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To truly understand the power of proengineer as a solid modelling tool you must acquire an understanding of the following three concepts ;

FEATURE BASED – 

It builds the model using individual building blocks at a time. This is also called as machinist theory. A feature is the smallest building block like a protrusion, cut, revolve, sweep, etc.

ASSOCIATIVE – 

If you change a dimension in a part or if you change a part in an assembly, the system reflects that change in other parts and drawings as well.

PARAMETRIC – 

It means that features are interrelated. So modifications of a single feature propagate changes in other features as well, capturing your design intent ( The ability to incorporate engineering knowledge successfully in to the solid model ).

( The literal meaning of parametric is that it is a set of physical properties whose value determines the behaviour of an object ).

DESIGN PROCESS - 

The three steps that are essential for any well formulated engineering design process is TAP  i . e .. Think, Analyze and Plan.
When You press the NEW button in Pro/ENGINEER® 2001 the following menu appears 

TYPE

SUB-TYPE
1. Sketch

- Nil.
2. Part


– Solid, Composite, Sheet metal.
3. Assembly

– Design, Interchange, Verify, Process Plan, Nc 




   Model, Mold Layout.
4. Manufacturing
– Nc Assembly, Nc Part, Expert Machinist, Cmm, 



            Sheetmetal, Cast Cavity, Mold Cavity, Dieface, 




   Harness, Process Plan.
5. Drawing

- Nil.
6. Format

- Nil.
7. Report

- Nil.
8. Diagram

- Nil.
9. Layout

- Nil.
10. Markup

- Nil.
1. SKETCHER MODE.
In this functionality the following sketcher tools appears 
· Line, Centre Line.

· Rectangle.

· Circle, Concentric circle, Ellipse.

· 3Point Arc, Concentric arc, Centre Point Arc, Conic Arc.

· Circular Fillet, Elliptical Fillet.

· Spline.

· Point, Co-ords

· Entity from an edge, Offset Entity from an edge.

· Dimension
· Modify Dimension

· Constraints

· Text

· Trim, Extend, Break

· Mirror, Rotate, Copy

· Accept, Quit.
2 a) PART MODE – SOLID
The Following functions in the menus is almost common to all the modes in the Pro/ENGINEER and they are : 
File
-
New, Open, Set working directory, close, save, save copy,    



backup, erase→current→not displayed, delete→all 


versions→old versions, Instance operations→update 


index→accelerator operations, print, exit.
Edit
-
Undo, Redo, pattern, suppress, resume, delete, modify, 


dynamic modify, references,Definition, selection references, 


find in model tree.
View 
-
Repaint, shade, default orientation, previous, refit, reorient, 


saved views, hide, unhide,Unhide all, layers, display 


settings→model display→datum display→performance→



Visibilities→system colours→entity colours, model 


setup→colour and appearance→Light→perspective→


photorender→analysis display→mesh surface, model tree 


setup.

Insert
-
hole, shell, rib, draft, round, chamfer→edge chamfer→corner 


chamfer, protrusion→Extrude→revolve→sweep→blend→use 


quilt→variable section sweep→swept blend→Helical sweep→


blend section to surfaces→blend between surfaces→blend 


from file, thin protrusion→Extrude→revolve→sweep→blend
→use quilt→variable section sweep→swept blend→Helical 

sweep→blend from file, cut→Extrude→revolve→sweep→blend→use quilt→variable section sweep→swept 
blend→Helical sweep→blend section to surfaces→blend 
between surfaces→blend from file, thin cut→Extrude→revolve→sweep→blend→use quilt→variable section sweep→swept blend→Helical sweep→blend from file, Datum→sketched curve→curve→plane→axis→point→coordinate system→analysis→reference→graph→ribbon→offset planes, cosmetic→thread→sketch→groove→ecad area, style, surface→extrude→revolve→sweep→blend→flat→offset→copy→trimmed copy→fillet→variable section sweep→swept blend→helical sweep→from boundaries→blend section to surface→blend between surface→blend from file→blend tangent to boundaries→free form, surface trim→extrude→revolve→sweep→blend→use quilt→use curves→vertex round→silhouette→variable section sweep→swept blend→Helical sweep→blend section to surfaces→blend from file, thin surface trim→Extrude→revolve→sweep→blend→use quilt→variable section sweep→swept blend→Helical sweep→blend from file, surface operation→merge→extend→transform→draft→draft offset→area offset, user defined feature, data from file, shared data→copy geometry→shrink wrap→publish geometry→inheritance→copy geometry from other model→shrink wrap from other model→merge from other model→cutout from other model, advanced→draft offset, area offset, replace surface, patch, free form, toroidal blend, spinal blend, flatten quilt, bend solid, pipe, Section dome, pipe, Shaft, Local push, Lip, Radius dome, Flange, Neck, Ear.
Analysis-
measure, model analysis, curve analysis, surface analysis, 


