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3 Quick Reference Data Sheet

KC-135 Quick Reference Data Sheet
Principal Investigator:  Dan Buckland
Contact Information:  gte054u@mail.gatech.edu 





Phone:404-242-7302
Experiment Title:  Hemodynamics and Free Radical Production in High Gravity Shifts in the Human Cardiovascular System.
Flight Date(s):  Flight Week 5 - Jul 8-17, 2004
Overall Assembly Weight (lbs.):  78.48 lbs
Assembly Dimensions (L x W x H):  3.7 ft X 2.8 ft X 1.5 ft
Equipment Orientation Requests:  Biopac Payload is placed on the floor against the wall with several feet of clearance around it for freedom of movement of subject and investigator. 
Proposed Floor Mounting Strategy (Bolts/Studs or Straps):  Bolts/Studs

Gas Cylinder Requests (Type and Quantity):  None
Overboard Vent Requests (Yes or No):  No
Power Requirement (Voltage and Current Required):  None

Free Float Experiment (Yes or No):  No
Flyer Names for Each Proposed Flight Day:  Day 1: Dan Buckland, Kelly Griendling







Day 2: Richard Moffitt, Jessica O’Neal

Camera Pole and/or Video Support:  1 camera pole requested
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Flight Manifest
Preferred Flight Days: July 13-14

Flyers: Dan Buckland (Flight Day 1)-Previously Flew on 11 April 2002

Kelly Griendling (Flight Day 1)

Jessica O’Neal (Flight Day 2)


Richard Moffitt (Flight Day 2)


Robert Dorman (Alternate)

5 Experiment Background

Studies have determined that an elevated concentration of oxygen-derived free radicals in the blood stream leads to the upregulation of genes that contribute to the development of atherosclerosis.
,​​​
  Studies show that fluctuations in blood flow patterns stimulate the release of reactive oxygen-derived free radicals into the blood stream, regulating gene expression and promoting atherosclerosis
,
. It has also been shown that acceleration shifts, such as those experienced in the parabolic flight patterns of the KC-135, significantly affect vascular pressure and flow patterns
,
,
,
,
. We propose to document the effects of large acceleration shifts on the concentration of oxygen-derived free radicals in the human blood stream and the subsequent physiologic impact as assayed by vascular reactivity. 

Oxygen-derived free radicals trigger cell growth, attack lipids and oxidize double bonds, causing stiffer, more solid membrane structures. Free radicals also activate cell-signaling sequences that lead to the upregulation of genes that cause vascular inflammation. The inflammation of the blood vessels and hardening of membrane structures leads to atherosclerosis, the hardening of blood vessels. Free radicals deactivate nitric oxide, an agent that lowers blood pressure by dilating the blood vessels. Increased amounts of free radicals in the blood will lead to prolonged elevated blood pressure, which will cause cellular damage and vascular inflammation, ultimately leading to cardiovascular diseases. 

Our team hopes to prove that the changes in blood flow and blood pressure due to acceleration shifts will stimulate the production of oxidative free radicals, which over time can contribute to the development of atherosclerosis. The results of this study can be used to explain the incidence of heart disease that may occur for individuals that are subjected to the stresses of variable gravity environments, as well as offer insight into the development of atherosclerosis in individuals with hypertension which may also facilitate the production of oxidative free radicals.

6 Experiment Description

This experiment is designed to measure the effects of rapid acceleration shifts on the human cardiovascular system.  The shifts in gravity experienced by passengers of the KC-135 should alter the stresses experienced by blood vessel endothelial cells. These stresses have been shown to cause the production of chemical messengers and radical oxygen and nitrogen species. The presence of free radicals will be determined by two ground-based assays, while the stresses of the cardiovascular system will be measured in flight non-invasively.

Free radical quantification will be accomplished first by measuring the blood of the test subjects before and after they undergo the flight of the KC-135. Blood samples (10 cc) will be tested for established markers to determine the activity levels of oxidative radicals in the blood. The blood will be taken on the ground in Houston, and will be subject to two tests (a glutathione assay and an 8-iso-prostaglandin F2α assay) at Emory in Atlanta. 

As a second measurement of the presence of oxidative stress, an ultrasound machine will measure brachial artery response pre- and post-flight. The ultrasound machine will be used to take images of the brachial artery, measuring its dilation response to a large pulse flow following vascular ischemia. 

