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I ntroduci ng Fundanmental WManufacturing Processes and Manufacturing
Organi zational and Production Systens by Way of Laboratory Activities

Harry Hess, Norman Asper and Joseph Flynn
Trenton State Coll ege

The rebirth of manufacturing in the United States will not just
accidental ly happen. Engi neering prograns nmust help stinmulate the rebirth
by educating students in the inportance and fundanentals of manufacturing
processes, organization and production systens. These concepts continue
to gain increasing inportance for aiding engineers to help reindustrialize
the United States for the twenty-first century. At Trenton State Coll ege,
in the Departnent of Engineering, these concepts are being introduced and
taught nost effectively via the hands-on approach. The departnment believes
that by placing a strong commitnent on practical |earning experiences, it
is better able to teach and reinforce theoretical concepts.

An exanple of this belief is the engineering departnment’s sophonore
| evel production Systens and Methods course. Nunmer ous course concepts are
taught in conjunction with laboratory activities which require students to
devel op and present manufacturing processes, organizational and production
systens solutions utilizing the departnent’s cnc, CAD, plusthe polynmer and
netallic manufacturing facilities.

A few of the |aboratory enhanced Production Systens and Methods course
concepts are included in the following Tist: reverse engineering product
desi gn and manufacturing, manufacturing costs concepts (direct materials
and | abor plus overhead) and control, breakeven calculations, routing, flow
process charting, Gantt charting, network diagraming, bill of naterials
devel opnment, manufacturing conpletion probability analysis and packagi ng
desi gn. Addi tional concepts such as the design and anal ysis of polyner and
netallic welded fabrications and castings, c¢cNc mlling, |athe turning and
the set-up and analysis of polynmer nolding (injection, conpression, thermo-
form ng and extrusion blow) experinents are also studied by way of various
| aboratory activities. Al of these concepts are taught in a unique
facility housing |aboratory size equi pnent.

FACI LI TY
Two |arge materials manufacturing laboratories, one testing roomand a
| ecture area are utilized for the course. One | aboratory houses all of the
needed pol yner production equi prent. The equi prent i ncl udes a pol yner
wel der, a thermoformer, an injection nolder, a conpression nolder and an
extrusi on blow nol der.

A second | aboratory provides space for all of the needed netallic
production equipnent. These items include |lathes, manual mlls, CNC mlls,
band saws, drill presses, heat treating ovens and a green sand foundry.
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The testing room contains hardness, tensile, impact, conpression and
flexural testing devices for performing quality assurance checks on
pol ymers, conposites and netal s. Al of the course |ectures, demonstra-
tions and lab activity sessions are conducted in these facilities. There
is a maxi num course student capacity of twenty—four

COURSE STRUCTURE
Each student receives three credits for the course which neets five

hours per week for fourteen weeks. Approxi mately two hours per week are
devoted to | ecture/denonstration while the remaining three hours are used
by the student to work on | aboratory activities. The following narrative

explains the structure and content of four of the six |aboratory enhanced
activity assignnents utilized during the course.

LAB 1: REVERSE ENG NEERI NG PRODUCT DEVELOPMENT AND MANUFACTURI NG DESI GN
ACTIVITY ASSI GNVENT

One specific laboratory exanple in the course is a problem sol ving
reverse engineering product devel opnent and manufacturing design activity
that entails the designing of the manufacturing processes sequence and
systenms of production for each part of a commercial product. It is
presented in the follow ng manner. Student groups organize a company and
select a comercially mass produced product, (five parts mninmum wth al
acconpanyi ng packaging. As a result of the instructor’s |lectures and
dermonstrations , each group nust devel op an expl oded drawi ng of the product,
design a detailed route sheet (includes all processing, storage, transport-
ation, inspections, delays, and conbined activities) for each nmanufactured
and purchased part, develop a flow process chart for the manufacturing and
packagi ng of the product, produce a parts list plus a product structure
tree and indented bill of materials, develop a production Iot size and
breakeven chart containing all direct and indirect costs plus the Gantt and
network charts for the production of the product.

As a culmnation of every individual group’s effort, each nust present
the results of its group’s manufacturing and design activity |aboratory
experience to the class by way of oral and witten (includes draw ngs,
sketches, route sheets, bills of materials, parts lists, network and Gantt
charts, flow process charts and breakeven charts) reports. The design work
i s acconplished outside of the class, but the remainder of the project is
conpleted during the course |laboratory sessions. Each group of students is
eval uated on how well it conpletes the |aboratory activity by conparing the
group’s results with the original product and production design criteria.