excel analysis, user defined analysis, sensitivity analysis, 


feasibility/optimization, multi objective design study, compare 



part→by feature→by geometry.
Info
-
geometry checks, bill of materials, feature, model, global 


reference viewer,parent/child, 
relations and Parameters, 


switch dimensions, save model tree, feature list, model size, 


audit trail,Session info→object list→message log→date and 


time.

Applications-standard, sheetmetal, legacy, scan tools, mechanica, plastic 


advisor, mold casting, basic hull, NC post processor, [cabling, 


piping, welding, animation, structural hull], [process, expert 



Machinist], template.
Utilities-
Play trail/training file, distributed computing. Pro/web link, 
mapkeys, floating module, Auxillary applications, Environment, customize screen, options, debug.

Windows-
activate, new, close, open system window, maximize, restore, 


default size.

Help 
-
Technical support info, about pro/ENGINEER.

BRIEF EXPLANATION TO THE THE FEATURES AVAILABLE IN THE INSERT MENU : 
Hole
-   Straight hole—An extruded cut with a circular section. It begins at the placement surface and extends to the specified end surface or user-defined depth.

-   Sketched hole—A revolved feature defined by a sketched section. A tapered hole could be created as a sketched hole.

-   Standard hole—A combination of sketched and extruded geometry. It is based on industry-standard fastener tables. You can calculate either the tapped or clearance diameter appropriate to the selected fastener. You can use system-supplied standard lookup tables for these diameters or create your own.

Shell
The Shell option removes a surface or surfaces from the solid then hollows out the inside of the solid, leaving a shell of a specified wall thickness. 

When Pro/ENGINEER makes the shell, all the features that were added to the solid before you chose Shell are hollowed out. Therefore, the order of feature creation is very important when you use shell.

1. Choose Shell from the SOLID menu, or choose Insert > Shell.
Rib
A rib is a special type of protrusion designed to create a thin fin or web that is attached to a part. You always sketch a rib from a side view, and it grows symmetrically about the sketching plane. 
Because of the way ribs are attached to the parent geometry, they are always sketched as open sections. A rib must "see" material everywhere it attaches to the part; otherwise, it becomes an unattached feature.
There are two types of ribs—straight and rotational.
Tweak
Pro/ENGINEER offers several features to deform or alter ("tweak") the surface of a part. The TWEAK menu contains the following options:
   Draft—Add a taper of a specific angle to a surface. You must have a Pro/FEATURE license to create any drafts except Neutral Plane (with constant draft angle).

The Draft feature adds a draft angle to individual surfaces or to a series of selected planar surfaces. 
The following table lists the terminology used in drafts.
 
	TERM
	DEFINITION

	Draft surfaces 
	Model surfaces selected for drafting.

	Neutral plane 
(or Pivot plane)
	Draft surfaces are pivoted about the intersection of the neutral plane with the draft surfaces.

	Neutral curve
	The curve on the draft surfaces that is used as an axis of rotation for draft surfaces—draft surfaces are rotated about the neutral curve.

	Draft direction
	Direction that is used to measure the draft angle. It is defined as normal to the reference plane.

	Draft angle
	Angle between the draft direction and the resulting drafted surfaces. If the draft surfaces are split, you can define two independent angles for each portion of the draft.

	Direction of rotation (or Reference direction)
	Direction that defines how draft surfaces are rotated with respect to the neutral plane or neutral curve.

	Split areas
	Areas of the draft surfaces to which you can apply different draft angles.


