SOLUTIONT3:. A Heavy Vehicle Moving on An Inclined Road

To smplify the modd we use the above figure with hy = h+0.5 t
Ro=R

1. Calculation of the moment inertia of the cylinder
R=0.8 R,

Mass of cylinder part : Myiinder =0.8 M
Mass of each rod " Mog=0.025 M

" -1



| = ¢y°dm= gy’*dm+ gy*dm+..+ ¢y*dm 0.4pts

wholepart cyl .shell rodl rodn

6 de: ZFB dgdr = OSDS(F{1 - Ri4) = O'Smcylinder(Roz + RIZ)

cyl .shell

=0.5(0.8M )R ?(1+ 0.64) = 0.656MR * 0.5pts
Rin

¢y dm=1 ¢y ’dr :%l R3 :%mrod R? =%0.025M (0.64R?) = 0.00533MR? 0.5pts
rod 0

The moment inetia of each whed becomes
| =0.656MR? +8x0.00533MR? = 0.7MR? 0.1pts

2. Forcediagram and balance equations:
To amplify the andyss we devide the system into three parts. frame (partl) which

mainly can be treated as flat homogeneous plate, rear cylinders (two cylinders are treated
collectively as part 2 of the system), and front cylinders (two front cylinders are treated

collectively as part 3 of the system).

Pat 1: Frame

N12

fion

N13

f13n /

h

Mg

0.4 pts
The baance equation related to the forces work to this parts are:
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Required conditions:
Bdance of forceinthe horizontd axis

mlgs-nQ' f12h - f13h: mla
Bdance of forceinthe vertica axis

mgcosq =Ny, + Ny,
Thentors onagang Ois zero, so that

lel - N13| + flzhhl + f13hh1 =0
Part two : Rear cylinder

N>
f

f21n

N21
Mg

From balance condition in rear whed :
f,,,- f, +tMgsng=Ma
N, - N, - Mgcosq =0

For purerolling:

a
f,R=la, = ?2

orf—la
2 T 52
R

For ralling with diding;

Fo= w N2

Part Three: Front Cylinder:
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(1) 0.2pts

(2) 0.2pts

(3) 0.2pts

0.25 pts

(4 0.15pts
(5) 0.15pts

(6)

@)

0.2 pts



N3
f3

f31n

N3z

M
J 0.25 pts

From balance condition inthe front wheel :
., - f; +Mgsnqg=Ma
N,- N, - Mgcosg =0

For purerolling:

For ralling with diding:

Fz= Wu N3

3. From equation (2), (5) and (9) we get

My gcosg = N2 — g cosg+N3-nsg cosg
N2 + N3 = (my+mp+mg)gcosg=7Mgcosq

And from equation (3), (5) and (8) we get
(N3-Mgcosq) | — (N2-Mg cos q) I=hy (f, +Ma-Mg sng+z+Ma-Mg Snq)
(N3 = N2)=hy (f2 +2Ma-2Mg sing+f3)/l
Equations 12 and 13 are given 0.25 pts
CASE ALL CYLINDER IN PURE ROLLING

From equation (4) and (6) we get
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(8)
)

0.15pts
0.15pts

(10)

(11)

0.2 pts
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fo1n = (I/R?)a+Ma-Mg sing (14) 0.2pts
From equation (8) and (10) we get

fain = (I/R?)a+Ma-Mg sing (15) 0.2pts
Thenfrom eg. (1) , (14) and (15) we get
5Mg sing - {(I/R?)a+Ma-Mg sna} -{ (I/R?)a+Ma-Mg sing} = ma

7Mgsing = (21/R? +7M)a
a= 7Mgsnq _ 7Mgsnq
0.7MR?

RZ

=0.833gsnq (16) 0.35pts

I
™ +2E M +2

h

N, :¥gcosq+l—[(M +%)' 0.833gsnqg- Mgsn(]

= 3.5Mgcosq +|ﬁ[(M +0.7M)" 0.833g9nq- Mgsn(]

=3.5Mgcosg + 0.41% Mgsnq

N, :%gcosq- %[(#+M)' 0.833gsnqg- Mgsnq]
h, 7Mgsng :
=35 -—[(0.7TM +M) ————- 2M
90054, | )o.7|v| +7M gsnd]

=3.5g cosq - O.41|ﬁ Mgsnq

0.2 pts
The Conditions for pure ralling:
f, £EmN, and f, £ mN,
0.2 pt
%aE mN, and %aE mN, P

