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This paper describes several technology advancements ILC Dover is developing to improve 

the current ISS EVA Phase VI glove design.  As future missions require better mobility, 

material enhancements, and new technologies, glove design must be iterated to stay ahead of 

the curve.  Over the span of several enhancement projects focused on improving the form, 

fit, and function of the Phase VI design, ILC has investigated state of the art technologies, 

explored new manufacturing techniques and built prototypes for the purpose of testing these 

new concepts.  Building upon the heritage of the legacy Phase VI glove design, mobility 

improvements have been made in the following areas: metacarpophalangeal joint, 

carpometacarpo-phalangeal joint, segmentation of TMG palm pads, construction of TMG 

finger seams, palm pads, molded palm and TMG insulation and the development of a new 

light weight wrist restraint.  Recently, MMOD impacts on the ISS have called for 

improvements to enhance the cut protection of the TMG portion of the glove.  

Enhancements in cut protection include: eliminating hard backing with the incorporation of 

soft keyhole brackets, a revision to the TMG Vectran Turtleskin®, and evaluating the 

addition of Vectran Turtleskin and RTV in the breakline of the TMG palm.  Other 

improvements include a review of the heater system and recommendation for improving the 

overall thermal comfort of the hand, a palmbar adjustment mechanism that allows resizing 

of the glove restraint while pressurized and utilizing laser scanning for assessing the 

pressurized shape of the glove.  Preliminary torque, range of motion and cycle testing has 

shown promise in these improvements.  Further work will need to be conducted in order to 

iterate these concepts and combine them into the next generation EVA glove. 

Nomenclature 

ASTM = American Society for Testing and Materials 

ATHG = Adjustable Tension Hand Gripper 

CAD = Computer Aided Design 

CMC = Carpal Metacarpal 

CSSS = Constellation Space Suit System 

DTO = Detailed Test Objective 

EMU = Extravehicular Mobility Unit 

ESOC = EVA Space Operations Contract 

EVA = Extravehicular Activity 

FOS = Factor of Safety 

ISS = International Space Station 

JSC = Johnson Space Center 

LBS = Pounds 
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MCP = Metacarpophalangeal 

MMOD = Micrometeoroid Orbital Debris 

MVC = Maximum Voluntary Contraction 

NASA = National Aeronautics and Space Administration 

PSID = Pounds per Square Inch Differential 

PVU = Pattern Verification Unit 

ROM = Range Of Motion 

RTV = Room Temperature Vulcanizing 

TMG = Thermal Micrometeoroid Garment  

TRL = Technology Readiness Level 

S/AD = Specifications and Drawings 

WSTF = White Sands Test Facility  

 

I. Introduction 

S man continues to extend his reach into space, the need for more mobile, lighter weight, more comfortable 

space suits increases with each new mission.  This is especially applicable to the space suit glove.  As the 

primary means through which the crew member interacts with the physical world, the space suit glove must 

continually be enhanced to keep up with more and more demanding mission requirements.  This means rapidly 

iterating designs, exploring new materials, and assessing new technologies emerging in the commercial world.  

NASA understands the need for ever better fitting gloves and continually funds new glove enhancement projects to 

be able to develop ideas for use on ISS
1
.  This has been the trend throughout the entire history of gloves developed 

for use during EVA with the EMU.  As the Apollo program was coming to a close and the idea of building a 

reusable shuttle system for placing satellites and a space station in orbit was coming to light, suit design engineers 

knew that the gloves developed for the Apollo program would not be suitable for higher pressure and longer cycle 

life missions.  Therefore, the advanced glove program was established in order to foster new technology 

development in glove design for use in the flight program.  Using new materials, seam constructions, and test 

protocols, the EVA glove design was iterated and major revisions were identified by Phases.  Phases 1000-3000 

were developed in the early days of shuttle flight.  These designs each incrementally improved on the earlier. The 

4000 series glove was used extensively on orbit and contributed to many milestones that were passed during EVA’s 

in the 90’s.  The 5000 series glove saw upgrades to be used with an 8 psid suit slated to replace the EMU on station.  

This glove design was only used on a DTO mission during STS-37 because NASA decided not to implement the 8 

psid suit.  The 5000 series glove paved the way for another major revision to the EVA Flight glove which became 

known as Phase VI.   

