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CNC MACHINE INSIGHTS AS A SERVICE
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CNC DATA MODEL

* X1 _ActualPosition: actual x * Y1_ActualPosition: actual y » Z1 ActualPosition: actual z position + S1_ActualPosition: actual position
position of part (mm) position of part (mm) of part (mm) of spindle (mm)

» X1 _ActualVelocity: actual x velocity * Y1 _ActualVelocity: actual y velocity « Z1 ActualVelocity: actual z velocity « S1 ActualVelocity: actual velocity
of part (mm/s) of part (mm/s) of part (mm/s) of spindle (mm/s)

» X1 _ActualAcceleration: actual x * Y1 _ActualAcceleration: actual y » Z1 ActualAcceleration: actual z * S1 ActualAcceleration: actual
acceleration of part (mm/s/s) acceleration of part (mm/s/s) acceleration of part (mm/s/s) acceleration of spindle (mm/s/s)

+ X1_CommandPosition: reference x * Y1_CommandPosition: reference y » Z1 CommandPosition: reference z * S1_CommandPosition: reference
position of part (mm) position of part (mm) position of part (mm) position of spindle (mm)

* X1_CommandVelocity: reference x * Y1_CommandVelocity: reference y « Z1 _CommandVelocity: reference z + S1_CommandVelocity: reference
velocity of part (mm/s) velocity of part (mm/s) velocity of part (mm/s) velocity of spindle (mm/s)

* X1_CommandAcceleration: * Y1_CommandAcceleration: » Z1 _CommandAcceleration: + S1_CommandAcceleration:
reference x acceleration of part reference y acceleration of part reference z acceleration of part reference acceleration of spindle
(mm/s/s) (mm/s/s) (mm/s/s) (mm/s/s)

» X1_CurrentFeedback: current (A) * Y1_CurrentFeedback: current (A) » Z1 CurrentFeedback: current (A) * S1_CurrentFeedback: current (A)

+ X1_DCBusVoltage: voltage (V) * Y1_DCBusVoltage: voltage (V) « Z1 DCBusVoltage: voltage (V) + S1_DCBusVoltage: voltage (V)

* X1_OutputCurrent: current (A) * Y1_OutputCurrent: current (A) « Z1 OutputCurrent: current (A) * S1_OutputCurrent: current (A)

« X1_OutputVoltage: voltage (V) * Y1_OutputVoltage: voltage (V) « Z1 OutputVoltage: voltage (V) + S1 OutputVoltage: voltage (V)

* X1_OutputPower: power (kW) + Y1_OutputPower: power (kW) + S1_OutputPower: current (A)

+ S1_Systemlnertia: torque inertia
(kg*m”2)

Confidential. All rights reserved. 3




Outier_Speedover %

W roma

Spinde speed over %

X position

Spindle spzec
varizion

Soindle Speed

Seed rate
100

Second of T Stamp

o 1000

TR0 1232018 1282019 12501 126208
/65257 PU 5 53:48 PM 5:53:49 PN 5:52:50 PM 553 51 PYA

",

0.
”
E
7
e

Outer_speed

[l vomal
[l outier

WSery2i2)

B Dastboard2 I

Spoedover% v [

=d Spindle Speedzar  Xpositicn  Speedorer%  Feed raie_pis  SpirdleSpeec_pie X position_pie

)

