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(57) ABSTRACT 

Systems, methods and devices are described for controlling 
a vehicle electrical generator. A regulator for controlling a 
generator in response to an input signal received from a 
control module suitably includes a discriminator module, a 
processing module and a sWitching circuit. The discrimina 
tor determines Whether the regulator is operating in voltage 
or torque control mode. If the input signal is a voltage 
control, the output generator produces a modulation signal 
to produce a desired voltage betWeen tWo battery terminals. 
If the input signal is a torque control, the output generator 
produces one or more modulation signals (e.g. pulse Width 
modulation signals) to control the torque of the generator. 
The modulation signals are applied across a ?eld coil or 
other controllable element of the generator by a sWitching 
circuit that applies positive and/or negative voltage from the 
battery terminals as appropriate. 
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SYSTEMS AND METHODS FOR CONTROL OF 
VEHICLE ELECTRICAL GENERATOR 

TECHNICAL FIELD 

[0001] The present invention generally relates to multi 
mode control of a vehicle electrical generator, and more 
particularly relates to generator systems and methods for 
operating in multiple modes in response to one or more 
control inputs. 

BACKGROUND 

[0002] Conventional automobiles and other vehicles 
include numerous electrical components such motors, lights, 
gauges and such accessories as poWer WindoWs, poWer 
locks, audio systems and the like. Typically, such compo 
nents derive electrical poWer from a vehicle electrical sys 
tem that includes a battery and an alternator. The battery 
typically provides electrical poWer While the engine is off 
and/or is being started; the alternator generally converts 
mechanical energy from the vehicle’s engine to electrical 
energy that can be used to drive various electrical compo 
nents While the vehicle is running. The alternator also 
recharges the battery during engine operation as appropriate. 

[0003] The electrical system typically also includes a 
“regulator” that controls the voltage generated by the alter 
nator. Generally, an engine control module (ECM) or other 
vehicle control device provides a signal to the regulator that 
indicates a desired output voltage. Regulator circuitry is 
commonly “built in” to many modern alternators such that 
the alternator and regulator components are provided Within 
a common housing. 

[0004] As the electrical demands upon the electrical sys 
tem continue to increase, hoWever, it is desirable to provide 
a generator assembly that is increasingly ?exible and 
capable. In particular, it is desirable to produce a vehicle 
generator assembly that is capable of quickly responding to 
stalls or other engine operating conditions. Further, it is 
desirable to control the torque load placed on the engine by 
the generator assembly to further improve engine perfor 
mance and fuel economy. Furthermore, other desirable fea 
tures and characteristics Will become apparent from the 
subsequent detailed description and the appended claims, 
taken in conjunction With the accompanying draWings and 
the foregoing technical ?eld and background. 

BRIEF SUMMARY 

[0005] Systems, methods and devices are described for 
controlling a vehicle electrical generator. According to vari 
ous exemplary embodiments, a regulator for controlling a 
generator in response to an input signal received from a 
control module suitably includes a discriminator module, a 
processing module and a sWitching circuit. The discrimina 
tor determines Whether the regulator is operating in voltage 
or torque control mode. If the input signal indicates a voltage 
control operating mode, the output generator produces a 
modulation signal to achieve a desired voltage betWeen the 
battery terminals (e.g. B+ and B—). If the input signal is a 
torque control, the output generator produces one or more 
modulation signals (e.g. pulse Width modulation signals) to 
control the torque of the generator. The modulation signals 
are applied across a ?eld coil or other controllable element 
of the generator by a sWitching circuit that applies positive 
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and/or negative voltage from the battery terminals as appro 
priate. In various further embodiments, a “fast torque con 
trol” may be implemented by, for example, con?guring the 
chopper circuit to modulate the controllable element using 
voltages of opposing polarities. By directly controlling the 
torque of the generator, bene?ts realiZed in various exem 
plary embodiments may include improved engine perfor 
mance, improved recovery from engine stalls, reduced fuel 
consumption, improved idle quality, improved vehicle emis 
sions and/or other bene?ts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention Will hereinafter be described 
in conjunction With the folloWing draWing ?gures, Wherein 
like numerals denote like elements, and: 

[0007] FIG. 1 is a block diagram of an exemplary vehicle; 

[0008] FIG. 2 is a block diagram of an exemplary vehicle 
electrical generator With a multi-mode regulator; 

[0009] FIG. 3 is a block diagram of an alternate embodi 
ment of an exemplary vehicle electrical generator With a 
multi-mode regulator; and 

[0010] FIG. 4 is a plot of exemplary results obtainable 
With one embodiment of a fast torque reduction technique. 

