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�NEW�MULTI
DISCIPLINARY�COURSE� IN�0RODUCT�$ISSECTION
HAS� BEEN� DEVELOPED�� DISTRIBUTED� ELECTRONICALLY�� AND
IMPLEMENTED� AT� 0ENN� 3TATE�� THE� 5NIVERSITY� OF
7ASHINGTON� AND� THE� 5NIVERSITY� OF� 0UERTO� 2ICO


-AYAGUEZ���4HE�COURSE�EXAMINES�THE�WAY�IN�WHICH�PRODUCTS
AND�MACHINES�WORK���THEIR�PHYSICAL�OPERATION��THE�MANNER�IN
WHICH� THEY� ARE� CONSTRUCTED�� AND� THE� DESIGN� AND� SOCIETAL
CONSIDERATIONS�THAT�DETERMINE�THE�DIFFERENCE�BETWEEN�SUCCESS
AND�FAILURE�IN�THE�MARKETPLACE���4HE�PRIMARY�OBJECTIVES�OF�THIS
COURSE� ARE� TO� DEVELOP� A� BASIC� APTITUDE� FOR� ENGINEERING� AND
ENGINEERING� DESIGN�� AND� TO� DEVELOP� MENTAL� VISUALIZATION
SKILLS�� BY� EXAMINATION� OF� THE� DESIGN� AND� MANUFACTURE� OF
CONSUMER�AND�INDUSTRIAL�PRODUCTS���4HIS�COURSE�IS�INTENDED�TO
COMPLEMENT� ENGINEERING� SCIENCE� AND� MATHEMATICS� COURSES
AND� TO� SHOW� FRESHMAN� OR� SOPHOMORE� LEVEL� STUDENTS� HOW
THESE�FUNDAMENTALS�RELATE�TO�ENGINEERING�PRACTICE���4HE�COURSE
IS� MODULAR� AND� CONSISTS� OF� SELF
STANDING� DISSECTION� MODULES� ON�� BICYCLE�� ELECTRIC� DRILL�� FOUR� STROKE� ENGINE�
&UNSAVER�DISPOSABLE�CAMERA��AND�TELEPHONE��4HIS�PAPER�DESCRIBES� THE�PHILOSOPHY�AND�CONTENT�OF� THIS�COURSE
AND�PRESENTS�RESULTS�FROM�TWO�YEARS�OF�DEVELOPMENT�AND�DEPLOYMENT�
!CKNOWLEDGEMENT���4HIS�PROJECT�WAS�FUNDED�BY�420�0ROJECT��������.3&�!WARD��$-)
��������

)���)NTRODUCTION�

�����%NGINEERS�ARE�TINKERERS
!�STRAW�POLL�OF�ENGINEERS�WHO�GREW�UP�BEFORE�COMPUTERS�WERE�A�FIXTURE�IN�EVERY�GRADE�SCHOOL�WOULD

PROBABLY� SHOW� THAT�MOST� PRECEDED� THEIR� TECHNICAL� CAREERS�WITH� LONG� HOURS� IN� THE� BASEMENT� OR� THE� GARAGE�
ÍFIXINGÎ� MOMËS� APPLIANCES�� WIRING� A� RADIO� THAT� COULD� LISTEN� TO� %UROPE�� OR� KEEPING� A� "RITISH� SPORTS� CAR� IN
RUNNING� CONDITION�� � 4HESE� TINKERERS� DEVELOPED� AN� INSTINCTUAL�� COMMON� SENSE� FEEL� FOR� ENGINEERING�� LEARNED
ABOUT�BASIC�HARDWARE�AND�TOOLS�AND�HOW�TO�USE�THEM��AND�DEVELOPED�A�VISUAL�WAY�OF�THINKING���7ITH�THIS�SOLID
FOUNDATION� IN� HAND�� AN� ENGINEERING� EDUCATION� WAS� THE� NEXT� LOGICAL� STEP�� ADDING� TECHNICAL� DEPTH� AND
THEORETICAL�UNDERSTANDING�OF�THE�UNDERLYING�PHYSICAL�PRINCIPLES���0REVIOUS�PHYSICAL�EXPERIENCES�PROVIDED�REAL

LIFE�EXAMPLES�WHICH�REINFORCE�THE�THEORY��ENHANCED�ITS�RETENTION�AND�SERVED�AS�A�KIND�OF�MENTAL�ÍBOOKMARKÎ
FOR�FUTURE�RECALL�AND�APPLICATION���4HE�REASON�THESE�PEOPLE�WENT�INTO�ENGINEERING�WAS�PRIMARILY�BECAUSE�THEY
LIKED�TO�WORK�WITH�THEIR�HANDS��ON�MACHINES�

!

Engine Dissection
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!�SIMILAR� STRAW�POLL�OF� CURRENT� ENGINEERING� STUDENTS� SHOWS�A�MUCH�DIFFERENT�PROFILE�� �4HERE� ARE� STILL
SOME�FOLKS�WHO�GREW�UP�ON�A�FARM�AND�CAN�KEEP�ANY�TRACTOR�RUNNING��OR�DAUGHTERS�AND�SONS�OF�ENGINEERS�WHO
GREW�UP�WITH� TOOLS�� �(OWEVER��MOST� STUDENTS� TODAY� ARE� IN� ENGINEERING� BECAUSE� THEY� EXCELLED� IN�MATH� AND
SCIENCE� IN� HIGH� SCHOOL�� NOT� BECAUSE� OF� ANY� DEEP� ABIDING� LOVE� OF� � ENGINES� OR� HAM� RADIOS�� � 4HEIR� GUIDANCE
COUNSELORS� TOLD� THEM�THAT�WITH� THOSE� SKILLS�AND�AN�ENGINEERING�DEGREE�� THEY�COULD�GET�A�GOOD� JOB�� �7ITHOUT
SOME�PREVIOUS� PHYSICAL� EXPERIENCES� OR�MENTAL� PICTURES� OF� HOW� THINGS�WORK�� THESE� STUDENTS� CAN� HAVE� GREAT
DIFFICULTY�WITH�THE�THEORETICAL�ENGINEERING�EDUCATION�PREDOMINANT�AT�MOST�UNIVERSITIES�

!� TYPICAL� ENGINEERING� CURRICULUM� IN� THE� FIRST� TWO� YEARS� IS� HEAVILY� FRONT� LOADED�WITH� ÍFUNDAMENTALÎ
LECTURE� COURSES� IN� 0HYSICS�� #ALCULUS�� #HEMISTRY� AS� WELL� AS� GENERAL� EDUCATION� REQUIREMENTS� IN� %NGLISH� AND
(UMANITIES�� � �,ARGE�HALLS��HUNDREDS�OF�STUDENTS��AND�LECTURE�PRESENTATION�ARE�THE�RULE�� �!S�A�RESULT��STUDENTS
MAY�NOT�SEE�AN�ENGINEERING�APPLICATION�OR�REAL�HARDWARE�UNTIL�THEIR�JUNIOR�YEAR���!LL�ALONG�THEY�ARE�TOLD�THAT
THESE�FUNDAMENTAL�COURSES�ARE�IMPORTANT�AND�THEY�ARE�EXPECTED�TO�LEARN�THE�MATERIAL�ON�THE�FAITH�THAT�THEY�WILL
NEED�IT�LATER���(OWEVER��WITHOUT�SOME�PHYSICAL�EXPERIENCE�TO�GIVE�MEANING�AND�CONTEXT�TO�THE�MATERIAL��MOST
OF�IT�IS�FORGOTTEN�THE�DAY�AFTER�THE�FINAL�EXAM�IS�TAKEN��OR�IT�IS�RARELY�APPLIED�BECAUSE�THEY�HAVE�NO�CONFIDENCE�IN
ITS�UTILITY�

�����7HATËS�7RONG�WITH�,ECTURES�
3INCE� ITS� BEGINNINGS�� ENGINEERING� EDUCATION� HAS� SWUNG� BETWEEN� TWO� EXTREMES�� PRACTICAL�� LABORATORY

BASED�TECHNICAL�TRAINING��AND�A�THEORETICAL�ENGINEERING�SCIENCE�ORIENTATION���)NTERNATIONAL�COMPETITIVE�PRESSURES
ARE� PRESENTLY� CAUSING� SCHOOLS� TO� RE
EMPHASIZE� ENGINEERING� PRACTICE�� INCLUDING� MANUFACTURING� TECHNIQUES�
7HILE� THE� CONTENT� OF� ENGINEERING� CURRICULA�� AS� WELL� AS� THE� BALANCE� BETWEEN� THEORY� AND� PRACTICE� HAS
DRAMATICALLY�CHANGED�OVER�THE�DECADES���THE�PREDOMINANT�DELIVERY�METHOD�IN�MOST�ENGINEERING�SCHOOLS�TODAY

�THE�LECTURE�
�IS�RELATIVELY�UNCHANGED�FROM�THAT�OF�A�CENTURY�AGO���,ECTURE�IS�A�TIME�HONORED��EFFICIENT�TECHNIQUE
FOR�DELIVERING�LARGE�QUANTITIES�OF�ANALYTICAL�INFORMATION���)N�RECENT�YEARS��NEW�FINDINGS�IN�COGNITIVE�PROCESSES�
AND� BEHAVIORAL� PSYCHOLOGY�� HAVE� DEMONSTRATED� THE� LIMITS� OF� LECTURE�� AND� ALTERNATIVES� TO� AUGMENT� ITS
EFFECTIVENESS�HAVE�BEEN�PROPOSED���INCLUDING�LABORATORIES�AND�COOPERATIVE�LEARNING�

,ECTURES�ENCOURAGE�PASSIVITY�IN�STUDENTS��LEADING�THEM�TO�EXPECT�THE�INSTRUCTOR�TO�PROVIDE�ALL�REQUIRED
KNOWLEDGE���,ECTURES�ARE�GEARED�TOWARD�THE�VERBAL�LEARNER��AND�DO�NOT�TAKE�INTO�ACCOUNT�THE�VARIED�LEARNING
STYLES�OF�OUR�STUDENTS�� �-ANY�ENGINEERS�ARE� IN�REALITY�ÍVISUAL� LEARNERSÎ��MUCH�BETTER�SERVED�BY�ACTIVE��VISUAL
AND� TACTILE� TEACHING� METHODS��� � -ANY� STUDENTS� WHO� HAVE� THE� INTELLIGENCE� AND� CREATIVITY� TO� BE� EXCELLENT
ENGINEERS�FIND�LITTLE�FULFILLMENT�OR�STIMULATION�IN�THE�RIGID�CONFINES�OF�THE�LECTURE�HALL��AND�DROP�OUT�OF�FORMAL
ENGINEERING�PROGRAMS�AS�A�RESULT���4HEY�DO�NOT�SEE�THE�RELEVANCE�OF�THEIR�REQUIRED�COURSES�TO�THE�ACTUAL�PRACTICE
OF�ENGINEERING���4OO�OFTEN�THESE�ARE�PROMISING�MINORITY�OR�FEMALE�STUDENTS��TO�WHOM�THIS�LACK�OF�RELEVANCE�AND
STIMULATION�IS�SOMETIMES�ÍTHE�STRAW�THAT�BREAKS�THE�CAMELËS�BACKÎ��*UST�AS�ONE�CANNOT�LEARN�TO�DRIVE�WITHOUT
GETTING� BEHIND� THE� WHEEL�� OR� TO� SWIM� WITHOUT� GETTING� WET�� ENTRY� INTO� THE� PROFESSION� OF� ENGINEERING�
PARTICULARLY�IN�THE�AREA�OF�DESIGN��REQUIRES�FAR�MORE�THAN�SITTING�IN�A�LECTURE�HALL�

�����#HANGING�%NGINEERING�%DUCATION
4HE�.ATIONAL�3CIENCE�&OUNDATION�HAS�RECOGNIZED�THE�OPPORTUNITIES�TO�IMPROVE�ENGINEERING�EDUCATION

AND�IS�PROVIDING�IMPETUS�TO�CHANGE�BY�SPONSORING�SEVERAL�MAJOR�EDUCATION�INITIATIVES�AND�COALITIONS��� �)N�THE
&ALL�OF�������ONE�OF�THESE�PARTNERSHIPS��THE�-ANUFACTURING�%NGINEERING�%DUCATION�0ARTNERSHIP��-%%0	���BEGAN
ITS�EXISTENCE�WITH�THE�MISSION�OF�INTEGRATING�DESIGN�AND�MANUFACTURING�INTO�THE�ENGINEERING�CURRICULA���-%%0
CONSISTS�OF�THREE�MAJOR�ENGINEERING�SCHOOLS�AND�A�NATIONAL�LABORATORY��0ENN�3TATE��5NIVERSITY�OF�0UERTO�2ICO

