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OVERVIEW OF
CIS/2 CONNECTIONS AND JOINTS:
FOR DESIGN AND MANUFACTURING MODELS

Chuck Eastman

Introduction

In this note, | lay out the structure of connections and joints within the CIS/2. First, they are
presented for aassembly_design, then for aassembly _manufacturing. For each cluster of
Entities, | present the EXPRESS-G diagram, followed by the corresponding EXPRESS code,
expanding the set of attributes of an Entity resulting from inheritance, into a flattened structure.
Thisisfollowed by an example set of instance Entitiesin Part 21 file format. The flattened
structure format is where the inherited attributes are identified by parentheses, followed by the
inherited Entity name, followed by a colon, followed by the inherited attributes. These are often
nested several deep. The format is close to that produced in a Part 21 file. At each level, | provide
some discussion on the intended use of the model. With this redundancy and multiple
presentations, the structure should become clear from a careful reading. It is assumed that readers
of thisreport are familiar with EXPRESS and EXPRESS-G.
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Figure One: Overview of the high-level structure that connections are part of.
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Top Level Connection Definition —assembly_design

Thetop level description of connectionsisin the Design Model, defined by assembly_design_
structural_connection. The Express-G model is shown in Figure One. This Entity inherits
attributes from its parents: from assembly _design — designating its function, its design
criterion and its completion status; from assembly— an identifier and complexity value; from
structural_frame_product—Iife cycle data; and structural_frame_item — an identifier, name
and optional description. Each connection carries aconnection_type. Assembly_design_
structural_connection is subclassed into either an external connection—for example, a column
to the ground— or internal. An external connection only connects one member, while an internal
connection is between two or more members. Notice that the emphasis of the connection Entity is
afunctional description. It does not describe “how” its functions are accomplished. The flattened
Express code for internal connections is shown below.

ENTI TY assenbl y_desi gn_structural _connection_interna
(assenbly _design_structural connection
(assenbl y_desi gn:
(assenbl y:
(structural frane_product:
(structural _frane_item
i tem nunber : | NTEGER;
itemnane : | abel
itemdescription : OPTIONAL text;
)
life_cycle_stage : OPTIONAL | abel
)
assenbl y_sequence_nunber : OPTI ONAL | NTEGER
conplexity : OPTIONAL conplexity | evel
);
desi gned : BOOLEAN,
checked : BOOLEAN,
roles : SET [0:?] OF functional role;
governing_criteria : SET [0:?] OF design_criterion;
)
struc_connection_type : OPTIONAL connection_type;
)
connected_nenbers : SET [2:7?] OF
assenbl y_desi gn_structural _nenber;
END_ENTI TY;

ENTI TY functional _role
SUPERTYPE OF (functional _rol e_docunented);
functional _role_nane : |abel
functional _role_description : text;
| NVERSE
role for_assenblies : SET [1:?] OF assenbly design FOR rol es;
END_ENTI TY;

ENTI TY design_criterion
SUPERTYPE OF (design_criterion_docunented);
criterion_nane : | abel
criterion_description : text;
desi gn_assunptions : OPTI ONAL text;
| NVERSE
governed_assenblies : SET [1:7?] OF assenbly design FOR
governing_criteria;
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END_ENTI TY;

Notice that although there are many Entitiesinvolved in assembly_design_structural_
connection, it is one large Entity, with 5 optional and 7 required attributes. Of the 7 required
attributes, two are lists that may be empty. It uses two complex properties to define the function
of the connection: zero or more functional_roles and zero or more design_criterion. It aso
identifies the members being connected. Its structural is similar to assembly_design_
structural_member, described in the Design Tutorial. Example P21 file listings are shown
below.

#121= ASSEMBLY_DESI GN_STRUCTURAL_CONNECTI ON_| NTERNAL( 132, ' A132',
$,$,$,$,. TRUE. | FALSE. , (#145), (#146), $, (#1451, #1455)):

#145= FUNCTI ONAL_ROLE(‘ BAY FRAME CONNECTI ON' , ' CONNECTI ON ) ;
#146= DESI GN_CRI TERI ON(* TYPE 4 STRUCTURE ,’ STORAGE BUI LDI NG FOR
COVBUSTI BLE MATERI ALS | $);

The two members connected are #1451 and #1455. Functi onal _rol e anddesi gn_
criteri on, though they could have been omitted, are included to show how they might be
used.

