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The Selected Solution: TrendMiner

Diagnostics:
Search & Correlations

Time-series analysis means being able to search through years of data and look for
patterns, multi-variate conditions or relationships to find answers. If you need help, let

TrendMiner search for correlations across your entire dataset.
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Event analytics:
Calculate, aggregate &refine

Add valuable insights with calculated features on top of your data. Your enhanced data set

is then ready for use in visualizations and filters.
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Fingerprints:
Define golden scenarios
Tracking behavior from assets or processes can be difficult. Create visual fingerprints that

can be visually tracked on dashboards, or run automated detections in the background

24/7.

@ 0 Deviation detected

Formula:
Generate your own time-series

Creating your own formulas, aggregations or machine learning models with an easy to use

interface. Usable like any other time-series signal.
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TrendMiner Features - Process Monitoring

High resolution data (Could be sub-second)
Trending of time series data and transactional data
Process deviations

Performance drift

Equipment abnormalities

Production bottlenecks

Opportunities for optimization

Key Applications at Our Sites:

* Quarry and limestone handling, crushing, screening
* Rotary and PFRK Kilns

* Combustion, burner and system air temperatures

* Kiln Draft

* Fuel Consumption

* Dust collection systems

* Production Rate

* Product quality
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Examples:

Coolers

* Bed Level

« Fan Dampers

* Airflow Distribution

* Temperature Profiles
Dust Collection Systems
* Differential Pressure

* Fan Performance

* Airflow Stability

* Hydration & Crushing
* Throughput Monitoring
* Equipment Utilization
* Process Stability
Hydration & Crushing

* Throughput Monitoring
* Equipment Utilization

* Process Stability




Process Trending and Troubleshooting

* Challenge: Root-cause analysis of rotary kiln tire #5 vibration/failure

* Observed load increases from 184 amps to 204 amps. Vibration and other field data gathered to find the
root cause.
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Value-Based Search and Filtering

Finding the Right Data Before Doing the Analysis

@ TrendHub ~ O, Search tags & attributes
* Industrial data contains large amounts of irrelevant operating periods.
‘ FILTERS + 5
» Startup, shutdown, maintenance, equipment trips, low production periods, unstable S
conditions, and upset conditions can distort analysis. l—\— LrsEelien .
% —] 03 Saved filters
* Trend Miner filters allow users to focus only on desired operating conditions. [ |
- ~ ADDED TO VIEW
* Filters can be built using process variables, equipment status signals, alarms, production -
rates, or quality parameters. Q Filter - Qualical Running o
. . ‘p Less than 13 TPH roller mill Filter  (__ )
* Analysis becomes more accurate and representative of true plant performance
~ UNSAVED FILTER
[ ]

o Mo unsaved filter periods

Select a time period on the chart to
manually add a filter.
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Value-Based Search and Filtering

* Example: Filtering out data for when the production rate was less than typical.
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Value-Based Search and Filtering

* Example: Statistical comparison (St Dev, Avg, Range, delta, etc.) between APC (Advance Process
Control) performance vs regular/manual control.
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Filtering; Parallel-Flow-Regenerative Kiln Process

* Challenge: Parallel Flow Regenerative (PFR) kilns operate in alternating cycles.
— Burning Shaft: Fuel firing active, Heat generation, Calcination occurring

— Reversal Period: Flow switching, Process transition
— Regenerative Shaft: Heat recovery, No fuel firing

* As aresult, process variables can have significantly different behavior depending on the cycle
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ve Kiln Process

Filtering; Parallel-Flow-Regenerati

* Use Value-Based Search and Filtering

* |solate burning or non-burning periods only
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Filtering; Parallel-Flow-Regenerative Kiln Process

* Before Filtering: * After Filtering:
— Burning + Non-Burning + Reversal — Burning Cycles Only
— Mixed operating conditions — Consistent process conditions
— Difficult interpretation — Meaningful comparisons

Event analytics
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Cross-Correlation / Statistics
Hydration Process Optimization

Lime hydration reaction (Exothermic):

WATER INLET

QUICKLIME
CHARGING

CdO+ 2.H,0 - Ca(OH), + H,0 (Steam) + Heat
Ca(OH),
Quick Lime (CaO) 1. Pre-mixing Steam and Air
Water - 2. Hydration (Seasoning) ‘ Grits voRATED L
Air 3. Stabilization Lime dust
Heat
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Cross-Correlation / Statistics
Hydration Process Optimization

* Challenge: Hydration temperature changes lag water addition.