-AYAGUEZ��5NIVERSITY�OF�7ASHINGTON��AND�THE�3ANDIA�.ATIONAL�,ABS	�
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/NE� OF� THE� ACCOMPLISHMENTS� OF� THIS� EFFORT� IS� A� NEW� CURRICULUM� IN� PRODUCT� REALIZATION� AS� SHOWN� IN
&IGURE� ��� � 4HIS� INTERDISCIPLINARY� CURRICULUM� IS� AVAILABLE� AS� A�MINOR� OR� A� DEGREE� OPTION� AT� THE� PARTICIPATING
UNIVERSITIES��3EVERAL�DEPARTMENTS�AT�EACH�SCHOOL�ARE�COOPERATING�IN�THIS�DEVELOPMENT��INCLUDING��-ECHANICAL�
)NDUSTRIAL�� #HEMICAL�� %LECTRICAL� %NGINEERING� AND� "USINESS�� 4HE� CURRICULA�� CONSIST� OF� A� PROGRESSION� OF
MANUFACTURING�DESIGN� COURSES�� APPROXIMATELY� ONE� PER� TERM�� AND� ALLOWS� STUDENTS� TO� PRACTICE� ENGINEERING
SCIENCE�FUNDAMENTALS�IN�THE�SOLUTION�OF�REAL�PROBLEMS��4HE�KEY�ELEMENT�IN�THIS�APPROACH�IS�ACTIVE�LEARNING�
�THE
COMBINATION� OF� CURRICULUM� REVITALIZATION� WITH� COORDINATED� OPPORTUNITIES� FOR� APPLICATION� AND� HANDS
ON
EXPERIENCE�� THEREBY� ERASING� THE� TRADITIONAL� BOUNDARIES� BETWEEN� LECTURE� AND� LABORATORY�� ACADEMIA� AND
INDUSTRIAL�PRACTICE�� �&ACILITIES� FOR�ACTIVE� LEARNING�ARE�PROVIDED�BY� THE�,EARNING�&ACTORY�� AT� EACH�SCHOOL�� �4HE
CURRICULUM�CONSISTS�OF�EXISTING�COURSES�IN�'RAPHICS��AND�-ANUFACTURING�0ROCESSES��AS�WELL�AS�NEW�COURSES� IN
0RODUCT� $ISSECTION�� #ONCURRENT� %NGINEERING� AND� 4ECHNOLOGY
"ASED� %NTREPRENEURSHIP�� 4HE� SENIOR� CAPSTONE
DESIGN�COURSE�HAS�BEEN�UPGRADED�TO�USE�INDUSTRY�PROJECTS�ALMOST�EXCLUSIVELY��4HE�0RODUCT�$ISSECTION�COURSE�IS
THE�SUBJECT�OF�THIS�PAPER�

�� Graphics and Design
Product Dissection

Entrepreneurship

Concurrent Engineering

Interdisciplinary 

Manufacturing Processes

Adv Mfg Processes

Design/Manufacturing Project

Freshman Year

Senior Year

PROFESSIONAL ENGINEER

&IGURE����4HE�0RODUCT�2EALIZATION�OPTION�BUILD�A�FIRM�FOUNDATION�FOR�A�PRODUCTIVE
ENGINEERING�CAREER�IN�MANUFACTURING��DESIGN��AND�PRODUCT�REALIZATION

))��#OURSE�$ESIGN

����0RODUCT�$ISSECTION�#OURSE�/VERVIEW
!�NEW�COURSE�IN�0RODUCT�$ISSECTION�HAS�BEEN�DEVELOPED�BY�THE�-%%0�SCHOOLS���4HE�PRODUCT�DISSECTION

COURSE�EXAMINES�THE�WAY�IN�WHICH�PRODUCTS�AND�MACHINES�WORK��THEIR�PHYSICAL�OPERATION�THE�MANNER�IN�WHICH
THEY�ARE�CONSTRUCTED��AND�THE�DESIGN�AND�SOCIETAL�CONSIDERATIONS�THAT�DETERMINE�THE�DIFFERENCE�BETWEEN�SUCCESS
AND�FAILURE�IN�THE�MARKETPLACE���4HIS�COURSE�IS�INTENDED�TO�COMPLEMENT�ENGINEERING�SCIENCE�AND�MATHEMATICS
COURSES� AND� TO� SHOW� FRESHMAN� OR� SOPHOMORE� LEVEL� STUDENTS� HOW� THESE� FUNDAMENTALS� RELATE� TO� ENGINEERING
PRACTICE��4HE�COURSE�HAS�FIVE�MAJOR�OBJECTIVES�
��� $EVELOP�VISUALIZATION�SKILLS
��� )NTRODUCE�BASIC�ENGINEERING�BUILDING�BLOCKS��MECHANICAL��ELECTRICAL��CHEMICAL��ETC	
��� 3HOW�RELATIONS�BETWEEN�PHYSICAL�PRINCIPLES�AND�REAL
WORLD�HARDWARE
��� )NTRODUCE�PRODUCT�DISSECTION�AS�A�TOOL�FOR�DESIGN��REVERSE�ENGINEERING�AND�COMPETITIVE�ANALYSIS	
��� -OTIVATE�STUDENTS�FOR�FUTURE�LEARNING�IN�ENGINEERING

����#OURSE�$EVELOPMENT
4HE�COURSE� �AND�THE�OTHER�NEW�COURSES�DEVELOPED�BY�-%%0	� �WAS�DEVELOPED�BY�AN� INNOVATIVE�� FOUR

PART�PROCESS�DESIGNED�TO�TAKE�MAXIMUM�ADVANTAGE�OF�THE�STRENGTHS�AND�DIVERSITY�OF�EACH�SCHOOL�
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�	� 0LANNING� 
� COORDINATORS� FROM� EACH� SCHOOL� AGREE� ON� OVERALL� COURSE� OBJECTIVES� AND� CONTENT� AND� HOW� THAT
COURSE�FITS�INTO�THE�BALANCE�OF�THE�CURRICULUM