The test group will fly on the KC-135 and be subject to the stresses of micro- and hyper gravity shifts. During the flight, the heart rate and blood flow will be measured by an ECG and non-invasive Doppler probe. The simple 3-lead ECG will be able to show the rate and relative force used by the heart, and the Doppler probe will be able to show the flow characteristics experienced in the artery. Endothelial shear stresses can then be inferred from Doppler flow rate data.

6.1 Expected Results  

Due to the stress of the variable gravity environment, we expect to find that the brachial arteries will have limited or spastic dilation response to pulsatile flow compared to pre-flight results. The glutathione assay should find heightened levels of glutathione in the blood, as glutathione is a cofactor in the production of antioxidant enzymes. The 8-iso-prostaglandin F2α assay should show higher levels of the compound due to the fact that it is produced by the catalyzed oxidation of arachidonic acid, an antioxidant, and is indicative of vascular inflammation. The elevated levels of glutathione and 8-iso-prostaglandin are indicative of heightened oxidative stress. For all assays, the post flight data should show increased levels of free radical induced stresses.
7 Equipment Description
7.1 Ground Based Equipment

7.1.1 Drawings/Pictures

The major ground based equipment to be used both before and after flight is the Acuson Ultrasound Sequoia system.  This system uses ultrasound to form images of anatomical structures; in our case, we will be using the system to capture images of the brachial artery before and after the flight to document the changes in the blood vessel’s diameter in response to the stresses of high acceleration shifts experienced on the KC-135. 
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Figure 7‑1.   Acuson Sequoia Ultrasound System

The Acuson Ultrasound system is approximately 4 feet tall, 2.5 feet deep, and 2 feet wide.  In addition to the Ultrasound system, a table or stretcher will be used to position the subject in a reclining position to capture the ultrasound images. 

Additional ground based equipment provided by our team will include those items necessary for the proper extraction, storage, and disposal of blood and blood extraction material, including:

Needles

Blood Storage Bottles (10cc)

Hazardous Waste Disposal containers

Sterilization Chemicals

Blood transfer cooler with Dry Ice

The team requests a small room in which to store the Acuson Ultrasound System.  Additionally, the team requests that the room contain a table or reclining chair, enabling subjects to lie on the table during physiological data acquisition. Finally, the team requests information about hazardous waste disposal in Houston; otherwise, all hazardous waste associated with blood extraction will be transported back to Atlanta for proper disposal at Emory University.

7.2 Flight Based Equipment

7.2.1 Drawings/Pictures
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Figure 7‑2. Front view of Subject with Equipment.



Figure 7‑3. Back View of Subject with Equipment.
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Figure 7‑4. Biopac Payload Layout.
7.2.2 Itemized List of Components for Experiment

The following items will be brought on the flight:

Secured to the test subject (numbers refer to Figures 7-2 and 7-3):

· A-1 – TEL 100M-C: Hub for amplification and modulation of transducer input signals. Connected to the TEL 100D-C via 20m coaxial cable.

· A-2 – SS2: Shielded equipment leads. Consists of a three-lead ECG set which combine into a single cable for input into the TEL 100M-C. Leads will be connected via ECG Ag/AgCl electrodes in standard ECG configuration.

· A-3 – SS10: Handheld pushbutton event marker for single wired input into the TEL 100M-C. 

· A-4 – Doppler unit: The self powered analysis unit that outputs a signal to the TEL 100M-C. Used to process information from the Doppler probe.

· A-5 – Doppler probe: Secured to the arm of the subject to monitor the brachial artery.

· A-6 – BNC coaxial cable and safety rope:  Secured from torso of individual to the Tel 100 and the safety rope is connected to the Biopac payload.

Secured to the Aircraft (numbers refer to Figure 7‑4):
· Payload board: plywood board that will be bolted directly to the aircraft, and provide a stage for screwing other equipment down. Included and secured to the payload board is everything called the “Biopac payload,” which includes

· B-1 – Laptop 
· B-2 – MP 100 data acquisition unit
· B-3 – UIM interface module

· B-4 – TEL 100D-C demodulator

· B-5 – BAT  100 power supply

· B-6 – Outreach  Box.

