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Figure 3: Splitting the L-connectoi' conductors. 

Figure 4: Front underside mounting. 
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Figure 17: L and S connector (Grid style) 
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WIDELY DEPLOYABLE CHARGING SYSTEM 
FOR VEHICLES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority over US. Provisional 
Patent Application 60/947,954, ?led Jul. 4, 2007, titled 
“Widely deployable charging system for vehicles”, Which is 
incorporated herein by reference in its entirety. 

DESCRIPTION OF DRAWINGS 

FIG. 1: L and S connectors. 
FIG. 2: Electrical connections and geometry de?nition. 
FIG. 3: Splitting the L-connector conductors. 
FIG. 4: Front underside mounting. 
FIG. 5: Underside mounting. 
FIG. 6: Actuating Mechanism. 
FIG. 7: Mechanical system: Con?guration 1. 
FIG. 8: Mechanical system: Con?guration 2. 
FIG. 9: Equal force distributor replacement mechanism for 

link 10. 
FIG. 10: Alignment preserving replacement mechanism 

for link 10 
FIG. 11: Electrical connections, interlock and geometry 

de?nition 
FIG. 12: Steps to select contacting conductors, executing 

on microprocessor A. 
FIG. 13 Steps to select contacting conductors, executing on 

microprocessor A. 
FIG. 14 Steps to select contacting conductors, executing on 

microprocessor A. 
FIG. 15: Connection quality check. 
FIG. 16: Using parking brake or similar lever for charging 

mechanism actuation. 
FIG. 17: L and S connector (Grid style) 

BACKGROUND AND PRIOR ART 

After revieWing over 150 patents from the class 320.109, 
class 439.10 and class 439.34, it is deemed that this invention 
is unique and neW over the prior art. 

The problem of transferring electrical energy to moving 
vehicles has received substantial attention in the transporta 
tion and material handling community. Consequently there is 
a rich array of technologies available in the prior art. The prior 
art can be broadly classi?ed into folloWing categories: 

Cable With connectors or pedals: (US. Pat. No. 6,185,501) 
All such systems involve manual connection and disconnec 
tion of vehicle to the infrastructure. Apart from the fact that 
these systems do not offer automation, they do have safety 
issues arising from a potentially complex tangle of Wires to be 
managed as Well as possibilities of accidental drive off by a 
forgetful driver While the vehicle is still tethered to charging 
outlet. 

Large scale inductive transfer: (US. Pat. No. 5,573,090). 
These systems involve oversiZed primary induction coils 
embedded underparking spot. Large dimensions are intended 
to cover the vehicle parking misalignments. Such systems 
suffer from the excessive inductive energy Wastage and 
involve complex infrastructure modi?cations that are unsuit 
able for modern personal use vehicles. 

Overhead pantographs: (RE29,994, US. Pat. No. 3,955, 
657, US. Pat. No. 5,651,434) All such systems are bulky 
intrusive con?gurations that need involved installation and 
maintenance of overhead bus bars. These systems also 
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2 
involve single energy transfer channel due to the cross bars 
With single conductors. The second connectivity channel is 
taken from underground connection. This leaves no room for 
additional channels for energy transfer interlocks, Which are 
crucial from the operational safety vieWpoint. 

Electromagnetic radiation coupling: (US. Pat. No. 7,068, 
991, US. Pat. No. 6,792,259, US. Pat. No. 6,114,834, US. 
Pat. No. 5,982,139) A handful of patents refer to a narroW 
radiation beam emanating from an infrastructure device and 
hitting energy receiving devices on the roof of vehicles. Such 
systems still need a fair amount of manual alignment, but 
mo st importantly have very limited energy transfer rates for a 
safe level of radiation. 

