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From Run-to-Failure to Run-to-Insight
AI-Driven Early Failure Detection in Powertrain & e-Axle R&D
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The Paradigm Shift in R&D Testing
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The MIG 16 Early Failure Detection (EFD) System
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Architecture Mapping: Capturing the Physical State

The EFD  system routes 
complex mechanical inputs 
into a centralized AI powered 
hub in real-time
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Focus:  Transient Dynamic Load Ramps & Powertrains
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Adaptive Limits, Not Static Thresholds

The AI learns conformity based on 
specific operating points (torque, 
speed, temperature) automatically.
It recognizes normal operational 
spikes and only flags true anomalies
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A Triple-Dimensional Perspective on Diagnostic Telemetry

The EFD  
system 

calculates 
real time NVH 

Indicators in 
three 

distinctive 
domains
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NVH Indicator Selection Matrix in EFD for Powertrain Testing 
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Indicator 1: Root Mean Square (RMS) for Immediate Health Monitoring
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Indicator 2: Speed Fluctuation (SF) Isolates Torsional Oscillation
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Indicator 3: Order Spectrum (OS) Maps Noise to Specific Components
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Deep Learning  Pipeline
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Automated Fault Classification
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The EFD Protection Loop
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Run-to-Insight: From Execution to Insight with Data-Driven Protection
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Use Case 1:  E-axle & Electrification Powertrains



Copyright © 2026 TOYO Corporation.  All Rights Reserved 17

Shutdown Diagnosis in relation to Sideband Growth  
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Shutdown was sent,to test stand, but Test was continued
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Input Shaft Bearing Defect (8-speed transmission with hybrid powertrain) 1/2
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Bearing order outer ring harmonic 

and sidebands from input shaft
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Input Shaft Bearing Defect (8-speed transmission with hybrid powertrain) 2/2
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Use Case 2:  Internal Combustion Engine Durability Testing 
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Symptom to Diagnosis: Catching a Cylinder 4 Failure in Real-Time (1/2)
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Symptom to Diagnosis: Catching a Cylinder 4 Failure in Real-Time (2/2)

8/6 – 09:41pm -> first shutdown alarm 
of MIG16 because of Vib1 in neg. 
torque phase of test profile. A clear 
trend increase of Vib1 over the 
previous test hours can be seen. 

This increasing trend is particularly 
evident on Vib1. An analysis of the raw 
data shows that no combustion event 
or similar is responsible for this 
increase. Rather, it is a general increase 
in overall noise. This trend increase is 
typical of a wear damage. The fact that 
the trend is only visible on Vib1 is 
consistent with the assumption of a 
clutch failure. 
All Vib sensors do not show any 
increasing trend in pos. torque load 
steps.

8/6 – 11:19pm -> Test stop (Several 
more MIG16 shutdown alarm (Vib1) 
occurred between 9:41pm and 
11:19pm)



Copyright © 2026 TOYO Corporation.  All Rights Reserved 23

Business Impact & ROI
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Advantages
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Global Customer Support

Headquarter Munich, Germany
 
• Tokyo & Nagoya, Japan, TOYO Corp.
• Fremont CA & Detroit MI , USA, TOYOTech 

• Shenzhen, China
• Suwon, Korea
• Sao Paolo, Brazil
• Madrid, Spain
• Paris, France
• Bursa, Turkey
• Bangalore, India



Copyright © 2026 TOYO Corporation.  All Rights Reserved 26

Contact Us

TOYOTech, 47623 Lakeview Blvd. Fremont, CA 94538, USA

Web: https://toyotechus.com/automotive_measurement/

E-mail: info@toyotechus.com

https://toyotechus.com/automotive_measurement/
mailto:info@toyotechus.com

	Slide 1: From Run-to-Failure to Run-to-Insight AI-Driven Early Failure Detection in Powertrain & e-Axle R&D
	Slide 2: The Paradigm Shift in R&D Testing 
	Slide 3: The MIG 16 Early Failure Detection (EFD) System 
	Slide 4: Architecture Mapping: Capturing the Physical State 
	Slide 5: Focus:  Transient Dynamic Load Ramps & Powertrains 
	Slide 6: Adaptive Limits, Not Static Thresholds
	Slide 7: A Triple-Dimensional Perspective on Diagnostic Telemetry 
	Slide 8: NVH Indicator Selection Matrix in EFD for Powertrain Testing  
	Slide 9: Indicator 1: Root Mean Square (RMS) for Immediate Health Monitoring
	Slide 10: Indicator 2: Speed Fluctuation (SF) Isolates Torsional Oscillation 
	Slide 11: Indicator 3: Order Spectrum (OS) Maps Noise to Specific Components
	Slide 12: Deep Learning  Pipeline 
	Slide 13: Automated Fault Classification 
	Slide 14: The EFD Protection Loop 
	Slide 15: Run-to-Insight: From Execution to Insight with Data-Driven Protection  
	Slide 16: Use Case 1:  E-axle & Electrification Powertrains 
	Slide 17: Shutdown Diagnosis in relation to Sideband Growth   
	Slide 18
	Slide 19
	Slide 20: Use Case 2:  Internal Combustion Engine Durability Testing  
	Slide 21: Symptom to Diagnosis: Catching a Cylinder 4 Failure in Real-Time (1/2) 
	Slide 22: Symptom to Diagnosis: Catching a Cylinder 4 Failure in Real-Time (2/2) 
	Slide 23: Business Impact & ROI 
	Slide 24: Advantages
	Slide 25: Global Customer Support  
	Slide 26: Contact Us

