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TAM 210/211 - Worksheet, 11

Todny wo wil inilyze how vehielas porforn on lopes i viriety of conditions, We will con-
sidor upwird and downwnrd slopes nnd velielos Wint e bl or have slipping wheels, We want
(o constder doslgn options to mprove performmnes, so ne you worls Whe problems, solve everything
anadytienlly, and only ure monbern wl Ui very unel,

A vohiele mnken contnet with the tond at both U front and rear tires; those tires experience
statie feietion when not slipplng, md kinetle frietion if e wiheels are slipping, We'll consider the
2018 Volkswagen Jottn ‘PHE wheolbmse b = 1044 i, conter of gravity defined by i =225 in and
A A0 iy Lotal welght W= 8260 1h nnd front-wheel dyivetrain,

We want to consider what the largest slopes — pointing uphill and downhill that this vehicle can
handle when placed on (1) dry pavement, and (b) icy pavement, For everything ahead, we will
simplify the problem by considering it in 2D: so the front wheels act together and the rear wheels
act together,

1. Draw the free-body diagram for the vehicle uphill on an incline of angle 0. Include and label all

the relevant forees.
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Jonsider using a
. . — . . se symbols only. C
2. Write equations of equilibrinm for this 2D pml)lt m, u ]:V o varallel to the inclined plane
coordinate system aligned with the inelined plane. For examp L.d I 'S Fy =0
_ . o "= 0 anc oy = U
and 3 perpendicular to the inclined plane, and perform 2 P ‘ v
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3. Obtain symbolic expressions for the normal forces on the front and rear tires as a function of 8
and the given variables.
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the maximum angle for equilibrium.
]
X , E{ ~ M AJ!'-
' ' y | .
* Sh'ol’:. )ﬂlbi‘“l}ﬂ ‘-’C ! A .(Hf//’,\f A ARA L >
; Rz N
Pe S A, '

Fronn O M NJ tau, N, = W @

MSr‘nj @ Ghbl @ -> /.l. (\\) Cg:ol) > \4\7}.‘:«6.

/’l',: : J e 6

~ ), !
¢ < or 6(/,)

X

i : , Tibrium it the Jetta is on dry pavement
5. What is the value of the maximum angle for equilibrium 1t the

(us = 0.75)? Or in icy pavement (ns = 0.24)7
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statie friction, b

front wheels experience

6. Next, vonsider only the hand brake s engaged, so the ). Obtain the symbolic

) antie frliction
l‘\l\ n“\ wear tres can |‘“\‘.\\\. rotate U'U' no ('unlln\\\nnll rlulll static fl'l
exprossion for the maximum angle for equilibrinm.
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7. What is the value of the maximum angle for cquilibvium if the Jetta is on dry pavement
(s = 0.75)7 Or in icy pavement (ps = 0.24)?
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5 ould you make to the car to increase the possible incline angle”
jer A oqrovv e )

- cLLuu;L b ((culw of juw'fj /o
vihael )

- O((HL“( A (cbhlcf o,jflvfflj c/Wu b fro-d
T Mmeterte M ( ptler J“bp'”)
9. What is the maximum incline so that the car does not flip backwards?
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10. Challenge. Does your analysis change if the vehicle is pointed downhill instead? Explain.
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