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DOE-EM Wearable Robotics Program Overview

 Workers at EM sites are well protected from external hazards thorough 
various controls such as PPE

 Internal injuries due to acute overexertion or chronic overuse remain 
common, and PPE can increase risks

 The Technology Development office of DOE-EM is exploring whether 
emerging exoskeleton devices can support workers and reduce the risk 
of musculoskeletal injury

 Sandia National Laboratories is leading a consortium of other labs and 
universities who are working with EM sites to address this challenge
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Presenter Notes
Presentation Notes
The program began in mid-FY20. 
This is a preliminary effort to help sites decide if wearable devices may be helpful for their workforce. 
The work is driven by site needs, and is not intended to push technology on sites or workers if not appropriate. 




Examples of Challenging EM Tasks

 The team has been working with several sites, including Hanford, 
Savannah River, and WIPP to understand challenging work that may 
benefit from wearable technology
 Tank farm workers carry SCBA tanks while doing maintenance and other work 
 Workers must lift and move 45-90 lb. lead blankets used for equipment shielding
 Warehouse and other operations require lifting heavy and odd-shaped objects
 Glove box and hot cell operations can be ergonomically challenging
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Presenter Notes
Presentation Notes
Some sites, including those listed in the slide, have independently identified a potential need for exoskeleton devices to support workers.
The sites do not have ergonomist, biomechanists, and/or roboticists on staff to help determine if the technology is appropriate and how to best select and use it. 
EM sites have specific challenges that other industries don’t, such as contaminated environments and PPE. 
Our team is actively talking with Hanford, Savannah River, and others to understand worker injuries and needs. The tests described on following slides are based on those discussions. 



Device testing capabilities

 Sandia has established a DOE-EM Exoskeleton Testbed
 EM site tasks can be emulated and participants evaluated with and without 

devices
 Metabolic and biomechanical test equipment

 Georgia Tech has extensive human testing capabilities that are being 
leveraged

 Florida International has mock-ups of Glove Boxes
 PPE compatibility is also being considered
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Presenter Notes
Presentation Notes
The Sandia testbed is currently being set up to emulate tank farm work (e.g. with SCBA), testing will begin in late 2021. 
We currently plan to follow that study with a lead blanket lifting study. 
Georgia Tech is currently testing individuals with wearable devices in EM-relevant tasks. 



Wearable device examples

 Several devices are currently commercially available and are being considered for various 
industrial applications

 We have procured many of these for evaluation in EM situations

Bioservo Ironhand

DEPHY Exoboot

Lockheed Martin ONYX

Herowear APEX

Noonee Chairless Chair

Suit-X MAX
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Presenter Notes
Presentation Notes
Automotive and aerospace companies have used some of these devices in factories (Toyota, BMW, Ford, Boeing, et al.). 
Some retail companies where lots of lifting occur are also evaluating devices (Costco, Lowes)
The DoD is exploring devices for various applications. 
This project is an attempt to leverage work in these other fields for applications in the EM complex. 
We have compiled a database of over 100 devices that are on the market or may soon be available. More are being added each month. 
The Noonee, Suit-X, and Herowear devices are passive (no powered assistance) and tend to be less expensive and simpler to maintain. 
Bioservo, DEPHY, and Lockheed Martin devices are active (powered assistance) and are generally more expensive and complex. 
We are testing DEPHY, ONYX, and Noonee for the tank farm workers. 



Georgia Tech ---> Re-create DOE-EM Tasks in-lab
GOALS:

1. Replicate DOE-related industrial tasks in controlled laboratory setting​ for neuromechanical analyses
2. Examine ability of assistive devices and/or biofeedback to reduce the potential for work-related 
injuries
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Dynamic Adaptive Robotic 
Technologies

Exoskeleton and Prosthetic
Intelligent Controls

Physiology of Wearable
Robotics

Dephy Exoboots
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Exoskeleton-focused protocol -- 3 Devices (n=10)
GaTech V3 Knee Exo

Stock walking 
controller

Custom walking and lifting 
impedance controllers

Passive elastic 
assistance

HeroWear Apex
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Dynamic Adaptive Robotic 
Technologies