LAB 2: POLYMER AND METALLI C VELDI NG ASSI GNVENT

The student 1s given lectures concerning various polymer and netallic
wel di ng fabrication techniques. A presentation is provided concerning
netal lic welding joint design. Each student is required to conplete
netallic butt joint and double-fillet lap joint design calculations for
determ ning the allowabl e working stress, recomended metal thickness and
wel d size for each joint type in service under specific environnental
conditions .

This is followed by a hands-on lab to teach the student the correct
set-up and operation of polynmer hot air and shielded netal arc wel ding
equi prent . Now, the student mnust produce nunerous fillet wel ded pol ynmer
tee joints and then anal yze each to determ ne the percent of the acceptable
and unaccept abl e wel ded ar eas.
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Each student al so produces a netallic double-fillet [ap joint. T h e
joint is tensile tested (See Figure 1) and the joint’s strength, | oad,
all owabl e stress, load limt of the unwel ded stock and naxi mum joint design
|oad are calculated. A so, the condition and |ocation of the weld break
nmust be analyzed. The student nust then prepare a |lab report that

illustrates and explains all processing cal culations, conclusions and
recommendat i ons.

Figure 1. WELD JO NT TENSILE TEST Figure 2. BLOW MOLDER, BOTTLE
SETUP PRODUCT AND MOLD

LAB 3: POLYMER MANUFACTURI NG ASSI GNVENT

Lectures/denonstrations concerning plastics injection, conpression,
extrusi on/ bl ow and thernmoform ng processing and materials are presented.
The student is taught how to calculate projected nold surface area, clanp

forces, nolding pressures and nmaterial flow tenperatures for conpression
and i njection nolding.

Processing sheet depth of draw ratio, part area to sheet area ratio,
sheet thinning and formng tenperature calculations for thernoformng are
t aught . Al so, extrusion blow nolding (See Figure 2)product shrinkage
neck to body dianeter ratio, nold clanp pressure and blow air pressure
cal cul ations are presented.

At the conclusion of the |ectures/denonstrations, the student nust
produce a |l ab report explaining term nology related to each polynmner
manuf acturing process. Al so, conpleted calculations with |ogica
concl usi ons and processing reconmmendati ons concerning all of the above
nmenti oned processing variables and adjustnments are placed in the report.
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LAB 4: WAX MACHI NI NG ASSI GNVENT

The student is taught by way of denonstrations how to operate CNC
mlls. Appropriate nunerical control progranmng is taught along with the
machi ning feed, speed, depth of cut and nmachining tinme cal cul ation deter-
m nati ons. Now the student is required to conplete a programthat wl|l
allow himther to CNC m Il initials into a rectangular piece of wax.
(See Figure 3) :

After successfully mlling, the
student nust submt the product and a
| ab report. The report contains an
account of programm ng and operating
pr obl enrs encount er ed. Al so, calcul a-
tions with |ogical conclusions concern-
i ng machi ni ng speeds, feeds, depths of
cuts, production tines and estimated
product costs at various production
times are included in the report. The
student is also required to determ ne
pul ses, inches, and mllineters per
revolution for all drive screws in the
m |l and conclude how repl acing these
items along wth CNC program changes
can influence part production tines.

Figure 3.

CNC M LL SETUP W TH
RESULTI NG WAX M LLED
PRODUCTS

CONCLUSI ON
Participation in problem solving activities such as the exanples
given, the student can nore readily learn and apply the theoretical
concepts stressed in the Production Systens and Methods course. The
theoretical concepts are reinforced and nade applicable to actual
i ndustrial manufacturing.

Sonme additional concepts taught in the course would be a variety of
the follow ng: corporate organi zational structures, production contro
system nodel ing, forns of industrial ownership, |aw in engineering,
budgets, cost estimates, manufacturing engineering, |oading, scheduling,
parts list devel opnent, production cost analysis and naterial handling.

Each | aboratory experience or activity is utilized as a tool for
teaching and reinforcing student understanding of the course objectives.
The uni que hands-on, practical |aboratory |earning nethod found nost
effective in the course is designed to assist each student to apply
sel ected production systens and nethods in a real world environnent.
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