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1. INTRODUCTION 

ESApro PIPING 3D is an all inclusive tool for 3D plant modelling. 
Modelling is made with standard AutoCAD solids offering high speed 
performances, for complex shapes also, and accuracy in the graphic 
representation of models and views. This program has been designed 
in order to facilitate operations and simplify the 3D modelling 
procedures. 

o While designing you can see the plant as it will be, from 
whichever point of view. No interpretation of views and sections 
is necessary. Interference check between plant components 
can be performed. 

o All representations derive from the unique 3D model. In the 
printing environment views and sections can be freely set up, 
and will be updated at every model modification. Aided 
procedures help the user in annotating and dimensioning views. 

o The plant consistency is ensured by the Piping Spec 
supervision. 3D entities univocally contain all the technical and 
geometrical information required to identify the related objects. 

o Total or partial customized bills of materials can quickly be 
generated. 

o Lines can be exported to ESApro-Isometrics where sketches 
are automatically generated. Bill of materials and other 
significant information are immediately extracted. 

o Realistic shaded views and walkthrough movies can be created 
for exhibition or checking purpose.  
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2. BASE CONCEPTS 

This chapter deals with the preliminary information needed for the 
correct use of the program. In spite of the previously described benefits 
and the aid given by ESApro Piping 3D, 3D modelling involves a certain 
degree of difficulties. For the benefit of not so skilled people, in this 
chapter we will discuss about difficulties and methods offered by 
AutoCAD and ESApro Piping 3D so to overcome them. This chapter is 
not a solid modelling treatise, therefore we suggest people interested in 
deepening this subject to examine the AutoCAD manuals.  

2.1. TRIDIMENSIONAL ENVIRONMENT MANAGEMENT 

When using a CAD system for 3D modelling two limitations have to be 
kept in mind: 

1. The representation is performed by a 2D device (the monitor 
screen) where the model spatial depth is simulated through bi-
dimensional entities that are organized in axonometric views (the 
perspective ones, though available, are not suitable for the model 
construction but for the final representation only). Furthermore 
every object is normally represented by a wire-frame, i.e. the 
surface is visualized by its edges and some other reference lines 
constituting a sort of a cage through which even the objects 
behind can be seen. This causes perception difficulties as: 

o There is plenty of lines 

o You cannot decide whether an object is behind another one or 
vice versa. 

o You cannot establish whether you see the front of an object or 
its back. 
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As an example you can look at the wire-frame of the pump in 
the center. At the same time it could represent the right one, 
seen from the bottom, or the left one seen from the top. 
Another example of ambiguity is 
represented by 45° 
sloping pipes which in 
the standard 
axonometric view are 
mistaken with vertical 
ones. 

But you can notice how the removal of the hidden lines makes 
the view immediately clear. Of course the knowledge of the 
model topology and the practise of looking at it from preset 
points of view aids the operator in correctly interpreting it even 
in case of such ambiguities. What we would like to underline 
is that you donôt always have to trust what you see and in case 
of doubt the AutoCAD and ESApro tools are needed in order 
to clarify whichever situation.  

2. Also the input of points in the 3D environment is performed by a 
2D device (mouse) which therefore is not suitable for entering the 
third coordinate. The numerical input of the three coordinates X, 
Y, Z through the keyboard, even if possible and sometimes 
necessary, is neither handy nor quick and therefore the specific 
tools provided by AutoCAD and ESApro Piping 3D are required. 
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2.2. VISUALIZATION MANAGEMENT 

When working out a complex model it is very useful to look at it from a 
direction suitable for the specific operation in progress. Over the years 
AutoCAD has provided several commands for setting the viewpoint in a 
3D model. But we will focus now on just two of them: View and 3Dorbit. 

View, beside other functions that we are not interested to in this context, 
gives the chance of quickly picking up the standard views from the 
proper toolbar. 

 

We point out that standard orthographic views (top, prospect and side) 
are not suitable for 3D modelling. They are partial views and do not 
allow the full visual control during operations. Consider for example how  
to establish the position of a valve on a vertical pipe looking at a top 
view. Therefore isometric views are the most suitable. 

It is often necessary to set whichever viewpoint in space different from 
the four isometric ones. To this 
purpose the 3Dorbit command 
is used. It shows a circle with 
four symbols at its quadrants 
and representing a sphere 
containing the model in its 
center. When dragging the 
sphere by the symbols it rotates 
(and so does the model within) 
exactly around the horizontal or 
vertical axis. Instead when 
dragging by points between two 
symbols the rotation occurs 
around sloping axes. At last 
when dragging by points outside 
the rotation occurs around an 
axis perpendicular to the screen. 
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The model can also be observed from more viewpoints contemporarily. 
In fact the AutoCAD command Vports gives the possibility of splitting 
the screen in two or more windows where the viewpoints can be set 
independently from each other.  

