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Development of Virtual Reality Mine
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Testing Situational Awareness
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Testing Technology
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= — Vibration travels into your entire
wnnlﬂ'nndv “Ihratlnn body through your hips/thighs while

seated and driving equipment and

vehicles.
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Whole-Body Vibration and
Rotated Postures




Increased low-back injury risk
when WBV exposure is
combined with bent and
twisted postures

Port workers — cranes & lift trucks
Farm workers — tractors
Construction — excavators, pavers
Locomotive operators - "‘ :
LHD operators B v

Y . .
Neck is rotated.greater than45s’

over 85% of th® working shift
(Eger et al., 2008)
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Sandvik AutoMine Tele-Remote an entry level
automation option for LHDs

Tele-Remote And Co-Piloting System Makes Waves
Underground

Posted by Paul Moore on 18th September 2017

. Tele-remote and co-piloting system makes waves underground () lad
Watch later Share

!

The underground tele-remote system being piloted on a couple of loading vehicles at Barrick's Cortez Hills Underground mine in Nevada
recently scooped the first of many ore buckets—operated by a miner in a specialized chair from the surface. The project is part of Barrick's
digital transformation, and these scoops were part of the commissioning process for the first automated loader on site.
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New Technology: Electric & Battery
Operated Equipment

ENVIRONMENT JUNE 21 2018 / 1156 AM / 10 MONTHS ACO Revolutionizing Canada’s mining industry with electric vehicles

March 09, 2016 — Saskatoon, Saskatchewan

First new all-electric mine dumps diesel; Working underground in mining often means

breathing air that can be less than fresh.

M Miners in Canada typically rely on heavy machinery
C u ts COStS, po I-lut |0 n | - diesel-powered and emission-generating - that
leave the air thick with pollutants. But thanks to
- “ions and its rechargeable,

The effort to create a single, integrated team at Borden is ' Werkers across the industry

Susan Taylor, Barbara Lewis ctive sigh of relief.

all part of Goldcorp’s approach to encourage collaboration S Rl ik s By PR

and make sure its ambitious project — which will be the ras the force behind an
of rechargeable electric-battery

first-ever modern, all-electric underground mine when it slogies. PapaBravo's cutting-edge
particular, are especially popular
»erations because, unlike gas or
successful. rre are no toxic emissions.

Thanks to NRC-IRAP suppoert, Saskatoon's PapaBravo
Innovations developed a line of rechargeable electric

enters commercial production later this year — is
vehicles for the mining sector to replace the diesel-
guzzling trucks currently in use - eliminating noxious
fumes in the process.

From the start, the company knew that success at Borden
would rest on finding partners as invested in its vision for

an all-electric mine as Goldcorp itself.

L4

A battery electric boom truck, That's because some of the equipment needed to electrify

manufactured by MacLean . . .
Engineering CREDIT: Borden did not exist when the miner made the
MACLEAN ENGINEERING commitment in November 2016. Sandvik and MacLean

Engineering, both leaders in electric equipment for
underground mining, were brought on as official partners
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seat Teslling Vibration Rotopod

— We can replicate vibration
associated with mobile equipment
operation

Seat Testing:

— We can collaborate with seat
manufacturers to identify the “best”
seat for vibration reduction for
specific mobile equipment types

Key: Less vibration will be transmitted to the

operator if a seats that attenuate vibration is
installed in the vehicle.




New Tﬂﬂh““lﬂg“' https://www.clearmotion.co
. m/active-suspension-seat

How it Works

Advanced suspension technology that
protects drivers from the unwanted shaking
and jarring they experience in their trucks.

Sensors detect

unwanted motion

High precision sensors on

the seat detect cab motion
thousands of times per second.

Computer calculates
optimal response

The optimal position of the

seat is instantly calculated and
commanded via state-of-the-art
power electronics

Semi Trucks Off-Highway

unwanted motion

A\/a|| NOW Learn More Comlng SOOH Motor counteracts

An electromagnetic motor
adjusts the position of the seat
to minimize impact to the driver.

For truck drivers facing the most strenuous For demanding agricultural and construction

environment. applications. 2
- CLEARMOTION.COM CIearMotlon@
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Posture Improvement FC
« QOperator posture improved with
improved line-of-sight BR FR
* QOperator line-of-sight is improved with BC
the installation of cameras LOS
(no cameras) 4 Cameras

(Godwin, & Eger, 2009)
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tducation, Training and Exposure
Management

A comprehensive evidence-based program to raise awareness around hazards and control
strategies for whole-body vibration exposure associated with mobile equipment operation.

