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INTRODUCTION 
 
In recent years, with the growing enrollment and increased student project 
activity, Penn State Aerospace Engineering has experienced difficulty 
maintaining the organization and cleanliness of many areas of the 
Department allocated space.  As a solution to this it has been suggested by 
the Industrial Professional Advisory Committee (IPAC) that we adopt what 
is known in industry as a “Five-S” philosophy within our Department 
laboratories.  We have added an addition S to emphasize our commitment 
to maintain a SAFE working environment in all labs. 
 
“Five-S” is one of the “lean manufacturing” tools developed in Japan in the 
1980’s and currently utilized by companies worldwide to organize their 
workspace and instill the discipline required to maintain a high degree of 
organization.  Based mostly on common sense, the principles underlying 
Five-S are actually very simple; however, until the Five-S nomenclature 
became popular, many businesses ignored these basic concepts.  We 
strongly encourage the implementation of this philosophy in all of our 
laboratory areas, specifically in our shop and instructional laboratories. 
 
The original Five-S’s are derived from the first letter of five Japanese 
words, and were chosen as a means of remembering the important 
elements of this philosophy. In the west, we have adopted several 
corresponding translations that maintain the Five-S framework. 
 
 

Japanese: English Translation: 

Seiri to Sort 

Seiton to Set in Order / or Straighten 

Seiso to Shine 

Seiketsu to Standardize / or Simplify 

Shitsuke to Sustain / or exercise Self-discipline 
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SORT      The first step of this process is to decide what things are 
necessary to have in each specific work area. Everything must be sorted 
on the rubric of what will be used in the next month or two. In a personal 
office space it might be more productive to follow a 24 or 48 hour rule.  
Items should be “staged” in a central holding area in one of three possible 
categories (keep, store, or discard). Less frequently used items should be 
moved to storage or discarded. If multiple quantities of items exist, it should 
be determined how many of each is really needed. Most people will have to 
fight the temptation to keep things because they “may be useful someday”. 
During this sorting process, broken equipment and tools should be repaired 
or disposed of.  The amount of work surfaces needed to perform your tasks 
should also be considered. The final goal of this step is to ensure that only 
those items that are needed to do the job remain in the most accessible 
locations. 
 

SET IN ORDER     The second step of the process is to decide 
how to lay out the new workspace and where the important items should be 
located to promote the highest efficiency and effective retrieval.  The 
overriding principle of this step is based on the familiar adage “a place for 
everything and everything in its place." Often, floors are painted to outline 
work areas, shadow boards are installed to hold tools, and modular 
shelving or mobile cabinets are used for trash cans and cleaning supplies. 
Commonly used tools are made readily available, signs are used to inform 
people of designated locations for items, and shelves and books are 
labeled.  In general, the more visually based the organization; the easier it 
will be to find and replace things. Critical elements of equipment and 
machinery, such as the piping and valves, should be clearly identified. 
 

SHINE       The third step of the process is to thoroughly clean all of 
the work areas, and then continue to perform a daily follow-up cleaning. 
Workers are encouraged to keep things clean and polished after each use 
by taking pride in a clean and clutter-free work area.  In a very real sense, 
each person should take ownership of the equipment and workspace they 
are working in. During the cleaning process it is particularly easy to inspect 
the machines, tools, equipment and supplies in an effort to identify potential 
problems. Each work area should develop a checklist of daily cleaning 
activities in an effort to make cleaning a high priority. Maintaining a 
laboratory’s appearance will not only increase efficiency, but also ease the 
pressure of preparing for VIP visits and encourage new project funding 
from research sponsors. 
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STANDARDIZE       The forth step is perhaps the least obvious 
of the process. It involves defining an acceptable work ethic and 
standardization of work practices within a given area. Each worker should 
be involved in the development of these standards. In the words of Henry 
Ford, "every well thought-out process is simple" and each person should be 
looking for the best way to do things. Once this is determined, these 
methods should be documented to help future workers perform the same 
tasks efficiently. It is helpful to schedule a periodic review of your laboratory 
practices with other researchers to help identify areas to improve. It is 
important to have a work structure that will support the new practices listed 
in the first three steps, and help turn them into standard work habits. As 
more experience is gained in a work area, the standards should be updated 
and modified to keep them as simple as possible. Old work habits will need 
to be avoided if this philosophy is going to succeed. Each person must help 
to set a standard of cleanliness and organization in the labs and remind 
others of safe work habits. 
 

