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(N) Mass property of rigid body

e Determination of mass properties for a
rigid body.
1) The center of mass :
Definition->
The point through which the
on the body acts of the position
of the body.

.. If the total mass i1s M, the coordinates of
the mass center are:

MX, :_[dem, My, :_[M ydm,
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(M) Mass property of rigid body (cont.)

a) Analytical methods :

For simple geometry or irregular shapes which
are composed of common regular shapes.

® Most machine elements have two
. the center of mass lies at the
of these axes.

Example : flywheels, pulleys, gear, etc.

@ Calculate complex geometry by
it into several small regular elements.

- by hand calculations :
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@HD Mass property of rigid body (cont.)

- by computer :
Create models of machine parts by
operations & let the computer do
the calculations.

b4 OFu, 1 fz3= R 4 % %



(u) Mass property of rigid body (cont.)

b) Experimental methods :

@® Suspend the body and let it free to rotate, draw

a through the point of suspension.
Choose another suspension point and draw
another vertical line again. The

point of these two lines locates the C.G.

@ For machine pars with one
Example : - "

Mg-a=F, -l




(N) Mass property of rigid body (cont.)

2) The moment of inertia :
Definition->

r . the distance from the axis of rotation to dm.
- The parallel theorem:

: the moment of inertia whose axis IS
to the axis of Ig.

: the moment of inertia whose axis passes
through the

p.6 OFu, 1 2= 9 % %



(M) Mass property of rigid body (cont.)

M : the total mass of the body.
d : the distance between these two axes.
< Two important conditions:

® 1, Is referred to the axis through

@ the axes of |; & |, must be

>°< axi1s of rotation
_.‘—-

— |

- C.G_. E -
w

tnass Ivl
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(M) Mass property of rigid body (cont.)

a) Analytical methods :

the body into small segments whose
| (through their own .) are known and apply
theorem to calculate & sum up individual
| to a specific axis of rotation.

@® by hand calculations
@ by computer ( models)

p.8 OFu, 1 2= 9 % %



(u) Mass property of rigid body (cont.)

b) Experiment methods :

@ The hanging method 1/
The body is supported - l;j fj_}k
on a ,atany / P S N
point O other thanthe | ¢ / ,ff
C.G. \ S
Let the body J—T*
with a small angle 6~ ~—

about O.
Observe the

dMy=0 =T, =l

required for a number of
oscillations. “l ” can then be calculated.

OFu, 1 #:* % § % %



(N) Mass property of rigid body (cont.)

d?@
dt?
when@dissmall =

—Mg-rsinéd =1,

Asume @ = Asin Ivlgrt+Bcos I\/Ilgrt
0 0

Initial conditions :

att=0, 6=60_., w=0=0

~A=0, B=0__

p.10 OFu, 1 3= 9 % %



(u) Mass property of rigid body (cont.)

The period T is:

Sl =
- The moment of inertia about the C.G. Is:

g

* The accuracy Is dependent upon the accuracy
of . To insure the accuracy, it is desired
to make or so that “l 7 is not
seriously affected by the

p.11 OFu, 1 3= # % %



(M) Mass property of rigid body (cont.)

—> suspended at the other end is better in view
of accuracy (.’ ).

Example :
% x4 60 secp , count 58-% 4 59
9
i7+# 60 secp , count 66=x % 65=t
9
- This result is more

- 1f “O” Is too close to the C.G., it will be difficult
to get an accurate time of oscillations due to
The system can
oscillate only a few cycles.

p.12 OFu, 1 3= 9 % %



(u) Mass property of rigid body (cont.)

Example :
Determine the | for the ring whose weight is
1.203 Ib & makes 107 oscillations in 1 min

when supported
as shown.

v by formula

.1 1.203 (2.625)2 +(3.469j2
2 2 2

p.13 OFu, 1 3= 9 % %



(N) Mass property of rigid body (cont.)

v by experiment

"

1.203 2.625 (60/107}2 4, 2625
2 2r 2
@ The pendulum method—for axis

“/” can be determined by mounting the part on a
made of light weight platform and is
suspended by chords.

Observe the number of small over a
period of time.
p.14 OFu, 1 2= 9 % %



(N) Mass property of rigid body (cont.)

M, : mass of the part r*“(i
M, : mass of the table 0 __— “‘p:ﬂ f,f \
. distance from O to 7 .,uj
the part's C.G. /1 ; _ :,J..- — —
. distance from O to [ _— table
the table C.G. g

l., - moment of inertia of the part about O-O
|, - moment of inertia of the table about O-O

T . period of the table + part
T, * period of the table alone

p.15 OFu, 1 3= 9 % %



(u) Mass property of rigid body (cont.)
From previous results :
T — 272.\/ IPo + Ito
(M +M,)gr
r: the distance of O to the C.G. of part+table
(M, +M,)r=M,r, +M,r,

_ 2
lp, = =lp +Mprg

p.16 OFu, 1 3= 9 % %



(u) Mass property of rigid body (cont.)

