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FOREWORD 

The document provides guidelines and information for users of the DC~9 
Reduced~Gravity Aircraft Program. It describes the facilities, requirements for test 
personnel, equipment design and installation, mission preparation, and in-flight 
procedures. 

Those who have used the KC~ 135 reduced-gravity aircraft will recognize that 
many of the procedures and guidelines are the same, to ensure a commonality 
between the DC-9 and KC-135 programs. Additional information concerning this 
guide, the program, test requirements, test schedules, etc., may be obtained from 

NASA Lewis Research Center 
DC-9 Reduced-Gravity Program Office 
MS 101-1 
21000 Brookpark Road 
Cleveland, Ohio 44135 

or call 216-433-2611 or 216-433-2612 or fax 216-433-2614 

MISSION STATEMENT 

To provide a wond-class, reduced-gravity research platfonn that 
emphasizes user compatibility, consistent and quality reduced-gravity 
levels, and a customer-oriented support organization. 
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1.0 PROGRAM DESCRIPTION 

The DC-9 Reduced-Gravity Aircraft Program, operated by the Lewis Research 
Center of the National Aeronautics and Space Administration (NASA), makes available 
a "weightless" environment, similar to the environment of spaceflight, to support the 
scientific and engineering objectives of the Microgravity Science and Applications 
Division (Code UG) at NASA Headquarters. The DC-9 aircraft supplies the user with 
electrical power, low-gravity acceleration data, compressed-gas bottle racks, an 
overboard venting system, and documentary video-recording capabilities. (See 
section 3.1 for a detailed description of the aircraft.) NASA Lewis can provide 
photographers for documentary still and video photography. Work space, technicians, 
parts, diagnostic equipment, etc., are available on the ground for assembly and 
preflight testing of research hardware to ensure its operation before installation in the 
aircraft. 

The following is an example of a typical week of reduced-gravity missions: 

Wednesday, 
Before week 
of flying 

Monday, 
week of flying 

All new and modified research hardware that has not yet flown on 
the DC-9, both from Lewis and coming to Lewis from other 
locations, should arrive at the Flight Research Building 
(Building 4) not later than the Wednesday before the week of 
flying. 

Aircraft Maintenance Quality Assurance is required to inspect all 
new and modified research hardware prior to installation on the 
DC-9. 

If a researcher would like to ship their research hardware to Lewis 
earlier than Wednesday, they need to contact the DC-9 Reduced
Gravity Program Office to inquire about storage space availability. 

All unmodified experiment (previously flown experiments with a 
current safety permit) can arrive at the Flight Research Building 
(Building 4) not later than 8:00 a.m. Monday morning. 

Research personnel are required to arrive at Lewis by Monday 
morning at 8:00 a.m .. However, researchers are encouraged to 
accompany their hardware to ensure adequate time for assembly 
and checkout. 

All experiments must undergo a test readiness review. (TRR) 
The TRR will be held at 9:00 a.m. Monday morning 
(see section 2.2). 
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Tuesday - Friday 
week of flying 

Friday 
week of flying 

An aircraft-safety video will be viewed by aI/ researchers flying who 
have not viewed the video during the previous 12 months. 

A preflight briefing will be held with the test directors, the operations 
program manager, and the lead researchers for each of the 
experiments flying. Each experiment's requirements for g-Ievels, 
number of parabolas in succession before level flight, and any other 
special requirements that will ensure successful data collection by the 
researcher will be discussed. These factors will be used to establish 
the mission profile that will be flown that week. 

Research hardware and equipment is loaded onto the DC-9. 

Those researchers who have requested motion sickness medication 
will go to the Occupational Medicine Services Clinic in Building 15 
and pick up their medication. 

Flights suits are issued to researchers. 

The DC-9 will be available 2 hr prior to flight time for researchers final 
preparations. (Note: The 2-hr timeframe will only apply when the 
flight time is 7:30 a.m. or 8:30 a.m .. If the flight time is 9:00 a.m. or 
later, the DC-9 will be available to researchers at 7:00 a.m. (normal 
duty hours). 

A typical week consists of four missions, one per day. The daily 
mission is normally scheduled between 7:00 a.m. and 11 :00 a.m .. 
Each mission will be 2 to 3 hr in duration and consist of up to 30 
parabolic maneuvers. Trajectories exhibit variations in acceleration 
that reflect the dynamics of the flight profile and the uncertainties 
related to air turbulence and other flight control factors. Each 
parabola will include a reduced-gravity period of approximately 
25 ± 5 sec. Each parabola is preceded and followed by a 2.2-g 
pull-up. 

Upon landing, the aircraft will be available for the remainder ofthe 
working day, so that researchers can prepare their experiments for 
the next day's flight. During the refueling operation all personnel will 
be required to leave the aircraft. 

Upon completion of the final mission, the DC-9 will return to Lewis, 
and all experiments and equipment will be unloaded. Researchers will 
prepare research hardware and documentation for return to their 
laboratories. Photographs and video are typically available 3 weeks 
after flying (see section 3.2 and appendix A) 
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2.0 SAFETY POLICY 

The Lewis DC-9 Reduced-Gravity Aircraft Program is operated in accordance 
with established NASA safety procedures shown in the NASA Safety Policy and 
Requirements Document (NH8-1700.1 (Vol. 1-8» and the Lewis Safety Manual 
(TM-104438, current revision). A multistage review and approval procedure consistent 
with both NASA and Lewis policies has been developed to ensure flight safety. The 
review process is coordinated by the Lewis DC-9 Reduced-Gravity Program Office. 

2.1 Lewis Research Center Requirements 

2.1.1 General. The test developer must meet and comply with all safety 
requirements of the providing NASA center, the NASA Safety Policy and 
Requirements Document (NH8 1700.1 (Vol. 1-8», and the Lewis Safety Manual (TM-
104438). 

All test developers should prepare a hazard analysis using the latest version of 
Lewis Product Assurance Instruction (PAl) #220, Hazard Analysis Preparation 
(appendix B), for all hazard conditions relating to their research hardware and submit it 
as directed in section 4.2 of this document. 

2.1.2 Lewis safety pennit. The researcher must submit the experiment safety 
documentation (section 4.2) to the DC-9 Reduced-Gravity Program Office 6 weeks 
before flight. The DC-9 Reduced-Gravity Program Office will apply for a safety permit 
in accordance with the Lewis Safety Manual (NASA TM-104438, chapter 1, paragraph 
1.5). A safety permit is issued by the Lewis Area 1 Safety Committee and 
Airworthiness Review Panel following a successful review of the safety permit 
requirements. Researcher's hardware that currently hold an approve safety permit 
and then is modified, must resubmit the experiment safety documentation explaining 
all changes made to the research hardware. The Lewis Area 1 Safety Committee and 
Airworthiness Review Panel will then determine whether or not the current safety 
permit is still valid or issue a new permit. 

2.2 Test Readiness Review 

The test readiness review (TRR) is the final safety review prior to flight and is 
conducted 1 working day before the first flight of any hardware. It includes an 
inspection of the research hardware and final review of the hardware installation into 
the DC-9. A TRR is required for all research hardware. A list of modifications to 
previously flown equipment and changes to test procedures must be provided to the 
DC-9 Reduced-Gravity Program Office not later than 6 weeks prior to flight. 
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The TRR will be attended by 

1. Aircraft operations representative 
2. DC-9 test directors 
3. Lewis Aircraft Quality Assurance representative 
4. Lewis Area 1 Safety Committee representative(s) 
5. Test researcher (experiment operator) 

The TRR officials will approve, approve pending corrections indicated, or not 
approve the test for flight. A unanimous decision is required for flight approval. Tests 
that have not been approved may be scheduled for a subsequent review when the 
deficiencies have been corrected. Tests that have been approved pending corrections 
indicated do not require another TRR; however, a test director must verify that 
corrections have been made before the research hardware will be loaded onto the 
aircraft. An example of the TRR certificate form is included in appendix C. 

2.3 Test Personnel 

Personnel eligible to fly are those who are directly involved in approved 
investigations. NASA, military, and contractor personnel must have as a minimum 
proof of a current Federal Aviation Administration Class III Aviation physical, other 
aeromedical physicals must be evaluated by the Lewis Office of Occupational 
Medicine Services (see section 4.3.1). 

All personnel are required to wear approved flight suits during the flight. Flight 
suits are provided by the Lewis Aircraft Maintenance Branch. Upon completion of the 
week of flying all flight suits must be returned to the Lewis Aircraft Maintenance 
Branch, Personnel Equipment Custodian. It is recommended that the researchers 
wear white-soled footwear (tennis shoes). Only those personnel (test directors) who 
handle free-floating research hardware are required to wear safety shoes. 

3.0 FACILITIES 

3.1 Aircraft Capabilities and Characteristics 

NASA has modified the McDonnell Douglas DC-9 (N650UG) twin-engine 
passenger aircraft to support the reduced-gravity mission. The aircraft is equipped 
with a cargo door for the loading of research hardware. Because the DC-9 is not 
operated as a regularly scheduled common carrier, any person manifested to board 
the DC-9 should determine before boarding whether his or her personal life or 
accident insurance provides coverage under such conditions. All test partiCipants will 
be informed before flight of the test plans and of risks, hazards, and discomforts 
inherent to such tests. 
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3.1.1 Environment Cabin pressure is normally maintained between sea level 
(14.7 psi a) and 8000 ft (10.9 psi a) during the parabolic maneuvers. Unexpected loss 
of cabin pressure could result in a cabin pressure as low as 3.5 psia, a factor that 
must be considered in the design of the research hardware, specifically pressure 
vessels. Normally, cabin temperature varies from 50 to 800 F in flight. 

3.1.2 Cabin dimensions. Approximately 650 in. of compartment length is 
available for testing purposes. A typical cross section is shown in figure 1. The bolt
hole pattern for research hardware attachment is shown in figure 2. The cargo door, 
through which research hardware is loaded is 78.5 in. high by 135 in. wide (fig. 3). 
Ten inches of width near the top of the cargo door is unusable because of the door
actuating mechanism (see fig. 4). Note that (1 in. = 2.54 cm) 

3.1.3 CteW provisions. The DC-9 aircraft is equipped with 20 seats aft of the 
test section. Emergency oxygen devices, flotation devices, first-aid equipment, and 
other emergency equipment are provided onboard the aircraft. 

3.1.4 Overboard vent system. Plumbing is available to allow venting of gases 
overboard in flight. The dump has a 1-in.-diameter standard AN fitting with various 
adapters available from 1/4 in. to 1 1/4 in. 

3.1.5 Accelerometer signal data. Raw accelerometer signals will be available 
to the researcher. These signals include the gx, gy, and gz from each of the three 
accelerometer heads, located forward, midship, and aft. All accelerometer signals are 
buffered to prevent interference with aircraft systems and other researchers. The 
accelerometer signals are bipolar: gx and gyare 9.8 V/g and gz is 2.5 V/g. 
Calibration data are available on request. 

3.1.6 Cabin lighting. Fluorescent lamps mounted in the aircraft fuselage at the 
locations shown in figure 1 provide ambient lighting in the cabin. Also the padding 
covering every fifth window along both sides of the aircraft can be removed to provide 
natural light. 

3.1.7 Electrical power and experiment connections. Three types of power are 
available: 

1. 115 Vac, 400 Hz (three phase), 30 A per phase 
2. 115 V ac, 60 Hz, 90 A 
3. 28 V dc, 80 A 

Standard MS cannon plugs are used for all power distribution connections. 

Contact the DC-9 Reduced-Gravity Program Office for experiments which have 
power needs which can not be met by the sources listed. 
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115 Vac, 400 Hz (three phase): The phase A power distribution connector is 
MS3100A14S-2S (female); the experiment mating connector should be MS3106A14S-
2P (male); the phase B power distribution connector is MS3100A14S-2S-Y (female); 
the experiment mating connector should be MS3106A14S-2P-Y (male); the phase C 
power distribution connector is MS3100A14S-2S-X (female); the experiment mating 
connector should be MS3106A14S-2P-X (male). 

Each power connection (MS cannon plug) can supply 15 A maximum. Each phase 
has a maximum capability of 30 A for all users. 

115 Vac 60 Hz: The source 1 power distribution connector is MS3100A14S-1S 
(female); the experiment mating connector should be MS3106A14S-1P (male). 
Source 1 can supply a total of 60 A for all users. Each connection can supply 15 A 
maximum. The source 2 power distribution connector is MS31 00A14S-1 S-Y(female); 
the experiment mating connector should be MS3106A14S-1P-Y (male). Source 2 can 
supply a total of 30 A for all users. Each connection can supply 15 A maximum. 

28 V dc: The 28-V dc high-current power distribution connector is 
MS3100A18S-10S (female); the experiment mating connector should be 
MS3106A18S-10P (male). The 8-V dc standard current power distribution connector 
should be MS3106A14S-9P (male). The high-current power connection can supply 
35 A maximum. The standard- current power connection can supply 15 A maximum. 

3.1.8 High-pressure gas system. Two-bottle and four-bottle high-pressure gas 
bottle racks, for a supply of inert gases, are available. Standard K bottles are used. 
All systems must comply with the standards listed in section 5.2 of this document. 
The researcher is responsible for ordering and delivering all gas bottles to support his 
or her experiment to the Flight Research Building (Building 4) prior to the flight dates. 
The following standard gases are available from Lewis stock: 

1. Air: zero ultra high purity, < 1 ppm total contamination; breathing 
2. Argon: technical, 99.995% 
3. Helium: high purity, 99.997% 
4. Nitrogen: ultrahigh purity, 99.999%; technical 
5. Oxygen: technical, 99.5% 

Researchers from locations other than Lewis should inform the Reduced-Gravity 
Program Office of the type of gas and quantity needed at least 4 weeks prior to their 
scheduled flight dates. Those researchers who will be using nonstandard gases must 
arrange for shipment or delivery of their specific gases to Lewis Flight Research 
Building (Building 4). Researchers must bring their own regulators. 

