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Modeling and Simulation of an Automotive Electrical Power
System with VHDL-AMS
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Abstract

An analog hardware description language is useful to simulate an automotive electrical power system including
control circuits and multi-domain physical systems generally and flexibly. The IEEE standard 1076.1, or IEC
61691-6, which is known as VHDL-AMS (Very-High Speed IC Hardware Description Language—Analog and
Mixed Signal) along with the original IEEE standard 1076 for digital circuits, has accelerated this tendency. It is
suitable for model-based design (MBD) by multi-domain, multi-level, and multi-organization simulations. It has
wide applications as the international standard. This report introduces basic ideas of the language and its

application examples to automotive electrical power systems including battery models.
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Fig. 1 Across and through variables.

Table 1 Across and through variables (quantities) in
various domains.
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energy domain across quantity through quantity

electrical voltage [V] current [A]

magnetic MMF [AT] magnetic flux [Wb]

translational displacement [m]  force [N]

translational_v  velocity [m/sec] force [N]

rotational angle [rad] torque [Nm]

rotational_v angular frequency  torque [Nm]
[rad/sec]

fluidic pressure [Pa] flow rate [m>/s]

thermal temparature [K] heat flux [J/s]
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library IEEE ;
use [EEE. electrical_systems. all ;
entity resistor is

generic (res : resistance) ;

port (terminal p, m : electrical) ;
end entity resistor ;
artitecture behav of resistor is
quantity v across i through p tom;
begin

v ==i*res;

end archtecture behav ;

Fig.2 VHDL-AMS model of a resistor.
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library IEEE ;
use [EEE. math_real.all ;
use [EEE. electrical_systems.all ;
entity diode is
generic (iss : real := 1.0e-14 ;
n:real:=1.0;
tau : real := 1.0e-6 ;
cjO : real := 100.0e-9 ;
vj:real:=0.7;
rs : real := 0.05) ;
port (terminal a, ¢ : electrical) ;
end diode ;
architecture behav of diode is
quantity vd across id through a to c;
constant vt : real : = 0.0258 ;
begin
id == iss*(exp((vd—rs*id)/(n * vt))-1.0) ;
end architecture behav ;

(@) Nonlinear resistor model

library IEEE;
use [EEE. electrical_systems. all ;
entity diode is
generic (r_on : real : = 1.0e-3 ;
r_off : real : = 1.0e5) ;
port (terminal a, ¢ : electrical) ;
end;
architecture behav of diode is
quantity vd across id through a to ¢ ;
quantity r : real ;
begin
if vd'above (0.00) use
r==r_on;
else
r==r_off;
end use ;
vd ==r*id ;
end architecture behav ;
(b) On-off switch model

Fig.3 VHDL-AMS model examples of diodes.
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entity sum is
generic (k1 :real:=1.0;
k2 :real := 1.0) ;
port ( quantity inl, in2 : in real ;
quantity output : out real) ;
end entity sum ;
architecture behav of sum is
begin
output == k1*inl + k2*in2 ;

end architecture behav ;

Fig.4 VHDL-AMS model of an adder.
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library IEEE ;
use IEEE. mechanical_systems. all ;
use IEEE. electrical_systems. all ;
entity DC_Motor is
generic (r_wind : resistance ;
kt : real;
| : inductance;
d: real;
j : mmoment_i) ;
port (terminal p, m : electrical ;
terminal shaft_rotv : rotational_v) ;
end entity DC_Motor ;
architecture behav of DC_Motor is
quantity v across i through p tom;
quantity w across torq through shaft_rotv -
to rotational_v_ref ;
begin
torq == —1.0*kt*i + d*w + j*w'dot ;
v == kt*w + i*r wind + I*i'dot ;

end architecture behav ;

Fig.5 VHDL-AMS model of a DC motor.
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Fig.6 Block diagram of a vehicle system equipped with electrical components.
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Fig. 7 Simulation results of a manual transmission vehicle.
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Table2 Computed fuel rate results of a manual tran-
smission vehicle.
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Table3 Computed fuel rate results of a manual trans-
mission vehicle equipped with electrical components.

Fuel [L] Fuelrate [km/L] Diffs. [%]

MLIT program 1.56 8.9 -
VHDL_AMS model 1.57 8.8 -0.6
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