Connections also may be part of assembly_design_structural_frame, as shown in Figure One.
Each connection identifies the members it connects.

Physical Description — Joints

The response to the functional description of a connection is defined with adesign_joint_
system. Design_joint_system is shown in Figure Two. It provides alink between a generic
joint system specification and its multiple instances at different locations. It refers to the generic
joint, defined as ajoint_system, to one or more parent_assemblies the joint_system is part
of, optionally the location of these instance joint_systems, and a name.
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Figure Two: The physical definition of a connection is provided by a
design_joint_system.



CIS/2 Notes Georgia Tech
6/18/01

Design_joint_system has the following Express definition:

ENTI TY design_j oi nt _system
design_joint_system nane : |abel;
design_joint_system spec : joint_system
parent _assenblies : LIST [1:?] OF assenbly_ design;
| ocations : OPTIONAL LIST [1:?] OF coord_system
connected_parts : SET [0:?] OF design_part;
VHERE
VWRD8 : NOT(EXI STS(| ocati ons) AND (Sl ZEOF(| ocati ons) <> SI ZEOF
(parent _assenblies)));
END_ENTI TY;

Each location of a joint_system defined by design_joint_system has a corresponding
parent_assembly. If the same joint_system has multiple locations within the same parent
assembly, the new location isidentified and a corresponding reference to the parent_assembly
added. The WHERE clause requires that there be the same number of locations as
parent_assemblys, so they can be matched.

The joint_system is a superclass of the different types of joints: mechanical (bolted), welded,
chemical (bonded), amorphous (chemical with filler), or complex (welded studs, involving both
welding and mechanical). Joint_system_mechanical will be examined here. It isalso shown in
Figure Two. Joint_system is subclassed into atype of joint. For the mechanical example, the
flattened attributes come from joint_system and structural_frame_item. They are:

ENTI TY j oi nt _syst em mechani cal
(joint_system
(structural _frane_item
item nunber : | NTECGER;
itemnane : |abel;
itemdescription : OPTIONAL text;
)
pl ace_of assenbly : OPTI ONAL shop_or_site;
)
| ayout _points : LIST [1:?] OF point;
nmechani sm: fastener_mechani sm
END_ENTI TY;

Below, both the design_joint_system and the subtype of joint_system, joint_system__
mechanical, are presented in the Part 21 file format.

#304= DESI GN_JO NT_SYSTEM 2014, #306, (#121), (#1656), $);

#1656= COORD_SYSTEM CARTESI AN 3D('', ' assenbly coordi nate systen,$, 3,
#67) ;

#67= AXI S2_PLACEMENT_3D( $, #68, #69, #70) ;

#68= CARTESI AN_PO NT($, (712. 05911, 24. 055, 284. 37498) ) ;

#69= DI RECTION($, (0.,0.,1.));

#70= DI RECTI ON( $, (-0.64018438, - 0. 7682213, 0.));

#306= JO NT_SYSTEM MECHANI CAL( 2015, ' connection’', $,.SITE.,

(#1028, #1030, #1032, #1034, #1036,

#1038), #310) ;

Design_joint_system provides some identifiers, then references the joint detail (#306), followed
by the functional description(s) of the connection it isaresponseto (#121), followed by thelist of
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coordinate systems where the design connection islocated. Thus each design_joint_system
identifies an assembly_design that it is part of and coordinate system (location plus orientation)
whereit isplaced. Thejoint_system mechanical provides an identifier, whether assembled on
site and in shop. More important, it provides alist of layout_points that will be used in locating
the fastener_mechanisms and their definition.

Fastener mechanisms are defined in Figure Three below.
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a
Struc%’rrg‘éafcrtame (ANDOR) g_structural frame_
= product_with_material
(ONEOF)
material_definition
L o) Q o) B j:
fastener_ weld_ chemical_ )
[ part mechanism \mechanism \mechanism y material >
.0 ! FEEETLEEEN
fastener - 7f:isite7n?r7LE1;.i] — l == sequence_ O text
(ONEOLF) % d fastener_ |- fastener_grade o label
complex
EBIENGT - nominal_diameter
simple = O positive_length_ )

T nominal_length

a measure_with_unit |

K (ONEGF) Py o) o) o)

N T

(" fastener_ )| | fastener_ | fastener_ | ( fastener_ fastener_
i ol i u simple_washer impl simple_nail

\snmple_bolt/ \S|mple_nut N ple_ s pe_stud/ ple_ y

<]

N

Figure Three: Fastener_mechanisms and fastenersused in
joint_system mechanical.

