
TABLE 2 
Titles of Final Projects in Fall 1985, 1986 

• Molecular Beam Epitaxy 
• Silicon on Insulators: A Focus on Epitaxial Lateral Over-

growth 
• Solid Phase Epitaxy of Silicon 
• Gettering 
• GaAs Contacts: Theory and Practice 
• Review of the Thermal Nitridation of Silicon 
• A Comprehensive Study of Plasma Etching Technology 
• Optical Resist Systems 
• X-Ray Lithography: The Solution to Submicron Device De­

sign? 
• Resist Material Considerations for VLSI Edge Definition in 

Lithography 
• Kinetics in the Vapor Phase Epitaxy of GaAs 
• Alternatives at the UV Limit of Optical Lithography 
• Recent Studies on the Kinetics of Epitaxial Silicon Growth 
• X-Ray Lithography 
• Metalorganic Chemical Vapor Deposition 
• Low Pressure Chemical Vapor Deposition Reactors 
• Chemical Vapor Deposition of II-VI Materials 
• Low Temperature Deposition of Silicon Dioxide 

cussed briefly, either because chemical engineers are 
already familiar with some of the basic principles of 
these processes (e.g., oxidation, diffusion) or because 
many aspects of such processes have been previously 
covered (e .g., metallization). Also, diagnostic tech­
niques and device and circuit fabrication are briefly 
discussed. Some emphasis is given to isolation, self­
alignment, local oxidation, planarization, and getter­
ing. 

The last stage of this course is a final project that 
is mandatory for all graduate students (and optional 
for all undergraduates) who take the course. After 
choosing from a list of topics, each student works on 
his/her own project. Topics covered in the past two 
years are listed in Table 2. Within such a project, a 
student is expected to critically review any existing 
literature and to present his/her own (perhaps innova­
tive) ideas for improving or developing various pro­
cesses. 
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COMPUTER-AIDED ENGINEERING FOR 
INJECTION MOLDING 
Edited by Ernest C. Bernhardt 
MacMillan Publishing, New York 10022, 1984 

Reviewed by 
Donald G. Baird 
Virginia Polytechnic Institute 

This book is a collection of topics involving the ap­
plication of computers to the design and control of the 
injection molding process. Unfortunately, as noted by 
the editor, the chapters lack coordination and hence 
the book represents a collection of topics rather than 
a unified text. However, it is one of the first attempts 
in the polymer field to develop a complete package 
starting with the ideas of hardware, process control 
techniques, the basic equations which are required to 
simulate injection molding, and the application of com­
puter simulation to solving injection molding prob­
lems. 

The book is divided into three sections, with the 
first section being entitled "State of the Technology." 
The first chapter in this section is rather general in 
nature and attempts to explain in qualitative terms 
how the computer is used in the design of injection 
molds. For example, it is illustrated how a mold de­
signer might use a computer simulation to predict 
where weld-lines would lie and how the location of 
cooling channels would change the temperature distri­
bution in a part. Certainly this information is useful, 
but it does not allow one to accomplish any quantita­
tive design work. The second chapter is also quite 
qualitative in nature as it describes melt flow in 
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cavities. This chapter does emphasize the importance 
of fountain flow to the development of properties and 
the fact that the properties of a part are related to 
melt flow. However, there are a number of topics, 
such as computer hardware and computer languages, 
which seem to be unconnected to the first part of the 
discussion and of such elementary level that they 
serve no practical purpose. For example, the distinc­
tion between mainframe computers and minicomput­
ers doesn't seem to be necessary. The third chapter 
is also of limited value as it attempts to explain how 
the mold designer might use computer aided design 
(CAD) but it never specifies what packages are avail­
able or gives examples as to how the mold designer 
could use CAD. Hence, in general, the first three 
chapters are so descriptive in nature that they serve 
very little practical purpose. 

Following these first three qualitative chapters 
comes Chapter Four, which presents some of the basic 
equations which are required in the modeling of injec­
tion molding. Although this information is well pre­
sented and lends to the understanding of what equa­
tions must be solved, there is no connection between 
this chapter and the rest of the book. Furthermore, 
the author of the chapter does not explain how these 
equations are solved on the computer nor how they 
could be used in computer aided design. Finally, the 
material reflects mostly the author's view of simulat­
ing injection mold filling, and fountain flow is neg­
lected. 

