Physics Lecture 10 - Using the Virtual Raceto Make Design Decisions

Summary/Conclusions

Thevirtual race program isasophisticated modd that simulates agravity driven vehicle of any sizeor typeinaWindows
environment. With only modest help, some Cub Scouts are designing and testing avirtual car injust afew hours. Previous
lectures have covered the most important car and track parameters so we should be now be ableto understand and usethe
VR effectively for design. What we shall do as an application exampleislook a the MAXI-L car body available in the
HodgesHobby shop. The questioniswill streamlining thisbody, which will require moving the CM forward dightly, till
pay off inimproved speed? Before we answer this question, we will review the 12 car parameters required as VR input.

Car Parameters

Beow we will list the 12 Ra

parameters and their values for

AXLE < 3.5"

CAR PARAMETERS

a typica PWD car which is

Rr
based on the SBF body shown ol )

in Lecture 3. Units are cgs.

NK = Number of wheels touch-

ing=3

IC = Moment of Inertia of car My
body around its CM = 2000 \CW
(only used if ramp inclined plane

@‘

makesabrupt anglewith horizon-
tal run - very rare track)

AB CB

| = Moment of Inertia of a
wheel =5.123 (Lecture 5)
AW = Proj areaof awhed =2.96
AB = Proj area of body = 7.43
CW = Drag coeff area of awheel = 0.50

CB = Drag coeff of body =.0.42

M = Weight of Body + Wheels= 141.75

RW = Radius of awhedl = 1.515

RA = Radius of an axle=0.113

MU = Coefficient of wheel/axle friction = 0.10
CM = Center of mass re body center = 4.24

performance.

Making the Design Change

Figure 2 at the bottom shows a Hodges MAXI-L body
with the lead holes placed all the way back. Its nose has
been rounded. Another Hodges style body has the
weight holes farther removed
from the rear alowing room
for the rear to be tapered in an
airfoil shape. Making a body
like this, and also sanding the
height down some, we get the
Test body at the top of Figure
2. It has a height of 0.508"
while the MAXI-L’sis0.769"

Figure 1 - Showing 12 measurable car parameters that affect its overall

Multiplying by the 1.75" width and converting to cn?, the
projected areas AB for the Test body and MAXI-L are
5.730 and 8.637 respectively. Ingtalling Standard 1999 kit
whedsand axlesthelead istrimmed for M = 140.0 grams
(4.94 0z) weight each, alowing for body putty and paint.

The center of mass (CM) is found by balancing as in
Figure 1 and we get 1.450" = 3.683 cm back from the
body center for the MAXI-L and 1.235" = 3.137 cmfor
the Test body. Referringto Figure linLecture 8 wesee
that the streamlined airfoil type design of the Test body
eliminatesthe rear vacuum drag giving CB = 0.24. This
drag is still present inthe MAXI-L for aCB = 0.42.

Figure 2 - The Hodges MAXI_L body at the bottom and a streamlined Test body at

the top.
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SR EEA U A R Cor Parameters _________[Car Parameters 2]

This is praty easy. Opm an Carnarme; ITEST BODY Car name: IMAXI-L

existi ng editablecar filelikethe Switch from cos to mks (S T Switch fram cgs to mks (S

SBF car Wh_O% paramaers ae MNhrwheels touching track (NK): |3_il MNhbrwheels touching track (NK): |3_il

thel _Vd l;lrel’? IgBrI?j pl’lhnt gSItvm Maoment of ineria of body (1C) IEDDD hMoment of ineria of body (1C) IEDEID gram cm”2
earlier. e car nas stan-

dard whed/axle parameters 0 tMorment of ineria of a wheel (1] |5.123 boarnent of inertia of awheel (1) |5.123 gram cm”2
we onIy ne&j to update the 4 Projected area of awheel (AW IE.BBD Projected area of a wheel (AW) IE.BBD cm”2
bold and underlined red data Projected ares of body (AB) |5.?3u Projected ares of body (A4B) |a.53? cm”2
When thisis done, rename the Drag coefficient of wheel (CW) 050 Drag coefficient of wheel (W) 050

Ca(-j aIS “; FlgU{e Zetac[)ptﬁqtnes Drag coefficient of body (CB) 024 Cirag coefficient of body (CB) 0.4z

and click sveto credethe car. Mass (weight) of body plus wheels (k) |14D.D Mass (weighf) of body plus wheels (M) |14D.D gram

Fi na”y lets S)end 30 seconds Radius of a wheel (RiW) |1.515 Radius of awheel (B |1.515 cm

and build 2 more virtua cars, Radius of an axle (RA) |n.113 Radius of an axle (RA) |n.113 cm

one by sandingdownMAXI-L caefiicient of riction (MU 0.10 Caefficient of frictian (MU 0.10

to them?r]sglrf %Tt$$M1E)ir Center of mass re body center (ChA) |3.'I 37 Center of mass re body center (Ch) |3.683 cm