 

Other fundamental visualization commands are the well known Zoom 
and Pan, here mentioned in order to underline that they can be used in 
dynamic and transparent way through the mouse center wheel (Zoom) 
and the wheel button (Pan). Therefore the drawing can be moved and 
enlarged in real time and these functions can be launched when 
executing whichever command without the interruption of the command 
itself. We also remind that a double click on the wheel causes the 
drawing Zoom Extension. Furthermore ESApro Piping 3D provides the 
Zoom function within the modelling commands by simply pushing the Z 
key (Zoom) and the P key (Zoom Previous). 
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In the wire-frame visualization of an object two types of lines exist: real 
edges and isolines. Real edges are always displayed but usually 
together with a certain number of auxiliary lines, called isolines. They 
are necessary when edges are insufficient for a clear model 
representation as they are partially or totally missing like in cylinders, 
spheres, tori and in general objects with bent surfaces. Their 
visualization can be removed and the silhouette can appear, getting a 
finer and not so full of lines representation but with the consequence of 
an even strong drop in the system performances especially for middle 
or large size models. In the figure a cylinder can be seen where, beside 
the edges of the bases, at left there are four isolines and no silhouette 
while at right no isoline and the silhouette. 

 

 

Both isolines and profiles (silhouette) are suitable for the object 
selection. On the contrary the usual AutoCAD Osnaps are not capable 
of getting reference points either from an isoline or a profile but only 
from the real edges. The reason is that a profile is just a fictitious line 
depending on the viewpoint. 

The above described visualization modes are controlled by the system 
variables Isolines e Dispsilh but we suggest setting them through the 
Working Options Dialogue Window (see further on in this chapter). 
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In complex models the wire-frame visualization may involve 
considerable troubles in interpreting the geometry. In these cases 
different representation systems are necessary. The Shademode 
command allows operating with the model permanently shaded also 
when using Zoom, Pan and 3Dorbit. The figure highlights the difference 
between the two representation modes. 

 

The information given below is valid for AutoCAD 2006. For AutoCAD 

2007 and 2008 refer to the related user manuals.. SHADE displays 
seven shading options but we suggest using the following ones only: 

o 2D Wire-frame (not 3D), when this type of representation is 
required. 

o Realistic for shaded views 

 

The other view modes offer lower quality and no performance 
enhancement. 
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2.3. WORK PLANE MANAGEMENT 

Among the graphic entities, lines and points are 3D primitives, that is 
they accept and respect the third coordinate (Z) independently of the 
current coordinate system. All other entities, circles, arcs, texts, 
dimensions etc., ignore the Z coordinate and are drawn on the XY plane 
of the current UCS (User Coordinate System). Therefore it is evident 
that in order to position these entities in space the plane must be 
defined first. Through this plane AutoCAD overcomes the mouse 
limitation in entering the third coordinate and UCS is the command for 
its management. The plane is visualized by an icon showing the three 
axes X, Y, Z positioned on the physical origin of the axis system. The 
icon is shown in the low left corner when said physical origin of the axis 
system is out of screen. 

The absolute coordinate system is called World. Its XY plane coincides 
with that normally used by people operating in two dimensions; it can be 
recognized from a small square appearing on the UCS icon at the axis 
intersection. The endless variants of the coordinate system are obtained 
by translating and rotating the axis origin around X, Y and Z. On the XY 
plane thus obtained any entity can be drawn in the same way as in 2D 
but the objects will result oriented in the space. If a point is entered 
through the mouse it will necessarily lay on the current XY plane and its 
Z coordinate will have zero value. But if a point is captured through the 
mouse and an Osnap (End, Centeré) pointing at a pre-existing entity, 
we will get a 3D point. For example if that point is used as the center of 
a circle, this will be drawn parallel to the current XY plane but with the Z 
coordinates of the specified point. 

We point out that when modelling a plant, beside the traditional 
primitives, solids are used in large quantity; they are 3D entities created 
from plane sketches through processes of extrusion, revolution etc.. It 
results clear that, in order to model an object within the 3D space, it 
would be necessary to continuously reposition the work-plane in the 
suitable arrangement, draw the suitable sketches and then generate a 
solid. In this operation ESApro 3DP gives an important aid. 
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This program provides three types of assistance when modelling a plant 
within the 3D environment: 

o Utilities for managing the coordinate systems and routing pipelines 
in space 

o Automatic drawing of components having the dimensions 
provided by the Piping Class. 

o Automatic positioning of pipes, components, dimensions, notes 
etc. onto the lines. 

