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Self-driving KamAZ Dumper Electric Quad Bike and Snowmobile PAZ Hybrid



The scheme of the series hybrid powertrain
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1 - ICE; 2 - generator, 3 - traction electric motor (TEM);
4 - power converters; 5 - energy storage device



Structure of the computer model of the hybrid bus
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Equations used in the model
JicE®=h-Mjcp — My,

where Jjcg — moment of inertia of the internal combustion engine elements reduced to the crankshaft,
w — angular acceleration of the ICE output shaft, Mg — torque developed on the ICE output shaft,
which is determined by the given engine external speed characteristic (ESC), h — degree of ICE power
use, Mgen — the generator torque.

{N el =1 cur Udc
Nel: mech’® +Nlos

where I¢yr — current consumed by the motor, Uy — DC link voltage, N,,c — power loss, w — angular
velocity of the electric machine shaft, Mo, — TEM shaft torque.

_72
N, los =1 cur Rbat

where /¢y r — current on battery, Ry, — internal battery resistance.



Fragment of the electric bus speed recording on the
route M2 "Fili - m. Kitay-Gorod"
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Hybrid powertrain units parameters identification

nom _ maxV maxda
Nrgy = max(Nygy ™, Nrgpwm

where the powers Nﬁlﬁjv 7 N%E%a are determined as

N?%%CV =(m-g-f+Py) Vinax/Mer *MrEM)

maxdaoa

rem = m-g-(f-cos(a) +sin(a)) + Py) Vo / Mer * 17EM)

where m — the bus gross weight, f — the road resistance coefficient, Py, — the air resistance force,
Vmax — maximum speed, V5 — the steady-state climbing speed given in the technical
specification, with the angle of inclination of the supporting surface a, nygps — the TEM efficiency
at maximum speed, ”%EM — the TEM efficiency at Vy speed, n; — the efficiency of the
mechanical part of the transmission.
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Results of determining the generator power
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Battery charge at the stop

ICE rotation speed, rpm
Change of charge, Ah
Charging time, sec
Generator efficiency
Battery loss, kWh

Fuel consumption, kg

2000
10
572,9
0,9193
0,1259

1,755

2500
10
457,6
0,926
0,1578

1,787

3000
10
382,3
0,9287
0,1889

2,07



Characteristics of energy storage devices

Max Charge Rate
Max Discharge Rate
Max operating SOC
Min operating SOC

Cycle Life @100%DoD

NaNiCl2

+1C

-1C

100%

20%
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LFP

+1C
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90%
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15%
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NMC

+2C
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80%

20%
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Calculation of the final drive gear ratio
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The distribution of energy spent on traffic, by types of losses

Rolling resistance
loss,
Theoretically 7.34 l:Wh
possible recovered 30%
energy ,
9.6kWh
39%

Air resistance
loss, 2.23 kB1u
9%

oy

Energy storage loss,

1.03 kWh
4%

Electric motor
efficiency loss

(traction mode),

3.21 kWh
13%

Transmlssmn

efficiency loss,

1.22 kWh
5%
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Battery charge, Ah
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Conclusions

1. Methods of mathematical simulation give an opportunity of a complex solution of
parameters identification of hybrid powertrain and its control system development
at the design stage.

2. For a hybrid bus with a gross weight of 11,500 kg with a power reserve of 30 km, a
traction motor with a maximum continuous power of 140 kW, a generator of 50
kW, a rated power of an internal combustion engine of 60 kW (maximum 90 kW)
and a storage battery capacity of 22.6 kW h were selected.

3. The parameters of the units of the hybrid powertrain, obtained from the
simulation of the bus traffic along the existing city route, will provide acceptable
traction and dynamic characteristics of the bus and high fuel economy and
environmental performance.
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