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HISTORY AND CLIENT DESCRIPTION 

General History 

Worcester Polytechnic Institute is the third oldest college of 

engineering and science in the United States. It was founded 

in 1865 as The Worcester County Free Institute of Industrial 

Science to provide a then-unique educational program including 

both theoretical studies and practical applications. The 

present name was adopted m 1887.^ 

Many of today's leading colleges of engineering and science were 

patterned after the program originated at V7orcester. As time 

passed, the need for practical shop courses diminished and many 

universities turned their energies strictly toward the analyt-

ical aspect of engineering. 

Although WPI followed this trend of thinking to a great extent, 

they never fully lost sight of the importance that a practical 

knowledge of the manufacturing process possessed. 

During the past few years WPI's goals and capabilities have 

undergone a complete evaluation which resulted in the WPI plan. 

VJith the implementation of this plan in 1971, \^I once again 

departed from a rigid engineering and science curriculum and 

adopted a competency oriented curriculum that heavily emphasizes 

the relationship between technology and the humanities.-^ 



Therefore, the WPI graduate and the term "Technological Humanist" 

have become synonymous. In general the V7PI plan commits the 

college to provide an educational experience in response to each 

student's emerging professional goals, to relate its course 

material to real-life problems of concern to the student, and 

to select problem-oriented learning techniques matched to the 

student's capability and personal development. "̂  All of this 

will be geared within an academic calendar which permits flexi-

bility with respect to time span and learning pace.^ By adopting 

this new plan, WPI acknowledges the importance of theoretical 

analysis, while it re-emphasizes the need for practical applicatioi 

M_ATERIALS PROCESSING (History at WPI) 

Of the first two original structures on the WPI campus, one 

was the materials Processing Lab, Washburn Hall. This structure 

has been used as such vsince 1880 and with the implementation of 

the WPI plan it has become necessary to consider newer and more 

modern facilities. 

Although WPI•s return to the more practical aspects of engineering 

has created a need for modernization, there is still a great 

historic bond to the past. Therefore, the Washburn building is 

not only a materials processing lab, but it is also a symbol 

of prestigious and devoted educational training since 1880. 

MATERIALS PROCESSING (What is it?) 

Mechanical Engineering is divided into several small areas of 

study. One of these areas is that of materials engineering, 

which in turn is divided i nto tv70 other areas, these being. 



materials science and materials processing." 

Materials Science is a more analytical area of study. It answers 

such questions as, what kind of break down or change occurred in 

a particular material under a certain condition. 

Materials Processing is the study of the actual change. How 

does this change occur and in what form should the result be 

and, finally, how does one actually manipulate this change. 

Therefore, as you see, materials processing is primarily a prac-

tical area of study. By its very nature it becomes not only 

important to the mechanical engineer but also important to all 

other areas of engineering. 

The equipment which is often utilized in a Materials Processing 

Lab comes under the heading of Material Manipulators. For 

example: Welders, Rolling Mills, Drill Presses, Metal Lathes, 

Grinders, Extrusion Machines, Forges, Furnaces, etc. 
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GOALS AND OBJECTIVES 

THE PROBLEM 

Because of the importance that Materials Processing has to 

all areas of engineering and the renewed interest that WPI 

has placed upon the practical aspect of engineering it has 

become necessary to up-date the present facilities at V7orcester 

Polytechnic Institute. 

THE CLIENT 

Worcester Polytechnic Institute 
Professor Charles C. Reynolds 
Head of Materials Engineering 

THE GOALS 

1. An ideal Laboratory 

2. A facility that will allow the students to obtain 

a. a knowledge of material advantages and limitations. 

b. open the door to the potential of applying scientific 
principles to material processing. 

c. to give the student enough practical nomenclature to 
buy time for further knowledge. 

d. upon graduation, the ability to communicate effectively 
with workers. 
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SITE LOCATION 

The Washburn building is the present location of the materials 

processing laboratories. It is strongly suggested that the 

new facilities also be located in this vicinity. The primary 

reason is; that Washburn Hall was one of the two original 

buildings on the WPI campus and has housed the materials 

processing lab since that time. Secondly, it is centrally 

located and it has just as an important relationship to one 

area of engineering as it does to another. Finally, the only 

building to which its relationship is important, in terms of 

student research in Materials Processing, is the library which 

is at present located across the street. 

SITE DESCRIPTION 

The Washburn Building is located on top of a hill about 360 feet 

from the street with an elevation change of 60 feet within that 

distance. This rise occurs both to the south and to the east. 

The hillside is covered with a grassy lawn and shaded by rela-

tively large oak trees. There is a winding walk leading down to 

the library's side entrance and then on to the street level 

parking. 

Directly in front of the Washburn Building, to the east and before 

the start of the grassy slope, is an automobile and service drive. 

This drive encloses the building on three sides. 

The north and the west sides are flanked by buildings and the 

contour is relatively flat. 



.*t:;"r--,ií >, •.'ifrv 

THE SURROUNDING BUILDINGS AND THEIR USES 

1. Alden Memorial - Auditorium, Humanities 

2. Atwater Kent - Electrical Engineering 

3. Boynton Hall - Administration, Admissions, Placement 

4. Gordon Library - Central Library, Computer Center 

5. Higgins Labs - Mechanical Engineering computer science, 
T.V. Studio 

6. Kaven Hall - Civil Engineering 

7. Olim - Physics, Life Sciences 

8. Project Center - Student Víorkshops 

9. Salisbury Laboratories - Computer Science Humanities, 
Biomedical Engineering, Life 
Sciences, Social Sciences and 
Policy Studies. 
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CLIMATE 

Warm summers, moderately severe winters, and ample rainfall 

characterize the climate at Worcester. The Atlantic Ocean, 

50 to 70 miles to the east and south, occasionally affects the 

weather, the prevailing winds are from the southwest in summer 

and from the northwest in winter. The climate, therefore, is 

influenced more by air moving over the continent than by air 

moving in from the ocean. As is typical of a predominantly 

continental climate, temperature ranges widely from winter to 

summer and from day to night. Day to day variation in temper-

ature is common because the country is near the paths of weather 

systems that alternately bring in warm air from the south and 

cool air from the north.' Further variation results from the 

varying topography.° 

TEMPERATURE 

For at least five months of the year, the mean monthly tempera-

ture in the city is 50^ F. or higher. Almost everywhere in the 

county, the mean temperature in January, the coldest month, is 

below 25°. In the Connecticut River Valley, the mean temperature 

reaches 90° or more for as many as 15 to 20 days.^ 

PRECIPITATION 

On an average, about 50 inches of rain falls a year in Worcester, 

and it is distributed remarkably well throughout the year. Plenty 

of water is usually available for domestic, and industrial needs.^^ 
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Snowfall varies from year to year. The average in Worcester is 

about 50 inches annually. •'••'- Records at the weather station show 

that 6 out of 31 years did not have a continuous snow cover of 

1 inch or more for as long as a month.-'-̂  In most years, however, 

the ground is covered with snow at least 1 inch deep from about 

the beginning of January until near the end of March.-^^ Sometimes 

snow is on the ground continuously from the end of November, and 

sometimes it remains until well into April.^^ 

In the 27 year period for which records have been kept, the 

maximum depth of snow on the ground ranged from 9 to 42 inches 

and averaged 22 inches,-^^ The snow is generally deepest about 

the middle of February. 

STORMS 

Wind or heavy rains from hurricanes cause some damage in Worcester 

about once in 10 years.-*-" Tornadoes are more frequent, but 

most of these affect only a small area and few cause personal 

injuries or significant property damage. 

Thunderstorms can be expected for 15 to 25 days each year.^^ 

They are most frequent in June and July, but may occur in any 

month. Spring and Summer thunderstorms are occasionally 

accompanied by hail. Hailstorms occur two or three times a 

year, but hailstorms are seldom large enough, or numerous 

18 enough, to cause extensive damage. 

SOIL 

The soil consists of somewhat excessively drained fine sandy 

loams underlain by bedrock. These soils formed in a thin laver 



of glacial material derived mainly from granite and quartzite. 

They are in gently sloping to very steep areas of the county.-^^ 

When cultivated the soil has a dark-brown fine sandy loam surface 

layer about 10 inches thick. The subsoil is dark yellowish-

brown loamy sand that fades to brown with depth. This generally 

20 
is underlain by granitic bedrock at a depth of about 16 inches. 

Outcrops of bedrock occur 50 to 100 feet apart. The depth to 

bedrock generally is about 20 inches but ranges from bare outcrop 

to about 24 inches. The texture of the surface layer and upper 

subsoil ranges from fine sandy loam to loamy sand. Rock frag-

ments less than 10 inches in diameter comprise from 5 to 40 

percent of the subsoil material.^^ 

H 
__ ----í . -

:.̂  t ^ - -
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SUN PATH DIAGRA.MS 

WORCESTER, MASS. 
Latitude 42° - 16' 

14 

4 0 » N L A T I T U D E 
s >o* 

4-4»N L A T i T U D E 

The elliptical curves in the diagrams represent the horizontal 

projections of the sun's path. They are given on the 21st day 

of each month. Roman numerals designate the months. A cross 

grid of curves graduate the hours indicated in arabic numerals 
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ZONING REGULATIONS FOR THE CITY OF ĴÔ ĈESTER 

The VÍPI campus is zoned RG-5 which is defined as general 

residential. It has a minimum lot area of 5,000 sq. feet. 

The use regulations are as follows: 

Sec. 14. Application 

A. No building, structure, or land in any district may be 

used, erected, or designed to be used, in whole or in 

part, for any use not expressly permitted for that dis-

trict in section 15 below unless as a permitted accessory 

used under section 16 below. 

B. Uses existing on the effective date of this ordinance 

that are designated in section 15 as special exceptions 

may be expanded, rebuilt or changed to another special 

exception, upon grant of a special permit by the zoning 

Board of Appeals. 

C. VJhere a particular use does not, in the interpretation 

of the superintendent, fall within a permitted category 

for that district, it shall be excluded in that district 

unless it can be established to the satisfaction of the 

Superintendent that it falls within one or more of the 

following categories. 

1. Said use was lawfully in existence on the effective 

date of this ordinance and can qualify as a privi-

leged non-conforming use in accordance with law. 

2. Said use was granted a variance following the 

effective date of this ordinance. 

3. Said use was granted a special permit following the 

effective date of this ordinance. 



16 

SEC. 15 RESIDENTIAL DISTRICTS' 

A. Permitted Uses 

6) School, college, or other educational institution not 

conducted as a gainful business. 