Therefore you can route a pipeline with the aid of a lot of tools. Then the 
program provides to automatically model the components on it; you will 
have only to choose the position options such as rotation, reversal or 
the distance form a reference point. 

Furthermore a standalone command for just positioning the coordinate 
system in the space is provided; it allows the translation of the system 
origin, the rotation around X, Y, Z axes or the hooking to a component 
and therefore effectively incorporating all the AutoCAD UCS 
commands. Once positioned the system on a given point with a given 
direction, you can use all the commands available from the standard 
two dimensional environment. 

2.4. PIPE-SNAP STRU-SNAP FUNCTIONS 

ESApro Piping 3D provides two functions for capturing the reference 
points of the piping components laying on a pipeline and of steelworks 
laying in a drawing. By the way we remind that piping components are 
built with AutoCAD standard solids and that profiles and isolines 
representing them are not suitable for specifying a point with the 
AutoCAD Osnaps (while real edges are). Therefore it would be 
impossible to get the center point of a pipe (cylinder) or a valve (a 
complex solid made combining basic solids) or the center of a square 
pipe. In fact the vertex of an elbow, intersection of two axes, or its 
center are not points inherent to the solid representing the elbow itself. 
Furthermore AutoCAD Osnaps are difficult to be read when the working 
area is full of lines, arcs and circles. On the contrary the Pipe-Snap 
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function extracts from the selected component, which is highlighted, the 
reference point nearest to the point used for selecting it. 

Each object defined in ESApro Piping 3D has at least three reference 
points, two ends and the center. In general for elbows and angle objects 
the ends are located on the 
branches of the axes defining them. 
For tees or three-ways valves a 
fourth point is defined which lays on 
the branch line. For crosses or four-
way valves a fifth point lays on the 
further branch. In figure the 
reference points of the most 
common objects are shown.  

Take note that socket-welding, 
threaded components and in 
general those requiring to be 
assembled with an overlap have 
their end points at the bottom of the 
socket, thread or overlap, that is where the pipe will be actually cut. In 
fact these points can be thought as the actual connection points with 
their adjacent component. 

The red snaps are visualized on the 
beam ends , even when cut slantways 
and on the section middle point Other 
snaps are positioned on other elements 
of the structure as plates and 
supports.  

A ñPSnapò and a ñSSnapò are 
positioned at the centre of the  

reference plane icon  also 

 

 

In order to try this function, press PS (Pipe-Snap) or SS (Stru-Snap); 
the cursor typical of the object selection will display. Any pipeline 
component is highlighted whenever you roll over it  and, if the selected 
point is distant less than a prefixed distance from a reference point, this 
last one will be signed by a yellow or red dot. Clicking the pointer button 
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the process ends and the point absolute coordinates are returned. This 
is just an exercise for getting used to this command but not useful in 
practice. In fact the Pipe-Snap and Stru-Snap function is nested into the 
modelling commands where the returned point is used for the specific 
current operation. Mainly two aspects differentiate Pipe-Snap and Stru-
Snap from AutoCAD Osnap: 

o The first is that the component which the point is taken from is 
highlighted. In particularly crowded areas this ensures that the 
selected object is the expected one. 

o The second is that the point is not highlighted if it is out of the 
provided range (five times the diameter). Since a component is 
automatically placed on the point found by Pipe-Snap, in case of a 
considerably long pipe this prevents from snapping without control 
toward the pipe end that could be out of screen.  

The practical use of this function will be widely described in the tutorial 
and in the chapter dedicated to the command reference. 

2.5. THE LAYOUT ENVIRONMENT 

The 2D layout, that is the arrangement on paper of the traditional views 
got from the 3D model, is made in the Layout environment. We remind 
the user of the basic concepts related to this environment; for further 
information see the AutoCAD manual.  

The layout (or Paper Space) is a 2D environment, separated from the 
better known Model Space, for the arrangement of table printing. It is 
accessible by clicking on the tabs shown in figure. 

 

 

A different triangle shaped coordinate system icon points out that in this 
environment only the normal 2D drawing can be performed. Every 
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object built in the usual Model environment will not be visible but there is 
the possibility of opening windows (VPORTS) where the model can be 
seen. Visualization parameters can be independently set on each View 
Port so to look at the model from different points of view and with 
different zoom factors. 