Chapter Five is descriptive again and describes 
how the computer is used in process control. Control 
is all based on reading some process variable such as 
mold pressure which must be within some specified 
range based on previous experience in generating 
parts with acceptable physical properties. This ap­
proach relies on no real knowledge of the mold filling 
process. The failure to point out the limits of such an 
approach would be quite beneficial, but this is not 
done in the chapter. 

Chapters six through eleven constitute Part II of 
the book, which is entitled "Applications." Again, the 
chapters are not connected nor do they always fit 
within this heading. Chapter Six discusses how a part 
is designed through structural analysis, but there is 
no direct correlation back to mold design. The next 
chapter discusses (only in a very qualitative sense) 
mold design. Only one particular CAD/CAM system 
is described. Chapter Eight is how an integrated ap­
proach for the design of an injection molded part 
should be implemented. Again, the chapter is very 
descriptive and one has no idea as to the limitations 
of the approach used by the authors. 
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VIRGINIA POLYTECHNIC INSTITUTE & 
STATE UNIVERSITY 

The Chemical Engineering Department at Virginia Tech 
is seeking applicants for a full time tenure track faculty 
position. Duties include teaching at undergraduate and 
graduate levels, establishing and conducting a funded re­
search program, and departmental service. Rank and 
salary commensurate with qualifications. Virginia Tech 
has approximately 20,000 undergraduates (5,000 in the 
College of Engineering, including 170 in Chemical En­
gineering) and 3,600 graduate students (1,200 in the Col­
lege of Engineering, including 50 in Chemical Engineer­
ing). Send resume and names of three references to 
Chairman, Departmental Search Committee, Chemical 
Engineering Department, Virginia Polytechnic Institute 
& State University, 133 Randolph Hall, Blacksburg, VA 
24061. Deadline for applications is January 31, 1988. Vir­
ginia Tech hires only U.S. citizens and lawfully au­
thorized alien workers. Virginia Tech is an Affirmative 
Action/Equal Opportunity employer. 

UNIVERSITY OF FLORIDA 

Chemical Engineering faculty position: A tenure track 
position is available for August, 1988, at the University 
of Florida. The rank and area are open. Applicants 
should submit a brief resume, a description of research 
objectives, and the names of three references to: Dr. H. 
H. Lee, Chairman of Search Committee, Department of 
Chemical Engineering, University of Florida, Gaines­
ville, FL 32611. The University of Florida is an Equal 
Opportunity/Affirmative Action employer. 

In Chapter Nine, the Mold Flow program and its 
application to solving molding problems are discussed. 
This chapter is quite well done and does demonstrate 
how a simulation can be used to solve molding prob­
lems. Again, however, the limits of this program and 
the range of problems it can handle are not discussed. 
This chapter should have been placed near Chapter 
Four. Chapter Ten, which is concerned with mold 
cooling, is also well-written, but should be grouped 
with Chapter Four. 

The last chapter in section II is concerned with 
data acquisition and control of the injection molding 
process. This chapter is of educational value as it ex­
Continued on page Z18. 
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REVIEW: Injection Molding 
Continued from page 173. 

plains the methodology of process control. This chap­
ter bears some similarity to Chapter Three, but is 
much more thorough and useful. 

The last section (Part III) is concerned with data 
bases and contains Chapter Twelve. It is one of the 
more useful chapters in the book as it describes the 
importance to the designer of having data banks avail­
able containing the physical properties in both the 
solid and molten phases of each thermoplastic. This 
data should be readily available in both the part design 
and process simulation phases and must be stored in 
the computer system. The chapter contains an over­
view of the development of the present data bases, 
including the types of data available in present sys­
tems and future trends. 