�	� 0ILOTING�
�ONE�SCHOOL�TAKES�THE�LEAD�ROLE�IN�DEVELOPING�THE�COURSE�SPECIFICS�AND�OFFERING�IT�ON�A�TRIAL�BASIS
�	� 0UBLICATION�
�4HE�PILOTING�SCHOOL�MAKES�ALL�COURSE�MATERIALS�AVAILABLE�IN�ELECTRONIC�FORMAT�FOR�USE�BY�OTHER

SCHOOLS�IN�THE�PARTNERSHIP�
�	� $EPLOYMENT�
�4HE�REMAINING�SCHOOLS�APPLY�THE�COURSE�MATERIALS�AND�OFFER�THE�COURSES��MAKING�WHATEVER

MODIFICATIONS� ARE� NECESSARY� TO� SATISFY� UNIQUE� INSTITUTIONAL� REQUIREMENTS�� 4HE� DESIRED� END� RESULT� IS� A
MODULAR�� TRANSPORTABLE� SET� OF� COURSE�MATERIALS�� AVAILABLE� ELECTRONICALLY�� WHICH� CAN� BE� OF� USE� TO� A� WIDE
AUDIENCE

!� UNIQUE� ASPECT� OF� THE� COURSE� DEVELOPMENT� PROCESS� WAS� THE� TEAM� APPROACH� WHICH� WAS� FOLLOWED
DURING�THE�PLANNING�AND�PILOTING�PHASES���4HE�COURSE�DEVELOPERS��ONE�FROM�EACH�SCHOOL	�MET�REGULARLY�OVER�A
PERIOD�OF�TWO�YEARS�TO�SHARE�EXPERIENCES�AND�INFORMATION���#ONSIDERABLE�TIME�AT�EACH�MEETING�WAS�DEVOTED�TO
THE� ISSUE� OF� HOW� TO�MAKE� THE� COURSE�MATERIALS� BOTH� ÍFLEXIBLEÎ� � �SO� THEY� COUD� BE� ADOPTED� TO� DIFFERENT� LOCAL
CONDITIONS	� AND� ÍPORTABLEÎ� �FOR� A� POTENTIAL� WIDER� DISSEMINATION� OF� MATERIALS	�� � 4HE� COURSE� ALSO� OWES� A
CONSIDERABLE� DEBT� TO� A� NUMBER� OF� STUDENT� ASSISTANTS� WHO� DID� MUCH� OF� THE� IMPLEMENTATION� �NOTABLY�� "ETH
/Ë.EILL�OF�035�AND�*OHN�7ELLER�OF�57	�

0RODUCT�$ISSECTION�WAS�FIRST�OFFERED�AT�0ENN�3TATE�ON�AN�EXPERIMENTAL�BASIS� IN�THE�&ALL�OF������� �57�
502-� AND� 035� HAVE� SINCE� OFFERED� THE� COURSE� ON� A� REGULAR� BASIS�� � "ASED� ON� THE� EXPERIENCES� GATHERED�
IMPROVEMENTS� WERE� MADE� AND� THE� COURSE� MATERIALS� WERE� EXPORTED� TO� EACH� OF� THE� UNIVERSITIES� FOR� REGULAR
OFFERING�IN�THE�&ALL�OF��������%XPORT�TO�A�FOURTH�UNIVERSITY�WAS�ACHIEVED�IN�*ANUARY�������5NIVERSITY�OF��4URABO�
0UERTO�2ICO	���&OR�THE�PRICE�OF�SOME�UP
FRONT�COOPERATION�AND�CONSENSUS�BUILDING��EACH�UNIVERSITY�NOW�HAS�A
NEW�COURSE� IN�0RODUCT�$ISSECTION� FOR�A�MINIMAL� INVESTMENT� IN�DEVELOPMENT� TIME�� �4HE�DEVELOPMENT�OF� THIS
COURSE� WAS� AIDED� BY� THE� GENEROUS� SHARING� OF� PRINTED� MATERIALS� FROM� A� SIMILAR� COURSE� �-%��� -ECHANICAL
$ISSECTION	������AT�3TANFORD�5NIVERSITY��DEVELOPED�UNDER�THE�AUSPICES�OF�THE�3YNTHESIS�#OALITION���)T�IS�THE�INTENT
OF� THIS�PAPER� TO� RETURN� THE� FAVOR� AND� ADD� TO� THIS� BODY�OF� KNOWLEDGE� AND� THEREBY� FACILITATE� THE�WIDESPREAD
ADOPTION� OF� COURSES� OF� THIS� TYPE�� � !�MAJOR� CONTRIBUTION� OF� THIS�WORK� IS� TO�MAKE�MODULAR� COURSE�MATERIALS
AVAILABLE�OVER�THE�)NTERNET�

����� ��������������
      Drill Dissection    Bicycle Dissection
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�����$ESIRED�3TUDENT�/UTCOMES
4HE�DESIRED�STUDENT�OUTCOMES�FROM�THIS�COURSE��I�E��THE�SKILLS�AND�KNOWLEDGE�WE�WISH�TO�IMPART�TO�STUDENTS�
ARE�LISTED�IN�4ABLE���

4ABLE�����0RODUCT�$ISSECTION�#OURSE�/UTCOMES

#OURSE�/UTCOMES�
�SKILLS�AND�KNOWLEDGE ,EVEL�OF
5NDERSTANDING

%NGINEERING�3CIENCE�&UNDAMENTALS��BASIC�PHYSICS��GRAPHICS	 0
4HE�$ESIGN�0ROCESS�AND�0RODUCT�,IFE�#YCLE "
-ATERIALS��3ELECTION��.ON
4RADITIONAL	 "
"ASIC�-ANUFACTURING�0ROCESSES "
#ONCURRENT�%NGINEERING "
#OMMUNICATION�3KILLS��GRAPHICAL��VERBAL��WRITTEN��ELECTRONIC	 !
4EAM�3KILLS !
0ROBLEM�3OLVING�3KILLS "
"USINESS�#ONCERNS /
#USTOMER�AWARENESS��ERGONOMICS��MARKETING "
'REEN�ENGINEERING "

,EGEND��/�/VERVIEW���"�"ASIC���!�!DVANCED����0�0REREQUISITE

�����-ODULAR�#OURSE�3TRUCTURE
)N� ORDER� TO� ACHIEVE� THE� DESIRED� STUDENT� OUTCOMES�� A� NUMBER� OF� MODULES� WERE� DESIGNED� AND

