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Combining Models for a deeper understanding

Example from a Glencore Surface and Underground Mining Vehicle Interaction Technology
Implementation Project

Perception
LEVEL 7

Human Factor Interaction Model
EMESRT Nine Layer Model of Control Effectiveness
Mica Endsley Model of Situational Awareness

Operator
p. . o User Interface Output
Notification
Screen brightens or colour changes

Display provides visual details to operator
! Awareness/ Alert hp VP . S
Operator Awareness (where, what, distance, speed & heading)

Comprehension @

v
Projection

Alert

—
LEVEL 8

Advisory Controls v
Decision

v
Action

Awareness — Level 7

Indicative speech advisory (speeding, tailgating,
give way)

General indicative speech advisory based on
sensing maturity of contributing factors
(collision, react)

Definitive speech advisory based on minimal
contributing factors i.e. slow speed <15kph or
stopped (brake, don’t propel)

Alert - Level 7 Alarm — Level 8

e.g. Screen Brightens / Changes Colour
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Abnormal Situation e.g. Imminent Threat e.g. Indicative
Indicative Speech Advisory or Definitive Speech Advisory



Journey to Collision Avoidance — Level
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Brake Unit Analysis

LHD'S VS BRAKE UNITS

YEAR QTY LHD Brake Unit

2014 - 2020




PVDS - Interactions

* Interaction or Event Management:

* Daily reporting on events = Improvement since Jan 2017 : @
— Proximity events a ° ° I
— Warning events Top “20” - Proximity events — reduced by 46%

it o .  Critical proximity events (stops) — reduced by 64%
Coriir:fciz:ri?nx;rr?\t/);;\;i:t:ln q Infrlngement (Note — proximity events also take into consideration
when TMM is already stationary and does not reflect
employee management by Supervisor’s _ K physical emergency stops) /
° Monthly review and reward for sections with:

— Best improvement
— Lowest overall events PVD Event History

42079

* Target:
— Reduce unwanted interactions completely
— Change in employee behaviour
— Prevent complacency — Operator and Pedestrian

/° Current results: \

— Reduction in events by 46%

— Clear change in employee behaviour

— Employees instinctively avoid TMMs

— Traffic management rules are enforced
— Safe behaviour becomes second nature

— lity of Repair
\ Quality of Repairs Proximity Events Critical Proximity Events




Traffic Management - Surface

Flow and
Analysis
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Key Notes:

. Proper Understandable signage

. Fit for Purpose

. ALL AREAS

. Training Training Training - Repeat

Glencoe Alloys

LEGEND

[ e
B et revers
| e
I e et
-
[T [ —

GENERAL
RULES

BUGEY WP TO S LSED WHEN ENTERING THE MINE
HEAD LIGHTS TO BE SWITCHED ON AT ALL TWES
SAFETY BELTS TO BE WORN AT ALL TINES

ADHERE TO SPESD LT

WEAR CORRECT PPE AT ALL TIVES




Traffic Management - Underground

. Flow and
. Analysis

T

../ |GREEN & GREEN| RED & GREEN
R PEOPLE-VEHICLE
PEDESTRIANS ONLY INTERACTION ZONE
S SEEK & OBTAIN
3 APPROVAL
- | noTMmsauowed|  “onansen

RED&RED |-

TMM’S ONLY
DANGER ZONE

NO PEDESTRIANS
ALLOWED

WONGY

ONLY TMM'S - NO PEDESTRIANS

0

ONLY PEDESTRIANS - NO TMM'S

ng Areas including Tipping points

Workshop’s — Crawl Mode
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Key Notes:

. Proper Understandable signage
. Fit for Purpose

. ALL AREAS

Training Training Training - Repeat
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Dynamic Zoning

Dynamic zoning on the PAS1000 adjusts the critical and warning zone sizes based on the speed of the vehicle. This has the
effect of reducing the footprint of the system at low speeds in order to improve productivity.

Zone sizes
The zone sizes vs speed used by the system are as in the following table. These can be adjusted based on actual
characteristics of the vehicles in the operation.