 

In the Paper Space mode (triangle shaped icon) viewports are 
considered as standard AutoCAD entities and their boundary, if visible, 
is the only part suitable for selecting it. The standard Move, Stretch, 
Scale commands allow the repositioning and handling of the viewport. 
To this purpose also the grips at the window boundary angles are very 
handy. On the contrary the model contained within the windows is 
inaccessible. It is possible to switch from Paper to Model by double 
clicking within the window or pressing the suitable button on the 
AutoCAD status bar. The selected window is highlighted and you can 
normally work on it as in traditional modelling space but we suggest not 
doing so. 

ESApro 3D Piping exploits this environment and offers several 
opportunities for its management. It positions the title block in the 
Layout, assists in defining the viewpoint and the scale of the windows 
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containing the model representation, generates the model views on 
Paper Space and at last helps to insert notes and dimensions. 
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2.6. EXTERNAL REFERENCES MANAGEMENT 

Large plant models can be subdivided in more files through the external 
references concept (XREF AutoCAD command). 

The model could be subdivided in Steels, Equipment and Pipelines. 
Otherwise specific plant areas could be separated. Then drawings 
produced by the various users can be imported under the form of 
XREFs into anyoneôs specific drawing so to be looked at but impossible 
to modify. Drawings imported as XREF always reflect the latest update 
and their size do not affect the current drawing size which still remains 
limited. 

This approach offers several benefits: 

o More people can work on different parts of the project at the same 
time. 

o Anyone can import models built by other people as XREF and view 
them. 

o An assembly drawing can be created made out of the XREFs only 
of all the various parts of the plant. 

o The overall 2D table is created in the assembly drawing so that, in 
case a part is modified, the assembly will reflect the modification. 

o External references do not contribute to bills of materials therefore 
anybody can carry out bills referring only to his own part, still holding 
that an all inclusive bill can be anyhow generated.  

Furthermore interference check as well as data inquiry can be 
performed on parts of the plant contained in XREFs. 
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2.7. PARAMETER TABLES 

As said in the introduction, the drawing of components is ruled by 
parameters. They are nothing else but a collection of geometric as well 
as descriptive data, necessary for the full component definition. 
Parameters, stored in the database described further on, are used in 
order to generate the component model, recognize it and generate bills 
of materials. 

Without the parameter table the 
program cannot model and identify 
an object. Vice versa it is enough to 
fill in a suitable data table in order to 
model a component with different 
dimensions. Let us consider for 
instance an elbow. Beside the bent 
radius and the outside diameter, 
which are necessary geometrical 
parameters, a series of descriptive 
information such as standard, material and description are required in 
order to identify the object and generate bills of materials. That 
information is normally found in the international standards (ASME, ISO, 
DIN, UNI) or in the manufacturer tables. ESApro 3D Piping is equipped 
with the above mentioned standards and allows the creation of new 
tables and the modifications of existing ones anyhow. 
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2.8. PIPING CLASS DEFINITION 

Parameter tables contained inside the database have first to be 
organized in Piping Classes and then the program will be entitled to use 
them. 
A Piping Class is a well defined collection of material tables, or parts of 
them, answering to a standard or a project criterion. 
It is clear that just a small subset of components available from the 
database will be contained within a specific Class and only those will be 
suitable for being inserted into a pipeline characterized by that Class. 
Stored Classes can be recalled and used at any time. More Classes 
can be used in a drawing as each line can get a specific Class 
independent one from each other. 

2.9. CHOOSING THE WORKING DIAMETER 

When creating a pipeline, graphically represented by the line axis, its 
Class as well as its Nominal Diameter must be defined. Through these 
values the program will be able to get data for modelling pipes and 
components. By the way in the Nominal Diameter pull down menu of 
the line creation mask only the pipe diameters provided for the Class 
are available. 

Afterwards, when inserting a component into the line, no Class and 
Nominal Diameter specification is required as they are picked up from 
the line itself. If, for a given diameter, a component is not provided into 
the Class, when trying to insert it an error message will be displayed. 
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2.10. COMMANDS ARRANGEMENT AND USE 

Commands are accessible in five different ways through the Menu, the 
keyboard shortcut, the  Tool Bars, Ribbon or Toolpallet. 

The installation program creates two different working environments, 
one called ñESApro 3DP V7ò and the other ñESApro 3DP V7 Classicò, in 
the first case the interface being Ribbon. 

 

 

 

In the second case the ESApro 3 DP interface is the Pull Down Menu 
and the Tool Bar. In all cases is coupled by AutoCAD which is not 
modified.  
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All program functions are available in the pull down menus. Details are 
discussed in chapter ñCommand Referenceò. Furthermore at the side of 
each command are inserted characters or numbers representing the 
keyboard shortcuts. A command can then call for suitable dialogue 
windows. 

The 3D Piping pull down menu also provides commands to access the 
Data Tables and the Classes management procedure (shortcut SP). 

