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SECTION 1	INSTITUTIONAL REVIEW BOARD APPROVAL
[bookmark: _Toc420374409]This Hardware Evaluation of the High Eccentric Resistive Overload device (HERO) was submitted for review to the JSC Committee for Protection of Human Subjects (CPHS) in May 2012. The study was approved on June 11, 2012 (see Appendix A for approval letter).

[bookmark: _Toc293928967][bookmark: _Toc310575727]SECTION 2	TEST PERSONNEL
[bookmark: _Toc217012615]Section 2.1	Principal Investigator
[bookmark: _Toc217012616]John De Witt, Ph.D., Wyle ExPC Senior Biomechanist
[bookmark: _Toc217012617]
Section 2.2	Technical Support Personnel (Wyle Laboratories)
John Byard, M.S. – Bioastronautics Research and Test Operations Safety Officer
Renita Fincke – Wyle ExPC Project Engineer
Joe Sinka – Wyle ExPC Senior Project Engineer
[bookmark: _Toc217012618]
Section 2.3	Subjects
The SK Human Test Subject Facility will recruit subjects for this investigation.

[bookmark: _Toc293928968][bookmark: _Toc310575728]SECTION 3.	PURPOSE
This TRR will satisfy the institutional requirements to verify that hardware and procedures are safe for conducting an assessment of the HERO with human subjects.

[bookmark: _Toc293928969][bookmark: _Toc310575729]SECTION 4.	BACKGROUND
In planning for long-duration exploration missions, NASA has determined that any crew vehicle should possess an exercise device that can be used by crewmembers to maintain health. The requirements for the exercise device include the capability of providing sufficient load and potential to allow the performance of various resistance motions with the added requirement of meeting limited mass and volume constraints. 

The Exercise Physiology and Countermeasures Project (ExPC) has developed a standard evaluation protocol for use in quantifying device prototype capabilities. This protocol has been completed in the past under CPHS approval for three devices. There is a new device, the High Eccentric Resistive Overload device that has been developed by Zin Technologies at Glenn Research Center. The purpose of this evaluation is to perform the standard ExPC hardware evaluation on the Exercise System to allow comparison with other exercise concepts and to provide biomechanical data to the Digital Astronaut program. Up to 15 persons will perform submaximal resistance exercise on the device, while device characteristics such as provided force and cable displacement are recorded. In addition, subjects will complete a questionnaire regarding their feelings for the device. None of the data will be published; instead, data will be used by the developers and NASA customer to inform decisions regarding further development of the device.
[image: O:\ECL\CCF Exercise Countermeasures\Photos 2012\2012_11 HERO ITC Professional Shots\Lo Res\HERO Subject and Operator.jpg][image: O:\ECL\CCF Exercise Countermeasures\Photos 2012\2012_11 HERO ITC Professional Shots\Lo Res\HERO Squat 2.jpg]

Figure 1: Photos of the HERO.

Upon test readiness approval, a dry-run test is planned.  These practice sessions will serve several purposes. First, it will help finalize procedures for testing of each subject. The practice will also give the team experience with running conditions of the device. 

Upon successful completion of the dry run testing, 10-15 subjects will be tested according to study protocol conditions (Section 5.4).   

[bookmark: _Toc293928970][bookmark: _Toc310575730]SECTION 5.	STUDY SCHEDULE, STUDY LOCATION, PROTOCOL AND SYSTEM FUNCTIONAL DESCRIPTION
[bookmark: _Toc217012622]
Section 5.1	Study Schedule

For dry run testing, 1-2 subjects will be tested to evaluate the new hardware and protocols. Testing is expected to be completed in 1-2 days.

For study testing, approximately 10 subjects will be tested in one 2-3 hour session. Testing is expected to be completed in 5-10 days.

All data collection activities will finish by May 31, 2013. 
[bookmark: _Toc217012623]
Section 5.2	Study Location
All evaluations will be conducted in B261 Room 137/138.
[bookmark: _Toc217012624]
Section 5.3	Equipment
The HERO system is the primary piece of equipment use in this evaluation. The device will be attached to a hardware frame to allow exercise to be completed. The HERO consists of two pneumatic gas springs, a pneumatic cylinder/electronics box assembly, and a laptop with a software program written in Labview to control the device. The subject will interface with the device using a custom-made bar that is similar to a barbell found in a typical gymnasium. The HERO exercise device is capable of being used with or without the eccentric-concentric overload assist motor assembly.  This system works by supplementing the load experienced by the subject in the eccentric (return) stroke to create eccentric overload.  The overload assist motor can be slid into contact with the output pulley, and uses software and the encoder reading to determine when the user is in the eccentric provide supplemental loads up to 30 lbs.  The device can be used with or without this feature.
[bookmark: _Toc217012625]
Section 5.4	Protocol

Prior to performing the extended assessment and evaluation of the HERO, engineering tests were performed to ensure that the device functioned in a safe manner. These tests were coordinated with NASA/GRC Safety and allowed the manufacturer to validate operational software settings as well as the test setup in a safe manner prior to man-in-the-loop performance evaluations. The evaluation was conducted in November 2012 at Glenn Research Center.

