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Customer Voices* guide our Solution Development

/ "Where | see \

Al

Al

” For future \

SIEMENS
lug,u\ui\'y-forufe

/ “umm.. | don't \

. development, we will
d;al;_e t;el?]g U U i/ S5 G U think there is any
the alarms and ; i
automation of the ,
event messages Corporate Head of Process production Mine Manager, happening [
shown with . e
detailed Director of Control, _ \_ processes”  J USA \_ mine. J
explanations and Performance, South Africa P N (" We're trying to p ~
Chile Raising to the prediciive vs reactive mode of lts Everybody’s
actionsg challenge: [NSCE ] [OJEENTELT- Obviously the dream to
equipment utilizationg sooner you know about shutdownsi

increase revenues. Multisystem
capacities and teamwork are what allow
people to understand that [s]a(=5=i4le] (=

action could affect the entire processk

/ "Within the mining industry the \ \_ something you start getting
challenge is how to adapt technology to V_/ ready for it”

IUI IR LI, reduce costs and Al N\ <
Superintendent - “
Electrical,

shutdowns}
We are working with our fleet
management and process

ﬂ:
as

Instrumentation & That is how the success of digital Managing dcgnglol corE_panies tOtCh(?tf?k Mine
transformation could be achieved.” Director & CEO, selinilznze tle o ol plolpiEliilesy Superintendents,
I\P/Iroc_ess Control, K / Australia because we do have some.” ./ USpA
exico

Therefore our Asset Health Analytics Solutions focus on

(a) Process visibility (b) Predictive and (c) Counteraction information

Unrestricted © Siemens 2020
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Reasoning — Added Value for Operations SIEMENS
Ihg,ehui\‘y-for&'ft

Events leading to unexpected mill misfunction
and shutdowns induce operational losses up to
several Mio USD per day

v

We see added value in

= Early information that the mill or its
components reveal deviations from normal
operation

= |dentifying the correct root-cause and

= Recommending counteractions

A 4 N g Goal is
AL a®g N - preventing/ shortening unplanned shutdowns

Curtesy © Penasquito Gold-Silver Operation in Mexico (Image: NeWmont)

SIMINE Asset Health Analytics for Gearless Mill Drives

(Asset Health Analytics for Pinion Mill Drives and Belt Conveyors in the start phase)

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics Focus
From corrective towards proactive Mode of Operation

SIEMENS
lngenuity for life

Remote

Services Services

Shorten unplanned downtime Minimize planned and unplanned downtimes
by by
enhancing troubleshooting activities optimizing maintenance activities

Asset Health Analytics GMD

Key Components Overview

Basic System
(GMD, Pinion Mill Drives, Belt Conveyors)

Remote Support
(incl. On-Call Service)

Options

(Wireless Rotor Monitoring, Vibration)

Condition Monitoring u,u,.@\

Asset Health Analytics

Optimize the asset performance
by

expert support based on asset data

Expert Analysis Expert Report

=

Model calculations

Root-causes

Corrective / Preventive Predictive / Proactive

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics for Gearless Mill Drives
Our Expert Solution to avoid “false Positives”

Key Messages

= Qur solution is developed by experienced specialists with GMD-
specific know-how hence is not a standard Condition Monitoring
System

= The user of Asset Health Analytics receives the real root-cause(s)

= Qur solution supports with timely information/ recommendations and
does not close any loop to Automation system i. e. there is no shutdown
induced by Asset Health Analytics

= State-of-the-Art technologies (like modelling/ Digital Twin) are
implemented based on decades of own Gearless Mill Drives experience

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics SIEMENS
Value Proposition induced by “Mill Operator Voice” lngenuity for Uife

Detect changes in Mill Operation

“As maintenance engineer | want to receive early indication of
looming incidents in order to avoid mill misfunction or damages”

Information and transparency: glale =t iEg

Analyze contributors and underlying root-cause(s)

“As maintenance engineer | want to receive an interpretation of Understand what happens: B s e B el i Ll ol
anomalies detected in the mill data”

Decision support for action

“As operation manager | need to organize fast countermeasures’ - -
S g g SYiloJole]al{e]@ €arly appropriate counteraction™

Goal: Predictive/ proactive Mode of Operation

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics SIEMENS

Example Mill Vibration Analysis lngenuity for Uife
Functionality & Challenge ¥ Information & Recommendation (“Deliverables”) ¥
Real-time monitoring ("CMS”) Increased motor stator vibration m
What happens/ happened? over time Vaud E

" warnings dashboards

Data analysis Reduced torque in stator fixation

Why did a change happen? bolts on motor foundation —— = } .;':‘!'
— What triggered the change/ anomaly? Ll W] | vaaassessment
— Which is the root-cause? ——— '
Forecast Mill vibration will reach the
Anomaly detection, fault prediction warning level in “x days, weeks...” @ E
What will happen? if no change Notcaton = — T