 

 The Phase VI glove design was developed in the mid 90’s and saw major improvements to the bladder, wrist 

restraint, and the TMG designs.  The Phase VI glove was also used to greatly expand the customization process so 

that the shape of the basic glove could be altered quickly to accommodate the vast array of hand sizes in the large 

crew population.  Phase VI has proven itself through the test of time as it has helped contribute to the majority of the 

construction of the ISS.  However, new mission requirements, new material developments, and new threats on the 

ISS as well as plans for future missions to asteroids and beyond have created the need for the Phase VI glove to be 

iterated to enhance its abilities.   

 

 This paper will present several of these enhancements some which have already been implemented and are 

currently being used on ISS and others are new ideas being evaluated for use on future missions.  Preliminary 

torque, range of motion and cycle testing at both 4.3 and 8 psid has shown promise in these improvements.  Further 

work will need to be conducted in order to iterate these concepts and combine them into the next generation EVA 

glove.  Funding has been provided through several NASA contracts each with their own design requirements and 

required deliverables.   An attempt will be made to discuss some of the design requirements but this paper will 

mostly be an overview of the work performed for each area of enhancement. 

 

II. Torque/Range of Motion Enhancements 

Glove torque and limiting range of motion is a major cause of crew member hand fatigue
2
.  Hand fatigue reduces 

the complexity of tasks that the crew can perform and increases discomfort. Testing has shown that the current 

A 
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Figure 1.  MCP joint designed 

for ESOC glove task. 

Figure 2. Glove box testing of ESOC 

MCP design vs. standard Phase VI. 

Figure 3. Phase VII glove MCP joint. 

Phase VI glove design reduces the amount of the nude body performance of a hand.  Anticipating that future 

missions will be longer place more demands on the crew member’s hands, NASA has the desire to increase this 

number.  Achieving more performance will require major improvements to all parts of the glove design at the 

bladder, restraint and TMG levels.  

A. Metacarpophalangeal Joint 

The MCP joint in the standard Phase VI glove consists of patterned pleats 

which are sewn into the restraint and TMG of the glove.  Due to the 

construction of the seams, this soft MCP design has been developed as far as 

the technology allow without adding hardware.  Several iterations of an 

enhanced MCP joint with hardware were developed in 2011 through an ESOC 

task and then again iterated in 2012 through the Phase VII glove design task. 

The first iteration consisted of a convoluted monolayer restraint and bladder 

that was added over the knuckle region of the glove.  Because the mobility joint 

is on one side of the hand, the joint pitched the fingers forward when the glove 

was at pressure.  Therefore, this was counter balanced with 4 constant force 

springs attached to the outside of the MCP spanning across the convolutes (see 

Figure 1).  The springs were encased in Teflon sleeves to protect the softgoods 

underneath.  A modified palmbar with a pivot on the sides of the hand was 

grown using additive manufacturing to bound the joint and provide attachment 

points for the springs.   

This design was tested in a glove box at 4.3 psid alongside of a standard 

Phase VI glove with the TMG removed (Figure 2).  Subjective torque 

comparisons were gathered with most subjects reporting that the MCP joint was 

only marginally better that the standard Phase VI.  This was attributed to the 

fact that the MCP joint was only single sided which still requires the palm of the glove to be “broken over” the bend 

line of the palm which adds stiffness.  Also noted was that the range of motion was approximately the same as the 

standard Phase VI glove.  This is attributed to the fact that the standard 

Phase VI glove can be broken over at the palm simulating a mobility joint 

but at the cost of higher stiffness. 

 The Phase VII glove design took lessons learned from the single 

sided MCP joint and improved on it by creating a balanced joint that 

encircled the entire circumference of the glove at the knuckles.  The joint 

consists of 2 convolutes controlled by 3 valley band rings.  The top ring 

provided a structural mount point for restraint lines of cord that slide 

through guides over the finger crotches (Figure 3). The sliding action 

with no fixed pivot point allows for some degree of natural movement in 

the joint. Several test subjects evaluated this concept in a glove box 

during development without complaint of pressure points or between-

finger bulk from the tubes.  It was noted however that a full pressure joint 

encircling the circumference of 

the palm does add some extra 

material to the palm area of the 

glove which decreases tactile 

feedback.  In order to reduce 

this, the valley band rings were 

designed to be as minimal as 

possible and were fabricated using additive manufacturing.  