DETAILED DESCRIPTION 

[0011] The following detailed description is merely exem 
plary in nature and is not intended to limit the invention or 
the application and uses of the invention. Furthermore, there 
is no intention to be bound by any expressed or implied 
theory presented in the preceding technical ?eld, back 
ground, brief summary or the folloWing detailed description. 

[0012] According to various exemplary embodiments, a 
generator assembly that includes a regulator and an alter 
nator is operable in either a voltage control or a torque 
control mode. When the generator is in the torque control 
mode, the torque load placed on the engine due to the 
electrical load of the generator is suitably controlled in 
response to a control signal provided by an engine control 
module or other controller. Moreover, the regulator may 
include sWitching circuitry that alloWs either positive or 
negative voltage to be sWitchably applied across a control 
lable element of the alternator, thereby alloWing for rapid 
reduction of torque as appropriate. In various further 
embodiments, the regulator includes one or more discrimi 
nator modules that sense the desired operating mode of the 
generator in response to a frequency of the signal input from 
the controller, the operating speed of the alternator, and/or 
any other appropriate factors. The torque control mode may 
be used to rapidly decrease torque loads on the engine in the 
event of a stall, for example, and/or may be used to improve 
engine performance, reduce emissions, improve fuel 
economy and/or the like. 

[0013] With initial reference to FIG. 1, an exemplary 
vehicle 100 suitably includes an engine 102 and an electrical 
system that includes a battery 106 and a generator assembly 
104. Generator assembly 104 is mechanically coupled to 
engine 102 via a belt 112, chain or other coupling that 
facilitates transmission of rotational energy from the engine 
to the electrical system for generating electrical energy. 
Generator assembly 104 also receives a control signal (L) 
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118 from an engine control module (ECM) or other con 
troller, and as described more fully below. Generator assem 

bly 104 may also provide an optional feedback signal 116 to ECM 114 as appropriate. Signals 116 and 118 may be 

transmitted and received in any manner across any number 
of serial and/or parallel data channels using any digital, 
analog, optical or other communications protocol as appro 
priate. 

[0014] The term “generator assembly” as used herein is 
intended to broadly encompass any device or component 
that converts mechanical energy to electrical energy usable 
by battery 106 and/or any other electrical components Within 
vehicle 100. Accordingly, generator assembly 104 may 
include any type of generator, alternator and/or other cir 
cuitry as appropriate. In an exemplary embodiment, genera 
tor assembly 104 suitably includes an alternator as Well as a 
regulator circuit and a converter such as a recti?er circuit 
capable of converting alternating current (AC) produced by 
the alternator to an appropriate direct current (DC) typically 
used by battery 106 and other vehicle components. Other 
embodiments may include a DC generator in place of or in 
addition to an alternator, thereby reducing or eliminating the 
need for separate AC-to-DC conversion. Various exemplary 
generator assemblies 104 are described in connection With 
FIGS. 2 and 3 beloW. 

[0015] Generator assembly 104 and battery 106 each 
include at least tWo electrical terminals as appropriate. These 
terminals are typically interconnected to alloW generator 
assembly 104 to recharge battery 106 during operation of 
engine 102. FIG. 1 shoWs the positive terminals (B+) 
interconnected by signal line 110 and negative terminals 
(B—) 108, 109 each connected to the engine 102 or another 
object representing an electrical ground. In alternate 
embodiments, the negative terminals of generator assembly 
104 and battery 106 may be interconnected. Indeed, the 
various components and terminals shoWn in FIG. 1 may be 
electrically or mechanically arranged in any manner, as Will 
vary from embodiment to embodiment. 

[0016] In operation, then, generator assembly 104 suitably 
produces an electrical output that can typically be repre 
sented as a DC signal betWeen tWo nodes 108 and 110. 
Because this electrical energy is produced from mechanical 
energy received from engine 102 via belt 112, generator 
assembly 104 suitably places a torque load upon engine 102 
that is dependent upon the electrical load placed upon the 
generator. More particularly, the torque load produced by the 
generator assembly is a function of the DC output voltage, 
the rotational speed and the current output of the generator. 
Similarly, the generator output current is typically dependent 
upon the battery voltage applied across the generator as Well 
as the speed of the generator and the amount of excitation 
?eld current present in the generator. 

