBD Car (I /sted in random order)

(®) Pntential Fnergy (PF)  [GGravitatimnal Prtential Energy frr Sran Box Nearb) nare]
(b) Aceeleration
(¢) Kinetic Energy (KE)
{d) Aerodynamics.

) Center of Mass (CM)  [also known as Center of Gravity]
f) Balance
(g) Moment of Inertia
(h) Vibration
(i) Friction
(i) Driver

The primary influences change order of importance based upon the track, ramp, and lane driving
requirements of a specific race.

Geals (Listed in same arder as Primary Infiuences)

(@) Maximum Potential Eneray

(b) Maximum acceleration

{c) Most efficient canversion from Potential Energy to Kinetic Energy
Minimum aerodynamic drag

Lowest possible Center of Mass

{f) Orrect balance Tor rack and ramp compination

(9) Minimum Moment of Inertia

Minimum friction

(hy Minimum vibration of car and parte in car
(i

0]
() Minitmum drivitg

The car and driver best at achieving the goals stated above will win.
It ic important to underctand the differont influancce that act upon a car when solosting parte, ascombling
the car, and racing but, anly testing on a specific track with a specific car and driver will determine what
works best on that track with that car and driver.

Read evernything, listen to everyone, observe what athers are doing, test, and then use your own
judgment to determine what will make your car go fast.

Paul Qale
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Stock, Super Stock and Masters Divisions

Notes / Disclaimers

1. The focus of this document is on the primary influences, conditions and setups that impact the speed
of a SBD car.

2. Estimates are not provided for the increase or decrease in speed that may result from the conditions
and setups mentioned in this document. Individual contestant ability to achieve the goals and the

opeoifio racc ccorditione would change arry ectimate provided,

(¥

There will be exceptions to all statements and recommendations in this docurmnent due to specific and
unique part, track and ramp conditions. Possible exceptions and their impact are not addressed in this
document.

4. Belecting the best parts and determining the best car setup for racing involves trade-offs. The
difficulty for cortestants is working out the trade-offs to make their car as fast as possible on a specific
track and rarnp combination. Two examples of trade-offs:

a. Ona constant slape Hill with a flat ramp {same slope as track), distributing weight to create a

tail heavy car increases Potential Energy, but also increases rear wheels friction. The
Ihcregsed wieel Iclion imay slow Lhe Gar down rmore g the addilivnal Folenlial Erergy

speeds it up.

b Ona varying slope hill with & flat ramp (same slope as track), Innating weight near the axles
creates the lowest possible Center of Mass increasing Potential Energy, but also increases
the cars Moment of Inertia. Depending upan the specific hill slope and length, the increased
WMornent of Inertia may slow tha car down more than the additional Potential Energy spaeds it
Lp.

5. Itie not suggested or recommended that official SBD parte be altered or modified to achieve the

optimum conditions shown in this document.
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Basic SED Information

Stock, Super Stock and Masters Divisions

Primary Influences

The force that propels a SBD car and driver down the frack is gravity. The amount of force available,

called Potential Energy, is determined by total weight of car and the vertical drop of that weight from start
to finigh.

When the starting gate releages a car, it accelerates down the hill. While accelerating, the car's Potential
Energy (PE) is converted into Kinetic Energy (KE). The more efficiently FE is converted to KE, the faster

Lhie sal jues.

A car's acceleration is impeded as it rolls down the hill by aerodynamic drag, vibration, friction, Moment of

Inertia. And most important: driving Minimizing fhe impact of these primary infliences will increase the
car's speed.

The following pages provide a definition for each of the Primary Influences.

5ofd2 Rev. 1. 2008/09/04
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Basic SED Information

Stock, Super Stock and Masters Divisions

(a) Potent

[

: Gravitational Potential Energy

Definition of Primary Influence

1al Enerqy: Energy of an object due to its position.  fon ramp. not moving)]

No Kinetic Energy an ramp.

+ Maximum Potential Energy

1 occurs on ramp before starting
' gate is released.
i

1

Vertical drop of CM

|

No Potential Energy remains when E
car reaches maximum speed. '

............

driver times the car's Center of Mass vertical drop.
{1 he vertical drop at Akror IS approximately 40 reet).

1 pound x 45 feet = 45 foot pounds of Potential Energy
21Ibs. x40t = Y01t Ibs. of FE
5lbs. x 45 ft. = 225 ft. Ibs. of PE

200 lbe. x 15 ft. — 0,000 ft. Ibe. of PE (Stoek)
230 Ibs. x 45 ft. = 10,350 ft. Ibs. of PE (Super Stock)
255 lbs. x 45 ft. = 11,475 ft. Ibs. of PE (Masters)

260 Ibs. x 45 ft. = 11,700 ft. Ibs. of PE

Figure 1

To calculate Potential Energy (PE): Multiply total weight of car and

Rev. 1. 2008/09/04
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Basic SED Information
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The quicker a car accelerates,

the less time it takes to reach
the finish line.

Acceleration is impeded by:
1. Debris on wheel tread (such as small rocks)

2 “Flat” spot on wheel tread due to sitting in starting gate for a long
period of time.

3. Imperfections in ramp surface

4. Wheel bearing breakaway torque
2.

6.  Rough track surface

7. Aeroaynamic drag

8. Friction
o] Vikratinn

10. Moment of Inertia

Wheel tread “squirm" rolling down hill :
11, Steering of car by driver '

Figure 2
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Basic SED Information

Stock, Super Stock and Masters Divisions

Definition of Primary Influence

(C) Kinetic Energy: Energy of an object dus to ite motion.  frofling dows hil)

i Potential Energy is converted into Kinetic
1 Energy as the car rolls down hil. \

Maxirmum Kinctic Cnergy {moximum forec)
oceurs at maxirmum speed.

Mo Paotential Erergy remains.