* Hydration process involves exothermic reaction of lime and water in an agitated chamber, where the hydration temperature is key indicator for
final product quality (Free moisture).

* Due toincrease in temperature during the reaction, and lag time in temperature increase water addition can be difficult to control
* The heat generates steam from water. The heat helps to speed up the reaction.
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Cross-Correlation / Statistics
Hydration Process Optimization

* Creating a new tag, ability to shift a relevant measurement by the retention time

* Value based search criteria for production rate range of interest

A P . WA L L A LR e

ft FORMULA

Manage calculations

Name

Qualical_TempZ2_30min_Shift

Calculations used 8/30

Units
Qualical_Temp2_30min_Shifted

Templ_Avg

Qualical_Temp1_30min_Shifted Average

Formula Temp2_Avg

Qualical_Temp2_30min_Shift Average
1 Qualical_Temp2_3@min_Shift

Temp3_Avg

Qualical_Temp3_30min_Shift Average

~ VARIABLE MAPPING

Temp4_Avg
Qualical_Ternp2_30min_Shift ”

@ @ » [NBFPIINBF_Lhoist_HMI.Qualical_.D_LOG.078. ~
Shift: 30m

Qualical_Tempd_30min_Shift Byerage

Temp5_Avg

Qualical_Temp5_30min_Shift Byverage

2" Editformula .
Moisture Avg

[NELIHYDMOIST LAST | | Average
B Saveformula

Water_Flow_Avg
»  Remove from view

+ Add calculation
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Cross-Correlation / Statistics
Hydration Process Optimization

* Event Analytics. Option of sorting the search results by calculation/duration/date.

* Can Export the results from here or continue to Open Event Analytics features within Trend Miner

Search and calculate Eve nt analytics Active refinements (1) ~ Reset

Refined results: 37 | Total results: 753

RESULTS (753) E
Table Histograms Parallel Coordinates Plot Scatter Plot
Templ_Avg SORTING -
e
~ © Sortbydate
Startdate ¥ H H Duration ¢ Templ... i Temp2.. i Temp3... i Temp4... i Tempb5... E.Moistu... :{ Water.... i Water._...
Sort by duration
September i 9/13/2826 1:53:08. 9m B8@s 222.2 228 221.2 214 .8 219.4 A.833 65.9 833 B + -~
Sort by calculation .
August ACTIONS 9/11/2826 5:59:88.. 17m B88s 222 219.9 221.4 216.8 218.3 1 69.1 842.8 B +
Jul 5% Keepresults 9/11/2826 1:32:88. 18m 88s 221.2 228.4 228.7 223.5 221 1 66.3 813.6 B +
uly
Y Exclude results 9/11/2826 12:43:8.. 14m 88s 222.7 221.2 223.6 228.6 226.3 B.926 68 821.7 B +
June )
M Add as contextitem 9/8/2826 12:35:00.. 28m 86s 222.6 228.2 227.1 210.9 218.3 9.974 56.2 788.1 B +
+

¥ Export v v
Open evel R/11/2A%24 7-A1-PR 1Am ARe 210 A 214 R 217 200 1 298 R A R74 A3 Q RAR 7 R
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Cross-Correlation / Statistics
Hydration Process Optimization

* Finding the range of process parameters where the hydrate product quality was on target