2 3
Theleft equation becomes

0.7M " 0.833gsnqg £ m,(3.5Mgcosq - 0.41:1—1 Mgsinq)

tang £ 3.5m,

05831+0.41m Ii
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While theright equation becomes

0.7m” 0.833gsng £ m(3.5mgcosq +0.41|ﬁmgs'nq)
tang £ 3.5m
0.5831- 0.41m fla_
a7 0.1 pts
CASE ALL CYLINDER SLIDING
Fromeq. (4) fin = Ma+wN2 — Mganq (18) 0.15 pts
Fromeq. (8) fs1n = Ma+wNs— Mganq (29 0.15 pts

From eg. (18) and 19:
SMgsing - (Ma+ uN2 — Mgsing)- (Ma+ uNs — Mgsing)=ma

a=Masna- mN, - mN, _ oo MmN TN o oo s
7M ™M

N, + N, = 7Mgcosq

From the above two equations we get :
a=gsnqg- mgcosq 0.25 pts

The Conditions for complete diding: are the opposite of that of pure rolling

f,AMN’, and f,AMN’,
21 0.2 pt
%aﬁr@N'z and %aﬁngN'3 (21) Pts
2 3

Where N2’ and N3’ iscdculated in case dl cylinder in purerolling. 0.1 pts

Finally weget
tanq fi 35m and tanq f 3.5m 0.2 pts
0.5831+0.41m, Iﬁ 0.5831- 0.41m Iﬁ

The left inequdity findly become decisve.

CASE ONE CYLINDER IN PURE ROLLING AND ANOTHER IN SLIDING
CONDITION

{ For example Rs (front cylinders) pure rolling while R, (Rear cylinders) diding}
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From equation (4) we get
F21n = Mpat WN2-mpg Sng (22 0.15 pts
From equation (5) we get
fa1p = meat(I/R%)a-meg Snq (23) 0.15 pts
Thenfromeg. (1) , (22) and (23) we get
mug sing - { Mpat+UdN2-meg Sing} -{ meat(1/R?)a-msg sing} = ma
My g sing + mpg sing + Mg Sing- N = (I/R? +mg)a+ my a+ my a

5Mgsng + Mgsng + Mgsng- N> = (0.7M +M)a+ Ma+ 5Ma

7Mgsng- mN . N
a=-—9909" MW _59091gsnq- -2 24  02pts
77 77M

N, - N, :Iﬁ(rrlgN2 +#a+ 2Ma- 2Mgsdnq)

N,- N, :I—(rm N, +2.7M " 0.9091gsnq- 2.7mN,/7.7- 2MgsnQ)
N, - N2(1+0.65r‘r,3|&) =0.4546Mgsnq

N, + N, = 7Mgcosq

Therefore we get

_ 7TMgcosq - 0.4546Mgsnq

N2

2+0.65m h
| | 25  03pts

7Mgcosq - 0.4546Mgsnq

2+0.65m) lﬂ

N, = 7Mg cosq -

Then we can subgtitute the results above into equation (16) to get the following result

‘M 7gcosq - 0.4546gsnq

. N .
a=0.9091gsng- % = 0.9091gsnq -

7 7 2+065m Iﬂ

(26)

0.2 pts
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The Conditions for this partid diding is
f, EmNg$ and f,AMNS

I - 2 0.25 pts
?a£ mNg¢ and EanrrgN,g: @0 P
where N¢ and N$ are norma forces for pure rolling condition
4. Assumed that after rolling d meter dl cylinder sart to diding until reaching the end of
incline road (tota distant is s meter). Assummed that hmeter isreached in t; second.
th :Vo +atl = O+a1tl = altl

1 1
d=v,t +§a1tf :Ealtlz
- [

a

Vv, =a, i—d =./2da, =./2d0.833gsnq = 1.666dgsnq (28)

0.5 pts

The angular velocity after rolling d metersis same for front and rear cylinders:

J/1.666dgsnq (29)

0.5 pts

Then the vehicle diding untill the end of declining road. Assumed thet the time needed
by vehicle to move from d position to the end of the declining road ist, second.

v, =V, +ayt, =./1.666dgsnq +a,t,

1
s- d=v,t, +Ea2t22

30 0.4 pts
L Vet Ve 2a,(5- d) < P

2
2

v, =4/1.666dgsnq - v, +\/vt21 +2a,(s- d)

Inserting w1 and & from the previous results we get the find results.

For the angular velocity, while diding they receive torson:
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t =mNR

_ NR - Vv, +4/V3
W, =W, +at, =%1/1.666dgan + m‘l stV

+2a,(s- d)
aZ

0.6 pts
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