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Announcements

 Quiz 6 and Written Assignment 6 scheduling conflict

) What Piazza for scheduling announcements

d Upcoming deadlines:

® Monday (4/16)
® Mastering Engineering Tutorial 14

® Tuesday (4/17)
e PL HW 13

® Quiz 6
® Written Assignment 6



Chapter 10: Moments of Inertia
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(Goals and Objectives

* Understand the term “moment” as used in this chapter

* Determine and know the differences between

* First/second moment of area T et 2 20 >
. . do sl
Moment of inertia for an area
o‘( oSS,
* Polar moment of inertia 4 o ahem
. . a b
* Mass moment of inertia of &re

* Introduce the parallel-axis theorem.

* Be able to compute the moments of inertia of composite areas.
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Second moment of area 4, Ti5 4

“Second moment of area” =~ “Area moment of inertia”; note differences in J ¥ 0‘/\
names, but they both represent the same concept.

Moment of inertia is the property of a deformable body that determlnes
the moment needed to obtain a desired curvature about an axis.

Moment of inertia depends on the shape of the body and may be different

around different axes of rotation. Moment-curvature relation:
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E: Elasticity modulus

® The moment of inertia of the area A with s

(characterizes

respect to the®jaxis is glven by stiffess of the

@L fA y dA deformable body)

p: curvature
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® The moment of inertia of the area A with o P
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® The moment of inertia of the area A with

respect to the origin O is given by (Polar

moment of inertia)
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Parallel axis theorem

* Often, the moment of inertia of an area is known for an axis passing
through the centroid; e.g., x and y':
® The moments around other axes can be computed from the known Iy and

I

I, = f (yf +dy)* dA e

area )

dA i
f(y )* dA + 2d fy’ dA

area

+d2fdA -

area

| T = I + Ad?
Note: the integral over y’

I, =1, + Adi gives zero when done through
the centroid axis.
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Area Moments of Inertia
for common shapes
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Moment of inertia of composite

e [findividual bodies making up a Composite body have individual areas
A and moments of inertia I computed through their centroids, then the
composite area and moment of inertia is a sum of the individual

component contributions.
V

This requires the parallel axis theorem:
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MassJMoment of Inertia

* Mass moment of inertia is the mass property of a rigid body that

determines the torque T needed for a desired angular acceleration (@)
about an axis of rotation.

e A larger mass moment of inertia around a given axis requires more torque
to increase the rotation, or to stop the rotation, of a body about that axis

* Mass moment of inertia depends on the shape and density of the body and

is different around different axes of rotation.

I large, [ small,
@ small o large

(=5 http://ffden-
(b) 2.phys.uaf.edu/webproj/211 fall 2014/Ari
el _Ellison/Ariel Ellison/Angular.html




Mass Moment of Inertia

Torque—acceleration relation: T=1«a

where the mass moment of inertia is defined as

I, = fprde)

ib?. = SFZAW\ ’i‘( Cov\)"‘av\‘t (

Mass moment of inertia for a disk:

t pr2m PR
I, = /pr2d02// /pfrz(rdfrdé?dz)
0
27 4
= // —d9dz
2 2 2

= —WdZ—p%ﬂ't—sz’iT’r t = 2,OV—?M




Center of Gravity and Mass Moment of Inertia of Homogeneous SolidS s
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Find the moment of inertia of the shape about its centroid:
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Determine the moment of inertia for the y

centroidal axes.
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Two channels are welded to a rolled W section as shown.
Determine the area moments of inertia of the combined

section with respect to the centroidal x and y axes.
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English units (inches)