’ ® SHUTDOWN RISK feports dashboards
Recommendations Inspect and plan re-torque of
Prescript action like equipment check, fixation bolts E j
maintenance, service... If required, realign T ——if Rpe—
What should be done? " ® ORGANIZE SERVICE dashboards femote suppor
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SIMINE Asset Health Analytics — Three Technology Pillars

SIEMENS
lngenuity for life

Asset Health Analytics for grinding mills

7
-
» Collection of
fingerprints
(measured - Calculation
data sets) of (e.g. motor
from start-up temperature)
as reference models
for later
operation ;

Digital Twin

- Beyond limits |
of

mathematics l

Comparison
_ w/ real
- Comparison values and
actual/ deduction of
reference trends

O
O
c
O
D
®©
]
<
O
oy
<C
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Asset Health Analytics for Gearless Mill Drives — Example SIEMENS
Vibrations Fingerprint Analysis (Siemens Patent pending) lngenuity for Uife

Basics Vibrations

Changes in level and frequency of vibrations might

Original Fingerprints are o < :
indicate abnormalities (selection):

obtained by measurements during mill start-up _ _ o
— Loosening of internal fixation bolts  and/or

validated by Siemens specialists _ o _
— Loosening of fixation on foundation and/or

stored (On-Cloud or On-Premise) o _
— Deterioration of foundation

used as reference for comparison and analysis during
the whole mill lifetime

Actual
- Measurement
Analysis example — Comparison of Actual /
Measurement with Original Fingerprints .
 os Original
Fingerprint

Page 12 Siemens Mining Solutions



Asset Health Analytics for Gearless Mill Drives — Example SIEMENS
Temperature Fingerprint Analysis (Siemens Patent pending) lngenuity for Uife

Comparing two slightly different operation points results in an increase trend (Fig. 1)...
... and leads to the false root-cause: problem in motor cooling system (heat exchangers, fans, etc.)

Correct root-cause is revealed by the consistent comparison (same operation point)...
... and leads to correct conclusion (Fig. 2): winding temperature constant, no change trend

Stator winding segment 1
(average temperature)

Stator winding segment 1

Fig. 1 (average temperature)

Fig. 2

1150 1150
110,0 110,0

105,0

C
-
=]
o
=]

Trend analysis based on two different operation points Trend analysis based on single operation point

100,0 100,0

95,0

=)
Kl
©

90,0

Winding Temperature ®
2
=]

85,0

80,0

75,0

Expert Analytics to avoid “false Positives” — Example follow

Unrestricted © Siemens 2020
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Asset Health Analytics for Gearless Mill Drives — Example
Digital Twin based Winding Overheating

[
a
L | -
A sl Mathematical Model
Analytics considering
« Asset Data as well as
Seed « Cooling characteristics
e « Motor characteristics )
indings
oV . Temp. rotor/stator wind g

« Winding characteristics

Unrestricted © Siemens 2020
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} winding temperatures higher
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. downtime
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Asset Health Analytics for Gearless Mill Drives — Example

Digital Twin Winding Overheating

Segment 1 Temp. v/s Model

66
Q 65
[}
5 64
®
E’_ 63
£ i " Ih Im
¢ 62 {
- 61 u\».lﬂnwwﬂ \ hﬂun%‘h\l ‘“mium il uMMHu m“ul Jugh Wmm\n Nl it WIMI‘M “Iuﬂukum T it u” h“\lmuh Lmlm m Mnn [Temp. Segment 1]
= I [Model Temp]
g 60
j=2}
& s9
58
0 100 200 300 400 500
Time (Sec)
Awerage winding Temp. Diff. Segment 1 o
temperature segment 1~ Act [ Mator Mode!l Winding Temperature
'.‘-""\ | o~ | Segment10k 5
+ > -
Winding temperature C - .
segment 1 Mator Model
Segment 3 Temp. v/s Model
66
© 65
[}
5 64
©
ug 63
=
62
2 [Temp. Segment 3]
® 61 m mw m i '"VIN‘ Mm e ‘ e rv i i
i il mh R
5 oo HPGN Rt AP P [Model Temp]
& 59
58
0 100 200 300 400 500
Time (Sec)

Winding temperature
segment 3 Mator Madel

Average winding Temp. Diff. Segment 3 o
temperature segment 3 )y Act ! Motor Model Winding Temperature
E = Seament 3 Ok
o - -
+ < >
on \T} ¥c —r '

Unrestricted © Siemens 2020
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Segment 2 Temperature °C

Segment 4 Temperature °C

D O O O OO D D
o B N W » O O

66
65
64
63
62

61-

60
59
58

SIEMENS
lngenuity for life

Segment 2 Temp. v/s Model

T L AT T T T A A R T R

[Temp. Segment 2]

[Model Temp]

/_,__
0 100 200 300 400 500 i Notiﬁcaﬁon @ ABNORMAL
Time (Sec) .
Average winding Temp. Diff. Segment 2 o — G) We recommend f°||0W|ng
temperature segment 2.-_‘:'/"-\l Act | Motor Model - - g-';l;:i% l'l'zer“glr(alure _ ' actions
Winding temperature -\Tj 3C —r ". . i CheCk coo"ng Water temp-
segment 2 Motor Model o Check for clogged ﬁlter
Segment 4 Temp. v/s Model
b etc.
\
‘ [Temp. Segment 4]
P T T e B T [Model Termp]
0 100 200 300 400 500