SAFETY CHECK
WHOLE BODY VIBRATION

WHOLE BODY VIBRATION

Report rough road conditions.

Whole-Body Vibration in
the Mining Workplace
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Fatigue can include physical and mental fatigue, can be

task dependent and is not necessarily commensurate with
sleepiness

General Definition: a decreased capacity to perform.

Fatigue has many possible causes and is associated with
many different condition



Human errors: 80% of industrial accidents

First cause: attention lapses & fatigue

Fatigue: 31% of fatal to the driver truck accidents



20% of drivers have fallen Self-report fatigued driving
asleep or nodded off while
driving in the past year

* 33% had been driving for |

less than an hour N
* 30% between 9pm and 6am -
61% of drivers rated drowsy

driving as ‘a very or extremely
serious problem”

(N,
Traffic Injury Research Foundation. Road Safety Monitor: Fatigued driving trends (2011) @.l/;
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* Impaired cognitive and motor
performance

e Reduced alertness
* Longer reaction time

 Ability to respond to emergencies is
reduced

* Impaired concentration

e Decreased task motivation
* Memory problems

e Poor judgment




* Personal Factors

Sleep (quality and quantity)

Fitness

Nutrition

Hydration

Psychosocial factors

Smoking (environmental exposures)

* Workplace Factors

Physical demands of the job (workload; vibration)
Environmental factors (light; noise; temperature; humidity)
Mental demands of the job (psychosocial factors)
Respiratory factors (particulate matter exposure)

o



Major causes of fatigue are:

* Time of day of the vehicle operation (e.g. night/early morning)
* A long duration of wakefulness

* [Inadequate sleep

e Pathological sleepiness (e.g. Sleep apnea)

* Prolonged work hours (not necessarily operating the vehicle)

*ALL ASSOCIATED WITH NONSTANDARD SHIFTS



Hydration

* Fluid intake is important when
working in hot and humid
environments

* Mild dehydration is a common
and often overlooked cause of
fatigue

* Dehydration can reduce blood
flow to organs and slow down
orain function




Interaction
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increased risk

of fatigue?
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Force Measurements

 Oculomotor Activity

Posture Matching & Sway
Visuo-haptic and Visuospatial Tests
Error & Productivity Measures
Qualitative Assessments
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Currently there is
no single
measure that is
sufficient to
capture all
aspects of
fatigue.



“ratigue Detection” Technologies

e Fitness-for-duty tests

* Continuous operator monitoring
* Real-time observation and analysis of
operator behavior and/or physiology
e Ex. eye closure, head position, brain
wave

* Performance-based monitoring
* Monitor tasks
e Ex. lane tracking, vehicle speed

System clock

Historical data

https://fmiltd.co.uk/assets/summary-of-operation-.pdf



Technology Limitations

* If you are considering a “fatigue monitoring” technology
you are advised to conduct your own review to determine if
independent research has been conducted

* there is currently little systematic evidence regarding their
scientific reliability or validity

* Researchers have reported: detection technology cannot
prevent fatigue from occurring or mitigate it

Source: Dawson et al., Sleep Medicine Reviews, 2014
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 Fatigue Monitoring CANNQOT be
substituted for a Fatigue
Management System

* They do not protect you legally (in
absence of a FMYS)

* How these technologies contribute
to an effective fatigue risk
management system is still unclear



Dram Law — a business/host who serves alcohol to an
obviously intoxicate person is liable for injuries sustained
by third party as a result of the intoxicated person.




* Employees require education and awareness training

* Employers / Operators need a Fatigue Management
Response System, specific to the individual risks within
their operations

* This System may include technology that assesses
contributors to fatigue or physiological indicators of
fatigue.



PREVENTION THROUGH RESEARCH

utw  CROSH

Centre for Research in Occupational Safety and Health

/ KNOWLEDGE TRANSFER KITS

e 0

VIBRATION LINE OF SIGHT FATIGUE
EXPOSURE ISSUES MANAGEMENT




PREVENTION THROUGH RESEARCH

CROSH

EACH KNOWLEDGE TRANSFER KIT INCLUDES:

Safety meeting presentations and discussion questions
I\

E‘i Leaders' guide to help with instruction
|

Posters to display to reinforce the safety message

Interactive technology for hands-on learning

b= 1[I

CONTACT US FOR MORE INFORMATION

@ crosh@laurentian.ca @www.crﬂih.ca O@C ROSH CRSST
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