It is available a dedicated toolpallet. 
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3. TUTORIAL 

This chapter introduces to the 
main program functions with an 
example that will be explained 
step by step. We suggest 
performing this exercise before 
reading chapter ñCommand 
Referenceò. Here we will discuss 
procedures and concepts and will 
give advice for the solution of 
various problems. This will be very 
useful in order to understand the 
rest of the manual. The file 
TUTORIAL.DWG, containing the 
complete model for this exercise, is found on the program installation 
directory. The plant is meaningless from an operational point of view 
being its only purpose the explanation of the program commands. For 
clearness purpose the model shown here is in wire-frame but you can 
operate in shaded mode as previously described, if you like . 

3.1. START-UP 

We assume that ESApro Piping 3D is correctly configured. Launch the 
program with the icon on the desktop and check the messages 
confirming the program has been loaded. 

3.2. PIPING CLASS GENERATION 

This paragraph explains how to generate a Piping Class. Skip to the 
next paragraph if you like and use a Class provided by the program. We 
remind that Piping Class contains a subset of the database 
components, those required by the present project. The Class 
mechanism will avoid the insertion of components not provided and will 
get the dimensional and descriptive data of the suitable ones. The 
command for the line creation provides a pull down list for the choice of 
the desired Class.  
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Type in SP in order to access the data 
and specification management 
environment. Choose Database and 
then Classes in the application menu 
or click on the related button. Then 
click on New Class Creation, type in 
PROVA in the Name field and confirm; 
other data can be left blank. Click on 
Add and select in the typology list 
ñPipesò, ñButt Weld Elbowsò, ñEqual Teesò, ñReducing Teesò, ñWelding 
Neck Flangesò, ñFlat Gasketsò, ñStandard Bolts and Nutsò, and ñGate 
Valves Flangedò. Typologies will be in colour red that means they are 
still lacking of details. Select ñPipesò and click ñModifyò or directly double 
click on the typology. An empty table displays. By clicking ñAddò, the list 
of tables of pipes available in the database will show up. Select ASME 
Standard, then the range of diameters from ND 15 to ND 200 and press 
OK. Class will be fed with the selected pipes. Press ñAddò again, select 
ASME Extra Strong, the range of diameters from ND 250 to ND 400 
and press OK. The result is that the pipe schedule changes from ND 
200 upwards. Repeat the operation in order to insert ñButt Weld 
Elbowsò, ñEqual Teesò, ñReducing Teesò, ñWelding Neck Flangesò, ñFlat 
Gasketsò, ñStandard Bolts and Nutsò, and ñGate Valves Flangedò. Note 
that the diameters for which the pipe has been defined are already 
selected. 

3.3. CHOOSING THE PIPING CLASS 

Launch the ñCreate Lineò command and make sure that Class Tutorial, 
containing those components needed for the exercise, is selected in the 
dialogue window. Note the presence of Class Prova created in the 
previous paragraph. Undo the command. 
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3.4. VESSEL POSITIONING 

Make sure the coordinate system is the absolute one, otherwise use the 
command ñSet UCSò (keyboard shortcut ñXò) and select W (World). 
Choose Vessels in the 3D Piping / Equipment menu. Set elliptic convex 
in the dialogue window and 400 for the outer diameter and 2000 for the 
total length. Accept the bent radiuses computed by the program. Press 
OK and specify 0,0,0 for the first point of the vessel axis. With Ortho ON 
select whichever point along the positive X axis; it is used just to specify 
the axis direction. The vessel is drawn and a mask appears for entering 
its characteristic data. Specify S1 for the tag and press OK. Repeat the 
operation for a second vessel having outer diameter 1000 and length 
2.000. Position the first point of the axis in the absolute coordinate 
1686,2995,734. Press S and Enter in order to set the coordinate system 
vertical and specify any point along the positive Y axis. Type in S2 for 
the tag of the new vessel. 

As you have seen, the S key causes the XY plane 
of the coordinate system to coincide with the left 
side of an ideal isometric cube whose edges are 
parallel to the World coordinate system axes. The 
same effect is obtained with the D key (right side) 
and the E key (top side). 