B. Uses permitted only upon grant of a special permit 

4) Machine shop or other training activity accessory to a 

private or non-sectarian school or to an adult education 

center building. 

SEC. 16 REGULATORY PROVISIONS FOR ALL DISTRICTS 

A. Schools, colleges or other educational institutions not 

conducted as a gainful business. 

1) In residence and business office districts, private and non-

sectarian schools are subject to the following: no parking 

area may be near to any lot line than the required yard 

depth. (min. depth 15'-0") 

B. Machine shop or other noisy training activity accessory to 

a private or non-sectarian school or to an adult education 

center building. 

1) In residence and business office districts, such activities 

shall be at least 100 feet from any lot line. 

C. Research Laboratory - Where allowed in residence and 

bu.siness districts, subject to limitations set forth in 

Sec. 17A (29). 

SEC. 17A (29). - MANUFACTURE, ASSEMBLY, PROCESSING, PACKAGING, 

OR OTHER INDUSTRIAL OPERATIONS. Limitations: 

A. All resulting cinders, dust, fumes, gases, odors, smoke, 

or vapor must be effectively confined to the premises or 

so disposed of as to avoid any air polution. 
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B. Any noise, vibration, flashing may not be perceptible 

normally without instruments farther than 150 feet from 

the premises. 

UNIFORM BUILDING CODES 

Type E Occupancy 

Type I Construction 

LOCATION ON PROPERTY 

Sec. 1003. For fire-resistive protection of exterior walls 

and openings, as determined by location on property, see Section 

504. 

Sec. 504 (A.) GENERAL. Buildings shall adjoin or have access 

to a public space, yard, or street on not less than one side. 

Required yards shall be permanently maintained. 

LIGHT, VENTILATION, AND SANITATION 

Sec. lOOJ. All portions of group E occupancies customarily 

used by human beings shall be provided with light and venti-

lation by means of windows or skylights with an area equal to 

one-eighth of the total floor area, one half of which shall be 

openable, or shall be provided with artificial light and a 

mechanically operated ventilating system as specified in Section 

605. 

Sec. 605. The mechanically operated ventilating system shall 

supply a minimum of five cubic feet per minute of outside air 

with a total circulated of not less than 15 cubic feet per 

minute per occupant in all portions of the building and such 

system shall be kept continuously in operation during such 
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time as the building is occupied. If the velocity of the air 

at the register exceed 10 feet per second, the register shall 

be placed more than 8 feet above the floor directly beneath. 

F RE-EXTINGUISHING SYSTEMS 

Sec. 3802. Automatic Fire Extinguishing Systems 

(B) Where required. Standard automatic fire-extinguishing 

systems shall be installed and maintained in operable 

condition in the following locations: 

6. In Group E, Division 3 occupancies having 
more than 3,000 square feet. 

Sec. 3803. 

(B) Where required. All buildings, four or more stories in 

height, shall be equipped with one or more dry standpipes. 

(C) Location. Refer to the Uniform Building Code. Sec. 3803(c) 

SPECIAL HAZARDS 

Sec. 1008. Every boiler or central heating plant shall be 

separated from the rest of the building by a two-hour fire-

resistive occupancy separation. 

In Divisions 1 and 2, there shall be no openings in such occupancy 

separations except for necessary ducts and piping. 

In any room in a Group E, Division 1, 2, or 3 occupancy in which 

volatile, flammable liquids or hazardous materials, are stored 

or used, no energy consuming equipment shall be used unless 

such equipm.ent has been listed specifically for the hazardous 

atmosphere that may develop. -

\ 
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Head of Department of 

Mechanical Tnaineering 

Head of Department of 

Materials Processing 

Instructor Instructor 

Technician 

Instructor Instructor 

Technician 

S T U D E N T S 

LAB0RAT0.RY USE LOAD. 

There are two structured classes that u.'̂e the '̂'aterials Prccessing 

Lab. In the first cla-is ("I.F. 1800) there are 20 rtudents per 

unit for tv.To units and each unit rn.eets tv.ice a '̂ eek Tor two hour 
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periods. The second class (M.E. 2320) also was 20 students 

per unit for three units and each unit meets one afternoon per 

week for three hours, and every morning Monday through Friday 

for a one hour lecture and demonstration.^^ 

Along with these more structured courses the Materials Processing 

school offers an elective projects course. This course usually 

has fifteen students which meet fifteen hours per week, at 

their own scheduling, for seven weeks. The entire school has 

four seven-week terms per year.23 

Therefore the Materials Processing Labortory has around one 

hundred students per term. 

STANDARD SCHEDULED HOURS 

WORCESTER POLYTECHNIC INSTITUTE 

TIME 
DAY 

8:00 9:00 10:00 11:00 12:00 1:00 2:00 3:00 

MON 

WED 

ME 
2820 
30 

students 

ME 1800 
#1 - 20 
students 
#2 - 20 
students 

ME 2 820 LAB 

20 stuients 

.T-P Necessary 
ME 2820 

TUE 30 
students 

ME 1800 
#1 - 20-
students 

ME 18001 
3EC #2 
20 studlents 

ME 
282 0 

30 
students 

LAB - SE(j: #1 
ME 1800 ^1 -
20 studénts 

#2 - 20 
studerjits 

ME 2820 
THR 3 0 

students 

ME 18 00 
SEC #1 -

s 

LAB 

itudent 
20 
s 

ME 2 820 
SEC #2--
20 studehts 

ME 2820 
FRI 30 

students 

MAINTENANCE 



21 

EDUCATIONAL FACILITIES 

Within the schedule of classes in Materials Processing it 

often becomes necessary to meet with students for group lec-

tures and discussions. These small lectures need to be held 

without the interference of outside noises and distractions 

which often occur in the regular laboratories. The lectures 

are usually directed toward 20 to 30 students at a time. 

Fundamental Teaching Aids should be included to assist the 

instructor in his lectures. 

Lectures and demonstrations of a larger scale are also nec-

essary, therefore a facility for groups of 50 or 60 students 

should be provided. Provisions need to be made for not only 

the fundamental teaching aids, but also for instructional 

television, which is rapidly becoming an important aid to the 

teaching practice at WPI. (See Appendix). 

Lectures and demonstrations are not just confined to separate 

meeting facilities. In fact the most important teacher to 

student interactions occur within the laboratories, themselves. 

Every laboratory should provide for demonstrations to at 

least 12 students. Ideally every different kind of operation 

should contain some area demonstration. Since the equipment 

for videotapes and television has been installed on the VÍPI 

campus, provisions should be made so that laboratory demon-

strations can be filmed and recorded for review by the students 
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INSTRUCTORS AND TECHNICIANS 

The V7PI Materials Processing Division has 5 instructors and 

2 technicians to aid the students in their learning processes. 

One of the instructors is also the head of .Material Processing. 

He is the Principal Coordinator. His duties require a good deal 

of study, paper work, and often direct counseling, not only to 

his students, but also to his faculty. Therefore, his duties 

require a special blend of privacy and accessibility. 

The other instructors also share these special requirements, 

yet at a smaller scale. Their paper work can be distributed 

through a small secretarial pool. 

The technicians do not need the level of privacy that the 

instructors require, although their accessibility to the 

actual laboratory work is probably more critical. The tech-

nician will do a certain amount of paper work for machine 

repair and stock inventory. As a result, the technicians 

need a small amount of clean work surface for paper work 

and files. 
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LABORATORY CLASSIFICATIONS 

The Materials Processing Laboratories at WPI are unique in 

the fact that no one process is repeated for mass production 

as in an industrial lab. Therefore, a student project which 

is started in one lab may be finished in that lab or it may 

go to one or all of the other labs for finishing, refinement, 

or adjustment. 

Because of this diversity in project work, the design of the 

labs for an educational institution such as WPI cannot be 

considered in the same way that one might consider designing 

an industrial processing lab. Instead one must look at other 

factors such as, educational instruction, cleanliness of the 

operations, noise levels, and similarities of operations. 

THE CASTING LAB - This is basically a dirty operation which 

involves the use of high temperature equip-

ment. Because of the relationships which 

the casting processes hold with one another 

it is important that they be located in a 

common area for instructional convenience. 

THE WELDING LAB - This operation is also a dirty process but 

it's separation stems from its high noise 

level and use of flammable pressurized 

tanks. The welding processes are similar 

therefore, by locating these in the same 

vicinity one will help simplify the teaching 

process. 
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THE ^mCHINE TOOL LAB - Machining is a clean process and it is 

also relatively quiet. It is basically 

classified into different areas for three 

reasons. First, because of demonstration 

reasons, second, according to the complexity 

of the machines used and third, because of 

the type of work done. 

THE PLASTIC DEFORMATION LAB - This too is a clean process. 

It employs very little cutting. It involves 

the processing of metal under pressure. 

Basically it is divided into two categories: 

A. Hot - Forging, Hot Rolling 

B. Cold - Bending, Stamping. 
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CASTING 

The technique of making a sand mold casting in the school lab 

is similar to that used by industry. The major differences 

concern casting size, and quantity of castings produced. 

The process of casting is a two step operation. The first 

step is to convert the raw materials into molten metal of the 

proper temperature and composition. The second step is to 

prepare the mold. A mold is a cavity or opening the exact 

size of the article to be cast, in a medium suitable for 

holding the molten metal.^'^ 

Sand is perhaps the most widely used material for making molds 

although other materials are used and will be described in the 

following paragraphs.^^ 

The sand may be used in the moist state. A mold made with moist 

sand is called a Green Sand Mold. Or it may be held together 

with plastic binders and baked dry, to form a Dry Sand Mold. 

The green molding sand is a mixture of sand grains, clay, 

water and other materials that serve as binders. The ingredients 

2 6 
are blended in a Mulling Machine. 

The WPI casting process is much the same as the industrial 

process although it occurs at a much smaller scale. The sand 

and binder are brought in by truck and stored in separate 

containers approximately 120 pounds of each are ordered when 

necessary. These are mixed in smaller quantities inside of 

a portable mulling machme."^' 
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The sand mold is made by packing the sand in a box called a 

flask, around a pattern of the shape to be cast. Hand ramming 

of sand around the pattern is usually done in the university lab. 

To allow for easy removal of the pattern, the flask is made 

to separate horizontally at a point called the parting line. 

When the pattern has been drawn (removed) from the mold and 

the two mold halves, called the cope and the dray are reassembled, 

a cavity remains.28 ^ll of this mold preparation occurs at 

what is commonly called the molding stations. One molding 

station for a school lab must contain a bench of approximately 

30 inches in height, 20 inches in depth and 4 feet in length. 