Spindle speed over %

X position

Spindle speed
variation
Second of Time Stamp

Spindle Speed

Feed rate

<

0000000¢

0000

0

0000000000

0000

0000

VQU00000000000000000

Minimum
12,797.000

W BSTFSTS 6F0ZFETTT
Wid 1SitSiS 6L0Z/E/TE
Wd 954518 6L02/C/Z1
Wid SSi¥SS 6L02/EMTH
Wid PSS 6L0Z/E/TE
Wid ZSi+SiS 6L0ZIEITE
Wid LSitSiS 6L0Z/E/TE
Wd 0SI#SS 6L02/2/T1
Wid 8¥:¥S'S 6L02T/ETH
Wid 9FitSiS 6L0Z/E/TE
Wid PSS 6L0Z/E/TE
Wid briSiS 6L0Z/E/TE
W €FIPSS 6L0Z/C/TL
Wid LEitSiS 6L0Z/EITE
Wid 6€i+SIS 6L0Z/E/TH
Wid BEI+SIS 6L0Z/E/TH
Wid €SS 6L0ZIEITE
Wid SEFSS 6L02/E/TH
Wid €€ISIS 6L0Z/E/TH
Wid ZEiSiS 6L0ZIEITE
Wid 0€I+SIS 6L0Z/E/TE
Wd 6Z:+51S 6L02/€/Z1
Wid 8T:¥S1S 6L02/E/TH
Wid LZ:tSiS 6L0ZIEITE
Wid 9Z:+S'S 6L0Z/E/TH
Wid STitS'S 6L0Z/EITE
Wd TSI 6L02Z/CITL
Wid TTFS'S 6LOTIET L
Wid LZibsiS 6L0ZIEITE
Wid 0Z:+S'S 6L0Z/E/TH
Wid 61itSiS 6L0Z/E/TH
W 1SS 6L0Z/C/TL
Wid LLitSiS 6L0Z/EITE
Wid 91itSiS 6L0Z/E/TE
Wid SLitSiS 6L0Z/E/TE
Wid FLibSS 6L0Z/E/TE
Wd €15 6L02/E/TH
Wid ZLibSiS 6L0Z/EITE
Wid LSS 6L0ZIEITE
Wid OLitSiS 6L0Z/E/TH
Wd 60:+51S 6L02/€/Z1
Wid 80:+S1S 6L02/E/TH
Wid L0:+S1S 6L0Z/E/TH
Wid 90:+S'S 610Z/E/TH
Wid SO:+S'S 6L0Z/E/TH
Wd $OIPSIS 6L02Z/C/TL
Wid TOFS'S 6L0TIETL
Wid LOI+SIS 6L0Z/E/TE
Wid 00:+S'S 610Z/E/TH
Wid 6SI€S'S 610Z/E/TH
W 1S€SS 6L0Z/C/TL
Wid 95I€5'S 610Z/E/TH
Wid SSIES'S 610Z/E/TH
Wid PSIES'S 610Z/E/TH
Wid €S5S 610Z/E/TH
W TSES'S 6L0Z/E/TL

Outlier_speed
[l Nomal
[l Outier

Value

2798,

2796

s 0 2808

>

B;
gd

Spindle speed over %

X postion

Spindle speed
variation

Second of Time Stamp.

Spindle Speed

Feed rate

<

@0000000000000000000000000000000000000000

2,800

-2,800

W U5 TES'S SIOTER T
Wd LSIES'S 6LOZE R
Wi 95€S'S 61L0Z/EZL
W SSIES'S BL0ZERZL
Wid $SIES'S 6LOZERZL
W €S1ES'S B1L0ZERZL
W ZSI€S'S B1LOZE R
Wd LSIES'S BL0ZERZL
Wid 0S€S'S 61L0Z/EZL
Wi 6F£S'S BLOZIERZL
Wid BFES'S BLOZERZL
Wid 9K €SS BLOZEZL
W SFIES'S BL0ZERZL
Wi PEIES'S BLOZERZL
W EFIES'S BL0ZERZL
W ZHIES'S BLOZIE R L
W LEIES'S 8L0ZE R L
Wi OF£S'S 61L0Z/ERZL
Wi 6€£S'S 61L0Z/EZL
Wi 9EIES'S 60T R
Wi LEIES'S BLOZE R
Wi 9E£S'S B1L0ZIEZL
W SEIES'S 60T R
Wid PEIES'S 6LOTER L
W €EIES'S BL0ZE R
W ZEI£S'S BLOZE R
Wid 08 £S'S 61L0Z/E R
Wd 6Z/£S'S B1LOZIEZL
Wd 9Z/ES'S B1L0ZIE R L
Wd LTES'S BLOTE R
Wd 9Z'£S'S BL0ZEZL
W STIES'S BL0ZERZL
Wid PTES'S BLOTERL
W €ZES'S BL0ZE R
Wd LZIES'S BL0ZE R
Wd 0Z'£S'S B1L0Z/EZL
Wd 61IES'S BLOZEZL
Wd 8LIES'S 60T R
Wd LLIES'S 8LOZERZL
Wd 9LIES'S BLOZE R
Wd SLIES'S 61L0ZERZL
Wd ¥1LISS'S 6L0ZERZL
W €LIES'S BLOZERRL
W LLIES'S 8L0ZERZL
W 0LIES'S 61L0ZERZL
Wid 60:£S'S BLOZ/EZL
Wid 90£S'S B1L0Z/EZL
Wid LO/ES'S BLOZIEZL
Wid 90:€S'S BLOZEZL
Wid SOIES'S B1L0ZEZL
Wd $0£5'S 6102/ /2L
W €0IES'S BLOZEZL
Wd Z0:£S'S B1L0Z/EZL
W LOIES'S BL0ZIE R
Wid 00£S'S 61L0Z/EZL
Wd 4SZS'S BLOZERRL

