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1D Mechanical Systems

* In this lecture, we shall deal with 1D mechanical systems
that can either translate or rotate in a one-dimensional
space.

* We shall demonstrate the similarities between the
mathematical  descriptions of these systems and the
electrical circuits discussed in the previous lecture.

* In particular, it will be shown that the symbolic formulae
manipulation algorithms (sorting algorithms) that were
introduced in the previous lecture can be applied to these
systems just as easily and without any modification.
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Linear Components of Translation
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Linear Components of Rotation
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Joints without Degrees of Freedom

. fa fb Xg=Xp=X¢
* Node (Translation) Xao—»—r—vxb Vo=V
fe a,=a,=a,
Xe f+f,+f.=0
* Node (Rotation) aao_T_Q’a BN 0.-6,- 0.
Tc W, =Dp= 0D
00 G=ap=a;

,tr,t7.,=0

Joints with One Degree of Freedom
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The D’Alembert Principle

» By introduction of an inertial force:
f,=-ma
the second law of Newton:

ma= ()

can be converted to a law of the form:
Z(f)=0

Sign Conventions
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f fn=+ d(g]]:V)
11N m
fk =+ k'(X B XNeighbor)
Ié‘_ fB =k B'(V n VNeighbor)
X
e £ - d(m-v)
o i m = dt
fk =- k(X - XNeighbor)
::k fB =- B'(V - VNeighbor)
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1. Example (Translation)
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1. Example (Translation) Il

% my » My

FLILILN

T ky Bl L-
e = M = 1y Mg =» kg
s B

1

iU

=rrr | The system is being cut open
between the individual
TR e masses, and cutting forces
are introduced.

The D’Alembert principle can
now be applied to each body
separately.
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1. Example (continued)

F(t) = Fj3 + Fga + Fg,
Fga=Fi2+ Fge + Fgp + Fyo
] Fap*+ Fao = Fip + Fgg + Fig
’ h—ty }_' g dv,
E— Faa 1 ';l(lz my: at FBai By (V3= V5)
-y Pioges leW Fgp =By (V3-Vy)
K1 ~ Fro | |Frn —t Ba E. = dv, Fgc =By v,
= Fealyy P=| ¢=?F1=. Pty e P 12 =My dt _
= J e ax, _ " Fga=By v
o gt:m_% Fg2 =By (V- V1)
N *dt Fi =Ky Xg
adx,
at Vs Fio =Ky X,
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F(t) = Fj3 + Fga + Fgy F(t) =Fj3+ Fga + Fgp
Fea=Fpp+ Fge + Fgp + Fp Fga=Fip+ Fg. t Fgy + Fyp
Fap+ Fay = Fjy+ Fgg t Fiy Fap t Fgp = Fip + Fgg + Fy
dv. dv.
Fip= n"1".‘|_,[1 Fga =By (V3-V,) Fip= ml-d—tl Fga=By (V3-V,)
ax, Fgp =By (Vs—V;) dx Fgp =By (Vs—V;)
— = Bb 1 3 1 —_— = Bb 1 3 1
ac T = |a " d
Fp,=my d_VZ Fa. =By v, Fiy = my % Fa. =By Vv,
t t
dx, Fgq=By v, dx, Fgqs=By vy
K =v, _ E =V _
_dv Fa2 =By (V2 — V1) _dvg Fa2 =By (V- V1)
Fiz=mg at —k Fig=ms dat —k
dxs Fa =k X dxs Fa=k X
a Vs Fio =k X, v Fio= ko %,
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Horizontal Sorting 11

F(t) = Fi3 + Fga + Fgy F(t) = Fj3 + Fga + Fg,
Fea=Fip+ Fg. t Fgy t Fyp Fga=Fip+ Fg. + Fgp t Fp
Fap + Feo = Fip + Fgg + Fig Fap + Fgo = Fip + Fgg + Fiy
dv. dv.
Fp=my d_tl Fga =By (V3-V,) Fiy = ml-d—tl Fga=By (V3-V,)
dx, Feo =By (V3—v;) dx, Fgo =By (V3—v;)
=1 gb = B1 (V3= V3 ==1_ B = B1 (V3= Vp
a T = |a " g
Fp, =M, % Fg. =By v, Fi, =My G Fgc =By v,
dt dt
dx, Fgq =By vy dx, Fgq=By v,
dat V2 = dat V2 =
_dvg Faz =By (V- V1) _dv, Fa, =By (v~ V1)
F|3—m3-R —k F|3—m3-w —k
dx, Fia =k Xg dx, Fia =ky X
at Vs Fio =Ky X, at Vs Fio =k X
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Horizontal Sorting IV

F() = Fis * Foq * Fy A
Fga=Fip + Fge + Fgo + Fi IEIZ _ EBa ;T:BC ) '?:Bz ) 'j:kz
Fay + Fgo = Fiy + Fag+ Fig nTE TR TR T
dv,
dv —— =F/m =B, (Va—
Fiy=m;: d_tl Fga =By (V3-V;) gt ne Fea =By (3~ V2)
ba _ Fgp =By (v3- V.
%zv Fgp =By (V3—Vy) gt e = By (V= V1)
da ™t = Fg =B,V
dv, E. =B. V. dv, Bc — P1' V2
Fip=my —= Bem ™12 o =Fip/m,
dt _ dt Fgg=By v,
dx, v Fgg =By v, dx,
ke - =V = 0 =
gt ’ dv, Fgp =By (V- V1) d\tl 2 Feo =By (V2= V1)
13 = My == D Fri =k x
ix, dt F =k X, T Fiz/mg k1= Ky Xg
===V = dx Fro = ko X
dt ~ 3 Fio=ky %, i
dt 3
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Horizontal Sorting I11

F(t) = Fi3 + Fga + Fgp F(t) = Fi3 + Fga + Fap
Fga=Fip+ Fg. + Fgp + Fyp Fga=Fpp+ Fg. t Fgy + Fyp
Fap + Fgo = Fip + Fgg + Fiy Fep+ Fgo = Fip + Fgg + Fig
dv. dv.
Fip= ml.d_tl Fga =By (V3-V,) Fip= ml-d—tl Fga=By (V3-V;)
dx Fg, =By (Vs—V;) dx Fgp =By (V3—Vy)
et B = B1 (V3= Vp =1 _ gb = B (V3—Vq
at Ty =i d
Fi, =My G Fgc =By v, Fp,=m, & Fa.=B1' Vv,
at _ at _
dx, Fgq=By v, dx, Fgq=By v,
dat V2 = dat V2 =
dv, Fa =By (V- V1) dv, Fay =By (- V1)
Fi3=my at _ F3=m; ot _
Fa=k X Fa=k X
axs _ axs _
dt "3 Fo =k X dt "3 Fo=k X,
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Sorting Algorithm

* The sorting algorithm operates exactly in
the same way as for electrical circuits. It is

totally independent of the application
domain.
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