3.1.9 Data system. A data acquisition system will record and display g-Ievels, 
cabin temperature, and cabin pressure for the reduced-gravity periods of the flight. A 
light-emitting diode message center will display gx, gy, and gz; parabola count; and 
target gz. These data pOints will be recorded for postflight examination and will be 
available to researchers on request. 
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3.1.10 Video system. A video system consisting of three video cameras, four video 
cassette recorders, and a Quad video multiplexer, will record the general cabin events 
and environment for each flight. Two of the video cameras will be permanently 
located: one on top of the forward instrumentation rack facing aft; the other in an 
overhead storage bin facing forward. One miniature video camera can be located 
where needed for a particular flight. 

3.2 Imaging Services Support 

NASA Lewis will provide photographers, as needed, for general documentation 
and scientific imaging. Requests for imaging services must be submitted to the 
Imaging Technology Center via the DC-9 Reduced-Gravity Program Office no later 
than 6 weeks prior to flight. Individuals requesting scientific imaging services are 
encouraged to contact the Scientific Imaging Group within the Imaging Technology 
Center at (216) 433-5976 for assistance during the hardware design, buildup, and 
integration phases. 

Services include VHS, S-VHS, Hi-8, and Betacam video formats; 16-mm motion 
pictures (standard and high speed); 6-cm x 6-cm negatives; 35-mm negatives; and 
8 in. x 10 in. color prints as required for documentation. The standard package will 
provide the Reduced-Gravity Program Office with two copies of 8 in. x 10 in. color 
prints and one VHS copy of video/film footage. Additional copies and other formats 
are available by request. 

Cabin lighting installed on the aircraft is sufficient for most photographic 
conditions requiring ambient lighting. Additional lighting equipment is available for 
special photographic conditions. Additional photographic information can be found in 
appendix A. 

3.3 Ground Support Facilities 

Currently, all flight operations are being conducted from the Lewis Flight 
Research Building (Building 4), where limited work space and gas bottle storage is 
available for researchers. 

3.3.1 Lewis-provided support Because the Lewis Research Center is a 
research facility, numerous support facilities and personnel are available for visiting 
researchers, such as engineering staff, technicians, standard diagnostic equipment, 
minor machine tooling, general and small part supply, data processing, and postflight 
video replay and duplication capability. 

3.3.2 Reduced-Gravity Operations Building. Building 101, the Reduced-Gravity 
Operations Building, will be completed in the summer of 1995. This facility will 
provide visiting researchers with a work area for experiment assembly and checkout, 
an office, a data reduction and conference area, an aircraft power source, vacuum 
pumps, and gas bottle storage. Building 101 is located adjacent to the Flight 
Research Building (Building 4). See figure 5 for a layout of Building 101. 
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3.3.3 Telephones. Telephones with access to FTS and commercial lines are 
available in rooms 107 and 108 of Building 4. All long-distance charges must be 
handled collect or third party by the researcher. Incoming calls for researchers should 
use the following numbers: 216-433-2611 or 216-433-2612. 

3.3.4 Nonnal duty houlS. The Reduced-Gravity Program Office located in 
rooms 107 and 108 of the Flight Research Building (Building 4), is open for normal 
operations Monday through Friday from 7:30 a.m. to 4:00 p.m .. Test researchers' 
access to the hangar floor is limited to these hours unless prior arrangements are 
made with hangar personnel. 

3.3.5 Security. Researchers coming to Lewis who are U.S residents must 
contact the Reduced-Gravity Program Office 1 week prior to their arrivals, so that 
visitor badges can be processed and will be at the Lewis main gate on the day the 
researchers arrive. 

International visitors must contact the DC-9 Reduced-Gravity Program Office 
4 weeks prior to their arrivals, so that the paperwork (or proper procedures) can be 
accomplished in a timely manner (see section 4.3.6). Failing to do so will result in 
delays in acquiring Lewis visitor badges. While at Lewis all nongovernment visiting 
personnel must display their visitor badges and all international visitors must be 
escorted while on site. 

Access to Lewis is restricted to properly approved (badged) persons. After
hours entrance must be coordinated in advance by hangar personnel. Persons 
needing access after normal duty hours will be put on the "afterhours" listing at the 
main gate with the responsible NASA person indicated and a telephone number 
where he or she can be reached. 

3.3.6 Shipping, receiving, and storage. All research hardware that require 
shipping must be sent to 

NASA Lewis Research Center 
DC-9 Reduced-Gravity Program Office 
MS 101-1, Building 101 
21000 Brookpark Road 
Cleveland, Ohio 44135 

Because limited storage space is available in the Flight Research Building 
(Building 4), all research packages must be removed as soon as a test is completed. 
Each researcher (operator) is responsible for ensuring that his or her research 
hardware is packaged and the shipping paperwork (NASA-C-10009, Shipping 
Request/Authorization) is completed 1 day prior to leaving Lewis. The DC-9 Reduced
Gravity Program Office will contact Lewis transportation for pickup of the research 
hardware. 
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_ 3.3.7 Local area maps and hotel and restaurant infonnation. A map and list of 
local hotels and restaurants and their telephone numbers are included as figure 6. A 
map of the area surrounding Lewis is shown in figure 7 to give the first-time visitor to 
Cleveland and Lewis a feel for the area. A map of Lewis is given in figure 8. 

4.0 USER PROCEDURES 

There is a three-part procedure for requesting flight approval. The responsible 
office is noted for each step of the procedure. 

4.1 Test Request Procedures 

4.1.1 Feasiblilty-of-flying inquiry. Contact the DC-9 Reduced-Gravity Program 
Office to discuss the feasibility of flying an experiment, to establish tentative dates, to 
request the current flight schedule, or to ask specific questions. See the Foreword for 
the address and telephone and facsimile numbers. In general, schedule priority is set 
on a first-come, first-served basis; however, program-critical experiments will be given 
higher priority. 

4.1.2 Fonnal request. Persons with new projects and experiments must submit 
a formal request for DC-9 reduced-gravity test support in writing to 

NASA Lewis Research Center 
Space Experiments Division 
MS 500-205 Mr. Jack Salzman 
21000 Brookpark Road 
Cleveland, Ohio 44135 

The format for this request can be found in appendix D. 

Only new projects and experiments require initial approval. Persons with 
projects and experiments that have already been approved do not need to fill out the 
questionnaire. 

This request should be submitted as soon as the requirements are firm, but not 
later than 6 months prior to the test flight date. 
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4.1.3 Initial test request All projects and experiments that will fly on the DC-9 
aircraft must have two copies of a completed initial test request submitted to the DC-9 
Reduced-Gravity Program Office a minimum of 3 months prior to flight. The request 
should contain general information describing the following: 

1. Test objectives 
2. Desired schedule (exact flight dates will be determined later) 
3. Brief description of the research and associated hardware 
4. Number of test personnel required for flight and a description of the 

requirement for each person's presence 
5. Special support required or constraints, including security classification of 

project, if applicable 
6. Preliminary hazard analysis identifying hazards and controls (any format is 

acceptable) as identified per PAl #220 
7. Names, addresses, and telephone numbers of contacts 

and be addressed to 

NASA Lewis Research Center 
Reduced-Gravity Program Office 
MS 101-1 
21000 Brookpark Road 
Cleveland, Ohio 44135 

(Note: Personnel in the DC-9 Reduced-Gravity Program Office are available for 
consultation and assistance regarding the design of experiments, hazard analysis, and 
preparation of experiment safety documentation.) 

4.2 Experiment Engineering and Safety Documentation 

The experiment safety documentation shall. include the following: 

1. Title page containing program or experiment title, date, and author's name 

2. Table of contents listing what is in the documentation 

3. Objectives stating the goals of the program 

4. Description of system hardware that will be used in the experiment 

5. Test procedures checklist for experiment operation 

6. Test matrix 
a. N umber of flights and trajectories required 
b. Parabola requirements (time line and desired gravity level (0, 1/10, 1/3, 

1/6 or 1/2) 
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7. Mechanical documentation 
a. Mechanical drawings 
b. Flow system schematics 
c. Structural analysis 
d. Hydrostatic certification of pressure vessels 

8. Electrical documentation 
a. Electrical wiring schematics showing fuse protection and wire sizes 
b. Electrical load analysis (current draw of each component) 

9. Interface summary 
a. Boltdown pattern 
b. Handles 
c. Electrical connectors 
d. Interconnections between separate test articles 

10. Hazards analysis 
a. Standard hazard analyses and risk assessment as formatted in 

appendix B per attachment 3.2.3 
b. Material safety data sheets for any hazardous chemicals 
c. Cabin concentration analysis assuming all chemicals or reaction (e.g., 

combustion) products are accidently released into the cabin (DC-9 cabin 
volume, 4700 fe) 

11. Experiment hardware layout showing all equipment and gas bottle racks 

12. Test support requirements 
a. Bottle rack 
b. Gas bottles 
c. Documentary and scientific imaging requirements 
d. Overboard vent 

13. Proposed manifest listing the researchers who will be operating the 
experimernn the aircraft. Four copies of the experiment safety 
documentation must be submitted to the DC-9 Reduced-Gravity Program 
Office not later than 6 weeks prior to flight. 

4.3 Test Personnel Data 

All personnel manifested to fly on the DC-9 reduced-gravity aircraft at Lewis 
shall meet the following criteria for both medical and physiological training as a 
minimum. 
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4.3.1 Medical requirements. All personnel shall have proof of a current 
Federal Aviation Administration (FAA) Class III Aviation physical (see appendix E) or 
NASA equivalent as a minimum. NASA and military personnel may obtain the FAA 
Class III Aviation physical at the nearest NASA or military medical facility. NASA 
employees assigned to Lewis may obtain the FAA Class III Aviation physical through. 
the Lewis Occupational Medicine Services Clinic in Building 15. 

Those contractors and researchers working under contract or grant to NASA 
may also obtain their FAA Class III Aviation physical from the Lewis Occupational 
Medicine Services Clinic. Those contractors and researchers not located at Lewis 
must pay for the cost of travel to Lewis for this physical. 

Persons who choose to obtain the FAA Class III Aviation physical from an 
aeromedical examiner other than a NASA or military physician will be responsible for 
any cost incurred. Appendix E lists the requirements of the FAA Class III Aviation 
physical. FAA form 8500-8 must be filled out for the FAA Class III Aviation phYSical 
(attachment E.1 and E.2). 

Persons with an aeromedical physical other than the FAA Class III Aviation or 
NASA equivalent must submit the results of the physical to the Medical Director at 
Lewis Research Center for approval. 

Results of physicals must be sent to the following address at least 4 weeks 
prior to the flight date: 

NASA Lewis Research Center 
Occupational Medicine Services Clinic 
MS 15-5 
21000 Brookpark Road 
Cleveland, Ohio 44135 

The Medical Director of the Lewis Occupational Medicine Services Clinic is the 
final approval authority on whether or not a person is physically qualified to fly on the 
DC-9 reduced-gravity aircraft. If a physician has any questions, he or she may 
contact the Lewis Occupational Medicine Services Clinic at 216-433-5841. 

4.3.2 Physiological training requirements. Crew members (Le., flight test 
engineers, test directors, and crew chiefs) of the DC-9 reduced-gravity aircraft and 
researchers who fly on a repetitive basis will be required to attended formal 
physiological training once. Personnel of the DC-9 Reduced-Gravity Program Office 
will schedule those persons that require physiological training. All other persons flying 
on the DC-9 reduced-gravity aircraft will be required to view annually a video tape 
dealing with physiological effects. 
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4.3.3 Medical and physiological documentation. All medical records for persons 
participating in the DC-9 Reduced-Gravity Program will be kept on file at the 
Occupational Medicine Services Clinic (Building 15) at Lewis Research Center. 
Persons obtaining a physical from other than the Lewis Research Center's 
Occupational Medicine Services Clinic must send their records to the address in 
section 4.3.1 and request that the flight physical memo be sent to the Lewis Aircraft 
Operations Branch. The Aircraft Operations Branch is required to have on file 
verification of current flight physical and physiological training for all persons 
participating in Lewis flight activities. 

Those persons required to complete physiological training must send a copy of 
AF form 1274, JSC form 124C to 

NASA - Lewis Research Center 
Aircraft Operations Branch 
M.S. 4-8 
21000 Brookpark Road 
Cleveland, Ohio 44135 

4.3.4 Travel orders. All personnel flying on Lewis aircraft are required to have 
travel orders clearing them to fly on NASA aircraft. These travel orders are kept on 
file in the Aircraft Operations Branch. NASA personnel will have regular travel orders 
and contractor personnel will have invitational orders. 

Non-Lewis personnel whose NASA pOint of contact is located at another NASA center 
must provide the following information to the DC-9 Reduced-Gravity Program Office 
4 weeks prior to flight in order to obtain travel orders. 

Full name 
Telephone number (work) and (home) 
Social Security number 
Address (work) 
NASA pOint of contact & telephone number 
Contract or grant number 

4.3.5 DC .. 9 safety training. All personnel flying on the DC-9 reduced-gravity 
aircraft shall view, prior to their first flight and annually thereafter, a video describing 
the safety features of the DC-9 aircraft and hangar ground safety. 
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4.3.6 Intemational visitots. International visitors must provide their respective 
embassies in Washington, DC, with the purposes, pOints of contact, and dates of their 
visits to Lewis. (The DC-9 Reduced-Gravity Program Office will supply the name of 
the person to be listed as the point of contact.) The embassies must receive the 
request for access at least 1 month prior to the actual visit; the embassies in turn will 
receive a confirmation from NASA Headquarters' International Planning and Programs 
Office when the visit has been approved. NASA Headquarters will also send the 
proper authorization to Lewis. International visitors must bring their passports to and 
complete a NASA C-906 at the Lewis main gate on the first day of a visit. 
International visitors must carry their passports with them at all times. 

Citizens of another country attending school in the United States (passport or 
visa status) must have NASA C-216 forms filled out by their NASA sponsors. Each 
sponsor and his or her division chief must sign the form; additionally, if a long-term 
visit (more than 1 week) is planned, the sponsor's directorate head must sign. The 
form should be sent to the Lewis Security Branch (Attention: International Visitors), 
MS 21-5. The form will then be sent to NASA Headquarters for their approval cycle. 
This process takes about a month to complete. 

