CHAPTER 5 Multiviews and Visualization
introduction

Chapter 5 introduces the theory, techniques, and standards of multiviews, which are a standard method for representing engineering designs. The chapter describes how to create one-, two-, and three-view sketches with traditional tools and CAD. Also described are standard practices for representing edges, curves, holes, tangencies, and fillets and rounds. The foundation of multiviews is orthographic projection, based on parallel lines of sight and mutually perpendicular views. Also introduced in this chapter are visualization techniques that can be used to help create and interpret multiviews.

5.1 Projection Theory


Projection methods are developed along two lines:  perspective and parallel.


Projection theory comprises the principles used to represent graphically 3-D objects and structures on 2-D media.

Drawing more than one face of an object by moving your line of sight relative to the object helps in understanding the 3-D form.  A line of sight is an imaginary ray of light between an observer's eye and the object.


In perspective projection, all lines of sight start at a single point and the object is positioned at a finite distance and viewed from a single point.


In parallel projection, all lines of sight are parallel, the object is positioned at infinity and viewed from multiple points on an imaginary line parallel to the object.  The 3-D object is transformed into a 2-D representation or a plane of projection that is an imaginary flat plane upon which the image created by the lines of sight is projected.  The paper or computer screen on which the graphic is created is a plane of projection.

5.2 multiview projection planes


Orthographic projection is a parallel projection technique in which the plane of projection is positioned between the observer and the object, and is perpendicular to the parallel lines of sight.  Orthographic projection techniques can be used to produce both pictorial and multiview drawings.


Multiview projection is an orthographic projection for which the object is behind the plane of projection, and is oriented so only two of its dimensions are shown.  Generally three views of an object are drawn, and the features and dimensions in each view accurately represent those of the object.


The front view of an object shows the width and height dimensions.  The frontal plane of projection is the plane onto which the front view of a multiview drawing is projected.


The top view of an object shows the width and depth dimensions.  The top view is projected onto the horizontal plane of projection.


The side or profile view of an object shows the height and depth dimensions.  The side view is projected onto the profile plane of projection.  The right side view is the standard side view normally used.


The top view is always positioned above and aligned with the front view, and the right side view is always positioned to the right of and also aligned with the front view.

5.3 advantages of multiview drawings


The advantage of multiview drawings over pictorial drawings is that multiview drawings shows the true size and shape of the various features of the object, whereas pictorials distort true dimensions which are critical in manufacturing and construction.


3-D graphical database used in CNC machining.

5.4 The six principal views


There are six principal mutually perpendicular views projected onto three mutually perpendicular projection planes. These views are the top, front, right, left, bottom and back.


The width dimension is common to the front and top views.  The height dimension is common to the front and side views.  The depth dimension is common to the top and side views.


The arrangement of views may vary as long as the dimension alignment is correct.


Third angle projection is the standard projection for the United States and Canada.  The ANSI third angle icon is shown.


First angle projection is the standard in Europe and Asia.  The ANSI first angle icon is shown.


The difference between first and third angle projection is the placement of the object and the projection plane.


Adjacent views are two orthographic views placed next to each other such that the dimension they share in common is aligned.  Every point or feature in one view must be aligned on a parallel projector in any adjacent view.  Related views are two views that share the same adjacent views.  Distances between any two points of a feature in related views must be equal.  The view from which adjacent views are aligned is the central view.


Hidden features are represented by dashed lines.  Some examples include:


Holes - to locate the limiting elements.


Surfaces - to locate the edge view of the surface.


Change of planes - to locate the position of the change of plane or corner.


Centerlines are alternate long and short thin dashes and are used for the axes of symmetrical parts and features, such as cylinders and drilled holes.


Centerline usage follows standard drawing practices:


Centerlines for holes and slots locate limiting elements and any changes in planes.


Centerlines should not terminate at another line or extend between views.  


Very short, unbroken center lines may be used to represent the axes of very small holes.


Centerlines can indicate radial symmetry.  


Centerlines do not break when they cross another line at or near 90 degrees.


Centerlines can be used as paths of motion.

5.5 multiview sketches


Some objects can be adequately described with only one view.


Cylindrical and conical objects can often be described with two views.

Two-view sketches are created by blocking in details, then adding centerlines, circles, arcs, and hidden lines.

5.6 view selection


Before a multiview drawing can be created, four basic decisions must be made:


Determine the best position of the object and select the views that will show the least amount of hidden features.