L(S 730) and thegotha by mov- MNan-Pinewood Derby Car Il Mon-Pinewood Derby Car r

ingtheCM of MAXI-L(5.730) = Lengiiafear (L) [17.78 Lengifiafear( Ly [17.78 e
forward to match TEST body’S | #iass fweinbi) of wheel (4 [3.5867138 fiess (weTht) afwhee i) [25667138  [gram

CM position and calling this4™

car MAX'-L(5730)(3137) X Cancel |  Save X Cancel | « Save I

Running the Virtual Race Figure 2 - Showing the VR car create/edit screens.
mVR -- Gravity Driven Virtual Racing
Choose atrack fromthe 6 Standard trackslisted. A good one | £le Options  Help
to start with isthe StdTrk HOUSTON_C-BT. The HOUS- | Edifacs Ferameier | Trk: [StdTik HOUSTON_C_BT E
TON meansisusestheloca Houstongforceand air density. | Fsum HousTON C BT G-375 27, RHO-0 001225, 5H-396 24, F=113.362, D-456 419, 2]
Thistrack hasacircular are ramp (16‘ - 7") and ahorizontal || [Typ=C. UBT=1.*0-0.511662, LP=930.665 (CGS units) fwrite protected)
run (16 - 3). The net drop height = 47". The BT meansthe,  RunCarenTrack - Race Gratp oftars | Vary CarParametar |
timer is set to trip on the front bumper and not the car CM. |~ Zoetedoasionaee. = [ i Ttz [T [corLenand]

. [ pert_C7.62 ‘I :
Sdlect [Race Group of Cars] tab and you will seeontheleft | |Dperazse TEST.HODY. {16130 463134 08393 2.4523

. . . v - IAX] - L5730 1.6138 463.074 0.6390 2.4527 0.012
dl thecarsin your man car file. Put a check next to the 4 E\r}lé;-lr lE_;ODY hAX - L5.7300(3.137) 1.6137 462 556 | 0.6411 2 4545 0.067
carswejust built for the ones selected to race. Now werace | |7 WX -6730 - uad-L 16145]462.321]0.34122.4556|0.092
by clicking on[Go] to get theresultsin Figur e 3. Then select '
the I.nCIIn.Gd pl ane ramp Stc_iTrk_HOUST_ON_I_BT which [ZAVR -- Gravity Driven Virtual Racing

has identical track dimensions to the circular arc ramp “Eie opiions el

(except length down the inclined plane ramp is about 2" = = [Tk [suTi_HousTon et B
less). Click [Go] to get the results shown in Figure 4.

Figure 3 - Race results for the standard circular arc ramped track.

"StdTrK_HOUSTON_I_ET'". G=979.27. RHO=0.001225, SH=396.24, H=119.382, D=456.419, =]
Typ=l, UBT=1, ITT=0, ALPHA=0.255831, §1=471 774 (CGS units) fwite protected)

Discussion of Results RunCaronTrack  Pace Group of Cars | Vary Car Parameter |

Selected cars for race:

The TEST body car won on both tracks and MAX- =0 Car T [ (12 [1T [carlenhs]
L(5.730) was within about an axle width (0.012 car |7peda7s2 TESLRORY. 20353 464,305 0.6372 26731
lengths) on the C_BT track. Thus with AB the same, the = [&1-L mﬂgggh i el el e

— ¥ TESTEODY -LE7E13N 2 3308368 207540,
lower drag coefficient of the TEST body was almost |55 |7 MAXI- L 20366 463536 0.8390 28775 0.115
canceled out by the farther back CM of MAX-L(5.730). | [wax-L(5.730)(3.1:

On the |_BT track, the CM was not as effective in
improving speed (seelecture7) and sothe TEST body car
did about 4 times better at 0.046 car lengths=5/16". Movethe CM of the MAXI-L forward asin MAXI-L(5.730)(3.137)
and you see you come in 3" place with the largest relative effect being on the C_BT track. Finally, the 4" car which is
MAXI-L with also alarger AB than TEST car, comesin last place with finish differences as shown in Figures 3 and 4.
So it could be concluded that the slight advantage of TEST body streamlining could be retained and perhaps added to
other subtle design changes to make an overall significant effect. Now these are perfect races, with no time repeatability
noise introduced by uncontrollable effects such as a variable center strip bumping. Nevertheless, good designs and
lubrication strategy reduce such extraneous effects, and races closeto perfect are occasionally observed. Also, over along
term repeated average, the theoretical perfect race timeis the actual average time that is approached.

Figure 4 - Race results for the standard inclined ramped track.
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