CONSTRUCTED�� � 4HESE� MODULES� CONSIST� OF� � �� DISSECTION� EXERCISES� AND� A� TEAM� TRAINING� WORKSHOP� GENEROUSLY
PROVIDED�BY�$��%VANS�AND�$��,INDER�OF�!RIZONA�3TATE�5NIVERSITY�����!�MODULAR�COURSE�STRUCTURE�WAS�CHOSEN�TO
ACCOMMODATE� MANY� POSSIBLE� USES� FOR� THIS� MATERIAL�� � 4HESE� MODULES� MAY� BE� USED� TOGETHER� AS� A� ��� WEEK
SEMESTER�COURSE��OR�A�SUBSET�MAY�BE�USED�FOR�A����WEEK�QUARTER���!LTERNATIVELY��A�MODULE�MAY�BE�USED�TO�ADD
PRACTICAL�RELEVANCE�TO�AN�EXISTING�COURSE���%ACH�DISSECTION�MODULE�CONSISTS�OF�
• ,ABORATORY�INSTRUCTIONS�AND�WORKSHEETS
• )NSTRUCTORËS�GUIDE
• %XPECTED�OUTCOMES�AND�DELIVERABLES�FROM�THIS�MODULE
• ,AB�PREPARATION�ASSIGNMENT�HANDOUT�FOR�STUDENTS
• !SSOCIATE�LECTURE�MATERIALS
• 2EADING�ASSIGNMENTS
• ,IST�OF�REFERENCES�FOR�FURTHER�EXPLORATION
• !SSESSMENT�TOOLS�FOR�STUDENT�FEEDBACK

4HE�CURRENTLY�AVAILABLE�DISSECTION�MODULES�ARE��BICYCLES��ELECTRIC�HAND�DRILLS�� FOUR� STROKE�ENGINES�� THE
+ODAK�&UNSAVER�DISPOSABLE�CAMERA�AND�A�ROTARY�DIAL�TELEPHONE���4HESE�PRODUCTS�ARE�OBTAINED�AT�LOCAL�DISCOUNT
STORES� �DRILLS�� CAMERAS	�� OR� SECOND� HAND� SHOPS� �BICYCLES	�� � %NGINES�WERE� EITHER� PURCHASED� NEW�� OR� OBTAINED
USED�FROM�SMALL�ENGINE�REPAIR�SHOPS���4HE�ROTARY�DIAL�PHONES�WERE�FORMER�DORMITORY�PHONES�RESCUED�FROM�THE
DUMPSTER�AND�DONATED�BY�0ENN�3TATEËS�CAMPUS�PHONE�SERVICE���-ORE�MODULES��FOLLOWING�THE�SAME�FORMAT��ARE
BEING� DEVELOPED� TO� PROVIDE� A� LARGE� SELECTION� OF� POSSIBILITIES�� � !N� INSTRUCTOR� CAN� THEN� CHOOSE� THE� MOST
APPROPRIATE�MODULE�OR�MODULES�TO�ACCOMPLISH�THE�DESIRED�EDUCATIONAL�GOALS���!S�AN�AID�IN�SELECTING�THE�MOST
APPROPRIATE� MODULE�� THE� CONTENT� OF� EACH� MODULE� IS� SHOWN� IN� 4ABLE� ��� � !S� AN� EXAMPLE�� THE� DISSECTION
INSTRUCTIONS�FROM�THE�ENGINE�DISSECTION�MODULE�ARE�INCLUDED�AS�AN�!PPENDIX���!�MULTIMEDIA�PACKAGE�TO�ASSIST
THE�STUDENTS�IN�THE�ENGINE�DISSECTION�HAS�ALSO�BEEN�DEVELOPED�USING�-ACROMEDIA�!UTHORWARE�
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4ABLE����#ONTENT�OF�)NDIVIDUAL�$ISSECTION�-ODULES

4OPIC �BICYCLE ���DRILL ENGINE PHONE CAMERA
METROLOGY X X
#!$�DRAWING X X
SKETCHING X X X X X
JOURNAL�RECORD X X X X X
TEAM�SKILLS X X X X X
MANUFACTURING�PROCESSES X X X X X
MATERIALS�SELECTION X X X X X
ELECTRIC�ELECTRONIC�MACHINES X X X X
MECHANICAL�HARDWARE X X X X X
CHEMICAL�PROCESSES X X X
ANALYSIS X X X X
HISTORY�OF�TECHNOLOGY X X X X
GREEN�DESIGN X
DESIGN�FOR�MANUFACTURE�ASSEMBLY X X X X
ERGONOMICS X X X X
BUSINESS�CONCERNS��MARKETING X X X
DESIGN�PROCESS X X X
COMPETITIVE�ANALYSIS X X X X

�����!SSESSMENT�OF�3TUDENT�0ERFORMANCE
3TUDENT�PERFORMANCE�IS�MEASURED�BY�A�VARIETY�OF�METRICS�INCLUDING�
• $ISSECTION�JOURNALS�
�A�DETAILED�RECORD�KEPT�BY�EACH�STUDENT�OF�THEIR�DISSECTION�ACTIVITIES��SKETCHES�

REFLECTIONS��CALCULATIONS��ETC���4HESE�ARE�PERIODICALLY�COLLECTED�AND�GRADED�FOR�COMPLETENESS�AND�ACCURACY�
• /RAL�0RESENTATION�
�EACH�STUDENT�IS�INDIVIDUALLY�REQUIRED�TO�GIVE�AT�LEAST�ONE�ORAL��COMPUTER�ASSISTED

�0OWERPOINT	�PRESENTATION
• &INAL�0ROJECT�
�STUDENTS�IN�GROUPS�STUDY�A�PRODUCT�OR�PROCESS�OF�THEIR�OWN�CHOOSING�AND�PREPARE�A�POSTER

AND�OR�MULTIMEDIA�PRESENTATION�TO�DEMONSTRATE�TO�A�NON
TECHNICAL�PERSON��OR�A�HIGH�SCHOOL�STUDENT	�HOW
THAT�DEVICE�WORKS�

• #LASS�0ARTICIPATION
 

)))��)MPLEMENTATION

�����#OURSE�/FFERING
4HE�COURSE�HAS�BEEN�OFFERED�THREE�TIMES�AT�0ENN�3TATE��&ALL�����3PRING����AND�3PRING���	��THREE�TIMES�AT

57��7INTER�����3PRING����AND�&ALL���	�AND�TWICE�AT�502-��3PRING����AND�&ALL���	�� �%NROLLMENTS�HAVE�BEEN
LIMITED�TO����STUDENTS�PER�SECTION�DURING�THE�DEVELOPMENT�STAGE���%XTERNAL�TO�-%%0��4HE�5NIVERSITY�OF�4URABO�
0UERTO�2ICO�WILL�BE�A�BETA�TEST�SITE�FOR�THE�COURSE�MATERIALS��BEGINNING�IN�3EPTEMBER������

�����#OURSE�$ISSEMINATION
!LL� COURSE� MATERIALS� ARE� AVAILABLE� IN� ELECTRONIC� FORMAT� OVER� THE� 7ORLD� 7IDE� 7EB� AT� ADDRESS

HTTP���JSL�MECHE�PSU�EDU�PDISS�HTM��� � 4HE� MATERIALS� CONSIST� OF� TEXT� FILES� IN� -ICROSOFT� 7ORD� ���� AND
0OWERPOINT������CHOSEN�FOR� THEIR�WIDE�AVAILABILITY�AND�EASE�OF�EDITING�� �!DDITIONALLY��A�#$2/-�IS�AVAILABLE
UPON�REQUEST��AT�NOMINAL�COST��CONTAINING�MULTIMEDIA�ELEMENTS�AND�ANIMATIONS�TO�SUPPLEMENT�THE�DISSECTION
EXERCISES�
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����3TUDENT�AND�&ACULTY�2ESPONSE
3TUDENT�RESPONSE�IS�VERY�POSITIVE�AND�THE�COURSE�OBJECTIVES�MEETS�WITH�THEIR�APPROVAL�� �!BOUT�����OF

THE� STUDENTS�HAVE�NEVER�BEFORE� TAKEN�A�DEVICE� APART��HENCE�� THE� REALIZATION�OF�WHAT�GOES� INTO� A� COMMERCIAL
PRODUCT�TO�PROVIDE�THE�INTENDED�PERFORMANCE�IS�AN�EYE
OPENING��UNFORGETTABLE�EXPERIENCE��!�TYPICAL�COMMENT
FROM�A�FRESHMAN�FEMALE�)NDUSTRIAL�%NGINEERING�STUDENT�AT�0ENN�3TATE�WAS�

Í!S�A� FRESHMAN�IN�ENGINEERING�� )�HAD�SEVERAL� IDEAS�OF�WHAT� IT�WOULD�BE� LIKE� TO� TAKE� FRESHMAN�ENGINEERING�COURSES�
5NFORTUNATELY�� )�WAS� IMMEDIATELY� BOMBARDED�WITH� TOO�MUCH� CALCULUS�� PHYSICS�� AND� CHEMISTRY�� � )�� JUST� LIKE�MANY
OTHER�ENGINEERING�STUDENTS��BEGAN�TO�LOSE�FAITH�IN�MY�MAJOR���0RODUCT�DISSECTION�CAME�AT�JUST�THE�RIGHT�TIME�FOR�ME���)T
IS� A� CLASS�WHICH� COMBINES�MECHANICAL� AND� COMPUTER� AIDED� DRAWING�� PHYSICAL� FORMULAS� AND� PRINCIPLES�WITH� ACTUAL
HANDS
ON�LEARNING���)�CANËT�IMAGINE�)�WOULD�HAVE�AS�MUCH�INTEREST�IN�ENGINEERING�AS�)�DO�NOW�IF�)�HAD�NOT�TAKEN�THE
CLASSÎ

!�*UNIOR�-%�STUDENT�AT�THE�5NIVERSITY�OF�7ASHINGTON�WROTE�
Î����GOOD�HANDS
ON�EXPERIENCE��ALL�OF�OUR�COURSES�ARE�JUST�THEORY��THIS�WAS�AN�IMPORTANT�CHANGE���)T�WAS�GOOD�TO�BREAK
DOWN�AND�UNDERSTAND�A�COMPLICATED�SYSTEM���)�SAW�HOW�ALL�THE�PARTS�ARE�OPTIMIZED�AND�WORK�TOGETHER���)T�WAS�GREAT�TO
HEAR�THE�ENGINE�START�UP�AGAIN���)T�GAVE�ME�A�LOT�OF�CONFIDENCE�Î

3TUDENTS� FILL� OUT� A� DETAILED� EVALUATION� AND� FEEDBACK� FORM� AFTER� EACH� DISSECTION� EXERCISE�� � 4HIS
INFORMATION�IS�USED�TO�REFINE�AND�CONTINUOUSLY�IMPROVE�THE�DISSECTION�ACTIVITIES�AND�COURSE�MATERIALS���!�POST

COURSE� ASSESSMENT� IS� CURRENTLY� BEING� DEVELOPED� TO� ASCERTAIN� THE� EFFECTIVENESS� OF� THE� COURSE� IN� MEETING� ITS
EDUCATIONAL�GOALS�

&ACULTY� RESPONSE� HAS� BEEN� GENERALLY� POSITIVE�� -OST� FACULTY� �PARTICULARLY� THOSE� WHO� ARE� ACTIVELY
INVOLVED�IN�DESIGN�OR�WHO�HAVE�HAD�INDUSTRIAL�EXPERIENCE	�AGREE�THAT�A�COURSE�OF�THIS�NATURE�IS�NEEDED�IN�THE
CURRICULUM� TO�ALLOW�STUDENTS� TO�GAIN�PRACTICAL� SKILLS�� �(OWEVER�� THERE� IS�WIDE�DIVERGENCE�ON�HOW� TO� FIT� THIS
EXPERIENCE�INTO�AN�ALREADY�FULL�CURRICULUM�� �/THER�CONTENTIOUS�ISSUES� INCLUDE�� THE�ÍPROPERÎ�BALANCE�BETWEEN
PRACTICAL� AND� THEORETICAL� CONTENT�� TEACHING� METHODOLOGY� AND� LEVEL�� AND� THE� COST
TO
BENEFIT� RATIO� FOR� AN
INSTRUCTOR
INTENSIVE�COURSE�SUCH�AS�THIS���)N�A�DIVERSE�ACADEMIC�COMMUNITY��THERE�WILL�ALWAYS�BE�SOME�FACULTY�
WHO�HAVE� A�MORE� THEORETICAL�� RESEARCH� INCLINATION�� AND�WHO�DO� NOT� UNDERSTAND� HOW� THIS� COURSE�WILL�MAKE
BETTER�GRADUATE� STUDENTS�� �4HESE�DISCUSSIONS� ARE�NEITHER�UNEXPECTED��NOR�DISHEARTENING�� �4HEY�ARE� A�NATURAL
OCCURRENCE� IN� THE� LONG� PROCESS� OF� IMPROVING� THE� WAY� WE� THINK� ABOUT�� TEACH�� AND� PRACTICE� DESIGN� AT� THE
UNDERGRADUATE�LEVEL�

)6��#ONCLUDING�2EMARKS
!�NEW�COURSE�HAS�BEEN�DEVELOPED�AND�DEPLOYED�THAT�ADDRESSES�SOME�MAJOR�SHORTCOMINGS� IN�CURRENT

-ECHANICAL�%NGINEERING�CURRICULA���THE�LACK�OF�VISUALIZATION�SKILL�DEVELOPMENT��AND�THE�LACK�OF�A�BASIC�COMMON
SENSE�APTITUDE� FOR�ENGINEERING�� �3TUDENT� FEEDBACK�AT�ALL�UNIVERSITIES�WHERE� THIS� COURSE�HAS�BEEN�OFFERED�HAS
CONFIRMED�THE�HYPOTHESIS�THAT�WE�STARTED�WITH���THAT�ENGINEERING�STUDENTS�DESPERATELY�NEED�EXPOSURE�TO�ACTUAL
DEVICES� AND� TOOLS� IN� ORDER� TO� MAKE� THE� CONCEPTUAL� LEAP� FROM� THEORY� TO� UNDERSTANDING� AND� DESIGN�� 4HE
INCREASED�EXPOSURE�TO�ÍREAL�DEVICESÎ�HAS� INCREASED� THE�STUDENTSË�AWARENESS�OF�DESIGN�AND� ITS� RELATIONSHIP� TO
ENGINEERING� SCIENCE� AND� PROVIDES� US�WITH� A�MEANS� FOR� VERTICAL� INTEGRATION� IN� THE� CURRICULUM� SINCE�WE� CAN
CONSTANTLY� REFER� BACK� TO� THESE� EXPERIENCES� IN� LATER� ENGINEERING� SCIENCE� COURSES� �SUCH� AS� MATERIALS�� SYSTEMS
DYNAMICS��THERMODYNAMICS�ETC�	�
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!PPENDIX���%NGINE�$ISSECTION�)NSTRUCTIONS

Engine Dissection

Purpose: To understand the function and manufacture of the four-cycle internal combustion engine
Background and reference materials:
Briggs & Stratton Service and Repair Instructions, Briggs & Stratton Corporation, Milwaukee, WI, 1992
Internal Combustion Engine Fundamentals, J. B. Heywood, McGraw-Hill
Why Internal Combustion, Rudi Volti, Invention and Technology, vol. 6, no. 2, Fall 1990, pp 42-47
Physical principles involved: Bernoulli’s principle, combustion, magnetic fields and induction, static and dynamic forces,
heat transfer, lubrication
Mechanisms involved: carburetor, flywheel, magneto, journal bearings, crank-slider (piston, connecting rod, crank shaft),
cams, valves
Manufacturing processes introduced: casting, machining, molding
Activities: dissection, sketching, dimensioned CAD drawing of
the piston,
Associated Lecture Material:  (engine.ppt) engine types,
history, theory of operation
Required tools: basic toolbox, parts bin, calipers, starter clutch
wrench (E), flywheel wrench set (C), ring expander (B), ring
compressor (D), valve spring compressor (A), torque wrench

Deliverables:
1. assembled, working, well adjusted engine
2. computer generated drawing of the piston
3. detailed journal record of activities:

a) record all procedures followed
b) answer all questions posed below
c) sketches of parts and assemblies
d) all other pertinent information

Schedule:
Session

#
Date Approx

Duration
Activity Reading

Material
Objectives

 0 1/2 hour Preparation Briggs manual,
sections 1,13,14

Introduction, getting ready
for dissection

 1 2 hours Ignition and
carburetor

Briggs manual
sections 2,3,4

Understand ignition and
carburetor systems

 2 2 hours Engine block Briggs manual
sections 6,8,9,10

Understand internal
elements, metrology, CAD
drawing

 3 2 hours Reassembly and
test

Briggs manual
section 12

A smooth running engine

Hand in Journal

                                                                                    

Session 0:  Getting the Patient Ready

Readings:  from Briggs and Stratton Repair and Service Manual
Section 14 - Theories of Operation Section 1 - General Information
Section 13 - Tools

A

B C

D

E
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Objectives: a) Understanding how to use a factory service manual
b) Assignment of lab partners, tool boxes, and engines
c) Determining engine type and its specifications

Procedures:  perform the following and answer all questions in your journal:
1.   Note the manufacturer, model, and serial number of your engine
2.   What is the maximum RPM for this engine
3.   How much torque and horsepower does it develop
4.   Check that there is no fuel and oil in the engine
5.   Determine if the engine has compression
6.   Check to see if ignition system is functioning and explain how you did this
7.   Explain the four cycles
8.   Draw an overall diagram of your engine (external view of assembled engine) , label all important parts
                                                                                    

Session 1:  Ignition and Carburetor

Readings: Section 2 - Ignition Section 3 - Carburetion
Section 4 - Governor Controls & Carburetor Linkage

Objectives:  Troubleshoot, disassemble and inspect the ignition and carburetor systems
Procedure:
A. Ignition System
1.   Remove the flywheel shroud
2.   Identify the type of ignition system your engine uses
3.   What materials are used in the flywheel?
4.   Remove the flywheel using the proper tools
5.   What is the purpose of the starter clutch?  Notice how it does not work in some orientations.
6.   How much does the flywheel weigh and what is its function? What would be the advantages and disadvantages of

making it heavier?
7.   Why does the flywheel have one section made from a different material?
8.   Sketch the ignition system identifying all its components
9.   Describe how the magneto system works
10. What is ignition timing and why is it important?
11. Remove the rest of the ignition system components