Conical/compliant receptacles: (US. Pat. No. 7,023,177, 
US. Pat. No. 6,614,204, US. Pat. No. 5,850,135, US. Pat. 
No. 5,696,367, US. Pat. No. 5,498,948, US. Pat. No. 5,272, 
431) These systems offer a limited tolerance to vehicle to 
parking stall misalignments. The operator is still expected to 
home into the receiving or compliant Zone of the receptacle 
and stop just in time not to push against the infrastructure. In 
addition to expecting speci?c behavior from drivers, an acci 
dental poor alignments as Well as fast approach pose collision 
threat and Will degraded the operation and reliability of such 
systems. 

Active location seeking robotic arms/trolleys: (US. Pat. 
No. 6,859,010, US. Pat. No. 5,821,731, US. Pat. No. 5,703, 
461, US. Pat. No. 5,696,367, US. Pat. No. 5,654,621, US. 
Pat. No. 5,646,500, US. Pat. No. 5,617,003, US. Pat. No. 
5,461,298, US. Pat. No. 5,272,431) There are many variants 
of these systems depending on the sensing scheme used as 
Well as actuation schemes used. Such systems are relatively 
complex and depend on reliability of several sensors and 
motion control loops. A miss-calibrated/drifted system could 
pose a spectrum of problems ranging from scratching the 
shiny paint of vehicle to simply not being able to connect the 
vehicle. Apart from the intrusive nature of the robotic arms, 
both the trolleys as Well as robotic systems are susceptible to 
vandalism in open infrastructure applications. 

Physical and virtual guiding systems for homing: (US. Pat. 
No. 6,525,510, US. Pat. No. 5,850,135, US. Pat. No. 5,461, 
298, US. Pat. No. 5,341,083, US. Pat. No. 4,496,896) The 
?rst category of these systems either employ mechanical 
guides for vehicle tires, forcing the vehicle to a relatively 
precise location for the automatic connector to mate With noW 
precisely located vehicle side counterpart. Some other sys 
tems involve passive guidance to the drives, either based on a 
sensor pair, a dashboard or infrastructure based display 
device or through grid markings on the pavement. Such sys 
tems are either large footprint and tend to be bulky, or are 
imprecise (passive guidance) and need further connectivity 
assistance from conical, compliant or active search compo 
nents. 

Contactor arrays: Such systems have multiple connectors 
placed on infrastructure that Will end up connecting With 
relatively feW contactors on the vehicle side and vice versa. 
The vehicle to parking stall misalignment is compensated by 
multiple conductors. This patent generally falls in this cat 
egory of devices. Speci?cally: US. Pat. No. 6,307,347 
describes a pair of tWo dimensional grids, each grid being 
permanently dedicated for one channel of connectivity. This 
not only increases the number of connectors (proportional to 
12) per channel of connectivity, but also needs each grid big 
enough to tolerate the vehicle misalignment specs. Thus mak 
ing the total # of contactors to n><l2, Where n is # of connec 
tivity channels andl is the grid’s linear dimension, Which has 
to be bigger than vehicle parking tolerance in one dimension. 
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US. Pat. No. 5,651,434 has tWo overhead cables and the 
vehicle has a pantograph With tWo contactors insulated from 
each other. Due to the one to one correspondence betWeen the 
infrastructure side and vehicle side contactors, this arrange 
ment necessitates the tWo cables as Well as the tWo panto 
graph connectors be separated laterally by the Worst case 
lateral misalignment specs of the vehicle plus the lateral 
dimension of the pantograph contactors, making it a bulky 
system, Which is dif?cult to extend beyond tWo connectivity 
channels, a prime safety requirement from ground fault detec 
tion vieWpoint. US. Pat. No. 5,523,666 has features similar to 
contactor array structures; hoWever it still depends on the 
mating pair of contactors to be brought together by active 
positioning. Again the one to one correspondence betWeen 
the infrastructure and vehicle side connectors means rela 
tively precise alignment at least in one direction, betWeen the 
corresponding connectors is required. This alignment in the 
US. Pat. No. 5,523,666 is made by active positioning of the 
infrastructure rails and suffers from the consequent disadvan 
tages of an active positioning system. 
US. Pat. No. 5,252,078 is very similar to US. Pat. No. 