SUSTAIN     The final step in the process is to repeatedly persevere 
with the four basic procedures listed above. It takes the continued 
commitment and dedication of everyone in the labs to maintain a 
philosophy like this. 
 

SAFETY     Within this Department we want to be sure to emphasize 
the need to do everything with safety in mind.  A Sixth “S” is therefore 
added to our rubric to remind us of this important emphasis. 

 
YOUR COMMITMENT IS CRITICAL 

 
a.)  As a student in Aerospace Engineering, we ask for your commitment to 
the Six-S philosophy and your help in establishing the standards of this 
new work environment within our Department.   
 
b.)  We also ask for your commitment to inspire pride and adherence to the 
standards established in each work area.   
 
c.)  Finally we ask for your commitment to educate other students about 
maintaining standards and helping us create a culture that implements 
these ideas in our everyday life at Penn State.   
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This is clearly an ongoing improvement process that will lead to less waste 
and an improved work environment for all of us. The Department will 
support this effort by initiating periodic reviews of each work area, 
implementing a formal system for monitoring the results, and applying a 
portion of this activity toward student project and research related grades. 
 
Please inform the Laboratory Director, Rick Auhl, of any equipment or 
supplies that are needed to support this organizational effort within your 
area of research. 
 
 

WHAT DO WE HAVE TO GAIN? 

1) Improved laboratory safety and quality of workmanship. 

2) Improved student, faculty, and staff morale. 

3) Improved work efficiency and reduced time wasted 

searching for tools and equipment. 

4) Increased pride in our department’s resources and facilities. 

5) An improved department image regarding our capability and 

research effectiveness. 

6) Increased available workspace and decreased storage 

costs. 

7) Simplified laboratory work environments and standardization 

of work practices. 

8) Reduced equipment damage and machine down time. 

9) Establishment of good student work habits in preparation for 

industry employment. 
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I, ____________________________________, have 

read the Aerospace Engineering Department Manual 

on Safety and agree to follow all safety procedures, 

as described in the guide, when using laboratories 

and equipment located in the Aerospace Engineering 

Department.  I recognize it is solely my responsibility 

not to endanger myself and/or other students, staff, or 

faculty through unsafe practices. 

 

 

 

Signature       Date 
 
 
 
 
 
 
 
 
 
 
 
 
Return this form to the main office of Aerospace Engineering 
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I.  INTRODUCTION 
 
 
The objective of any safety program is to provide a safe working environment 
in which the hazards to all personnel are minimized.  In order to accomplish 
this goal, safety must be the concern of all members of the institution.  
Suitable procedures must be devised and followed where potential hazards 
exist.  Common sense must be relied upon to avoid accidents, and 
expedience is never an excuse for unsafe activities.  This information booklet 
describes the safety regulations and procedures for the Aerospace 
Engineering Department.  These procedures should be followed to ensure a 
safe environment for all our students, faculty and staff.  Safety in our teaching 
and research laboratories are a direct concern of all the faculty, staff and 
graduate assistants involved. 
 
 
 
 
 

II. SAFETY REGULATIONS 
 
 
Posted in Room 233 and on our Departmental bulletin boards are the 
University instructions regarding accidents.  These instructions include the 
appropriate telephone numbers and procedures to follow in case of an 
accident.  In addition, it is important to note that:  all accidents must be 
reported to the department office as soon as possible.  In the case of an 
injury, please provide a complete description of the accident and the nature 
of the injury. 
 