A fastener mechanism identifies the set of parts that go together to define it, such as bolts,
washers and nuts, or washers and sheet metal screws. Thus fastener_mechanism identifies a
list of the fasteners that comprise a mechanism. Notice that al the listed fasteners comprise a
single mechanism; they are not an assemblies. Fastener mechanisms may be simple or complex.
A fastener_mechanism_complex is defined through explicit geometry and seems to exist for
special cases. All normal fastener mechanisms are considered simple, and include nuts and bolts,
threaded studs, pins, nails and other driven connections, self-taping and other types of srews.
Double-ended u-bolts are also supported. These can be defined at various levels of detail, up to
very high levels of detail.

Fastener_mechanisms are assumed to be predefined, then referenced as needed for different
joint_systems. A fastener_mechanism inherits alife_cycle attribute (e.g., “as planned, “as

designed”, “as built”) from structural_frame_ product and has the following definition:

ENTI TY fast ener_nmechani sm
(structural frane_product:
(structural _frane_item
item nunber : | NTEGER;
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item nane : Label;
itemdescription : OPTIONAL Text;

)
life_cycle_stage : OPTIONAL | abel;
)
sequence : OPTI ONAL text;
fasteners : LIST [1:?] OF fastener;

END_ENTI TY;

It inherits identifiers from structural_frame_product and an optional life cycle stage from
structural_frame_product. The sequence of assembling the list of fasteners can optionally be
defined in the sequence attribute.

A fastener may be defined without any detail, with diameter and length attributes, as shown in
Figure Three. Alternatively, fastener_simple_bolt or fastener_simple_nut may be specified
and somewhat more detail may be added. For bolts, details of the head can also be specified, if
needed, through subclassing. The Express-G example of nuts and bolts are shown in Figure Four,
below, with details for hexagonal and square headed bolts. It should be emphasized that the lowst
level of detail for bolts should be specified only when needed for the job.
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fastener . |[----------- length_of shank |

simple_bolt force_measure_
- bolt_preload 4 with_unit

|

l‘iiiiiiiiiiiiiiidiiaiiit' fffff -0 area_measure_
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o) fo) Q
fastener_ fastener_ (" fastener_
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[ \ bolt_head_height - positive_length_ N

o _ O : .
o _dlstance_across_ﬂats 0 measure_with_unit
P bolt head_ height e

' |___ distance_across_verices [ positive_length_
o distance_across flats measure_with_unit

Figure Four: Detailsthat can be specified for bolts.
Examples of flattened Express code for the three levels of bolt are shown below.

ENTI TY fastener_sinple
(fastener:
(structural frane_product:
(structural _frane_item
i tem nunber : | NTEGER,
itemnane : Label;
itemdescription : OPTIONAL Text;
)
life_cycle_stage : OPTIONAL | abel;

);
fastener_grade : OPTI ONAL | abel;

)
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nom nal _dianeter : positive |ength measure with unit;
nom nal _|ength : OPTIONAL positive_length _nmeasure with_unit;
END_ENTI TY;

Fasteners_simple requires only a diameter attribute, but optionally provides for alength, life
cycle stage and grade labels. Using the structural_frame_product_with_material, afull
material spec may also be provided.

A second level of detail may be provided using fastener_simple_bolt. It adds four additional
attributes, for length_of _shank, bolt_preload, and two bearing pressure areas. We also list
fast ener _sinpl e_nut and fastener_si npl e_washer. The flattened Express codeis:

ENTI TY fastener_sinple_bolt
(fastener_sinmple:
(fastener:
(structural frane_product:
(structural _frane_item
i tem nunber : | NTEGER;
itemnane : Label;
itemdescription : OPTIONAL Text;
)
life_cycle_stage : OPTIONAL | abel;
)
fastener_grade : OPTI ONAL | abel;
)
nom nal _dianeter : positive |ength measure with unit;
nom nal _|ength : OPTIONAL positive_length _nmeasure with_unit;

)
| engt h_of shank : OPTI ONAL positive_|length measure with_ unit;
bolt_preload : OPTIONAL force_measure_with_unit;
full _section_area : OPTIONAL area_neasure with unit;
reduced_section_area : OPTIONAL area_neasure with_unit;
END_ENTI TY;