After the mold has been prepared it is now time to melt the 

desired metal. While almost any metal can be melted and cast, 

aluminum and brass are more frequently cast in the university 

lab. A gas fire furnace is used to melt such metals as alumi-

num, brass, and lead, while higher temperature metals such as 

iron and steel are melted in an induction furnace.29 

A sufficient amount of metal must be gathered together before 

lighting the furnace. A crucible (container for the molten 

metal) of the correct size must be secured. The metal must 

30 be added and the crucible is then mserted into the furnace. 

The furnace is now lighted and the metal is allowed to come to 

pouring temperature. The high temperatures needed to melt 

aluminum and brass for casting makes protective clothing man-

datory. Goggles, asbestos gloves, leggings and aprons must 

be worn.^-^ 
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Once the metal has reached pouring temperature the furnace is 

turned off and the crucible of molten metal is removed with 

crucible tongs. The crucible is then placed in the crucible 

shank and poured.-^^ 

SHELL MOLDING 

The shell-mold method of producing castings is basically a 

modification of the sand-mold process. Instead of using the 

regular foundry-sand mixture, a fine dry sand mixed with 

phenolic resin is applied to a pattern which is heated to 

approximately 450° F. The resin melts and flows in between 

the grains of sand, acting as a bond. This feature, plus 

curing on the pattern, produces a hard, smooth mold which is 

just as accurate as the pattern itself.^-^ 

In place of the regular sand molding equipment is an open-

faced box mounted on trunnions. A resin-sand mixture is poured 

into the box to a depth of approximately 10 or 12 inches. The 

pattern plate, which has previously been heated, is clamped 

face down on top of the box. The box is inverted so that the 

sand-resin mixture drops directly on the hot pattern face. 

After about 20 to 30 seconds the box is then returned to its 

original position, and the pattern, with the soft shell adhere-

ing to it, is removed and placed in an oven to cure. 

After the shell has had sufficient curing time it is removed 

from the oven, then the pattern is removed from the mold and 

the mold is ready for pouring.^^ 
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INVESTMENT CASTING 

Investment casting is a specialized process often called the 

lost-wax method.-^^ Basically, it consists of pressing wax or 

plastic into a split metal mold. When the material is hard it 

is taken out and the fins are removed. Other parts of the 

assembly may be fastened together at this time.^^ The assembled 

gated clusters are then dipped in a very fine grained slurry of 

refractory powder and bonding material. This process is refer-

red to as the investment of the pattern. After di.pping, coarser 

sand is shaken over the cluster.^^ This sand adheres to the 

wet slurry and builds up a thicker wall section. The built-up 

clusters are then placed in metal containers or flasks, and 

3 9 
the final investment material is poured around them. 

A vibrating table equipped with a vacuum pump is used to elimi-

nate all air from the investment. After investment the completed 

flasks are heated slowly to complete the drying of the mold and 

then to melt or burn out the wax or plastic, patterns, runners, 

and sprues.^^ When the molds have reached a temperature of 

over 1000° F., they are ready for pouring. Vacuum is sometimes 

applied to the flasks during the pouring operation. Molds that 

are not difficult to fill may be poured by gravity, as in green 

sand molds.^ 

V7hen the metal has cooled, the investm.ent material is removed by 

means of vibrating hammers. As with other castings, the gates 

and risers are cut off and ground down, and final inspection is 

performed. 
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CLEANING AND FINISHING 

After the casting process is completed the casting must be 

cleaned and finished. The excess metal which was left through 

the gates and risers must be cut off with a band saw and ground 

down by a belt sander. The loose excess is then cleaned off 

of the casting by sand blasting it. 

SPECIAL TESTING 

Special testing often takes place in the casting lab. This 

activity is performed by the Materials Science Division of 

the Materials Engineering Department. These testing operations 

require a work bench approximately 34 inches high, 30 inches 

deep and 20 feet long. The equipment used will also require 

eight 110 volt electrical outlets at counter height. 
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WELDING 

Welding is a method of joining metals by heating them to a 

suitable temperature to cause them to melt and fuse together. 

Welding methods may be divided into many categories: gas, 

simple arc, and resistane welding are just three of the more 

basic types. The modern university processing lab should 

contain examples of all three.^^ 

GAS WELDING 

Gas welding includes a group of welding processes that make use 

of burning gases, such as acetylene or hydrogen mixed with oxy-

gen, to produce heat as required to cause the metal to melt 

and fuse. Filler material of a similar composition and melting 

temperature as the base metal may be used.^^ 

Acetylene and oxygen mixed in correct proportions are most 

commonly used for gas welding in the school lab. They burn 

with an extremely hot flame (6,300<̂  F.); more than ample for 

doing an adequate job of joining most weldable metals.^^ 

Often, metal from a filler rod is added to the joint during 

welding, to build it up and make it as strong as the base metal 

These rods are available in a number of sizes (diameters) and 

are copper plated to prevent rusting. Because of their impor-

tance to the welding processes they should be kept in stock 

46 for easy access. 
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Basically, an oxyacetylene welding outfit consists of: 

1. A source of supply of the two gases (gas cylinders). 

2. A mechanism for reducing the pressure and controlling 

the gases as they come from the cylinders (oxygen 

regulator and acetylene regulator). 

3. A method for transferring the gases to the point of 

use (the oxygen hose, green, and the acetylene hose, 

red) . 

4. A device to mix and control the gases in proper 

proportion when welding (welding torch). 

5. A welding table usually made of steel with a firebrick 

top which is not affected by the high welding temperatures 

In addition to the above, a wrench that fits the various connec-

tions, a spark lighter, for lighting the torch, about four 

extra tips, for different types of jobs, and a pair of suitable 

goggles are needed.^^ 

Although welding rods are not always used fluxes are on most 

non-ferrous and cast-iron welds. Flux cleans the metal, pre-

vents oxidation and other forms of corrosion and promotes a 

better weld. Flux is another item which is important to gas 

welding and should be kept on hand for easy access.'^^ 



32 

ARC WELDING 

Arc welding is a joining process that makes use of an electric 

arc to produce the heat necessary to cause the metals to melt 

and fuse together. 

Because of the use of electricity in the arc welding process, 

arc welders are rated according to their current output. Arc 

welding machines are of two basic types: those that provide 

direct welding current (DC), and those that provide alternating 

welding current (AC). Also there are combination welders avail-

able that produce both AC and DC welding current."^^ 

Safe and efficient welding procedures require the use of many 

accessories. Arc welding requires the use of two cables to 

carry the current through a complete circuit. Size and length 

of the cables is determined by the capacity of the machine. 

One cable is attached to the electrode holder. This holds the 

electrode during the welding operation. The second cable is 

attached to the ground clamp. The clamp is attached to the 

work or, if the table has a cast-iron top, to the welding table.^^ 

A head shield, protects the face and eyes of the operator from 

the rays of the electric arc and spatter of molten metal. A 

wire brush and chipping hammer are necessary for removing slag 

and cleaning the weld bead. Tongs or pliers should be available 

to handle hot metal. A welding table is very helpful for prac-

tice and small jobs, along with an assortment of clamps, 

punches, and small tools which make the projects a little easier.̂ -'-

In arch welding the electrodes are metal rods covered with a 

baked flux coating. These rods are used to support the welding 
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arc and to provide filler metal to the joint. The electrodes 

should be stored where they will be dry for moisture destroys 

the desirable characteristics of the flux coating.^^ 

ARC WELDING NONFERROUS METALS 

Aluminum and other nonferrous metals like copper and brass can 

be electric welded almost as easily as ferrous metals. About 

the only apparatus needed, in addition to an AC welding machine 

and its normal related equipment, is an arc torch, and elec-

trodes developed for the metal being welded.^^ 

HELIARC 

The process employing helium gas is carried out on a D.C. arc 

welding machine with the aid of a single tungsten electrode, 

the weld metal being deposited by a welding rod. This equip-

ment is suitable for welding magnesium alloys.^'* 
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MACHINE TOOL LAB 

The nature of the WPI educational process is such that it 

would be impossible to set up a machine tool lab for any 

particular manufactured product. The projects vary to much, 

and the variety is unlimited, therefore, the processing of 

metals at WPI, is divided into three general sections, these 

sections are: 

General Machining - lathes, milling machines, drill 

presses, and grinders. 

Special Machining - EDM machine, the turret lathe, 

more sophisticated grinding such 

as horizontal, vertical, cylindrical 

and controlled force grinding. 

Material Cut-Off - band saws, power hack saws, the 

circular cut-off machine and the 

belt sanders. 

These three sections must be accessible to one another because 

the machining of almost any one product will require some work 

in all three sections. 

GENERAL MJVCHINING 

Within the general machining laboratory there are several 
re 

smaller areas. These areas are separated according to the 

types of machines used, such as; lathes, milling machines, 

drilling machines, and grinding machines. 



35 

LATHES 

The lathe is a machine tool in which the work is held and ro-

tated, while being shaped by a cutting tool that is fed against 

the work. 

The lathe size is determined by swing and bed length. The 

swing indicates the largest diameter of work that can be turned 

The bed length is the entire length of the ways and is not the 

largest length of metal that can be turned.^^ 

Each of the lathe parts fall into one of three functional 

categories: 

1. Driving the lath 

2. Holding and rotating the work 

57 
3. Holdmg and moving the cutting tool. 

The lathe is the most versatile machine in a machine tool 

laboratory. 

MILLING MACHINES 

The milling machine is the next most versatile machine tool 

On this machine.metal is removed by a rotating multi-tooth 

cutter that is fed into the work.^^ 

There are three types of milling machines which are commonly 

used in a materials processing lab. 59 

1. Plain Milling Machine 

2. Universal Milling Machine 
—Horizontal Spindle 

3. Vertical Spindle Milling Machine 
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The vertical spindle milling machine, differs from the plain 

and universal machines by having its cutter spindle in a verti-

cal axis, at right angles to the worktable top.^° 
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OFFHAND GRINDING 

The General Machinery Lab includes what is called offhand grind-

ing; that is, work that does not require great accuracy of 

size or shape which can be held in the hands and manipulated 

until ground to the desired shape. The bench and pedestal 

grinders are the simplest and most widely used grinding machines 

of this type.^1 

The bench grinder is a grinder that is fitted to a bench or 

table. The grinding wheels mount directly onto the motor 

shaft; one is coarse for roughing, and the other is fine for 

6 2 finish grinding. 

The pedestal grinder is usually larger than the bench grinder, 

and is equipped with a base (pedestal) that is fastened to the 

floor.^-^ 

Another grinder which is often used in the general machine lab 

is the flexible shaft hand grinder. This grinder performs many 

grinding jobs from light deburring and polishing to light 

milling operations. They are used extensively on jobs such as 

64 
fmishing dies. 