Speed Stop distance (m) Crawl distance (m)
Stationary 3 5

< 3km/h 4.6 8.1
< 5km/h 6.2 11.7 Crawl Zone
< 8km/h 8.6 15.1

< 11lkm/h 11.0 19.5

< 15km/h 145 25.0

< 20km/h 19.0 33.5

< 25km/h 23.0 40.5

> 25km/h 27.0 47.5

LSC/EIQ



L9 Intervention Zone Distances

UP/Glencore

From The Distance Specification
Table with all Lags and Gap zeroed

10 km/hr
From The Distance Specification Table
- " 1SO 3450
PDS PDS Operator | Interface |Controller [Transition Total Speed Speed PDS Operator | Interface |Controller [Transition Stopping Gap Total
Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay Delay R Distance
Action Distance
s s s s s s km/hr m/s m m m m m m m m
Alarm 7 1 2 0 0 4.0 7.0 10 2.8 3 6 0 0 11 2 2 23
Stop 8 1 1 0 0 2.0 4.0 10 2.8 3 3 0 0 6 2 2 15
1 0 0.5 0.5 2.0 10 28 3 0 1 1 0 2 2 9
2
L9 Critical /
Transition Delay to spread the zones L9 Total L9 Delay Total Distance same as Distance
Slowdown Distance Specification Table
= Previous Total Delay & Stop
PDS IF Cont
1s 0.5s | 0.5s
y 3
3m Im Im
10km/hr
1
I 1
i i
i Slowdown?% H
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g : |
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N E 3 km/hr safe braking :
i i
: 1
: Stop\_Brake ?% i
i 6m 1.6m i
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Technology “Brake Wear Solution” = TMM'’s

e Chart represents data
collected from a LHD
over a period

: . . .

§ * Y-Axis is scaled in
LRl BRI | 4 i ERT Id
ga3s-gay ¥R IR el A mm, as you wou
S a0 10 Il 2 read with a depth

gauge Vernier on the
brake assembly
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Time e X-Axisis scaled in

Each cluster of measurements represents the samples taken during a single SHIFT Date / Time,
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Dashboard Display

Front Leflt

Data can be inspected live and historically from within
any of the following user interfaces:
e Operators Screen (if installed)

Front Right

, 25.5% . 27.5% * Tablet Device Machine Side
‘ ol ligd T e Web Interface . _
PreVIOUS 32 34 36 38 :nom 42 44 46 48 S0 -': 30 32 34 36 38 4m0m 42 44 46 48 b HUB AnalySiS SOftwa re = _—

v 1200AM < 24 > & °
G FEr

~

e Email report ; 1036

Back Left Back Right

17.5% | 18.5% All records are permanently
m 0.35 mm of wear 2mm * . 0 mm 0.37 mm of wear 2mn . 0
' G\e recorded in the HUB database.
32 34 36 38 40 42 44 46 48 S0 30 32 34 36 38 40 42 44 46 48
neroHUB Analysis : Charting of Brake Caliper movement on 3 sensors against RED bar Collision Avoidance Activation
°
———— 195756 1y v

mm depth —_ U’ HLJ 1A ‘ﬁ\ i

Y-Axis “ wE®  BwR  wPe ST g 4N ®e®
°

Operator :

Brake Pedal

: 37.04mm100 . : . 37.26mm100
Improved — Front Left % : 3 : Front Right % —
View emp L FR Temp FR mm

37.0amm100 =  — 38.11mm100
Rear Left ) : i : Rear Right )
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RHAM

Hydrostatic Drives — Different Approach

Improved OEM Brake Hubs
* OEM brake hub with thicker plates
* Increased wear range

Improving method of brake application

rore

T12-T19

e Hydrostatic braking then Mechanical braking to reduce stress on mechanical components

OEM designed valve block — to provide effective crawl
* Valve block limits pilot pressure to joystick to provide pull power at reduced speeds
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The Digital Mine Map

People Outside of Safe Zone

149

Ml Sare

DAUZ2021 - 132611
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Digital Mine Map - Benefits

m,sTop lnfringemen’r Dashboard

Pe n Infringements

op Person To Vehicle \ 4 Top Person To Yehicle Detail
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Lsc / m4s

Top Vehicle To Vehicle

s Top Infringement Dashboard

Vehicle to Vehicle Infringements
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Lsc / m4s

s Location Based Infringement Dashboard

Person to Vehicle Location Derived Process Based Categorization

Production
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Lsc / més

s Location Based Infringement Dashboard

Data Hltering
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Connecting Machines

Brake Wear Monitoring Report View
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2021/Nerspec Dashboard

GLENCORE
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“We expect safe work, if it is not safe stop work” -
“No more fatalities”
_//
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