Also, a class I JSC Pressure System safety check will be completed before the Test Readiness Review at JSC.

Each subject will attend a familiarization session to be briefed on the protocol that will be performed and to provide informed consent as well as a data collection session to record hardware performance data. Prior to each session, a screening form will be completed to ensure the subject is in good health.

Test personnel will verbally explain and demonstrate proper form for each exercise shown in Table 1.1. These exercises are typically performed by crewmembers and by lay persons during resistance exercise sessions.  The descriptions and photographs shown in table 1.1 will be available for review by the subjects and were obtained from the Resistive Exercise Description Document, (JSC 29558).  This protocol has been adopted by the ExPC to evaluate exercise device concepts and has been completed previously on other devices.

The subject will report to the Biomechanics Lab in B261 (Rm 137/138) wearing comfortable exercise shoes.  The subject will be provided with a spandex shirt and shorts to wear during the testing. The subject will warm-up on a treadmill for five minutes prior to data collection. The subject will also perform some functional flexibility exercises to complete the warm-up.

For two subjects, Retroreflective markers will be attached to the heels, toes, ankles, knees, hips, waist, shoulders, elbows, wrists, and head of each subject. The markers will be attached with double-sided adhesive tape to the subjects’ clothing. Fabric wrap used by athletic trainers when taping joints will be placed around the knees and elbows, and the markers will be directly attached to the wrap if needed. Markers on the head and wrists will be attached to sweatbands. Markers will also be placed on the lower legs and thighs. Marker positions will be monitored continuously by a twelve camera motion capture system (Smart-D, BTS Bioengineering, Milan, IT). A force plate will be used to continuously measure ground reaction forces throughout each movement (Type 9286B, Kistler Instruments, Amherst, NY).  Bar and cable displacement as a function of time will be measured using a rotary encoder. Load cells will be used to record resistance force, and additional video data may be collected with a standard digital video camera.

Test operators will monitor the subject closely during practice repetitions prior to each set to ensure that the subject is performing the lift properly. If a subject cannot perform the exercise while maintaining proper form, the exercise will be eliminated from the evaluation for that device and the exception will be noted. 

Subjects will perform 3 sets of 3 repetitions of each resistance exercise. 
The objective of the evaluation is to collect data at up to three different loads for each exercise. 
The following approach will be used: 
· The first set will be at a resistance that is selected by the subject upon completion of familiarization trials. Upon completion of the first set, the user will be asked to select a lighter or heavier load for the second set. 
· The second set will then be performed at the selected load. Similarly, after completion of the second set, the subject will be asked to select a load that is lighter or heavier than the just-completed load.
· The load for the final set will then be selected based on the subject's request but so that it is not equivalent to the load completed during the first set. Subjects will be allowed to rest as long as they would like between sets and between exercises.   

The device will also undergo a series of engineering and human factors assessments and measurements. The mass and volume of the device will be measured. Elapsed time will be measured for device set up, configuration from one type of exercise movement to another, and for changing from one load setting to another load setting. A thorough hazard analysis and series of safety/ground and flight hardware questions will also be assessed for the prototype device. Following data collection, each subject will fill out a questionnaire to assess their feelings for the device. 

In summary, the following exercises will be performed:

Table 1.1.  Test Protocol.

	Resistance Exercise 
	 Sets
	 Reps***

	Squat
	3
	3 (1 light, 1 medium, 1 heavy)

	Deadlift
	3
	3 (1 light, 1 medium, 1 heavy)

	Heel Raise 
	3
	3 (1 light, 1 medium, 1 heavy)

	Bench Press
	3
	3 (1 light, 1 medium, 1 heavy)

	Shoulder Press
	3
	3 (1 light, 1 medium, 1 heavy)

	Upright Row 
	3
	3 (1 light, 1 medium, 1 heavy)

	Biceps Curl
	3
	3 (1 light, 1 medium, 1 heavy)

	Bentover Row
	3
	3 (1 light, 1 medium, 1 heavy)

	Triceps Press
	3
	3 (1 light, 1 medium, 1 heavy)

	Diagonal Deadlift
	3
	3 (1 light, 1 medium, 1 heavy)

	Full Body Press
	3
	3 (1 light, 1 medium, 1 heavy)


 

[bookmark: _Toc293928971][bookmark: _Toc310575731]SECTION 6	HAZARD ANALYSIS SUMMARY
This section reviews the potential hazards associated with this experiment and the safety precautions that are planned for it. 