DRILLING 

The drill press is probably the best known of the machine tools. 

While it can be used for many different machine operations, the 

drill press is primarily used for cutting round holes. It oper-

ates by rotating a cutting tool, known as a drill, against the 
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material with sufficient pressure to cause the drill to pene-

trate the material.65 

The size of the drill press is determined by the largest diam-

eter of a circular piece that can be drilled on center. A 14 

inch drill press can drill to the center of a 14 inch diameter 

piece. The center line of the drill is 7 inches from the 

column.°° 
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SPECIAL MACHINING 

Basically the activities which take place in the Special 

Machining section are the same as those which occurred in 

General Machining, although the equipm.ent is more sophis-

ticated and the work is much more specialized. The special 

purpose activities implement the use of such equipment as the 

electronic discharge machine, the various special grinding 

machines and the turret lathe. 

ELECTRONIC DISCHARGE MACHINE 

"An electrical discharge unit is composed of a power supply 

to provide direct current and a method to control voltage and 

frequency; and electrode of the proper configuration - the 

electrode, usually yellow brass, can be compared with the cutting 

tool in conventional machining; a servo mechanism to accurately 

control the movement of the electrode to maintain the correct 

distance between it and the work as the machining is done; a 

coolant, usually a light oil, that forms a dielectric barrier 

6 7 
between the electrode, and the work at the arc gap. 

The servo mechanism maintains a very thin gap between the elec-

trode and the work. These are submerged in a fluid that is a 

non-conductor. When the voltage across the gap reaches a point 

sufficient to cause the dielectric to break down, an arc occurs. 

Each spark erodes a minute piece of metal, but as the sparking 

occurs 20,000 to 30,000 times per second, appreciable quantities 

of metal are removed. The dielectric fluid also flushes the 

68 
particles from the gap, and keeps the tool and work cool. 
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The process is used for shaping and sharpening carbide cutting 

tools, machining the very hard metals used in missile construc-

tion, and other applications where the physical characteristics 

of the metal or its use makes it impossible, or very expensive, 

to machine by conventional methods.^^ 

GRINDING MACHINES 

Grinding is the operation that removes material by rotating an 

abrasive wheel against the work. It is often used for sharp-

ening tools, removing material that is too hard to be machined 

by any other method or when fine surface finishes and close 

tolerances are required.'^ 

Precision grinding includes many specialized methods of grinding. 

However, for general classification, it may be divided into four 

basic methods: Vertical, Horizontal, Cylindrical, and Controlled 
71 

Force Grindmg. 

CYLINDRICAL GRINDING 

In cylindrical grinding, the work is mounted between centers and 

rotates while in contact with the grinding wheel. Two varia-

tions of cylindrical grinding are: (1) Transverse Grinding, (2) 

Plunge Grinding. Of these,two transverse grinding is most com-

monly used in the university laboratory. In transverse grinding 

the revolving piece moves past the rotating grinding wheel. A 

fixed amount of metal is removed on each pass of the work. Trans-

verse grinding permits work wider than the face of the grinding 

72 
wheel to be ground. 
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SURFACE GRINDING 

All grinding could be constructed to be surface grinding. 

However, the term refers specifically to flat or plain 

surfaces. 

The two main types of machines are classified by the posi-

tion of the spindle, as horizontal or vertical. 

The horizontal-type surface grinder uses a plain wheel. 

Special shapes of wheels, such as the cup and cylinder type, 

are used on the vertical surface grinder. Both types of 

grinders are built with either the reciprocating or the 

rotary work tables. -̂  

CONTROLLED-FORCE GRINDING 

Controlled force grinding or centerless grinding does not 

require mounting of the work, which makes such machines 

capable of higher production. The work rests on a support 

between the grinding wheel and the regulating wheel. The 

regulating wheel is set at an angle to control the rate at 

which the stock is fed past the surface of the grinding wheel 

thus the name controlled-force grinding.^^ 

THE TURRET LATHE 

Turret lathes are an outgrowth of a demand for a variety of 

repetitive turning operations on one machine. The turret lathe 

functions much like a typical engine lathe except for the fact 

that the tailstock has been converted into an indexing turret 

with five or six stations. Thus one turret lathe can do five 

or six operations without the time consuming set-up process.^^ 
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NUMERICAL CONTROL (N/C) 

Numerical control can be described as a method of operating 

machine tools with electronic devices activated by numbers in 

the form of holes punched in a paper or plastic tape. The 

machine which is numerically controlled receives its instruc-

tions from a tape rather than from the operator. 

"To perform cutting operations on a conventional machine, the 

machinist studies the blueprint, mounts the work and positions 

it for machining, by moving one or more lead screws. He then 

selects the proper cutting speeds and feeds the cutter into the 

work. 

In numerical control, all of these movements are controlled 

automatically by electric motors connected to the lead and feed 

screws of the machine,they provide the power that positions 

the work and feeds the cutter. The punched tape controls the 

current to the motors and tells them when to start, how far to 

turn, and exactly where to stop. The unit that controls the 

feed, speed and in some instances the type of cutter, is also 

activated by the tape."'^^^ 

The N/C control center at WPI will contain two milling machines, 

one tape punch machine, two tape readers and two electronic 

machine tool directors. 
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MATERIAL CUT-OFF 

Many machining operations start with the sawing of the stock 

to length or size. Improvements in the speed, accuracy, and 

the variety of operations that can be performed on sawing 

machines give this process an important place in the field o^ 

manufacturing.^^ 

Sawing equipment may be classified by the motion used for the 

cutting action. There are reciprocating saws, represented by 

the power hacksaw; band saws, including cut-off and contour; 

and circular saws, such as the cold saw and those with friction 

disks or abrasive disks.^^ 

POWER HACKSAWS 

The power hacksaw is probably the simplest of the metal cutting 

machines. It consists of a vise for clamping the work and a 

means of reciprocating the saw frame. Hydraulic pressure is 

used to regulate the downward feed force on the blade. 

BAND SAWS 

Band saws have a continuous cutting action in contrast to the 

intermittent action of the power hacksaw. This makes for shorter 

cutting time. Another advantage of the cut-off band saw is 

the narrow kerf, or cut that it makes. Saws of this type usu-

ally have a 16-inch diameter cutting capacity.^^ 

CIRCULAR SAWS. 

Circular saws cut by means of a revolving disk. The disk may 

have rather large teeth, as in the case of cold saws, or almost 

no teeth, as in the friction disk. The friction circular saw 
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requires an auxiliary coolant to keep it from becoming red 

hot.80 

BELT SANDERS AND POLISHERS 

Coated abrasive coths are used to remove material and improve 

the finish of a wide variety of products. The abrasive applied 

to the cloth or paper backing can be either natural or manufac-

tured. Many kinds of machines have been built to bring the 

coated abrasive in contact with the workpiece. One of these is 

81 the endless-belt machine, or belt grinder. 

There are five main types of belt machines. Probably the most 

common and widely used is the flexible-belt machine. These 

machines are often used for polishing difficult inside and 

outside contours. They usually consist of a wheel-and-ider 

arrangements with the belt rotating around both of these. 

Thus the flexible-belt machine is excellent in removing surface 

defects and producing fme finishes, often to close tolerances? 

., j , " ' . ' 
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THE PLASTIC DEFORMATION LAB 

The plastic deformation laboratory is just what its name 

suggests, the forming of materials through utilizing their 

plastic properties. This process requires great pressure 

and is basically divided into two categories. First there 

is hot forming which consists of forging and hot rolling, 

then there is cold forming which is bending and stamping. 

THE OBI PRESS 

The plastic deformation laboratory often requires great pres-

sures to achieve its processed results therefore, it is 

important to have a good industrial press. The OBI Press is 

one of industry's most versatile presses. The letters OBI 

stand for Open-Back Inclinable. 

The fact that it has an open back and can be inclined back-

ward up to 45 degrees facilitates the removal of both the 

manufactured part and the scrap.°-^ 

SWAGING 

Rotary swaging is the process used to reduce the cross-sec-

tional area of rods and tubes. Swaging is often spoken of as 

a cold-forging operation because the metal forming takes place 

under the hammering blows of die sections. The swaging 

machine consists mainly of a hollow spindle which carries the 

8 4 die sections and rollers. 

As the machine is started, the outer rolls are moved outward 

by centrifugal force, but, as the hammers contact the opposite 
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rolls, they are forced together, moving the dies together 

simultaneously. Approximately 1,200 to 6,000 blows per 

minute are struck by the dies.^^ 

IMPACTER 

Impact extrusion is a combination of both forging and extrud-

ing. The process consists of hitting a slug, held in a die, 

with a punch. The metal flows into the die and through an 

orifice or around the punch. The metal plastically deforms 

when the yield point is exceeded but extrusion does not start 

until the pressure becomes seven to fifteen times the initial 

8 6 
yield strength of the alloy. 

BLACKSMITH FORGING 

Within the learning activities of a .Materials Deform.ation 

Processing Laboratory it is necessary for the student to under-

stand the basic properties of metal forging. As a result, 

the blacksmith forge has become a standard facility in the 

school laboratory. 

The blacksmith forge needs coal for fuel therefore, requiring 

good ventilation. The coal is purchased in 50 Ib. sacks with 

usually a stock of two. 
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EQUIPMENT LISTS 

CASTING LAB 

EYJc^'PLE 

X P X C 

— J 

B 

« — W 
•̂ * L A 

j ' 7' 

PLAN ELEV. 