§
wnﬁg

]
3
5

Rl

Spindle, Hydraulic, and Lubrication Analysis are showcased
as part of the machine performance monitoring dashboard
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SPINDLE SPEED ANALYSIS &
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SPINDLE SPEED VARIATION ANALYSIS ©
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SPINDLE SPEED OVER % ANALYSIS @
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FEATURES FOR TOOL CONDITION &

Feature Importance

Z1_AchualVelocity

A 1_CurrentFeedback
X1_ActualPosition
X1_ActualAcceleration
21_DCBus\Voltage
X1_OutputVoltage

¥ 1_CurrentFeedback

X1_CommandAcceleration

1. Speeds (RPMs, rotary velocity, spindle X1_outputPower

21_CommandVelocit

S p e e d) 51_Actualvel c:-::il;,'_High_Fre:
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IndIVIduaI aXIS ..:..i Sl_e'«cb..lalAI:ceIeratigun
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PREDICT TOOL CONDITION ©

X1_ActualVelocity in experiment 1 X1_ActualVelocity in experiment 2
%‘ 40 mm/s %‘ 40 mm/s
= 30 mmfs £ 30 mm/s
= 20 mmis = 20 mms
Z 10 mm's 10 mmis
E omms E  Ommis "
i -10 mmis j =10 mm/s ”]
x LI I I I B = -20 mm/s IR LERRNEREENERE!
0 200 400 G600 300 1000 0 200 400 00 300 1000 1200 14001600
Time Time
A Y1_CurrentFeedback in experiment 1 A Y1_CurrentFeedback in experiment 2
L5 &7
m 8 20a J 10a
2 g SA
q) L 104 £ 0A
= Tz -5A
£ 0aA £ _10A
h o A0 A S 15 A
- LI L LI L . N N sy B B B - -20 A
i 0 200 400 00 200 1000 0 200 400 &DO &00 1000 1200 1400 1600
I ) Time Time
Z1_ActualVelocity in experiment 1 Z1_ActualVelocity in experiment 2
m %‘ 40 mm/s %‘ 40 mmis 3
& 20 mmis = 20mmis 3
—_ —_ =
m = 0mms oy r T Ommis 3
E =20 mmis E -20 mm/s E ] I I
I I = 40 mm/'s -~ 40 mm's 3
F | UL, LI N N N e e I e - T T T
0 200 400 G00 200 1000 0 200 400 00 300 1000 120014001600
A 51_CurrentFeedback in experiment 1 A 51_CurrentFeedback in experiment 2
2 60 A 2
- kT
g 40A & 40 A
= 30A =30 A
[+5] ]
£ EF
S 10 A 4
2 oA . . . . | Ziooa
0 | L DL L L L L L L L L L o
0 200 400 G600 200 1000 0 200 400 00 Z00 1000 1200 1400 1500
Time Tirme

Confidential. All rights reserved.