ENTI TY fastener_sinpl e_nut
SUBTYPE OF (fastener_sinple);
(fastener_sinple:
(fastener:
(structural frane_product:
(structural _frane_item
i tem nunber : | NTEGER,
item nane : Label;
itemdescription : OPTIONAL Text;
)
life cycle stage : OPTIONAL | abel;
)

fastener_grade : OPTI ONAL | abel;

)
nom nal _di ameter : positive_|length _measure with_unit;
nom nal _|ength : OPTIONAL positive_length _nmeasure with_unit;
)

VHERE
WRF28 : NOT(' STRUCTURAL_FRAME_SCHEMA. FASTENER_SI MPLE_CURVED | N
TYPECOF( SELF) ) ;

END_ENTI TY;
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ENTI TY fastener_si npl e_washer
(fastener_sinmle:
(fastener:
(structural frane_product:
(structural _frane_item
item nunber : | NTECGER;
itemnane : Label;
itemdescription : OPTIONAL Text;
)
life_cycle_stage : OPTIONAL | abel;
)
fastener_grade : OPTI ONAL | abel;
)
nom nal _di aneter : positive_length_neasure_with_unit;
nom nal _l ength : OPTIONAL positive_l ength_nmeasure_with_unit;

)

washer shape : OPTI ONAL Text;
i nsi de_di aneter : OPTIONAL Positive Length Measure Wth Unit;
external _dimension : OPTIONAL Positive Length Measure Wth_Unit;
VHERE
WRF10 : NOT( (EXI STS (I NSI DE_DI AVETER) AND EXI STS ( EXTERNAL
DI MENSI ON) ) AND (I NSI DE_DI AVETER. VALUE_COVPONENT >
EXTERNAL_DI MENSI ON. VALUE_COVPONENT) );
WRF11 : NOT( (EXISTS (I NSIDE_DI AMETER)) AND (| NSI DE_DI AMETER. VALUE_
COVPONENT < ( SELF\ Fast ener _Si npl e. NOM NAL_DI AVETER. VALUE_ \
COVPONENT) ) );
END_ENTI TY;

At thislevel of detal, the Part21 file entries |ook like:

#3024= FASTENER_MECHANI SM 3083, 1/ 2" BOLT FASTENER , $, $, (#3012, #3017,
#3021));

#3012= FASTENER SI MPLE BOLT(3084,"' A325 BOLT 1/2"x1 3/4"',%,$,$, #3014,
#3015,%, %, %, %) ;

#3014= POSI Tl VE_LENGTH_MEASURE_W TH_UNI T( PCSI Tl VE_LENGTH_MEASURE

(0.5), #4);

#3015= POS| TI VE_LENGTH_MEASURE_W TH_UNI T( POSI Tl VE_LENGTH_MEASURE( 1. 75),
#4) ;

#3017= FASTENER_SI MPLE_NUT($, ' HEAVY HEX NUT 1/2"',$, $, $, #3019, 3);
#3019= POCSI Tl VE_LENGTH_MEASURE W TH_UNI T( PCSI Tl VE_LENGTH_MEASURE( 0. 5) ,
#4);

#3021= FASTENER S| MPLE_WASHER( $, ' PLAIN WASHER 1/2"',$, %, $, #3023,%,%$, %, $
)

#3023=

PCSI TI VE_LENGTH_MEASURE_W TH_UNI T( PCSI Tl VE_LENGTH_MEASURE( 0. 5) , #4

)

The most detailed spec for a bolt can be made using one of the bolt subclasses, such as the
hexagonal headed bolt spec below. The hexagonal _head bolt adds three additional attributes

ENTI TY fastener_sinpl e_bolt_ hexagonal head
(fastener_sinple_bolt:
(fastener_sinmle:
(fastener:
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(structural frane_product:
life cycle stage : OPTIONAL | abel;
);

fastener_grade : OPTI ONAL | abel;

)

nom nal _dianeter : positive |ength measure with unit;
nom nal _| ength : OPTIONAL positive_length_measure_wth_unit;