PLAN AMT 

ACCESS; 

MULLING lAACHINE I _ n •' 3'-0" X 3'-0" X 3'-0 

7 AMPS/22 VOLTS/2.5 HP 

n GAS FIRE FURNACE 
BLOWER 

1 

2 ' - 6 " X 2 ' - 6 " X 3 ' - 0 " 
8" X 2 ' - 0 " X 3 ' - 0 " 

Lj^Dasl 
INDUCTION FURNACE 4'-0" X 3'-0" X 4'-0" 

1 
j_AC(3ESS I 

136 AMPS/2 2 0V/30KW 
FLOWS 60 Ibs. water. 30 gal./min 

SAND BLASTING 2'-6" X 2'~0" X 4'-0" 

220V/.25HP/1201bs. pressure/vented 

[ACCESSj 

Q ̂  
CORE OVEN 2 ' - 0 " X 3 ' - 0 " X 3 ' - 0 " 

2 0 8 V / 2 P H / 9 . 6 K W 

^CCESSj 

BELT SANDER 2 ' - 0 " X 2 ' ~ 0 " X 4 ' - 0 " 

60A.MPS/208V/3PH 
^ C E S S J 

BAND SAW 3 ' - 0 " x 5 ' - 0 " x 5 ' - 0 " 

3 . 2 A M P S / 2 2 0 V o l t s / l H P / 3 P n 

IÅCCÍLSS__1 

.MOLDING BENCH 

1 DUMP BOX 

1 TESTING WORKBENCH 

T « n " -0" X 24" x 30" 

2'-0" X 2'-0" X 4'-0" 

24'-0" X 2'-6" X 2'-8" 

2 SAND BENDS 3'-0" X 4'-0=' X 3'-0" 



11 GOGGLES 

11 PAIR GLOVES 

11 PAIR LEGGINGS 

5 PIGS of AL 

10 PIGS of PIG IRON 

5 PIGS of BRASS 
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5 FLASKS 

3 CRUCIBLES 

12' X 13" X 12" 

AVERAGE 3" X 3" X 3" 

3 CASTING TOOL LOCKERS « n •• 3'-0" X 2'-0" X 7'-0 

SAND 120 Ibs 

RESIN 

METAL STOCK "PIGS'" 

3/80 Ib. Sacks 

4" X 4" X 24" 



WELDING LAB 
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POVJER 
SUPPLY 

SPRAY 
BOOTH 

j_ WORK AREA 
-»—,«• 

WORK AREA •> -^r-s 
a 

I P L A S M A A R C . (AVCO) l O ' - O " X 6 ' - 0 ' x 8 ' - 0 " 

1 4 4 A Í 1 P S / 2 0 8 V / 3 P H 

1 SPOT WELDER « _ n « » 2 ' ~ 0 " X 2 ' - 0 " X 5 ' - 0 

30AM.PS/110VOLT3/ 
k" water pipe & drain required. 

1 AUTO.MATIC WELDER (SIDE BEAM CARRIAGE) 

ll'-O" X 3'-0" X 3'-0" 

30AMPS/208VOLTS 
10 PORTABLE WELDING CARTS 

10 Oxygen Cylinders 
10 Acetylene Cylinders 
10 Oxygen Regulators 
10 Acetylene Regulators 
10 Oxygen Hoses 
10 Acetylene Hose.s 
12 Torches 

8" Dia. 4'-0'= Ht. 
8" Dia. 4'-0" Ht. 

8" X 6" X 6" 
8" X 6" X 6" 

6 ' T.ong 
6' Long 

4 extra tips/cart 

10 WELDING TABLES 2'-6" x 2'-6" X 2'-8" 
12 TANK WRENCHES 
10 SPARK LIGHTERS 
10 PAIR GOGGLES 
12 PAIR GLOVES 
12 24 oz. Cans of Brazing Flux 
* WELDING RODS (4/2 0 Ib". boxes.) 

2 DC WELDER 3'-0" x 3'-0'̂  x 3'~0" 
60AMPS/208V/3PH 

2 AC WELDER 3'~0" x 3'-0" x 3'-0" 
82AÍ1PS/208V 

1 UNIVERSAL P0V7ER SUPPLY 3 '-0"x3 '-0"x3 '-0" 
100AMPS/2 08V/SING. PHASE 

2 WELDING BOOTHS 
6 PAIR WELDING CABLES 
6 ELECTRODE HOLDERS 
6 G'̂ OUND CL7!̂ MPS 
5 iÆLDING TABLES 
6 HEAD SHIELDS 

12 WIRE BRU.5HES 
12 CHIPPING HA?-ÍItERS 
12 PAIR OF PLIERS 

* WELDING ELECTRODES 

5 x 5 

2 ' - 6 " X 2 ' - 6 " X 2 ' - - 8 " 

( 4 / 2 0 I b . b o x e s ) 
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GENERAL PURPOSE f^ACHINE TOOL LAB 

AMT 

L J 3 

lOQUICK CHANGE GEAR LATHES 6'-0"x6'-0"x3'-0" 

9"SWING/4.4AMPS/220VOLTS/1.5HP/3PH 

2 ENGINE LATHES 8'-0"x3'-0"x4'-0" 

D 

Û3 
M 

13"SV7ING/5AMPS/220VOLTS/5HP/3PH 

1 LATHE 4'-6"x3'-0"x3'-0" 

6"SV7ING/1.94AMPS/220VOLTS/5HP/3PH 

1 DRILLING STATION (3DRILLING HEADS) 
7'-0"x3'-0"x6' -4" 

PER DRILL - 3.6AMPS/220VOLTS/inP 

2 PEDASTAL GRINDERS 2'-0"xl'-0"x3'-0 

AT̂.P S /110 VOLT S /1HP 

1 CENTER DRILL 2'-0"x2'-0"x2'-0" 

A.MP S /110 VOLTS / IHP 

3 MILLING MACHINES 5'--0"x5'-0'=x7'-0" 

i3 
SPECIAL PU.RPOSE xMACHINE TOOL LAB 

1 ELECTRONIC DISCLIARGE .MACHINE 

4 ' x 0 " x 4 ' - 0 " x 8 ' - 0 " 
60AM.PS/208V/ .5HP 

1 HORIZONTAL SURFACE GRINDER 

4 ' - 0 " x 4 ' - 0 " x 4 ' - 0 " 
4 . 4AÎ1PS/22 O V O L T S / 1 . 5HP 
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4 

1 

1 

f 

"T 

* 

1 
1 
1 
1 
> 
f 

2 . 5 ' | 

T--

I î 

n. 

1 SHAPER 7'-0"x4'0"x4'-0" 

15AMPS/208VOLTS/5HP 

1 VERTICAL SURFACE GRINDER 
4'-6"x4'-6"x4'-0" 

.74AMPS/220VOLTS/1.5HP 

1 CONTROLLED FORCE GRINDER 
5'-0"x4'-0"x3'-0" 

1 CYLINDRICAL GRINDER 7'-0"x6'-0"x4'-0 
5AiMPS/110VOLTS/2 . 5HP 

TV̂-O MOTORS^ 
17AMPS/220VOLTS/7.5HP 

1 TURRET LATHE 9'-0"x5'-6"x5'-0" 

r" 
I 
I 
I 
L jil 

3 ̂AI'̂ PS/̂  2 OVOLTS/ 

1 NUMERICAL CONTROL CENTER 3 PIECEr 
1 Keypunch 3'-0"x2'-0"x2'-6 " 
1 Tape Reader 3 '-0-'x3 '-0"x4 '-0" 
1 Milling Machine 5'-0"x5'-0"x7'-0" 

2 MILLING MACHINES 5'-0"x5^-0'x7'-0" 

8A?!PS/2 2 0VOLTS/3HP 

MATERIAL CUT-OFF LAB 

I 2 ' 

1 POWER HACKSAW 3'-0"x5'-0"x4'-0" 

3.4AMPS/220VOLTS/1HP 

L^JH 

U.J3 

1 BAND SAW 3'-0"x4'-0"x7^-0 

6AMPS/23 0VOLTS/2HP 

1 l ^ D I A L CUT-OFF M_ACHINE 2 ' - 6 " x 4 ' - 6 ' ^ x 4 ' ~ 0 " 

2 OAMPS/22 OVOLTS/7 . 5T.IP 
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i—JlE-

1 BELT SANDER 

T VO MOTORS 

3 ' - 0 " x 3 ' - 0 " x 4 ' - 0 • 

13A.MPS/220VOLTS/1HP 

6. 5A?:PS/110VOLTS/1HP 

PLASTIC DEFORMATION LAB 

REAR 

PRONT 

I—,-
atock oi; t 

b-

^ Ji 

I 
I 

.StocW In 
^ ^ 

n 
L 

•3' 
J — i k 

1 OBI PRESS (32 TON) 5'-0"X5'-0"X10'-0" 

20AMPS/220VOLTS/ HP 

1 SWAGER 4'-2"x4'-2"x4'-0" 

2 0AÍ4PS/220VOLTS/ HP 

1 ROLLING MILL 3'-0"x7'"0"x6'-0" 

20AÎ4PS/22 0VOLTS/ HP 

1 IMPACTER 6'-0"x2'~0"x4'-0" 
15AÍ4PS/110VOLTS/ HP 

.75" AIR LINE 

1 INDUCTION MACHINE 3'-0"x4'-0"x6'-0" 

2 2 OVOLTS/.5 0"WATER LINE/ 
DRAIN REQUIRED 

SUMMARY 

Every laboratory within the Materials Processing Department 

contains a vast amount of small*hand tools, parts, and instruments. 

These often require immediate accessibility, therefore necessitat-

ing convenient storage facilities. The amount of storage is depend-
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ent directly upon the clients vast experience. The client 

recommends a space equivalent to 3'-0" x 2'-0" x 7'-0" for 

each type of individual machine or process. 

'ihu^ 

^als 
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FOOTNOTES 

Worcester Polytechnic Institute. A Visitors Guide to WPI., 
1975. p. 1 

^lbid. 

George W. Hazzard, Journal Catalogue (VJorcester, Mass.: 
Foremost Lithograph Co., 1975) pp. 3-5. 

^lbid. ^lbid. 

^Prof. Charles C. Reynolds, Personal Interview, Aug. 22, 1975. 

^U.S. Department of Agriculture, Soil Survey for Massachusetts, 
(By Filos, D.C. Fuller) (Washington D.C.): N.N., 1967. p. 150. 

^lbid. ^lbid. 

l^Ibid. p. 151 ^^lbid. p. 152 

12ibid. -'-̂ lbid. 

l'̂ Ibid. ^^lbid. 
1 c. 

U.S. Department of Agriculture, Soil Survey for Massachusetts, 
*By Filios, D.C. Fuller) (Washington D.C.): N.N., 1967. p. 153. 

-̂ "̂ lbid. l^Ibid. 

l^Ibid. 20jj3id, 

^^lbid. 

^^Reynolds, op. cit., Aug. 22, 1975. 

23ibid. 

^^John R. Walker, Modern Metalworking (South Holland, Illinois: 
The Goodheart-Wilcox Co. Inc, 1973) p. 21-1, 21-2. 

^^lbid. ^^lbid. p. 21-5. 

^"^lbid. ^^lbid. 

^^lbid. p. 21-13 ^^lbid. p. 21-14 

^^lbid. 32ibid. 