Figure 3
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Basic SED Information

Stock, Super Stock and Masters Divisions

P T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TS T EE s ]
i +  Definition of Primary Influence i
i '
i i
E (d) Aeradynamics:! Effecte produeed by air upen an ohject. !
1 ]
i - Examples of aerodynamic drag (air resistance): - i
i i 1) Driver position (impacts cross section area) | ;
1 1 ) ’ ' :
' i 2) Large car body size E '
1 1 ]
E i 0) Airfoils misalig) e : ;

1 1
E E 4) Surface roughness : !
] | ' :
i i
: 1) Driver Position !
E i Increased drag :
: ~—— :
! o :
i R R ' i
E . . : Minimiim crag ! !
1 B B o ]
] i
i 2) Car Body 3) Alrfoils i
i 0— —{) 0_ _0 Cl:l P Minimum diag ;
: o 1 1
R T Pommmmemmmsmmeeo :
i E croig] Stggtri.on i E (:ro\l;sz;a rs%?:rtion : C:l i_'_'_'“:ria_s_':_“i _d_"f“f___; i
' ! isless drag i . Is greater drag !
, feeususmsemm=e== I M e ,
! 4) Surface Roughness LT T ]
i '/1 :
E e "'-.__._'__‘ _,.“"" \-—- - i
i1 vvaves and otner Irreguiarnties i
o ] '
11 inbody cause drag ; '
i U UPPIIL '
i Figure 4 E
i i
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Basic SED Information

Stock, Super Stock and Masters Divisions
Definition of Primary Influence :

(e) Center of Mass: Poirt at which weight of obiect is centered.  fall three axis]

I he weight of all car parts, added weight and driver in racing positilon are combined
to determine Genter of Mass.

Spreading nut waight
lowers Center of Mass.

Stacking weight raisec
Center of Mass

—
=S

Figure 5
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Stock, Super Stock and Masters Divisions

Definition of Primary Influence

{f) Balancc: Weight of car and drivef rmeasured at axles.

Balance is determined when car and driver are at total weight
and the driver is ir driving positior.

Center of Mass Center of Mass
%{ o)

Id

\Z.Equal Distance ‘ Unequal Distance i

o mmmm e mmm i mm e — oo, i
! Balanced (Equal Weight) : ! Tail Haavy (Unequal weaight) ;
1 ' 1 1
! 1. Equal weight on front : E 1. Rear axle weight E
| and rear axles. : : heavier than front axle. !
i 2. Equal weight on each of : """""""""""""""" |
' the four wheels. :
e e e e e e g
Figure 6
11 of 52 Rew. 1. 2008/09/04
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Basic SED Information

Stock, Super Stock and Masters Divisions

Definition of Primary Influence

(g) Moment of Inertia

a. Car: Anobject's resistance to rotating about its Center of Mass (CM).

-
- In ifustrations beftow, the car s shown.in a theoretical “Free State” (no constraints). It is not

. roliing down a hill. The car and driver are shown rotating about the car's Center of Mass.
|

i Each wines!, part, and the driver i pasttion haa s awr Mament of ineria. The "car's”
i Moment of Inertia is determined by the sum of all wheels, parts. and driver in position.

Free State is Foree Free State is
Lenier or Vass cener of Mass

(‘
T /— Axis of Rotation in N - Axis of Rotation in

Small Moment of Inertia Large Moment of Inertia
Most mass (weight) Most mass (weight) not
near Axis of Rotation near Axis of Ratation
e SR AN NS SN N AN N AN NN AN N A AN N A NN A AN N A AN N A NN AN A SN NS NN AN NSNS N AN S AN AN AN EEEEE W i

1. All weight (car body, wheels, axles, added weight, driver, etc.) not located at the Center of
Mass increases the car's Moment of Inertia.

3. Follmwing eurrent rulee (2007 /2008), only driver pogition and weight added tn the car can be

i
i 2. The farther a weight is from the CM, the larger the Moment of Inertia.
' adjusted to minimize car's Moment of Inertia.

12 0of 52 Rev. 1. 2008/09/04
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Basic SED Information

Stock, Super Stock and Masters Divisions
Definition of Primary Influence :

(g) Moment of Inertia

b. On Track: An object's resistance to angular acceleration.

! The most common type of track/street used for SBD racing is a varying slope (Concave slope).
' The slope at the start is greater than the slope at the finish. The car rotates while relling down

! the hill due to the varying slepe. This rotation causes loss of energy due to the car's Moment of
i

[nertia. Reducing the car's Moment of Inertia will reduce the energy loss.

— Center of Mass — Certer of Mass
7 { (Car and Driver) 7 { (Car and Driver)

Example 1:

Example 2:

Inertia due to logation of

due to location of added weight
added weight near axles

in center of car

] ]

] ]

s i -
' Car with small Moment of Inertia 1 Car with large Moment of
; :

] ]

\ :

Ceonter of Maoo

Car rotates while rolling — _
clown a concave hill.
Resistance to rotation

causes energy loss.

Angle of rotatian ~\‘

Car's

e lia
\\ Sravitational
Foree
Figure 8
_____________________________________________________________________________________________ (]
13 of 52 Rev. 1. 2008/09/04
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Basic SED Information

Stock, Super Stock and Masters Divisions

Track surfaces are irregular and cause the car to vibrate
up/down, frarit to back, corfer to corner, and side to side.

|

i A car that “raftles® rolling down the hill will be siower thana :

: car that does not rattle —all other things being equal. [
L

Figure 9
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Basic SED Information

Stock, Super Stock and Masters Divisions

Definition of Primary Influence

(i) Friction: A force that resists the relative motion of twa surfaces in contact

Fear axle out —//HH

of alignment
. Spindle out of

!i /;/ alignment

VWheel tread to track
friction increased

Wheel tread to frack
fricuon INncreased

Spindle vul ol
alignmert \7_ _0

[

Wheel bearina friction
ingreased

<>

Wheel sliding side to side on axle

Figure 10
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[}
E Mot clriving straight increases length !
+ of track and increases wheel friction.