5,523,666, except the relatively positioning of the mating 
connectors is achieved by passive compliant members. Both 
US. Pat. No. 5,252,078 and US. Pat. No. 5,523,666 suffer 
from the disadvantages of a system requiring precise align 
mentiWhether passive or active, as Well as carry potential 
for damage and reduced reliability and safety due to drivers 
accidentally driving into the system. 
US. Pat. No. 4,158,802 is an overhead contactor system 

With one to one contactor correspondence betWeen vehicle 
and infrastructure. Consequently suffers from either precise 
positioning or too large contactor spacing and siZe. As 
described, this system is also bulky and needs involved instal 
lation. 
US. Pat. No. 4,850,879 is a front bumper variation ofU.S. 

Pat. No. 6,307,347. Both, US. Pat. No. 4,850,879 as Well as 
US. Pat. No. 6,307,347 describe conductor arrays that have 
contiguous domains of conductors that are electrically con 
nected to each other and represent one single large conductor. 
Corresponding to one conductor (or a group of conductors 
that are electrically connected to each other) on ground, there 
is one and only one conductor on the vehicle that the ground 
conductor is permitted to pair With. All inventions based on 
one to one conductor pairing necessitate large individual con 
ductors (or group of conductors) or accurate positioning. In 
case ofU.S. Pat. No. 4,850,879, former is true. Additionally, 
US. Pat. No. 4,850,879 can be damaged due to accidental 
driving in. 

DETAILED DESCRIPTION OF THE INVENTION 

A mechanical, electrical and telecommunication arrange 
ment to transfer electrical energy to a vehicle is described in 
this invention. At the core of the system (see FIG. 1) is a pair 
of linear arrays of conductive elements insulated from each 
other. A speci?c rendition Where one of the arrays is a 1x7 
array (labeled as S-Connector) and the other is a 2x1 labeled 
L connector is shoWn in the FIG. 1. One of the connectors 
(either S or L connector) is placed on the infrastructure side 
and the other on a vehicle. When the array on the vehicle is in 
the proximity of the array on the ground, such that the tWo 
have an overlap, one or both of the arrays are moved toWards 
each other. This causes the array elementsilabeled as “con 
ductors”, to mate and form an electrical contact in the overlap 
region. Depending on the relative position of the vehicle in 
the parking stall, an arbitrary group of conductors from S 
connector may come in contact With an equally arbitrary 
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4 
group of conductors from L-connector. A series of sWitches 
connected to each of the contactors, in cooperation With a 
microprocessor select the contactors in the overlap region for 
use in the energy transfer process. Notice that the lengths of 
the array and their relative orientation to each other alloWs for 
a tolerance in the accuracy of parking a vehicle. In fact the 
length of each of the S and L connectors is the amount of 
alloWable parking tolerance in lateral and longitudinal direc 
tion, and is a direct design variable to cover the parking 
inaccuracies in the respective directions. The folloWing para 
graph describes further design procedure to ensure realiable 
contact betWeen the elements of tWo arrays upon contacting 
each other. In the description, it is assumed that the intention 
is to establish tWo electrical conductive paths betWeen array 
“S connector” and array “L connector”. These Will be referred 
to as + and — paths. In this example shoWn in FIG. 1, one of the 
conductors on the “L conductor” has polarity — and the other 
has polarity + in terms it electrical potential. 

In order to ensure a guaranteed contact of correct polarity, 
the geometry of the conductors on the S and L connectors has 
to folloW certain geometric constraints. Assuming the con 
ductor dimensions are as shoWn in FIG. 2, the constraints are: 

Ensures that a L conductor contacts at least one S 
conductor ?llly. 
Ensures that S conductor does not short 
neighboring L conductors. 
Ensures that L conductor does not short 3 
neighboring S conductors. 
Ensures that + and — connections end up With same 

geometry. 