•̂̂ Roy A. Lindberg, Materials and Manufacturing Technology 
(Boston: Allyn and Bacon, Inc, 1968), pp. 121-128. 
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^^lbid. p. 122 ^^lbid. p. 126 

^^lbid. p. 131 ^̂ jî id̂  p^ J3J 

^^lbid. p. 131 39jbid. p. 132 

^^lbid. 41jj3î ^ 

42 Ibid 

^%alker, op. cit., pp. 30-1, 30-25. 

'̂ '̂ lbid.p. 30-2 ^^lbid. p. 30-3 

"^^lbid. "^^jbid. p. 30-4 

"^^lbid. ^^lbid. p. 30-11 

^^lbid. Sljbid. 

^^lbid. 
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Lindberg, op. cit., pp. 181-194 

54ibid. 

55 
Orville D. Lascoe, Machine Shop Operations and Setups. 

(Chicago: Prentice-Hall, Inc, 1964), pp. 125-153. 

^^lbid. pp. 132-133 '̂̂ lbid. p. 134 

^^Walker, op. cit., pp. 38-1, 38-6 

^^lbid. p. 38-2 ^Olbid. 

^^lbid. p. 33-1 ^^lbid. p. 33-2 

63jbid. ^^lbid. p. 33-3 

^^lbid. p. 34-1 ^^lbid. 

Lindberg, op. cit. pp. 611-613 

^^lbid. p. 612 ^^lbid. p. 613 

Lascoe, op. cit. p. 365-368. 

"^llbid. "^^jbid. 

"^^lbid. p. 352 

^^Lindberg, op. cit., pp. 503-506 
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75 
S.E. Rusinoff, Manufacturing Processes (Chicago: American 

Technical Society, 1962) pp. 388-398. 

^^lbid. p. 35-1 ^''lbid. p. 35-2 

"^^lbid. p. 35-3 "^^lbid. 80 Ibid. 

^^Lindberg, op. cit., pp. 519-521 

^^lbid. p. 520 83jj3î ^ pp^ 354-355 

^^lbid. p. 368 ^^lbid. 

S^Ibid. pp. 373-374. 
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HISTORICAL DEVELOPMENT AND USE 1^75 
OF INSTRUCTIONAL TELEVISION AT 
WORCESTER POLYTECHNIC INSTITUTE 

Kenneth E. Scott^ 

Experiments involving the use of instructional television were initiated in 
the Chemistry Department and the Mechanical Engineering Department at Wor-
cester Polytechnic Institute approximately six years ago. The extra large 
freshman class of September 1968 necessitated the use of CCTV in Chemistry 
lectures. At about the same time, experiments were being conducted in the 
Mechanical Engineering Department primarily concerned with the use of tele-
vision to improve instruction in undergraduate courses. As a direct result 
of these initial experiments in the Mechanical Engineering Department, a 
further commitment was made during the summer of 1969 in the form of the 
acquisition of a limited amount of improved television equipment. 

During the fall term of 1969 the enrollment in a course in control engin-
eering in the Mechanical Engineering Department increased to a point where 
it was impossible to schedule an analog computer laboratory in the tradi-
tional manner. It was decided to allow students to use the analog labora-
tory whenever they wished on a 24 hour basis, and to use videotape as a 
means of answering the thousand and one questions that always seem to arise 
whenever a student patches a board and operates the computer for the first 
time. The normal number of introductory lectures and instruction on the 
use of the TR-20 analog computer were still given. The big change was that 
the students could reserve the use of the TR-20, sign out a key for the 
laboratory and do their assigned problems whenever they chose. By careful 
scheduling of assigned problems, it was possible to accommodate up to 100 
students in the analog laboratory with only one TR-20 analog computer. 

A television "viewing station" consisting of a television monitor and a 
videocorder was available in the laboratory adjacent to the TR-20 computer. 
A videotape was specifically prepared for "hands on" use by the students 
using the TR-20 analog computer. A student could choose to view the tape 
just before he began patching a board and/or operating the computer, or he 
could dive right in and use the videotape to answer a particular question 
that may come up as he progressed. The videotape was indexed so the stud-
ent could "fast forward" or "rewind" after checking the index, making it 
unnecessary to view the entire videotape. The videocorder has a "pause" 
option, allowing the student to stop the tape and thoroughly check a point 
whenever he chooses. 

Even though instructors were available during normal hours, the students 
were encouraged to use the videotape to obtain answers to their questions. 
The availability of the videotapes permitted operating the laboratory 24 
hours a day, seven days a week, thereby simultaneously increasing the ef-
ficiency in the use of the computer and improving the quality of learning. 
Each student was able to spend as much time as he wished learning how to 
program and operate the computer. Loaning keys to students increased their 
feeling of responsibility in using the equipment and helped to reduce main-
tenance costs. The experiment was very successful and favorably accepted 
by the students. 

^Kenneth E. Scott is Professor of Mechanical Engineering, incunbent George 
I. Alden Professor of Engineering and Director of Instructional Television 

~ nstitute. 
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The outstanding success of this first "hands on" student use of videotape 
encouraged other faculty to experiment in the use of videotape to improve 
student learning. Soon thereafter, the Mechanical Engineering Department 
offered to help anyone on campus desiring to experiment with the use of 
teieyision as a means of improving instruction in undergraduate courses. 
The instructor teaching a basic laboratory course in nuclear engineering 
normally spends many hours detailing the use of the radiation analyzer and 
other sophisticated radiation detection devices, either to small groups of 
students or individual students. He soon found out that by videotaping 
such instructions and placing a viewing station in the nuclear laboratory 
adjacent to the instruments, he was ir înediately freed from repetitive drud-
gery, and had more time to devote to personal contact with his students. 
Today, there are over 50 videotapes available for "hands on" student use 
in this satellite viewing station in the nuclear laboratory as shown in 
Figure 1 below. Many "how to do it" videotapes have been produced to date 

Figure 1: Student viewing "how to do it" videotape in the Nuclear Laboratory 

for "hands on 
there are sa 
in the machine 

n" student use at many different locations on campus. Presentlv 
tellite viewing stations in the laboratories, in pro "^^^^"^'y' 

shop, etc 
Any faculty member can'make'ã'requesî^to\heT'' 
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studio for a viewing station. Most requests are fulfilled immediately 
providing the equipment is available and the location has reasonable 
security. For example, the oral communications instructor has a viewing 
station in her office which she uses during conferences with her students 
to review and critique their speeches. There are also viewing stations 
off campus, the best example being the Project Center in Washington, D. C. 
The number of satellite viewing stations "aries on a term-by-term basis, 
normally averaging somewhere between 10 anJ 20. 

Individualized Instruction 

In 1971, Worcester Polytechnic Institute committed itself to an extensive 
and bold new educational program for engineers and scientists. One import-
ant facet of the new educational program called the WPI PLAN was a new ap-
proach to learniny called Individually Prescribed Instruction (IPI). The 
IPI method of instruction is a complete change from the usual lecture-in-
structor classroom centered instruction to a student-centered, self-paced 
instruction. A student working in a no punishment situation proceeds at 
his own pace through a course hierarchy mastering the course material one 
unit at a time. The only requirement is that the student must be able to 
demonstrate his ability in the prerequisite unit before moving on to the 
next unit and more advanced material. When a student feels he is ready, 
he comes to the Learning Laboratory where he takes an individually pre-
scribed assessment on that unit. The assessment is immediately corrected 
in a one-to-one student instructor or proctor relationship. If the stud-
ent demonstrates a mastery of the material, he is passed and immediately 
rewarded with the next unit of instruction. If not, he is recycled. Each 
study unit contains an introduction, a well-defined set of behavioral ob-
jectives, a list of instructional aids, illustrative problems with answers, 
and the response desired of the student. The instructional aids may include 
a primary course text, reference texts, programmed learning manuals, video-
tapes, audiotapes and digital computer programs. The student in this method 
of instruction experiences a high degree of freedom with respect to how, 
what, where and when he studies. 

Initially, courses in control engineering and physics were offered using 
this method of instruction! The control engineering course placed heavy 
reliance on multimedia instructional aids. The most useful and valuable-
instructional tool proved to be videotape. Although some tapes were pre-
pared in advance to present certain types of material, the instructors of 
the course found an unexpected student demand for many short videotapes. 
Students wanted tapes to clarify points, explain principles, or just de-
tail a shortcut approach. Because of the development of the IPI course, 
two distinct types of viewing stations were needed. In addition to those 
being used in laboratories, there suddenly was a need for viewing stations 
for general student use in the school library. 

During the spring term 1970-71, one viewing station was located in the 
library. Only a few courses were being offered using this new method of 
instruction (IPI), and this first effort involving the use of television 
as an instructional aid was considered an experiment. Only 200 students 
were involved in IPI courses during the spring term 1970-71. 

During the summer of 1971, additional courses were planned utilizing IPI 
and many more videotapes were produced. A small room in the library was 
prepared to accommodate viewing stations. By the spring of 1972, student 
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demand had increased to the point where five viewing stations were constantly 
busy and the room was overcrowded. During the summer of 1972, a much larger 
Learning Center was prepared in the library capable of holding up to 20 viewing 
stations. Presently, there are 15 viewing stations in this Learning Center in 
the library, and nearly 1,000 videotapes are available for "hands on" student 
use as shown below in Figure 2. 

Figure 2: Students viewing videotapes in Library Learning Center 

The use of videotape is not limited to supporting the 20 or so IPI courses that 
are normally offered yearly at WPI. Over 80 different courses effectively 
utilize television as a learning aid, for under the WPI PLAN more learning 
on their own is expected of all students. There has also been an increase 
in the use of television in project activity. Furthermore, nearly 50% of all 
faculty at WPI are involved one way or another in the use of television in 
their courses or project activity. 

A List of Videotapes is published periodically by Gordon Library noting course, 
faculty and subject matter. Reference to this list will provide an insight 
into the extent to which television is being successfully used on the WPI 
campus as a learning aid. 

During A term, beginning September 1974, an average of 103 "student uses" 
of videotape were recorded each day in the Learning Center in the library. 
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our students. The traditional laboratory approach can no longer satisfy this 
need which is so varied in content and unbounded by time. Projects Instrumentation 
and Measurements Experimental Learning Laboratory (PIMELL) was initiated at WPI to 
satisfy this need. PIMELL essentially consists of a series of Learning Lab Modules 
specifically designed to support students participating in project and independent 
study activity. Each Learning Lab Module has its designated area in an "open" 
laboratory where students of all disciplines can come to obtain information, prac-
tice using instruments and equipment, make measurements and, eventually, select 
that method and instrument consistent with their project or independent study 
activity. All learning is programmed, self-paced and "hands on" with heavy 
reliance on the use of videotape. 