Time (Sec)

Average winding Temp. Diff. Segment 4
temperature segment 4 '/"-\ Act | Motor Model
o

e ol <

-‘f o I

Winding Temperature
Segment 4 Ok

Winding temperature
segment 4 Matar Madel
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SIMINE Asset Health Analytics for Gearless Mill Drives — Example SIEMENS
Dashboards, intuitive Status Overview as well as technical Insights lngenuity for Uife

} Intuitive overview of the 6 key components

- Mill Mechanic w/ bearings / accumulator / brake

~ Drive & Control

- E-house
- External Cooling

- Ring Motor

- Power & Interfaces w. switchgear / circuit breaker / excitation

T Intuitive status display

- ABNORMAL

ol _—) =
e = -
@ e S -
-_—_ % L= Example technical insights component status
T T “Chi"eru
M:gg - Ambient & water temperatures / operating hours pumps &
= ) - - cooling unit

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics for Gearless
Technical Insights Mill Mechanic

# Newmont - Penasquito - PTO_SAG1 - PTO_Mill Mechanic

= PTO_Mill Mechanic 1)  OVERVIEW BEARINGS ACCUMULATOR —BRAKE

Contact ~

Mill Drives — Example

SIEMENS

Ihg,e»\uf\ty -for Uft

Parameter values

are correlated and displayed
with associated Fingerprints & Process Data

Lube accumulator (oil flow, temperature)

csH | BrakeSystem | @
Value Name Value
10.000 I/min =.R01-XT01 BRAKE SYSTEM RESERVOIR OIL TEMPERATURE 0.000 °C
0.000 °C =.R02-XP01 BRAKE UNIT GENERAL BRAKE RELEASE PRESSURE 2275.980 kPa
=] 262008 30040625 UrC
<l
Value
=] Highest Bearing Temperature 40200 °C
Lowest Bearing Flow -0.043 I/min
2520083 040514 U7
&}
| g s
Name Value Value Value
m Moter Operation Running 41.100 °C 42.500 °C
Mode of Operation Normal 0.000 I/min 0.000 I/min
Power 18.368 MW 6110472 kPa 5619.719 kPa
speed 9.707 rpm
Torque 18135.385 Nm.
200305065 UTC
Speed L
from: 2020-06-23 05:17:00 UTC to: 2020-06-30 05:17:00 UTC
Speed [rpm
15.000
10.000 - . S - e
sa00 [ IT77T1 | T
0.000 ¥
-5.000
-10.000
Condition State =.ST20 XT01 FEED BEARING PAD 1 LEFT RTD SENSOR 1 TEMPERAtURE L]
from: 2018-05-06 09:42:16 UTC to: 2019-05-06 09:42:16 UTC
40,000 fepr e e T, T T T T Ty T T T T T T T T M T T T
20.000- - N
o000
5l
=.5T20 XT03 FEED BEARING PAD 2 LEFT RTD SENSOR 1 TEMPERAtURE ]
from: 2018-05-06 09:42:16 UTC to: 2019-05-06 09:42:16 UTC
T
= |I”Today||Z4h||w:ek"Momh"Vear] I R
- s0000] v \ It | LA T
Fingerprint 20000
> 10000
@ Filter: Operating Point 0.000
Operating Point all N
[] | Num- Records (current OF) 86048 5
¥ e e =.5T20 XT05 FEED BEARING PAD 3 LEFT RTD SENSOR 1 TEMPERAtURE -3
um. Records
- — from: 2018-05-06 09:42:16 UTC _to: 2019-05-06 09:42:16 UTC
ower !
Sheed O - ST20.XTOS FEED BEARING PAD 3 LEFT RTD SENSOR 1 TEMPERAIURE G
- s0000 |
Process Data oo il 657 iR I id ¢ uﬂ LJLH L LURCLLEN LI B ) I AT L (AR vmnum'm r"ﬂ“
Name Value b 1
Motor Operation Stopped - ol 2019, o
Mode of Operation Creeping — = — - —
Power 0.000 MW =.5T20 XTO7 FEED BEARING PAD 4 LEFT RTD SENSOR 1 TEMPERAtURE Y
Speed 0000 rpm from: 2018-05-06 09:42:16 UTC to: 2019-05-06 09:42:16 UTC
Torque ' e

Brake (oil temperature, release pressure)

Bearings (temperature, oil flow/ pressure)

Thrust
Feed
Discharge

Bearing pads 1 to 4 (temperatures)

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics for Gearless Mill Drives — Example  SJEMENS
Fingerprints Motor Air-gap, “OKAY” and “NOT OKAY” Status lngeunuity for life

