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Drive Cycles

= Why do we have drive
cycles?

= How do they differ?

= What are common
metrics?




Why Drive Cycles? o Lougpiarosh
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Drive Cycle Vehicle Consumption

P Speed  Energy ———P

Drive cycles define the Unlike the driver inputs,
input boundary condition  a cycle works across
of a vehicle. different vehicles.




Beginnings: Modal vs Realistic ey
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Current: WLTP P Univeratty o

World Harmonised Light Duty Test
Protocol (WLTP)

World Harmonised Light Duty Test
Cycle 3a (WLTC)

=  Better cycle

= Different environments:
low, medium, high, extra high speed

=  Faster, more aggressive
=  Global harmonisation
Better, but not good enough

Adopted in the EU and Japan,
but not the US
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DmitryKo - Own work; created in Excel using test data from
WLTP-DHC-12-07 [1], CC BY-SA 3.0, wikipedia


https://commons.wikimedia.org/w/index.php?title=User:DmitryKo&action=edit&redlink=1
http://www.unece.org/trans/main/wp29/wp29wgs/wp29grpe/wltp_dhc12.html
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Vehicle Model

= Polynomial Model
= Moments




Vehicle Model T Loughboroush
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Energy Over a Cycle
E = f P(t) dt

= jcov(t) + c,v(t)3dt

= (g rv(t) dt

J
+ ¢, Jrv(t)3dt

= Col -+ CZTUI%MC

u Tyre m Aero



12 Road Energy

heureka!
E — Col + CZTU}%MC
2 Terms

= Tyre loss depends on
distance (of course)

= Aero loss depends on
the Root Mean Cube
Speed (!)

VrMc =

i1 M Loughborough
7 University

%fv(t)3 dt

Related to the third
moment (skewness):

3

, —
U3 = VrMmcC



1 Simulation vs Analysis < Unversiy
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Avg Power > Energy
= Same vehicle model > more efficient
= But the model comes - clear sensitivity

after integration (both to cycle & model)
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Not Simulation (what?), but analysis (why?)

Cycle —— Moments 4®7 Coefficients |« Vehicle

| Consumption |

Cycle: Vehicle:
= Mean Speed / Length = Rolling Friction
= RMC Speed vy, = Drag Coefficient



RMC Speed in m/s
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Powertrain Model

= Polynomial Model
= Moments
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Powertrain Model B3 oaghboroush

Primary Power

Y(P) = yo + y1P + y, P?

Polynomial model:

Idle drain y,
Raw efficiency y,

Overproportional /
quadratic losses (e.g.
resistive losses) vy,

%10%
T

Primary Power
Traction Power

Power in W
N RN ()]
T T T

o
T

1
N
T

Demand in W w104

Example: Nissan LEAF motor
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Powertrain Energy o ot

Primary Energy
E = f Y(t) dt

= yoTl
+cpl + s TV e

+ y; fvza2 dt

Two New Terms:
= Idle losses y,T
= Aggressiveness

fvza2 dt

This is also a new term
not seen before.
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Aggressiveness a8 Lowptorou

Conventional Measure:
Positive Kinetic Energy

1
PKE = 2 [va*dt
measures braking losses

and potential energy.

But it does not change if a
cycle is sped up, causing
harsher accelerations.

New Term:

jvzaz dt

If the cycle is sped up, this
terms grows proportionally.
The faster an acceleration,
the more it counts.
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Based on standard models, the

consumption has four key components.
It predicts consumption and range
using only parameters and statistics.

Idle Losses - Duration
P; 410 (const)
Tyre Losses - Distance
ﬁtyre = kv

Aero Losses - Aerodynamics

— 3
Paero — kavRMC

Regen Losses - Aggressiveness

Fpower = kyE [v?a?]

With
Root mean cube:
vame = E[v3] = p3
Average: v = E[v] = u
Mixed moment: E[v2a?]

T
E[v(t)] = lj v(t) dt
t=0

T
Aocy
a = 21
k, = mgCrr
n
k. = Rphase

P Vbc
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Heavy Duty Application

= Engine Model
= Moment Model
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Example Engine: Achates 10.6L

16.96 49.24
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Polynomial Model

Engine Efficiency Model
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Linear regression
model:
y~1
+n+n®+ns
+ M? + M3
+ nM + (nM)?
+n*M
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Added variable plot for specified terms
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16.96 49.24 Engine Efficiency Model
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Torque in %
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Compare: UNECE WHSC

WHSC Protocal
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12 point “average cycle”
But there is no such thing.

The data is sufficient to
create a polynomial model.

28% 34% 37%
M 17% 30% 39%

P 7% 14% 19%
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More (easy) Different
= Fast dynamics (<= a) 1. Include limits & discrete
dt modes
= Hybrids & scheduling (gears, regen limit etc)
= Component models 2. Include slow dynamics
_ Motors (thermal)
— Engines 3. Include
— Gearboxes dynamic/adaptive
« Wear & Degradation control
— Bearings
— Batteries

Simulink Library
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= The use of moments in
combination with
polynomial models offers
an analytical solution
for energy consumption

= The applications are
many and profound:

— Analysis

— Consumption Prediction
— Operator Categorisation
— Planning

— Component Selection

— Calibration

For questions, please
contact Thomas Steffen
t.steffen@Iboro.ac.uk

You can find a video of a
2023 SAE (LDV)
presentation on youtube:



mailto:t.steffen@lboro.ac.uk
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