U.S. citizens working for a company or corporation headquartered outside the 
United States will be treated as international visitors and must also complete a NASA 
C-216 form (same procedure as citizens of another country attending school in the 
United States). People in this category are listed as "foreign representatives. II 

Persons who have a Permanent Resident Alien Card ("green card") may 
receive their badges directly at the Lewis main gate upon presentation of the original 
green card. The stamp in the passport is not sufficient; the original green card is 
required. 

4.3.7 Accident and life insurance notification. All manifested DC-9 reduced
gravity personnel must be aware that the lewis Research Center does not operate the 
DC-9 aircraft as a regularly scheduled common carrier. Most life and accident 
insurance policies cover only persons who fly on regularly scheduled airlines and do 
not cover persons involved in a research aircraft accident. Therefore, some life and 
accident policies may not cover a DC-9 reduced-gravity aircraft accident. Any person 
manifested to board the DC-9 reduced-gravity aircraft should determine before 
boarding whether his or her personal life or accident insurance provides coverage 
under such conditions. 
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4.4 User's Time-Line Summary 

A user's checklist is provided in appendix F to assist researchers in submitting 
the required documentation in a timely manner. A summarized time line is provided 
below. 

Number 

1 

2 

3 

4 

5 

6 

7 

7 

Time prior 
to flight 

6 to 9 months 

6 months 

3 months 

6 weeks 

4 weeks 

1 week 

4 working 
days 

1 day 

Activity 

Make initial inquiry about the feasibility of flying an 
experiment on the DC-9 (see section 4.1.1). 

, 

Submit formal test request if you are a new 
DC-9 aircraft user or if you have flown before but are 
flying a new experiment. (see section 4.1.2). 

Submit two copies of the initial test request and (if a 
commercial user) a completed cost-reimbursement 
agreement. (see sections 4.1.3 and 7.0, 
respectively) . 

Submit four copies of the experiment safety 
documentation (see section 4.2). Imaging services 
support (see section 3.20 

Submit test personnel data (medical, physiological, 
travel orders, international visitors. 
(see sections 4.3.1, to 4.3.4, and 4.3.6) 

Submit visitor request if a U.S. citizen (see section 
3.3.5). 

All new and modified research hardware arrives at 
Flight Research Building (Building 4) 

Attend test readiness review (see section 2.2). 

5.0 RESEARCH HARDWARE DESIGN AND OPERATIONAL REQUIREMENTS 

Research hardware intended for use in flight must conform to the requirements 
stated below. These requirements are separate from those of the providing center's 
safety organizations. If a conflict occurs, the most stringent requirement will be used. 
All calculations and certifications required in this section should be included in the 
experiment safety documentation. Researchers are encouraged to contact the DC-9 
Reduced-Gravity Program Office for assistance in the design and hardware buildup of 
their experiments. 
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5.1 Structural Requirements 

All research hardware provided by the using organization must be constructed 
to withstand the following flight loads in the takeoff-and-Ianding configuration: 

1. Forward, 9 g's 
2. Aft, 3 g's 
3. Lateral, 2 g's 
4. Up, 2 g's 
5. Down, 7 g's 

Structural calculations for the takeoff-and-Ianding configuration should be based on the 
yield strength of the material. The in-flight test configuration should be designed for a 
possible 3.0-g downward force at maneuver entry and exit. Free-floating research 
hardware should be deSigned for a possible 3.0-g force from any direction due to 
possible recovery on an end, side, or top after a maneuver. 

Each structural analysis must include, as a minimum, the following: 

1. Structural drawings or diagrams 
2. Stress calculations (in table form, including margin/or factor of safety and at 

least one example calculation) 
3. Component weights 
4. Material properties 
5. Tipping moment, or center of gravity 
6. Fastener and materials identification 

5.1.1 Fasteners. Fasteners used to assemble hardware for flight onboard the 
DC-9 aircraft must be of an identifiable grade. The following grades of fasteners are 
preferred; AN, MS, NAS, or SAE grade 5 or better conforming to SAE J429 
specification. The fasteners should also be installed with some type of locking 
mechanism to prevent them from vibrating loose. Preferred locking mechanisms are 
self-locking nuts, safety wire, locking thread inserts, lock washers. Obviously, the 
fastener and locking mechanism requirements cannot be met in all conditions, such as 
the assembly of small electronic components, but the requirements should be followed 
wherever possible. (See appendix G.) 

5.1.2 Hardware handling recommendations. To aid in handling and moving 
research hardware on the DC-9 aircraft, research hardware developers should keep 
the following in mind: 

1. All research hardware should have hand holds that are placed to ensure 
compliance with critical safe lifting standards (personnel and equipment) and 
required ergonomiC practices. For those hardware packages that will be 
free-floating the requirements of section 5.6 should be followed. 
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2. For all research hardware the centers of gravity and weight should be 
distinctly marked and positioned for ease of reading. 

3. For those research hardware packages that exceed the allowable two
person lift capability (as defined by the Safety Assurance Office during their 
review of the safety permit request), a mechanical or power lift shall be 
required to aid in the movement of the research hardware. Hoist or lift 
pOints shall be provided and clearly marked on the hardware. 

5.2 Pressure Vessel Certification 

All pressure vessels and pressurized systems used in the DC-9 Reduced
Gravity Program (both flight equipment and supporting ground eqUipment) shall be 
certified as safe to operate before use and shall be recertified periodically if reused. 
This certification verifies that the pressure vessel or system has been inspected by a 
pressure system engineer, that relief valves in the system are set and sized properly 
and are at the appropriate locations, that all pressure gauges are calibrated, and that 
appropriate proof pressure tests were performed. 

Each pressure vessel and pressurized system shall be designed to four times 
the maximum allowable working pressure (MAWP), fabricated, and certified in 
accordance with applicable national consensus codes, such as the American SOCiety 
of Mechanical Engineers (ASME) Bailer and Pressure Vessel Code or other codes 
acceptable to the NASA Lewis Pressure Systems Manager, and with the reqUirements 
of the Lewis Safety Manual, chapter 7. The test developer is responsible for providing 
the documentation necessary to prove the certification of the pressure vessels and 
pressurized systems. This documentation will be reviewed by the DC-9 Reduced
Gravity Program Office and approved by the Lewis Area 1 Safety Committee. 

The following is a recommended outline for pressure vessel certification as 
required in the experiment safety documentation: 

1. System drawing or sketch, dated and initialed by designing engineer 

2. Component identification data: 

a. Relief devices - Set pressure, manufacturer, model number, and system 
component number must be given for of all relief devices. Each valve 
should be tagged to indicate its set pressure. 

b. Components (valves, filters, regulators, check valves, etc.) -
Manufacturer, model number, pressure rating, and system component 
number must be given for aI/ components. Regulators should be tagged 
with a certification verification, and aI/ pressure gauges should be calibrated 
and labeled as such. 
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c. Flexible hoses - Pressure rating, size, and system component number 
must be given for all flexible hoses. (See Lewis Safety Manual, chapter23.) 

d. Pipe and tubing - Material, size, and schedule or thickness must be 
given for all pipes and tubing. 

e. Pressure vessels 

(1) Drawings or specifications that as a minimum specify MAWP, 
material thickness, material specification, head and shell geometry, 
and weld jOint geometry. 

(2) Serial number or unique identifying number. (Note: If the 
vessel is ASME or Department of Transportation (DOT) 
certified, nameplate or stamped data will fulfill the 
requirements of (1) and (2) above.) 

(3) Certification tests 

(a) Pressure vessels: All pressure vessels require proof-pressure 
testing. Hydrostatic testing at 1.5 MAWP is 
preferred. Pneumostatic testing at 1.25 MAWP may be 
performed, except on DOT vessels, which must be 
hydrostatically tested at 5-year intervals. 

(b) Relief valves: All relief valves require set-pressure testing. 
Set pressure of the relief valve in no case 
shall exceed the MA WP of the system. 

(c) Flexible hoses: All flexible hoses require proof
pressure testing. The only acceptable method of testing 
flexible hoses is a hydrostatic test at 1.5 MAWP. 

(d) Systems piping: All systems piping requires proof-pressure 
testing. Hydrostatic testing at 1.5 MAWP is preferred, but 
pneumostatic testing at 1.25 MAWP may be performed. (Note: 
All pressure testing shall be in accordance with the Lewis 
Pressure Testing Handbook.) 

3. Records - A documentation file shall be provided for each pressure system. 
The documentation requirements are defined in the Lewis Pressure 
Vessel/System Recertification Handbook. 
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5.3 Electrical and load Analysis Infonnation 

Experiment wiring and interconnect cabling must be fabricated and installed in 
accordance with the National Electrical Code (NEC) at a minimum. FAA Advisory 
Circular (AC) No. 43.13-1A12A, U.S. Air Force Technical Order (T.O.) 1-1A-14, and 
MIL-W-5088L are recommended guidelines covering wiring and installation practices 
for aircraft installations. 

Each piece of research hardware must be adequately grounded and self
protected with an incorporated circuit breaker or other current-limiting device to protect 
against electrical shorts. Normal aircraft vibration, high humidity, handling, and higher 
than 1-g loads should be considered in connector and wirrng selection. 

A load analysis of the research hardware must be completed. The load 
analYSis should detail the current draw of each component. A summary of current 
draw for 28 V dc; 115 V ac, 60 Hz; and 115 V ac, 400 Hz should also be completed. 

5.4 Aircraft Floor loading 

The following maximum floor loading should be considered in the design of the 
research hardware: 

1. Maximum load density is 200 Ib/ft2. 
2. Loads above these limits must have shoring underneath (e.g., 3/4-in. 

plywood sheets) to spread the load over a sufficient area. 
3. Rigid test fixtures must have a flexible joint every 10ft to avoid 

interference with the normal flexure of the DC-9. 

5.5 Equipment Mounting 

The loads applied to the tied own pOints after considering the flight loads (such 
as 9 g's forward) that the equipment may experience must not exceed the maximum 
allowable load of the tiedown point. Most equipment will apply both horizontal and 
vertical forces to the tiedown point. The vectored sum of these two forces must not 
exceed the allowable load of the tiedown point. 

The maximum allowable load of each tiedown point is 2500 lb. However, 
two high load tiedown pOints on each bar can carry a higher load. The restriction on 
this is that there may be no other loads attached to the same bar. The location of 
these tiedown points is shown in figure 9. 
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The maximum allowable load for the high-load location (and this location only) is 5,000 
pounds. 

All research hardware should be mounted on baseplates with 1/2-in. to 5/8-in. 
holes drilled to match the 20-in. (on center) grid pattern on the floor of the DC-9 as 
shown in figure 9. Alternative hardware may be mounted with cargo straps supplied 
by the DC-9 Reduced-Gravity Program Office. All mounting bolts used to secure the 
experiment to the floor of the DC-9 will be supplied by the Lewis Aircraft Maintenance. 

5.6 Free.Floating Packages 

Perturbations of the airplane can cause small "g" forces during a zero-gravity 
maneuver. If precise zero-gravity is required, the research package can be free
floated inside the cabin, minimizing contact with the walls, ceiling, or floor of the DC-9. 
To provide the maximum free-float time, the package to be floated should not weigh 
more that 250 Ib and be as compact as possible. If an umbilical is used between the 
floating package and tied-down support equipment, it should be at least 30 ft long to 
allow the package to drift freely. Handles the length of the longitudinal axis of the 
free-floating package should be mounted 18 in. above the package floor line and be 
constructed out of 1-in. to 1 1/4-in.-diameter tubing. 
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5.7 Hazardous Materials 

If possible, avoid hazardous liquids and gases, including high-pressure, toxic, 
corrosive, or explosive fluids; toxic combustion byproducts; and flammable materials 
and byproducts (e.g., combustion). If such materials are required for a test, proper 
containment must be provided. Early discussions with the DC-9 Reduced-Gravity 
Program Office and the Lewis Safety Assurance Office on proper use and containment 
of proposed hazardous materials may prevent delays in getting approval for the use of 
such materials. If such materials are necessary, provisions for dumping and purging 
in flight may be required. A current material safety data sheet (MSDS) must be 
supplied for each hazardous material. Proper disposal of hazardous materials after 
the flight testing will also be the responsibility of the researcher and operator. 

5.8 Cabin Air Exchange Rate 

For hazardous material release calculations, the cabin volume is 4700 ft3. The 
cabin air exchange rate is one cabin volume per 3.5 min. 

5.9 Laser Applications 

Any application of lasers must comply with the requirements of 
ANSI Z136.1-1993, (or current version) and ANSI Z136.2-1988 (or current version) 
Also, all lasers must have written certification from the Lewis Laser Safety Officer. 

5.10 Miscellaneous Guidelines 

1. Avoid sharp edges and corners on all research hardware. Allexposed 
edges and corners, sharp or not, must be padded. 

2. Do not use liquid electrolyte batteries of any type (battery circuits may 
require analysiS by battery experts to avoid shock, shorts, oroverheating). 
Use of lithium batteries will be reviewed on a case-by-case basis by the 
Lewis Area 1 Safety Committee. 

3. Avoid flammable materials in research hardware construction, including 
shrouds and coverings. Do not use flammable materials, such as plywood, 
in constructing any test hardware containing electrical or heat- or spark
producing equipment. (Exception: use of plywood for weight distribution). 
Coordinate any other arrangement with the DC-9 Reduced-Gravity Program 
Office and the Lewis Aircraft Quality Assurance Office. 

4. Consider equipment or procedural failures. Provide backups orwork
arounds to prevent such failures from causing hazards to personnel or the 
aircraft. 
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5. Consider the activities to be performed during the 2-g and zero-gravity 
portions of the parabolic maneuvers. Structure activities so as to minimize 
movement during the high-gravity portions. Consider the need for 
handholds during the zero-g portions of the flight. (Keep in mind that 
holding onto the experiment (rig) will cause g-jitter. It may be better to be 
strapped to the floor.) 

6. Realize that experiments involving radioactive materials and or lasers must 
be handled on an individual basis, with the Lewis Radiation Safety Officer 
concurring on the safety analysis (through concurrence on the safety permit 
request). 

7. Cover any glass monitor screens with Lexan or Plexiglass at least 3/16 in. 
thick. 

8. Show how experiments that contain any liquid in the amount of 1/2 gallon or 
more will contain the liquid, in case of a spill or leak, while the experiment is 
on the aircraft. 