Determine the front view that should show the object in its natural view or assembled state, such as the front view of a car.


Determine the minimum number of views needed to describe the object.


Once the front view is selected, determine the other views needed to describe the object with the fewest number of lines.

5.7 Fundamental Views of Edges and Planes for Visualization

An edge, or corner, is the intersection of two planes, and is represented as a line on a multiview drawing.  A normal edge, or true-length line, is an edge that is parallel to a plane of projection and thus perpendicular to the line of sight.


An inclined edge, or line, is parallel to a plane of projection, but inclined to the adjacent planes and appears foreshortened in the adjacent views.  Features are foreshortened when the lines of sight are not perpendicular to the feature.


An oblique edge or line, is not parallel to any principal plane of projection; therefore it never appears as a point or in true length in any of the six principal views.


principal planes


A normal or principal plane is parallel to one of the principal planes of projection, and therefore is perpendicular to the line of sight.


A frontal plane is parallel to the front plane of projection and is true shape and size in the front and back views. (plane A)


A horizontal plane is parallel to the horizontal plane of projection and is true shape and size in the top and bottom views. (plane B)


A profile plane is parallel to the profile plane of projection and is true shape and size in the right and left views. (plane C)


A inclined plane is perpendicular to one plane of projection (edge) and inclined to adjacent planes (foreshortened), and cannot be viewed in true size and shape in any of the principal views. (plane D)


An oblique plane is oblique to all principal planes of projection.  An oblique surface does not appear in its true shape or size, or as a line in any of the principal views: instead, an oblique plane always appears foreshortened in any principal view.

5.8 multiview representations for sketches


A point represents a specific position in space and has no width, height, or depth.  A point can represent:

· The end view of a line.

· The intersection of two lines.

· A specific position in space.


A plane surface will always be represented by as an edge (line) or an area (surface).  Areas that are the same feature will always be similar in configuration from one view to the next, unless viewed on edge.  Parallel features will be parallel in all views.  Surfaces that are parallel to the lines of sight will appear as edges (lines).

Angles are true size when they are in a normal plane.


Curved surfaces are used to round the ends of parts and to show drilled holes and cylindrical features.  Only the far outside boundary, or limiting element, of a curved surface is represented in multiview drawings.


Rounded ends or partial cylinders are represented in the circular view by arcs and by rectangles in the adjacent views.  If the cylinder is tangent, no change of plane is shown; if tangency does not exist, then a line is used to represent the change of plane between the partial cylinder and the prism.


An ellipse is used to represent a hole or circular feature that is viewed at an angle other than perpendicular or parallel.


Holes follow standards and conventions of representation:

· A through hole is a hole that goes all the way through an object, is represented in one view as two parallel hidden lines for the limiting elements, and is shown as a circle in the adjacent view.

· A blind hole is a hole that is not drilled all the way through the object.

· Counterbored holes are used to allow the heads of bolts to be flush or below the surface of the part.

· Countersunk holes are commonly used for flathead screws, and are represented by 45 degree lines.

· A spotface hole provides a place for heads of fasteners to rest by creating a smooth surface on cast parts.

· The representation of a threaded hole is shown.  In all hole representations, a line must be drawn to represent the change that occurs between the large and small diameter.


A fillet is a rounded interior corner and a round is a rounded exterior corner normally found on a cast or forged part.


When a surface is to be machined to a finish, a finish mark in the form of a ‘V’ is drawn on the edge view of the surface to be machined.


Conventional practices used to represent fillets and rounds on multiview drawings.


Finish mark symbols differ according to the drawing standards being followed.


A chamfer is a beveled corner used on the openings of holes and the ends of cylindrical parts, to eliminate sharp corners.


A runout is a special method of representing filleted surfaces that are tangent to cylinders.  Notice that the end of the curve terminates at the point of tangency.


If a right cylinder is cut at an acute angle to the axis, an ellipse is created.


Irregular or space curves are created by plotting points along the curve in one view, and then transferring or projecting the points into the adjacent views.


When two cylinders intersect, a line of intersection is formed.  This line can be straight, curved, or form a ‘V’ depending on the ratio of diameters of the two cylinders.

When cylinders intersect prisms, the point of intersection is represented by a line except when the width of the prism is equal to the diameter of the cylinder.


When cylinders intersect cylinders, large holes or slots are represented using true projection, while small holes and slots are not.