Hazards identified for this study:	The complete HA is listed in Appendix B.

[bookmark: _Toc293928972][bookmark: _Toc310575732]SECTION 7	SUBJECT INFORMED CONSENT PACKAGE
[bookmark: _Toc217012628]
Section 7.1.	Subject Informed Consent Form and Layman’s Terms

	See attachment: Attachment 1 HERO Evaluation Informed Consent.pdf

[bookmark: _Toc293928973][bookmark: _Toc310575733][bookmark: _Toc420374412]SECTION 8	MEDICAL MONITORING
According to the guidelines published for the JSC Committee for the Protection of Human Subjects (CPHS), our investigation requires Level III Medical Monitoring, which states that, “the ACLS-certified physician will be available within 15 minutes of notification via the emergency dispatch system.”  See Appendix A, CPHS Approval.  

In the event of subject injury or illness, the medical monitor will be contacted. The CPHS Chairperson will be notified of the incident, and the principal investigator will follow-up with a written report to the CPHS.

[bookmark: _Toc310575734][bookmark: _Toc479584447][bookmark: _Toc420374413]SECTION 9	TEST TERMINATION CRITERIA AND EMERGENCY STOP PROCEDURES
Subject and/or Medical Monitor Criteria:
Operations will be terminated for any of the following:
a. Subject request at any time.
b. Medical Monitor request at any time
Operations Criteria:
Operations will be terminated for any of the following:
a. Any of the operators must leave the exercise area during a test and a suitable replacement cannot be obtained. 
b. Any of the operators are not able to perform their duties adequately and a suitable replacement cannot be obtained.
c. Any emergency requiring evacuation of the facility.

Engineering Criteria:
Operations will be terminated for any of the following:
a. Any hardware item on the exercise device becomes loose or compromised.
b. Room lights are not operational.
c. [bookmark: _Toc310575735]Any fire or building emergency.
APPENDIX A: CPHS Approval
[image: ]
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Hazard Analysis Report




Date:  	Approved By:____________________________________

Hazard Analysis of: 								Approved By:____________________________________

Prepared By:                                                                                                                  Approved By:____________________________________

Building/Room: 	Approved By:____________________________________ 

Organization: 	Approved By:____________________________________

Revision:
RISK ASSESMENT

                                                                        Probability Estimate                                    	
	Severity Class	A	B	C	D             E	
		I	1	1	2	3              4		
		II	1	2	3	4              5	
		III	2	3	4	5             6	
		IV	3	4	5	6             7
		
RAC 1 Unacceptable – All operations shall cease immediately until the hazard is corrected, or until temporary controls are in place and permanent controls are in work.  A safety or health professional shall stay at the scene at least until temporary controls are in place
RAC 2 Undesirable – All operations shall cease immediately until the hazard is corrected or until temporary controls are in place and permanent controls are in work.  RAC 2 hazards are next in priority after RAC 1 hazards for control. Program Manager (directorate level), Organizational Director, or equivalent management is authorized to accept the risk with adequate justification.
RAC 3 Acceptable with controls – Division Chief or equivalent management is authorized to accept the risk with adequate justification.
RAC 4 – 7 Acceptable with controls – Branch Chief or equivalent management is authorized to accept the risk with adequate justification.

Severity Classes:	
I	Catastrophic. - A condition that may cause death or permanently disabling injury, facility destruction on the ground, or loss of crew, major systems, or vehicle during the mission; schedule slippage causing launch window to be missed; cost overrun greater than 50% of planned cost.
II	Critical - .  A condition that may cause severe injury or occupational illness, or major property damage to facilities, systems, equipment, or flight hardware; schedule slippage causing launch date to be missed; cost overrun between 15% and not exceeding 50% of planned cost.
III	Moderate. - A condition that may cause minor injury or occupational illness, or minor property damage to facilities, systems, equipment, or flight hardware; internal schedule slip that does not impact launch date; cost overrun between 2% and not exceeding 15% of planned cost.
IV	Negligible - A condition that could cause the need for minor first-aid treatment but would not adversely affect personal safety or health; damage to facilities, equipment, or flight hardware more than normal wear and tear level; internal schedule slip that does not impact internal development milestones; cost overrun less than 2% of planned cost.
Probability Codes:
A	Frequent, Likely to occur one or more times a year.
B	Probable, Likely to occur once in 1 - 2 years.
C	Occasional, May occur once in 2 - 5 years.
D	Remote, Unlikely to occur, but possible within 5 years to end of system life.
E	Improbable, Unlikely to occur during system life.