~—1 Example 1;

1
[ i
t Several large swerves willadd
i approximately six inches to !
i length of track and slows car H
+ due to increased wheel friction. E

Example 2:

Multiple small swerves significantly

slows car due to increased wheel
friction and adds about an inch to

length of track.

16 of 52 Rev. 1. 2008/09/04
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Index - Floorboard Conditions
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Basic SED Information

Stock, Super Stock and Masters Divisions

Floorboard Conditions

The following pages show the basic physical features of a Scap Box Derby floorboard and conditions that
may exist. The intent of these pages is to provide guidance when evaluating a floorboard. lllustrations are
provided to help identify conditions and their impact.

Because floorboard material, size dimensions and rules change over the years, dimensional values for
the floorboard are not provided.

With all manufactured items {even computer riumerical coftrol (CNC) parts), the production process
produces similar parts with different dimensions. Most of the parts manufactured will be within the allowed

taolerance while snme will not Generally. parts niitside of the allowead tolerance present the greater
possibility for a speed advantage.

If a floorboard is received from Akron with gignificant defect(g) (e.g.; split along.glué line, badly miglocated
Noles, twisied, ets ), Teturn I 1o AKron or request permissIon 1o repair It

It is not suggested or recommended that floorboards be altered or modified te achieve the optimum
conditions shown in this document.

Diagram 1 below shows how terms are applied to a floorboard.

Floorboard Center Line \\
)r’f A T
Nose . - Tail

—  Width

Front King Pin Bushing Hole —

1

Wheel| Base

Thicknegse

[ Flat l / Inside Surface

| T

18 of 52 Rev. 1. 2008/09/04
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Basic SED Information

Stock, Super Stock and Masters Divisions

i 1. Twisted or Wrapped
i '
i / E
i i
E Impact(s) [ i ] '
i a) Creates cross bind increasing wheel friction. - Cross bind is unequal weight on wheels |
: o . from alde to oide (c.g., mere woight on. :
E k) Difficult to mount car hodly. | joft front than right front wheel). :
1 ©) Increases aerodynamic drag. Lo —— ' E
' s
5 i
i Z. Cupped ;
1 ]
E ! T Up 1 '
5 u w E
| | i
E Cupped Up Cupped Down :
1 ]
: ;
' Impact{s) !
1 ]
! Gupped U :
1 1
v a) If body shell is raised up, cross section area of car is increased which increases E
] aerodynamic drag :
i b) Lowers driver in car decreasing aeradynamic drag. H
E c) Lowers Ceniter of Mass increasing Potential Energy. E
! d) Improves air fiow along botiom decreasing aerodynamic drag. :
1 ]
' Cupped Dowr E
a) Degrades airflow along bottom of car increasing aerodynamic drag. :
E b) Raises driver in car increasing aerodynamic drag.
v C) Raises Certer of Mass decreasing Potential Energy. ‘
5 i
' Figure 12 !
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Basic SED Information

Stock, Super Stock and Masters Divisions

3. Bowed

fmm e mmmmm————— . /— Inside Surface
{ Aowed Up 1 I —

— Inside Surface

i Bowead Dowr E E:;—_ —Ql

Impact(s)

Howed Up’

a) Difficult to mount car body:

aerodynamic drag.
¢) Lowers driver in car decreasing aerodyrnamic-drag.
d) Lowers Center of Mass increasing Potential Energy.
&) Tilts king pins which tilts axles/airfoils increasing aerodynamic drag.
f) Improves air flow along lottarm decrgasing aerody riamic drag.
Bowed Dawi
a) Dillicull o ol Gar lacly.

b) If body shell is raised up, cross section area of car is increased which increases
aerodynamic drag.

) Raises driver in car increasing aerodynamic drag

d) Raises Center of Mass decreasing Potential Energy.

e) Degrades airtlow along poftom of car increasing aerodynamic drag.
f) Tilts king pins which tilts airfails. increasing aerodynamic drag.

g) Foroing floorkoard flat to meourt body may inercace oliffncac of ear.

Figure 13

1
1
]
1
1
]
[}
[}
1
1
]
1
1
[}
]
1
1
]
]
i
[}
]
1
1
]
]
1
]
]
1
1
]
1
1
’
]
1
1
1
]
[]
:
’
]
1
1
1
]
)
[}
’
)
1
1
1
]
by If body chell ie raiced up, crose section area of ear ic increaced which increaces !
’
)
1
1
1
]
i
1
[}
)
1
1
]
]
1
1
)
1
1
]
]
1
1
L]
1
1
]
]
1
]
1
1
1
]
]
1
]
1
1
1
]
(]
]
1
]
1
1
1
[}
k
1
1
]
1
1
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Stock, Super Stock and Masters Divisions

4. Width /— Wider than narmal
4 -
Y A ___:ﬁ—Narrower than normal

[ A

Impact(s)
Wider: a) [nereases cross scvtion area increasing acredynamic <rag.

Narrower: a) Decreases cross section area decreasing asrodynamic drag.

5. Thickness

Impact(s)

a) Floorboard flex (bending) may be increased which would increase energy loss (dependent
upon driver weight and location of added weight).

Normal:

a) Floorboard cut to basic (standard) thickness.

Thick:

a) Floorboard flex (berding) may be decreased which would decrease energy loss
{Cepencent Lpon driver welgnt and |ocatjon of added welgnt).

b) Heavier floorboard lowers Center of Mass increasing Potential Energy.

Figure 14
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6. Rear King Pin Bushing Hole Mislocated Along Center Line

,— Bagic

Location

‘q— Basic Dimensien (Nose to rear bushing hole)  —

G 40 Y R ¥ ¥ 0 1o S -1

Basic

.  Miglocated
Lualitig

toward Nose
Impact(s)

a) Mislocated toward nose. Center of Mass moved forward (down hill) decreasing Potential Energy.
b) Mislocated toward tail: Center of Mass maoved back (uphill) increasing Potential Energy.