· JSC provided camera mount

· Video camera attached to mount

Inside the Outreach Box (secured with Velcro):
· Gyroscope

· Spinning top

· Paper airplane

· Foam dart

· RC car

· Juice box (inside containment baggie)

7.2.3 Overall Experiment size and weight                                                 Sizes and Weights of Instruments on Body

	Item
	Dimensions
	Weight (lb)
	Manufacturer

	Data Acquisition Unit attached to plane:

	Biopac Payload Total
	3.7’ x 2.8’ x 1.5’
	78.48
	Flight Team

	On Body of Subject:

	Tel 100M-C
	3.5” x 5.6” x 1.2”
	.67
	Biopac

	SS2
	3.3’ long
	Nominal
	

	SS10
	.75” diameter, 2.5” long
	.01
	Biopac

	Doppler Unit
	3.2” x 6” x 1.3”
	.66
	Koven

	Doppler Probe
	6” long, .3” diameter
	Nominal
	Koven

	Subject Total
	
	~1.5 lb
	


7.2.4 Proposed Layout of equipment on aircraft

7.2.4.1 
Takeoff/landing

For takeoff and landing it is very simple to prepare the payload. The laptop will be closed and secured. The cable and support cord used to connect the Tel 100D-C to the Tel 100M-C will be stowed in the outreach box, which will also be closed and secured. The small transmitting device on the subject will already be attached to the subject and be located with them in their seat. 
7.2.4.2 
Parabolas

During flight, the subject will remain in place both by holding on to a RGO provided strap attached to the floor of the aircraft and by being stabilized by the investigator flying with them. Straps are shown orientated with respect to the payload in Figure 7-5.
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Figure 7‑5. Orientation of payload with respect to aircraft.
8 Structural Analysis
8.1 Free Body Diagrams
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Figure 8‑1. Overall Free Body Diagram used to Calculate Design Calculations
Center of mass for each individual component was in the center of each device. 
8.2 Weights and Attachments

	Item 
	lbm
	Manufacturer

	Base
	20.13
	Georgia Pacific

	BAT 100
	12.32
	Biopac

	MP 100
	3.96
	Biopac

	TEL 100
	1.32
	Biopac

	UIM
	1.14
	Biopac

	Laptop
	4.40
	Sony

	Outreach Box
	35.20
	Rubbermade

	
	
	

	Totals
	78.47
	 


The manufacturers of each device have given assurances that their components can withstand the loads that will be applied. 

The weights of the components of the transmitting unit on the subject are noted above in section 7.2.3. 

The Payload will be attached to the subject by two ways a coaxial data cable with a BNC connection to the Tel 100s on each side and a slightly longer polypropylene rope. The rope is attached to a harness on the subject and to an eyebolt on the board. This serves to take all of the load  off of the coaxial cable in the event that it becomes overextended. 

All of the components except the outreach box are attached to the base by a combination of metal and nylon straps secured into the plywood base by wood screws (Figure 8-2). 
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Figure 8‑2. Strap-down Configuration.
There are 2 metal straps per component that cross over the top to hold it to the board. There are two nylon straps, each goes over the length of the component to provide padding against the metal strap, and further support (Figure 8-3).
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Figure 8‑3. Top Down View of Strap-Down Configuration.

The outreach box is attached by 8 screws through the base of the box into the base board. This is more than enough to hold the box steady in take-off, landing, and flight. 
8.3 Design Calculations
Attachment of experiment to floor of airplane 
Case 1: Shearing of aircraft mounting bolts by 9 g acceleration in take off
Shearing force = mass x acceleration

M = 78.48 lbm 

Acceleration = 9g

F = (78.48 * 9) = 706.32 lbf
This force will be distributed among 4 bolts rated for 5000 lbs each (from AOD 33897). This is well within the stress limit of the bolts. 

Using one bolt (assuming worst case scenario that 3 bolts will fail):

Factor of safety = (5000-706.32) / 706.32 = 6.08

Attachment of components to frame 

Case 2: Shearing of Equipment from mounting board in take off 

[image: image10.emf]Equipment  Mass (lb) 9g Force # of screwslb rating safety factor

MP100 3.96 9 35.64 4 2945 81.6

BAT100 12.32 9 110.88 4 2945 25.6

TEL 100D 1.32 9 11.88 4 2945 246.9

UIM 1.14 9 10.26 4 2945 286.0

Laptop 4.4 9 39.6 4 2945 73.4

Outreach 35.2 9 316.8 4 2945 8.3

All calculations performed using same calculation methodology as Case 1. 