[0017] Because the torque load of the generator is at least 
partially dependent upon the ?eld current of the generator, 
variations in the ?eld current can be used to control the 
torque load of generator assembly 104. In practice, hoWever, 
changing the ?eld current With a conventional voltage 
control signal provided by a typical controller can be inor 
dinately sloW due to the large leakage time constants of 
many conventional alternators. Various embodiments there 
fore place the generator assembly into a “torque control 
mode” that is capable of processing torque/current control 

Mar. 2, 2006 

signals in a manner apart from the conventional voltage 
control signals typically provided from ECM 114 to gen 
erator assembly 104. 

[0018] With reference noW to FIG. 2, an exemplary gen 
erator assembly 200 suitably includes a regulator module 
201, an alternator 203 and a recti?er circuit 205. In the 
embodiment shoWn in FIG. 2, generator assembly processes 
an input signal 202 received from a controller (e.g. ECM 114 
in FIG. 1) to produce one or more modulation signals 252, 
254 Which can be used to appropriately apply the battery 
voltages 246, 248 across a controllable element 226 of 
alternator 203. Generator assembly 200 generally corre 
sponds to generator assembly 104 shoWn in FIG. 1. 

[0019] Regulator module 201 (also referred to as simply 
“regulator”201) is any circuit, processing module, logic or 
the like capable of regulating one or more parameters or 
components of alternator 203. As shoWn in FIG. 2, regulator 
module suitably includes one or more discriminator modules 
206/208, a processing module 212 and additional sWitching 
circuitry (e.g. transistors 216, 222 and diodes 224, 218) as 
appropriate. In various embodiments, regulator module 201 
is implemented With a combination of discrete components 
and a digital processor, although other embodiments may be 
implemented With any discrete and/or integrated compo 
nents, With a microcontroller or With any other hardWare 
and/or softWare components used alone or in combination. 
Discriminator modules 206 and 208, for example, may be 
physically combined With processing module 212 in a 
common chip or circuit in various alternate embodiments, 
and need not be implemented as separate hardWare compo 
nents. 

[0020] Alternator 203 is any device capable of controlla 
bly providing a desired electrical output. In various embodi 
ments, alternator 203 is any conventional Lundell machine 
or other vehicle alternator having any number of electrical 
phases. As mentioned beloW, alternate embodiments may 
not include an alternator 203 at all, but may equivalently 
provide a DC generator, electric motor or other device that 
is capable of receiving modulation signals from regulator 
201. As shoWn in FIG. 2, hoWever, alternator 203 is a 
conventional Lundell machine having a ?eld coil 226 as a 
controllable element and three electrical phases 228, 230, 
232. 

[0021] Recti?er 205 is any circuit capable of shaping or 
modifying the output of alternator 203 to produce a direct 
current output betWeen tWo terminals 246, 248. FIG. 2 
shoWs recti?er 205 as a conventional diode recti?er having 
three electrical phases corresponding to the three phases of 
alternator 203. Each phase is shoWn With a pair of diodes 
234 and 236, 238 and 240, 242 and 244 separating the 
alternator phases from the battery voltage terminals 246, 248 
as appropriate. As discussed beloW, recti?er 205 may not be 
required in all embodiments, particularly When alternator 
203 is equivalently implemented With a direct current gen 
erator, and therefore has no need for AC-to-DC conversion. 

[0022] Input signal 202 is any digital or analog signal 
provided to regulator 201 by an external controller such as 
ECM 114 (FIG. 1). In an exemplary embodiment, input 
signal 202 is a signal that represents either a desired voltage 
to be applied at the output of generator module 200 or a 
torque control to be applied across ?eld coil 226 to reduce 
the torque load of the generator. Input signals 202 may be 
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provided to generator assembly 200 in any manner. In 
various embodiments, signals 202 are provided via the “L” 
channel 118 described above, With voltage and torque con 
trols being provided on a common channel. Torque and 
voltage control signals may be differentiated from each other 
in any manner, such as through any difference in phase, 
frequency or magnitude, as described more fully beloW. 