O b e — T " — ) 0 m— — — — ) — 1y

: Definition of “Basic™: The exact intended location or dimension (distance). |

- Basic Dimension (Wheel Base) —m

Basic
Location

/7

Muse - -----(O )0 --~—-~~~~——~-———- - == - =)~ -3 - - Tall

Egé‘éction \\— Mislocated
toward Tail
Impact(s)
a) Mislocated toward nose: Center of Mass moved forward (down hill) decreasing Potential Energy.
b) Miclocatad toward noee: Increacsee acceleration on Drep Off ramp.
c) Mislocated toward tail: Center of Mass moved back (uphill) increasing Potential Energy.

7. Front King Pin Bushing Hole Mislocated Alonhg Center Line ;
Dennltlon of “Basic": The exact intended location or dimengion (distance). '

272 of 52 Rev. 1. 2008/09/04
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Impact(s) Car on track

a) Misaligns car body to air flow increasing asrodynamic drag.
b) Difficult to drive straight.

9. Both King Pin Bushing Holes Mislocated Off Center Line

ar on rack

Impact(s)
a) Misaligns car body to air flow increasing aesrodynamic drag.
k) Difficult to drive straight.

Figure 16
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Stock, Super Stock and Masters Divisions

Impact(s)
a) If hele(s) is slanted toward nose or tail, tilts axles/fairfoils increasing aerodynamic drag.
by If hiole(s) is slanted toward side, creates cress bind increasing wheel friction,

11. King Pin Bushing Hole(s) Oversize

Impaci(s)

&) Buehing fit not tight allowing buehing and king pin to mewe increacing energy loce.

Figure 17
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Stock, Super Stock and Masters Divisions

1) Flat

2) Narrow

3). Thick

4} Rear axle bushing hole mislocated toward tail

) Wheel base less than basic

8), King pin bushing holes located on floorboard center line

7y King pin buehing holee drilled Q0 degreec fo floorboard inside surface

8) King pin bushing holes small diameter

Nofe Bushings shouid be a tight fit in flcorboard and king pin bolts showld bea |

! tight fit in bushings.
L e
i Greater than Basic
i
- - _i — - = _(‘) __________________
: L
Floorboard Center Line L

Narrow

Greater then 90° 7

Both King .
Pins

| Thick
50° — ‘ \f \ o0 — ‘ ~ Flat [ q0" -

LN

/'

~—— |essthanBasic* ———————————————®

—
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Ideal Floorboard #2: Bow and Cup Defects Used to Advantage

Bowed up

1)

2y Cupped up
) MNarrow

y Thick

£) Recar axle buching hele miclooated toward tail

Y Wheel base less than basic

Y King pin bushing holes located on floorboard center line
8) King pin bugshing holes drilled 80 degrees to ground

Y King pin bushing holes small diameter

Nofe Bushings should be a tight fit in fioorboard and king pin boits should be a |
fight fit in bushings. :

Greater than Basic NE——

[}

Floorboard Center Ling T Y /

—  Narrow

~— |essthan Bagsic* ————————————————®=

Giedler Uien 807

Both King Pins —
¢ -
- 7/’ \< 50° 7/'| ’/— Bowed Up { Thick 90°
/ == - —7
'/ 1 CLlipped Up { I + v/

\

:

: * Basic whee/ base: Sfook — 617 Super Stock — 63 §/167, and Masters — 65" [

Figure 19
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Floorboard Condition Data Sheet

Sketeh 1 and Skateh 2 may be used to determine and record the condition of a floorboard. The sketehes
apply to Stogck, Super Stock, and Masters Division. All measurements should be taken before king pin
bushings have been installed, but may be taken after bushings have been installed.

King Pin Bushings Installed: No Yes

Division:  Stock Super Stock Masters

Driver:

Sequence of measurements:

1. Check for Wrap, Cup and Bow.
2. Take measurements | Lnrougn 3. Record results on Skeich 1.

continued on next page

|| 2 Up

2 On:
—» Up
Warped Cupped Flat P e T ;

Inside Surface — Shown bowed down i
{Shown cupped up) K L LT a
i ' |

j

:

:

| L 1 E

Un T 3 Up: E

3Dn ;

E

Sketch 1 5

)

warp, Cup & Bow Check :
]

]

e e :
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Basic SED Information

Stock, Super Stock and Masters Divisions

Floorboard Condition Data Sheet

Saguance of maasuramants. continued

3.

Draw & line on ihside surface of floorboard between the front axle bushing hole and rear axle

bushing hole. Line must pass through exact center of holes.
Extend line to nose of floorboard.

Draw & line at 90 degrees to “center’ line originating at exact center of each bushing hole.
Take measurements 4 through 15. Record results on Sketch 2.

13F:

13R:

~ ]
N
‘E Degrees

i ;,,— Inside surface

af flnerboard

Degrees
da;
40,
4c:
ad:

Inside-surface of fleorboard

Frent Axle Bushing Hole
Center Line

Weight of floerbeard

15: Ihs.

'

¥ . . .

‘— Draw line on inside surface of
floarboard between bushing
holes and gxtend to nose. Line

must paoo threugh senter of

holes.

|14F:

<

Degrees

14R:

F oy f &

I: I: i

Ve b

Rear Axle Bushing Hole —/

Center Line

a
e

12 Min:

12 Max:

Sketch 2

Casio Dimcnsiona
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Basic SED Information

Stock, Super Stock and Masters Divisions

Index - Axle Conditions
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AXle CoMdI OIS 30

1 SR S 0K 31

B WIS T 31

b. Bowed - Forward and Back  ..........ececeimmsesrescssmsmncssmmemsensesssnssmseases 31

c. Bowed - Upand Down {known as Pre-Bow) | 32

= T T T, a2

e, Minimum Distance Between ENOS o e 33

. Corners 33

G BOOES e e et anes 33

A o]0 L~ 34

A MINIMUM LN s 34

b Large DIameter | e e eeeeesern s em e enmene e nanses 34

L L o T = 33

o LB CNaIT O S 35

A KN P T HO S o e gla

a. Centered Between Square Stock Ends 35

() -T= O o = o . 36

o 100 [ = g = 37

do RoUNd 37

R O 1p k=] | = Ty g (S = T 38

LI L= o T 38
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Basic SED Information

Stock, Super Stock and Masters Divisions

Axle Conditions

The following pages show the basic physical features of a Soap Box Derby axle (front and rear) and
conditions that may exist. The intent of these pages is to provide guidance when evaluating an axle.

lllustrations are provided to help idertify conditions and their impact.