6.0 TEST OPERATIONS 

All test developers are urged to read appendix H, for a researcher's 
suggestions for effective use of NASA reduced-gravity aircraft. 

6.1 Preflight Phase 

The research hardware should be received at Lewis at least by the Wednesday 
before the intended week of flying. If the research hardware will require extensive 
buildup, inspection, and testing prior to the TRR , researchers should plan accordingly. 
The address to use for shipping is 

NASA Lewis Research Center 
Reduced-Gravity Program Office 
MS 101-1 Building 101 
21000 Brookpark Road 
Cleveland, Ohio 44135 

The buildup and checkout of research hardware is solely the responsibility of 
the researcher. 
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The TRR will be conducted in the Flight Research Building (Building 4) the 
Monday morning the week of flying. Research hardware, personnel, procedures, and 
documentation will be examined as indicated in section 2.2. A simulated ground run 
may be required during this review whereby the researcher will demonstrate normal 
and contingency in-flight procedures. After approval for flight by the TRR the test 
hardware will be loaded on the aircraft. All research hardware must be installed in the 
DC-9 by approved personnel. Previously approved research hardware does not need 
to be reviewed unless it has been modified (which necessitates a revised safety permit 
request), although pressure vessels and systems will be periodically inspected. A list 
of modifications to previously flown research hardware and changes to test procedures 
must be provided. 

A safety video will be shown to all flight personnel who have not previously 
flown on the DC-9 aircraft or to those individuals who have not viewed the video in the 
previous 12 months. The video will cover the emergency equipment onboard the DC-
9 and the emergency egress procedures. This video will be viewed annually. Flight 
suits will be issued on Monday morning the week of flying. 

6.2 Flight Phase 

All personnel onboard the DC-9 aircraft shall be under the direction of the 
aircraft flight crew and test directors, for both normal and emergency conditions and 
during test operations. The lead test director is in charge of all test activities, and the 
aircraft commander is the final authority for all operations from boarding through 
deplaning. Strict adherence to the authority of these personnel will be rigidly enforced. 
Any deviation from the flight-test plan must be discussed with a test director before 
implementation. 

6.3 Postflight Phase 

A postflight debriefing will be held immediately after landing to review any 
problems that occurred during the flight and to discuss possible alterations to the test 
hardware or procedures. 

Upon completion of the flight phase, the user will off-load the research 
hardware and prepare it for shipment. The user is responsible for ensuring that all 
hardware and materials used in his or her test, including compressed gas cylinders, 
chemicals, packing, and crating, are removed promptly from the Flight Research 
Building (Building 4) to make room for incoming users. 
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7.0 FUNDING 

The DC-9 Reduced-Gravity Aircraft Program is cost reimbursable. Cost
reimbursable flight services may be provided if approved by the Microgravity Science 
and Applications Division. Commercial users will be sent a cost-reimbursable 
agreement and contract that must be completed 3 months prior to flight. In all cases, 
payment must be received by the Lewis Accounting and Reports Branch prior to the 
flight. The DC-9 Reduced-Gravity Program Office will coordinate. 

8.0 FINAL COMMENTS 

Communication is one of the keys to a successful test. Researchers should 
contact the DC-9 Reduced-Gravity Program Office early and often in the design and 
development process to help minimize last-minute problems. Keep in mind, that no 
experiment hardware will fly if it cannot prove through documentation and 
demonstration that it is safe. 
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APPENDIX A 

IMAGING SERVICES GUIDE 

NASA Lewis will provide photographers and videographers as required for test 
documentation and research imaging services. The user should include a request for 
NASA imaging services in the experiment safety documentation (see section 4.2.12c). 

Included with the photographers are 

1. Cameras, lights, and other photographic equipment 
2. Expendable supplies (film, etc.) 
3. Processing and printing 
4. Viewing and analysis facilities 

Documentary (video and still) and scientific imaging services are available. 

A.1 Documentary Imaging 

A 1.1 Still photography. General events within the cabin during flight 
operations will be recorded by medium-format cameras, either Hasselblad 
(6 cm x 6 cm) or Mamiya RZ 67 ( 6 cm x 7 cm). These formats provide a high 
degree of image quality with a moderate degree of flexibility. When greaterflexibility 
or the ability to shoot quickly is paramount, the requesters and/or the photographer 
may choose 35-mm format equipment. On-camera electronic flash will be used, in 
most instances, as the primary source of subject illumination. Upon request Digital 
Kodak DCS camera equipment can be utilitized to produce 4-megabyte-per-frame 
color digital images. 

A 1.2 Video. General video of the cabin will be recorded by three hard
mounted video cameras. Two cameras will be mounted at fore and aftpositions in the 
cabin to provide overall coverage of the cabin environment. A third camera will be 
located at the midpoint of the cabin, positioned as required to support specific 
requests. Additional video coverage will be provided, when requested, for 
documenting specified research programs and for production value and public 
relations purposes. This coverage will consist of additional hard-mounted cameras 
and/or an onboard videographer to cover any area of the cabin. 
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A.2 Scientific Imaging 

Imaging for data acquisition is a specialized subset of the services offered by 
the Scientific Imaging Group within the Imaging Technology Center. Depending on 
the nature of the data to be collected, any number of imaging techniques can be 
employed, including, but not limited to, high-speed motion picture (to 10,000 frames 
per second), high-speed video, standard video (VHS, S-VHS, Hi-8, and Betacam SP ), 
time lapse, infrared, digital imaging, macro- and schlieren optics, and more. 

Researchers needing these services are encouraged to consult with the 
Imaging Group as early into project planning and buildup as possible. This 
consultation will help determine in advance the quality and quantity of imaging data 
that can be expected and will ensure the availability of equipment and support 
personnel. 

The topics covered in the consultation include the type of data required, the 
techniques necessary to obtain it, and the manner in which it will be reduced. The 
Imaging Technology Center is equipped to support research personnel in both the 
acquisition and reduction of imaging data. 

34 



APPENDIX B 

HAZARD ANALYSIS GUIDEUNES 

The following hazard analysis guidelines were extracted from the Lewis Product 
Assurance Instruction (PAl) #220, Hazard Analysis Preparation, and MIL-STD-882, 
System Safety Program Requirements, and are targeted for experiments and systems 
involved with aircraft flight operations. These guidelines are intended to help the 
researcher define hazard analysis, identify hazards in research hardware and 
procedures, and prepare the hazard analysis required for the experiment safety 
documentation described in section 4.2 of this document. A hazard analysis is 
required for any hazardous condition related to the experiment or to the operation of 
the aircraft during the proposed experiment. 

1. Purpose 

1.1 To describe the correct methods, procedures, and formats necessary for 
the development of a hazard analysis at Lewis Research Center. 

2. Scope 

2.1 This procedure applies to all Lewis-prepared hazard analyses 
performed on spaceflight projects and the related ground support 
equipment. 

3. General 

3.1 References. 

3.1.1 NHB 1700.1 (Vol. 7), NASA System Safety Handbook 
3.1.2 MIL-STD-882, System Safety Program Requirements 

3.2 Attachments. 

3.2. 1 Generic Hazard Definitions 
3.2.2 Generic Hazard List 
3.2.3 Risk Assessment Matrix 
3.2.4 Hazard Analysis Preparation Flowchart 
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3.3 Definitions. 

3.3.1 Hazard: a condition that is prerequisite to a mishap 

3.3.2 Hazard Analysis: the evaluation and documentation of 
hazards and formulation of a control mechanism that can 
affect a facility, system, subsystem, or component 

3.3.3 Mishap or Accident: an unplanned event or series of events 
that results in death, injury, occupational illness, or the 
damage or loss of equipment or property 

3.3.4 Hazard severity categories: a qualitative measurement ofthe 
worst potential consequence resulting from personnel error, 
environmental conditions, design inadequacies, procedural 
deficiencies, and system, subsystem, and component failure or 
malfunction. These categories are as follows: 

1. Catastrophic - a hazardous occurrence in which the worst-case 
effects will cause death, disabling personnel injury, or facility or 
system loss 

2. Critical - a hazardous occurrence in which the worst-case 
effects will cause severe (nondisabling) personnel injury, severe 
occupational illness, or major property or system damage 

3. Marginal - a hazardous occurrence in which the worst-case 
effects could cause minor injury, minor occupational illness, or 
minor system damage 

4. Negligible - a hazardous occurrence in which the worst-case 
effects could cause less than minor injury, occupational illness, or 
system damage 

3.3.5 Hazard Frequency: the likelihood, expressed in qualitative or 
quantitative terms, that a hazardous event will occur 

Frequent - likely to occur frequently 

Probable - will occur several times in the life of an item 

Occasional - likely to occur at sometime in the life of an 
item 

Remote - unlikely but possible to occur in the life of an 
item 
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Improbable w so unlikely that it can be assumed 
occurrence may not be experienced 

3.3.6 Risk assessment matrix (attachment 3.2.3): Hazard information is 
converted to risk information by evaluating the severity of the 
potential hazard and by evaluating the frequency probability of the 
hazard producing.8 mishap or accident This evaluation is done 
by developing a matrix with hazard severity on one axis and 
hazard frequency on the other, with a numeric code (hazard risk 
index) used to represent the risk aSSOCiated with each hazard. 

3.3.7 Procedure: a set of sequenced actions for operating, 
assembling, maintaining, repairing, calibrating, testing, 
transporting, handling, installing, or removing a spaceflight 
assembly or system 

3.3.8 Preliminary hazard analysis (PHA): usually the initial hazard 
analysis that begins during the conceptual or requirements 
definition phase and is completed prior to the preliminary design 
review. The goal of the PHA is to identify and characterize 
possible hazards early in the design phase. It identifies known 
hazards such as explosion, radioactive sources, pressure vessels 
or lines, toxic materials, and high voltages. It specifies where 
each will occur, their significance in the system, and the method to 
be used to eliminate the hazard or control the associated risk. 

3.3.9 Subsystem hazard analysis/system hazard analysis 
(SSHAlSHA): an analysis requiring detailed studies of hazards, 
identified in the PHA, at the subsystem and system level, including 
the interface between subsystems and the environment, or by the 
system operating as a whole. Results of this analysis include 
design recommendations, changes or controls when required, and 
evaluation of design compliance to contracted requirements. 
Often SUbsystem and system hazards are easily recognized and 
remedied by design and procedural measures or controls. These 
hazards are often handled by updating and expanding the PHA, 
with timing of the SSHNSHA normally determined by the 
availability of subsystem and system design data (usually began 
after the preliminary design review and completed before the 
critical design review). 

37 



3.3.10 Operating & support hazard analysis (O&SHA): an analysis 
performed to identify those operating functions that may be 
inherently dangerous to test, maintenance, handling, transportation 
or operating personnel or in which human error could be 
hazardous to equipment or people. The O&SHA should be 
performed at the point in system development when sufficient data 
are available, after procedures have been developed. It 
documents and evaluates hazards resulting from the 
implementation of operations performed by persons and considers 
the planned system configuration at each phase of activity, the 
faCility interfaces, the planned environments, the support tools or 

other equipment specified for use, the operation or task sequence, 
concurrent task effects and limitations, biotechnological factors, 
regulatory or contractually specified personnel safety and health 
requirements, and the potential for unplanned events including 
hazards introduced by human error. O&SHA identifies the safety 
requirements (or alternatives) needed to eliminate identified 
hazards or to reduce the associated risk to an acceptable level. 

3.4 Results of analysis. The completed analysis should include both general 
and specific recommendations for hazard mitigation for the equipment, 
system, or facility. These recommendations should encompass the 
following areas as appropriate: additional analyses, inspection or testing, 
increased training, possible redesign options, additional design 
considerations, or additional hazard controls. 

3.4.1 Additional analyses, such as fault-tree analyses, event-tree 
analysis, and software hazard analyses, may also be performed, 
depending on programmatic requirements and/or desired 
results. Specific guidance and support in these areas can be 
obtained by contacting the Chief of the Safety Assurance Office. 

3.5 Risk categorization. When deriving results from a hazard analysis, the 
analyst should specifically consider the categorization performed when 
completing the risk assessment matrix. Hazards identified as a high risk 
on the matrix should be given top priority. Similarly, hazards identified 
as a medium risk on the matrix should be given more attention than 
those with a low rating. 

3.5.1 Total risk: Although each hazard is given either a high, medium, 
or low risk rating, all risk must be reviewed and accepted by 
project management, so that the total risk of the project can be 
assessed, not just the high-priority hazards. 
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3.5.2 Updating analysis: In addition, the analysis should be maintained 
and updated as the project advances (i.e., hazard controls put in 
place, procedures written, etc.) as a means of hazard tracking 
throughout the life of the project. 

3.6 Types of analysis. The three most common types of analysis are PHA, 
SHA, and O&SHA Other types are described in NHB 1700.1 (V7), 
NASA System Safety Handbook and MIL-STD- 882, System Safety 
Program Requirements. These references should be used in performing 
a hazard analysis. 

4. Procedure 

The procedure described here should be followed in conjunction with the 
flow· chart in attachment 3.2.4 to properly complete a hazard analysis. All of 
the analysis inputs determined from using this instruction should be 
systematically compiled. Anyone of numerous formats 
(Le. columnar/horizontal, narrativelvertical, or data base derived) can be used 
to compile data, depending on the resources and desires of the developer 
and/or program requirements. Specific guidance and assistance can be 
obtained by contacting the Chief, Safety Assurance Office. 

The analysis should be developed as follows: 

4.1 Analysis Developer: 

4. 1. 1 Gather information from project engineers, such as 
facility, system, or subsystem like descriptions, drawings, 
specifications, and procedures, etc., for the item or items to be 
analyzed. 

4. 1.2 Review the generic hazard definitions (attachment 3.2.1) for 
familiarization with appropriate terms. 

4.1.3 Review the generic hazard list (attachment 3.2.2) for 
familiarization with typical hazards that are generally found in 
hazard analyses. 

4.1.4 Perform a walkdown of any associated facilities, hardware, and/or 
support equipment, as applicable, for the item or items being 
analyzed. This walkdown will familiarize the analysis developer 
with the configuration of the item or items being analyzed. 