The Phase VII glove restraint was required to meet the structural 

requirements generated from a combination of plug load at 8.8 psid and 

from isometric man loads.  These requirements are listed in Table 1.  

Pushout testing was performed in an Instron machine that was able to 

uniformly load different regions of the glove at prescribed rates to verify 

that they would hold up against calculated loads with a factor of safety of 2 

during use (Figure 4).   
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Figure 4. Phase VII glove Instron pushout test (left); 

Load vs. Time of Instron data (right). 

Figure 5. Standard Phase VI CMC ROM (left); 

Enhanced CMC ROM (right). 

Figure 6. CMC gimbal ring concept (left); Phase VII 

CMC (right). 

 

  Phase VII   Phase VII   Phase VII   

Location Plug @ 8.8 psid Man Load Limit Safety Factor Push-Out Locations  

Wrist Restraint, Upper 47.0 191 238.0 2 476.0 2 

Wrist Restraint, Middle 47.0 191 238.0 2 476.0 2 

Wrist Restraint, Lower  47.0 191 238.0 2 476.0 2 

Thumb Crotch  21.2 73 94.2 2 188.4 1 

Thumb Cap  11.2 77.4 88.6 2 177.2 1 

Finger Crotch  21.2 35.2 56.4 2 112.8 3 

Finger Cap  8.0 26.4 34.4 2 68.8 4 

Table 1: Limit Loads Per Location 

B. Carpometacarpophalangeal Joint  

In a manner similar to the evolution of the MCP 

joint design, several iterations of a CMC joint were 

developed to give more mobility to the thumb.  For the 

ESOC program, the CMC joint was improved by 

altering the convolutes on the back side of the CMC 

joint in the bladder and modifying the gore patterns in 

that same area in the restraint.  This was done to allow 

more fullness in the back of the thumb which would 

then allow the CMC joint to move through a greater 

range of motion.  This joint design was evaluated in 

glove box at 4.3 psid and compared next to a standard 

Phase VI glove (Figure 5).  Subjective evaluations 

found the joint to have less torque and allow for a 

greater range of motion when flexing the thumb 

towards the ring finger of the glove.  One drawback of 

this design was that the extra fullness created to allow the thumb to flex over more towards the palm also adds 

stiffness when moving the thumb back to an open 

position.  The fullness required the hand to drive the 

softgoods back into place which would create added 

fatigue over time. 

The Phase VII glove design saw an improvement to 

the CMC design by adding a small gimbal ring around 

the CMC of the glove.  A wrap around convolute was 

added to the glove bladder and sewn into the restraint to 

create a rolling convolute joint at the base of the CMC.  

This design was also tested in the glove box at 8.3 psid 

and was found to allow significantly more thumb 

movement than in the standard Phase VI design.  The 

gimbal was fabricated using additive manufacturing and 

was made from Titanium (Figure 6).  This design is still 

being tested for consideration on future glove 

enhancements. 

C. Segmentation of TMG Palm Pads 

 

The Phase VII TMG has been designed to 

accommodate the increased mobility of the restraint and 

incorporates enhancements that have been developed on 

a number of previous EMU TMG enhancement tasks. 
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Figure 7. Phase VII palm has extra 

breaklines and thinner pads to reduce 

torque. 

Figure 8. Phase VII palm has extra 

breaklines and redesigned insulation. 

Figure 9. Testing of new insulation plyups for 

the inside of the TMG palm. 

Design goals for these TMGs included robustness, more flexibility and to provide more tactile feedback compared to 

previous glove TMG designs. Concepts for improvements in the TMG were derived from ILC’s manufacturing 

experiences, lessons learned from flight and training use of the Phase VI TMG, and previous TMG work such as the 

TMG Evolution Task from FY 2003-2005. During the TMG evolution tasks it was evident that multiple small 

improvements could be made to improve the current EMU Phase VI TMG performance. For the Phase VII TMG 

these design and manufacturing improvements were incorporated. 