Because axle material, size dimensions and rules change over the years, dimensional values for the axle

features are not provided.

With all manufactured items {even computer riumerical coftrol (CNC) parts), the production process
produces similar parts with different dimensions. Most of the parts manufactured will be within the allowed
taolerance while snme will not Generally. parts niitside of the allowead tolerance present the greater

possibility for a speed advantage.

It is not suggested or recommended that axles be altered or modified to achieve the aptimum conditions

shown in this document.

Diagram 2 below shows how terms are applied to an axle.

Diagram 2 - Axle Nomenclature

30 of 52
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i \ /

5 of Q —
‘ ff -

E 7 Cornar v King Pin Hole

1

: Z Charnfer

1

i

i
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Basic SED Information

Stock, Super Stock and Masters Divisions

1. Square Stock:

1.a. Twisted

i '
i '
' '
' )
: :
' !
' i
i i
i a
! Impact(s) i o
' i ifoils inoraasi i : Cross bind is unequal weight on wheels | 1
' Tiltz airfail d drag. ; : A [
: a) Tilts airfoils inercasing acrodyhamis drag | from sicle to side (e.g.d more Welg-ht on :
' b) May create cross bind increasing wheel friction. I left front than right front wheel). '
' L e (.
' i
: 1.b. Bowed - Forward and Back i
1 ]
] [ — E
E i Preferrad I —_— ) —— :
P TEmE e Em nEm e m rm e — - prTumESuUmE S ", 1 :
E | Dowed back | i
: eemcmamemamans ! Forward '
: T T T T T T e — nose of car :
; I Accaptable - — 5 — ( ) :
" T T s =y Bt R L EE R ' E
E i Straight i ;
1 EEEEEEEEE ]
: | T T :
' : Advantage or Drop-Off ramp, ! — — H
' | otherwise unacceptable e o — '
: b e | GRCEEL LR LR . :
E i Dowed forward | :
. mmsaamsaamsaamasaa ! 1
: Impaci(s) :
E a) Bowed back moves wheel base toward tail increasing Potential Energy. :
E b) Bowed forward moves wheel biase toward nose decreasing FPotential Energy. E
E <) Front axle owed forward muves wheel rase toward nose increasing acceleration an Drop-Gff E
E ramp. :
i E
i Figure 20
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Basic SED Information

Stock, Super Stock and Masters Divisions

P T T T T T T T T T T T T T T T T T T T T T T T TS E T T T T TSI E T e E e 1
] 1. Square Stock: continued .
i 1.c. Bowed - Up and Down (known as Fre-Bow) i
a s
il | :
i | Preferred | — T — '
T e i — ————— A 1
i . Boredp | Up i
T I I i
) . Acceptahle i — — !
P . :
5 i Straight | ;
: : 3 i i il : [t = I :
e = —= T
i Er Buwed duwi i i
i Impact(s) :
E a) Bowed up lowers Center of Mass increasing Potential Energy. E
; b) Bowed down raises Certer of Mass decreasing Potential Energy. :
1 1
: i
i i
+ 1.d. Thin 5
i :
' T Up '
i i
' .o T :
1 ]
; Smaller Height (thin) —t O Basic Axle Height ;
1 ]
E L. | _t E
}1impacs) :
i @) Reduces aerodynamic drag. '
E k) Increases avle floxikility. :
' ]
i :
. Figure 21 .
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:

Basic SED Information

Stock, Super Stock and Masters Divisions

1. Square Stock: continued

1.e. Minimum Distance Between Ends

‘-— Shortest Distance —-—‘

—] ——

Impact(s)
a) Reduces acrodynamic drag.

b) Decreases axle flexibility.

1.f. Cornersa

T Radius T Charmfer
| |
e | S|

Impact(s)
a) Radius reduces aerodynamic drag.

l) Charmifer may reduce asiodyridimic diay.

1.9. Edges

Nat this:

Impact(s)

o) Radius recuces asrodynamic drag.

Figure 22
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Basic

Stock, Super

2. Spindles:

2.a. Minimum Length

SBD Intormation

Stock and Masters Divisions

—— Shorter Length

This: —]

Notthis: [

Impact(s)

a) Reduces asrodyriamic drag.

by Decreases side to side wheel fravel on spindle

¢) With wide wheels and washer, a shorter length may make it difficult to install wheel pin.

2.b. Large Diameter

j_ Largest dlameter

Impact(s)

Kot this: O

a) Reduces wheel “wobble” decreasing friction.

Figure 23
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Basic SED Information

Stock, Super Stock and Masters Divisions

2. Spindles: continued

2.c. Counslaul Diameler

— Round

This: C)’ Not this:

This:  —— | Mot this:

Impact{s)

a) Reduces wheel "wobble” decreasing friction.

2.d. Large Ghamfer

— End of spindle
/

I
This: ¢ Not this:

Impaci(e)

a) Reduces aerodynamic drag.

Figure 24
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Basic SED Information

Stock, Super Stock and Masters Divisions

3. King Pin Hole:

3.a. Centered Between Square Stock Ends

Equal Distant

U — o) —

Notthis: [ O —

Impact(S) oar on rack
a) Off eenter hole misaligns car body to air flow increasing aerodynamic drag.
b} Difficult te drive straight.