Active refinements (1) v Reset Apply refinements

Event analytics
Refined results: 46 | Total results: 753

Active refinements (1) ~ Reset Apply refinements

Scatter Plot
o

Table Histograms Parallel Coordinates Plot

Event analytics
Refined results: 40| Total results: 753

TemeS AvE 4 Moisure Avg Water_Flow_Avg 4+ Wat..zo0_Lime Ratio 4+

Table Histograms Parallel Coordinates Plot Scatter Plot
o
TemplAvg 4 Temp2_Avg 4 Temp3 Avg Tempd Avg 4
Temp1_Avg Temp2_Avg Temp3 Avg Temp4_Avg
32384 37334 4082+ 2975 328 25 786
7739846 = 3238403 = 8063521 = 3732715 1745585 = 404.195 1523107 = 2975161 =
- — . e —— )| —— -
7. 100 150 200 250 a0 2. B 1 150 200 250 EE Y 100 200 1523 10 0 220 240 200
Temp5_Avg Moisture_Avg Water_Flow_Avg Water_to_Lime_Ratio
9428777 = 3280365 = o8 = 11 C 3161947 = 78.64954 4025136 = 8713917
—. | — —— - e —
04z 150 200 250 00 328 0084 05 1 15 25 318 40 50 025 500 600 700 100 =
e 160
7744 175 1523
T T n n
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Process Optimization - Rotary Kiln Temperature Profile

Challenge: The rotary kiln experienced periodic spikes and instability in Secondary Air Temperature (SAT), resulting in:
* Reduced process stability
* Fluctuating combustion conditions
* Increased operator intervention
* Negative impact on the consistent kiln performance

Giving Weight to the
Process Anomaly

Perform Similarity Search
Across Historical Data

Selecting Critical Tags

Diagnosis and Correlation
Analysis

Process Optimization and
Corrective Actions

Root Cause Identification
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Process Optimization - Rotary Kiln Temperature Profile

* Challenge: Finding root cause of a process variation (Secondary Air Temperature).

.
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Process Optimization - Rotary Kiln Temperature Profile

Y TrendHub ~ 0, Searchtags &attributes Home View Workorganizer  Monitoring 'P Issam ~
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Process Optimization - Rotary Kiln Temperature Profile

* Similar instances can be found to strengthen the analysis.
— Highest similarity scores were added as layers.

# SIMILARITY SEARCH

@ [NBFIK3SECAIRT

| statistics

# Compare Layers

TAGS & ATTRIBUTES

& 70% Minimum Similarity Score
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~ QUERY PERIOD & WEIGHTS

13077
1300
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Process Optimization - Rotary Kiln Temperature Profile

* Objective: Finding process tags that could be correlated or the root cause of the secondary air T variation

— Feature used: Diagnosis

(4 TrendHuio ~ @ Searchtags&attributes
- < CROSS-CORRELATIONS
= = Maximum 1h
*
. . Allindexed togs /attributes
= 3
..

[ ©
Q # Editsettings
¥

RESULTS (233
. (233)
Y

Changestothe chart were detected

The results may not be up 1o date. Redo the diagnosis
to update your result list.
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Process Optimization - Rotary Kiln Temperature Profile
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e Collaboration between process and automation teams to improve operational efficiency

— Use of Trend miner to identify the problem
— Loop tuning software to implement the solution

21

— Data > Information > Insight > Action
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Detect, Monitor, and Track Events

* Acontext Iltem is a block of information linked to a data point or a period of data

Detect and Monitor Track Events

Automatically track
anomalies: Store any
event along with
additional needed info
for further analysis

Monitor and warn about
anomalies:
Capture any process event
and create context items

Marietta 22




Detect, Monitor, and Track Events

e Using TrendMiner to continuously evaluate certain anomalies or specific conditions:

* Detect events, Tracks occurrence frequency

© TM4-TSP-TI22114

— Supports root cause analysis, Preserves operational knowledge s
ﬁé 1 ",»‘F}wm_;'w;n‘v.v"wﬂ. \ ™ j‘w J' W-Ld."‘yf\n o VM'F% . meﬁun_f«ﬁﬂ - V“; Myh' V"U M,'MM'WMW‘N‘FN hpvﬁu'vﬁv,*wﬂ') Ly 'Mg ‘w""\"‘
e Searching/ filtering information -
e ContextHub Views: Visualization: Table, Gantt or Scatter ST B P Sre—— E——
5/5/2023 6:18.. m 80s © Ended Anom... TM4-TSP-TI22114
e \/isualize or count Context Iltems in dashboards /5/2023 Si45.  7m 005©  Enced
5/5/2623 3:38.. m 00s © Ended Anom... TM4-TSP-TI22114
* Visualize timeframes in TrendHub to drive your analysis S8/ 3:08-  2m G6e©  Ened
5/5/2023 1:18.. m 80s ® Ended Anom... TM4-TSP-TI22114
* Easily share with and searched by others s e

e Compare with other context information

e Graphical representation of your data in TrendHub, or viewed within ContextHub

M Martin
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Detect, Monitor, and Track Events

