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The whole engineering design process can be described:

by completely algorithmised procedures dedicated for computers,
by means of artificial intelligence in the form of recommendations
for designer, and

by human intuitive, heuristic, creative nonalgorithmised procedures.

Virtual Prototype (VP) is computational operational model
dedicated to smulate the function of design and optimise of its
properties.

The Virtual Product Development (VPD) environment allows
interaction and coordination between computer tools, processess,
people and data, which is resulting in better product development
decisions.

In the Virtual Product Development process can be developed
Maturity Model in succesive levels as follows:

initial (conceptual) model is based on few defined processess and
corresponding data source, and developed by individuals from
department,

repeatable model, tracing basic requirements, is developed by
informal (casual) division team,

defined model, based on well documented processess, is developed
by IPT (Internal Product Team) of the enterprise,

managed model with properties according to the measured and
controlled process, is developed by platform team from supply
chain,

optimised model, enabling continuous process improvement, is a
product of global team consisting from platform and suplier
designers.

To specify the position of the free, unconstrained body (later

intended as link in the multibody system) in the plane wrt reference
ground, it is necessary to define three mutually independent
position coordinates, because the general planar motion of the free
body can be replaced by the fictive translation represented by
arbitrary chosen reference point with two Carthesian position
coordinates (x,y) and by the fictive rotation about this reference
point represented by one position angle of the slew.

To specify the position of the free (unconstrained) body in the space
wrt reference ground, it is necessary to define six mutually
independent position coordinates, because the general spatial
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motion of the free body can be replaced by the fictive translation
represented by arbitrary chosen reference point with three
Carthesian position coordinates (longitudinal displacements X,y,z)
and by the fictive spherical motion with centre in this reference
point represented by three position angles for sequence of the slews
(for example angular displacements by Euler angles).

The number of mutually independent position coordinates is equal
to the mobility n, (or degrees of freedom DOF) of the free body,

S0 the free body has mobility n, =3 in the plane and mobility
n, =6 inthe space.

The single joint (holonomic geometrical constraint) is the assembly
of pairing elements (surfaces, lines or points) of two links, which
are held in contact

by means of particular geometrical shapes (form closure),

by means of external forces (force closure), or

by means of flexible materials (material closure).

Multiple joint is connecting the number of v links, and v >2 with

v (v-1)

total number p of all possible pairs of links, p= , from

which number (v-1) of pairs of links is independet.

Thetype t of the joint (geometrical constraint) isthe number t, by
which is reduced the mobility n, of the former free link after input
into this joint.

The type t of the joint (geometrical constraint) is also equal to the
number of contact points, in which surfaces of adjacent links touch
in corresponding generalized model introduced by Soni.

Names (nomenclature) and shortcuts (acronyms) for joints:

type t=1 (in space): general (G), plane-sphere (Fs), plane-peak
(Fp), cylinder- cylinder (Cc),

type t=2 (in space): sphere-groove (Sg), sphere-groove-helix
(Sen), plane-cylinder (Fc),

type t =3 (in space): spherical (S), sphere-slotted-cylinder (Ssc),
sphere-slotted-helix (S_n), plane-plane (Fg),

type t=4 (in space): torustorus (Tt), sphere-slotted (S),
cylindrical (C), plane-slipping surface (Fx),

type t =5 (in space): revolute (R), prismatic (P), helical (H),

Multibody System MBS (assemblage, or constrained spatial
system) is system of bodies (links) whose mutual movement is
bounded by geometrical constraints (joints).

Number s, is the number of geometrical constraints (joints) of the
type t of all interconnected pairs of links in the multibody system
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s =4s,(v-1), where
v=2

S,, Isthe number of jonts of the type t connecting the number v

links
v is maximum number of joined links by one geometrical

m

congtraint in the multibody system.

Number of s isthe total number of all interconnected pairs of links
in the multibody system

3
s=as,, where
t=1

t. isthe maximum type t of the joint (geometrical constraint) in
the multibody system

The type g of the link is the number of adjacent links
interconnected by this link. Unary link is of type g =1, binary link
isof type g=2, ternary link is of type g =3.

Number u isthetotal number of all links in the multibody system
u= géf u, , Where
g=1

U, isthe number of links of the type g in the multibody system
g,, iIsthe maximumtype g of the link in the multibody system.

The local mobility n, of the link in the joint of the type t is equal

to the number of independent position coordinates of link wrt
adjacent link in the joint and results from the subtraction n, =n,-t

Construction drawing and production drawing is descriptive model
for intended physical construction.

Kinematic diagram (stick diagram, skeleton diagram) displays only
essential skeleton of the physical construction of the multibody
system.

Scetch is more or less proportional kinematic diagram of the
multibody system, but not exactly to scale.

Scaled diagram (metric model) is kinematic diagram proportional to
the drawing, or physical construction of the multibody system.

Structural diagram is scheme of structure (topological model) of the
multibody system which does not contain metric data about
dimensions and mutal configuration of links in space.
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Unicomponential MBS  Each link in the unicomponential multibody system (assemblage) is
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connected to its neighbouring link by the geometrical contraint
(joint).

Kinematic chain (KR) of the links is any unicomponential
multibody system without frame.

Closad chain (UR) of the links has property s=u with symbolic
description of its structure by numbers 1234 (for example).

Kinematic loop (KS) of the links differs with closed chain (UR)
only in the symbolic description of its structure by numbers 12341
(for example), where the first number is redoubled at the end of
description.

Number k. is number of all possible kinematic loops (KS) in the
multibody system.

Open chain (OR) has property s=u-1

Open chain with joint elements at both tails (OROV) has property
S=u+l.

Single-loop chain (JR) has k, =1.
Multi-loop chain (VR) has k, >1.