In summary, there are a number of useful chapters 
in the book, but unfortunately the connection between 
chapters is not readily apparent. For the inexperi­
enced engineer, it would be difficult to assemble the 
appropriate knowledge from this book and then apply 
it to process control or mold design. The book would 
be more useful if a section on principles of injection 
molding, including the fluid mechanics of mold filling 
and its connection to the properties of a part, were 
included at the beginning of the book. D 

TRANSPORT PHENOMENA 
Continued from page 177. 

pleted these courses they will know what to look for 
when they encounter new problems, and they will 
have acquired the tools necessary to solve a great 
many of them. 
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gineers to develop entirely new processes, to under­
stand current unit operations more thoroughly, or to 
adapt earth-based unit operations for the demanding 
environment of space. 

REFERENCES 

1. Allen, D. T. , and D. Pettit, Symposium on Zero Gravity Pro­
cessing, AIChE Spring National Meeting, Houston, 1985. 

2. Subramanian, R. S., and R. Cole, Symposium on Transport 
Phenomena in Space Processing, AIChE Annual Meeting, 
New York, 1987. 

3. NASA Technical Memorandum 89607, "Microgravity Science 
and Applications Program Tasks, " NASA Office of Space Sci­
ence and Applications, Washington D.C., February 1987. 

4. NASA Technical Memorandum 89608, "Microgravity Science 
and Applications Bibliography," NASA Office of Space Science 
and Applications, Washington, D.C. January 1987. 

5. Naumann, R. J., and H. W. Herring, "Materials Processing 
in Space: Early Experiments," NASA SP-443, 1980. 

6. NASA Marshall Space Flight Center Publication, "Micrograv­
ity Science and Applications: Experimental Apparatus and 
Facilities," Washington, D.C. 

7. Potard, C., and P. Dusserre, "Contactless Positioning, Man­
ipulation and Shaping of Liquids by Gas Bearing for Micro­
gravity Applications," Adv. Space Res., 4(5), 105-108 (1984). 

8. Ray, C. S., and D. E. Day, "Description of the Containerless 
Melting of Glass in Low Gravity," SAMPE Tech. Conj. Ser., 
15, 135 (1983). 

9. Doremus, R. H., "Glass in Space," in Materials Science in 
Space (B. Feuerbacher et al., Eds.), Springer-Verlag, 1986, 
p. 447. 

10. Doremus, R. H. , "Glass Shell Fabrication Possibilities as 
Viewed by a Glass Scientist," J . Vac . Sci. Tech., A3, 1279 
(1985). 

11. Swanson, L. W. , "Optimization of Low Gravity Float Zone 
Crystal Growth," M.S. Thesis, University of California, Los 
Angeles, 1983. 

12. Naumann, R. J., Marshall Flight Center Space Science Labo­
ratory Preprint Series No. 86-137, June 1986. 

13. Shankar, N., and R. S. Subramanian, "The Slow Axisymmet­
ric Thermocapillary Migration of an Eccentrically Placed Bub­
ble inside a Drop in Zero Gravity," J . Colloid Interface Sci­
ence, 94, 258-275 (1983). 

14. Snyder, R. S., P. H. Rhodes, T. Y. Miller, F. J. Micale, R. 
V. Mann, and G. V. F. Seaman, "Polystyrene Latex Separa­
tions by Continuous Flow Electrophoresis on the Space Shut­
tle," Sep. Sci. Tech., 22, 157-185 (1986). 

15. Saville, D. A., and 0 . A. Palusinski, "The Theory of Elec­
trophoretic Separations. I: Formulation of a Mathematical 
Model, " AIChE J. , 32, 207-214 (1986). 

16. Saville, D. A., 0. A. Palusinski, R. A. Graham, R. A. Mosher, 
and M. Bier, "The Theory of Electrophoretic Separations. II: 
Construction of a Numerical Simulation Scheme," AIChE J., 
32, 215-223 (1986). 

17. Sacco, A., L. S. Sand, D. Collette, K. Dieselman, J. Crowley, 
and A. Feitelberg, "Zeolite Crystal Growth in Space," AIChE 
Spring National Meeting, Houston, 1985. 

18. Cherry, R. S., and E.T. Papoutsakis, "Hydrodynamic Effects 
on Cells in Agitated Tissue Culture Reactors ," Bioprocess 
Engr., 1, 29-41 (1986). D 

CHEMICAL ENGINEERING EDUCATION 