Employees are expected to work in a safe manner, using common sense to 
avoid accidents.  Urgency of completing a test or the use of expedient 
procedures or equipment is no excuse for taking chances in the laboratory 
with unsafe conditions.  However, even in situations where conscientious 
attention to safety is the rule, accidents can occur.  When an accident does 
occur it is vital to follow established procedures which will insure the safety 
of all personnel involved.  Once these procedures have been followed, 
proper reporting of the accident to departmental personnel should follow. 
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1.  An individual is not permitted to work alone at a potentially hazardous  
     task.  For example, graduate students or staff are not allowed to  
     operate power tools or similarly dangerous equipment at night unless a  
     companion is in the immediate area. 
 
2.  Safety glasses and face shields are available in our machine shop area.  

You MUST wear them when operating power tools, when around glass 
that might shatter, when using compressed gases, when working on 
pressure line connections, etc. 

 
3.  When operating electrical equipment avoid chances of grounding one  
     part of your body while using your hands near “hot” lines.  “One hand in  
     the pocket” is a good rule.  Make sure that your hands are completely  
     dry when handling electrical tools.  Don’t experiment with circuits you  
     don’t understand; call a specialist. 
 
4.  Accumulation of fumes from volatiles such as gasoline is a great hazard.   
     Use proper ventilation and fume hoods when possible. 
 
5.  Handling of compressed gas cylinders should be done with respect  
     afforded to any potentially explosive material. 
 
6.  Storage of chemicals is not allowed in refrigerators unless the  
      refrigerator is specially marked suitable for chemicals. 
 
7.  Do not block the inlet section of high mass flow rate rotating machinery.   
     These areas should be well guarded with safety cages etc. in order to  
     avoid foreign material suction. 
 
8.  Always use earphones when operating noisy test rigs such as axial flow  
     fans, pumps, etc. 
 
 
 

These items by no means cover all the problem areas:  they do serve as 
examples.  Experimental set-ups of a potentially dangerous nature 
(explosion, high voltage, high speed rotating machinery, experiments with 
propellants, etc.) are not to be operated until inspected and approved by our 
safety committee.  It is the responsibility of the PRINCIPAL INVESTIGATOR 
to contact the safety committee when inspection is required.  The 
committee recommendations will be reviewed by the Department head prior 
to approving continued operation of any equipment that offers a potential 
hazard to personnel. 
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III. SAFETY IN THE LABORATORY 
 

A.  Undergraduate in the Laboratory 
 

 
With Departmental laboratories operating at full student 
capacity, the introduction of new laboratory projects and 
exercises result in increased chances of accidents.  It is the 
direct responsibility of EACH FACULTY ADVISOR concerned 
with laboratory work to: 
 

1. Take every safety precaution in designing and directing 
laboratory work. 
 

2. Regularly observe students in action and to watch for unsafe 
practices and unsafe equipment.  Encourage reporting of 
potential hazards. 

 
 

SOME EXAMPLES OF HAZARDS ARE: 
 
 

High voltages. 
 

Eye hazards such as chemicals, compressed air or steam 
leaks, chipped and hammering  

(SAFETY GLASSES ARE REQUIRED). 
 

Rotating and moving machine parts, such as unguarded 
coupling or shaft ends that could snap clothing. 

 

Smoking with volatile, combustible solids, liquids or gases 
nearby. 

 

Compressed gas cylinders. 
 

Laser radiation. 
 

Loose clothing, long hair, wearing jewelry around rotating 
equipment. 

 

Involving with electrical and welding if you are wearing soft 
contact lenses without a protective glass. 

 

Using portable cassette players etc. with long/loose earphone 
cables when you are around rotating machine parts. 
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 Graduate Students in the Laboratory 
 
 
 

The Aerospace Engineering Department has a large and 
growing research program which involves a wide variety of 
sophisticated equipment and apparatus.  Some of these 
research activities may involve potentially hazardous situations 
and thus require specific procedures for safe operation.  
Examples of such research areas include those involving high 
temperature and pressure conditions, concentrated energy 
sources, high power lasers, rotating machinery with high mass 
flow rate, high voltages, and liquid/sold propellants. 
 
It is the direct responsibility of EACH FACULTY ADVISOR and 
GRADUATE STUDENT that safe procedures are observed in 
the laboratories. 