FUNCTION STATEMENT


Introduction

The Exercise Countermeasures Project (ECP) has been tasked with development of a resistive exercise device that has the ability to simulate free weight exercise in a zero gravity environment.  Because of typical flight requirements, it is highly desired that this device be low mass and require minimal power.  In order to minimize power requirements but to still be able to perform large resistive loads, typical devices make use of some sort of energy storage medium (i.e. flywheel, battery, or in our case, air pressure) such that the user “charges” the system on the pull out stroke, and the system returns this energy on the return stroke.  

The High Eccentric Resistive Overload (HERO) device uses a commercial air cylinder to provide the force for resistive exercise.  By setting the pressure in the air cylinder with the pneumatic control system, the total force output of the devices can be set from virtually any point between 40-600 lbs.  To increase the load, pressure is allowed to flow through a software activated solenoid valve from a 4500 psi DOT storage bottle.  To decrease the load, the software system opens a solenoid valve connected to vent.  The pneumatic system, particularly the hazards associated with this system, are the focus of this document.

Purpose

The purpose of this document is to address the hazards associated with the HERO pneumatic fill/vent system (reference schematic S1134MES6100), and to communicate hazard risk information to internal and external organizations that operation or maintain the system.  This report is designed to include all necessary information for making informed risk acceptance decisions related to this pressure system.


Scope

The HERO pneumatic system can divided into two separate pieces, (1) a high pressure DOT certified supply bottle, with a MAWP of 4500 psi, and the passive, lower pressure operation side (2), which has a MAWP of 250 psi.

For addressing the hazards related to this device, two primary concerns feed this assessment:
·  Ensuring that the high pressure side (1) is properly relieved and designed such that a regulator or other component failure is properly protected against, such that a potentially hazardous pressure cannot be created.
· The low pressure side (2) is properly sized for this application with appropriate margins

For verification of the high pressure side of the system, calculations will be presented for relief and burst disk sizing.  These calculations show that either the 300 psi safety relief valve or the 400 psi burst disk can handle more than the full flow of the included regulator.  For verification of the low pressure side of the system calculations are shown verifying the structural integrity of the commercial air cylinders in addition to hydrostatic tests of the included flexible hoses.  Additionally, cut (data) sheets have been included for all used components.


Applicable Documents

· S1134MES6100		HERO Device Fluid Schematic
· S1134MEA6000		HERO top level assembly drawing
· HERO Device Fluid Schematic Description
· Bimba 3 inch cylinder stress analysis
· JPR 1700.1J		JSC Safety and Health Manual
· JPR 1710.13E		Design, Inspection and certification of Ground Based Pressure Vessels and Pressurized Systems
· NASA-STD-8719.17	NASA Requirements for Ground Based Pressure Vessels and Pressurized Systems (PV/S)
· Piping System Hydrostatic Test Checklist, NASA GRC
· Piping System Hydrostatic Test Report, NASA GRC



Summary

The hazard analysis has been performed for normal and emergency conditions anticipated to occur during nominal exercise evaluations utilizing the HERO exercise device (P/N S1134MES6100). There are no open Category I or II RAC’s for the hardware, area, or interface.


[bookmark: _GoBack]HAZARD ANALYSIS
	

Nr.
	

Hazard
	

Cause
	

Effect
	

RAC Before Controls
	

Controls
	

Verification
	Disposition
Controlled or
Eliminated RAC C/F/R

	1.
	Explosion/ Implosion
	System contains a pressurized cylinder and associated tubing, regulators, RVs, etc. which could explode under high pressure conditions
	Severe Injury and/or Interruption of test and/or operations
	II / C / 3
	High pressure bottle equipped with 1800 psi burst disk (flow side) and a 7500 psi burst disk (bottle side).  Bottle hydrostatically tested to 7500 psi; max allowable fill pressure = 4500 psi.  In the event of this bottle reaching an unsafe pressure, RV would open, venting the system. System downstream of the bottle is protected by adequate additional relief valves
	Verify RVs prior to first use
	Closed/Controlled
II / E / 5

	2.
	Over pressurization of system
	Bottle regulator fails, resulting in 250 psi output being increased to unsafe levels
	Severe injury and/or interruption of test and operations
	II / C / 3
	System includes properly sized relief valves.  The gas springs which are not commercially rated to required margins have been verified via calculation (stress analysis). Flex hoses have undergone hydrostatic testing.  Documentation of these calculations and testing has been included.  
	Verify RVs prior to first use
	Closed/Controlled
II / E / 5