)
| engt h_of shank : OPTIONAL positive_|length _measure with_unit;
bolt _preload : OPTIONAL force_nmeasure with unit;
full _section_area : OPTIONAL area_neasure with unit;
reduced_section_area : OPTIONAL area_measure with _unit;

bolt _head_height : positive_|length _measure with_unit;
di stance_across_vertices : OPTIONAL positive_length nmeasure with_unit;
di stance_across _flats : OPTIONAL positive_length _nmeasure with _unit;
VHERE

WRF3 : EXI STS (di stance_across_vertices) OR EXI STS

(di stance_across_flats);

WRF4 : NOT( (distance_across_flats.val ue_conponent >

di stance_across_vertices. val ue_conponent) AND

(EXI STS (distance_across_vertices) AND EXI STS

(di stance_across_flats)) );

END_ENTI TY;

The WRF3 WHERE clause requires that either the distance_across_flats or
distance_across_vertices exists. The WRF4 WHERE clause requires that if both exist, the
distance across flats must be greater than distance_across_vertices (measured in the same
units).

Top Level Connection Definition —assembly_manufacturing

Thetop level of assembly _manufacturing is different from assembly_design, while its lower
level structures are the same. The top- level structure is shown in Figure Five, below.

In a manufacturing model, the top level definitions consist of the same set of identifiers and life
cycle stage attributes. Its lower level properties, however, vary from design, with a number of
optional attributes: assembly_sequence_number, complexity level, surface_treatment,
assembly_use, assembly_sequence, and place_of_assembly. These all provide production
and shop and site assembly information. Flattened, the corresponding EXPRESS code for
assembly_manufacturing might look like:

ENTI TY assenbl y_nanuf act uri ng
SUPERTYPE OF (assenbly manufacturing child)
(assenbl y:
(structural frane_product:
(structural _frane_item
item nunber : | NTECGER;
item nane : |abel;
item description : OPTIONAL text;

);
life_cycle_stage : OPTIONAL | abel;
);
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assenbl y_sequence_nunber : OPTI ONAL | NTECGER;
conplexity : OPTIONAL conplexity |evel;
)

surface_treatnment : OPTI ONAL text;

assenbl y_sequence : OPTI ONAL text;

assenbly use : OPTI ONAL text;

pl ace_of _assenbly : OPTI ONAL shop_or_site;

END_ENTI TY;

A Part 021 file of assembly_manufacturing might be:

#11= ASSEMBLY_ MANUFACTURI NG( 10, ' B2',' CONNECTION , $,$, . MEDIUM , $, $, $,
. SHOP_PROCESS. ) ;

structural_frame

_item assigned_to_item item_reference
[ , _assigned
: | item_number INTEGER -
N T s assigned | reference
| litem_name  "jgpel :
[ e : item_reference )
item_description =77ttty
————————— text
& e oycle Stags TN ;-0 label
structural_frame | (ANDOR) O structural_frame_
_product product_with_material
mass_measure ). actual_mass ' material_definition
(ONEOF) _with_unit jE_nérﬁlﬁa_l ‘mass | ~
d material )
" £ pemeemeseeemaeeneas low
fastener K part >| [coatlng )l - -complexity_ ~Gcomplexity_level ; _Oﬂweﬁlum
[ L ELLLL e ig
Q
assembly_
Iy (ANDOR)_(ABS) assembly | <o ence narmber “{INTEGER
: (ONEOF)
assembly_with |-Sh@Pe §~ shape__
_shape | representation
(@) surface_treatment
parent_assembly assembly [ — - PEEEEEEPEEPD '
| Ol  manufacturing | assembly_use -0 fext i
afss?mbly_ 1 P (ANDOR) I(ONEOF)' |assembly _se_qge_nge_: shop. process
manufacturing_child ™~ . _
= p_)la_cg of_assembly, 'shop_or . Slte site_process
................ undefined

Figure Five: The top-level structure describing a manufacturing rnodel.

These definitions provide broad definitions of the product, which are referenced in the more
detailed definitions. The more detailed definitions are provided by located_joint_system,
whose definition in EXPRESS-G is shown in Figure Six. It inherits high-level descriptors, a
coordinate system location, a parent assembly and areference to a detailed joint_system. Its
flattened EXPRESS code is shown below. Located_assembly is also shown, asit isarequired
attribute, showing what assembly_ manufacturing the located_joint_system is part of.