PREDICT TOOL WEAR®

TOOL CONDITION - CURRENT TOOL CONDITION - VOLTAGE
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PERFORMANCE - VIBRATION ANALYSIS©
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PERFORMANCE - OUTLIER DETECTION ©
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ASSET PERFORMANCE
(PUMP) MACHINE INSIGHTS

e
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PUMP DATA MODEL
(e.g., Electrical Submersible Pump)

Pump Data Model Production Data Model

» - CURRENT(Amperes) » - BFPD: Barrels of Fluid per Day

- PRESS_DESC: Discharge Pressure (Psi) - BOPD: Batrrels of Oil per Day

- FREQUENCY (Hz) - BWPD: Barrels of Water per Day

- PRES_INT: Intake Pressure (Psi) - MSCF: Million of Standard Cubic Feet

- TEMP_INT: Intake Temperature (°F) - BSW: Basic sediment and water (%)

- TEMP_MOT: Engine temperature (°F) - GOR(MSFC/BPPD): Gas-oil Relation

- OUT_VOLT: Output Voltage (V) - GLR(SCF/BFPD): Gas-liquid Relation

- PRES_INTK: Intake Pressure (Psi) - API: Oil API Gravity

- TEMP_INTK: Intake Temperature (°F) - FREC(Hz): Frequency

- Vibration: Normal Range Values lie between 0 - 0.8 - PIP(PSI): Pump intake pressure

- PROF_INTAKE(ft): Intake Depth
- AMPERAGE: Current

- PUMP: Pump name

- PSI_CAB: Wellhead Pressure

Confidential. All rights reserved. 14




METRICS FOR PUMP FAILURE ©

Pump Failure

Standard Deviation
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FORECASTING PUMP FAILURES ©
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DIAGNOSTICS OF ROD ©
& BOREHOLE PUMPS

average production efficiency vs time
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DIAGNOSTICS OF ROD ©
& BOREHOLE PUMPS

average production_rate vs time for devicelD=0
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DIAGNOSTICS OF ESPs* &

* Electrical Submersible Pumps
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PERFORMANCE - ESPs KPIs ©
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PERFORMANCE -
VIBRATION ANALYSIS
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INVENTORY &
VENDORS
MONITORING
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MES -
PRODUCTION
SCHEDULING &
FORECASTING ©®

« Easily arrange orders on
production lines & plan
considering of shifts, resources,
assumed capacity of machines
and retooling operations

» Batch planning for master orders
with real-time progress tracking

» Graphical scheduler with progress
monitoring through Gantt charts

23




Inventory Manager

Q Add Part

Code Name Type Value Size Quantity Location
8248070218458086155 0J-55-112LMH2 Relay 100
4182997901177315050 R0402_120R R 120R 0402 9997
545967829376700775 Crystal 32.768k 9 B5
2733507424624619367  AT24C64D EEPROM 64kbit TSSOP8 10
3095430749462342794 Orange Pi Zero 512M SBC 1 Martin
7313869313628642229 TIP141 NPN TIP141 TO218 38
460240042213056664 R0O603_100k R 100k 0603 4900 RL
Brain LEDs PCB 9 B6
314439890682839%2201 C0603_330nF/50V C 330nF/50V 0603 498 B3
857111838327459340 R0O402 _100R R 100R 0402 9900 RL

* QR based inventory management system improves the
accuracy & reduce waiting time during production cycles

INVENTORY - QR
E N A B L E D e - Solution fulfills the demand for a parallel physical inventory

« This can stay as a standalone system or integrated with the
ERP system
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Buyers create Upon invoice sl |
4] - L)

'!c purchose orders payment, an order
based on current I‘I shipment request is .
N e o

. procurement created automatically "1 . | [
BUYER'S SIDE needs VENDOR PORTAL  /m the connected ERP SUPPLIER’S SIDE 2 '
ERP SUPPLIER A ERP
(manufacturing (order management
module) SUPPLIER B maodule)
HB-11-20 1 717 013111 13-4 18 AT
i 3 { HE > i R o E s M A-oE-17 A I3 JIN 017 MNBE-oros = N 05
ERP Suppliers issue invoices SUPPLIER C
{analytics module) to be paid ord
) ?rﬁ“”‘s = WS04 HB040 FO1S05-06 F0TOA513 201940510 209005-17 0100543 0100810 H10E1T
proceed to
ERP warehouse and get Total frdess 3 Yoars Ago 12 b i T ¢ ; 1 3 3
(financial module) shipped to a buyer riiers Sdjusiment 3 Years &g | | | |
Order shipment s confirmed and shipment Tolal On dess 2 ¥ pars Ag !k ) & L)
progress is available in the portal Drders Adjustment 2 Years 4ga | | |
Procurement team Procurement team tracks and .
analyzes the supply measures KPIs: supplier availability, TorEsd Chrciers ) e ! - - ! !
and anticipates purchase order cycle time, TR Al jURT T 1 Yidrs Agn | | |
procurement needs emergency purchase ratio, and more l e I
TieT !
a5l B I i
aut Chw
Total Foracast E q