[0023] Although either or both of the voltage and torque 
control signals could be represented in any manner, an 
exemplary embodiment represents the voltage control as a 
pulse-Width modulated (PWM) signal having a duty cycle 
that indicates the desired voltage. Duty cycle variation, for 
example, could be used to represent the operating voltages 
betWeen desired minimum or maximum limits. In one 
embodiment, duty cycles varying betWeen about 10-90% 
could be used to represent voltages across a range of about 
11-15.5 volts, for example, With duty cycles outside 10-90% 
being interpreted as a default or other mode. In an exemplary 
default mode, the output voltage generator module 200 is set 
to a predetermined value corresponding to an internal ref 
erence voltage (eg a voltage of about 13.8 volts or so). 
Similarly, torque control signals could be represented in any 
manner. In an exemplary embodiment, the external control 
ler computes desired modulation signals to be applied to the 
controllable element 226 of alternator 203, and produces 
PWM input signals 202 having duty cycles that are at least 
approximately equal to the duty cycles of the modulation 
signals applied, as described more fully beloW. Again, other 
embodiments may have Widely varying operating param 
eters and signaling schemes. 

[0024] Controller 201 suitably determines Whether the 
input signals 202 are voltage or torque controls using any 
appropriate technique. Such processing may be accom 
plished, for example, With an appropriate discriminator 
module 208 that receives the input signals 202, determines 
Whether the signals correspond to voltage or torque controls, 
and provides an appropriate output signal 264 to processing 
module 212 to indicate the “operating mode” of regulator 
201. Discriminator module 208 may also identify one or 
more “sub-modes”266 in various further embodiments. 
Such modes may correspond to “fast” or “normal” torque 
control modes, for example, or any other mode information 
that may be extracted from input signals 202. 

[0025] In an exemplary embodiment, ECM 114 suitably 
differentiates torque control signals from voltage control 
signals by assigning different frequencies to the tWo types of 
signals. Further, signals 202 representing a “fast” torque 
control mode may be assigned to a third transmit frequency. 
Normal regulated voltage control (RVC) signals, for 
example, could be assigned a ?rst frequency (eg 128 HZ or 
so), With normal mode regulated torque control (RTC) 
signals assigned a second frequency (eg 64 HZ or so) and 
“fast” RTC signals assigned a third frequency (eg 256 HZ 
or so). In such embodiments, discriminator 208 is a fre 
quency discriminator capable of discerning the frequency of 
incoming input signals 202 and of providing corresponding 
output signals 264, 266 to indicate the type of signals 
received to processing module 212. The exemplary frequen 
cies described herein are chosen someWhat arbitrarily; alter 
nate embodiments may represent the various operating 
modes With any combinations of harmonic or non-harmonic 
frequencies, or indeed may use other differentiation schemes 
entirely, as discussed more fully beloW. 
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[0026] A second discriminator module 206 suitably 
receives input signals 202 and provides decoding function 
ality as appropriate. When input signals 202 represent RVC 
instructions, for example, discriminator module 206 suitably 
determines the desired voltage (Vref) 260 from the duty 
cycles of the PWM input signal 202. When input signals 202 
are provided in RTC mode, discriminator module 206 may 
similarly process signals 202 to directly determine the duty 
cycle (F_duty) 262 of the modulation signals 252, 254 as 
appropriate. In various further embodiments, discriminator 
module 206 is further con?gured to provide a fault indica 
tion to the external controller in response to a fault signal 
280 received from processing module 212. This signal may 
represent a fault observed in alternator 203, for example, or 
any other issue With generator assembly 200 that is of 
interest to the external controller. Fault signals may be 
transmitted in any manner; in various embodiments, module 
206 simply connects signal line “L” (line 118 in FIG. 1) to 
a reference voltage (e.g. ground) until the fault is removed, 
regulator 201 is reset, a period of time elapses or another 
appropriate condition is met. In alternate embodiments, fault 
data is provided by module 210 via signal line 204, as 
described beloW. In still other embodiments, fault reporting 
to the external controller is omitted completely, or imple 
mented in any other manner. 

[0027] Processing module 212 is any circuit, module, 
logic routine or the like capable of producing one or more 
modulation signals 252, 254 based upon information con 
tained in input signals 202. Although processing module 212 
may not receive input signals 202 directly in all embodi 
ments, module 212 suitably receives data 264, 266 from 
module 208 about the type of information contained Within 
input signals 202, and/or receives duty cycle or other 
encoded data via module 206. This information is processed 
in any manner that is appropriate for the embodiment and the 
type of data received. In various embodiments, processing 
module 212 processes input signal data With a different 
routine depending on Whether the signal provides RVC or 
RTC information. If input signals 202 indicate RVC control 
mode, for example, processing module 212 suitably com 
putes appropriate modulation signals 252, 254 based upon 
the desired reference voltage (Vref) 260 and the current 
generator voltage observed betWeen terminals 246 and 248. 
Appropriate modulation signals may be obtained from a 
lookup table contained Within module 212, for example, or 
may be computed using any suitable algorithm and/or appro 
priate control and feedback techniques. In still other 
embodiments, modulation signals 252, 254 are processed 
With discrete or integrated circuitry. 

