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CONNECT COLLECT

To begin your digital
transformation journey we
need to establish a digital

connection to the CNC
machines

Collect data from established
connections using
drivers/adapters based on
OPC UA/ MT Connect

L1 0 T
\c’;fh‘h lr !{ ’ 'l e\ ll.\ "\l\:‘::'}\'::‘ssf\? iy

COMPUTE

COMBINE
Perform any necessary
evaluations of the data - Perform any aggregation of
converts raw data to data from multiple sources or
appropriate units, calculates from re-injected system data
fault states, runs timers, etc.
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| CONVEY
Derive insights that shows
perspectives of metrics;
OEE, Predictive Analysis,
Cause and Effect Analysis,
etc.

COMBINE
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CNC Monitoring API CNC SFR API CNC SPC API
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SPINDLE DATA TOOL CONDITION
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Z-axis Spindle

* X1_ActualPosition: actual x * Y1 _ActualPosition: actual y « Z1_ActualPosition: actual z « S1_ActualPosition: actual position
position of part (mm) position of part (mm) position of part (mm) of spindle (mm)

» X1 _ActualVelocity: actual x * Y1 _ActualVelocity: actual y » Z1 ActualVelocity: actual z velocity « S1_ActualVelocity: actual velocity
velocity of part (mm/s) velocity 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)
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Spindle, Hydraulic, and Lubrication Analysis are showcased as part of the

machine performance monitoring dashboard
CNC Machine Failure Prediction with What-If Models

Events) Analysis for shutdowns
Solution supports for Energy losses analytics
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SPINDLE SPEED OVER % ANALYSIS © greenojo,
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Feed rate Spindle Speed Spindle speed X position Spindle speed over %
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FEATURES FOR TOOL CONDITION ©

Feature Importance

N =

Speeds (RPMs, rotary velocity, spindle speed)
Feed rate

Loads & positions of tools on each individual
axis

Machine status (active, inactive) and part
count increments

Other control metrics that come off a machine
that must be there anyway for the machine to
run

Fealwes
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Z1_AchualVelocity

A 1_CurrentFeedback
X1_ActualPosition
X1_ActualAcceleration
21_DCBus\Voltage
X1_OutputVoltage

¥ 1_CurrentFeedback
X1_CommandAcceleration
ZA_QutputPower
21_CommandVelocity
S51_ActualVelocity_High_Freq
X1_DCBusVoltage High_Freq
X1_ActualPosition_High_Amp_Freg
21_ActualPosition_High_Freq
¥ 1_DCEBusVoltage
S1_ActualAcceleration
S1_CumrentFeedback
Y1_CommandAcceleration

W 1_ActualVelocity
¥1_Outputvoltage
S1_OutputPower
Y1_ActualPosition

Y 1_OutputPower
31_ActualPosition
Y1_ActualAcceleration
51_Acceleration_Diff
S1_ActualPosition_High_Amp
X 1_CommandPosition
51_DCBus\Voltage

Y 1_CommandVelocity
K1_Velocity_Diff

T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 200 400 600 G00 1000 1200
Importance
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X1_ActualVelocity in experiment 1 X1_ActualVelocity in experiment 2
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PREDICT TOOL WEAR
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TOOL CONDITION - CURRENT TOOL CONDITION - VOLTAGE
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PERFORMANCE - OUTLIER DETECTION ©
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