5.9 ANSI standards for multiview drawings

ANSI standards of multiview drawings form the common language used by engineers and technologists for communication information.


A partial view shows only what is necessary to completely describe the object. A conventional break line is placed in a location where it does not coincide with a visible or hidden line.


Partial views can be used to clarify a drawing by removing unnecessary features (usually shown with hidden lines).


ANSI revolution conventions allow geometry to be revolved into positions that allow an object to be viewed true size and shape.


Objects can be revolved on bolt circles.


Inclined arms can also be revolved perpendicular to the line of sight to allow for better visualization of the object.


A removed view may have to be created that is at a different scale and thus cannot be aligned with the existing views.

5.10 Visualization FOR DESIGN


Students will come to your class with truly diverse abilities to mentally create and manipulate graphic imagery (visualization).  Either through their life experiences or through innate ability, some students are simply better at visualization than others.  This does not mean that those who don't come to your class with strong skills can't be taught many of the skills presented in the text.  What it does mean is that it will be worth your while to try to informally assess your student's visualization abilities, either through exercises presented in this chapter, direct observation, or other methods.  The ability level of your students may influence the level of instruction needed to get students to an appropriate level of proficiency. 


It is important to emphasize the dynamic qualities of the visualization process.  Not only can this dynamic process be taking place solely in one's head, but also between the mind, the eyes, and some physical stimulus such as a drawing or an object. 


To apply these ideas in a more functional way, have your students experience this feedback loop.  If you have already done some sketching exercises, then ask them to sketch a simple object in pictorial form.  Now verbally describe changes you want them to make in their object (e.g. drill a hole through it, chamfer a corner, etc.).  Ask them to first mentally imagine this operation and then sketch it.  They can also do this completely on their own; have them start with a simple shape and then transform it into a common household object over a series of four or five sketches.


Some point soon after starting the visualization exercises, tie the visualization process back to the engineering design process.  You may want to run a brief brainstorming session designing a product.  First as a group and then individually, have them generate a half dozen or so design concepts for a product.  Have them focus on variations in the geometry between the designs.

 5.11 solid object features


Having physical objects of simple geometric shapes available is a great help in explaining the concepts and conducting exercises in this section.  They can be quickly made from wood, foam, clay, paper, etc.


Make sure the students can 'see' the features that define the objects.  Some of these features represented on drawings (e.g. edges and faces) have direct correspondence to physical attributes of the object.  Other features depicted in a drawing (e.g. limiting elements and centerlines) do not have a corresponding physical element.  This does not mean that students cannot develop an ability to visualize these elements.


Make sure the students begin to develop both a geometric and topological understanding of the objects.  That is, if you ask them to halve the area of the end face of a square prism, they understand its geometric effect on the side faces.  To understand the geometric effect on the side faces, they must also understand the topological connectedness of the faces of the object.  What happens when you halve the area of a face on a cube?  Do you use the same process to gauge its effect on the faces?  Are the same number of faces effected?  What happens when you halve the end face of a cylinder? 

5.12 solid object visualization


Very soon into working with this chapter, you will probably want to start looking at combinations of simple primitives. Though introductory graphics classes have typically focused on working with single objects, these objects can become very complex by the end of the term. One way of helping students understand these more complex forms is to think of them as combinations of more simple geometries. As 3-D modeling becomes more prevalent, it will be that more important to teach visualization skills relating to the interaction of primitive objects. Solid modeling systems largely create complex shapes through a series of operations with simple primitives. 


Two important aspects to the interaction of solid objects are the geometries and topologies of the individual objects and the spatial relationships between them. The spatial relationships of solids require a new set of visualization skills. When working on paper it is important to establish a coordinate system and its associated axes to work with. When visualizing, it is equally important to establish a frame of reference. Quite often when visualizing these objects, you are going to be doing it dynamically; for example, rotating one object relative to the other or moving one object along an axis towards the other.


When orienting objects relative to each other, features on the objects can be extremely useful in establishing local frames of reference. These features can be physical attributes such as a face or corner or elements such as the center of a whole. The ability to visualize these features on a single object is critical to use them in conjunction with other objects.


Once objects have been established relative to each other, students can begin to visualize interactions between them. One of the simplest is to join the objects together (additive) and then rotate or translate them as a pair. More difficult is to visualize subtractive operations between the two objects. Perform subtractive operations between a number of objects; look at the effects of passing one object through the other in a translating (linear) operation and in rotational (sweeping) operations. What happens when a cylinder and a sphere translate through another object? What is the shape of the holes they make? Does it matter what the orientation of the objects are relative to each other? What if they are swept instead?


