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Housekeeping/Announcements
***Reminder for Henny to wear a mic during the lecture.
1. HW 26 (4.U and 4.V) due today!!

2. Quiz 5 due tonight on gradescope

3. Office hours are changing to ME2008B…
• Second floor of renovated side of ME.

4. Exam 2 Information: 
• Thursday, April 2, 8:00-9:30 PM
• BHEE129
• Coverage: Lectures 11-26 (up through angular impulse/momentum for particles)

 
5. Exam 2 Review sessions both videos to be posted on website

• Pi Tau Sigma: Tuesday, March 31, 6:30-7:30 PM, WTHR 104 (WL in-person and Indy online) 
• ME 274 Instructor, CK: Wednesday, April 1, 7:00 PM, live on Zoom for both WL and Indy: 

• https://purdue.edu.zoom.us/j/94496659802?pwd=VMHo3NfyaHO3HbbmmLForgikls3PL7.1



3

Chapter 5: Planar Rigid Body Kinetics
• In today’s lecture, we will introduce and develop the set of Newton-Euler (N/E) Equations used 

when dealing with planar motion of rigid bodies

[pg. 252 and 295 content]

• Today’s Equations
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Background for deriving the N/E Rigid Body Equation
1. Earlier in the course we used the following equations for the kinetics of a single particle 

• (1) Newton’s Second Law and (2) angular momentum equation.

[pg. 295 content]

2. We also saw that for a system of particles the above equations become the following below
• Where G is center of mass of the system and A is an arbitrary point in the system.

3. When extending this thought process to a continuous rigid body , we can replace the 
summation for an integral: 

(1) 

(3) 

(4) 

(2) 
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Derivation of N/E Rigid Body Equation - Summary
1. Starting with the equations from previous slide for a system of particles:

[pg. 296-297 content]

2. We apply two things to get equivalent equations for a rigid body…
a. Enforce a rigid connection between all points in the system:

b. Envision a rigid body as an infinite set of particles of infinitesimal size:

3. Newtons second law (3) remains similar. 

4. Some math (p. 296-297) with AIM Equation (4) and we get:
5. Where:

• I is the mass moment of inertia of a 
rigid body… 

• will speak more about in next lecture.

(3) 

(4) 
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3 Special Forms of the Euler’s Equation where 
                     = 0

1. If you choose A to be the center of mass, G. 

[pg. 298 content]

2. If you choose A to be a fixed point on the body, O. 

3. If you choose a point A which has an acceleration vector that is parallel to             . 

Aside/Note: You are free to choose any point A on the body you want. But remember you must be  
consistent with it, in your Euler’s Equation. 
• This will show up more whenever we have to use actual equations for I, instead of making it 0.
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[pg. 308]



p . 308 Look & today'sfriction dynamics' animation for video

Na & NB

fal FB ?

⑧Method : Newton/Euler ① [xbe Look& instant

g
Kinetics
② Sum of forces X

fo=
4
No
fo

[Fx =ma6X NA
=> - fg-fa = maox (1)

② Sum of forces Y
EFy = 0

= NB +Na
- mg = (2)

⑪ Moment about 6 ,
10 rotation ⑮Dematics

- ~=
0
.
(No tipping)

< =0 (1 tipping)
* [Mo

=1 = 0

=> Nab-NBb-fpd-fad =o (3)

⑤ friction

fa = MiNa (4)

fr =MkNp(5)

⑥ Segus 5 unlns
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[pg. 309]



p .309

#netics
② x-dir

[Fx = max

= - fr - fr = max (1)

③ yodir

[Fy = 0

=Nr+NF
- mg= 0(2) ①

⑪ Moment &G .