Asset State

Yilter Device Perfasquito - PTO SAG1 - PTO tor tact ~ OK m
""""""""" — AIRGAP  FINGERPRINT MINIMUM y : ] 4 7 S | FI n g er p rl n tS
1 1 - -
application

= Inner circle in first
L,Jlm.,||;h||w,.k|1m||m,| BilIF Y - year of operation is
e e G S i ; H T o JF 1 @ ideal round, with

= e ) TQ\. .~ /@ s tolerances according
to the design

0r
203
0.0¢

000 MW
000 rpm

Interesting are
eventual long-term
PTO SAG1 Motor (Eror)  AIR GAP W I ‘_ ) 7 - stator deformatlons

After five to ten
years, the circle
might change to an
oval

[ B

]

Early detection is
crucial

(i
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SIMINE Asset Health Analytics for Gearless Mill Drives SIEMENS
Example — Service Report answering ,,What will happen?* lngenuity for Uife

Fingerprints- and Digital Twins- based Analysis and Trends reveal preventive Actions

SIEMENS SIEMENS

2 Summary Expert Analysis — Status and Trends 4 Mill Operation
This section shows a summary of the mill status. The Asset Health Analytics considers & Within the reported time frame (01.08.2018 to 31.10.2018) the mill was operated 41 28% of
main assets fo be analyzed: Motor, Mill Mechanic, Drive and Control, E-House, External all time within the power/speed range 8.56-9.84rpm / 16.79-20.65MW. The remaining time
water-cooling system and Power and customer interface. the mill was operated out of this range (very low load).
Table 2 shows the legend for the assets summary status, shown in Table 3. The normal operation range is used for further analysis. The distribution of mill operation time
in this range is shown in Figure 1.
Table 2 Table Legend
Power [MW]
Trend - In Comparison to last/previous report B Noaction required Speed /s Povrer Matrix
‘T - Intensity of anomaly has increased T - 206 ‘3;1 Uul;z Un;j E::;
Action recommended
- - Intensity at constant level [ 10,88 - 20.27] aes oeE or? org ors
Action required i R b o 5
o - Intensity of anomaly has decreased . oo L op 1z op 13 or 2 or i
155158 0% 0% 0% 0% 0% 0%
n.a. - not applicable
18,11 - 19.49) OPi6 [ o 18 0oF 19 e ap2L 0p 2
i 0% 5% ™ H 0% 0% 0.04%
2 Mill Mechanic 721011 OB or a8 25 aF 26 oP 37 0F28 oF8
(= L= % o% 001 0,11% 3,02%
) All values are within the normal oFan | opm P2 oF33 oFas P38 o036
2.1 | High pressure system 7| oparation range. . EH-IET 0% o 00K 0 DAY 2%
or37 0P 38 0F 39 QF 20 opal opaz ora3
22 | Low pressure system na e ™ = s | eom | o 2 | oam
2.3 | Accumulator system na epomee| OPH Ps oPas oPsT oPan orer oPmo
) L3 0.02% 0.07% 0.09% L% 3.95% 0.16%
24 | Feed side Pads temperature » Al va“.'les are within the normal el OPSL7 oem P33 ops2 P53 orsE | opsT
operation range. TS g onix oes 038%  GS% 165% 009
" . All values are within the normal i OF 58 OF 53 OF 50
25 | Discharge side Pads temperature » operation range. . R IR oo | wam
Speed [RPM]
26 Feed side Pads oil flow na 856-874 B874-831 452-911 311-329 329-948 S48-966 966-9.54
Fi 1 Mill O tio)
2.7 | Discharge side pads oil flow na qure 1T Cperaton
The most ran operating point (OP) was the number 56 with 12.65% of the time. This
N All values are within the normal i i _
Service Expert Report 25 | Foed ste Pads oressure N operation range. Trends must be SﬁeTraS?Q point represents a speed between 9.48 — 9.66 [RPM] and a power between 17.18
A . p analyzed during the next months. For 56 VW],
more detail please refer to 9.4. or analysis purposes, the m actve rating point wi u 0 evaluate the mi
Asset Health Analytics Fi is purp the most active operating point will be used t luate the mill
status.
SIEMENS All values are within the normal
29 Disch ide Pads N operation range. Trends must be
- Scharge side Fads pressure analyzed during the next months. For
more detail please referto 9.5.
21N | Thmict haarina nil floae na

Unrestricted © Siemens 2020
Page 19 Siemens Mining Solutions



SIMINE Asset Health Analytics for Gearless Mill Drives SIEMENS
Example — Service Report answering ,,What will happen?* lngenuity for Uife

Fingerprints- and Digital Twins- based Analysis and Trends reveal preventive Actions