A number of evaluations have been made in order to identify the primary contributors to torque. One of the 

major contributors of torque in the TMG are the silicone pads.  For the baseline Phase VI glove, the palm pads are 

molded and then bonded onto the palm of the TMG.  Bonding adds 

extra thickness to the pads which increases stiffness.  For the Phase 

VII glove design, the pads were molded directly onto the base fabric. 

This process bonded the pads directly onto the molded Vectran 

minimizing thickness, allowing the Vectran to maintain the nominal 

palm shape, and creating a clean finish. For Phase VII, the silicone 

pads were designed to be 43% thinner than the Phase VI pads.  

 Additionally the standard pad layout was modified to increase the 

number of breaks allowing folds to naturally occur while the TMG 

palm is in the closed position. The addition of breaks increases the 

number of pads throughout the palm, but the number of pads on the 

fingers remains the same (Figure 7). In order to keep the pads on the 

palm and fingers from contacting one another while flexing the 

TMG, the distance between the pads was opened up slightly. By 

increasing the pad gap more flexibility was achieved.  

D. Finger Seam, Palm Pad, Molded Palm and Insulation Improvements 

 

During previous brainstorming efforts it was determined that another 

major contributor to torque on the Phase VI TMG is the method for 

incorporating the hand and finger back insulation. The stack-up of 

the multi-layer insulation and nonwoven polyester in the side seams 

of the fingers increases the seam thickness and stiffness of the TMG. 

For Phase VII, instead of capturing the aluminized Mylar and 

nonwoven polyester insulation layers in the finger side seams, the 

insulation was sewn onto a ripstop liner layer and only the liner layer 

is captured in the side seam which keeps the insulation in place. 

Initial testing of this enhancement has shown a dramatic reduction in 

the torque of the fingers.  Torque measurements were taken during a 

second task 

which looked at 

improving the cut 

protection in the palm of the glove and are discussed later in this 

paper.  

During the TMG Evolution task, a replacement material to 

the palm felt insulation was found that would reduce the overall 

bulk of the insulation ply up without impacting thermal 

characteristics. This more flexible, spun laced “Omni Basofil” 

material in addition to a silicone dotted thermal standoff was 

developed and incorporated in the Phase VII TMG. During the 

TMG Evolution task testing this new ply up, labeled Ply #12, in 

Figure 9 was only slightly thicker, because of individual silicone 

dots, but provided a 16.7% increase in thermal protection over 

the baseline insulation.  
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Figure 10. Silicone removed from back of finger caps (left); 

close up of silicone dot offset (right). 

Figure 11. Phase VII TMG handback 

with new mobility panels and adjustment 

mechanism cover. 

Figure 12. IVA cable pulley wrist (left); Titanium 

gimbal ring wrist (right). 

In an effort to increase dexterity, the design 

also addressed the finger tips and the silicone 

pads. Instead of having a silicone finger cap that 

encompasses the entire fingertip for Phase VII 

the overall thickness was reduced by removing 

the silicone from the fingernail portion of the 

tips. These two enhancements decrease the 

rigidity of the fingertip without affecting 

durability. The insulation ply up in the fingertip 

was the same as the palm and the silicone dots 

incorporated in the interior fingertips allow for 

better tactile feedback (Figure 10), and textured 

silicone pads improve the grip. 

Patterning of the TMG’s hand-back incorporated the addition of 

the MCP and CMC joints (Figure 11). Compared to the Phase VI 

design, the Phase VII TMG’s patterning are completely different 

from the base of the fingers to the top of the gauntlet. The MCP 

panel incorporates 2 pleats to allow for the increased range of motion 

and similarly, on the CMC, 2 pleats were added. To change from a 

palm bar strap to the adjustment mechanism patterning changes on 

the hand back had to be made as well. Because this glove TMG 

doesn’t incorporate heaters the overall gauntlet patterning was 

simplified as well. 

E. Lightweight Wrist Restraint 

 

 Two separate lightweight wrist restraint designs have been 

developed and tested.  The requirements used for the wrist designs 

included meeting an operational pressure of 4.3 psid, a nominal relief 

pressure of 5.3 psid, and an isometric man load of 133.8 lbs. per 

axial restraint.  This resulted in a limit load of 164.6 lbs. per axial 

restraint.  With a FOS of 1.5 at 5.5 psid, the limit load requirement was 247 lbs. per side.  The first wrist design 

incorporated a sliding cable pulley similar to the Apollo glove wrist.  This wrist was omni-directional in that the 

sliding cable allowed the wrist to be maneuvered into virtually any position at pressure.  The cable used in the 

design was tested in an Instron and failed at 370 lbs. (Figure 12). 