Crawford Plant 2 is off

1. Process Data, Historian Tags
(Power, Vibration, Rate, Status)

Y

2. Trend Miner Monitor:
Evaluates Defined Conditions

7 4. Webhook Sends Event Data:
3. Trend Miner Event: C- tETﬁll Mgsgzge_r d @ Catothook
(Context Iltem Created) ) ontextitem inside tren o
Miner
- Call WebhOOk* Uﬁim /fdefault978e71569db745bfa7cd01df044

Ball Mill Down >10 min Downtime Event "Ball Mill #2 Down"
Vibration > Threshold Reliability Alert "High Vibration Detected"
Feed Rate Low Process Alert "Production Rate Below Target"
Equipment Running Again Recovery Event "Asset Returned to Service"

M Martin
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Detect, Monitor, and Track Events

* Example: Implementation of plant down/run time for a mineral processing system.

? Crawford Plant Status // Chat Shared Recap [ (1 Meet now

Plant 4 is currently down.
Plant 4 is back online.
Downtime: 3 minutes

Plant 4 is currently down.
Plant 2 is back online.
Downtime: 346 minutes
Plant 4 is back online.
Downtime: 394 minutes
Plant 4 is currently down.
Plant 4 is back online.

Downtime: 40 minutes

Plant 4 is currently down.

A Martin
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* Historian Data > Analysis - Insights > DashHub > Operational Visibility
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Temperatures

Baghouse Temperatures : Pre-Heater Temperatures

K1BH Inlet Temp : K2 BH inlet Temp

0 Range 1 700 0 Range 1 700

K1Bleed Damper % : K2 Bleed Damper %

0 100
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K4 Production Rate

1| K4Rumning H
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TrendHub
- Load & analyze tags
- Create calculated tags
- Save TrendHub views

Summary

° Key Ap pli Catio ns Of Tre N d M i ner in Li me: Engineer tags events |Use tags for monitoring rules
Context Items
* Data Discovery: O ad hoten &t
— Process Monitoring
— Value Based Search Monitord
. . omtonng
- FI lte r ng Context items stored & enriched Ig: Teate momtqrs Add trend views
- Detect anomalies
- Trigger alerts
* Process Optimization:
— Statistical Analysis
.. . ContextHub
- S| mi l.a I’Ity Sea I’Ch - Store all context items
. . - Filter/search events IAdd alert tiles
- D|agn OSIS - Add calculations to items
. - Build ContextHub views (Table, Gantt, Scatter, Count)
— Root Cause Analysis
. . Add ContextHub views to dashboard
* Operational Intelligence: ‘

— Monitors DashHub Dashboard
- Add TrendHub tiles
— ContextCa pt ure - Add ContextHub table/Gantt tiles
—_ ifi i - Add monitor tiles
N0t|f|Cat 1ons - Combine trends + events + alerts
— Dashboards

Faster troubleshooting, improved process stability, and data-driven operational decisions.
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Appendix

TAGS & ATTRIBUTES @ 7 AVG STDEV MIN MAX Range
@ [NBFPIINBF _Lhois... D_LOG.079. 215.1 7.1 148.1 334.9 186.9
@ [NBFPIINBF _Lhois... D_LOG.080. 281.9 11 116.9 287.7 170.7
@ [NBFPIINBF Lhois... D_LOG.081. 218.8 11.5 144.7 354 209.2
® [NBFPIINBF _Lhois... D_LOG.077. 217.5 16.2 128.9 498.4 369.5
® [NBFPIINBF _Lhois... D_LOG.078. 217.2 7.4 148.1 341.9 193.8
L]
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