 
 

THIS RESPONSIBILITY INCLUDES: 
 
 

1.  Taking appropriate safety precautions in the design and 
operation of each experiment. 

 
2.  Assuring that students and staff engaged in operating 

equipment are familiar with its operation and potential 
hazards. 

 
3.  Providing appropriate safety equipment in the laboratory. 

(safety glasses, earphones, respirators, etc.) 
 
4. Where appropriate, start-up, shut-down and also 

EMERGENCY SHUT-DOWN procedures should be 
developed and posted. 

 
5.  Assuring that students are familiar with university and 

departmental safety and accident procedures. 
 
6. Assuring that students and researchers are well informed 

about the locations of safety/emergency/ first aid material. 
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IV. SPECIFIC LABORATORY SAFETY PROCEDURES 
 
A.  SHOP SAFETY AND PROPER USE OF MACHINES 
 
Power tools can cause injury if precautions are not taken.  The tools in the 
shop work area are there for your use.  It is expected that students will 
follow safe shop practices when using them. 
 
 
Some basic procedures to follow to prevent abuse of the machines and 
possibly your person are: 
 
 
1.  Safety goggles must be worn when operating any power tools.  Also, 
when hammering or using a punch, chips can fly off these tools. Goggles 
are available in the machine shop area. 
 
2.  When operating any power tool, jewelry, such as rings, bracelets, 
earrings, loose clothes (i.e. ties) etc., should be removed. 
 
3.  Individuals who have long hair should use a hairnet or other suitable 
means to prevent hair from being caught while operating any power tools. 
 
4.  Drill press – material being drilled should be secured to the table using 
a drill vise or other suitable clamping arrangement.  Wear goggles, as drill 
bits can shatter.  Be especially careful when drilling sheet metal or any 
thin materials.  Drill bits frequently grab the material when the bit “breaks 
through”.  This will instantly spin the workpiece, you then have something 
similar to an electric blender with the blades exposed; not good for the 
hand that is trying to hold the piece.  Be extremely careful. 
 
5.  Bandsaw – the bandsaw is equipped for cutting 1/8” or thicker metal, 
wood or plastic.  Avoid cutting sheetmetal, it tends to grab the teeth on the 
blade, removing them in short order.  Never push a work piece with your 
hand or fingers in the same plane as the blade. Should your hand slip, you 
may find yourself cutting your hand or fingers. Always adjust the blade 
guide so it is just above your workpiece. This keeps the blade in alignment 
and vertical.  The blade may come off its rollers if this isn’t done. 
 
6.  Grinder – always wear goggles.  Never stand directly in front of the 
wheel, your piece can be grabbed or thrown by the wheel, often quite 
violently.  Also, never grind wood, aluminum or softer metals, or plastic on 
a grinder.  Particles of these materials become clogged in the wheel, 
ruining its effectiveness.  Clogging can unbalance the wheel which can 
cause it to break and explode.  Do not grind on the side of the wheel.  This 
can shatter the wheel. 
 
7. GENERAL – be courteous and professional.  Horseplay doesn’t belong 
around power tools, someone could fall into the machine, the distraction 
could cause another to have an accident etc.  Also, clean up after yourself 
when you are done, the debris left behind could lead to an accident. 
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B.  LASER SAFETY 
 
 
Lasers are utilized in a variety of research programs within the department 
and when operating in a proper manner thy do not pose a significant safety 
hazard.  However, if operated improperly they can pose significant electrical 
hazards as well as obvious hazards to eyesight.  The following guidelines 
should be followed when operating any laser system: 

 
 
1.  Do not attempt to use any laser unless you are familiar with 
its operation and potential hazards and classifications (ANSI-2-
I36 Standard). 
 
2.  Where appropriate, use laser safety goggles designed for 
wavelength and power output of that laser. 
 
3.  Do not override the safety interlocks intended to prevent 
operation of the laser.  For example, most laser systems 
prevent operation with the cover off the power supply or laser 
cavity (plasma tube). 
 