3.b. Offset Forward (misiocated toward nose of car)

— Mislocated towards nose

— @ I—
T Nose

Impact(s)

Front Axle:

a) Mislocated toward nose improves steering control.

b) Mislocated toward nose moves Center of Mass up hill increasing Potential Energy:
¢) Mislocated toward tail reduces steering cortrol.

)
d) Mislocated toward tail moves Center of Mass down hill decreasing FPotential Energy.

Rear Axle:

a) Mislocated towatd nose moves Centet of Mass up hill increasing Potential Energy.
1) Mislocated toward tail moves Center of Mass down hill decreasing FPotential Energy.

Figure 25
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Basic SED Information

Stock, Super Stock and Masters Divisions

3. King Pin Hole: continued

3.¢. Small Diameter

/F Siell Jdian el

7
This: - O

-

Mot this: T O

Impact({s)

a) King pin fits tight in a small hole minimizing energy loss.

b King pin fits loose in a large hole causing a loss of eneray.

J3.d. Round

This: - O -

Impact(s)

a) King pin may mave in not-round hole causing a loss of energy.

Figure 26
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Basic SED Information

Stock, Super Stock and Masters Divisions

3. King Pin Hole: continued

3.e. Constant Diameter

This: = Not this: =< -

-

Impact(s)

a) King pin fits loose in a not-constant diameter hole allowing the axle to “wobble” causing loss of
Energy.

3.f. 90 Degrees

“X 90 Degrees “K 90 Degrees

LS — —

Notthis: [ I ]

Impack(s)

a) Not 90-degrees side to side:

- Hole creates crosg bind increasing wheal friction.
- Prevents proper allgnment or rear axie Increasing aerodynamic drag.

1) Not 80-degrees hole front to back:

- Tilte airfaile increasing asrndynamic drag

Figure 27
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Basic SED Information

Stock, Super Stock and Masters Divisions

Ideal Axle — Front and Rear

4. lIdeal Axle:

1) Mo twist
2 Bowed back
3]  Bowedup
4f  Thin
5)  Shertest lenath of square stock
8)  Radius on carners
)

Radius on edges

8) Shortest length spindles

9)  Large diameter spindles

10)  Consgtant diameter spindles

11) | arge chamfer an enrl of spincdles

12) King pin hole centered hetween ends of square stock
13)  King pin hole offset forward

1) Small diamaeter king pin haole

18)  Round king pin hole

16) Constant diameter king pin hole through square stock
17)  King pin hele drilled 00 degrese to equare stock eurface

— Spindlas*
adi - Minimum length
Edadgj; on / - Large and constant diarneter
9 - Large chamfer

(I__L[( Q  —

i

Square Stack:  — “— King Pin Hole.

- Not twisted - Centered in square stock
- Bow.ed back - Offset forward
- ?g:ﬁec' up - Small diameter

- Round & congstant diameter

- Short from end to end - 90-degrees to square stock

- Radius on corners and ends

Large Chamfer \,

w

/— Thin Square Stock

T |

Figure 28
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Stock, Super Stock and Masters Divisions
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Basic SED Information

Stock, Super Stock and Masters Divisions

Weight Distribution

The following information is a general guide for determining the location of weight {ballast) added to &
SBD car. The two most important considerations when determining where to locate weight being added to

a car are slope of the hill and shape of the ramp. See Figure 31. page 45. for basic weight distribution
recommendations,

Nofe:  The best way to defermine aptimum weight distribution for a specific track and ramp combination
iS5 Q (ESt on (hal (FGuRAETIR T Etion,

1. Track and Ramp Types:

There are three basic hill types used for racing: 1) Constant Slope; 2) Concave Slope; and 3) Convex
Slope. See Diagram 3. Tracks built for SBD racing normally have a varying slope (referredto in this

document as concave). Streets used for racing are often variations or combinations of the basic hill
types and present a greater challenge when trying to determine where to place added weight.

1) Constant Slope 2) Concave Slope 3) Cornvex Slope

(Inclined Plane) {(Varying Slopea)

Diagram 3: Basic Track Slope Types

There are three basic ramjz types used for racing: 1) MNat Ramp (same slope as track); 2) Standard

Ramp (the most common style); and 3) Drop-Off Ramp: See Diagram 4.

1} Flat Ramp 2) Standard Ramp 3) Drop Off Ramp

(Same slope as track)

Diagram 4: Basic Ramp Types
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Basic SED Information

Stock, Super Stock and Masters Divisions

. General Information — Weight Distribution

a. Primary Influences associated with adding weight:

v,

Potential Energy  [Gravitational Potential Energy in the case of SBD cars]
Center of Mass  fAlso kmowr as Cartber of QGravity]
Balance

Moment of Inertia

See Figures 1 through 8, pages 6 thraugh 13, for explanation of Primary Influences: Potential
Enerav. Balance. Center of Mass. Moment of Inertia.

b. Goals:

Maximum Pctential Energy.
Lowest possible Center of Mass.

Appropriate balance ror track and ramp comipbination.

iv. Minimum Moment of Inertia.
c. Basics:
I Weight d@dded to a car increases Potential Energy’
il Stacking weight raises the Center of Mass.
il Placement of weight near axles increases car's Moment of Inertia.
iv. Determining the ideal weight distribution involves trade-offs based upan ramp shape,

track slope and track length.

d. Generic Recommendations

v

Car and driver should be at the maximum allowed total weight.
All weight in car (added and driver) should be as low as possible.
Ramp type is the first consideration when determining car's balance.

See Figure 31, paae 45. for basic weight distribution recommendations.

e. Exceptions

There will be exceptions to all statements and recommendations in this dogument due

to specific and unique track/ramp conditions. Possible exceptions and their impact are

not addressed in this document
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Basic SED Information

Stock, Super Stock and Masters Divisions

(a) Elat ramp: Location of the Center of Mass is based upon track slope.