The safety factor is calculated for the worst case scenario that 3 bolts will fail, leaving one bolt to bear the load.

In-flight loads

No subject weighs more than 150 lbs.  Therefore:

150 lbm x 2g = 300 lbf 

The 1/4th inch polypropylene rope is rated for 1250 lbs.  

The rope will be connected to the board through two I bolts, each rated for 500 lbs. 

Therefore, the margin of safety is:

(1000-300)/300 = 2.333 

Floor load analysis

Proof that the experiment weight will not exceed floor load requirement of 200 lbs/ft2
Total experiment weight: 78.48 lbm
Board area: 3.7 * 2.8 ft = 10.36 ft2‑

Total load = 78.48/10.36 = 7.58 lbm/ft2

8.4 Factors of Safety
Table of factor of safety result

	
	Load case analyzed
	Factor of Safety

	Attachment of experiment
	9 g in any direction
	6.08

	MP 100
	9 g in any direction
	81.6

	BAT 100
	9 g in any direction
	25.6

	Tel 100 D
	9 g in any direction
	246.9

	UIM
	9 g in any direction
	286.0

	Laptop
	9 g in any direction
	73.4

	Outreach
	9 g in any direction
	8.3

	Subject
	2 g in flight 
	2.333


All components of the experiment are manufactured from an external source, and each company has ensured that each component can withstand the required loads.  No lightweight loads will be directly attached to the board; rather, Z bended galvanized steel strips are used to hold the equipment in place, in which all bolts are rated to 9 g environments.
8.5 Testing

The manufacturer of each component has been consulted in detail about the specifications of the configuration. Each one assures that their component will withstand the forces involved.
9 Electrical Analysis

9.1 Schematic
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Figure 9‑1. Electrical Layout.
	Cables
	Description
	Length

	A
	8 pin Serial to USB output for data feed
	7 ft

	B
	12 V power supply 
	6 ft

	C
	37 pin connector provides +/- 12 V power and 16 analog inputs
	3 ft

	D
	25 pin connector provides +/- 5 V power and 15 digital inputs
	3 ft

	E
	Direct Serial Connection (Snap-On)
	0 ft

	F
	Lightweight Coaxial Transmission Cable with dual RCA plugs +/- 10 V
	66 ft

	G
	ECG hub to DIN cable
	3.3 ft

	H
	Shielded electrode clamp leads
	3.3 ft

	I
	Phono to DIN cable
	4 ft

	J
	Probe cable
	6 ft

	K
	DIN plugs, 5 V power supply
	6 ft


*All wires are supplied by the manufacturer, and are rated for safety over the used amperages. All devices contain internal fuses.
9.2 Load Tables

	Power Source Details
	Load Analysis

	Name : BAT 100
	MP100

UIM 100c

TEL 100D
	680 mA

100 mA

20 mA

	Voltage : 12 V
	
	

	Max Battery Current : 1 A
	Total Current 
	0.8 A


	Power Source Details
	Load Analysis

	Name : 9 V alkaline battery
	TEL 100M

	Voltage :  9V
	

	Wire Gauge : Internal system
	


	Power Source Details
	Load Analysis

	Name : Lithium Ion Battery 1                   
	Laptop

	Voltage : 14.8 V
	

	Wire Gauge : Internal System
	


	Power Source Details
	Load Analysis

	Name : Lithium Ion Battery 2
	Video Camera

	Voltage :  7.2 V
	

	Wire Gauge : Internal System
	


	Power Source Details
	Load Analysis

	Name : 4 AA batteries
	Doppler Probe

	Voltage: 4 x 1.5 = 6.0 V
	

	Wire Gauge: Internal System
	


9.2.1 Stored Energy

No devices will be used to store energy. 

9.3 Emergency Shutdown Procedure

In the case of emergency shutdown, the BAT 100 will be disconnected from the MP 100, effectively disabling the experiment.  Secondary to this, the Laptop, Doppler Unit, and TEL 100 will also be turned off.  The video camera will be shut down last. 

9.4 Loss of Electrical Power

Due to the fact that each of our electrical components draws internal battery power, loss of airplane power will not affect our experiment. 