4.  When optical elements such as lens, prism, etc., are used 
with the laser, be careful about specularly reflected beams 
which result at each surface.  These should be blocked to 
protect personnel in the lab from potential hazards. A neutral 
density filter on the laser beam should be utilized during the 
alignment of the optical component in addition to a safety 
goggle designed for that laser. 
 
5.  Never look directly into the laser beam. 
 
6.  Never allow the beams to cross windows or any other 
opening existing in the laboratory. The beams may be 
dangerous for others outside the lab. 
 
7.  It is a good idea to remove jewelry from fingers. 
 
8.  Make sure that your hands are completely dry before you 
switch a power supply on.  This is especially important when 
operating a water-cooled laser power supply. 
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C.  COMPRESSED GAS CYLINDERS 
 
Compressed gas cylinders are safe for the purposes for which they are 
intended.  Serous accidents connected with their handling, use and storage 
can almost invariably be traced to abuse or mishandling.  The following 
rules cover the main safety rules to be observed in handling compressed 
gas cylinders.  Some information specific to certain gases is included. 
 
1.  Compressed gas cylinders should always be moved using a cylinder 
cart.  A cylinder cart is provided for that purpose in room 38 Hammond.  
The cart must be returned to that area upon completion of the transfer. 
 
2.  All compressed gas cylinders should be securely chained and stored 
only in approved areas. 
 
3.  Do not drop cylinders or permit them to strike each other violently. 
 
4.  Make sure the regulator to be used is appropriate for the gas and the 
cylinder pressure.  Regulators or pressure gauges for use with a particular 
gas must not be used on cylinders containing different gases. 
 
5.  After attaching the regulator and before the cylinder valve is opened, 
see that adjusting screw of the regulator is released.  Open the cylinder 
valve slowly; never permit gas to enter the regulator suddenly. 
 
6.  Before the regulator is removed from cylinder, close the cylinder valve 
and release all gas from the regulator.  
 
7.  Never store cylinders near high flammable substances, such as oil, 
gasoline, etc. 
 
8.  All cylinders should be protected against excessive rise of temperature. 
Cylinders may be stored in the open but in such cases should be protected 
against extremes of weather (ice, snow, direct sunlight in summer, 
radiators or open flames, etc.). 
 
9.  Store full and empty cylinders in separate locations to avoid confusion.  
When returning empty cylinders, remove lower portion of the shipping tag 
attached to the cylinder.  Close the valve and see that the protective caps 
and nuts for valve outlets are replaced before shipping empties. 
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D.  MERCURY SPILLS 

 
 

The following steps should be taken in case of an accident 
involving a mercury spill. 
 
1.  Do not attempt to clean the mercury in the contaminated 
area.  Mercury breaks into tiny particles and further 
contaminates the area.  Special equipment is needed to ensure 
that contamination is controlled. 
 
2.  Mark the contaminated area. 
 
3.  Do not walk on the contaminated area. 
 
4.  Turn on the air exhaust if available. 
 
5.  Leave the Room immediately. 
 
6.  Contact the University Environmental Health & Safety Office 
immediately (865-6391) and notify the Department as soon as 
possible. 

 
 

E.  CHEMICALS 
 
 

When using any chemicals be sure that you are knowledgeable 
concerning their properties and hazards.  Material Safety Data 
Sheets (MSDS) are available and should be read for all 
chemicals.  The University Environmental Health & Safety 
Office (865-6391) has a large collection of MSDS and should 
be contacted for copies.  Always wear safety glasses and, if 
appropriate, suitable gloves or other required clothing.  All 
chemicals should be stored in suitable cabinets.  Chemical 
storage areas, hoods, and work space should be neat and well 
organized.  If any spills or leaks occur, please inform personnel 
in areas below or adjacent to the spill so that appropriate 
measures to protect personnel and equipment can be made. 
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F.  ELECTRICAL HAZARDS 

 
 
1.  Only qualified personnel are allowed to work on electrical 
equipment or energized lines. 
 
2.  Sparks or smoke from a motor or other electrical equipment 
can indicate a shock or fire hazard.  Turn off the power at once 
and report the condition promptly to the electric technician in 
the department. 
 