* |In future, visibility of the product/procurement activities
pertaining to various vendors/sub-vendors

SUPPLY CHAIN -
V E N D O R Eg?}?/!ewsitfﬁggttgz;l%lgzrﬁgm (;)r]: non-performance deductions,

PROCUREMENT ©

« Monitor Project/Contract performance visualization with
SLAs exceptions in real-time
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SUPPLY CHAIN -
REMOTE
INSPECTIONS ©

« Defects detection using CNN
(Convolution Neural Networks)

» App-based streaming on
inspected items is shared in real-
time to the QC team at production
site

 Solution also supports for 3D and
AR (Augmented Reality) models
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4 PRODUCTION OPTIMIZATION
S LINE PERFORMANCE

D

-
2
MACHINE’S OEE
INSIGHTS
—

D

-
3
PRODUCTION
KPIS
—

27



f

e

—_—

REAL-TIME JOB MONITORING &

e
\ /
- ‘ Y ) [
Reverse
Mazak CNC Adapter - Agent + Relay galatbase D:‘; h:_:oard Proxy
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_ —
.\xl
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MZ-MTCNCT" insta
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ED"/>
'ASSET_REMOVED"/>
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_1.7.xsd">
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LINE PERFORMANCE MONITORING &

28 SmartFactory » Line Performance - W w2 B % @ owstrds~ @ 2 0s
Equipment Site  Site - Area  Area~ Line Linet ~ = Links
Current Running Order
O Equipment] Time Production Line Order ID Product ID Product Description Order State Scheduled Start Time Act tart Time Setpoint Rate Order Qty Issued Qty Remaining Qty Remaining Time
Linel-O
O Equipment 2 1969-12-31 19:00:00 Site | Area | Line1 100033 1 Chicken Pizza running 2020-08-20 10:22:07.007 2020-08-20 10:00:01 100.00 100000 - - -
1969-12-31 19:00:00 Site | Area | Line1 100034 1 Chicken Pizza next 2020-08-21 03:02:57.007 - 0 10000 - - -
Enterprise O Site-O) Lres-C)
Planned Production Actual Production Held Time Running Time Availability Performance
O Equipment]
tne2 O 16787 3530 1.83 day 2.61 day 58.79% 34.97%
Equipment 2
Q) Equipmen Current Rate Line Performance

8/1712:00 8/18 00:00 813 12:00

an

8/1412:00 8/1500:00 8115 12:00

10
0:00 il B /19 00 19 124 - :0

Reason Codes 60

Performance.execute

8 5 DownTime Editor Table
Inplanned O g ! Time » category reason equipment
o 2020-08-19 19; 402 held Unplanned Electrical Breakdown
QS 2020-08-19 11:24:34.801 07:39:32.601 held Unplanned No Orders
2020-08-19 03:11:29. 08:13:05.148 held Unplanned
Planned-O - 2020-08-19 00:08:28.179 03:01.474 held Planned

2020-08-1813:

32.920 11:07:55.259 held Unplanned

2020-08-17 01:32:1 35:28:17.345 held Planned Holidays
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LINE PERFORMANCE MONITORING ©
OEE BY PLANT/MACHINE
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Time Produdt o er 1D F C P tior ar State Scheduled Start Time \ctual Start
1969-12-31 19:00:00 Site | Area | Linet 100033 1 T-TBL-01 running 2020-08-20 10:22:07.007 2020-08-201 M E S - e
1969-12-31 19:00:00 Site | Area | Linet 100034 1 T-TBL-01 next 2020-08-21 03:02:57.007 - P R O D U C T I O N K P I

16787 3530 1.83 day 2.61 day

 Integrated Production KPIs is
showcased as part of the KPI

mH | | ‘I H -

« Solution supports for Production
Forecasting with What-If Models

» Production KPIs are well guarded,
so manufacturers need a flexibility —
on cloud, on premise or hybrid
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