{b) Standard ramp: Locating the Center of Mass toward tail produces a larger vertical drop :
through ramp to track transition. A larger vertical drop means more Potential Energy. See !
Example1 and Example 2 below. '

(c) Drop-Off ramp: Nose heavy is generally better but locating the Genter of Mass toward tail
may increase Potential Energy depending upon ramp slope, ramp transition to track, track
clopa, and track length. Ses Figure 32, page A7,

Inches of drop Is less through ramp transition
with nose heavy car than a tail heavy car.

\L Rzmp to track transition

Example 2: Tail heavy car on Standard ramp.

 Inches of drop is greater through ramp transition with » Center of Mass
E tail heavy car than a nose heavy car or balanced ! K
' car. Thig increased drop provides a bigger “push.” .

\— Ramp to track transition

Figure 29
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Basic SED Information

Stock, Super Stock and Masters Divisions

(a) Constant (inclined plane) slope: It does not matter if the Center of Mass is high or low.
Locating CM toward tail will increase Potential Energy but also increases rear wheels
friction.

i
|
(b) Concave (varying) slope A low Center of Mass produces greater vertical drop of wejght :
from top of hill to bettom than a high Ceriter of Mass. A larger vertical drop means more '
}
i

Potential Energy. See illustration below.

(c) Convex slope: A high Center of Mass produces greater vertical drop of weight increasing
Fotential Energy.

= A tall savy car (CA toward tall) will have inoreaascd Potantial Criergy |- v
. bt increased rear wheels friction may decrease speed more than  ©
| additional PE will increase speed.

i Vertical distance is less at top
+of hill than at bottorn of hill

Low Center

) of Mass
M Vertical distance is greater at : PP
' bottom of hill than at top of hill ! g
------------------------------ Concave (varying)
T slope hill
N Top of hill to bottom vertical —
Lows Cantar drop is greater with low Center
of Mass of Mass on a Congave (varying)
slope track.
Figure 30
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Basic SBD Intormation
Stock, Super Stock and Masters Divisions

3. Basic Weight Distribution Recommendations

1. Constant Slope Track
(a) Flat ramp: (a)
Weight centered - balanced
(b) Standard ramp:
Maximum weight on rear sxle
(c) Drop-Off ramp:
Weight at axles - nose heavy

2. Concave Slope Track

(a) Flat ramp:
Weight centered - balanced

: E
: :
: i
l :
! '
! '
! '
! '
' '
' "
i i
= E
s o |
i (b) Stanaard ramp: / % :
E Maximum weight on rear axle (b) !
; () Drop Off ramp: - E
i Weight at axles - nose heavy % E
P femmreomeeemeeonss (©) !
; E
! "
! '
! "
! .
' "
: i
= i
= i
: !
; i
: !
= !

3. Convex Slope Track [See Figure 32, page 47] (a) D
(a) Clat ramp: "

Maximum weight on front axle

(b)) Sifandard ramg:

Maximum weight an rear axle

(¢l Drop-Off ramp:
Maximum weight on front axle

Figure 31

45 of 52 Rev. 1. 2008/09/04

DC 2¢08/ 704



Basic SED Information

Stock, Super Stock and Masters Divisions

Notes - Figure 31:

1. Only testing on a specific track and ramp combination will determine the best weight distribution
for that track and ramp.

Z.  Gonstant Slope Track

{a) Flat Ramp: Racing tail heavy (see Figure 6, page 11) will increase Potential Energy and

may be an advartage but, increasing waight on rear wheals insreases wheel friction.
Increased rear wheels friction may slow fhe cars speed more than {he speed gained by

having more Potential Energy (especially if wheels are slow or "bad"). Wheels used at
rallies and Akren range from good {o very bad,

(b) Standard Ramp. Racing tail heavy is such a significant advartage, due to the ramp to
track transition, that it overrides other considerations.

(c) Drop-Off Ramp: A longer wheel base is the most effective method of increasing speed.
Ragcing nose heavy may increase speed depending upoh ramp shape, track slope and

track length.
3 Guncave Slope Track

{a) Flat Ramp: Racing with low weight will produce the maximum advantage.

(D) Standard Ramp: Racing tail heavy is such a significant advaritage. due to the rampto
track transition, that it overrides other considerations.

(c) Drop-Off Ramp: A longer wheel base is the most effective method of increasing speed.
Raring rnse heawy may innrease apped depending 1ipnn ramp shape, track slope and

track length.

4. Convex Slope Track
(a) FlatRamp. Alonger wheel base is the most effective method of increasing speed.
Racing nose heavy may increase speed depending upen track slope and length.
{b) Standard Ramp: Racing tail hoavy io cush a signifisant advartage, duc to the ramp te
track transition, that it overrides other considerations.

{c) Drag-Off Ramp: A longer wheel base is the most effective method of increasing speed.
Rascing nose heavy may increase speed depending ugon ramp shape, track slope and

track length.
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Basic SED Information

Stock, Super Stock and Masters Divisions

Example of how weight will shift as conditions change on a
Convex hill and Drop-Off ramp

As rafmp slope increases the
waight distribuition should be

i
i
i
)
i
j
i
i -
' moved toward the tail of car ! I
1 creating more Potential Energy | '
i : !
;
i
)
i
:
i
:
i
:

/‘

Figura 32
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Basic SED Information

Stock, Super Stock and Masters Divisions

Index — Mierellaneaus Information

Page
Miscellaneous Information
1. Time into Inches CconversionData 50
2 |lhorcaced Traolt Length Duc to St e ering 51
3. Balanced Verse Ramp Angle {future addition) ---
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Basic SED Information

Stock, Super Stock and Masters Divisions

Miscellaneous Information

The following miscellaneous information is providedto help the contestant better understand car setup
and racing.
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Basic SED Information

Stock, Super Stock and Masters Divisions

1. Time into Inches Conversion Data

Baxsiv Dala.