	3.
	Improper component design
	Components selected cannot withstand specified MAWP
	 Severe injury and/or interruption of test and operations
	II /C/ 3
	Commercial component ratings included for all components which demonstrate that the MAWP of the component exceeds anticipated working pressures.  Hydrostatic testing or additional calculations included for critical components.
	Design reviewed and approved by qualified engineering and pressure systems personnel
	Closed/Controlled
II / E / 5

	4
	Collision
	Personnel near test set-up could get caught in various system pinch/entrapment points

	Personal Injury and/or  Interruption of test and/or operations     

	II/B/2

	Subject and support personnel warned of potential pinch points prior tests involving the HERO.
Barricades will be installed as needed
Pinch / entrapment points guarded as applicable.  Test subject will be trained in use of device and will wear tights and close fitting shirt to avoid entrapment. Two (2) operators will be present to monitor testing.   
	Pre-test briefing and inspection
	Closed/Controlled
II/D/4

	5
	Electrical Shock

	Improper Design
Improper maintenance
Hardware Damage
	Death / Personal Injury and/or  Interruption of test and/or operations     

	I/A/1
	The electric motor and its power supply are enclosed and properly grounded.  Electrical work done in accordance with NFPA 70 (National Electric Code)
	Pre-test briefing and inspection
	Closed Controlled
I/D/3

	6
	Cuts and abrasions to personnel

	Failure to have round edges/corners

Burrs or sharp edges

	Personal Injury
	IV/B/4
	Hardware is designed to minimize sharp edges, corners, and burrs.


	Verification by design. 


	Closed 
Controlled
IV/C/5

	7
	Corrosion

	System is comprised of metals which possibly could corrode and weaken under certain conditions

	Hardware Damage
	III/B/3
	All metals are surface treated to prevent corrosion. Routine equipment inspection will include check for material corrosion and wear. 

	Pre-test inspection
	Closed
Controlled
III/D/5

	8
	Muscle cramping during exercise testing.
	Inadequate warm-up or stretching.
	Personal Injury
	III/C/4
	Exercise physiologists will be present during all exercise sessions to instruct on exercise form, and appropriate warm-up and stretching procedures will be followed.  
	Test operators will supervise stretching and warm-up activities.  Test operators will assist in stretching if a cramp occurs.
	Closed
Controlled
III/D/5

	9
	Delayed onset muscle soreness
	Exercising at a high intensity or performing new exercise.
	Personal Injury
	III/B/3
	Exercise physiologists will be present during all exercise sessions to instruct on exercise form, and appropriate warm-up and stretching procedures will be followed.  
	Test operators will supervise stretching and warm-up activities.
	Closed
Controlled
III/C/4

	10
	Muscle strain or injury
	Inadequate warm-up, stretching, improper form, or performing exercise with high resistance.
	Personal injury
	II/C/3
	Exercise physiologists will be present during all exercise sessions to instruct on exercise form, and appropriate warm-up and stretching procedures will be followed.  
	Test operators will supervise stretching and warm-up activities.
	Closed
Controlled
II/D/4

	11
	Slips, Trips and Falls
	Tripping over cables 

	Personal Injury / Hardware Damage
	II/C/3
	Cables will be taped to floor, cable covers utilized, or roped off barriers will be used to prevent tripping. 


	Pre-test briefing and inspection 
	Closed 
Controlled
II/D/4

	12
	Material Handling Hazard 
	Improper Lifting techniques / bulky unmanageable hardware
	Personal Injury / Hardware Damage
	II/C/3
	Hardware is designed to be moveable. Hero exercise device installed by experienced GRC personnel who will oversee initial testing and train EXL personnel on safe use of the hardware

	Installation of hardware preplanned 
	Closed 
Controlled
II/D/4

	13
	Cable Failure
	Cables underrated for loads they will see
	Personal Injury / Hardware Damage
	II/C/3
	Strap/cables will be proof-load tested to 1.5X the maximum operating load.  Strap will be visually inspected prior to each exercise session and spotter will be present to ensure the subject does not fall during exercise.

	Review of design criteria and pre-test inspection
	Closed
Controlled

II/D/5

	14
	Battery Leakage / Explosion
	Battery Misuse / Exposure to High Temperature
	Personal Injury / Hardware Damage
	II/C/3
	Unmodified COTS Lithium Polymer (LiPo) 3600 mAh, 22.2 Volt battery used in accordance with manufactures instructions.
	Review manufactures instructions prior to battery installation
	Closed
Controlled

II/D/5
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