With all of these manipulations between solids, always make sure that students are able to go back and evaluate the changes in geometry and topology in the object. What new faces and edges have been created? What ones have been removed? Learning to do their analyses mentally will help students troubleshoot their drawings and develop 3-D modeling strategies.


When thinking of cutting planes, you can imagine them passing into or through the object without disturbing it and you can use the plane to remove portions of the object. Being able to visualize both these operations are important. 


Joining the plane with the object allows the students to develop new reference points relative to the cutting plane. Though these reference points are most useful in making comparisons (such as for evaluating symmetry) internal to the object, they can also be used to make comparisons to external objects. 


Using the cutting plane to remove material from the object gives the student another visualization tool to modify the geometry. This technique is very applicable to sectioning techniques and is also a common tool used in 3-D modeling systems to modify geometry. As was mentioned earlier, students should feel comfortable with rotating and translating the plane relative to the object and understanding how it will change the modification of the object. 


Combining both the joining of a cutting plane to an object and its ability to 'remove' material is a useful method for teaching about normal, inclined, and oblique faces. With the cutting plane joined to the object, various existing faces on the object can be evaluated relative to their orientation to the cutting plane. Removing material on one side of the cutting plane generates a new face that can be visualized. Have students both translate and rotate the plane within the object. Which types of actions affect the type of new face (i.e. normal, inclined, oblique) produced? Which simply affect the shape of the new face? How does the geometry of the object affect the shape of the new face?


Symmetry can be a tough concept to teach. It does not have a direct correspondence to a physical attribute, yet it is a critical feature of many objects, determining object/view orientation, number of views represented, dimensioning strategy, etc. Though symmetry is often easy to recognize in simple objects, it can become more difficult in more complex forms. Have students get comfortable using devices such as cutting planes to help them systematically analyze an object for symmetry.


Related to the visualization with planes is visualization of developments. Visualizing the dynamic process of 'unfolding' an object takes a good deal of ability. Beginning this section with physical demonstration of geometric primitives being developed is very helpful. Better visualizers can be challenged to 'track' individual faces as the object is unfolded or folded back up (e.g. do the red and green faces on this development end up sharing an edge when folded back up?) One of the advantages to practicing visualization with developments is in reinforcing concepts introduced in Section 5.4.1; namely understanding the topology of the object. Being able to very clearly visualize which faces share and edge or which edges share a vertex (corner) helps troubleshoot multiviews and other complex graphic representations.

5.13 multiview drawings visualization


Styrofoam or clay can be used to make real models of objects of which you've drawn multiviews.


One technique that will improve multiview drawing visualization skills is the study of completed multiview drawings of various simple objects.


Visualization of multiview drawings by decomposing the object into its basic geometric forms that create the object.


Adjacent areas are surfaces that reside next to each other.  The boundary between the surfaces is represented as a line indicating a change in planes.  No two adjacent areas can lie in the same plane and adjacent surfaces represent:

· Surfaces at different levels.

· Inclined surfaces.

· Cylindrical surfaces

· A combination of the above.


Similar-shaped surfaces retain their basic configuration or shape an all planer views.


When multiview drawings are created from a given pictorial view, surfaces can be labeled to check the accuracy of the solution.


Missing line problems can be used to develop visualization.


Vertices labeling can also be used to check the accuracy of multiview drawings.


No two contiguous areas can lie in the same plane.

Summary

Multiview drawings are an important part of engineering and technical graphics.  To create multiview drawings takes a high degree of visualization skill and much practice.  Multiview drawings are created by closely following orthographic projection techniques and ANSI standards. The rules of orthographic projection are listed here for your reference.

Rule 1: Every point or feature in one view must be aligned on a parallel projector in any adjacent view.

Rule 2: Distances between any two points of a feature in related views must be equal.

Rule 3: Features are true length or true size when the lines of sight are perpendicular to the feature.

Rule 4: Features are foreshortened when the lines of sight are not perpendicular to the feature.

Rule 5: Areas that are the same feature will always be similar in configuration from one view to the next, unless viewed as an edge.

Rule 6: Parallel features will always appear parallel in all views.

Rule 7: Surfaces that are parallel to the lines of sight will appear on edge and be represented as a line.

Rule 8: No two contiguous areas can lie in the same plane.

