Articulation Joint Drive Performance Envelope

1 Basics

This technical specification outlines the enhanced drive model implementation for PhysX articulation
joints. The goal is to improve sim-to-real transfer by more accurately capturing the drive’s behavior. To
achieve that, PhysX implements a static drive model which effectively approximates a set of achievable
operating points in the (jointVelocity, driveEffort) plane with a piecewise linear function known as the
performance envelope. It is important to keep in mind, that although it offers a fast, efficient and simple
solution, it has some limitations: it does not capture dynamic effects, temperature dependencies, or
high-frequency behavior.

The performance envelope is defined by two coupled constraints operating in the (jointVelocity, driveEffort)

space. For rotational joints, these are expressed as:

|T| < Tmax — krv : |U‘ (1)

|U| S Umax — va : |T‘ (2)

Equation [1] defines the torque-speed boundary, limiting the maximum achievable torque 7 at any given
velocity v. At v = 0, the torque is capped at Tax, With torque capacity decreasing linearly as velocity
increases.

Equation [2| defines the speed-torque boundary, capping the maximum velocity v at any applied torque 7.
At 7 = 0, the velocity reaches vyax, with speed capacity decreasing linearly as torque demand increases.

2 Datasheet-to-Sim

This section provides a guide for deriving the performance envelope parameters from a typical motor
datasheet. While manufacturers may use varying units (e.g., rpm for speed, mNm for torque), the
resulting parameters must be converted to units compatible with the schema.

2.1 maxEffort

The maximum torque or force that an actuated joint can exert, denoted as Timax, is often constrained by
thermal limits of the motor and its components. Typically, this maximum effort is highest at low speeds,
since motor losses tend to increase with velocity.

Tmax can be determined by the most restrictive of the following factors:



e Controller Current Limit:
Tmax — IC,max : kt : iG lel
where:

— Ic max: Maximum current the controller can deliver
— k;: Motor torque constant
— iq: Gear ratio

— ng: Gear efficiency
e Motor Torque Limit:
Tmax — TM,max ° iG el
where:

— TM,max: T'he maximum torque the motor can deliver, which depends on the duration of torque
application.

e Gear Torque Limit:

Tmax = TG, max

where 7¢ max i the maximum torque capacity of the gear itself.

2.2 velocityDependentResistance

The parameter k,, represents the slope of the torque limit as a function of velocity, characterizing the
speed-dependent losses in the system. These losses primarily arise from iron losses in the motor core and
viscous friction within the motor and gearbox.

Typically, k-, is not directly specified in datasheets. Instead, it can be inferred implicitly by analyzing the
motor’s operation diagram or performance curves, which illustrate how the maximum torque decreases
with increasing speed due to these losses.

2.3 maxActuatorVelocity

The maximum achievable joint velocity (vmax) can be limited by electrical or mechanical constraints.
The principal limiting factors are:

e Voltage Limit:

kv ' Vmax e
el

Umax =
where:

— Viax: Maximum available supply voltage
— k,: Motor speed constant
— pc: Controller modulation factor (usually ~ 0.9 for PWM duty cycle limits)

— ig: Gear ratio
e Motor Mechanical Limit:

TV M ;max
Umax = i
G

where:



— MM max: Maximum rotational speed of the motor (mechanical limit)

e Gear Input Speed Limit:

NG in,max

2]

Umax —
where:

— NG,in,max: Maximum input speed rating of the gear

In practice, vyax is determined by the most restrictive of these factors under current operating conditions.

Note: While controllers theoretically have speed limits dependent on motor pole pairs, these are excluded
from consideration here for simplicity. The presented model focuses on dominant electromechanical
constraints.

2.4 speedEffortGradient

The parameter k,, represents the speed-torque gradient of the system, defined as the ratio of speed
change to torque change (Av/A7). Its value depends on the dominant limiting factor in the drive
system:

e Voltage-Limited Case:
When the maximum speed is constrained by the motor’s no-load speed, k,, corresponds to the
motor’s intrinsic speed-torque gradient:

Anmot Rmot

ATpor k7

where:

— Ruot: Motor winding resistance

— k2 Motor torque constant
For motors with significant inductance (common in high-torque-density robotics applications), use:

Aot _ o —"nnN

AT‘mot TN

where:
— ng: No-load speed
— ny: Nominal speed
— 7n: Nominal torque

The system-level gradient is scaled by the gear ratio ig:

Ansys Anmot 1
kv‘r = =

ATyys  ATmot %

e Mechanical-Limited Case:
If the maximum speed is restricted by mechanical constraints (motor/gear limits), then k,, = 0,
as velocity becomes torque-independent at saturation.
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