Exoskeleton and Prosthetic
Intelligent Controls

Physiology of Wearable
Robotics

Exoskeleton-focused protocol

Session 2: Neuromechanics measures
Lifting

– 0, 90, 180 degrees
– KW, WK
– Time limit = 6 sec to complete lift 
– 10 trials/lift type

• No exo, knee exo, back exo
Walking

– 2 mins
• No exo, knee exo, ankle exo

Session 1: Training & Metabolic measures
Baseline (no exo)

– 3 mins
• Standing
• Standing w/ Weighted Vest (25lbs)

Lifting
– 6 mins, 1 lift/10 seconds

• No exo, knee exo, back exo
Walking

– 6 mins
• No exo, knee exo, ankle exo
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Dynamic Adaptive Robotic 
Technologies

Exoskeleton and Prosthetic
Intelligent Controls

Physiology of Wearable
Robotics

Preliminary Exo Results: Muscle Activations (n=1) 

Symmetric 
Knee-to-Waist 

Lift

Quadriceps Muscle Activity reduced by both knee and back devices.
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Presenter Notes
Presentation Notes
Greg: this figure only shows results for one lift for one subject (AB10). It is not an average as I was afraid that that would drown out the individuality of some of these signals. Each of the triangles on the upper left hand corners of the EMG plots indicates which exo condition had the lowest integral EMG signal.



Exoskeleton Development --Tank Farm Workers
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Presenter Notes
Presentation Notes
The goal of this project is to reduce the strain DOE workers undergo during their everyday job
In particular, we are focusing on assisting the Hanford tankfarm workers
This is an aging workforce that clear nuclear waste every day
They wear heavy personal protective equipment including this 50?? Lb air tank that only gives them an hour of working time
The goal is to offload that mass from the user’s skeleton onto the exoskeleton which could reduce the potential for future injuries as well as enable these workers to have larger airtanks therefore making them able to work for longer




Exoskeleton Hardware
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Presenter Notes
Presentation Notes
The goal of this project is to reduce the strain DOE workers undergo during their everyday job
In particular, we are focusing on assisting the Hanford tankfarm workers
This is an aging workforce that clear nuclear waste every day
They wear heavy personal protective equipment including this 50?? Lb air tank that only gives them an hour of working time
The goal is to offload that mass from the user’s skeleton onto the exoskeleton which could reduce the potential for future injuries as well as enable these workers to have larger airtanks therefore making them able to work for longer




Hardware Design

Ankle: 
Plantarflexion assistance
Rigid attachment to shoe

Bowden cable transmission

Modular linkages

Knee: 
Active flexion/extension

Assistance through direct drive
No passive DoFs
Simple pin joint

Hip: 
Active flexion/extension

Assistance through direct drive
Passive ab/adduction

Compliant internal/external rotation

Backpack: 
Rigid attachment to user
SCBA slots into backpack
Ankle actuators external

Electronics internal
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Presenter Notes
Presentation Notes
I’m going to go into a bit more detail on the hardware design on this slide
Starting with the hips, I’m going to work my way around counter clockwise and end with the backpack

The hips have active assistance for flexion and extension which we’ve accomplished through a direct drive motor at the joint
There is an explicit, passive ad and abduction joint
Internal and external rotation have been accomplished through a compliant member between the ad/ab joint and the motor

PAUSE

The knees are actuated in a similar fashion to the hips where a direct drive motor assists knee flexion and extension.
This joint has no passive degrees of freedom and we’ve designed it to be a simple pin joint which we have found to be the lightest weight option

PAUSE

The device can apply plantarflexion assistance through a Bowden cable transmission
The motors are located on the backpack to minimize distal mass
This design is rigidly attached to the wearer’s shoes to offload the mass of the device and air tank to the ground

PAUSE

The device can be adjusted to different sized users through modular linkages at the shank, thigh and hip 
The hip linkage takes into account the width of the user’s hips in the frontal plane as well as in the sagittal plane

Finally, the backpack is rigidly attached to the users through the harness system associated with the air tank. 
The harness system has a metal frame attached to a chest and waist strap
The SCBA tank slots into the metal frame and the backpack components, such as the ankle motors, are rigidly attached to the frame
The electronics are housed internal to the pack while the ankle actuators are external
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