SIEMENS SIEMENS SIEMENS

5 Mill Eccentricity 6 Stator winding temperature and trend prediction 7 Stator winding temperature compared to motor
Using the airgap measurements, the mill eccentricity is analysed. In this section, using the fingerprint concept of the Asset Health Analytics system, the temperature model
winding temperature is measured at the operating point 56 shown in Figure 1 and the
Figure 2 and Figure 3 shows the trend of the mill eccentricity at the operation point 56 (see winding temperature trend is analysed. - .
Figure 1) between the 01.08.2018 until the 31.10.2018 and the exact dates when the mill Model Winding Temperature v/s Actual Average Winding Temperature
operated at this operation point. Using the trend the Asset Health Analytics system provides a prediction of the winding 70
temperature behaviour for the future operation. If the winding temperature prognosis trend 800
¢ e R i reaches 105°C and 110° a waming condition message and critical condition message will be Y mm
Air gap "Discharge Side" - Penasquito : £ W
generated respectively. : a0
Each measurement point shown in Figure 4, Figure &, Figure 6 and Figure 7 represents the N B0
average motor winding temperature when the mill was running at the operation point 56. i nw
8100
Stator winding segment 1 80,00 : : . .
—13-5p avarage temperature e 15162;:':"“_:\!';2&§\e‘:“ o ‘m‘ﬂ:;w "’A?:ri\’“.i:ﬂ: ,’;‘l:\";izi\“: gy ::.:;:ea e
——24-520 _— Temperature Motor Model Winding Temperature Average Actual Value
Warning Level Figure 9 Mator winding temperature, model vs actual value
—29-52p : ;e
§ 00,0
——1-0ct ]
E B0
——05. Okt % o 9.1 Thrust Bearing temperature
. Figure 15 shows the trend of the thrust bearing temperature at the operation point 56
Ot ‘ Bie Tasear saprasan B T TP TP b enmeujDBQD‘]Bandmg“"luzu“B
B / = Critical High ;0
Sensor 315° 45" Sensor L Thrust Bearing Temperature
f— o\ i Stator winding segment 3
Sy N average temperature =
e - b
Figure 2 Air gap measurements discharge side ea o ae ey 3 00 o — —
o =0 ‘E o S
g Basg
: £
';" a0 10
E 0.4
£ FY0)
= B0 1408 2018 408 1A 28 092018 29.08 2018 0110 2018 05 10. 2018 31 10.2018
i ~—Fad 182 Inboard  ——FPad 182 Outboard  —~—Pad 3&4 Inboard Pad 384 Outhaard
=0 Figure 15 Thrust bearing temperature trend
4 % % % % @ @ % oy %
4 % % ] % % % 4 & El
b, R %, 3, %, 2 b
3 e % 2 p 3 % % % %
U n reStri Cted © S| emens 2020 Figure § Stator winding average temperature segment 3
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SIMINE Asset Health Analytics for Gearless Mill Drives SIEMENS
On-premise Solution under Development (Release E 2020) lngewuity for Ufe

Asset Health

Ji =  Asset integrity reflects maintenance conditions and is
calculated based on expected maintenance tasks and
intervals for every component

st | [
Availability (1 Month)
(95%) Asset Integrity

Excitation
Transformer 1  Transformer 2  Transformer 3 Motor SAG 2

Asset Health Transformers

Converter Transformers SAG 2
Asset Health : Good
9 4% Status : Active
Update date :10.09.2019 9:09:52 AM

Asset Health Motor

= - Vel psetimeglty  :Bad 84%
10075% 7550%  S0-25%  >25% 45% Status : Active
Oil Temperature Transformer 3 in °C Update date :10.09.2019 9:09:52 AM
150
——— Learnedrange
Condition Monitoring Transformer 1 Condition Monitoring Transformer 1 g — x ‘ormer

Weight 25% Weight 25% %

60 2@2 %/\Q
100% 100% »
o

02.06 09.06 1606 i Motor Integrity
Used Vari i Weigh 20
ariables Used Variables Usa i =%
7. Brush holders, brushers: Maintenance Tasks Interval  Weight  maintenance Days left Integrity %

Oil temperature chm 100% Oiltemperature C,m 100% Oil temperature Oiltemperature -
5 : 5 50% H Chart 100%
R b e LU 7.1 Check the fixing elements to the winding shield 360 15% 15.08.2018 31 9%
e Erpeate Windie tenperture Winding temperature Winding temperature 7.2 Check the supports and fixing elements of both bush holders 360 15% 16.12.2018 92
Weight  50% m Weight  50% m Weight  50% @ Weight  50% @ Used Variables

7.3 Check brushholder mounts and insultation parts forirregularities and 360 10% 12.01.2019 124
Motor maintena any damages
WeERt 10T 4 Check the bush holders for alignment and fixation on the bruss studs | 360 10% = 18062019 276
7.5 Check that the bush pressure spring effect is the same on all the bush 360 10% 15.08.2018 31 9%
. .. . . holders
" Asse.t health reerCtS Operatlonal Condltlons and IS determlned 7.6 Check the cables to the stranded wires for discolor ationi due to 360 10% 15.08.2018 31 9%
overheating

based On anomaly detectlon Of Critical measurements e.g. Oil 7.7 Inspection of inner and outer slipring bushers for wear. Change if 360 30% 16.12.2012 26
temperature and winding temperature of transformers

Asset Integrity

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics for Gearless Mill Drives ¢« SIEMENS
Wrap-up Value Proposition (Status Information only Examples) lngenuity for life