10 Pressure Vessel Certification
There are no pressure vessels in the equipment configuration.
11 Laser Certification

There are no lasers devices in the equipment configuration.
12 Parabola Details and Crew Assistance

The normal flight profile of the student program will be adequate for the experimental needs. No special crew assistance is requested. 
13 Free Float Requirements

There are no free float requirements in the equipment configuration
14 Institutional Review Board (IRB)

An IRB is required for this project. The Georgia Tech IRB has given preliminary approval and is currently reviewing the team’s proposal for final approval. The Emory University IRB is approved but is contingent on the Georgia Tech IRB. Both IRB approvals are expected by the end of April. The information will be forwarded to the RGO along with completed and signed AOD Forms 150 and 151 as soon as it is received.  For more IRB information contact team member Kelly Griendling (gtg625b@mail.gatech.edu) 
15 Hazard Analysis

15.1 Electrical Shock 
Description:  An electrical shock to the investigator may result from inattentive electrical connections between the body of the individual and the instrumentation.

Hazard Causes:

1. Improper connection of electrodes to Biopac instrumentation

2. Improper grounding of electrical components and human investigator

3. Improper electrical connections between instruments

Hazard Controls:

1. Electrodes will be connected in a 3-lead configuration as recommended by Biopac for their ECG data acquisition unit.

2. All instruments are self-contained with internal grounding manufactured into the system.  Connections between instruments will follow documented recommendations provided by Biopac.  The human investigator will be attached to a ground lead on the right ankle.  

3. All connections between instruments will be made in accordance to the recommendations by the manufacturers.

15.2 Electrical Fire 
Description:  As a result of turbulence or other unexpected accelerations during the flight, experimental equipment may become dislodged and collide violently with other electrical equipment, causing a short circuit and possibly an electrical fire.

Hazard Causes:

1. Failure of instrument fasteners to the board (see equipment description)

2. Improper bolting of the board to the plane

Hazard Controls:

1. Instruments fasteners have been tested to withstand stresses that would be expected on the KC-135 as described in the structural analysis and equipment description section.  

2. The board will be secured to the floor of the aircraft in compliance with JSC standards.

15.3 Battery Leak
Description:  Batteries used to power instruments may leak or explode.

Hazard Cause:

1. Structural failure of battery

Hazard Controls:

1. No batteries are subject to any mechanical or physical stresses (see structural analysis and equipment description section) and every battery is encased in a typical battery compartment within each device, so any leak that may occur will be contained.  

15.4 Dislodging of Equipment 

Description:  A disturbance from the plane or inadvertent contact from team members or other experiments may dislodge the equipment in the microgravity portion of flight, causing a collision hazard.

Hazard Cause:

1. Instrument restraints may fail

2. Unpadded sharp edges can cause injury if instruments collide with individuals on the plane in microgravity

3. Outreach activities may come out of the box and pose a safety hazard in microgravity environments. 

Hazard Controls:

1. Instruments fasteners have been tested to withstand stresses that would be expected on the KC-135 as described in the structural analysis and equipment description section.  

2. All sharp edges will be padded to prevent injury from contact with the instruments in the case of a free-floating collision.

3. All outreach activities will be attached to Velcro straps inside the outreach box to prevent activities from free floating out of the box in microgravity environments.  
15.5 Data Cable Tangles
Description: The data cables could tangle, causing an unsafe situation.

Hazard Cause:

1. Excessive twisting and turning of the individual connected to the instruments may tangle the cables.

Hazard Controls:

1. All cables and the reinforcement will be able to be quickly detached in the case an unsafe situation arises. Cables will be bundled with plastic ties to cut down on possible tangling.  Secondary team member will be devoted to making sure the environment around the test subject is secure and test subject will remain stable by holding on to straps attached to the floor of the aircraft. Loose cable will be secured with Velcro on the payload board.
15.6  Ground – Hazards associated with blood collection

Description: While doing blood collection before and after the flight on the ground, unsafe situations could arise. 