[0028] If input signals 202 are identi?ed as RTC controls, 
hoWever, processing module 212 suitably processes the data 
in a different manner from that used for RVC controls. In 
various embodiments, RTC controls are simply modulated 
instructions from the ECM or other external controller that 
provide a duty cycle to be applied to PWM modulation 
signals provided by processing module 212. In such cases, 
processing module 212 need simply determine the duty 
cycle of the input signals and produce modulation signals 
having the same duty cycle at the appropriate modulation 
frequency. Processing module 212 may determine the input 
duty cycle directly, or may receive an indication 262 of the 
duty cycle from module 206, as appropriate. Other RTC 
signals may be encoded and/or processed in any other 
manner as appropriate. 
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[0029] Modulation signals 252, 254 signals applied to one 
or more elements in the switching circuitry to properly 
control any portion of alternator 203 to produce the desired 
output. In various embodiments, modulation signals 252, 
254 are PWM signals that are applied to the gate terminals 
of one or more transistors, relays, sWitches or other appro 
priate devices to modulate the controllable element 226 of 
alternator 203 as desired. In such embodiments, the sWitch 
ing elements remain activated throughout the duration of the 
duty cycle, and otherWise inactive. Accordingly, the amount 
of time that one or more sWitching elements remains in a 
particular state can be controlled by varying the duty cycle 
of modulation signals 252, 254. 

[0030] The exemplary embodiment of sWitching circuitry 
shoWn in FIG. 2 employs a conventional tWo-quadrant 
chopper circuit that includes tWo MOSFET transistors 216, 
218 that selectively couple one side 256, 258 of the alter 
nator ?eld coil 226 to a high or loW battery voltage 246, 248 
respectively. Each of the transistors 216, 218 is activated by 
applying one of the modulation signals 252, 254 to the 
transistor gate as appropriate. When transistors 216, 222 are 
turned “on” by modulation signals 252, 254, terminal 256 of 
?eld coil 226 is connected to battery terminal 246 (B+), and 
terminal 258 of ?eld coil 226 is connected to battery 
terminal 248 (B—). When transistor 216 is turned off, ter 
minal 256 of ?eld coil 226 gets connected to battery terminal 
248 (B—) via freeWheeling diode 218. Similarly, When 
transistor 222 is turned off, terminal 258 of ?eld coil 226 
gets connected to battery terminal 246 via diode 224. 
Accordingly, by applying proper modulation signals 252, 
254 to the gates of transistors 216, 222, the battery voltages 
coupled to each side of ?eld coil 226 can be controlled as 
desired. 

[0031] Various modulation and sWitching schemes could 
be formulated in a Wide array of alternate embodiments. In 
various embodiments, either transistor 216, 222 is kept in a 
relatively constant “on” state during normal operation and 
the other transistor is modulated as desired. Whether tran 
sistor 216 or transistor 22 is kept active in the arrangement 
shoWn in FIG. 2, voltage differences only eXist across ?eld 
coil 226 When both transistors are active. For a faster 
control, hoWever, both transistors 216, 222 may be modu 
lated at the same time to produce voltages having opposite 
polarities across ?eld coil 226 When the transistors are “on” 
or “off”. That is, the polarity of the voltage applied across 
?eld coil 226 is reversed When the transistors 216, 222 are 
activated or deactivated in tandem. This “reverse” voltage 
effectively enables faster decay of ?eld current, thereby 
resulting in faster torque or voltage reductions as appropri 
ate. Accordingly, using the tWo quadrant chopper circuit 
shoWn in FIG. 2, “normal” voltage or torque control modes 
may be implemented by maintaining one modulation signal 
in a relatively constant active state While modulating the 
other signal. “Fast” control modes may be implemented by 
simultaneously modulating both sides of controllable ele 
ment 226. 