Operational transparency, gl EE
. ¢
= Mill status and trends G il

= Overview and detailed component views

Continuous Condition Monitoring and
Expert Analytics identify relevant deviations:

Understand what happens, gleJe]elelg{ g [I3A N oI =1 E1{-5
Event analysis (short term) to identify event including
notification

)

Support for early

Decision support for (short term) action
Prescriptive analysis (long term): analysis of mill status,
inclusive expert reports with service recommendations

Unrestricted © Siemens 2020
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SIMINE Asset Health Analytics Survey SIEMENS
Contents lngemuity for life

Customer Voice

Asset Health Analytics for Gearless Mill Drives

= Added Value for Operations

= Technology Pillars

" Asset Health Analytics for Belt Conveyors

SmartMining

s \ i
. \/ . .
~ B Demo/ Examples within each Chapter

Co'urtresy © Penasquito Gold-Silver Operétion in Mexico (Image: Newmont) 7
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SIMINE Asset Health Analytics for Belt Conveyors SIEMENS
Value Proposition lngenuity for Uife

Example OEE- based analysis

= Early detect events that cannot be
predicted exclusively through mathematic

models and simulation v [ [ ! [ [
o I I I I I A I A
P P O

80,0%

Overall Equipment Effectiveness

= Monitor operational status e.g. belt
misalignment or cord/ edge damage etc.

78,0%
76,0%

74,0%

= Economics improvement based on Key
Performance Indicators, Overall oo
Equ|pment EffectlveneSS, Components Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt Nov Dez

. . 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019
lifetime etc.

72,0%

e pC03 e==——=B(C033 ==——BC04

Influences of e. g. ambient temperatures (seasons) or
specific events (like BCO3 in Autumn 2019) on operating
performance can be identified and evaluated
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SIMINE Asset Health Analytics for Belt Conveyors

SIEMENS
Intuitive Use at all Levels

Ihg,e»\ui\‘y -for (X{Q

anding Poge KBA Rw

Plant KBA Rw>Conveyor K21
Pt Overvies
Actual Plant Status Plant Health Analytics
A

Actual Conveyor Status " . Conveyor Health Analytics
Date: 09/01/2019 Shift: 22822 1o o ire e Date: 09/01/2019 Shift:22822 e ome . pa—
.o .
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. @ ot @ Cquctin @ i @ g ki 2w e B
2 [RNRP—
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§ Conveyer Alarms
77 g et i SELELFRSERISEP PSS AA IS Overview Alarms. 2 B
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P— [— No. ot mems .
oni @ i

Dive e

SIEMENS
Plant KBA Rw>Conveyor K21>Drive Train B10, B20, B30

Actual Drive Train Status

Plant “a" Belt Conveyor “b” Drive Train: ,c* Motor ,d"

+  Drive Train Health Analytics
Date: 09/01/2019

e 7iaa) . e s o Actual Conveyor Status &, Actual shift,last shift/ hour ¥ | Filter Motor Health Analytics
Quality
Drive Train Overview =
. Date: “m”  Shift: “n” Total Alarms: “o* Initial g Final Date:
- -
Deive Trsins K21 =5 Ui e o FreE s = = | 09-01-2019 | 00-15-2019
010 @1 @186 Data Input:
Main Winding temparaturs, aperating point v
wn Statistics:
sm ¥ o 0 e Finger print, gradient v
® e e v
- ® 1o 2w Adminstration ¥ & Shut down
o] =l Notification
T 61
! Overview Alarms =
57
|
{ [ eqvony s —| Maitanance rqured | oo cause
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— 1 Unit “r
° { 3 urgent Top Ten  Alams. Maintanance Events v | Filter
- = e near future
e/ W» Duration  Class. | Root Cause
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Overview Alarms 2 v
$ = Disruption = Stop.
Sub-Companent Classincaton No.Of Alsrms Frequency Anaiysis « emargency stop  + warning
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SIMINE Asset Health Analytics Survey SIEMENS
Contents lngemuity for life

Customer Voice

Asset Health Analytics for Gearless Mill Drives
= Added Value for Operations

= Technology Pillars

Asset Health Analytics for Belt Conveyors

SmartMining

SmartMining

The Pulse of Mining

Demo/ Examples within each Chapter
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SmartMining Platform for Grinding or Transportation Process SIEMENS
Ihg,eb\ui\ty‘for&\ft

or for entire Mine Location

SIEMENS

Motor Speed Motor Power

u h SmartMining

)
s s
a0 w0
-15 / 15

8.04 RPM 16.35 MW

Asset Health Specialized Future modules
Analytics Modules e.g.

a R “ For mills :
 { - M GMD Cooperation

o : For Belt Conveyors
361.76 1 /min Pinion Mills Module 1
For Cement APC

Bearing Pad Oil Flow

Belt Conveyors

Mexico: Grinding 2!
9 102601 G|
UNI
This Anomal rently
inknown please contact Siement
t

Our SIMINE Asset Health Analytics solutions are
expandable to higher levels

a =o

0

1 .