Hazard Cause:

1. The blood draw could cause extensive bleeding.
2. Collected blood can spill or storage container could break

Hazard Controls:

1. Blood will be drawn by either a study nurse or the investigators who will be certified in phlebotomy. 

2. Appropriate blood cleaning agents will be brought to the site and OSHA regulations will be followed when handling blood. 
16 Tool Requirements
No tools other than medical tape will be required in flight. It will be stored in the flight suit of the investigators and be used to attach the sensory devices to the body. On the ground the team will be using screwdrivers and other similar simple tools for securing and modification. All ground tools will be properly stored and inventoried to avoid foreign object debris.
17 Photo Requirements

The supplied photographer and videographer with the student program will be sufficient for our photography needs. No S-band downlink is required.
One camera pole is requested for hands free recording. 
18 Aircraft Loading

The experimental configuration is light enough that two people can lift it and hold. A forklift and lifting palette will be sufficient to raise it up to the level of the airplane. It can be hand carried into the plane to be secured. 
The weight of the Biopac payload to be loaded into the aircraft is 78.48 lbs. The base plate area is 10.36 ft2. Dividing these values gives a loading of 7.58 lbs/sq ft when the Biopac payload is secured and no more than a 20 lbs/sq ft load when being hand carried by two people. Also two persons will be able to carry the payload with less than 50lbs per person.
19 Ground Support Requirements

19.1 Ground Power
A 120 Volt 60 Hz wall outlet will be needed to power the Acuson Sequoia Ultrasound machine and the battery chargers for the various in-flight devices. 
19.2 Pressurized Gas

No pressurized gas is required for this project.

19.3 Toxic Chemical Storage

No toxic chemical are required for this project.

19.4 Off-Hours Access

No off hours access is required for ground operations.

19.5 Tool Requests

There are no general tool requests other than the tools required to fasten the base board to the aircraft floor. The team will bring all required tools. Careful handling is requested for the ground based Acuson Sequoia Ultrasound device. 
19.6  Other Requirements
Operation of the Acuson Sequoia Ultrasound device requires a quiet room with electricity that can be darkened while the subject reclines. Use of such a room is requested. A reclining chair or sturdy table will be adequate for support of the subject. The room only needs to be available on the flight days, but availability for the rest of the flight week would be helpful. 
20 Hazardous Materials
There are no hazardous materials in the equipment configuration.  
21 Material Safety Data Sheets (MSDS)

There are no chemicals or fluids in-flight. On the ground dry-ice will be used for blood storage and bleach will be on hand in case of blood spills. All materials will be properly stored so no harm comes to personnel or equipment. The MSDS for both materials are attached. 
22 Procedures

22.1 Equipment Shipment to Ellington Field. 
The Acuson Ultrasound System will be shipped to Ellington Field.  Shipping arrangements (shipping company, shipping date) are pending.  The RGO will be notified as soon as details have been worked out. All other equipment, including the Biopac payload, will be driven to Houston by the student researchers.  

22.2 Ground Operations
Equipment will be brought to Houston in “ready to use” fashion.  

1. Physiological Baseline Measurements

a. Every flight member will establish a baseline brachial artery response pre-flight using the Acuson Ultrasound System.

b. 10 mL Blood from each flight member will be drawn and frozen pre-flight to be analyzed at Emory University in Atlanta, GA to establish a baseline oxidative free radical concentration using glutathione and 8-iso-prostaglandin F2α assays.  All needles used to extract blood will be disposed of in sharps containers and hazardous waste bags for proper disposal in Atlanta, GA unless an appropriate disposal is available at JSC. 
2. Equipment Preparation

a. All equipment will be inspected to ensure that no connections or equipment was loosened or damaged in transit.

b. All batteries will be inspected to ensure they are charged and ready to use. 

c. A pre-flight test run of ECG capturing capabilities by the Biopac payload will be run to ensure proper functioning of the equipment. 

d. A pre-flight test run of the Doppler device will be run to ensure proper functioning of the equipment.

e. Minor modifications to make flight ready will be undertaken if needed after the TRR

No power or equipment needs are required at Ellington Field.  

22.3 Loading

1. A forklift will be required to raise the Biopac payload to the entrance of the plane. If necessary it can also be carried up the airplane stairs by two people. 
2. From the entrance, the Biopac payload will be carried by two people to the appropriate location and bolted to the plane.

22.4 Pre-flight
1. A pre-flight inventory of all necessary tools will be taken.

2. Electrodes will be placed on the test subject in the appropriate places needed to capture the ECG to be connected in-flight.