4.1.5 Develop a listing of all systems, subsystems, or components to be 
analyzed. 
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4.1.6 For each system, subsystem, or component, list all possible 
hazardous conditions that can occur as a result of the following 
three scenarios: 

4.1.6.1 Failure of the item 
4.1.6.2 Improper usage of the item 
4.1.6.3 Proper usage of the item (Le., those hazards 

associated with nominal operations of the 
system, subsystem or component). 

4.1.7 For each hazardous condition, list all possible hazard causes that 
can result in this condition (Le., failure, improper usage, operating 
environment, etc.) 

4.1.8 For each hazard cause, list the initial hazard severity and 
frequency and the hazard risk index determined through the use 
of guidance provided in MIL-STD-882 and attachment 3.2.3. 

4. 1.9 The following five steps will assist the analysis developer in 
identifying possible hazard controls for each hazard cause. Each 
step should bp, performed in the listed order of precedence for 
each hazard cause identified in the analysis, since numerous 
possible hazard controls may be identified for each hazard cause. 
Project engineers should be included in the performance of these 
steps, since they have the greatest insight into the specifics of the 
design and operation of the item or items being analyzed. 

4.1.9.1 If a hazard cause can be eliminated by a design change, 
this change should be listed as a proposed hazard 
control. 

4.1.9.2 If a hazard effect can be reduced by using a safety device 
(Le., relief valve for pressure systems, fuse for electrical 
systems, etc.), this device and its usage should be listed 
as proposed hazard controls. 

4.1.9.3 If a hazardous condition can be detected by using a 
warning device (Le., alarm, signal light, etc.), this device 
and its usage should be listed as proposed hazard 
controls. 

4.1.9.4 If a hazard effect can be countered or reduced by using a 
special procedure, this procedure and its method of 
countering or reducing the hazardous effect should be 
listed as proposed hazard controls. 
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4.1.9.5 If there are other hazard controls that could eliminate or 
reduce the hazardous condition, cause, or effect (Le., 
changing the operating environment, etc.), they should be 
listed as proposed hazard controls. 

4.1.10 Review the hazard analysis (the compilation of system, 
subsystem, and component listings; possible hazardous conditions 
and related causes; and effects risk identifiers and possible 
controls) with all appropriate project engineers. Make any 
revisions necessary as a result of this review. 

4. 1. 11 Develop recommendations that will reduce the hazard risk to the 
system, subsystem, component, or facility. Recommendations 
typically emphasize those proposed hazard controls that will 
reduce the risk to the greatest extent. They include a combination 
of design changes, change of operating environments, usage of 
safety and warning devices, and inclusion of special procedures 
for the performance of hazardous operation. 

4.1.12 Attach all relevant information to the hazard analysis (Le., analysis 
worksheets, drawings, schematics.). 

4.1.13 Include hazard analysis as part of the experiment safety 
documentation (see section 4.2) 
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ATTACHMENT 3.2.1 
GENERIC HAZARD DEFINITIONS 

Collision - Item breaking loose and impacting other items. (You hit it or it hits you.) Caused 
by structural failure, procedural error, or inadequate handling equipment. 

Contamination - Release of toxic, flammable, corrosive, condensable, or particulate matter. 
Caused by leakage, spillage, loose objects, abrasion, growth, or component failure. 

Corrosion - Structural degradation of metallic or nonmetallic equipment. Caused by leakage 
of reactive material, material incompatibility, or environmental conditions. 

Electrical - Personnel injury or fatality due to electrical current passing through any portions 
of the body. Caused by contact with energized circuit, procedural error, component failure, 
static discharge, or environmental conditions. Can also degrade equipment operation. 

Environmental/weather - Injury or hardware damage caused by conditions such as fog, rain, 
sleet, snow, hail, sand, dust, wind, lightning, fungus, or bacterial growth. 

Explosion - A violent release of energy due to overpressurization of some component. Over
pressurization can be caused by fire, chemical reaction, excessive temperature, component 
failure, or procedural error. 

Fire - Rapid oxidation of combustibles. Caused when fuel and oxidizer are exposed to an 
ignition source. Hypergolic fuels ignite without an outside source of ignition. Usually caused 
by fuels being raised above their ignition temperatures in the presence of oxidizer. 

Loss of habitable atmosphere - Removal or displacement of oxygen to below 19.5% by 
volume by whatever means. 

Mechanical - Sharp edges, pOints, or rough surfaces; parts of body being caught or 
entangled in pinch-points or rotating equipment; and violation of weight limits for personnel or 
equipment designs. Other mechanical hazards would be unstable equipment caused by 
overturning or toppling, ejected parts and materials from breakage of operating equipment, 
and moving eqUipment or parts of equipment that can cause injury by impact. 

Pathological - Injury to personnel caused by disease, bacteria, or micro-organisms. 

Psychological - Injury to personnel from mental conflicts due to sudden nOises, perceived 
danger, etc. 

Radiation - Exposure of personnel or sensitive equipment to ionizing radiation, non-ionizing 
radiation, ultraviolet or infrared light, lasers, and electromagnetic or radiofrequency 
emanation. Results can be burns to personnel, structural damage to equipment, or triggering 
of ordnance devices. 
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Temperature extremes - Injury to persons or damage to equipment due to departure of 
temperature from normal range. Extreme heat or cold caused by fire or cryogenics due to 
component failure or procedural error results in burns or structural damage. 

These are the typical generic hazard characteristics that could cause personnel injury 
and/or damage to equipment. Each system and design should be examined to determine 
whether or not its design, manufacture, or operation could involve such hazards. Note that 
there may be other, more specific, forms of hazard potential (toxicity, implosion, outgassing, 
etc.) that should also be considered during the hazard analysis (see attachment 3.2.2). 
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ATTACHMENT 3.2.2 
GENERIC HAZARD LIST 

Generic Hazard Types of Hazard 

a. 1. Collision or impact Acceleration (including gravity) 
b. 
c. 

d. 
e. 

2. Contamination or corrosion a. 
b. 
c. 
d. 
e. 
f. 

3. Electrical a. 
b. 
c. 

4. Environmental or weather a. 
b. 
c. 
d. 

e. 
f. 
g. 
h. 
i. 

5. Explosion or fire a. 

b. 

c. 
d. 

6. Loss of habitable environment a. 
b. 
c. 
d. 
e. 

f. 
g. 
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Detached equipment 
Mechanical, vibration, or acoustical 
shock 
Meteoroids or space debris 
Moving or rotating equipment 

Chemical disassociation 
Chemical replacement or combination 
Moisture 
Oxidation 
Organic (fungus, bacteria, etc.) 
Particulate 

External shock 
Internal shock 
Static discharge 

Fog 
Fungus or bacteria 
Lightning 
Precipitation (fog, rain, snow sleet, or 
hail) 
Radiation 
Sand or dust 
Vacuum 
Wind 
Temperature extremes 

Chemical change 
( exothermic/endothermic) 
Fuel and oxidizer in presence of 
pressure and ignition source 
Pressure release or implosion 
High heat source 

Contamination 
High pressure 
Low oxygen pressure 
Low pressure 
Toxicity of raw chemicals and associated 
byproducts 
Low temperature 
High temperature 



7. Mechanical a. Sharp edges 
b. Rotating equipment 
c. Weight stability 
d. Ejected part or materials 
e. Impact or shock 

8. Pathological, psychological, a. Acceleration, shock, impact, or 
or physiological vibration 

b. Atmospheric pressure (high, low, 
rapid change) 

c. Humidity 
d. Illness 
e. Noise 
f. Sharp edges 
g. Sleep, lack of 
h. Visibility (glare, window, or helmet 

fogging) 
i. Temperature 
j. Work load, excessive 

9. Radiation a. Electromagnetic 
b. Ionizing 
c. Thermal or Infrared 
d. Ultraviolet 

10. Temperature extremes a. High 
b. Low 
c. Variations 
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ATTACHMENT 3.2.3 
FUGHT RESEARCH 

RISK ASSESSMENT CODE MATRIX (MIL-STD-882) 

The risk assessment matrix is based on MIL-STD-882: Generally, for a hazard to be acceptable it should merit 
risk code of 10 or more. Hazards with a risk code of 6 through 9 normally require additional acceptance by the 
Executive Safety Board for the program or experiment to be performed. Risk codes of 5 or lower indicate 
unacceptable hazards. 
UHHUHNBNOONNDnonUOORHonnUnCN##JUOHwHDURUOOHUHNilonvunURRNRDUDBJBfiOnUOnOnNNUnnUJOOnUgOnOnOnnD 

I 
CATASTROPHIC 

PROBABILITY 

A) Frequent 1 

B) Probable 2 

C) Occasional 4 ---D) Remote 8_ ---E) Improbable 12 

SEVERITY CATEGORY 

Catastrophic 

Critical /I 

Marginal III 

Negligible IV 

SEVERITY 

II III IV 
CRITICAL MARGINAL NEGLIGIBLE 

--

/ / 

/7 
/ 

3 /13 / 

5 / 9 
/ 

16 
~ .--/ - -6 -- 11 18 --

10 14 19 

15 17 20 

DEFINITION 

Death or system loss 

Severe injury, severe occupational illness, or major system 
damage 

Minor injury, minor occupational illness, or minor system 
damage 

Less than minor injury, occupational illness, or system loss 

11111111 111111 111111 11#####11111111##11111111#111111###I#11I#II#111111##1111111111 ##11##### #1I1I#1I1I#'#Jm#lIl!mUIIUm##II#i!#h'#II##IIINfn~ 

PROBABILITY LEVEL DEFINITION 

Frequent A Likely to occur frequently 

Probable B Will occur several times in life of an item 

Occasional C Likely to occur sometime in life of an item 

Remote D Unlikely, but possible to occur in life of an item 

Improbable E So unlikely it can be assumed occurrence may not be experienci 
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Experiment Title 

ATTACHMENT 3.2.3 (2) 
Flight Research Hazard Analysis 

DC-9 Reduced-Gravity Aircraft Program 

Date 

Hazard (Describe the event that will directly produce the injury or damage. Describe the nature and extent of 
the injury or damage.) 

Causes (Describe the circumstances and events leading up to the hazard.) 

Controls (Describe design features and procedures that will be used to reduce the hazard's probability and/or 
severity. List any testing that will be done to verify the controls' effectiveness.) 

Risk Assessment (Assess the risk by using the MIL-STD-882 matrix (Attachment 3.2.3 (1». Base the 
assessment on the controls producing the planned effects of the hazard's probability and/or severity. 

Severity Category:, __ _ Probability Level : __ _ Risk Assessment 
Code: ---
Analysis of 
Final 
Design 

Prepared by / Date Checked by / Date Operations Program 
Mgr.Date 

47 



PROGRAM 

EXAMINATION 
COMPLETED 

HAZARD 

HAZARDS IDENTIFICATION GUIDE 
RESEARCH 

A broad topical list of experiment related areas requiring examination to identify potential 
hazards has.been included below. Additional areas expmined will be noted in the "other" 
category. Interaction with aircraft hazards must be considered. 

ANALYSIS AREA 
REQUIRED 

Experiment Fire/ Explosion 

Experiment Structural Strength 

Loss of Power Source(s) 

Over/Under Pressure 

Overtemperature 

Overspeed 

Adequate Ventilation 

Electrical Shock 

Electrical Shielding 

Electrical Circuit Protection 

Control of Combustible or Explosive Mixture(s) 

Guards Over Live Parts 

Equipment Shielding Against Impact 

Personnel Protection 

Toxicity 

Radiation 

Bodily Injury 

Noise 

Fire 

other 

Buddy System 

Researcher Workload 

Researcher/Aircrew Communications 

Other 

HAZARD IDENTIFICATION COMPLETED ( Research Program Manager) Date 
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4.1.1 Gather information from 
Project Engineers 

4.1.2 Review Generic Hazard Definitions 

4.1.3 Review Generic Hazard List 

4.1.4 Perform walkdown of facilities, 
hardware, and/or support equipment 
as applicable 

4.1.5 Develop a list ofall systems, 
subsystems, and/or components 
to be analyzed 

4.1.6 For each system/subsystem/ 
component, list all possible 
hazardous conditions 

4.1.7 For each hazardous condition, 
list all possible hazard causes that 
can result in this condition 

4.1.8 For each hazard cause, determine 
initial hazard severity, frequency, and 
hazard risk index using Attachment 3.2.3 

No 

Yes 

4.1.9 List the design change as 
a proposed hazard control 
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ATTACHMENT 3.2.4 (1) 



ATTACHMENT 3.2.4 (2) 

No 

4.1.10 List the safetydevk:e and its usage 
as a proposed hazard control 

4.1.11 List the warning device and its 
usage as a proposed hazard control 

No 

4.1.12 List the procedure and its method of 
countering/reducing the effect as a 
proposed hazard control 

No 

4.1.13 List the other hazard control (s) 

4.1.14 Review the Hazard Analysis with all 
appropriate project engineers 

Yes 

4.1.15 Develop recornmendeations that 
will reduce the hazard risk to the 
facility/system'subsystern 
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4.1.3 Review Generic Hazard List 



Worksheets 
Drawings I--I~ 4.1.16 Attach relevant information to the 
Schematics Hazard Analysis Etc. 1.-. _____ -:=-_____ --1 

Developer 
(Section 4.1) 

SAO Engineer 
(Section 4.2) 

Hazard 
Analysis 

4.1.17 Forward Hazard Analysis to 
SAO Enginee for review and concurrence 

4.2.1 Review Hazard Analysis for 
conformance to PAl #220 and appropriate 
programlregulatory requirements 

...... 11---1 4.2.2 Concur by signing and dating 
Hazard Analysis 

4.2.3 Review Hazard Analysis with 
Chief,SAO 

Yes 

ATTACHMENT 3.2.4 (3) 

Yes Discuss conflids or discrepancies >------.... ~ with Hazard Analysis Developer 

SAO Engineer 
(Section 4.2) 

Project Manager 
(Section 4.3) 

4.2.4 Forward Hazard Analysis to 
Project Manager with a copy to Chief, SAO 

4.3.1 Review and approve by signing and 
dating the Hazard Analysis 

4.3.2 Maintain Hazard Analysis in 
Project Documentation 
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as required 

No 



ATTACHMENT 3.2.4 (4) 

,. ,I 

4.3.3 Ensure inclusion of Hazard Analysis 
in appropriate design & safety review 
presentations/packages 

4.3.5 Ensure implementation of 
Hazard Analysis results 

No 

4.3.5 Ensure Hazard Analysis review 
considering design changes 
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APPENDIX C 

TEST READINESS REVIEW CERTIFICATION 

TEST TITLE 

1. The following items have been reviewed or tested for safety, technical 
adequacy, and auditability. 

A. Personnel training, medical qualifications and 
documentation. 

B. Research hardware 
C. Safety analysis and documentation. 
D. Interfaced to aircraft systems 

2. The following discrepancies shall be corrected prior to the test (indicated above) 
being initiated: 

A. 