3.  Electrical equipment should not be operated in wet areas.  
Experiments using water (water channels or water tables) 
should be designed extremely carefully in terms of electrical 
insulations and grounding.  Water dripping on electrical 
machinery (transformers and motors) may cause explosions. 
 
4.  Experiments involving electric heater power in excess of 10 
KW should be supervised very closely and carefully by the 
faculty advisor responsible for the facility.  Heater connections 
should be checked thoroughly before switching on the heaters.  
The power lines should also be protected by appropriate 
thermal circuit breakers. 
 
5.  Electrical equipment with frayed or cracked cords should not 
be used until the cord is replaced. 
 
6.  Maximum attention should be exercised not to have 
excessive amounts of extension cables lying on the ground 
level in any laboratory. 
 
7.  Remove rings and jewelry which could result in electrical 
contact while working on electrical equipment. 
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EMERGENCY TELEPHONE NUMBERS 
 
POLICE SERVICES  863-1111 
 
FIRE or ACCIDENT or GAS LEAK or BOMB THREAT 911 
 
AMBULANCE  911 
 
PHYSICAL PLANT (steam, electricity, etc.)  865-4731 
 
ENVIRONMENTAL HEALTH & SAFETY   865-6391 
 
 
 
 
 
 
 

EMERGENCY PROCEDURES  
IN CASE OF FIRE 

 
Location of nearest fire extinguisher (posted in labs) 

Location of nearest alarm (throughout building) 
 
(1)  SOUND THE FIRE ALARM 
 
(2)  DIAL 911 
 
(3)  GIVE YOUR NAME AND THE LOCATION OF THE FIRE 
      (ROOM ______    Hammond Building) 
 
(4) PROCEED TO THE CENTER GRASS ARE IN THE 

PARKING LOT BROWN A 
 
(5)  DO NOT LEAVE THIS AREA UNTIL INSTRUCTED TO DO 

SO BY APPROPRIATE UNIVERSITY OFFICIALS 
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REQUIREMENTS FOR WORKING IN OUR LABORATORIES:  
 
You MUST complete the laboratory safety on-line training as described below. 
 
1.) Go to Penn State EHS home      http://www.ehs.psu.edu/ 
2.) Along the right side of the page click on    “Laboratory Safety (initial)” 
3.) Use your   PSU credentials    to log-in. 
4.) You will automatically be redirected to a    “Course List” 
5.) Select    “Laboratory Safety and Laboratory Hazard Communication” 
6.) Inside the sub-menu, select    “Laboratory Safety (initial)” 
7.) You will need to complete ALL four modules of this course, AND pass the 

associated quizzes. 
8.) Finally you need to attend a final review session sponsored by EHS. 
9.) From this point forward you will need to complete the  “Laboratory Safety 

(refresher)” version of this training each year. 
 
Before working in any Laboratory, you MUST locate the “Unit Specific Plan” in the 
safety manual located near the door of each lab and familiarize yourself with the 
specific dangers and requirements of each laboratory.  You will need to sign the 
form in the front of the manual indicating you have completed all training. 
 
Additional training sessions may be required depending on the items listed in the 
“Unit Specific Plan”.  You will need to discuss this with your advisor and make a 
plan to receive the additional training before performing any related work. 
 

REQUIREMENTS FOR USING OUR MACHINE SHOP: 
 
You MUST complete the “Laboratory Safety Initial” training as described above 
then proceed with the following steps. 
 
1.) You MUST complete a basic shop safety course at the PSU Learning Factory. 
2.) You MUST contact our Laboratory Director to complete a specific training 

session regarding each machine you plan to use.   
3.) You MUST schedule EACH use with our Laboratory Director and explain the 

work you plan to perform. 
4.) You MUST never work alone!  In addition, an authorized “shop monitor” 

must be present if any undergraduate student is working in the shop. 
5.) ALL safety rules must be followed as describe during each training. 
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