 The second wrist design was similar to the baseline Phase VI wrist in that it had 2 gimbal rings connected via 

webbing axial restraint lines and swivels except that the 

gimbal rings were titanium instead of stainless steel and the 

swivel bearing surface was a press fit set of ball bearings.  

Because of the potential of galling, the Titanium swivels 

and interfacing holes in the rings must either be coated or 

interact through a protective barrier by either the use of 

bearings or bushings.  The bearings chosen for this design 

were the limiting factor in how much loading the wrist 

could handle.  If the load requirement was increased, the 

bearings could be swapped out for plastic bushings which 

are rated to take a higher load.  The intent of this wrist 

design was to understand how the bearings would handle 

under load and they were proven to work at the given load 

requirement. 

III. Cut Protection Enhancements 

In 2007, several glove TMGs came back from EVA’s with small cuts in the palm caused by sharp edges 

resulting from MMOD hits on the handrails on ISS.  In 2008, the Phase VI glove TMG was modified by adding a 

robust, cut resistant material called Turtleskin to the index and thumb areas where the cuts were observed.  Due to 
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Figure 13. Soft keyhole bracket made from cord (left); layered fabric 

keyhole and terminator brackets (right). 

 
Figure 14. Simulated MMOD handrail 

damage. 

an increase in torque which this new Turtleskin material caused, new concepts for cut protection continue to be 

evaluated for use on orbit.   

A. Soft Keyhole Brackets 

 

One of the potential contributors to the Phase VI TMGs cut damage on the ISS is the keyhole bracket which 

indexes the TMG fingers to the restraint and makes it possible for the TMG’s to be easily removed on orbit. It is 

believed that the metal bracket creates a hardbacking causing the sharp edges to be able to press deeper into the 

material of the glove.  For the ESOC contract, several replacement soft keyhole brackets were developed and tested.  

The various concepts either used textile cord or thread to create loops through which the TMG indexing cords would 

pass.  Some of the cord styles with knots were found to create a semi-hard surface defeating the purpose of a soft 

keyhole bracket.  These were eliminated in favor of a flat bracket made from multiple layers of material sewn 

together which remained relatively soft.  Cycle testing of the top selection bracket was performed to evaluate its 

ability to hold its shape and retain the TMG cord after repeated use.  

The Phase VII Glove Task took lessons learned from the ESOC TMG enhancement task and incorporated not 

only a soft keyhole bracket but also developed a soft terminator bracket used for sizing the restraint fingers. The soft 

brackets were constructed from layers of fabric material. The combination of materials balanced the need for a 

stable tie-off point for glove/TMG integration and provided a more compliant backing than the Phase VI aluminum 

brackets.  

To perform equivalently and be 

manufacturable the keyhole bracket and 

the terminator bracket design had to be 

slightly modified (Figure 13). The 

footprint of both brackets were 

increased to enlarge the pass-through 

holes for the ease of threading the 

sizing cords and the length slightly 

increased to help better secure the TMG 

attachment cord to the fabric bracket.  

Further evaluations are needed to 

qualify these brackets for use in flight. 

B. Turtleskin Vectran Construction 

 

The currently certified Turtleskin is designed such that it can provide protection against most puncture threats, 

including hypodermic needles.  It was theorized that the puncture resistance, a property directly tied to yarn density, 

well exceeded the protection needed to mitigate the on-orbit threat and that it was possible to reduce the yarn density 

- which would increase flexibility - without detriment to function and protection. 

To investigate alternate materials, candidates were received that used the same Vectran yarns as the baseline but 

had reduced yarn counts in both the warp and fill directions.  Basic physical properties tests were performed to 

compare the fabric samples to the existing Turtleskin.  Tensile and tear properties were tested per standard ASTM 

methods.   

To determine the level of cut resistance, a modified cut resistance 

test was performed.  For the ILC modified test, an Irwin 2084200 bi-

metal utility blade was mounted in a modified CSI Wyzenbeek 

Abrasion Tester.  The sample was mounted over a 1.75” diameter 

metal mandrel.     