Note that one solution to these constraints is: $6 = SC, LC = (3 — x) SC, LG = (1 + x) SC, Where 
x is number between 0 and 1. 

Once the connectors are brought to mate With each other, a 
microprocessor reads the potential on each of the S-connector 
conductors (see FIG. 2). Using these measurements, the 
microprocessor can ?gure out the speci?c conductors on the 
S-connector that have mated With conductors on L connector 
as Well as their polarity. In turn the microprocessor sWitches 
on the appropriate MSOFETs from the SWitch Bank, to 
ensure correct electrical polarity to appear at the Load + and 
Load — terminals in FIG. 2. 

As a further safety modi?cation, the conductors on the 
L-connector can be divided into smaller pieces as shoWn in 
FIG. 3. Once the contact is made, a sWitching bank (not 
shoWn) similar to the one shoWn in FIG. 2, is used to poWer up 
only the mating L-connector conductors. This ensures that 
unused and possibly exposed L-connector conductors carry 
no electrical potential. This improves safety and eliminates 
accidental short circuits. 

It should be noted that the voltages used across the mating 
connectors can be any loW voltages such as 12 or 24V. Elec 
tronic pre and post processing Will be used to doWn and up 
convert the loW interface voltages to any desired input/ output 
voltages. This is to further enhance safety and reduce opera 
tional haZard. 

There are several locations on the vehicle for mounting the 
movable connector (either S or L). FIG. 4 and FIG. 5 shoW 
tWo such examples. Both of these examples shoW the infra 
structure side connector mounted on the pavement. One can 
think of many alternate locations and mechanisms With or 
Without pavement mount. 
Among other alternatives is a con?guration With roadside 

connector mounted on an actuator and vehicle side connector 
being mounted rigidly on the vehicle. 
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The motion involved to mate the connectors, is a simple 
one dimensional motion and can be accomplished by many 
different mechanical arrangements. FIG. 6 shoWs an actuat 
ing mechanism to mate the tWo connectors. Speci?cally, the 
motor limounted on vehicle actuates a feed screW 2. The 

other end of the feed screW is mounted on bearings 12, Which 
is also attached to the vehicle. This bearing can sense the 
vertical bearing force. The link 8 is connected to the feed 
screW 2 by a feed nut 3. The link 8 further connects up With 
link 10 With a pin. One end of link 10 is pivoted on link 5 and 
the other end carries a solid rubber tire 11 and one of the 
connectorsieither S or L. The link 5 is pivoted to vehicle 
using member 7. The tension spring 9 is anchored to vehicle 
at one end exerts an upWard pull on the member 10 by being 
in tension at the position shoWn. The compression spring 6 
normally pushes member 5 against the stop 4. The stop 4 is 
attached to the vehicle. The mechanism stays in its retracted 
position 15 When the vehicle is in motion. After the vehicle is 
parked and ready for charge, a microprocessor runs the motor 
1 and ?rst brings the mechanism in to position 16 in Which the 
connector 13 (S or L) just touches the connector 14 (L or S). 
During this motion, the link 5 continues to be pushed by 
spring 6 against stop 4. The motor 1 then moves further and 
the connector 13 moves from position 16 to 17. During this 
motion, the link 5 moves against the spring 6. The motor 
continues to push till a certain force is measured at the bear 
ings 12. The bearing force sensor is optional. Same informa 
tion can be sensed by monitoring the motor current. The last 
part of the motion from position 16 to 17 causes the conduc 
tors to slide against each other With a siZable interface force, 
thus ensuring a good quality contact by cleaning the debris 
and any oxide ?lm that may have formed. 