[0032] Again, many modi?cations could be made to the 
circuitry shoWn in FIG. 2 in a Wide array of equivalent 
embodiments. Modulation signals 252, 254 need not be 
applied directly to transistors 216, 220, for eXample, but 
rather may be applied to a driver circuit 214, 220 as shoWn. 
Such driver circuits are any conventional bias circuits 
capable of placing and maintaining transistors 216, 222 into 

Mar. 2, 2006 

saturation mode for the duration of the duty cycle in modu 
lation signals 252, 254, respectively. Further, the N-channel 
enhancement mode MOSFETs shoWn in FIG. 2 could be 
replaced With any type of PET, MOSFET, bipolar or other 
transistor, or any other type of sWitch or relay. Diodes 218 
and 224 could similarly be implemented using transistors or 
other uni-directionally conducting components or circuits. 
Further, some or all of the sWitching circuitry could be 
implemented With integrated circuitry (Which may be further 
integrated With processor 212 and/or modules 206, 208 as 
Well). Accordingly, many different circuit arrangements 
could be used to implement the features described above. 

[0033] In various embodiments, regulator 201 further 
includes an optional ?eld monitor module 210 for providing 
feedback data to ECM 114 (FIG. 1) or another recipient for 
diagnostic or control purposes as appropriate. As shoWn in 
FIG. 2, ?eld monitor module 210 suitably receives an 
indication 268 of the voltage applied across the ?eld Wind 
ing 226 of alternator 203. This voltage 268 can be used to 
measure the responsiveness of regulator 201, to obtain a 
rough measurement of the torque load produced by alterna 
tor 203, or for any other purposes. Feedback data may be 
provided to ECM 114 via signal line 116 (FIG. 1). 

[0034] With reference noW to FIG. 3, an alternate embodi 
ment of a generator assembly 300 suitably includes a 
generator speed sensing circuit 302 in place of or in addition 
to frequency discriminator 208. In various embodiments, 
torque control may be most bene?cial at loW engine speeds, 
When torque loads are typically of greatest concern. Accord 
ingly, selection betWeen torque and voltage control modes 
may be made based upon the engine and/or alternator speed 
rather than upon the frequency or other characteristics of 
incoming input signals 202. Input signals 202 received When 
the alternator speed is relatively loW (e.g. less than about 
2000 rpm or so), could be readily assumed to be torque 
control signals, for eXample, Whereas input signals 202 
received at higher speeds can be assumed to be voltage 
controls. By determining the frequency of the alternator 
rotation (Which is related to the engine rotation speed by a 
pulley ratio) using signal 304, module 302 may determine 
one or more operating modes Without the need to further 
analyZe the frequency or other characteristics of the input 
signals 202. Alternatively, input signals may be further 
analyZed to determine additional data. In the embodiment 
shoWn in FIG. 3, for eXample, generator speed sensing 
module 302 processes signal 304 to indicate RVC or RTC 
mode With signal 306, Whereas frequency discriminator 
module 208 suitably indicates “normal” or “fast” mode 
using signal 216. In embodiments Wherein either “normal” 
or “fast” mode are not implemented, hoWever, either module 
208 or module 302 may be eliminated as appropriate. In still 
further embodiments, mode selection signals (e.g. signals 
266, 306) are produced by an ECM or eXternal controller 
and provided to regulator 201 With input signals 202. In such 
embodiments, regulator 201 need not determine mode selec 
tion information, since this data is readily available from an 
external source. 

[0035] Using the various concepts set forth herein, one or 
more bene?ts may be provided to the various implementa 
tions and embodiments. With ?nal reference to FIG. 4, 
signi?cant reductions in torque response times can be real 
iZed using the concepts of torque control set forth herein. 
FIG. 4 shoWs that torque fall times have been reduced by an 
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order of magnitude or more, thereby resulting in improved 
control and feWer vehicle stalls. Moreover, the concepts set 
forth herein can be used for more precise control over engine 
torque management, thereby resulting in improved fuel 
ef?ciency and emissions quality. 

[0036] Although the various embodiments are most fre 
quently described With respect to automotive applications, 
the invention is not so limited. Indeed, the concepts, circuits 
and structures described herein could be readily applied in 
any commercial, home, industrial, consumer electronics or 
other setting. The concepts described herein could similarly 
be readily applied in aeronautical, aerospace, marine or 
other vehicular settings as Well as in the automotive context. 