B. 

C. 

D. 

3. Test initiation is: () Approved 
( ) Approved pending correction of 

discrepancies noted in paragraph 2 
( ) Not approved 

Researcher Date 

Test Director Date 

Aircraft Maintenance Quality Assurance Date 

Aircraft Operations Representative Date 

Area 1 Safety Committee Representative Date 

Chief, Safety Assurance Office Date 
(Required for all offsite operations - ONLY) 
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APPENDIX D 

DC-9 INVESTIGATION APPROVAL QUESTIONNAIRE 

1. Principal Investigator: 

2. Organization and address: 
(Include phone and fax number) 

3. Experiment title: 

4. Which NASA office is supporting the research 
(Le., NASA HQ code SN, code C, code UG, etc.)? 

5. How was the research selected for funding? 
If by proposal, give proposal title and selection date. 

6. Ground-based research or flight program? 
If flight program, give scheduled flight. 

7. Science objective of program: 

8. SpecifiC objectives of the intended DC-9 flights and relevance to the total 
program: 

9. List of the hardware required: 

10. Future DC-9 plans: 

11. What is the approved term (Le, length) of this research program? 

(NASA Headquarters approval is required before any research 
experiment is allowed to be flown on the DC-9.) 

Send the reply to these questions to 

Mr. Jack Salzman 
NASA Lewis Research Center 
MS 500-205 
21000 Brookpark Road 
Cleveland, Ohio 44135 
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APPENDIX E 

FEDERAL AVIATION ADMINISTRATION 
CLASS III AVIATION PHYSICAL 

The Federal Aviation Administration Class "' Aviation Physical or 
equivalent examination will be performed on all personnel subject to risk due to 
changes in barometric pressure or to variations in g-Ievels caused by the 
parabolic trajectories flown by the DC-9 reduced-gravity aircraft. 

Medical standards established by law are those contained in the Federal 
Aviation Regulations (FAR), Part 67 (14CFR 67). 
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Guide for Aviation Medical Examiners 

CERTIFICATION SUMMARY 

Class of Medical Certificate First-Class Second-Class Third-Class 
Type of Pilot Airline Transport Pilot Commercial Pilot Private Pilot 

DISTANT VISION 20/20 in each eye separately without correction or at least At least 20/50, without 
201100 in each eye separately corrected to 20/20 or better correction; or if vision is 
with corrective lenses (glasses or conlact lenses). (See poorer than 20/50, rnJst 
page 73.) correct to 20130 or better 

with corrective lenses 
(glasses or conlact 
lenses). (See page 73.) 

NEAR VISION At least 20/40 in each eye separately with or without At least 20/60 in each eye 
correcting glasses. (See page 79.) separately with or without 

correcting glasses. (See 
page 79.) 

HYPERPHORIA Maxirrum of 1 diopter. (See page 86.) No Standard 

ESOPHORIA & EXOPHORIA MaxirnJm or 6 diopters of esophOria or expphoria. (See No Standard 
page 86.) 

COLOR VISION Normal color vision (See Ability to distinguish aviation signal red, aviation signal 
page 80.) green and white. (See page 80.) -

AUDIOMETRY MaxirnJm of 40 dB loss at No requirement. Audiometry may be performed as a 
500 HZ; 35 dB in service to the applicant with hislher permission. 
frequencies of 1,000 and 
2,000 Hz, ANSI. (See 
page 70.) 

HEARING Able to hear whispered Able to hear whispered Able to hear whispered 
voice in each ear separately voice in each ear separately voice at 3 feet. (See 
at 20 feet. (See page 69.) at 8 feet. (See page 70.) page 70.) 

ENT No acute or shronic disease of ear, mastoid, or problem with No acute or chronic 
equilibrium; no unhealed perforation of eardrum. (See disease of ear, no acute or 
page 28.) chronic ENT problems, 

including no problem with 
equilibrium. (See page 28.) 

PULSE At rest, maxirrum of 100 beats per minute. (See page 89.) 

BLOOD PRESSURE Maxirrum of 160/98 at age Maxirrum of 170/100. (See page 87.) 
50 and over. (See page 86 
for BP for younger pilots.) 

EKG Required at age 35, and Not required if cardiovascular examination is normal. (See 
annually after age 40. (See page 91.) 
page 91.) 