! cxi:ifi {MindSphere fIii.:
Dat 1 :: o orother e

e.g. grinding process, transportation process or
entire mine location

through integration in Siemens SmartMining
platform
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SIEMENS

Anomalies( Showing 1 - 4 of 4)

& o @ Mexico: Grinding

—> : SAGT
@ T8 5un, 29 Dec 2019 10:26:01 GM.
UNKNOWN
This Anomaly is currently
4 unknown please contact Siemen|
Support.

—>

—— Immediate Action—

) Applicable? ca

SmartMining

5 ‘Mexico: Grinding
o AG 1
& ¥ Fri, 20 Dec 2019 10:25:29 GMT

Motor Vibration

Reduced torque in stator fixation
bolts on motor foundation

Mexico: Stockyard?!
—> O Belt Conveyor EC3
Fri, 20 Dec 2019 10:25:29 GMT

Belt Misalignment

Material is not fed in the center
of the belt

) Applicable? o

— Abnormality —

) Applicable? |

Search

Mexico:Stockyard1

= 1 % Belt Conveyor BC3

019 10:25

Fri, 20 Dec .
Belt Misalignment

Caking on pulleys

[ &) Applicable?

' |
operation in Mexico. (Image: NEWfDO!ﬂ‘

b £

.29 GMT

Motor Speed

'
w
w

0
-10

N 1

8.04 RPM

Bearing Pad Oil Flow

225

150

450

351.43 I_Imin

Power Consumption

15

10

Average Power | 24hrs (MW)
w

Motor Power

10

0 30

16.35 MW

225
150 300

0 450

361.76 I_/min

Excavation Crushing Grinding

Floatation Filtering / Drying Smelting



Example of SmartMining Microservice — Events, Root Causes SIEMENS
and recommended short/long- Term Actions lngenuity for Uife

Reason Counter- Preventive
(Possible cause) measures (short- | measures

term) (long-term)
(samples only) (samples only) (samples only)

Mis- Material is not fed in ~ Change the Install off-track = |dentified risky changes appear on the screen
cillelie=ie - the center of the belt  conditions in the detectors ith d il d | . |
of belt feeding station (misalignment wit etalls and relevant signals

switches) behind the
feeding station

Caking on pulleys Increase the Increase the = Root cause(s) and Counteraction(s)

efficiency of the inspection interval . .
belt clea}rller forrt)he belt cleaner correspondlng to the change(s) are dlsplayed
Alignment of idler- Check the idler- Increase the
stations are wrong stations inspection interval -
for the idlers (e.g. = Own expert classified changes can be

use thermal camera)

Wind or rain Install covers or permanently added

influence the local hoods on the
friction conditions conveyor
between belt and

idler J
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SIMINE Asset Health Analytics for Grinding Mills SIEMENS
Our expert Solution to avoid “false Positives” lngeunuity for life

AR, <
3 e S 3 : . o o
R P SR s v '
— - A L S
= 2 — !
rey '
s 2l
9 1) —3 oy - (91
= S
' s e :
P 4 > B )
| s 0 Example
- o {11 - | e TA ,. v
iy 4 S -3 | 5
- = , : s
. < c ] 53 Lo !
.
;
1

et | > i

Co'urtresy © Penasquito Gold-Silver Operétion in Mexico (Image: Newmont) 7
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Example Fingerprint Analysis — Abnormality “Winding Temperatures SIEMENS

increase during Sommer Months”. Which is the Root-Cause? Iingemuity for life
01.08.2018-31.10.2018 01.11.2018-28.02.2019 Example of Expert Analytics
~ ~ e ies ”
e to avoid “false Positives

,»First shot“ explanation of the

root-cause:
[ There is a possible problem in
""""" s the motor cooling system i.e. with

L e e e the motor fans or heat exchanger

Siemens “Expert Analysis”
based explanation needs
additional information,
therefore...—>

288
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Winding Temperatures increase during Sommer Months. Which is SIEMENS
the Root-Cause? Let us analyze the external cooling as well }// lngenuity for life

01.08.2018-31.10.2018 01.11.2018-28.02.2019 01.11.2018-28.02.2019
. . g

Stator winding segment 1 Stator winding segment 1 COLD WATER TEMPERATURE IN SEGMENT 1 [°C]
average temperature average temperature o
o Warning Level ua.o Werira Lot .
1058 ¥ 1050
£ w00 H 23
H
b =

>

w0 =0 a
20 .
A %, w, o
& % Ta,
P -
Stator winding segment 2 Stator winding segment 2 ~
average temparatura average temperature COLD WATER TEMPERATURE IN SEGMENT 2 [°C]
e e Ceve B B = ™ R .
5 o Warning Level
5imr. & 2080
£ s 2 w0
o ey ¥ 200
£ w0
0.0
5.0
Stator winding segment 3
average temperature
. Stator winding segment 3
; Warning Level
z 1050 1150 eer 1 ---- o segr u
[P N ) =T ) | ,
§ 1100
£ w0 Warning Level 235
2 © 1050
E wo v B
i, £ 1000 25
— - £
0.0 Eaae s A AL £ w0 »
mo L . N = £ w0 s
K3 % 4 o e, i) £ w0 n
= % % e = e 3 i
00
70