In order to position the second vessel try the 
following alternative method which uses the command for setting a new 
UCS position, keyboard shortcut ñXò. The command default is the 
setting of the new origin. Point the left end of the horizontal vessel S1. 
As the Snap ñEndò is preset, the coordinate system is hooked exactly at 
the end of the vessel axis. Press E and Enter in order to set the UCS 
horizontal and keeping the cursor along the positive Y axis, type in 
2995. The system is positioned on the new origin. Now move the cursor 
along the positive X axis and type in 1686. Press S or D in order to 
specify an upwards direction and keeping the cursor along the positive 
Y axis, type in 734. The coordinate system is now exactly at the low end 
of the vertical vessel S2. Alternatively this method can be used to 
position the system beforehand and then build the vessel specifying 
origin 0,0,0 as first point of its axis. 
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In order to put nozzles on the first vessel, first of all zoom in. In the  
3D Piping / Equipment menu select the Nozzle command or point the 
icon Nozzles of the 3DMiscellanea toolbar. Choose the flanged nozzle, 
then set the Class to Tutorial and ND to 80 in the dialogue window. 
Press F and Enter in order to set the option to Reference and specify 
the left end of the vessel S1 through the Snap End. If the system is not 
already horizontal, press E in order to set it so, and with the cursor 
along the positive X axis, type in 300. The nozzle line starts from this 
point. Press D in order to set the 
Y axis of the coordinate system 
vertical and keeping the cursor 
along the positive Y axis, type in 
300. Press Enter to end. The 
program positions the flange 
and asks for the specification of 
the equipment component the 
nozzle belongs to; point at 
vessel S1. The command ends 
with the cutting of the pipe. 
Repeat the operation setting in 
advance the main ND to 50, the reference distance from the same end 
of the vessel to 1000 and, once set the coordinate system horizontal by 
the key E, specify 300 in the direction shown in figure. Press Enter to 
terminate the command (after having specified the vessel for the pipe 
cutting). 
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In order to build the nozzles on the vessel S2 
set ND to 80. With reference to the low end of 
the vessel axis (command option F) and with 
the coordinate system on the left side of the 
isometric cube specify 1000 upwards. From 
this reference point with the cursor along the 
positive X axis, type in 600 and terminate the 
command as usual. In order to position the last 
nozzle below the vessel S2 you can use first 
the command ñSet UCSò (keyboard shortcut 
X). For the origin specify the low axis end 
through the Snap ñEndò. Press S in order to 
position the coordinate system onto the left 
side of the isometric cube. With the cursor along the positive Y axis, 
type in 500. From the new origin, with the cursor along the positive X 
axis, type in 300. terminate the command and call that for the 
generation of welding neck flanged nozzles. When asked for the first 
point type in 0,0,0 (or simply 0 keeping the cursor in whichever 
direction). At last while keeping the cursor downwards, type in 630 
(130 mm over the previous 500 value) and terminate the command with 
Enter; at last specify the vessel S2 for the pipe cutting. We point out that 
nozzles can be put on any standard AutoCAD solid, and therefore on 
equipment component modelled by the user also. These last can also 
be tagged through the Define Equipment component command (see 
paragraph 5.2, User Equipment component). 
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3.5. PUMPS INSERTION 

Make sure the coordinate system is World and launch  
3D Piping / Equipment / Pumps. A dialogue window appears where the 
characteristic dimensions of a centrifugal horizontal pump can be 
entered and stored. Fields are filled in with default values. Do not 
change them and confirm. Specify 482,1387,-200 for the first point of 
the pump base. With this Z value the pump inlet elevation will be zero. 
Specify a point towards the positive X for the second point of the base 
axis. The pump will be drawn. Terminate the command by specifying P1 
as tag. Repeat the operation with the same inlet positioning options for 
the second pump and specify 3182,1237,-200 for the first point and P2 
for the tag. The drawing will be as in figure. 
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3.6. PIPELINE LAY-OUT 

Let us see now how to connect the 
equipment. Before drawing the line it is 
useful to position a special symbol on the 
finishing nozzle near point 4. It represents 
three orthogonal planes and can be 
inserted either with the command for the 
system positioning or from the inside of the 
command ñLineò. Also an icon for this 
command is available in the toolbars. Type 
in X and Enter and then point to point 4, 
the end of the finishing nozzle. The point is 
picked up precisely by the Osnap End. 
Press E and Enter so to position the 
system horizontally and then type in the 
option ñIconò. 

 The symbol in figure will appear on point 4. It is made of 
three orthogonal planes, the green one parallel to the XY 
plane of the current coordinate system, the red one 
parallel to the YZ plane and the magenta one 
perpendicular to the others. In order to release the icon 
on the point 4 press Enter. Many of these objects can be put in the plant 
in order to mark the line routing points. Now pick up the ñLineò 
command from  
3D Components / Line (keyboard shortcut LL) or from the toolbar. Type 
in at least the line number, for instance 001, which will be used to 
identify the line itself and its components.  