[0037] While at least one exemplary embodiment has been 
presented in the foregoing detailed description, a vast num 
ber of variations exist. The various circuits described herein 
may be modi?ed through conventional electrical and, elec 
tronic principles, or may be logically altered in any number 
of equivalent embodiments Without departing from the con 
cepts described herein. Although the present disclosure 
frequently refers to a Lundell machine or other alternator, for 
example, the concepts of torque control discussed herein 
could be readily applied to any other type of AC or DC 
generator, motor or the other device having a controllable 
element as described herein. Accordingly, the exemplary 
embodiments described herein are intended only as 
examples, and are not intended to limit the scope, applica 
bility, or con?guration of the invention in any Way. Rather, 
the foregoing detailed description Will provide those skilled 
in the art With a convenient road map for implementing one 
or more exemplary embodiments. Various changes can 
therefore be made in the functions and arrangements of 
elements set forth herein Without departing from the scope 
of the invention as set forth in the appended claims and the 
legal equivalents thereof. 

1. A regulator for controlling a generator having a con 
trollable element in response to an input signal received 
from a control module, the regulator comprising: 

a discriminator con?gured to determine Whether the input 
signal is a voltage control or a torque control; 

a processing module con?gured to convert the input 
signal to a modulation signal using a ?rst conversion 
technique if the input signal is a voltage control and a 
second conversion technique different from the ?rst 
conversion technique if the input signal is a torque 
control; and 

a sWitching circuit con?gured to modulate the control 
lable element of the generator in response to the 
modulation signal to thereby control the generator. 

2. The regulator of claim 3, Wherein the discriminator is 
a frequency discriminator. 

3. A regulator for controlling a generator having a con 
trollable element in response to an input signal received 
from a control module, the regulator comprising: 

a discriminator con?gured to determine Whether the input 
signal is a voltage control or a torque control; 

a processing module con?gured to convert the input 
signal to a modulation signal using a ?rst conversion 
technique if the input signal is a voltage control and a 
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second conversion technique different from the ?rst 
conversion technique if the input signal is a torque 
control; and 

a sWitching circuit con?gured to modulate the control 
lable element of the generator in response to the 
modulation signal to thereby control the generator, 
Wherein the sWitching circuit comprises: 

a ?rst sWitch operatively located betWeen a ?rst refer 
ence voltage and a ?rst terminal of the controllable 
element; 

a second sWitch operatively located betWeen a second 
reference voltage and a second terminal of the con 
trollable element; 

a ?rst uni-directionally conducting device operatively 
located betWeen the ?rst sWitch and the second 
reference voltage; and 

a second uni-directionally conducting device opera 
tively located betWeen the second sWitch and the ?rst 
reference voltage. 

4. The regulator of claim 3 Wherein the ?rst and second 
sWitches are transistors. 

5. The regulator of claim 4 Wherein the modulation signal 
comprises a ?rst portion provided to the ?rst sWitch and a 
second portion provided to the second sWitch. 

6. A regulator for controlling a vehicle alternator having 
a ?eld coil to produce a desired voltage betWeen a ?rst and 
a second battery terminal in response to an input signal 
received from a control module, the regulator comprising: 

an input port con?gured to receive the input signal; 

a discriminator module con?gured to produce a mode 
selection signal indicating Whether the input signal is a 
voltage control or a torque control; 

a processing module con?gured to convert the input 
signal to a ?rst modulation signal and a second modu 
lation signal different from the ?rst conversion tech 
nique using a conversion routine selected in response to 
the mode selection signal; and 

a sWitching circuit con?gured to modulate the control 
lable element of the generator in response to the ?rst 
and second modulation signals to thereby control the 
generator, Wherein the sWitching circuit comprises: 

a ?rst transistor operatively located betWeen the ?rst 
battery terminal and a ?rst terminal of the ?eld coil 
element and operable to couple the ?rst terminal of 
the ?eld coil to the ?rst battery terminal in response 
to the ?rst modulation signal; 

a second transistor operatively located betWeen the 
second battery terminal and a second terminal of the 
?eld coil and operable to couple the second terminal 
of the ?eld coil to the second battery terminal in 
response to the second modulation signal; 

a ?rst diode operatively located betWeen the ?rst tran 
sistor and the second battery terminal; and 

a second diode operatively located betWeen the second 
transistor and the ?rst battery terminal. 

7. The regulator of claim 6 Wherein the sWitching circuit 
is further con?gured to provide a positive voltage across the 
?eld coil When the ?rst and second transistors are active, and 
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to provide a negative voltage across the ?eld coil When the 
?rst and second transistors are inactive. 