Stator winding segment 4.

average temperature

°

S e COLD WATER TEMPERATURE IN SEGMENT 4 [

Stator winding segment 4

- =
warning Level average temperature =
o 1m0 25
o
§ 1000 nso et
i =
£ e nee
5 Warning Level
» w050 25
£ w0
i 1000

4

&
o \
Widing Temparature "¢
R
B
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Abnormality “Winding Temperatures increase during Sommer SIEMENS
Months.” — Which is the Root-Cause? lngenuity for Uife

Summary of the Facts

= Winding temperatures are constant during Spring? months but increase during Summer months

= First root-cause explanation is a possible problem in the motor cooling system (i.e. motor fans or heat exchanger)

= Siemens “Expert Analysis” needs additional information, therefore the external cooling system is analyzed as well

= In the external cooling system, cold water temperature increases during the Summer months as well

Siemens Asset Health Analytics support information for immediate action:
— There is no problem with the motor cooling system

— Suggestion to the customer: check the chiller (motor external water cooling system) due to increased inlet cold
water temperature

1) Seasons acc. Chile location
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Example Fingerprint Analysis — Did we solve the problem? SIEMENS
Yes, we did, as the following months confirmed lngenuity for Uife

01.03.2018-30.05.2019
g

Stator winding segment 1 Stator winding segment 3

Motor winding temperatures got back

st to normal in the months after
& 105,
3 1000
2 w0
& s00
L
00 20
o 750
’ %, RO Y, h Y, Y VW, U %
% % % L T T T S T T T %, 4%, Y G % g 0 B %
2,0% % % % % % % % % % % % 2 % % 2 % e o B B B B B o o Y O O G B
Y b b o b R b % b B % % % % Y G G Y G R, G, g B, G, o B, g, G Y
i Stator winding segment 4
Stator winding segment 2 average temperature
average temperature
150
100
100 Warning Leve o Warning Level
1050 i
' g
£ 100 §
E a0 E 0
= w0 * wp
§ 50 £ w0
a0 w0
75,0 0
aaaaaaa < 2, %, %, LA
Q‘a‘, % o, Yo e '5% 2 % e o Yo Yo Vg Yo Yo T % % % % %, % & % % &% % %, %, %, B
Y U B Y G B B B B, B Y K % % % % B % BT B % B % % %

()
P B B v v B v v v % B B v v v B

Hence: Health Analytics from Siemens Experts to avoid “false Positives”
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Example Fingerprint Analysis (Siemens Patent pending)

Did we avoid here a “false Positive”? Yes, we did.

01.11.2018-28.02.2019 01.11.2018-28.02.2019

~~ .

COLD WATER TEMPERATURE IN SEGMENT 1 [°C]

—+—colswstrzzgmants - Unesr|coiwerzazment)

Stator winding segment 1
average temperature

< - AT B < i » >
COLD WATER TEMPERATURE IN SEGMENT 2 [°C]

——

PO s ® s b s s 5 s s s s s s
o N B, o o o . ¥ o o o o o 5 5
B I L L L S < s
SRS G U MR N A A L R N
Stator winding segment 3 B S S
average temperature .
8 P COLD WATER TEMPERATURE IN SEGMENT 3 [*C]
—e—Coldwater segment1 ===~ Linear (Cold water segment 1)

COLD WATER TEMPERATURE IN SEGMENT 4 [°C]

et - rert )
as
-
s
N
15
u
25
¥ & K & % » 09 O© 09 o 9 o 0 9 90
R I I 5 $
e % C U P A U e M
N T N S o a O o
R R T o CEC O R S R Y
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SIEMENS
lug,u\ui\'y-for(i{e

} V/v

In our example, the ,false Positive*
root-cause for Winding temp.
increase is:

= External cooling is OKAY
(induced by “Motor cooling has
malfunction™)

Identified NOT Identified

External
. False False
Cooling Positive Negative
OKAY 9
E);t;mal True True
g Positive Negative

NOT OKAY
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Takeaways
SIMINE Asset Health Analytics

Our SIMINE Asset Health Analytics solutions are...
... available for Gearless Mills, Pinion Mills, Belt Conveyors and Mine Winder
... focused on process visibility, predictive and counteraction information
... based On-Cloud or On-Premise as specified by the user

... expandable to higher levels (e.g. grinding, transportation process or entire
mine location) through integration in Siemens SmartMining platform

... supporting miners for having
“no operational surprise”
"opportunity to prepare against unexpected”
“early indication for counteractions”
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Many Thanks for Your Attention! SIEMENS
Questions lngeunuity for life

Dr. Dan Fodor

Head of Portfolio Management and R&D
Siemens AG

Mobile: +49 174 329 4246
dan.fodor@siemens.com
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