T 2
sl =M gr| ——
to tg t(zﬂ_j

....P:Mpgr{(;ﬂjz }

% The measured guantities:

< It Is capable of measuring | whose axis is
to O-O.
or arrange the desired axis to be
to the axis O-O.

0.17 OFu, 1 2= 9 % %



(M) Mass property of rigid body (cont.)

® The pendulum method—for axis.

Y44

Orient the part on an equilateral triangular (or
round) platform such that its axis is

to the three vertical suspension chords,
with equal distance r from these chords.

p.18 OFu, 1 3= 9 % %



(u) Mass property of rigid body (cont.)

K.E.=
P.E.=

When 6 and ¢ are small, P.E.=
Ising=lg=r6

Mgr

of :0+ 9=0

g

2
Driving force = Mgr v.s. Mgr

Mgt T Y
“lop = | 27 "

p.19 OFu, 1 3= 9 % %




(u) Mass property of rigid body (cont.)

¢ Other variants -
(1) /. (2)

@)

3) J—

() ()
\J \J
/ 4' 'K\
S
(4) # % & £ thrust bearing support
RS :%:B A E gérs 0 g 7 o

p.20
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) The C.G. of vehicles

e Determination of the C.G. for vehicles.
1) Longitudinal & transverse locations
by weighing the vehicle

szLWf, Lr:LWf L=L;+L, W=W,+W,
W W

Lo 2 B
b g |Lﬂﬁ °
O O ey
7 s rry T ;"1 TW
Wy "9 W, ! : .z

| — S~

S=8,+8, T —s—
I L {a) b/

p-21 ©OFu, 1 #2357 % %



2) Height of the C.G
a) Side tilting

: angle of inclination,
measured at the

vehicle

r - radius of the tire A
Cross section at the i
contact

S, : transverse location of the C.G.

p.22 OFu, 1 3= # % %



(H) The C.G. of vehicles (cont.)

» Comments :
@ Known parameters :

@ The accuracy depends on  which is difficult
to measure. Its accuracy is

® Limited to vehicles with front & rear tires

b) One axle elevated

W, —W,
H=r +h=r + : —

W

L : wheel base on level ground
L': wheel base with rear axie elevated

p.23 OFu, 1 3= 9 % %



LY The C.G. of vehicles (cont.)

Ar=r —r., o

r.: rear wheel radius |

r, : front wheel radius T

W, : weight of the front SNBSS
axle on level ground v -

W, :weight of the front '\, e #L
axle with rear axle " {
elevated g :

For equal tire radil,
SH=r +

p.24 OFu, 1 2= ¥ 5% %



() The C.G. of vehicles (cont.)

» comments :
@® Measured quantities :

@ Can be used of the wheel
arrangement, e.g. 3-wheel vehicles & unequal
front & rear tire radii.

® Accuracy is better than the method 1 and
even better by experiments on
different levels or

c) Pendulum method

pendulum structures with different &
being carefully suspended on knifed-edges.
locations of the pendulum & their periods

are assumed known.
p.25 OFu, 1 3= 9 % %



LY The C.G. of vehicles (cont.)

From previous results :

T \2
ImF:nNgka(gz;j _Jli'+

m, : vehicle mass. T T
L,, - from O to the é é}_
vehicle C.G. |

L, - from O to the
table C.G.

: the C.G. height L

v=vehicle ¢g (olone)

Sz swing cg (olone)

sv zvehicle- swing cg (combination)

p.26 OFu, 1 2= ¥ 5% %



(”) The C.G. of vehicles (cont.)

The C.G. height can be derived as:

q_A
B
where A=W,_L, (T2 u) t2Lt2( tz)
+mvgtTl h, — Tzhz)

» Comments :
@® Measured quantities :
@ The accuracy can be within
® It requires equipments.

p.27 OFu, 1 225 3 2% 2



The C.G. of vehicles (cont.)

3) The C.G. of a loaded vehicle
L*_WLf+ZQLq
B W+ZQ | H———Zﬁ\ (S
;}E?/_\ mru}w CiH" ° “ig}-']o
o _W8+308, @ o

W+>Q

|
|

Q : vehicle payload.

-> Especially important on vehicles with payload
Its wheel base, e.g. fork lift truck,
etc.

p-28 OFu, 1 #2375 # % %
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END of Mass
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