OTHER CONDITIONS Examiner must disqualify if the applicant has an exlablished medical history or clinical 
diagnosis of: (1) Diabetes Mellitus requiring insulin or hypoglycemic medication; (2) angina 
pectoris; (3) coronary heart disease that has required treatment or, if untreated, that has 
been symptomatic or clinically significant; (4) myocardial infaction; (5) epilepsy; 
(6) alcoholism; (7) drug dependence; (8) disturbance of consciousness without satisfactory 
medical explanation; (9) personality disorder manifested by repeated overt acts; and 
(10) psychosis. 
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'CODVo!"FAA-F"orm'll500-9 (Medical '--00 
~~~~;!~i ~ft~tEe~~;:a~~~~:?!-· • 

"~ .. 
OJ:' Q{J\:. 

Applicant Must Complete ~( 1'..;,.., 
This Page (Except For Shaded Areas) 9t.JJf~~ 1t ATTACHMENT E.1 

PLEASE PRINT I'!); 
·1. APpliCation For:. 

O 
Airman MedIcal 

. Certificate o Airman Medicai anc 
Student Pilot Cer:ificate 

I 2. Class of Medical -
~ Certif!£ate Applied For: 
: 1 st .. 2nd n 3rt 

MEDiCACCERTIFICATE CLASS 
AND STUDENT-:PILOT CERTIFICATE -

First Nam~ Middle Name 3. Last Name 

This certifies that (Full ~~fTI.e a_ndad~reSS):·. 

Date of Birth / Height -1 Weight 1- Hair . 1 Eyes· 1'- Sex': 

. !.. -- ---I .. ' -,'. -' -- i - J..; -:.::-
has met the medical standards prescribed'in Part 67.: Federar'.-·' . 
Aviation Regulations for this .class of Medical Certificate::::'_ .:~'_. 

'~l 
il 
=1 

- - ," :-. " -~ .. _ .... ~~~~ _. -~ ... :-:.- ... - .~- .'.-----: ... 
-

c· ---_._ .......... - . -.. -. -------.--------- ... --.--.- . 

4. Social Security Number 

5. Address 

Number/Street 

City State/Country 

6. Date of i 7. Color of Hair 
Birth __ I 

MMDD YY·I 

10. Type of Airman Certificate(s) Held: 

r; None = Airline Transport = Commercial 

11. Occupation 

C! A TC Specialist 

C Flight Engineer 

C Flight Navigator 

: 12. Employer 

Telepnone Number 

S. Color of Eyes 9. Sex 

~ Fiight Instructor C Other 

r Private 

~ Student 

::l ...... 13. Has Your FAA Airman Medical Certificate Ever Seen Denied, Suspended, 
or Revoked? = Yes ::: No If yes. give date ___ _ 

Date of Examination .1 Examiner'S Serial No. 
M M \( v 

Total Pilot Time ,Civiiian only) 16. Date of Last FAA Medical Application 

~ I Sig~ature .:.:':" : C No Prior 
I Application 

14. To Date : 15. Past 6 months 

~ + Type/:! N"ame-' :~-. 
~I .. :. -~':.~. -'--::':;~ " 17. Do You Currentry Use Any Medication (Prescription or Nonprescription)? 

o Yes 

No 

If yes. give name;·purpose. dosage. anc frequency. 
AIRMAN'S SIGNATURE' 

.. __ ' _ . .;. "':'_..0-..: ... _ .... : .. .:.-._"-..•.. _ •. _ .• - _ .. -' -' •.•... 

, B. MEDICAL HISTORY - Have you ~ nac or nave you now an':, 01 The tollOwtnl!=? Answer ··yes·· for every conOitlOfl you nave ever nac: :r: /~ur :17e . 
. In !ne :X?lANA 710N .:>ox ceiOW. you may note "?REVIOU$i... '! RE?ORiED. NC CHANGE" only If ~ne exOlanation ~~ ~ne :onditlcr: 
was reponed or. a ;::>r:o:" apPlication lor an airman meClcaJ cenltlcate ana there :'las !>een no c:;ange :n your ccndmcn. See Instructions Page 

Yes: No Condition Yes I No Condition Yes·.! No Condition Yes: No Condition 

b. _ ,_ Dizziness Dr fainting spell h. = : = High ar low blood pressure n. :: II::::: Substance dependence or iailed a drug 
1--:=--=---.,----.,-------+.-:=--=------.,----.,......:-1 test ever: or substance abuse or use 

C. Unconsciousness lor any reason i. _ Stomach. liver. or intestinal trouble ! of illegal substance in the last 5 years. 
d. _ . _ Eye or vision trouble except glass'es j. _ :...: Kidney slone or blood in urine D. :...: ! _ Alcohol dependence or abuse 

e. '- ; = Hay fever or allergy k. = i = Diabetes p. Suicide attempt 

r. = ::...: Military medical discharge 

s. = '= Medical relection by military service 

l. _ . '- Reiection for life ar oealth insurance 

u ...... ,....; Admission 10 hospitai 

See v. & w. Below 

Q. _ i _ Mation Sickness requiring medication x. _ ~ Other illness. disability. or surgery 

Conviction and/or Administrative Action History - See Instructions Page 

Yes i No 
v. = I = History of (1) any conviction(s) involVing driving while intoxicated by. wnile :moalfec by. or while unaer the influence 

0; alcohol or a drug: or (2) history of any conviction(s)·or administrative action(sl Involving an oifenselsl wnicn 
resulted in the denial. suspension. cancellation. or revocation of driving privileges or which reSulted in attenaance 
at an educational or a rehabilitation program. 

EXPLANATIONS: See Instructions Page 

19. Visits to health professional within last 3 years. :....: Yes (explain below) L No See Instructions Page 

Yes 
w. = 

Date I Name. Address. and type of Health Prolessional Consulted I Reason 

- NOTICE- 20. APPLICANTS DECLARATION 

No 
History of other 
conVictIon (S I 
(misdemeanors or TeionleS!. 

For FAA Use 
Review Action Codes 

W';:oe'/e~ Jj. ~~! 11atter within the 
junsolc:lOi. or ai:Y cepartment or agency 
01 the Unllec Stares knowingly and 
Willfully falsifies. :GncealS or covers uO 
oy ar.;: ,rICK. SC:1eme. or aevlce a marerial 
facio or whO maKes any false. ficritious or 
;r2UQUlem Sl2!.ements 'or represemations. 
or entry. may oe linea up to S250.000 or 
.r.:=r:s;;nec :10: ~ore thar. 5 Years. or both. 
18 U.S. Coae Sees. 7001: 357;1. 

I "eraoy aurnorlze the National Driver i'leglsrer iNDRl. througn a aeslgnated State Jeoartmenr Of Moror Ventcles tc furnisr. to the 
;:AA miormanor. (ler;alOlOo ;0 mv orlvlng record. inlS consent cons!itures authOrization ;or a slOoie access to me IOlormauon conralOea 
In roe NOR to verify IOlormarlon provldea In tnis aopiicatlon. Uoon my reauest. tt1e FAA snaB maKe the inlorma:lon receivec irom 
me NOR. ;j any. a,ai/aoie for my review and wntten comment. ,l.umomy: 23 U.S. ::;oae ~O1. Nore. iAIl oerso~s uSlOg rnls form ~usr 
S;C~ ;;. However. NOR consent does not apply unless this form is used as an application for Airman Medical or Airman Medical 
a';d Student Pilot Certificate.! 
1 'er=ov certifv :r:ar all si2iementS anc ans ... ·Je!"s ;>rovio::o .JV me on inls aCOllcaHon torm are :omple!S anc true to !he beSi at "y 
KnOVlleage. anc i agree tnar tney are to Je :;or:slderea .:Jar: of tne :Jasts for ~SSi.Jar.ce j; any ~:"'A :ertliicate te me ~ nave also :-eac 
and unaerstana me Privacy Act state"lent that accomoames ,his form. 

5igr.ar:.:re of ApoliCant Date 
-- --D ::- v ''I 

FAA Form 8500-8 ~j-9' 1 Superseaes ?revlous :::JIt:cr 57 OMS Aporoval No. 2120-0034 
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ATTACHMENT E.2 
NOTE: FAA's Copy of the Report of Medical Examination Must be TYPED. 

REPORT OF MEDICAL EXAMINATION 
21. Height (inches) I 22. Weight (pounds) I 23. Statement of Demonstrated Ability (MWaiver") ~ YES _ NO 24. WAIVER SERIAL NUMBEI 

I Defect Noted: 
; I I 

r I I I I I I I 

CHECK EACH ITEM IN APPROPRIA T:: COLUMN ; Normal ; AIIncrmal CHECK EACH ITEM IN APPROPRIATE COLUMN ! Normal !Abr 
25. Head. face. neck. and scalp ! i 37. Vascular system IPulse. am~liIu~e and cJ:aracter: arms. legs. others I ! ! 

26. Nose 38. Abdomen and viscera Itricluding hernial 1 ! 
27. Sinuses 39. Anus and rectum IDigital exam only il clinically indicated or reQuestedl . I , 
28. Mouth and throat i • 40. Skin I ! 
29. Ears. general Iinttrnal and external canals: Hearing under item 49! i ; 41. G-U system IPel,"ic exam only il clinically indicated or reQuestedl I 

J 
I 

30. Ear Drums IPerforatlon! • I 42. Upper and lower extremities [Strength and range of molion! I I , ! 
31. Eyes. generallVilion under items 50 to 541 I 43. Spine. other musculoskeletal I I I 

32. Ophthalmoscopic i i 44. Identifying body marks. scars. tattoos [Size 51ocalionl ! ! 
33. Pupils IEquality and mctlonl i , 45. lymphatics I I I 

34. Ocular motility IAssociated parallel movement nystagmus! ! 46. Neurologic IJio~~.Ima\rJ~x~leQu"lo"um. senses. cranial nerves. I . 
35. lungs and chest [Brems exam only il clinically indicated or requested! ! . 47. Psychiatric [Appearance. behavior. mood. communication. and memoryl i I 
36. Heart IPrecordial actiVity. rhythm. saunds. and murmurs! 48. General systemic I I 
NDTES: Describe every abnormality in detail. Enter applicable item number bet ore each comment. Use additional sheets if necessary and attach to this form. 

49. Hearing I Right Ear I left Ear I Right Ear left Ear I 

I I 
Audiometer I 500 : 1000 : 2000 ! 3000 I 4 00 500 I 1000 I 2000 I 3000 I 400c 

Voice Test rThresnOld In I i I I I ! I Decioelsl I I I I 

50. Distant Vision 51a. Near Vision 51b. 52. Color Vision 

Right 20/ Corrected To 20/ Right 20/ Corrected To 20/ o Normal 
Left 20/ Corrected To 20/ Left 20/ Corrected To 20/ o Abnormal 
80th 20/ Corrected To 20/ Both 20/ Corrected To 20/ 

53. Field of Vision 54. Heterophoria 20' Esochoria i Exophoria I Right Hyperphoria i Left Hyperphoria 

o Normal (In diopters) 

I I I 
I 

o Abnormal I I I I 

55. Blood Pressure i Systolic ! Diastolic 56. Pulse 57. Urinalysis (If abnormal. give results) 58. ECG (Date) 
(Sitting. mm of Mercury) 

I 
I (Resting) o Normal I Albumin I Suoar MM I 00 I yy 

I 
C Abnormal I I I I I 

59. Other Tests Given 

SO. Comments on History and Findings: AME shall comment on all "Yes" answers in the MedicaJ History section and for . FOR FAA USE 
abnormal findings of the examination. (Attach all consultation repot1S. ECGs. X-rays. etc. to this report before mailing.) Pathology Codes: 

~- .. .' . - .. 

Coded By: 

~1.eRcal R~j~ ... -
~ No Significant Medical History CJ No Abnormal Physical Findings 

61. Applicant's Name 62. Has Been Issued - 0 Medical Certificate [j Medical & Student Pilot Certificate 
C No Certificate Issued - Deferred for Further Evaluation 

C Has Been Denied - Letter of Denial Issued (Copy Attac:,ed) 
63. Disqualifying Defects (List by item number) 

64. Medical Examiner's Declaration- I hereby certify that I have personally reviewed the medical hiS"iory and personally examined the applicant 
named on this medical examination report. This report with any attachment embodies my findings completely and correctly. 

:Jate of Examlnatton ! AViation Medical Examiners Name and Aadress Aviation Medical Examiners Signature 
(Including Zip Code) i 

! 

I -- -- I AME Serial Number 
--

M M D 0 y y I AME Telephone ( ) 

FAA FORM 8500-8 {1-911 
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APPENDIX F 

USERS TIME-LINE CHECKLIST 

TEST TITLE 

TENTATIVE FLIGHT DATE(S) 

ACTION DATE REQUIRED DATE ACCOMPLISHED 

1, Formal test request 6 Months prior 
(new users) to flight 

2. Test request data 3 Months prior 
(ongoing users ) to flight 

3. Cost-reimbursable 3 Months prior 
agreement complete to flight 
(commercial users) 

4. Experiment safety 6 Weeks prior 
documentation submitted to flight 
Imaging support 
(all users) 

5. Test personnel data: 4 Weeks prior 
Medical to flight 
Physiological 
Travel orders 
International visitors 
(all users) 

7. Inform DC-9 Reduced- 4 Weeks prior 
Gravity Program office of to flight 
standard gas requirements 

8. U.S. citizens visitor request 
for Lewis 1 Week prior 
(all users) to flight 
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APPENDIX G 

FASTENER SUPPLY LIST 

Note: This list is for information only. Researchers need to confirm that the fasteners 
they require meet all engineering standards. 

MANUFACTURERS: 

Air Industries Corp., 12570 Knott St., Garden Grove, CA 92645 
(714) 892-5571 
NAS, MS, AN, NA, and MA Metric aircraft screws and bolts 

B & B Specialties, 4321 E. La Palma Ave., Anaheim, CA 92807 
(714) 993-1600 
Large inventory of MS and NAS socket head, 1/16 to 4-in., metric and specialty 
fasteners 

California Screw Products, 14957 Gwen Chris Ave., Paramount, CA 90723 
(213) 633-6626 
NAS, MS, and AN aircraft bolts to 1-in., some metric 

CBS Fasteners, 1345 Brasher St., Anaheim, CA 92807 
(714) 779-6368 
NAS, MS and AN aircraft Fasteners to 1/2 x 4-in. long 

Champion Fasteners, Inc., 500 Campus Dr., Mount Holly, NJ 08060 
(800) 755-2693 (609) 267-5222 
Welding fasteners and studs 

Coast Industrial Supply, 15959 Piuma Ave, Cerritos, CA 90701 
(213) 865-4466 
American Society for Testing and Material (ASTM), American National Standards 
Institute (ANSI), NAS and MS #440 bolts to 6-in. diameter; alloy steels; exotic 
materials 

Deutsch Fastener Corp, 3969 Paramount Blvd., Lakewood, CA 90712 
(213) 421-3711 
NAS, MS, and NA high-strength aircraft bolts to 1-in., quick disconnect panel fasteners 

Fairchild Aerospace Fasteners, 3000 W. lomita Blvd., Torrence, CA 90505 
(310) 530-2220 
NAS aerospace, specialty materials, metric, and special-order fasteners 
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Fastener Innovation Technology Inc., 13215 South Western Ave., Gardena, CA 
90249 
(213) 538-1111 
MS, and NAS specialty fasteners 

Fastener Technology Corp., 7415 Fulton Ave., North Hollywood, CA 91605 
(818) 764-6467 
NAS, MS, and AN bolts and exotic material aerospace fasteners (small specialty lots; 
metrics) 

Federal Mfg. Corp., 9825 DeSoto Ave., Chatsworth CA 91311 
(818) 341-9825 
NAS and BAS high-strength aircraft bolts to 1-in. 

GS Aerospace, Div. of Maney Aircraft, Inc., 1307 Wanamaker Ave., Ontario, CA 
91761 
(909) 988-0053 
NAS, AN, and MS #440 bolts to 1 1/2-in. diameter; NA (NASC), MA (Society of 
Automotive Engineers (SAE» and OS metrics, 3 to 38mm 

Hi-Shear Corp., 2600 Skypark Dr., Torrance, CA 90509 
(310) 326-8110 
Proprietary aerospace (HiLock), NAS, and MS #440 bolts to 1-in., (including metric 
sizes) 

Holo-Krome Co., 31 Brook St., P.O. Box H, West Hartford, CT 06110 
(203) 523-5235 
Socket head cap screws, set screws, dowell pins, shoulder screws. ASTM and ANSI 
specifications. sizes: #4 to 1 1/2-in. diameter, up to 7-in. long 

Kapco Industries, Inc., 5660 Knott Ave., Buena Park, CA 90621 
(714) 994-5144 
AN, NAS and MS #440 fasteners to 5/8-in. diameter (some metrics) 

Level 1 Fasteners, 721 Compton Blvd., Compton, CA 90220 
(213) 321-6051 
Military Specification (MIL-S), NAS, AN, MS, and FFS Fasteners, dowel pins, and 
rivets. Sizes from .060-in. to 2 1/2-in. diameter, to 12-in. long. specializes in supply 
of small lots 

LFC Industries, Inc., P.O. Box 5982, Arlington, TX 76006 
(817) 640-1322 
Small (6-32 to 1/2-in.) aerospace fasteners, (including metrics); MIL-S-8879C 
capability 
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Lake Erie Screw Corp., 13001 Athens Ave., Cleveland, OH 44107 
(216) 521-1800 
1/4 to 1 1/4-in.-diameter SAE J429 grades 5 & 8, A325 and A490 structural bolts, hex 
bolts and socket head cap screws, ANSI metric class 10.9 and larger diameter (class 
8.8) 

Lewis Screw, 4300 South Racine, Chicago, IL 60609 
(312) 254-4000 
MS, NAS, AN #440 fasteners. Sizes to 1/4-in. diameter (metric sizes to M12 x 1.75) 

Mercury Aerospace Fasteners, 20320 Prairie St., Chattsworth, CA 91311 
(818) 709-5100 
Hex and external wrenching bolts, NAS, MS and AN screws and bolts; MS studs 

Nova Machine Products Corp., P.O. Box 30287, Middleburg Heights, OH 44310 
(216) 267-3200 
Bolts, nuts, studs, and specialty machined parts, 080 to 7 -in., (metrics; small lots OK) 

NylokfTorkon Fastener Corp., 1161 E. Sandhill Ave., Unit 0, Carson, CA 90746 
(310) 639-2510 
Small fastener sizes, especially those containing inserted locking devices (plug and 
strip) 

P.B. Fasteners (Oiv. of Paul R. Briles, Inc.) 1700 W. 132nd St., Gardena, CA 90249 
(213) 321-3121 
NAS and MS high-strength fasteners 

Pilgrim Screw Corp., 120 Sprague St., Providence, RI 
(401) 274-4090 
MS, NAS, AN fasteners 047 to .500-in. diameter 

QAS, Inc. (Quality Aircraft Screw), 1465 N. Brasher St., Anaheim, CA 92807 
(714) 613-5595 
Small NAS and MS fasteners (manufactures fasteners for Nylok, for inserts) 

Rocket Air Supply, Inc., 724 111th St., P.O. Box 5368, Arlington, TX 76011 
(817) 640-5340 
AN, MS, NAS, and BAC fasteners (maintains a large inventory, including metric sizes) 

Saturn Fasteners, Inc., 425 South Varney St., Burbank, CA 91502 
(818) 864-7306 

SPS Technologies, Highland Ave., Jenkintown, PA 19046 
(215) 572-3000 
Socket head cap screws and NAS and special high-strength aircraft engine and 
airframe fasteners 
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SPS Technologies, 2701 S. Harbor Blvd., Santa Ana, CA 92702 
(714) 545-9311 
NAS, MS, AN #440 to 1-in. "bolts (some metric fasteners) 

Screwcorp, 13001 E. Temple Ave., City of Industry, CA 91746 
(818) 369-3333 
Small NAS, MS, and AN high-strength fasteners 

3 V Fasteners, 1821 Railroad St., Corona, CA 91720 
(714) 734-4391 
NAS, MS, AN, and metric NA aircraft fasteners (specialty lots) 

Texas Bolt Co., P.O. Box 1211, Houston, TX 77251 
(713) 869-7111 
SAE A-193 grade B7 studs and bolts; structural bolts; and nuts 

Valley-Todeco Inc., 12975 Bradley Ave., Sylmar, CA 91342 
(818) 367-2261 
Specialty fasteners: Waspaloy, Hastaloy, and aircraft engine and airframe hardware 
(180-260ksi) 
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DISTRIBUTORS 

AAR HardwarelAbscoa, 5200 NW 33rd Ave., Suite 220, Ft. Lauderdale, FL 33309 

Abscoa Industries Inc., 200 Saw Mill River Rd., Hawthorne, NY 10532 

Abscoa Industries Inc., 3160 W. EI Segundo Blvd., Hawthorne, CA 90250 

Adams Industries, P.O. Box 291, Bradley Field, Windsor Locks, CT 06096 

Aerofast, Ltd., 15855 N. Greenway-Hayden Loop, Suite 130, Scottsdale, AZ 85260 
(602) 483-8942 
AN, MS, NAS, and Hi-Lok fasteners 

Aerolyusa, Inc., 357 Scally Place, Westbury, NY 11590 

Aircraft Missile Parts Manufacturing Co., 255 Easy St., Simi Valley, CA 93065 
(805) 522-3911 
NAS, MS, and AN aircraft fasteners 

Alatec Products Co., 12747 Saticoy St., North Ho"ywood, CA 91605 
Local Fremont) office (510) 657-7710 Reza 

ASC International Inc., 1225 Corporate Dr. West, P.O. Box 5068, Arlington, TX 76005 

Band B Socket Products, Inc., 4231-B East La Palma, Anaheim, CA 922807 
(714)( 993-1600 Local Sales (408) 224-0916 
MS and NAS socket heads, 1/16 to 4-in. (metric and specialty fasteners) 

Burbank Aircraft Supply Co., 10671 Lanark St., Sun Valley, CA 91352 
(818) 767-8560 
Maintains a very large inventory of NAS, MS, and AN aircraft fasteners 

D.B. Roberts, 54 Jonspin Rd., Wilmington, MA 01887 

Domestic Aerospace Products, Inc., 43232 Christy St., Fremont, CA 94538 
