ANYdrive

A complete robot joint

Fully integrated

ANYdrive consists of a powerful brush-

less motor, a backlash-free gear,

high-precision encoders, and efficient

power electronics.

Absolute position sensing

Precise absolute encoders make
repeated calibration of the joints
unnecessary.

Programmable controller

Custom control algorithms can be
implemented through the open API
(coming soon).

Peak/nominal power
Nominal voltage
Peak/nominal torque
Peak joint velocity
Torque control bandwidth
Dimensions (L x D)

Mass

Max. bending moment

06/16

480 W /180 W
48 VDC

40 Nm /15 Nm
12 rad/s

>60 Hz

93 x 80 mm
0.9 kg

2?2 Nm

Accurate torque control
& impact robustness

The intergrated spring enables
accurate torque tracking while
protecting the gear from impacts.

High load bearing &
hollow shaft

Absolute joint position

The robust design and hollow shaft
allow for compact robot design and
optimal cable routing.

Ingress-protection IP66

The ANYdrive is completey sealed
against dust and water ingress.

17-bit, <0.025°

Joint output torque resolution <0.1 Nm

Control modes

Communication

Position, torque, impedace,
velocity, or current control
CAN 1 Mbit/s,

CANopen protocol,

ROS integration

Example applications

contact: info[danybotics.ch



D3.1 SEA with integrated electronics
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1 ANYdrive - Modular joint units

ANYdrive was designed according to the following features:
e High impact robustness
e Fast motion tracking
e Low impedance force controllability

It was successfully tested and meets all the requirements. A movie documentation of the actuator
performance is available here: |https://youtu.be/IESsdD3078k

1.1 Overview

ANYdrive (fig. , the joint units of ANYmal, is a highly integrated series elastic actuator. It is
built upon high torque motors and harmonic drive gears in series with a rotational spring. Joint output
position and spring deflection are measured using absolute position sensors providing a position accuracy
of 0.025°and a torque resolution of 8 mNm. Thanks to integrated custom motor control electronics, joint
torque, position, and impedance can be directly regulated without any additional components. The
corresponding command values are sent over CAN bus using CANopen standard. With a nominal
voltage of 48 V, the joint reaches a speed of 12rad/s and a maximal torque of 40 Nm.

1.2 Control structure

Joint torque, position and impedance control is realized as a cascaded structure that considers the motor
as torque source (c.f. [I0]) as illustrated in fig. Similar to the work by Paine [I1], which is also the
basis of the control of Valkyrie [8], we realized a simple PID torque feedback loop with feedback friction
compensation. The position PID control builds upon the torque controller as an additional cascade.
The torque controller tracks a desired torque 7% by measuring the actual output torque 7 and setting
the desired current i%°* accordingly. The spring deflection is calculated from the difference in the joint
position 6; and the gear position 6. The output torque 7 is then calculated using the spring constant
k. The torque controller consists of three elements, i.e. a PID controller, a feed forward term and a
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(a) ANYdrive (b) Control Structure

Figure 1: ANYdrive: Compact, compliant joint units for advanced interaction (a). Block diagram of the
cascaded joint position and torque control loop. The SEA block represents the physical actuator unit
including field oriented control (FOC) to apply the desired current i9¢* b)()
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Figure 2: Experimentally identified torque control transfer function indicating a bandwidth of 70 Hz (a).
Torque step responses show a quick response time and low overshoot. (b)

feedback friction compensation. The feed forward term is determined from the inverse of the gear ratio
N and the motor constant K, both typically provided in by data sheets. The friction compensation

icomp(éj) = ibasSign(éj, éband) + ,uéj (1)

takes two effects into account, namely stiction and viscous friction. Firstly the break-away current iy,
is modeled as Coulomb friction. To prevent undesired switching around the zero velocity point, it is
implemented as simple smooth sign function

-1, ifx <z
sSign(z,zp) = ¢ 1, ifzx >x (2)
—1+2(%?’)2(2— +), otherwise

Secondly, the joint velocity dependent viscous friction is linearly modeled with the friction coefficient p.
All these parameters can be experimentally identified from very few measurements.

The position controller is a PID controller that tracks a desired joint position 9?65 by setting a desired
torque 79¢. An important note is that the position gains are highly depending on the output load since

there is no knowledge about the joint load in the control architecture.

1.3 Performance evaluation

The performance of ANYdrive with respect to torque and position reference tracking as well as impulsive
disturbance rejection is evaluated on a single axis test bench. As illustrated in fig. the bandwidth for
low amplitudes is as high as 70 Hz. Due to motor saturation effects, the bandwidth gradually decreases to
24 Hz for 10 Nm amplitude. These performance values are substantially higher than what was achieved
with our previous system [I2] and about the same as in Valkyrie [8]. Interestingly, this high performance
was achievable without a disturbance observer as documented in [13].

As illustrated in fig. the controller is very reactive showing a t9o of 13ms for a step of 10 Nm
and 35ms for a step of 40 Nm with only small overshoot.

Disturbance rejection to impulsive loads is evaluated in a collision test. To this end, a pendulum
is mounted at the output and the actuator is requested to produce zero torque. The free swinging
pendulum is crashed with high velocity into a hard wall and brought to instantaneous rest (ideal plastic
collision with a restitution coefficient of zero). Despite high motor speed before the collision, the motor
produces only little torque during the impact (fig. . In fact, already 2ms after the collision, the
motor maximally decelerates to keep the torque in the spring as small as possible. Due to the motor and
gearbox inertia, it takes about 10 ms to bring the motor to a complete rest. If the pendulum collides with
the maximal motor velocity, the peak force is smaller than 7 Nm. This implies that whatever collision
a system that is built from these joint units experiences, forces occurring at the gear never exceed the
peak loads it is rated for. In other words, the drive is perfectly robust against self inflicted collisions.
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Figure 3: a) Joint torque during impulsive collision. The motor velocity is scaled with the gear ratio
for plotting purposes. b) Zero torque tracking error (blue) when the output joint is randomly moved by
hand (red).

As final performance evaluation experiment, the actuator was again commanded to produce zero
torque while the output is randomly moved by hand (fig. [3(b)). Despite very large disturbances (2rad
amplitude and about 4 Hz motion), the output torque can be kept at less than 0.2Nm. A qualitative
comparison to Valkyrie and results published in [I4] indicates a significantly better disturbance rejection
performance.
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