 
Consider the following when creating drafts:
   You can draft only the surfaces that are formed by tabulated cylinders or planes.
   The draft direction must be normal to the neutral plane if a draft surface is cylindrical.
   You cannot draft surfaces with fillets around the edge boundary. However, you can draft the surfaces first, then fillet the edges.
Drafts are created by pivoting draft surfaces around a neutral plane or a neutral datum axis. Choosing Draft from either the Insert menu or the TWEAK menu brings up the DRAFT OPTS menu with the following options:
Neutral Pln—Draft the surfaces by pivoting around a neutral plane. 
Neutral Crv—Draft the surfaces by pivoting about a neutral datum curve or edge.
Surfaces selected for drafting can be split; the following types of split drafts are supported:
Drafts that are split at a plane
Drafts that are split at the neutral curve: 
   one-sided Split at Crv drafts
   two-sided Split at Crv drafts with one dependent angle
   two-sided Split at Crv drafts with two independent angles
Drafts that are split at a parting quilt: 
   one-sided Split at Srf draft
   two-sided Split at Srf drafts with one dependent angle
   two-sided Split at Srf drafts with two independent angles
Drafts that are split using sketched geometry
Different variations of the draft feature are shown in the following figure.
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Drafts may use a variable or constant draft angle. Specify the type of angle by selecting one of the following options in the ATTRIBUTES menu:
   Constant—Apply a constant angle to the draft along the entire drafted surface.
   Variable—Apply a variable draft angle at discrete points along the drafted surface. Pro/ENGINEER prompts you to enter a value for the vertices at the intersection between the draft direction plane and the draft surfaces. Optionally, you can select or create additional datum points, and then specify a draft angle at those locations. To select existing datum points, choose Select from the GEN PNT SEL menu. To add datum points, choose Create Point from the GEN PNT SEL menu.
Note: Variable draft angle cannot be used with Split at Skt drafts.
For the chosen draft type, specify the corresponding attributes by using the ATTRIBUTES menu.
   Local Push—Deform a surface by pushing or pulling on a circular or rectangular region of a surface. For this option to be available, you must set the configuration file option allow_anatomic_features to yes.
   Radius Dome—Create a dome on a limited region of a surface. For this option to be available, you must set the configuration file option allow_anatomic_features to yes.
   Section Dome—Create a dome from sketched sections. For this option to be available, you must have a Pro/FEATURE license, and set the configuration file option allow_anatomic_features to yes.
   Offset—Create a feature by offsetting either a whole surface or a specified area with a constant thickness. You must have a Pro/FEATURE license to create an offset feature.
   Replace—Replace a part surface with a surface feature. You must have a Pro/SURFACE license to use this option.
   Ear—Create a protrusion that is extruded along the top of a surface and bent at the base. For this option to be available, you must set the configuration file option allow_anatomic_features to yes.
   Lip—Create a lip on selected edges that can be used for interlocking parts. This feature cannot be created as an Assembly feature, but the dimensions on mating parts can be controlled through relations. For this option to be available, you must have a Pro/FEATURE license, and set the configuration file option allow_anatomic_features to yes.
   Patch—Replace a part of a surface (or surfaces) by a surface feature. You must have a Pro/SURFACE license to use this option.
   ToroidalBend—Bend a selected solid, surface, or datum feature in two directions to produce a toroidal or revolved shape. You must have a Pro/FEATURE license to use this option.
   Spinal Bend—Bend an object about a curved spine by continuously repositioning cross-sections along a curve. You must have a Pro/SURFACE license to use this option.
   Free Form—Tweak a surface by dynamic manipulation. You must have a Pro/SURFACE license to use this option.
   Draft Offset—Create a surface offset with drafted surfaces. You must have a Pro/FEATURE license to use this option.
   Solid Bend—Bend solids or curves using the references of a flatten quilt feature.
   Flatten Quilt—Flatten surfaces by transformation.
Round
Use the Round option to create a round between surfaces or in place of a middle surface. Surfaces can mean traditional Pro/ENGINEER zero-thickness quilts and surfaces, and also surfaces of solid models.
Consider these recommendations for creating rounds:
   Try to add rounds as late in the design as possible (but before machining features). 
   You can place all the rounds on a layer and then suppress that layer to speed up your working session.
   To avoid creating children dependent on the round features, do not dimension to edges or tangent edges created by rounds.
You can create two different types of rounds—simple and advanced. Generally, after you specify placement references and the radius of the round, the system generates the default round geometry by using some default attributes (for example, the round shape, cross section, and so on). The system normally terminates the round geometry whenever it encounters a non-tangent edge.
Chamfer
An edge chamfer removes a flat section of material from a selected edge to create a beveled surface between the two original surfaces common to that edge.
A corner chamfer removes material from the corner of a part.

Protrusion
→Extrude

→Revolve

→Sweep

A sweep is created by sketching or selecting a trajectory and then sketching a section to follow along it. You can create more advanced sweeps using the Advanced option.
→Blend

A blended feature consists of a series of at least two planar sections that Pro/ENGINEER joins together at their edges with transitional surfaces to form a continuous feature. 
Blend Types
·   Parallel—All blend sections lie on parallel planes in one section sketch.
·   Rotational—Blend sections are rotated about the Y-axis, up to a maximum of 120 degrees. Each section is sketched individually and aligned using the coordinate system of the section.
·   General—Sections of a general blend can be rotated about and translated along the X-, Y-, and Z-axes. Each section is sketched individually, and aligned using the coordinate system of the section.
→use quilt

Generating a feature using surface as it`s boundaries.