B. Carburetor
1.   Remove the air cleaner and identify the type used
2.   Why is the air cleaner important?
3.  Identify the carburetor style (pages 4 - 5 Section 3)
4. Remove the carburetor
5. What materials are used in the carburetor?
6. Describe how the venturi works.
7. How many jets are used and what is their function?
8. How does the choke work?
9. What type of governor system does this carburetor use? How does it work?
10. Completely dissect the carburetor assembly
11. Sketch the components of the carburetor
12. Reassemble and adjust the carburetor according to the factory specifications

Note:  Do not re-mount the carburetor to the engine block, this is to be done in the last engine dissection lab!
                                                                                    

Session 2:   Engine Block Dissection

Readings: Section 6 - Compression  Section 8 - Lubrication
Section 9 - Pistons, Rings, Rods Section 10 - Crankshafts & Cam Gears

Objectives:
a)  Disassemble, inspect and document the internal mechanisms of an I.C. engine
b)  Generate a CAD drawing of the piston
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c)  Calculate the displacement and compression ratio of the engine
Procedure:
1.  Remove the cylinder head
2.  Locate the intake and exhaust valves.  Are there any differences between them?  Explain the differences and the

reasons for them.
3.  Sketch the top view of the cylinder (include the valves)
4.  Rotate the engine through its four cycles. Note what happens if you turn it the wrong way
5. Calculate the displacement of the engine        cubic inches =                              cc
6. Determine the compression ratio by two different methods (analytically and experimentally) and compare the results.

Explain how it was determined.
7. Remove the valves (use your safety glasses!!)
8. Remove the crankcase cover, being careful not to damage the gasket. (do not pry off with a screwdriver, it will tear!)
9. Remove the camshaft and crankshaft.
10. What materials are used for the camshaft?
11. What is the significance of cam timing and how is it set?
12. What are tappets and what function do they serve?
13. What type of lubrication system does your engine have and how does it work?
14. Sketch the camshaft assembly
15. Remove the piston
16. Measure and sketch the piston assembly.  Produce a fully dimensioned 2-D CAD drawing the machined surfaces of

the piston, making all necessary physical measurements.
17. Remove the rings (using the ring expander) and identify them
18. Remove the wrist pin and connecting rod
19. What manufacturing processes do you think are used to produce the crankshaft, camshaft, connecting rod, wrist pin,

and piston?
20. Remove the crankshaft. What type of bearings does it use?
21. What material is used for the crankshaft?

This completes the engine disassembly
                                                                                    

Session 3:   Reassembly

Readings: Section 12 - Synchro-Balance
Objectives: a) Reassemble the engine (with no parts left over)

b) Adjust it to factory specifications
b) Run the engine

Procedure:
Note:  Use small amounts of engine oil to lubricate mating parts (bearings, rings etc.).   The service manual must be

followed during reassembly.
1.  Reassemble your engine. Install parts in the reverse order which you disassembled them (this is a test of your memory,

journal completeness, and common sense).
2.  Use the ring compressor
3.  Torque all bolts to the factory specification   Write in the required torque values (and the correct units!)  here:

Crank bolts                               Head Bolts:                                    
Flywheel                                  

4.  What grade bolts are used for the connecting rod?
5.  Why is it important to torque the bolts to a certain value? How is this value determined?
6.  Why are the bolts torqued in a certain pattern?
7. What is the purpose of the head gasket?
8. Prepare to run you engine!
9. Fill the engine with oil and gas (only enough gas to run the engine for a minute or two)
10. While it is running you should adjust the air/fuel mixture, idle speed, and governor speed. Know these procedures

before you start!
11. After running the engines, the fuel and oil must be drained. (Let the engine cool first.)
12. What happened when you changed the air fuel mixture?
13. Did your engine operate smoothly?  If not, you must make whatever adjustments are needed to satisfy the instructor

that the engine is running properly.
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Engine Dissection Feedback:

Please comment on this lab experience.  Fill out this form and submit it to the instructor within one week of the completion
of the dissection exercise.
 Your Major                                                                        Semester Standing                

A. Would you rather have seen more/less:
less about

right
more

instructions concerning assembly/dis-assembly
questions relating to the dissection
written assignments
lectures (if so, on what topics)
time allotted for lab
open lab time
help during open lab time
other

B. How would you rate the difficulty of this dissection?
Trivial      About right   Too difficult
   1 2 3 4 5

C. How would you rate the overall value of the this dissection as a learning experience?
Worthless         Mediocre              OK                    Good       Excellent
   1 2 3 4 5

D. How could the learning experience be improved?
                                                                                    

Notes to Instructors

Format for lab:   2 persons per group is best (3 is OK if necessary)
Total time for dissection: Four periods, 2 hours each
Associated lecture material:  (2 or 3 fifty minute lectures)

4 stroke engine fundamentals (engine.ppt)
“Why internal combustion engines” - discussion of Invention and Technology article

Facilities needed:   Workbenches (each group needs a bench approximately 4 x 6 feet)
Supplies needed: (available from any small engine repair shop)

Specialty engine tools and parts: part number cost $
engine (3.5HP Briggs and Stratton, horizontal shaft) 91232-0035 180.00
starter clutch wrench 19244 5.15
flywheel wrench set 19167 6.65
ring expander 19340 7.20
ring compressor and wrench 19230 7.10
valve spring compressor 19076 11.15
Briggs and Stratton repair and service manual 270962 10.95
Spare rings (in case of stupidity) 298982 12.80

General Purpose Tools:  socket wrenches (1/4" and 3/8" drive), screw drivers, pliers, nut drivers, etc. (need both English
and metric sizes for Briggs engines), Safety glasses, Torque wrench (1/4 or 3/8" drive, maximum torque needed is 140 in-
lbs), Vernier caliper,
Miscellaneous supplies and materials: Shop rags, Hand cleaner, Funnel, Oil pan, Clear contact paper - to cover and
protect the Briggs and Stratton repair manual, Gasoline, 30W oil, Engine mount- a plywood board with 1/4" bolts is fine (C-
clamp it to a rigid base), Exhaust tubing - to duct exhaust out a window or vent if running engines inside (but it’s better to
run them outside)
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