
Optimization of an E-Drive System using Smart and Standardized methodologies

Abhishek Shekkeri

Hitachi Astemo Europe GmbH



2© Hitachi Astemo, Ltd. All rights reserved.

Contents

1. Typical Task-Process of an E-Drive System and Optimization

2. Initial Process and Challenges

3. Process Improvements to make it Smart and Standardized

4. Conclusion



3© Hitachi Astemo, Ltd. All rights reserved.
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Typical Task-Process of an E-Drive System and Optimization
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2. Initial Process and Challenges
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Consequences of Initial Process
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3. Process Improvements to make it Smart and Standardized
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New Testing Topology supporting Complete Automation
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New Testing Topology supporting Complete Automation
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Example Calibration Task: Current Controller Optimization
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Current Controller Optimization
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Calibration Targets
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Testing Conditions

Preconditions:

DC Voltage

Coolant and flow settings

Temperatures

Calibration parameters

Recorder path

 Control / Variation Parameters

Id, Iq 

Speed

Switching frequency

Stabilizations

• Constant Temperature for all OPs

Limits

• Temperature Threshold (for EM, INV.)

• Voltage limits

• Current limits

Measurements

• Id, Iq, Ud, Uq, η ...

Testing Program

• Static FF-mapping (if needed active DoE)

UUT CONDITIONS
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Workflow

Response delay
Overshoot

Undershoot

Sum of
Differences

KPI CALCULATION

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

30 3040 4050 50 50 50

6
0

70
80

85

9091

92

93 94

9
4

94

95

95

0

15

30

45

60

75

90

Calibration 1.1 (Simulation MTPA)

Maximum between 48th order X, Y, Z Rear

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

20 20
30 3050 50

60

60

70
80

85

9091
92

93

93

94
94

9
4

9
4

94

95

95

0

15

30

45

60

75

90

DESIGN OF 
EXPERIMENTS

AUTO 
REPORTING

TEST 
EXECUTION

CENTRAL 
HOST

Full Factorial

Active DOE



21© Hitachi Astemo, Ltd. All rights reserved.

Workflow

Response delay
Overshoot

Undershoot

Sum of
Differences

KPI CALCULATION

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

30 3040 4050 50 50 50

6
0

70
80

85

9091

92

93 94

9
4

94

95

95

0

15

30

45

60

75

90

Calibration 1.1 (Simulation MTPA)

Maximum between 48th order X, Y, Z Rear

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

20 20
30 3050 50

60

60

70
80

85

9091
92

93

93

94
94

9
4

9
4

94

95

95

0

15

30

45

60

75

90

DESIGN OF 
EXPERIMENTS

AUTO 
REPORTING

TEST 
EXECUTION

CENTRAL 
HOST

Full Factorial

Active DOE



22© Hitachi Astemo, Ltd. All rights reserved.

Workflow

Response delay
Overshoot

Undershoot

Sum of
Differences

KPI CALCULATION

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

30 3040 4050 50 50 50

6
0

70
80

85

9091

92

93 94

9
4

94

95

95

0

15

30

45

60

75

90

Calibration 1.1 (Simulation MTPA)

Maximum between 48th order X, Y, Z Rear

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

20 20
30 3050 50

60

60

70
80

85

9091
92

93

93

94
94

9
4

9
4

94

95

95

0

15

30

45

60

75

90

DESIGN OF 
EXPERIMENTS

AUTO 
REPORTING

TEST 
EXECUTION

CENTRAL 
HOST

Full Factorial

Active DOE



23© Hitachi Astemo, Ltd. All rights reserved.

Workflow

Response delay
Overshoot

Undershoot

Sum of
Differences

KPI CALCULATION

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

30 3040 4050 50 50 50

6
0

70
80

85

9091

92

93 94

9
4

94

95

95

0

15

30

45

60

75

90

Calibration 1.1 (Simulation MTPA)

Maximum between 48th order X, Y, Z Rear

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000

SPEED_2.1.1 [SPEED_2.1.1_2.1.1]

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
 [

T
_S

H
A

FT
_c

o
rr

_2
.1

.1
_2

.1
.1

]

0

50

100

150

200

250

300

350

400

20 20
30 3050 50

60

60

70
80

85

9091
92

93

93

94
94

9
4

9
4

94

95

95

0

15

30

45

60

75

90

DESIGN OF 
EXPERIMENTS

AUTO 
REPORTING

TEST 
EXECUTION

CENTRAL 
HOST

Full Factorial

Active DOE



24© Hitachi Astemo, Ltd. All rights reserved.

Iterative Approach during Test Automation

Calibration

Pre-Calibration

Reporting
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Smart and Standardized Process

UUT CONDITIONS

CALIBRATION TARGETS
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Smart and Standardized Workflow
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Improvements
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Conclusion
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