A typical Learning Lab Module now in operation details the methods of measuring 
humidity. Samples of instruments for measuring humidity are conveniently avail-
able for the students to use in the laboratory. For example, at present an Alnor 
Dewpointer, a sling psychrometer and a hygrometer are available. An integral 
part of the Learning Module is a television viewing station. Prepared programmed 
materials guide the student in the use of the humidity measuring instruments. The 
use of each instrument is detailed on videotape, and the student is encouraged to 
obtain experience using each instrument. Once a student has become familiar with 
the methods available to measure humidity, he may sign out an instrument of his 
choice consistent with his project activity and use it. 

In another portion of the laboratory, a student is learning how to measure tem-
perature. He is viewing a videotape which illustrates how to make a thermocouple. 
All the necessary information, supplies and equipment are available for the stud-
ent to practice using thermocouples as a means of measuring temperature. 

The use of Learning Lab Modules is not limited to instrumentation and measurements. 
The need also exists for better and more economical methods of providing a means 
for students to learn how to use equipment such as o^cilloscopes and analog com-
puters. Consequently, Learning Lab Module AC on Analog Computer Simulation was 
prepared to further test the individualized instruction concept and the use of 
videotape. Figure 4 on the following page shows a student utilizing Learning 
Lab Module AC. 

Additional Learning Lab Modules on Measurement of Flow, Time, Rates, Force, Mass, 
Torque, Weight, Resistance, Capacity, Inductance and Frequencies and Use of 
Integrated Circuits and Diodes are in process or planned. An area in Higgins 
Laboratories (ME) and 01in Hall (Physics) has been designated to accommodate the 
Learning Laboratories. 

Videotaping Courses 

The use of television at WPI is not limited to producing videotapes to supplement 
course and laboratory instruction. Several courses have been completely video-
taped for use off campus. A special course on The Nuclear Power Controversy was 
videotaped during the spring term 1971-72^. The course was sponsored by the U. S. 
At^mic Energy Commission and Yankee Atomic Electric Company, and was designed for 
high school teachers, education majors and other non-engineering persons. The 
resulting 38 hours of videotape were edited down to 18 videotapes between 40 and 
50 minutes in length. The videotapes have been used by over 50 high schools and 
colleges and requests are still being received to use these videotãpes. An entire 
course in Marketing Engineering has also been videotaped. During C and D terms of 

3 TVTTTI f ^ * ^ f ^ ^ mi-. —. ^T. , — T ^ — — 
•NE itroversy, Leslie C. Wilbur and James Hensel, 1972. 
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1974, a graduate course on electric power systems was videotaped on 3/4" video-
cassettes. The class was small and met in the TV studio. This course is not 
offered frequently due to small enrollments. In the future it will be available 
on videocassettes and students will be able to enroll for the course under in-
dependent study. In addition, the course will be available for use in local 
industry. This type of activity will increase at WPI in the future. 

Figure 4: Learning Lab Module AC, Analog Computer Simulation 

Television Productions 

The TV studio staff occasionally work with faculty and students to produce 
high quality and sophisticated videotape productions. Every year during 
Intersession there is a Videotape Workshop involving approximately 10 students 
The students are divided into production teams, and they produce a 15 to 20 
minute videotape on a subject of interest to them. The students prepare their 
own script, learn how to operate all the equipment, do their own editing, etc. 
The main purpose of the Videotape Workshop is to provide an opportunity for 
interested students to learn how to produce a videotape. During the 1974 
Intersession, one group of students produced a videotape on the life of a 
WPI student, and another on the Alternative School in Worcester. 

An increasing number of students working on Interactive Qualifying Projects 
are utilizing videotape. During the spring of 1973, two students produced a 
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videotape comparing the old and new Worcester County jails. Another student 
produced a series of videotapes summarizing and analyzing the Watergate crisis. 
The WPI TV studio staff during January of 1974 produced a short videotape on a 
heart monitoring system for use by a faculty member at a medical show. During 
June of 1974 a portion of a course on The Family sponsored by the Department of 
Community and Family Medicine at the University of Massachusetts Medical School 
was videotaped and made available on 3/4" videocassettes for use and evaluation. 

The WPI TV studio staff is frequently approached by local community groups and 
organizations for help in producing and the use of videotape. Many of these 
organizations realize that the use of videotape would increase the effectiveness 
of their activities and programs, but they have neither the capability nor re-
sources to properly utilize television at this time. It is the policy of the 
WPI TV staff to do whatever it can to aid these organizations. 

Presently, student groups under the supervision of the WPI TV studio staff are 
working on Interactive Qualifying Projects in cooperation with the WPI-St. Vincent 
Hospital Internship Center. Training videotapes are being produced or are planned 
on a variety of subjects ranging from safety to emergency medical procedures. 
Figure 5 shown below is a composite of photographs showing students and phle-
botomists videotaping venipuncture procedures. Recently, the Worcester Police 

Figure 5: WPI students and St. Vincent Hospital phlebotomists videotaping 
venipuncture procedures 
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Department asked the WPI TV studio staff to aid them in videotaping a series of 
presentations during one of their training sessions. The studio staff not only 
was able to assist the Police Department on this occasion, but as a direct result 
of this contact a student Interactive Qualifying Project has been initiated con-
sisting of working with the Worcester Police Department on the production of a 
series of training videotapes. 

Over the last year the Visiting Nurse Association of Worcester, the Boston Museum 
of Fine Arts, the Worcester Art Museum and Big Brother/Big Sister of Worcester 
are among those who have contacted the WPI TV studio staff and indicated an in-
terest in the use of videotape in their activities and programs. This type of 
interest in the use of videotape is on the increase, and it is hoped that grants 
can be obtained from private and government sources to enable the WPI TV studio 
staff to continue to react positively to requests for help and also to increase 
this sort of aid to local community groups and organizations in the future. 

Cable Television on Campus (WPICTV) 

Another logical step in the continued growth in the use of television at 
Worcester Polytechnic Institute has been the installation and operation of a 
closed-circuit cable system on campus (WPICTV). The main purpose of the cable 
system is to supplement the existing student "hands on" program described above. 
There presently exists the capability to originate programs from the TV studio, 
either live or using videotape, or to distribute normal broadcasts off the air. 
The cable system will further supplement the "hands on" use of television and 
aid learning as we implement the WPI PLAN. A TV bulletin board is in operation 
daily on channel 3 on the cable system. 

Beginning in February 1974, during the seven-week C term, an experimental pro-
gram was initiated which involved videotaping the three lectures per week in 
MA1030, Integration Methods and Infinite Series. Tbe videotapes were shown 
over the cable system so that they could be viewed by students at various times 
and places on campus. Each new showing of a MA1030 lecture was preceded by a 
showing of a previous lecture. The videotapes were also made available after 
the final showing on the cable system for "hands on" use by students in the 
Learning Center in the library. The students also attended two hours of con-
ference with their instructor in small groups. Approximately 90 students were 
involved, and the evaluation at the end of the term provided mixed results. 
The experiment was repeated during D term 1974 with 100 students. During D 
term, each videotape was shown twice on the cable system and was also âvailable 
at all times for "hands on" student viewing in the Learning Center in the Library. 

Instructional Television Videotapes 

Instructional videotape production at WPI is kept as simple as possible. All 
videotapes are made by individual faculty members. A faculty member wishing 
to make a videotape calls the TV studio for an appointment. At the designated 
time, he either shows up at the TV studio to make the tape or portable equipment 
is moved to his laboratory. In either case, the procedure for making a tape is 
kept as uncomplicated as possible and usually takes a minimum amount of time. 
It is normal practice to use the overhead camera in the TV studio, the instructor 
writing on a specially prepared pad with a flare pen. Figure 6 on the following 
page illustrates the procedure. The camera on the professor and the overhead 
camera are remotely controlled. The entire operation is controlled by one 
person, the TV studio supervisor. 

Faculty are usually surprised at how little time it takes and how easy it is 
^^ .̂..« ..iA^r.^.r... T̂- ̂ ..1.«. the faculty member twenty minutes to make a 
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iTd^lí nn"^í^-^P^î forty-five minutes to make a forty-five minute tape, pro-
pynprLnrJ i ?J^ required. Studio setup time is kept to a minimum, and 
thpw u,nniS . ^^^^^ members prepare for and make a videotape in the same way 
thP vî^Hpof.L"^'''"^!.^^^^"''^- However, the faculty member is able to preview 
ín^in ?f íf^ •T^'^^^í!^^' ^̂ ^ o^ de^ete material with ease, or do it all over 
bPinn ..LH '''^í^5- J^'^ ^^^^°"^ happens, and in most cases the videotape is 
thP ctnH?n ^̂ ,,̂ f̂;̂ e"ts in a matter of hours after the faculty member leaves 
apnpr^nn^^-í^ l^îJ^^^ ^̂ ^ complaints from the students on resolution and 
.̂ înn thp f, H V ^̂ ^ videotape. The students are primarily interested in 
a fanr fnt í ^^?!-^' '" '̂"̂  ^° learning, and care little whether there is a rancy tnie, editing, etc. 

Figure 6: Faculty member making a videotape in "do-it-yourself" studio 
w U h Herman Dumas, TV Studio Supervisor, at the control panel 

Videotapes produced in the studio are recorded simultaneously on two !/?•• 
videocorders. One of the 1/2" videotapes goes immediate?y to ?he rLÍnina 
Center in the library or to a satellite viewing station, and the other ^^ 

The standard viewing station in thp ipaŷ n-:r,« r 4. 
locations consists of a Sony /2* AV-SeSS viHpln';; '"'' i" ^^1^''°^' satellite 

y í/i «v J600 videocorder and a 19" monitor/receiver. 
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These videocorders are reel-to-reel type and have proven to be wery reliable. 
The TV studio staff carry on a regular program of preventive maintenance which 
includes keeping the videocorder heads clean, periodic checks on alignment, 
replacing belts, etc. Consequently, overall maintenance problems have been kept 
to a minimum and the maintenance cost to date has been low. A new viewing sta-
tion costs approximately $1,100.00 and includes the videocorder, the monitor/re-
ceiver and associated wiring. Recently, used AV-3600 videocorders have become 
available and ten were purchased for less than 50% of list price. The adoption 
of the 3/4" videocassette as a standard and the trend toward color have contributed 
to the availabtlity of used 1/2" videocorders and monochrome monitor/receivers. 
All used videocorders and monitor/receivers are thoroughly checked out by the 
TV studio student technicians under the direction of the TV studio supervisor. 
Any worn parts are replaced and each videocorder is properly aligned prior to 
being placed in the LearningCenter. 