Axis X-X Axis ¥-Y
Area Depth  Width — — — —
Diesipnation in® in. in. ILind  kin. Yon | Lmé ki ¥ in
¥ W18 x 76f 2.3 182 1.0 | 1330 7.73 152 2,61
W Shapes e | W16 % 57 16.8 164 712 | T8 6.72 43.1 1.60
(Wide-Flange Wid x 38 1.2 141 677 | 389 5.87 26.7 1.5
Shapes) X— W8 » 31 9.12 00 BOO | 110 3.47 aTl 2.02
Y
¥ 518 x 54.7% 16.0 180 600 | 801 7.07 AT 1.14
5 Shapes | s12xa1s 84l | 120  so00 | 217 4.5 833 L0
(American Standard [~ | 510x 254 745 | 100 466 123 4.07 873 0,950
Shapes) S6 % 12.5 3.66 B00  3.33 22,0 2,48 L8 0,702
I—t—x
fimil =
¥
Y C12 x 20.7f 608 | 120 284 | 129 4.61 86 0797 0.698
C Sha - Cl0x 183 448 | 100 260 B7.3 3.87 237 0711 0.634
{ American Standard + C8x 11.5 .37 800 2.95 2 3.11 131 0623 0572
Channels) CBx 8.2 2.30 GO0 182 12.1 2.4 0687 0536 0512
X—1—x
—— | — T
LT
Y L6 x 8 x 14 110 and i 186 | 354 179 186
. Lixdxl 3.75 582 L2l 1.18 582 L2l LIS
] Laxaxd 144 123 0926 0536 123 0926 0.836
I 1
Angles L6 xd x L 479 17.5 181 1.88 622 L4 088l
Loxdw L 3.75 243 LS8 1.74 255 0824 0.746
Laxaxl 119 L0 0883 0880 | 0580 0569 0487
X — X
N ¥
Y




Metric units (mm)

Axds X-X Axis ¥-¥
Area | Depth Width I, k7 I, K =
Designation mims mam mim 109 mm4 mm  mm 109 mmt mm mm
Y W40 = 1131 14400 [ 482 270 LTI 106 A2.3 6.3
W Shapes e—t{—— | W410 8% 0800 [ 417 181 218 171 170 406
(Wide-Flange WAas0 x 57.8 7230 | 38 172 160 1480 11.1 20,4
Shapes) X | W00 x 46.1 see0 | 203 eng 458 881 154 §1.3
P—
¥
v S460 % B1.4% 10200 [ 457 1@ 3: 180 262 200
5 Shapes 5310 x47.3 010 08 187 0.3 123 388 984
(American Standard ~ “—[—" | Sasnwars 4810 | 254 118 5.2 103 280 241
Shapes) S150 % 18.6 2360 152 84,8 9,16 2.2 0,749 178
X
il e
¥
. Ca10 x 30,64 3020 | 30N T4T =37 117 161 202 177
C Shapes 250 x 23,8 2500 and f6.0 250 98,3 0048 181 161
(American Standard = Cann x 17.1 2170 ana N74 135 T0.0 O84S 188 140
Channels) | 180 = 12.2 1540 152 488 NAS  ND4 028 136 130
X
|-
Y L152 x 152 x 25.43 7100 14.7 488 472 | T 4nE 478
L102 % 102 % 12.7 2420 230 307 300 230 30,7 300
—| ¥ [— L78 3 76 x 6.4 20 oNl12 a8 212 0812 238 219
- L152 % 102 % 12,7 3060 T30 488 M08 280 200 249
Anples L127 % 78 x 127 2420 306 401 442 1068 208 189
L76 3 Bl x 6.4 TS 045 243 2490 0,162 148 124
X — X
[ I
Y




Chapter 5 Part |l - 3-D Rigid Body

Chap 5.5-5.6




Equilibrium of a rigid body

g . Now we add the z-axis to the

A i~ coordinate system!

How many Equations of Equilibriums?



Types of 2D connectors

Types of Connection
(1)

cable

rocker

Types of Connection Reaction

< i

smooth contacting
surface

roller or pin in
confined smooth slot

(7)

0

member pin connected
to collar on smooth rod

smooth pin or hinge

member fixed connected
to collar on smooth rod

(10)

—

fixed support

:y F
5o« (A
e



Types of Connection

Reaction Number of Unknowns

2) _

smooth surface support

(3) N

roller




Types of Connection Reaction Number of Unknowns

4

ball and socket

s

single journal bearing

(5)




Types of Connection

Reaction

Number of Unknowns

(6)

single journal bearing
with square shaft

"¢
fr

B

(7)

single thrust bearing

(8)

single smooth pin




Types of Connection Reaction Number of Unknowns

M.
©) A M— |

e

single hinge

(10) " CT‘;
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fixed support
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