→variable section sweep

A Variable Section Sweep enables you to create a feature by sweeping a section along the selected trajectories by controlling the section’s orientation, rotation, and geometry along the trajectory.
If you have a Pro/FEATURE license, you can define a solid variable section sweep feature using one or more longitudinal trajectories and a single section. With the optional Pro/SURFACE module, you can select trajectories instead of sketching them and you can create variable section sweeps of surfaces.
A variable section sweep allows you to create a swept feature by controlling the following characteristics:
·   You can specify the section orientation and rotation. The section can be normal to
-   the Origin Trajectory—Choose NrmToOriginTraj from the SWEEP OPTS menu. This method requires selecting the Origin Trajectory and the X-Trajectory. The X-Trajectory defines the section’s horizontal vector. The origin of the section (crosshairs) is always located on the Origin Trajectory with the X-axis pointing towards the X-Trajectory. 
-   reference direction—Choose Pivot Dir from the SWEEP OPTS menu. The Y-axis of the section is always normal to the selected direction. The section normal trajectory is determined by projecting the Origin Trajectory in the Pivot Direction onto a plane normal to the Pivot Direction. This method requires selecting the Origin Trajectory and defining the Pivot Direction.
-   a selected trajectory (not the Origin Trajectory)—Choose Norm To Traj from the SWEEP OPTS menu. This method requires selecting the Origin Trajectory and the trajectory to which the section will be normal.
·   You can define multiple additional trajectories to which the vertices of the section can be aligned. As the section plane is swept along the Origin Trajectory, its intersections with the longitudinal curves represent the known points for section alignment and dimensioning. 
·   You can specify whether you want to vary the section as it moves along the sweep trajectories by defining the Section Type element in the Variable Section Sweep dialog box. Choose Constant from the SECTION TYPE menu to maintain the same section, or Variable from the SECTION TYPE menu to adjust the section size as it sweeps along the trajectory.
	OPTION
	DEFINITION

	NrmToOriginTraj
	The section plane remains normal to the Origin Trajectory throughout its length. The generic Sweep behaves this way.

	Norm To Traj 
	Two trajectories must be selected to determine the location and orientation of the section. The Origin Trajectory determines the origin of the section along the length of the feature. The section plane remains normal to the Normal Trajectory along the length of the feature.

	Pivot Direction
	The section plane remains normal to the Origin Trajectory as it is viewed along the Pivot Direction. The upward direction of the section remains parallel to the Pivot Direction.


→swept blend

A swept blend requires a single trajectory (the Origin Trajectory) and multiple sections. To define the Origin Trajectory of the swept blend, you can either sketch a curve or select a chain of datum curves or edges. 
You sketch the sections to be blended at specified segment vertices or datum points on the Origin Trajectory. To orient a section, you can specify the rotation angle about the Z-axis, and/or use the Pick XVector or Norm to Surf options.
Note the following restrictions:
·   A section cannot be located at a sharp corner in the Origin Trajectory.
·   For a closed trajectory profile, sections must be sketched at the start point and at least one other location. Pro/ENGINEER uses the first section at the endpoint.
·   For an open trajectory profile, you must create sections at the start and end points. There is no option to skip placement of a section at those points.
·   Sections cannot be dimensioned to the model, because modifying the trajectory would invalidate those dimensions.
·   A composite datum curve cannot be selected for defining sections of a swept blend (Select Sec). Instead, you must select one of the underlying datum curves or edges from which a composite curve is determined.
·   If you choose Pivot Dir and Select Sec, all selected sections must lie in planes that are parallel to the Pivot Direction.
If you have a Pro/SURFACE license, you can control swept blend geometry by using an area graph and by controlling the perimeter of the feature between the sections. 
An area graph represents the exact area of the cross section of the swept blend at selected locations on the Origin Trajectory. You can add or remove points on the Origin Trajectory at which to specify the swept blend sectional area. You can also change the graph value at user-defined points. 
→Helical sweep