(510) 659-1661 
AN, MS, NAS, and MIL-SPEC hardware 

Engineered Fastener Co., 7300 U.S. Highway 130, Pennsauken, NJ 08110 

Fastener Sales, 3228 COllinsworth, Ft. Worth, TX 76107 
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Grant Fastener Inc., P.O. Box 218389, Houston, TX 77218 
(713) 492-1000 
SAE J429 specification, grade 5 and 8 bolts; SPS Unbrako capscrews; authorized 
distributor for SPS Technologies Aerospace Fasteners 

Harco, Fairchild Fastener Group, 557 S. Douglas St., P.O. 767, EI Segundo, CA 
90245 
(310) 643-9400 
Self-locking nuts, gang channels, barrel nuts and retainers. (some metrics) 

Kis Supply Inc., 510-516 S. 2nd St., P.O. Box 1087, Elkhart, IN 46514 

M. F. Services, P.O. Box 5491,705 Secretary Dr., Arlington, TX 76015 

M & M Aerospace Hardware, Inc., P.O. Box 523320, Miami, FL 33152 
(305) 592-6565 
A very large distributor of AN, MS, NAS, and BAC hardware 

MS Inserts & Fasteners Corp., 830 Hillview Ct., Milpitas, CA 95035 
(408) 946-6565 
NAS, MS, and AN aerospace fasteners 

Nelson & Storm Tool Supply Co., 2303 11th St., Rockford, IL 61125 

Normac Industries, Inc., P.O. Box 727, Hillsboro, OR 97123 
(503) 648-8933 
NAS, AN, and MS aerospace fasteners 

Nova Machine Products Corp., P.O. Box 30287, Middleburg Heights, OH 44310 
(216) 267-3200 
Bolts, nuts, studs .080 to 7-in. diameter and metric sizes 

P.B. Herndon Co., 10854 Metro Ct., Maryland Heights, MO 63043 

PRO Fasteners, 2080 Old Oakland Road, P.O. Box 610160 San Jose, CA 95161 
(408) 943-9177 
NAS, MS, and AN aircraft bolts, Grades 5 and 8 

Special-T Fasteners, 9414 Eton Ave., Chatsworth, CA 91313 

Tri-Star Aerospace Inc., [Head office: 3411 SW 11th St., Deerfield Beach, FL 33442] 
19701 Hamilton Ave, Suite 160, Torrence, CA 90502 
(310) 354-1500 
NAS, MS, AN, and BAC aircraft fasteners 
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United Aerospace Industries, 9078 Arrow Route, Rancho Cucamonga, CA 91730 
(714) 941-8211 
AN, BAC, MS, and NAS fasteners 

Wesco Aircraft, 27727 Avenue Scott, Valencia, CA 91355 
(805) 295-1414 
Large fastener distributor 
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APPENDIX H 

A RESEARCHER'S SUGGESTIONS FOR EFFECTIVE USE 
OF NASA REDUCED-GRAVITY AIRCRAFT 

Congratulations on your good sense and good fortune to be considering or 
planning the use of the NASA Lewis Research Centers DC-9 Reduced-Gravity Aircraft 
Facility for scientific or technological experiments. This unique facility, and its sibling 
aircraft,the KC"135 at the NASA Johnson Space Center, may provide the closest 
simulation to weightless flight in a spacecraft you or the phenomena you are studying 
might ever experience. This users guide provides detailed information you will need 
to plan, obtain approvalfor and conduct experiments aboard theOC-9facility. I have 
been asked to provide some guidance for novices and would like to begin with some 
philosophical precepts. 

The opportunity to fly aboard a reduced-gravity aircraft is unique and special. 
Only a few score of people have the chance to fly each year, and fewer stiUever fly 
more than a few times. In addition, of course, the operation of the aircraft and the 
development of the experiment hardware are costly both finanCially and with respect to 
the professional efforts of many people. Thus, while many people find this work quite 
enjoyable, the unique opportunity is accompanied by a serious professional 
responsibility for sound technical and schedular planning, punctual submissions of 
quality documentation, and a focussed (though perhaps light-hearted) attitude during 
the week of flying. 

While it has been mentioned elsewhere in this users guide, it's worth repeating 
that this work is not free from risk. Theadrnonishment to check your insurance 
coverage for this type of non-standard flying should be taken seriously since many 
policies would not cover an accident. You owe yourself and your loved oneS 
conscious and informed thought on the decision to fly. 

Experimentors with many years of laboratory experience fly. for the first time 
and discover, to their surprise, that they, like their experiment, function differently in 
reduced gravity. Leaving aside for now the issue of motion Sickness, there is 
something quite different about changing a test sample or manipulating a computer 
keyboard while floating inverted in the aircraft cabin. Your brain will unavoidably react 
to this stimulation in an unpredictable way during your first flight(s), perhaps to the 
detriment of progress on your experiment. Until you adapt to these sensations, you 
should plan modest test objectives for each flight. In my case, once adapted to the 
sensations I find that daily awareness of my own reactions to weightlessness 
increases my alertness, which benefits the productivity of my experiments. 
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Hardware 

Facility selection. If you are just beginning the consideration of the DC-9 facility 
for performing your reduced gravity experiments there are a few things you should 
consider. The aircraft is one of several facility types for reduced-gravity experiments 
each of which has its strengths and weaknesses. The aircraft provides the longest 
reduced-gravity period for tests, nominally about 20 seconds, and is the only facility in 
which the investigator can accompany and manipulate the experiment during the test. 
However, the aircraft environment includes the peculiar G-jitter phenomenon that is a 
combination of atmospheric disturbance to the aircraft, piloting differences, and 
mechanical vibrations of the experimental hardware responding to the atmospheric 
and pilot excitations. This g-jitter prevents repeatably achieving "gravity" levels below 
about 0.02g while the experiment is attached to the aircraft deck, or about 0.001 g in 
the free-float mode, where the test time is reduced to about 5 seconds before the 
experiment collides with the cabin wall. A tremendous advantage of the aircraft facility 
is that once all your hardware bugs are eliminated you might be able to conduct as 
many as 120-160 experiments in a single week of flying (though few experiments can 
be repeated on each parabola.) 

Drop towers, on the other hand, provide 2-5 seconds of below 10-5g, but with a 
landing shock of 10's of gs, limited experiment volume and electrical power, and no 
real-time intervention by the experimentor. Nevertheless, quite a few investigators use 
the Lewis 2.2 second drop tower as a first step in their studies, then move on to either 
the 5 second drop tower if very low g levels are critical to the experiment or to the 
aircraft if extending the test time is most important. In some instances, however, the 
characteristic time of the experiment is obviously too long for meaningful tests in the 
drop towers or the constraints of VOlume, power and landing shock cannot be 
accommodated. In these cases, the aircraft offers more volume and electrical power 
without the shock load. 

If there are no differences in hardware complexity, the cost of preparing an experiment 
for the aircraft and the cost for the drop tower are probably comparable. Most 
experiments seem to require at least one year of preparation, depending upon their 
complexity, for either type of facility. It may be that your program schedule cannot 
accommodate sequential testing in drop towers then in the aircraft, so a single choice 
is required. Therefore, a careful study of your experiment requirements in the 
categories of test time, g-Ievels, VOlume, power, investigator intervention, mechanical 
fragility and the antiCipated number of tests is the first step in a well planned program. 

Hardware Preparations. Once you have determined that the aircraft faCility is 
the best option for your testing program, there are a few guidelines to be considered. 
First and foremost, establish contact with the operations engineers in the DC-9 
Reduced Gravity Program Office early (ie. well ahead of their stated deadlines, and 
before you start designing hardware) and keep them informed of your progress. 
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They are experienced in experiment preparation and safety analysis and can help you 
avoid mistakes or oversights that could jeopardize your approval to fly or your success 
during flight. I am quite sure that they prefer handling extra phone calls to being 
forced to cancel your flights due to a problem. 

One design feature is so important and so often overlooked that it merits 
additional mention here: handles. Put handles on your experiment Jor loading and 
unloading and for the purpose of having something to grab in reduced gravity. Think 
about good locations for the handles, like waist-high for carrying big (and heavy) 
things and hand-holds near your computer, for example, for maintaining your position 
while you operate the experiment during a parabola. 

Safety. As you will perceive from this user's guide, the safety program for flight 
in a NASA aircraft is comprehensive. Experienced people will review your drawings, 
hardware and procedures to find hazards that could pose threats to the aircraft, the 
people on board or the ground crew. The effort required to prepare the necessary 
documentation for this safety analysis is sometimes substantial and should not be 
overlooked in planning your schedule. Doing less than an excellent job in preparing 
this documentation will probably delay your flight approval, and will also bring about a 
greater perception of intrusion by the safety officials into the analysis of your 
experiment. Since I might also be on board with your experiment, I take comfort in 
the rigor of the safety program. 

Despite the skill and experience of the safety analysts, however, there is no 
one better able to analyze and determine the safety of your experiment than you. 
Everyone on the aircraft including you depends upon you to be completely certain that 
your experiment is safe. The best time to start the safety analysis is before you begin 
building the experiment when it is easier to incorporate safety features. My strong 
advice is to be quite conservative in your estimation of safety hazards and their 
mitigation - imagine your sainted grandmother sitting next to your experiment. 

Experiment Operations. While it is true that the aircraft facilities permit an 
investigator to bring hardware from a normal gravity laboratory directly into a reduced 
gravity laboratory, there are some obvious and not so obvious limitations. For 
example, while it is inconceivable that in your own laboratory you would position a 
video monitor so that you could inadvertantly kick the screen, feet are sometimes 
found far from the floor in the aircraft. Therefore everything must be "kick proofed", 
including monitors, SWitches, cameras and other optical components, etc. Similarly, 
some free-floating investigators have been known to land on their hardware and not 
their feet at the end of a parabola, so all protrusions or sharp edges must be 
eliminated or padded. There are other design features of this type that should be 
conSidered, with the help of the DC-9 facility operations engineers, related to reduced 
gravity operations, such as oil-less vacuum pumps, containers for small parts and 
tools, etc. 

One required item of documentation mentioned in the user's guide is the 
operations checklist. This is a very useful tool for investigators, even in the design 
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phase of the experiment preparations. While it is often appropriate in the normal 
gravity laboratory to tweak experiment hardware in real-time through a test, the limited 
time available for tests in the aircraft facility require more directed work. While there 
will certainly be times when quick thinking can improve the outcome of an experiment, 
having a well considered checklist makes experiment success routine rather than 
heroic. Additionally, having the checklist ensures that you understand your hardware 
and how it behaves so that if something unusual happens you can react quickly, 
correctly and safely. 

Investigator Adaptations 

Your first flight aboard a reduced-gravity aircraft facility will be different from 
anything you have experienced, period. There are hints about the sensations to be 
experienced from amusement park rides, commercial aircraft beginning a descent 
towards landing, neutrally-buoyant submerged swimming, or possibly a fast moving 
auto cresting a hill. The key difference is that none of these phenomena last long 
enough to be authentic. Aboard the aircraft, you will experience several seconds of 
nearly 2 times normal gravity, followed by a several second transition to reduced 
gravity, a period of reduced gravity lasting about 20 seconds, followed by a another 
transition to nearly 2g again; then perhaps some repetition of this sequence. 

First flights. The fluids in your body including your blood, the contents of your 
stomach, and the fluid in your inner ear are affected by the 2g pullup maneuver, the 
reduced-gravity period and the transitions between them. Innumerable people have 
reported that no matter how much they heard beforehand about the sensations of 
these new acceleration environments, they were surprised at their reactions to their 
first aircraft parabola(s). The most unusual sensation is experienced during the 
transition between 2gs and reduced gravity when the body fluids are not simply pulled 
in a different direction, like standing on your head, but they are no longer pulled at all. 
The initial conditions for the transition period can be further complicated by heavy 
buoyant motion during the 2g period, especially if you move your head during this 
time. The result has been described like a kind of disorientation or vertigo where the 
balance signals from your vestibular system (inner ear) are not normal. My advice for 
your first few parabolas is to sit facing forward during the 2gs, allow your body to float 
a little during the transition while being sure to hold on to something, consciously 
believe your eyes, and make yourself laugh at the rest of the sensations. 

As you become familiar with the sensations, gradually you can expand the 
envelop including free floating, free-floating in the rotationally excited mode, and free
floating in translationally excited modes - just don't forget to do your experiment. Don't 
expand your envelop to include collisions with other investigators, their hardware or 
the test directors. Remember that air is much less viscous than water, so don't try to 
swim. I learned from an old hand: if you kick me I will kick you back, and I've 
practiced. In summary, my greatest satisfaction from reduced-gravity aircraft work is 
obtaining unique and high-quality scientific data while at the same time enjoying the 
environment - the environment alone is enjoyable but not so enduring. 
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Motion Sickness. Something like 1/3rd of participants experience something 
like motion sickness during the parabolas. I've heard of no convincing predictor of 
who might have this additional experience, but there is apparently no correlation with 
either car-sickness or space adaptation sickness. I have observed F-16 pilots quickly 
sick (though they actually seemed to enjoy it), but have also observed someone quite 
prone to car sickness quite unperturbed during many reduced-gravity flights. My 
advice on this subject (though there are dissenting opinions) is to have a light and 
easily digestible meal a couple hours before the flight, be certain to keep busy during 
the parabolas (most important since it seems you can talk yourself into being sick), 
and resist the onset of sickness by distracting yourself with a mental task. If sickness 
is inevitable, though, accept it quickly and without loss of face (remember, even F-16 
pilots ... ) because dwelling on it will make it worse. Think of it as an additional fluid 
mechanics experiment, which you must observe, control and most importantly, 
contain. Remember that many people are able to resume their work after being sick, 
and nearly everyone can expect to adapt to these sensations in no more than a few 
flights. 

Anti-motion sickness medication will be available as a preventive measure, as 
described in the user's guide. These measures are effective in many, but not all 
people, and have some side effects which will be carefully explained to you before the 
medication is proVided. There is a diversity of opinion on this subject, but mine is: if 
you can accept the possible side effects and have not flown recently or at all, use this 
assistance and improve the chances that you can concentrate on completing your 
experiments. If you will fly more than a very few times, wean yourself as quickly as 
you can. Of course the quickest way to adapt is to not use the medication at all, but 
you may lose test time during your first flights. Of course, the decision is completely 
yours and you should not feel (nor provide) any pressure to decide either way. 

Some people who have particularly good cardiovascular exercise programs 
experience what seems to be pooling of blood in their legs. These folks perspire 
heavily and may be a little light headed during the 2gs, but don't seem to be any more 
prone to motion sickness than anyone else. 

Final Comments 

The opportunity to perform experiments aboard a reduced-gravity aircraft facility 
is a rare priviledge. You can obtain optimal satisfaction from this experience by 
careful planning, learning from the experience of others, and an on board work ethic 
that allows you to enjoy the environment while doing serious scientific or technological 
research. Look for ways to improve your experiment each time you fly and to help the 
other experimentors around you - you will benefit from both. 

I wish you good luck in your planning, preparations and flights. Perhaps we will 
have the opportunity to fly together, in which case I would welcome your comments on 
my advice. 
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