Because the puncture and cut resistance required for on-orbit glove 

protection has not  been correlated with standard material properties 

yet, testing was also conducted on the Turtleskin candidates to assess 

how well it would perform against MMOD hit handrails to further 

substantiate on-orbit protection.  For this test, ISS handrails were shot 

with simulated MMOD at WSTF per NASA/XA direction (Figure 14).   

These hits were used during the handrail testing at ILC Dover and 

aided in down selecting to a final selection. 
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Figure 15. Gloved hand strength measured in a glove box (left); Adjustable 

tension hand gripper fatigue testing in a glove box (right). 

Testing showed that although cut and puncture resistance decreased with the new turtleskin candidates compared 

to the baseline, the reduction in properties will not impact the ability of the candidates to prevent damage to the 

underlying Vectran knit molded palm.  This new material is still being reviewed for implementation on the flight 

program. 

C. Turtleskin Vectran Placement 

 
In addition to discovering cuts on the index finger and thumb of glove TMGs, two Phase VI Glove TMGs have 

been cut in the palm during past EVAs.  This area of the TMG does not contain cut resistant Turtleskin fabric and 

intentionally utilizes non-RTV pad covered “alleys” since it was known that additional material in the palm would 

affect the overall glove mobility and result in an increase in hand fatigue.  

Funding was provided to investigate increasing the cut protection by adding more cut resilient material to the 

alleys of the palm.  Testing was performed to quantify the amount of hand fatigue that would be contributed by 

addition of Turtleskin fabric in the glove TMG palm and application of RTV in the glove TMG palm “alleys”.  

 Three test subjects chosen for their proper fit in the chosen Phase VI Glove size, performed fatigue testing. The 

test was designed to measure each test subject’s maximum grip strength or the maximum voluntary contraction 

(MVC) at regular intervals while 

exercising each hand with an 

Adjustable Tension Hand Gripper 

(ATHG). The test subjects 

gripped and released the ATHG at 

the rate of 30 cycles per minute 

(Figure 15).  

 During the fatigue tests, the 

dynamometer readings tended to 

decrease in value as the effects of 

fatigue affected the subject’s 

maintainable MVC. The 

dynamometer readings were 

normalized for each test run using 

a least squares linear trend line obtained from the 8 MVC readings from each run. 

 Prototype and a baseline glove were tested on both the right and the left hand to cancel the dominant hand effect. 

A maximum of one fatigue test run, per hand was performed per day and per subject to minimize any cumulative 

effects of fatigue. 

 The prototypes showed a significant increase in fatigue (up to 115%) over the current Phase VI TMG. During the 

cycle testing, it was also noted by the test subjects (two out of three) that Prototype 3 (with the increased amount of 

RTV and Turtleskin) was significantly stiffer and fatigued the hand considerably quicker. 

 From the results of this study, it can be seen that adding additional Turtleskin and/or RTV to the “alley” in 

between the top and bottom palm pads of the TMG adds torque, and in some cases significant torque, to the glove.  

In addition, because of recent comments from crewmembers about the stiffness of the gloves and increased requests 

to add additional break-in cycles on new TMGs, it was recommended that these changes not be implemented into 

the current design.  However, this study was limited to only looking at adding RTV and/or Turtleskin to the alley 

area.  Other materials may be available that could be added which would offer an increase in cut protection while 

not increasing the torque as significantly as the Turtleskin.   

IV. Fit and Comfort Enhancements 

Several enhancements have been developed recently to improve the fit and comfort of the EVA glove.  A better, 

more comfortable fit means that crew can wear the gloves for longer durations and perform even more challenging 

tasks without enduring pain or fatigue. 

A. Heater System 

The baseline Phase VI TMG has resistive circuit heaters in the fingertips of the glove between the restraint layer 

and TMG layer.  These heaters can be controlled by the crewmember via a switch installed in the gauntlet of the 

glove.  Since the original design, the gloves heaters have only evolved marginally by having the power supplied to 

them changed slightly.  Several enhancement tasks have been performed recently looking at changing the design of 
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Figure 16. Enhanced fingertip 

heater design. 

Figure 17. Top rated heater technologies: conductive 

wire (left); etched circuit (right). 