You create a helical sweep by sweeping a section along a helical trajectory. 
The trajectory is defined by both the profile of the surface of revolution (which defines the distance from the section origin of the helical feature to its axis of revolution) and the pitch (the distance between coils). The trajectory and the surface of revolution are construction tools that do not appear in the resulting geometry. 
The Helical Swp option in the ADV FEAT OPT menu is available for both solid and surface features. Use the following ATTRIBUTES menu options in mutually exclusive pairs to define the helical sweep feature:
·   Constant—The pitch is constant.
·   Variable—The pitch is variable and defined by a graph.
·   Thru Axis—The cross section lies in a plane that passes through the axis of revolution.
·   Norm To Traj—The cross section is oriented normal to the trajectory (or surface of revolution).
·   Right Handed—The trajectory is defined using the right- hand rule.
·   Left Handed—The trajectory is defined using the left-hand rule.
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→shrink wrap from other model
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advanced
→draft offset
To create a draft offset ending on a surface without drafting the side along this edge, use the following procedure: create a section that extends beyond the edge; this prevents the system from using that edge for drafting. Do not select the terminating surface. This technique is demonstrated in the following example.
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1. Select only this surface.
When you sketch the section of the draft, extend it beyond the surface edge.
[image: image3.png]



1. Extend the sketch beyond the surface edge.
The next figure shows the resulting draft offset.
[image: image4.png]



→area offset
same as above.

→replace surface
replaces any feature to a surface on the datum plane or from a quilt.
→patch
Use the Patch option to replace a specified portion of a surface, or surfaces, with a quilt. All the boundaries of the replacement quilt must lie on the surfaces being patched. The patch feature can add or remove material using a single surface definition.
→free form
The Free Form option allows you to "push" or "pull" on a surface, interactively changing its shape either to create a new surface feature, or to modify a solid or quilt. Whenever the underlying surface changes shape, the freeform feature also changes shape proportionally. The real-time surface definition feedback allows you to immediately evaluate and modify the surface as required.
Display options for the surface include porcupine curvature, deviation, Gaussian curvature, sectional curvature, slope, intersection curves, reflection curves, and cosmetic shading.
For a freeform surface, you can use the boundaries of the underlying base surface. Alternatively, you can sketch the boundaries of the freeform surface; the system will then project them on the underlying base surfaces.
→toroidal blend
The ToroidalBend option bends solids, nonsolid surfaces, or datum curves into toroidal (revolved) shapes. 
For example, you could use this option to create an automobile tire from a flat solid object. When you include a datum curve in the bend, the system first creates its copy and then bends it.
The feature creates two bends at the same time. To define the bend profile, or sectional curvature of the toroid shape, you sketch a chain of entities. The second bend is determined by two parallel planes that define the radius of the toroid. 
When creating a toroid, the system rotates each of the parallel planes around the intersection of the neutral plane and the end surface by the angle specified.
To define the bend, you must select a coordinate system. The X-vector of the coordinate system defines a neutral plane in the bent object. This point does not have to lie on the geometric entity; however, it is recommended for geometric clarity. 
The following figures illustrate the steps for creating a toroidal bend.
1. Base object
[image: image5.png]



2. Select the features to bend. 
[image: image6.png]



a. Cuts added to base object (optional)
b. Sketching plane (DTM3)
c. Surface picked to bend (includes cuts)
3. Sketch the bend profile and the axis of revolution
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a. Sketched 3-point arc
b. Sketcher coordinate system
The following figure shows the area of compression in a toroidal bend.
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a. Neutral plane (no deformation)
b. Region of elongation deformation
c. Region of compressed deformation
→spinal blend
The Spinal Bend option bends a solid or quilt about a curved spine by continuously repositioning cross-sections along a curve. Planar cross-sections perpendicular to an axis are repositioned perpendicular to the trajectory with no distortion. All compression or distortion is done longitudinally along the trajectory.
The following figure illustrates a linear spinal bend with SEC_PROP = AREA.

Before Spinal Bend
[image: image9.png]



a. Feature to be bent
b. Spine
After Spinal Bend
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Cosmetic Mesh View of Linear Spinal Bend
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If you use Query Select in a GET SELECT menu, you can pick on the spinal bend and choose Next to display the original solid/quilt, highlighted in red (see the following figure). 
Modifying or Redefining a Spinal Bend
1. Linear spinal bend after selecting to redefine. 
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a. Original feature appears in red. Select the spinal bend feature. 
2. Redefine spinal bend to use Section Property Control and Graph.
[image: image13.png]



3. Cosmetic mesh view after redefining section property control to Graph.
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4. Spinal bend redefined as No Prop Control.
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→flatten quilt
Use this feature to unbend a quilt.
→bend solid.


→Section dome
→pipe.



→Shaft

→Local push


→Lip 

→Radius dome


→Flange

→Neck



→Ear.
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