Let us observe how for Piping Class and ND the program offers default 
values which are those used in the previous session. Make sure that 
ND is set to 80. The other descriptive data can be omitted. They can be 
inserted later and will be distributed on all the line components. 
Referring to the figure insert the point 1 of the line at the end of the 
nozzle axis and press E in order to set the coordinate system horizontal. 
Let us note that point 2 has the same Y coordinate as point 4 and the 
same X and Y as point 1. In order to capture these coordinates, 
necessary for the settlement of point 2, you should be using filters with 
the standard AutoCAD tools but the procedure is long and complicated. 
Let us instead use the icon laying on point 4. Chose the Plane option 
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and specify the icon plane perpendicular to segment 1-2, the magenta 
one. 

The program displays in yellow a preview of the line going from the 
nozzle to the intersection with the magenta plane. If you agree press the 
ñEnterò key or specify with the pointer the direction from point 1 to point 
2 and click left. In the latter case you can even specify a direction 
different from the perpendicular to the magenta plane. Once done that 
the line segment is created. Point 2 is the intersection between the 
specified direction and the magenta plane. With the same method you 
can get point 3 as the intersection with the red plane. At last type in S or 
D in order to specify a vertical direction and then with the Plane option, 
specify the green plane and the direction from 3 to 4. Terminate the 
command with Enter. Thus the problem of routing the line has been 
easily solved. Now pipes can be automatically arranged on the line with 
the Auto command available on the menu 3D Components / Pipes or on 
the toolbar. In order to perform this command point the line close to 
point 4 or 1. Keep in mind that this command dresses the line starting 
from the node nearest to the specified point and continues in the 
opposite direction as far as the other terminal node. Therefore, if you 
point at the first line segment, specifying a 
point nearest to point 2 instead of point 1, 
only the first segment of the line itself will be 
dressed. We remind that, in case of error, 
the whole command sequence can be 
deleted with the standard Undo of AutoCAD. 

The line dressing can be performed 
contemporarily with the axis drawing up. 
Pick up the command 3D Components / 
Pipes / Follow Line from the menu or click 
on the toolbar button. Enter 002 for the line 
number and make sure the ND is set to 80. 
Point at the nozzle end 5 with Snap ñEndò. 
Press D in order to position the coordinate 
system on the right side of the isometric 
cube and while keeping the cursor downwards type in 300. Now, while 
moving the cursor towards point 7, enter 600: you will see that the first 
line segment is dressed. Now we will use the AutoCAD filters only to 
show you the difference from the method of auxiliary planes previously 
explained. Without changing the coordinate system you can see that 
point 8 has the same Z coordinate as the destination pipe, where point 
9 lays on. Then type in .Z (full stop followed by Z) and, after setting the 
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Snap at ñNearò, specify, any point on the axis of the pipe where point 9 
lays. AutoCAD asks the still lacking coordinates X and Y. Point at 7 with 
the Snap ñEndò; now all coordinates of point 8 have been defined. With 
the Snap ñPerpendicularò terminate the line by pointing at the axis of the 
destination pipe. At point 9 the program offers the alternative between a 
fabricated branch and an equal Tee as provided in Class Tutorial. At 
last accomplish line 003, ND 50 from node 10 to node 12 using the 
expounded technique. 

With the Snap ñEndò start the line 004 ND 50 
at point 14. Type in ñEò in order to set the 
coordinate system horizontal, then enter 600 
while moving the cursor toward point 15 and 
2000 while moving the cursor towards point 
16. In this case the auxiliary planes icon will 
be directly inserted by the current command. 
Type in ñIò without moving the coordinate 
system. The command is temporarily 
interrupted and the process for planes 
positioning begins. With Snap ñEndò insert 
the icon at point 18 and press Enter. The 

previously interrupted command restarts and now the auxiliary planes 
can be used. Press ñPò, touch the red plane of the icon positioned in 18 
and then specify the direction from 16 to 17. Point 17 is generated at 
the intersection of segment 16-17 with the red plane. In the same way 
type in ñPò, specify the magenta plane and the direction from 17 to 18, 
terminate with Enter. In order to build the line 005 ND50 launch the Line 
command (LL) and, before inputting the point, type in ñFò which stands 
for Reference. Specify point 15 with the Snap ñEndò and, keeping the 
cursor towards point 19, enter 600. The new line starts from point 19. 
Moving the cursor towards point 20 enter 1500 and terminate the 
command. Dress the line which will be used further on for an exercise 
about the copying of pipes. 

As an exercise build line 006 ND50 from point 21 to point 24, keeping in 
mind that point 21 is 250 mm far from node 10 of line 003. 