Figure 18. Knit glove used for heater zone location testing, test 

setup, thermal imaging and subjective comfort ranking. 

the heaters in the glove.  The first task looked mainly at improving the 

robustness of the current fingertip style heaters while the second task took a 

more radical approach by redesigning the heater system from the ground up. 

For the first task the goal was to improve the robustness of the glove 

heater system and ensure that it would not be easily damaged during an on-

orbit removal and integration of the TMG.  Initial work was done by 

investigating state-of-the-art heater technologies to verify whether or not the 

current Kapton/resistive heaters in the TMG were still the optimum choice.  

Market research revealed that Minco, the current provider of the glove 

heaters, is the leader in manufacturing space rated heaters and based on their 

recommendation it was decided that the Kapton/resistive heaters are the best 

option for this application due to their safety and high Technology Readiness 

Level (TRL) value.   

Next, investigation into past discrepancy reports relating to heater failures 

revealed how most heaters are damaged.  A modified heater was designed 

with a few new features to mitigate these typical failures.  Prototype heaters with these new features were fabricated 

and evaluated in a TMG (Figure 16). 

To evaluate the robustness of the new design, a 

series of inversions was performed on a TMG with 

two of the prototype heaters installed.   Cycling 

revealed that after some time the heaters began to fail 

at the base.  The cause of this was due to one of the 

design changes made to mitigate the failures.  Further 

funding would be required to iterate this design again 

by increasing the tear strength of the heater while 

maintaining its flexibility. 

 For the second heater evolution task, the goal 

was to improve the overall thermal comfort of the 

hand which allowed for a complete redesign of the heater system.  Brainstorming and research revealed 6 potential 

heater technologies which were developed into quad charts, a tool used in capturing the details and a pro/cons list 

for each technology.  After each technology was understood, a trade study was performed against weighted criteria 

which were divided into 4 key categories. After the trade was performed, 2 technologies emerged with the highest 

ratings: conductive wires and etched circuits.  Conductive wiring is the same technology used in commercial heating 

blankets and the etched circuits are the same 

technology used in the current baseline glove 

heaters (Figure 17).  

After the top heater technologies were 

selected, a second trade was performed to 

determine the optimum location for the 

heaters on the hand.  A knit glove was 

fabricated with various heater technologies 

located in 4 different zones on the hand. Five 

different test subjects had their hands 

uniformly cooled to 65F while wearing the 

knit glove with the heaters turned off.  After 

removing their hands from the cold source, 

the heaters were independently activated and 

results were gathered using an IR camera and 

by asking each test subject a set of subjective 

questions pertaining to the the comfort level 

of the hand (Figure 18).  This input fed into 

the location trade study.  The study concluded 

that the back of the fingers and the palm were 

the perfered heating zones.   

 A final trade study was conducted to 

determine to which layer of the glove the 
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Figure 19. Heater trades helped derive 

final concepts of palm and finger back 

locations. 

Figure 20. Palm circumference adjustment mechanism in 

locked and unlocked position as designed (left); AM part 

(top right); installed on glove (lower right). 

heaters should be attached.  Locations considered were on the bladder, 

on the restraint, and on the TMG.  These 3 trades helped reduce the 

data down to 2 final concepts which were an etched circuit heater 

placed on the palm of the glove bladder and conductive wires woven 

into a light spandex connected to the restraint finger backs (Figure 19).  

Prototypes were designed and built by Minco, the current fingertip 

heater manufacturer and by ILC. 

 The prototype heaters were built into a glove assembly to assess the 

manufacturability of the designs and to also perform glove box testing 

to assess the thermal comfort.     Initial testing has shown that the 

heaters preform well and do not impact torque even though they are 

located on the fingers backs and palm.  Subjective evaluations have 

found the heater placement to be comforting and test subjects reported 

that the combination of heat being applied to the palm and finger backs 

increases the overall comfort of the glove.  Some preliminary testing of 

the new heater system has also been conducted in a vacuum chamber 

at ILC.  An instrumented glove with the heaters installed was taken to 

a vacuum of 10
-5

 torr at ambient temperature.  The power supplied to 

each heater was independently controlled and temperatures were 

monitored at the glove bladder to ensure they did not exceed 150F 

which is the safe limit for the bladder.  This was a first order 

evaluation.  To fully develop the heaters into a flight design with the 

proper voltages and resistances, further testing will be required to 

gather data from exposure to mission-like temeratures as well as 

simulating a hand in the glove to create a proper heat sink.    

