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ABSTRACT

This application report provides details about the adaptive drive-angle adjust algorithm supported by the
DRV10970 device. This document also provides a comparison between the commutation of a motor
based on fixed drive angle versus adaptive drive angle. For details about the DRV10970 device, refer to
the DRV10970 data sheet (SLVSCU7).
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1 Introduction to Drive Angle
For brushless DC (BLDC) motors, the user often wants to control the drive state of the motor so that the
phase current of the motor is aligned with the back electromotive-force (BEMF) voltage of the motor. The
BLDC motor can be represented as shown in Figure 1.
R L
_T_|: Supply BEMF
Figure 1. BLDC Motor Model
As shown in Figure 1, the motor has an inductive effect. Because of this inductive effect of the motor, the
phase current lags phase voltage. To achieve optimal efficiency, the phase voltage should be applied in
advance compared to the BEMF voltage and must be adjusted to keep the BEMF voltage aligned with the
phase current. As shown in Figure 2, this difference between the applied phase voltage and the BEMF
voltage is known as drive angle (advance angle).
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Figure 2. Drive Angle (Advance Angle) Definition
2 Adaptive Drive-Angle Adjust (ADAA)

The BLDC motor operates efficiently when the stator flux and rotor flux are in quadrature (90°). To achieve
this 90° angle between the stator and rotor flux, the BEMF voltage must be aligned with the phase current.
This alignment between the BEMF and phase current can be achieved by adjusting the drive angle

The drive angle can be adjusted to achieve better efficiency by measuring the phase current and
comparing it with the Hall signals. But, because of variation in parameters such as motor resistance and
inductance with operating point, the BEMF voltage and phase current are not aligned for fixed drive angle
when an operating condition is changed.

The drive angle must be adjusted when an operating condition, such as speed and load, is changed to
operate the motor at optimal efficiency. This dynamic change of the drive angle requires continuous
monitoring of phase current and additional processing of data. To overcome this problem of manually
adjustment the drive angle, Texas Instruments' new adaptive drive-angle adjust (ADAA) algorithm can be
used. The ADAA algorithm continuously monitors the phase difference between the BEMF voltage and
phase current, and adjusts the drive angle between the phase voltage and BEMF voltage. In devices like
the DRV10970 device, the current is measured internally and BEMF information is available from hall
Sensors.
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Figure 3. ADAA Operation

When the Hall sensor is placed at 0°, the BEMF voltage is in-phase with the respective Hall signals. The
ADAA logic takes advantage of this fact and aligns the U-phase current to the U-Hall sensor input. The
device continuously monitors the phase difference between the U-phase current and U-phase Hall signal
while adjusting the phase voltage driving angle, A8 (with respect to the U-Hall sensor signal, same as U-
BEMF zero crossing), to align the current and Hall signal (as shown in Figure 3). ADAA mode is the
recommended mode of operation where the motor efficiency is maximized irrespective of motor
parameters, load conditions, and motor speeds.

2.1 Configuration of DRV10970 for ADAA Mode

ADAA mode works only when a 0° phase difference exists between hall signal and BEMF. As shown in
Figure 4 and Figure 5, there is a 0° phase difference between the output of hall sensor and the BEMF.
The user must be careful with placement of the Hall sensor so that the Hall signals are aligned with BEMF
for the ADAA feature to work efficiently.
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Figure 4. Output of Differential Hall Sensor With 0° Hall Placement
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Figure 5. Output of Single Ended Hall Sensor With 0° Hall Placement

The ADAA feature can be configured with the DRV10970 device by connecting the CMTMOD pin to
ground (0° mode) and leaving the DAA pin floating (ADAA mode). ADAA mode is supported with both hall
configurations such as when all three Hall sensors are used for all U-V-W phases or when a single Hall
sensor (U-phase) is used in the system.

2.2 Fixed Drive-Angle Adjust versus Adaptive Drive-Angle Adjust

In fixed drive-angle mode, the phase difference between the applied voltage and the BEMF voltage is
fixed for all operating points. Therefore, in fixed drive angle mode, the device applies the voltage based on
BEMF zero crossing with a fixed advance angle. In ADAA mode, the phase difference between the
applied voltage and the BEMF voltage is adjusted to align the phase current to BEMF.

Figure 6 shows the device operating in ADAA mode. When an external load was applied to the motor, the
ADAA-adjusted phase voltage is such that the U-Hall signal is aligned to phase current.

Figure 7 and Figure 8 shows the motor operation in fixed drive-angle mode. Because the motor is
operated with a fixed drive angle, the U-Hall signal is not aligned to the phase current. Because of
misalignment, the power consumption is greater in fixed drive-angle mode compared to ADAA mode.
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Figure 6. Operation of Motor With ADAA Enabled
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Figure 7. Operation of Motor With Fixed Drive Angle (10°)
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Figure 8. Operation of Motor With Fixed Drive Angle (5°)

The advantage of using ADAA over fixed drive-angle adjust is that the power consumption is optimized for
all operating points and the system is more efficient. As shown in Figure 9, when the load changes from 0
mN-m to 100 mN-m, the motor consumes less power in ADAA mode compared to fixed drive-angle adjust.
Fixed drive-angle based commutation is optimal only at a full load and therefore there is less difference in
power consumption between fixed drive angle and ADAA. But, when the load is changed, the power
consumption is more for fixed drive-angle adjust compared to ADAA mode. The ADAA algorithm is able to
adjust the angle and optimize the power consumption. Figure 9 also shows that the DRV10970 device is
able to operate motor at higher speed for given load for ADAA mode as compared to fixed drive angle.
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The data shown in Figure 9 was collected using a motor from Hurst (DMA0102024D2010). Figure 9 also
shows that because power consumption is less for ADAA mode, the system is more efficient compared to
fixed drive-angle based commutation. For example when operating at a 50-mN-m load, the efficiency is
improved around 10% and 15% for ADAA mode compared to 10° and 5° fixed drive-angle (respectively).
The average improvements in efficiency between 10 to 100 mN-m load torque is around 13% and 17% for
ADAA mode as compared to 10° and 5° fixed drive angle (respectively).
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Figure 9. Comparison Between ADAA and Fixed Drive Angle for Different Operating Condition
NOTE: ADAA mode is only available in sinusoidal mode and 0° Hall-sensor placement. The motors
with 30° Hall placement can use the fixed drive-angle feature to achieve maximum system
efficiency for a given application.
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changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
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TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
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Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
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TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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