Combined chain (KR) has minimum one UR and one OR.

Basic chains ZJR and ZOROV are developed by decomposition of
multi-loop chain (VR) into one ZJR and the number k-1 ZOROV,
where k isthe number of the basic kinematic loops ZKS.

The number k of the basic kinematic loops ZKS is according to the
Euler invariant property related to the number s and u:
k=s-u+l

Under the term mobility n of multibody system we mean the
number of prescribed independet position coordinates of input
(driving) links required to uniquely determine dependet position
coordinates of driven output links

Y
n=n,(u-1)-ats,
t-1

When one link in the kinematic chain is fixed (it becomes the
frame) then arose the multibody system (assemblage).
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Structure is multibody system (assemblage) with mobility n£0.
If mobility of structure is n=0, the structure is statically
determinate, and in the case, when mobility of structure is n<O0,
the structure is statically indeterminate.

Mechanism is multibody system (assemblage) with mobility n3 1.
It is a mechanical device that has the purpose of transfering motion
and/or force from a source (single input link if n=1, or more input
linksif n3 1) to an ouput (single ouput link, or more links).

According to type of structure of corresponding kinematic chain we
analogically denote closed mechanism (UM), single-loop
mechanism (JM), multi-loop mechanism (VM), open mechanism
(OM) and combined mechanism (KM).

Linkage is amechanism which all joints are of the class t=5
(space mechanisms), or t =2 (planar mechanisms).

Geometrically different mechanisms are cognate, when they have
the same transfer function.

If different mechanisms have equal structural diagrams, these
diagrams are isomorphic.

Each link (part) has local (own, or intrinsic) otrhonormal reference
coordinate system.

By the local position coordinates of the link (part) is described
mutual local relative position of link wrt adjacent (neighbouring)
link in the geometric constraint (joint). Local position coordinates
can be in the form of "

variable (floating) abscissa g ; =00, for longitudinal
displacement of part reference frames, and

variable (floating) angle j~ ;= S(x;, X;) for angular displacement
of part reference frames.

By the global position coordinates of the links in assemblages is
described global relative position of links wrt frame (default is the
part 1). Global position coordinates can b&ﬂiﬂuthe form of

variable  (floating) abscissa p, =00, for longitudinal
displacement of part reference frames, and

variable (floating) angle y~ ;= S(x,, X;) for angular displacement

of part reference frames.

Number ¢ is total number of local position coordinates
g.,i =12,...,c of the links in the mechanism
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t
g
cC=ans
t=1

and it isasum c=n+z, where n is number of independet local
position coordinates of the links (also n is mobility of mechanism)
g,;»1=12,..,n ,and

z is number of dependet local position coordinates of the links q, .,
i=12,..,z2 .

Number z is number of dependet local position coordinates of the
links
z=n,k

Number m is total number of global position coordinates of the
links

y.,i=12,.,m
and it isasum m=n+d, where where n is number of independet
global position coordinates of the links

y,.,»1=12,..,n,
where n is mobility of mechanism and d is number of dependet
global position coordinates of the links

y,.,i=12,.,d.

Number d of dependet global position coordinates of the links
result from equation
d=2k +s

Thereisrelation between m and ¢
m=c-k+s

If a multibody system (MBS) has in reality actual mobility ng
which is different as theoretical mobility n computed from formula

t
n=n,(u-1)-ats,, 0 ng* n, then such MBSiis called incorrect.
t-1

A multibody system (MBS) with actual mobility ng=n equal to
the theoretical mobility n  computed from formula

t
n=n,(u-1)-a ts, is called correct MBS. In a correct MBS each
t-1

geometrical constraint of type t removes just the same number t
DOF.

Incorrect MBS has in reality actual mobility ng* n different as
theoretical mobility n. The reason consist in fact, that formula

t
n=n,(u-1)-a ts, does not contain information neither about
t-1
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Singular state

proportions (metrics) nor about mutual position (configurations) of
links and geometrical joints. Theoretical mobility n of incorrect
MBS may be zero (indicating a structure) or negative (indicating an
indeterminate structure) but it can in reality, nevertheles, move, so
its actual mobilty n 3 1 due to special proportions (metrics) and
mutual position (configurations) of links and geometrical joints.

Incorrect MBS has in reality actual mobility ng =n+ng where n

is number of unremoved DOF due to special proportions (metrics)
and mutual position (configurations) of links and geometrical
joints.

Under common term singularities in MBS we denote all reasons
(passivity, redundancy, general constraint, irregularity,...) which
causes that ng! n, hence actual mobility ng is different as

theoretical mobility n.

The geometric constraint (joint) is totally passive (n, =t) and
redundant from kinematic point of view if it can be removed from
MBS and actual mobility ng of MBS does not change.

A congtraint of atype t is partially passive if it remove from MBS
only number ny, DOF, ny<t.

The actual number z, of dependent local position coordinates is
Z;=C- ng, a0 zg=2- ng.

The actual number d, of dependent local position coordinates is
ds=m- ng, dso d;=d-n,.

A MBS with theoretical mobility n£ 0 and actual mobility ng3 1

is overconstrained when actual mobility does not change after
removing totally passive constraint.

If redundant constraint in MBS become inconsistent with other
congtraints (due manufacturing differences in link lengths or pivot
locations), this causes that MBS will jam (locked).

Local mobility n, is apassive (redundant) kinematic input which
has no influence on the mobilty of output link.

Active mobility n, is aactive kinematic input which has influence
on the mobilty of output link n, =ng- n,_.

A MBS is in instantaneous singular state, when its links can
displace with infinitely small values of position coordinates. If
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MBS is at permanent singular state, its links can displace with finite
values of position coordinates.

Matrix description All structural parameters can be computed algorithmically using
matrix description of structural properties for MBS.
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