Start line 007 ND50, press ñEò in order to set the coordinate system 
horizontal and enter 400 towards point 26. Press ñSò to set the 
coordinate system on the left face of the isometric cube and deselect 
the Ortho mode. Approximately point at node 27. The program draws 
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the X and Y components and asks for the value of that displayed in 
magenta. Enter 500 and go on. 

As the difference in height between the pump inlet and point 28 is 
known, type in 304. The first trial segment which was drawn before is 
readjusted on the basis of the entered length. Let us observe that never 
it is required to enter negative distances, independently of the XY axes 
direction. Terminate the line with the Snap ñPerpendicularò to the axis 
where the point 28 lays. Erase the auxiliary plane icons either with the 
usual AutoCAD command or through the option ñEraseò of the 
command for the UCS positioning. 
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3.7. COMPONENT PLACEMENT 

Mainly there are two categories of components, those having a fixed 
position pre-established by the pipeline geometry and those linear. 
Elbows, angle components, Tees and branches in general belong to the 
first category. For their positioning only the approximate pointing of a 
vertex is required, for elbows that of the two axis, for Tees the end of 
the branch line. Furthermore butt welding elbows and bent pipes are 
automatically inserted by the commands for the line creation. Straight 
valves and all those components that require to be precisely positioned 
along a piece of pipe belong to the second category. The insertion 
method is different from each other and widely uses the Pipe-Snap 
function. 

As a first example a welding neck flange will be attached to the end of 
line 005. Make sure that in the Working Options control windows 
(shortcut ñOò) the Automatic Gasket Insertion is set to <None>. The 
values of nominal diameter and Piping Class are unessential as they will 
be taken from the pre-existing line. Launch the command for the flange 
insertion with the 3D Components / Flanges menu or the toolbar and 
specify any point on the line 005 axis. The flange is generated with the 
dimensions characteristic of the Class and ND taken from the line and 
freely slides on it. When moving the pointer you will see the small 
square cursor typical of the object selection of AutoCAD. When moving 
the cursor on any part of the pipeline, the Pipe-Snap function highlights 
it and searches for one of its reference 
points (the ends or the middle point). 
Pipe-Snap draws a yellow dot on the 
point and there positions the flange. 
Then, in order to allow the flange to 
freely slide on the pipe, the cursor 
must be kept out of the line. A green 
cross shaped cursor can be seen on 
the flange; it always stands on the 
flange coupling side and symbolizes 
the insertion point. Furthermore the 
direction of the arrow indicates the one 
direction suitable for the coupling. 
When holding on the cursor and 
pressing ñFò (Fit) without pressing Enter you will see how it changes 
position and colour passing to the middle point, to the other end and at 
last coming back to the coupling side. Looking at the flange movement 
during this operation you can acknowledge its orientation on the line 
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and, if needed, reverse it through the key ñIò (Invert). Key Z (Zoom) 
performs a zoom centered on the cursor position while P key (Previous) 
goes back to the previous view. Alternatively use the mouse wheel. Let 
us go back to the exercise. Make sure that the green cursor is displayed 
on the flange, bring the cursor closer to the pipe end, in the direction 
opposite to the branch, and specify the axis or the pipe. Pipe-Snap finds 
the end (in this case the end of the axis coincides with that of the pipe) 
and positions the flange. Click left in order to finish. 

Let us remind that during this dynamic process a lot of operations are 
performed but, in case of errors, the Undo command re-takes to the 
conditions prior to the command execution. 

Launch Object Properties from the menu or the toolbar (shortcut XL) 
and point at the flange. A window displays the flange data: you can 
verify that they are taken from the line. In the lower part of the mask a 
field is available for assigning the component a tag to be referred in the 
bill of material or to be displayed in 2D tables and isometrics. When 
pointing a line axis with the same command you will see, besides the 
data entered at the line creation, a tag defined by user criteria. For 
further information see chapter Command Reference. 

Now our aim is to make a copy of the line 005 complete with pipe axis 
and flange. This operation is carried out with the Copy command of 
AutoCAD, but in the end the program requires the re-numbering of the 
copied entities. We remind that the main identifying data, i.e. those 
grouping a set of objects, is the line number which therefore must not 
be duplicated. Set the coordinate system on the left side of the isometric 
cube pressing ñSò. Select line 005 (axis, pipe and flange) and launch the 
Copy command specifying as 
base point the intersection of line 
005 with the main one. Move the 
cursor towards the positive X 
direction and enter 500. The 
destination point has been 
determined and the Copy 
command ends. Now the program 
displays a window asking for the 
new line number and offers ñCopy 
of 005ò as a default. Specify 008. 
With the same procedure copy 
another line alongside the newly 
created one and specify number 009. Let us note that in order to 






















































































































































































































































































































