No rot. W
=mg

# &Mc = 16 = 0
①

=> NebF-Nabr-fed-frd =0 (3)

⑤ friction
frNR ↑

fr =MkNa (4)

fr =MkNT (S)

③
(3) == = by -Nabr

-MrN =d
-MiNrd = 0

(2) =yNr = mg
-N

=> NEbe - (mg -Nebr-MkNFd
-Mk(mg-Ned = 0 i Plug in (2) in (3)

=> NFbF-mgbr +NFbr -MkN+ b -Mimgd+MiNEd = 0

⑦ Solve for Front

N=brtMdy
=>bed

⑧ Solve for Rear

Nr = mg- N ,

= mg
- mbRd

⑨ ifHave plugin . Na < No : rose dive
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[pg. 310]



p . 318 Look & today'sfriction dynamics' animation for video

Ir (f)

find a in front & rear scenarios

⑭inetics
② xdir

[Fx = Ma6X

= - fr -fr =maxx(1)

③ ydir

[Fy = 0

=> Nr + NE- mg
=0(2)

4 Moment & G
.
No not

#EMs = 0 GosMgNebe-Nabr-frd -Frd = 0 (3)

fr*TN fF
⑮e
⑤ Scenario A : Rear break . Plugin values below ⑬ Scenario B : Front break . Plug in values below

Cr; fr = 0 F=MINE

(1) =y - MkNr = max ;
() = -MiNy = Max

(2) = Nr +Ni = mg,
(2) =y Nr +NF

= mg ;
(3) *Nebe-Nrbr-MkNed = 0

Nr = mg
-NFi(z)

(3) NEbF-Nrbr
-MiNrd =0

N = = mg-Na ; (2) =Neb
-mgbr +N =br -MkNid =0

⑬ Solve for NF
=YmgbF- NrbF - Nrbr

-MkNrd=0

⑬ Solve for Nr NF=myed
=> Nr =mMad ⑬ Use (a)

.
Solve for a x .

⑫ Use (1)
.
Solve for a x .

AGx =-d)
=> aox=9d)

-M]
=>Med
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[pg. 311]



p .311

a?
-

⑧ Instant in time : N/2 Equs

D.D Rod

=
↑
NB

② X-dir Newton

EFx = ma

= Na =ma(1)

③ y-dir Newton

EFy = G

= NB - my=0(2)

⑪ Moment &G
.
Euler . No rotation

* EMG =O

= NB(Ecose) -Na(sinG) = 0(3)

⑤
= Na , NB , a
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[pg. 312]



p . 312

- Il-ty
m = 480kg L = 2m⑰.000Nm 0 = 53. 13

:

w = B rad/s

O G
① Metod : N/E equ

Instant in time. O g

& Indiv
.

FBDs

platform

X AB: Link: Link:
*

x = B
#Ox

Kinetics

ABi

③dir

[Fx = Ma6x OA :

= Ax +Bx = Macx() ⑥ Moment & O . 10 not

*[Mo = O
④ydir
[Fy =Mazy

= - M + Ay(cosO + Ax(sin0 =0(4)

=Ay + By-Mg=Maay(2)
BC :

⑤ Moment& G. No not.
⑦ Moment & C

. 10 not

[Mj = 164=0

= -Ay + By-= 0(3) ④EMc = 0

= ByLcosO + BxLsinG = 0(s)

⑮ too many
unkns. Need more equs

⑧ Acceleration&OA

-&a=o+/-wa/

Cax[+Anyy = 0 + 2x0X(-(cos02+ (sinGj)
-Wal-LcosO + LsinOj)

Axi + Abyj = - CaoLcosy-LaoLsinO +WoLcosO-WoLsinj

⑨
: Gox=-CaolsinO+ WoLcosO (6)

⑩Se zequs Funkus

J : day = - GoLcost-WolsinG (7)

⑪ IA)-A
.

Mag of Load &A
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[pg. 313]



p .
313 similar to hw problem due fri

+

⑭tics
② Newton on X

[Fx =MC6X

0x = maxx(i)

③ Newton on y

[Fy =Maby

Oy - mg
= Macy(2)

④ Euler & 6

2MG = 16x

- OysinG-OxEcosO = IGX (3)

⑭ematics
⑤ For no rotation :

=2 =0(4)
= aox =aox(5)
->Aby = 0 ; G moves on straightpath x (6)

⑧ Use (l-6) tosind a
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Feedback Form:

[pg. XXX]

305
/