Car Lengths:

1 hiwwr = 00 riinules - 3,000 sevurids

1 mile = 5,280 faet = 83,360 inchas

1 MPH =1 mile in 1 hour
T MIPH = 2,250 1T Ih U minutes
1 MPH = 63,380 inches in 3,600 seconds

1 MPH = 17.6 inches in 1.0 seconds

75 inches (61t 3 in) - Stock
75 inches (B ft 3 in) - Super Stock
84 inches (7 ft) - Masters

Inchas per second Chart:

MPH Inches per
1.00 Second A0 Sec. .01 Sec. 001 Sec.
10 176.0 (14 ft 8.in) 17.60 1.76 18
15 2540 (22 RO in) 26.40 264 20
20 352.0(28f 4in) 35.20 3.452 35
25 4400 (36t 8 i) 44.00 4.40 A4
26 4578 (3B R 21 45.76 4.57 46
27 4752 (39 7'in) 47 62 475 48
7R 492 R 41 B 1 im) 48 2R 4897 4G
29 5104 (42 8 in) 51.04 510 51
30 9280 (4410 im $2.80 0.28 a3
31 5456 (45 51n) 54.46 5.44 54
32 563.2 (46 | 11 in) 56.32 563 56
33 5508481 5inm) 58.08 5.80 58
34 598.4 (45 10 In) 39.34 5.88 60
35 616.0 (51 ft 4in) 61.60 6.16 B2

Equlvaienls

Single Phase example. Winning tire of 084 seconds at finish line speed of 28 MPH:

Phase time multiplied by inches per second for 28 MPH equals win in inches.

.064 x 492.8 inches = 31.54 inches

Heat (two phase) example. Overall time (both phases) of 1.44 secends at 28 MPH:
Phase time mullipliad by inches per secand far MPH at finish line eguals win in inches.

1.44 divided by 2 = .72 x 492.8 inches = 354.8 inches (29 feet 6 inches)

APRroximatian Tor MoOst iracks:

bl
164" 1 016" 1 4D MM
Po1A2 b3l L TOMM
Po1ne i 083 i 159 MM
Pows2 o004 1 23BMM |
b8 L 425 | 348 MM |
! B@T ! B8 ¢ 397 MM !
I 318 i 188 | 476MM |
LoFs2 219 556 MM |
LW i 250 | 635MM |
i AL : -] : o4 M :
I BMB I 313 1 TE4AMM |
B2 | 344 1 BIIMM |
i 3B L 375 ¢ 9SIMM |
P1332 1 406 ;) 1032MM
PO7AE 1 438 1 1A MM
Do15A2 1 469 1 1191 MM
Yoy 1 oD L 12 TOMM |
P17/32 1 831 ¢ 1340MM
I9/6 | 563 T 1429 MM
D192 | 604 | 1508 MM !
PGB B25 1 1E5BBMM |
D21a2 1656 1 1667 MM |
P 1iAe e8| 1746MM |
E 27439 718 1 1R IR MM E
34 i 750 | 19.06MM |
25/32 1 781 | 1984 MM |
P38 813 1 2084 MM |
iOZASE L BA4 1 214TMM
L T8 1 875 | 2223MM |
| 29/327 | 906 : 23.02MM |
15716 938 | 2381 MM .
D313z | 969§ 2481 MM |
P 100" | 2540 MM

.001 seconds =1/2 inch

.010 seconds = 5 inches
.100 secends = 49 inches (4 feet 7 jnch)
1.00 seconds = 41 feet
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Basic SED Information

Stock, Super Stock and Masters Divisions

2. Increased Track Length Due to Steering

|¢ C ——-| {c-= Distance to left or right) Sequenoce of

fractions

/ N —
/( e T
T A VA
\ R Vv I R V< v I
b i e : 1 %o :
' S T
a {b = Distance straight down the hill) ' /32 : ! 18782 ,
T B -
{a = Actual distance travaled) E sma | E 21732 )
y 316 1) 18
i 732 ! i 23/32 !
\ \ A T2 T BT B
BB 1y /2
LOSHE 1 13116
_ T B 7/c I
- I : 78!
b o13m2 1| 20082 E
Fromsmmsmmmmmmssmeos ! I THE ) 1 15116
: - : R E=T = B S PA >
! oa =/ | I_ _I Y A T I L
e e e e e e . e Vo '
a Increased distance traveled (fracticns rounded up)
S b 20" (feoh 30" A0 50" 100 1500 200
C 240" (inches) 360 480 600 1,200 1.800" 2,400"
&" (inshca) 233" 116" 132" 132" 1184
g" 316" 1/8" a/32 116" 1732 132 1164
12" (1 foot) 516" 3Me" 32" 118" 118" 1/32" 1/32"
24" (2 feet) | 1 316" 13186° 19/32° 142 114 5/32" 1/8°
36" (3feet) | 211116" 113/18" 111/32° 1.3182" 17732 38" 9/32
48" (4Teet) | 434" 3sne’ | 21m2 | 12932 31/32 21/32 1z
60" (5 feel) 738" 431/32" 3 3/4° 3 112 1" 314"
120" (10 ft) | 28 11/32" | 19 15/32" | 14 25/32" 11 78" 6 4 3
180" (13 M) BU 4/ R 22 o lals 13 116 g t 314"
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Basic SED Information

Stock, Super Stock and Masters Divisions

2. Increased Track Length Due to Steering: continued

—| 20 feet - street with parking  [=——

8 »— 10 feet - track

Sample Track and Stroat
Ampie exan 12 feet - street lane

5 feet - track
mmm e mmm e mmmmmmem e . 6 fart - strasat lane

)
Y

5 feet - track
6 feet - street lane

i
¥

Curbk

Typical dewnhill drive distance: \

Hard drive ot 50 faet - lined up straight 0
30 feet - lined up to outside \'\
Slow drift out- 200 feet !
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Typical outside drive distance:
Track: 3 fesat (A5 inches)

Street: 10 feet {120 inches)

Wheel to wheel dimension

B - 311/
Wheols sentered on spindles
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15 5/8”
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