8. A generator assembly for a vehicle having an engine, a 
battery having ?rst and second battery terminals With a 
battery voltage therebetWeen, and a control module con?g 
ured to produce an input signal, the generator assembly 
comprising: 

an alternator con?gured to convert mechanical energy 
from the engine to electrical energy, Wherein the alter 
nator comprises a controllable element; 

a recti?er con?gured to convert the electrical energy from 
the alternator to a direct current (DC) voltage applied 
across the ?rst and second battery terminals; and 

a regulator comprising: 

a discrirninator con?gured to determine Whether the 
input signal is a voltage control or a torque control; 

a processing module con?gured to convert the input 
signal to a modulation signal using a ?rst conversion 
technique if the input signal is a voltage control and 
a second conversion technique different from the ?rst 
conversion technique if the input signal is a torque 
control; and 

a sWitching circuit con?gured to modulate the control 
lable element of the alternator in response to the 
modulation signal by sWitchably applying the battery 
voltage from the ?rst and second battery terminals to 
the controllable element to thereby control the genera 
tor. 

9. The generator assembly of claim 8 Wherein the sWitch 
ing circuit is further con?gured to temporarily reverse the 
polarity of the battery voltage applied across the controllable 
elernent When the input signal is a torque control. 

10. The generator assembly of claim 8 Wherein the 
sWitching circuit comprises: 

a ?rst transistor operatively located betWeen the ?rst 
battery terminal and a ?rst terminal of the controllable 
element and operable to couple the ?rst terminal of the 
controllable element to the ?rst battery terminal in 
response to the ?rst rnodulation signal; 

a second transistor operatively located betWeen the 
second battery terminal and a second terminal of the 
controllable element and operable to couple the 
second terminal of the controllable element to the 
second battery terminal in response to the second 
rnodulation signal; 

a ?st uni-directionally conducting device operatively 
located betWeen the ?rst transistor and the second 
battery terminal; and 

a second uni-directionally conducting device opera 
tively located betWeen the second transistor and the 
?rst battery terminal. 

11. A method for controlling a generator having a ?eld 
coil in response to an input signal received from a control 
module, the method comprising the steps of: 
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determining whether the input signal is a voltage control 
or a torque control; 

converting the input signal to a modulation signal using a 
?rst conversion technique if the input signal is a voltage 
control and a second conversion technique different 
from the ?rst conversion technique if the input signal is 
a torque control; and 

modulating the ?eld coil of the generator in response to 
the modulation signal to thereby control the generator. 

12. The method of claim 11 Wherein the second conver 
sion technique cornprises adjusting a signal frequency of the 
input signal to produce the modulation signal. 

13. The method of claim 12 Wherein the modulation 
signal has a duty cycle substantially equal to an input duty 
cycle of the input signal. 

14. The method of claim 11 Wherein the determining step 
comprises determining a frequency of the input signal. 

15. The method of claim 11 Wherein the determining step 
comprises determining Whether the input signal is the volt 
age control or the torque control as a function of a speed of 
the generator. 

16. The method of claim 11 Wherein the determining step 
further comprises determining Whether the input signal 
corresponds to a fast torque control or a normal torque 
control. 

17. The method of claim 16 Wherein the rnodulating step 
comprises reversing the polarity of a voltage applied across 
the ?eld coil When the input signal corresponds to a fast 
torque control. 

18. The method of claim 11 further comprising the step of 
monitoring the ?eld coil to obtain feedback data about the 
generator for the control module. 

19. The method of claim 11 Wherein the rnodulating step 
comprises reversing the polarity of a voltage applied across 
the ?eld coil. 

20. Adevice for controlling a generator having a ?eld coil 
in response to an input signal received from a control 
module, the device comprising: 

means for determining Whether the input signal is a 
voltage control or a torque control; 

means for converting the input signal to a modulation 
signal using a ?rst conversion technique if the input 
signal is a voltage control and a second conversion 
technique if the input signal is a torque control; and 

means for modulating the ?eld coil of the generator in 
response to the modulation signal to thereby control the 
generator. 

21. The regulator of claim 3, Wherein the discrirninator is 
a voltage arnplitude discrirninator. 

22. The regulator of claim 3 Wherein the ?rst and second 
uni-directionally conducting devices are diodes. 

23. The method of claim 11 Wherein the determining step 
comprises determining a voltage amplitude of the input 
signal. 