ENTI TY | ocated_j oi nt _system
(located_item
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(structural _frane_item
i tem nunber | NTEGER,
itemnane : |abel;
itemdescription : OPTIONAL text;
)
| ocation : coord_system
)

descriptive_joint_system: joint_system
parent _assenbly : |ocated_assenbly;

UNI QUE
URL8 : SELF\located item /| ocation, descriptive_ joint_system
par ent _assenbl y;
VHERE
WRL28 : SELF\located_item | ocation.coord_system use =
"Joint System Coordi nate Systeni;
VWRL29 : ' STRUCTURAL_FRAME_SCHEMA. COORD_SYSTEM CHI LD I N
TYPEOF (SELF\| ocated_item | ocation);
WRL30 : ' STRUCTURAL_FRAME_SCHEMA. ASSEMBLY_MANUFACTURI NG
TYPEOF (parent _assenbly. descriptive_assenbly);
WRL31 : SELF\|located item | ocation.parent_coord _system
:=: parent_assenbl y\l ocat ed_assenbl y\l ocated_item | ocati on;
END_ENTI TY;

Georgia Tech
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Figure Sx: Detail description of alocated joint_system.
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itemnane : |abel;
item description : OPTIONAL text;
)
| ocation : coord_system
)
location_on grid : OPTIONAL SET [1:7?] OF grid offset;
descriptive_assenbly : assenbly;
parent_structure : structure_select;
UNI QUE
URL2 : SELF\located item|location, descriptive assenbly,
parent _structure;
VHERE
WRL22 : SELF\located_item |l ocation.coord_systemuse = 'Assenbly
Coordi nate System ;
WRL46 : parent _structure :<> (SELF);
END_ENTI TY;

The corresponding Part 21 file format instance datafor alocated_joint_system would be as
follows:

#3044= LOCATED JO NT_SYSTEM 3911,' 1/ 2" bolt fastener',$, #3045, $, #306,
#761) ;

#3045= (COORD_SYSTEM ' | ocati on of 3911','Joint System Coordi nate
System , $, 3) COORD_SYSTEM CARTESI AN_3D( #3046) ) ;

#3046= AXI S2_PLACEMENT_3D( $, #3047, #3048, #3049) ;

#3047= CARTESI AN_PO NT($, (13.39591,5.5,-0.25));

#3048= DI RECTI O\(* positive-z',(0.,0.,1.));

#3049= DI RECTI ON(‘ negative y',(0.,-1.,0.));

#761= LOCATED ASSEMBLY(159,' B3', $, #3045, $, #11, #10);
#10= STRUCTURE(10,' Sanple Detailed Structure',$);

It provides high level descriptors, reference to a coordinate _system for the joint, areference to
ajoint_system, and the located_assembly thejoint is part of. The joint_system can be the
same as, and has the same internal structure as joint_system used in an assembly_design. Thus
there isa commonality of structure that can be used to carry the same joint structure, or to refine
and replace, as needed. The located_assembly includes the standard identifiers and a coordinate
system for the assembly, an optional grid location, a reference the assembly_manufacturing it
is part of and its parent structure.

Conceptual Overview:

Given thisreview, one can see that there are strong similarities between located_joint_systems
in a manufacturing model and design_joint_systems in adesign model. Their differences and
commonalities are shown in Figure Seven. In the design model, the design_joint_ system isthe
shared detailed description of ajoint and its possibly multiple instances, each with their own
location and the members it connects. Each design_joint_system then refers to a functional
description that identifiesits function, design criteria cycle status, and a more detail definition of
fasteners, defined in the joint_system.

In amanufacturing model, the located_joint_system refersto the located_assembly it is part
of. While an design_joint_system istypically separate from an assembly, alocated_joint_
system is always assumed to be part of an located_assembly. Also, alocated_joint_system is
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aways areference to only asingle joint, with one location (in contrast to adesign_joint_system
that can have many). The production information used in the located_assembly is defined by
reference to assembly  manufacturing. Like design_ joint_systems, alocated_joint_
system references ajoint_system, for its fasteners and/or welds and also higher level
information.

Production information
assenbl y_nmanuf acturing

Functional description
assenbl y_design_structural connection \

assembly information

| ocat ed_assenbl y

Physical description
desi gn_j oi nt _system \

g

Physical description

fastener description
fast ener _nechani sm fastener

component

bolt washer nut

Describes joint | ocat'ed_j oi nt_system
system
joit description Describes fastener
Joint_system mechanism
Describes each

Figure Seven: Conceptual structure of joints and their functional and fasteners
mechanisms.
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