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1 Introduction

Read the FRC Drivetrain Characterization paper by Noa Gleason and Eli Bar-
nett for an introduction to the drivetrain characterization constants and how
they are measured, but in essence kv in V

m/s is used to find the voltage draw

to maintain a steady speed, and ka in V
m/s2 is used to find the voltage draw

needed to maintain a specific acceleration. kc or Vintercept is the y-intercept of
the steady state velocity vs voltage plot.

2 Governing Equations

These are the basic governing equations for the motion of a mechanism

ẋ(t) = v(t) (1)

v̇(t) = a(t) (2)

V (t) = kc(t) + kv(t) ∗ v(t) + ka(t) ∗ a(t) (3)

V (t) = kv ∗ v(t) + I(t) ∗Rm (4)

x(t) is the position, v(t) is the velocity, a(t) is the acceleration, V (t) is the
voltage across the motor leads, I(t) is the current per motor, kc, kv, and ka are
the characterization constants of the system.
We define

Vv(t) = kv(t) ∗ v(t)

Va(t) = ka(t) ∗ a(t)

To represent the voltage of velocity and voltage of acceleration, respectively.
The system voltage after voltage sag for as

Vsys(t) = V0 − I(t) ∗N ∗Rr
Where Vsys(t) is the system voltage, V0 is the source voltage, Rr is the robot
resistance, Rm is the motor resistance, N is the number of motors. If we define
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Vin as the ”requested” voltage across the motor leads, we know that V (t) will
either be Vin(t) or Vsys(t), whichever is less.

V (t) = min(Vin(t), Vsys(t))

We can rewrite 4 to get I(t) in terms of V (t) as

I(t) =
1

Rm
(V (t) − Vv(t))

I(t) =
1

Rm
(min(Vin(t), Vsys(t)) − Vv(t))

In order to implement current limiting, we want to set V (t) so that I(t) does
not exceed the current limit Imax. We can set

I(t) = min(Imax,
1

Rm
(min(Vin(t), Vsys(t)) − Vv(t)))

V (t) = Rm ∗ I(t) + Vv(t)

To implement a current limit into the simulation. To implement acceleration
limiting, we want to set I(t) so that a(t) does not exceed the acceleration limit
amax. Plugging the expression for Vv from 3 into 4,

I(t) ≤ 1

Rm
(V (t) − (V (t) − kc(t) − ka(t) ∗ amax(t)))

I(t) ≤ 1

Rm
(kc(t) + ka(t) ∗ amax(t))

So

I(t) = min[Imax,
1

Rm
min(min(Vin(t), Vsys(t)) − Vv(t), kc(t) + ka(t) ∗ amax)]

V (t) = Rm ∗ I(t) + Vv(t)

a(t) =
1

ka(t)
(Rm ∗ I(t) − kc(t))

Which can be used to solve the system of differential equations

ẋ(t) = v(t)

v̇(t) = a(t)

Using approximation methods. These equations work best under the conditions:
V, I, kc, v > 0, V > kc. Note that kc could be negative if an acceleration
is present under no voltage, for instance in an elevator coming down. The
simulation works best for only accelerating forwards with no net ”assisting”
external forces.
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3 Drivetrain Simulation

We can simulate the motion of a drivetrain by defining x(t) as the drivetrain’s
linear ground position. The drivetrain characterization constants can be deter-
mined experimentally, but for the purposes of this simulation we will calculate
them using basic drivetrain information.

τgb = τm[in*lb] ∗N ∗ Eτ ∗G

FSgb = FSm[RPM] ∗ 1[m]

60[s]
∗ Ev ∗

1

G

kc[V] = 12[V] ∗ Rτ [in*lb]

τgb[in*lb]

kv[
V

in/s
] = 12[V] ∗ 1

FSm[RPS] ∗ π ∗D[in]

ka[
V

in/s
2 ] =

τgb[in*lbf]
D
2 [in] ∗m[slug]

ka[
V

in/s
2 ] =

τgb[in*lbf]
D
2 [in] ∗ w[lbf] ∗ 1

g[in/s2]

Where τgb is the output 12V stall torque of the gearboxes combined, τm is
the 12V stall torque of each motor, N is the number of motors on the drive,
Eτ is the torque efficiency of the drive, G is the drive gearing in G:1, FSgb is
the 12V free speed of the gearboxes, FSm is the 12V free speed of the motors,
Ev is the velocity efficiency of the drive, Rτ is the resistive torque of the drive
(think rolling resistance), D is the wheel diameter, m is the robot mass, w is
the robot weight, and g is the gravitational acceleration. Note that 1[lbf] =

1[slug] ∗ g[in/s
2
].

In order to avoid brownouts and breaker-popping, a current limit can be
set (generally 40A to 80A). In order to avoid wheel slip (and tipping in taller
robots), an acceleration limit of g ∗CoF can be applied where g is gravitational
acceleration and CoF is the coefficient of friction between the wheels and the
ground. We will then ”control” the drivetrain in simulation using a sequence
of values for Vin - for example, to simulate a full throttle drive forward we can
use Vin(t) = min(12V, Vr ∗ t) where Vr in V/s is our voltage ramp, or we could
simulate a robot following a motion profile of voltage setpoints to arrive at a
target distance at a target velocity.
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