New 1/2" videotape costs less than $20.00 for a one-hour reel, and WPI studio 
costs normally run $50.00 per hour. The total cost of an original 30 minute 
instructional videotape made by a faculty member is less than $40.00, not in-
cluding faculty preparation time. Duplicate 30 minute videotapes cost $15.00. 
Most faculty spend about the same time preparing for a 30 minute videotape as 
they would preparing a normal lecture. 

The capability also exists to record on 3/4" videocassettes. There is one 
videocassette playback unit and color monitor in the Learning Center in the 
library. This viewing station is used primarily to playback color videocassettes 
that have been prepared commercially. The 3/4" videocassette unit does not have 
pause option, and is used also for viewing videotapes containing material not 
requiring the pause (still frame) option. The videocassette recorder is also 
used in locations such as the machine shop where dust and metal particles might 
be detrimental to the continual operation of the 1/2" open reel-to-reel type 
videocorders. A videocassette recorder is available in the TV studio and is 
used to record color programs on rare occasions. 

Instructional Television Classrooms 

As noted above, all videotapes that are produced on campus are made in a single, 
modestly equipped TV studio. The studio can accommodate only wery small groups 
of students and, therefore, tapes of live classroom situations cannot normally 
be made. To alleviate this situation and facilitate videotape production, plans 
are under way to either remodel the existing TV studio so that it can be used as 
a small instructional television classroom as well as a TV studio or to install 
instructional television classrooms at another location on campus. One plan 
would be to convert HL-209 into two instructional television classrooms as shown 
in Figure 7 on page 12. These rooms will be patterned after similar rooms at 
Stanford, U.S.C. and Case Western Reserve University. 

Each room will have a stepped (raised level) floor, carpeting for noise control, 
special lighting, special furniture, a TV monitor shared by each pair of students, 
microphones for students as well as the faculty member, and three hidden cameras 
with remote control for zoom, pan and tilt. Experience shows the whole system 
can be carefully designed such that high-quality tapes can be made easily in a 
classroom environment that is enthusiastically received by students and faculty 
alike. The experience at CWRU was such that eyery faculty member that used the 
studio classrooms requested that he be reassigned as frequently as possible 
The students and faculty found that the increased use of visual aids, as 
sult of the overhead camera and student TV monitors, increased the quali 
the courses presented. 

iS a re-
íty of 
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íhe'roo! fnrrprn^H?n''2i:^'''^ ^'' ^̂ ^ '' ^°ll°^s^ 0"^ ""̂ ^̂ ^ at the rear of 
rharî^ nlp .1 ' ̂ í ^ ^ professor at the front using the blackboard or 
and ín;..cynn n ̂ í ^ ^ ^ í ' ̂ '̂ "̂̂  ̂ ° ^ Tecording the students in the classroom 
nvp.hp^H n"^ l^^ '̂ "̂ "̂̂  '^'^^"9 ̂  question or discussing a topic; and one 
VyZt^ ^l^^"^^ ^S'' '̂ ?̂ °'̂ di"g the top of the professor's desk in order to 
nínln n 1^^"? ̂ ^"^' s]^áes, instruments or devices. This arrangement has proven optimal. ^ 

Maximum use of visual aids recorded by the overhead camera requires that 
eacn student have access to a monitor. This monitor also shows lecture 
material presented in writing on a pad on the professor's desk as well as 
small devices, photographs, printed material , etc. Along with this, each 
student needs convenient access to a microphone so that questions and dis-
cussion are recorded on the videotape. All controls and signals are brought 
to a control panel in the control room where a student operator monitors the 
signals that are recorded, most likely on 3/4" videocassettes since no edit-
ing will be required. 

Once the instructional television classrooms are available, many complete 
courses will be videotaped for supplemental learning as well as to have the 
course material available during those terms when "live" classes cannot be 
presented. Undergraduate courses and graduate courses will be videotaped 
for use off campus in continuing education programs. 

At WPI the use of television has grown from the bottom up. Faculty and 
students saw a need, initiated the use, created the demand; only then was 
a significant investment made in the systems currently being used. All 
videotape production at WPI is monochrome, for the cost of adding color 
cannot presently be justified. Television is being used extensively and 
effectively at WPI to support the educational program. The program will 
continue to expand and will remain effective as loiig as it is supported 
by the students, faculty and the administration, and the cost is kept 
within reasonable bounds. 
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DESIGN ANALYSIS 

The overall view of WPI's facilities and present existing 

structures is one of confusion. The organization and circula-

tion patterns are inefficient. 

Therefore, in order to design a functional facility the problem 

dictates an ideal approach to materials processing. What 

should exist if there were no restrictions toward site or 

structure? After this question is answered the design solution 

must be approached in a different direction through considering 

the restrictions imposed by both historical significance and 

client preference. There has to be that careful balance between 

what needs to be kept, what is worth keeping, and an ideal 

laboratory design. 

The immediate site must be given more importance. A unifying 

element must be established and carried through so that the 

materials engineering building will no longer be a "mix mash" 

of structural elements, but insteac a unified whole. 

The key catalytic elements in unifying the Materials Engineering 

Complex develops from two directions. The first element becomes 

rather obvious as one studies the present facilities. The 

original Washburn Building, which was constructed in 1887, 

possesses a character of extreme dignity. This building was 

instrumental in establishing WPI's good name as a fine engineering 

institute. Therefore, it only seems right that in its original 

state serve as a key element in reunifying the Materials Engineerir 

Facilities. 



The other key element is one which stems from the apparent 

problem of circulation and service. The present facilities are 

diverse and randomly scattered. Thus it becomes a key objective 

to centralize the service and to direct the circulatory patterns. 

DESIGN SYNTHESIS 

For the purpose of clarity the description of design synthesis 

will start on the southwest side with the old Washburn Building 

and continue in a counter clockwise direction around the complex. 

In attempting to reemphasize the original Washburn Building a 

newer southwest addition needs to be removed. This frees the 

tight space between Boynton and Washburn while it reestablishes 

the original Washburn Building line. The old entrance will be 

reopened along with the spiral stairway in the octangular tower. 

An elevator will be added on the northwest bay of the tower for 

use by the handicapped and visitors. Continuing in a northwest 

direction there exists another addition which will be removed 

and set back ten feet. This achieves two objectives. First, 

it sets the northeast corner of the old Washburn Building apart, 

thus establishing its original line. Secondly, it starts the 

transition from old to new while creating an offset for the central 

service facilities. This offset will contain the fresh air grille, 

dumpster, loading dock, entrance, wheel chair ramp, and service 

elevator. 

The extreme northwest Washburn Building, which was a later addi-

tion, is in direct conflict with the original Washburn Tower. 

Therefore, it was decided to lower the profile of this structure 

by removing the penthouse. 



The windows in this building are at present filled with six inch 

glass block. These will be removed and replaced with casement 

windows. The glass block was replaced in an attempt to lighten 

the interior spaces while enhancing the appearance of the building 

The operable windows were selected for two reasons. Often the 

climate in this area is suited for total mechanical shut down, 

thus providing for energy conservation. Secondly, on occasion 

a mechanical system breakdown will occur and operable windows 

will help, otherwise, uncomfortable conditions. 

The north northeast side of Washburn complex was expanded to 

allow for needed space in an overcrowded casting lab. The 

angular glass form was chosen for several reasons. First, the 

expansion was needed just in the casting lab, which is on the 

ground floor, thus the angle from larger area requirements to 

smaller area requirements. Secondly, the glass is an attempt 

to bring more light into the classroom spaces. Thirdly, the 

angular form ties itself back to the angles on the original 

Washburn Building which are created by its mansard roof. This 

angular form is repeated throughout the rest of the materials 

processing complex thus adding to its unification. Fourth, this 

angular form ties the expanded casting lab back into the existing 

structure with a smooth transitional line. Finally, the space 

created by this form is exciting and inspiring, both of which 

are feeling condusive to the educational process. 

On the northwest side of the complex there is no substantial 

entrance yet the majority of the campus circulation is from this 

direction. Between the northeast Washburn Building and the 



welding lab is an alley which is also a direct path to the 

centralized service and circulation area. It is not only for 

the purpose of circulation that an entrance was created here, 

because there is a need in the complex for a statement of 

entrance and an area for the reception of visitors. As a 

result of its location and obvious importance this entrance 

must also reflect an atmosphere reflective of materials processing. 

In achieving this feeling the welding shop which flanks one 

side of this new entrance is penetrated by glassed in openings. 

The glass is of a very dark tint so that the flashing which 

occurs in the welding shop will not damage the visitors eyes, 

yet still display an artistic concept of the welding process. 

The alley space between these two buildings is tight for a main 

entrance area, therefore, the west corner of the north Washburn 

Building is cut through at the first floor. This achieves two 

purposes. First, it opens the alley space and gives it a more 

inviting feeling. Second, it offers the approaching people 

a visual porthole of an attractive entrance. 

The actual entrance itself continues this feeling of openness. 

It is constructed of glass both vertically and at an angle with 

planting inside. The angular ceiling visually ties in once 

again with the original Washburn Building. 

The new additional tower on the southwest side serves as an exit 

stair for the second and third floors. Its tower form and ang-

ular shape, once again, ties both the new and old together. 

The tower is detached from the old building so as not to interfere 

with the character of the original Washburn Building. It is a 



transition by form association not a competing element, thus 

the choice of brick color and texture. The form also suggests 

an introduction of new elements without destroying the old. 

MATERIALS 

The main building material is a redish brown brick. Where the 

old building sections are removed it is proposed to reutilize 

that material on the new additions. 

The double hung window units in the original building are to 

remain. The new 4' x 8' window units will be casement windows. 

Windows larger than 4' x 8' will be fixed plate glass. 

The new window frames will be white precast concrete units. 

Where the old exterior structure is changed to interior due 

to additional enclosures, it will remain as was, thus preser-

ving the structural character. 

The casting lab addition in the north Washburn Building will be 

framed in painted steel wide flang beams. This was chosen be-

cause of steel's association to materials processing. Its very 

existance tells the observer, "This is a materials processing 

facility." 

The outdoor lounge area will be floored with wood decking to 

give a relaxed personal scale. The wood will be stained red to 

blend in with the redish brown brick. 

There will be canvassed covered seating areas for shade and sun 

protection. 



MECHANICAL SYSTEM 

The system is an air-water system. This will utilize the already 

existing water system in the buildings. 

The cooling and heating of the conditioned space is affected in 

only a small part by air brought from the central apparatus, The 

major part of room thermal load is balanced by warm or cooled 

water circulated through a radiant panel. 
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