B. Palmbar Adjustment Mechanism and Flexible Palmbar 

 

The palm adjustment mechanism is a replacement for the palm bar strap on the Phase VI glove. Typically a 

suited subject adjusts their palm bar before the suit is pressurized. However the suitport concept of operations 

requires a subject to perform this adjustment in a pressurized suit, so it was desireable to adjust the palm 

circumference while at pressure. Several iterations of the mechanism have been developed including an iteration for 

the Phase VII Glove task.  After this version,  NASA provided a report summarizing their assessment of the 

mechanism. They approved the original handle design but thought a three lobe handle would provide for better 

ergonomics. This change and their suggestion that a locking feature be added to the design were incorporated. The 

images below show the mechanism in both the locked and unlocked positions (Figure 20).  The design was further 

enhanced to allow the mechanism to be more easily repaired in the event of a failure. 

The original mechanism design operated on the same principle as the palm bar strap and buckle adjustment used 

on the Phase VI glove. The Phase VII concept 

eliminated the palm bar as an independent 

segment and replaced it with a continuous loop 

that encircles the circumference of the hand. This 

loop serves not only the same purpose of the palm 

bar but also controls the MCP convolutes 

discussed previously. The change in form of the 

moon shaped palm bar to a continuous loop 

changed the function of the adjustment 

mechanism from tightening the palm bar to 

compressing the volume on the back of the hand. 

Compressing the volume on the back of the hand 

provides better indexing to the whole hand into 

the glove by moving the entire palm closer to the 

front of the glove. 

The delivered mechanism was manufactured 

in aluminum and then anodized black. The 

components were “3D printed” using direct metal 
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Figure 21. Laserscan of hand. 

Figure 22. Laserscan of inflated glove restraint 

overlaid on 3D CAD model. 

laser sintering, an additive manufacturing process (Figure 20). The mechanism is currently being evaluated in the 

Advanced Suit Lab at NASA JSC. 

C. Laser Scanning  

Due to its intimate contact with the hand and being the primary suit component through which a crew member 

interacts with objects in an EVA, striving for a better glove fit has been goal in each new enhancement project.  The 

use of laser scanning for capturing crewmember hand geometry has been a part of 

the custom glove process since the mid 90’s.  The fit of the Phase VI glove is 

being improved by capturing of more hand data while performing scans of the 

crewmembers hands and performing scans of the completed PVU glove to be 

compared back to the 3D glove CAD model (Figure 21).  A scanner can be used 

for evaluating the final inflated shape of the glove restraint and bladder. Figure 22 

shows the finger comparisons of a glove scan (grey) to the 3D CAD model of the 

same size (red) the cross-section of the inflated glove (blue) and the 3D model 

(red) through the ring 

finger and palm.  In this 

way, the inflated shape of 

the glove can be evaluated 

to see how closely it 

matches the design intent.  

For future builds, this information can be fed into the design 

process thus mitigating fit issues for the crew member ahead 

of trying on the actual gloves.    Glove sizing algorithms will 

be adjusted to compensate for differences noted from glove 

to glove.  Current plans are to investigate this further on the 

next few customizations to gather data on how accurate the 

current modeling process is in designing the best-fit inflated 

glove for the crew member.  Then, the data will be reviewed 

and adjustments made, if necessary and incorporated into the 

glove design.   

V. Conclusion/Forward Work 

 

The evolution of the EVA space suit glove is an ongoing task.  Several different contracts have funded projects 

aimed at enhancing various aspects of the glove design.  Some of these projects have resulted in end items that are 

certified for flight and have been or are ready to be implemented in the flight program.  Other enhacements are 

suited more towards advanced design and will require further evaluation to ready concepts for use.    

Forward work includes building a glove assembly for the CSSS contract that will combine many of these glove 

enhancments.  The purpose is to refine the manufacturability of the designs and evaluate how they combine together 

on the same platform.  Torque and ROM studies will be conducted to gather data on the mobility enhancements and 

a thermal vacuum chamber test will be preformed to further define the glove heater concept.   
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