22.5 Take-off / Landing
No special equipment storage will be necessary during either the takeoff or landing phases.  The subject will not be connected to the Biopac payload until the plane has safely lifted off, and the subject will be disconnected before the plane needs to land.

22.6 In-flight
The in-flight responsibilities will be broken up between the two flight members.

Flight member 1:  Physiological Data Acquisition Subject

Team member 1 will be attached to the Doppler system and the Biopac instrumentation.  All physiological effects from the hyper- and microgravity environments will be obtained from this team member.  The subject will mark all hyper- and microgravity events using a push button connected to the Biopac payload.  It is important that the team member not engage in extraordinary activities in microgravity environments.  This team member will also be performing outreach activities to be taped by the other team member. In each hypergravity segment the flight member will lie supine to ensure uniformity of the hyper-g loads throughout the flight. 
Flight member 2: Run all equipment and operate video camera

Team member 2 will be responsible for starting up all equipment and maintaining the data acquisition unit during the flight.  This team member will also be video taping the first team member as he/she performs outreach activities.  

Before the first parabolic flight, and after the plane is at altitude the two team members will perform the following procedure:

1. All instruments will be powered up:

a. Laptop computer

b. MP 100

c. UIM 100C

d. Tel 100 M

e. Tel 100 C

f. Doppler Device

2. Initialize acquisition software on the laptop connected to the Biopac payload.

3. Connect the subject to the Biopac payload by connecting the coaxial cable from the Biopac payload to the transmitter strapped to the subject and attaching quick release support cord.

4. Begin to acquire data using the Biopac Software.

5. Turn on video recording equipment.

6. Record a shot of the data streaming across the screen, and record an event marker so that video may be rectified with data.

During the parabolas:
Flight member 1:

At the beginning of each 0g portion:

1. Press the event marker at the onset of weightless feeling.

2. Retain hold onto strap next to payload so as not to float too far away from base.

3. Perform outreach
At the beginning of each 2g portion:

1. Press event marker at the onset of contact with ground due to gravity.

2. Lie supine in stable position

Flight member 2:

At the beginning of each 0g portion:

1. Record activities/outreach of flight member 1.

2. Keep subject in stable position near payload.

During each 2g portion:

1. Ensure flight member 1 is not tangled in cords.

After the last parabola before landing both team members will complete the following procedure:

1. Shut down acquisition software.

2. Disconnect subject from Biopac payload.

3. Secure the coaxial cable to the board with Velcro strap.

4. Power down all devices.

a. Laptop computer

b. MP 100

c. UIM 100C

d. Tel 100 M

e. Tel 100 C

f. Doppler Device

g. Video Recording Equipment

5. Prepare for landing.

All procedures will be repeated for the second flight day.  The journalist will accompany the student researchers on the first flight day for observations. 

22.7 Post-Flight

There are two post-flight procedures: obtaining physiological data post-flight and tweaking equipment to prepare for the next day flight.

1. Physiological Data Acquisition

a. Flight members will acquire the brachial artery diameter post-flight using the Acuson Ultrasound System soon after the flight.

b. Flight members will have 10 mL blood drawn and frozen post-flight to be analyzed at Emory University in Atlanta, GA for the oxidative free radical concentration using glutathione and 8-iso-prostaglandin F2α assays.

2. Equipment Inspection and Tweaking

a. Equipment will be inspected for loose connections or attachments and any problems will be fixed.

b. Tweaking of instrumentation will occur based on observations made during the first flight day. 

22.8 Off-Loading

The Biopac payload will be un-bolted from the plane and carried to the entrance to the KC-135, where a fork-lift will lower the data acquisition unit to the ground.  Details about the shipping of the Acuson Ultrasound System will be given to RGO as soon as they are arranged.  The Biopac payload will be removed by the student researchers and carried to Atlanta, GA.  All blood samples will be secured in a medical-grade shipping cooler to be taken to Emory University by the study nurse for analysis. 
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		Equipment		Mass (lb)		9g		Force		# of screws		lb rating		safety factor

		MP100		3.96		9		35.64		4		2945		81.6

		BAT100		12.32		9		110.88		4		2945		25.6

		TEL 100D		1.32		9		11.88		4		2945		246.9

		UIM		1.14		9		10.26		4		2945		286.0

		Laptop		4.4		9		39.6		4		2945		73.4

		Outreach		35.2		9		316.8		4		2945		8.3