In the case When the mechanism in FIG. 6 is in its extended 
position (i.e. connector 13 in position 17), and a passenger 
enters the vehicle, thus compressing the vehicle suspension 
springs by a feW inches. Such motion Will be Well tolerated by 
the mechanism in FIG. 6 by further compressing the spring 6. 
The alloWable stroke of the spring 6 should be designed 
appropriately to accommodate the vehicle suspension com 
pliance. 

The mechanism is able to operate With a Wide range of 
initial separation betWeen connector 13 and 14. The link 10 
Will extend till it encounters the reaction from the conductor 
14. At that pointiindependent of the angular deployment of 
link 10, the conductots Will start sliding against spring 6. 

The overall mechanical system can be con?gured in many 
Ways. TWo examples are shoWn in FIG. 7 and FIG. 8. The 
Con?guration #1 (FIG. 7) uses only one motor for actuation 
and exerts almost equal forces on the tWo (right and left) 
copies of the link 10. The Con?guration #2 (FIG. 8) uses tWo 
independent copies of the actuating mechanism. After the 
connectors 13 and 14 have made their initial contact, the 
location (along the connector 13) of the contact point Will be 
sensed through a capacitive proximity sensor (not shoWn) and 
appropriate forces are applied to the tWo copies of the link 10, 
such that the moments of these forces are balanced about the 
contact point. The force computations being done by the 
microprocessor after the contact point sensing. Alternatively 
the tWo forces Will be applied such that the connector 13 
sWings through some small positive and negative angle, While 
monitoring the quality of the connection using a small 
dummy potential applied to the connector 14. Once a good 
quality connection is sensed, the force proportion on the tWo 
actuators Will be froZen for subsequent motion. 

FIG. 7 and FIG. 8 also shoW energiZed coils (or permanent 
magnets) C1, C2 and magnetometers H. The magnetic ?eld 
emanating from energiZed coils (or magnets) C1 and C2 Will 
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6 
be sensed by magnetometer H. The sensed magnetic ?eld Will 
be converted to relative position betWeen connector 14 and 
13. This information Will be provided to user via a user 
interface. This information Will be used as an optional feed 
back to the user during parking. Depending on the speci?c 
design, the magnetic ?eld from C1 and C2, as sensed by the 
magnetometers H, Will be distinguished by polarity or timing. 

Fail safe features: In the normal circumstances, an elec 
tronic interlocking With the ignition key of the vehicle Will be 
employed to ensure that the mechanism is fully retracted 
before the vehicle starts to move. HoWever, in case of mal 
function, there are tWo level fail safe features incorporated in 
the mechanism. The ?rst feature is the soft rubber Wheel 11, 
Which Will smoothly rotate upon touching the road, thus 
causing no harm to the drivability of the vehicle. In case the 
mechanism is stuck in a position such that a large portion of 
road forces are being borne by the rubber tire 11, the second 
feature kicks in. The breakable link 8 Will break up under the 
road forces that are transmitted to it via Wheel 11 and link 10. 
Once broken, the spring 9 Will pull the linkage 10 up to its 
retracted position or close to it. Alternatively, the pin connect 
ing the link 8 and lead nut 3 can be a breakable link to achieve 
a similar fault protection. 

In an alternative mechanism, the motor 1, the feed screW 2 
and the feed nut 3 Will be eliminated. The link 8 Will be 
replaced by mechanisms such as shoWn in FIG. 9 and FIG. 10. 
The mechanism in FIG. 9 is an equal force distribution 
mechanism in Which the tWo copies of the link 10 Will be 
pushed doWn With almost equal force. The mechanism in 
FIG. 10 is an alignment preserving mechanism in Which the 
connector 13 Will be kept parallel to its original position. 

In an alternative mechanism, the motor 1, the feed screW 2 
and feed nut 3 Will be replaced by a pneumatic cylinder. 
Further the air supply can be centrally or locally heated. The 
heated air Will be intentionally leaked out of the pneumatic 
cylinder periodically to melt aWay any accumulated snoW or 
froZen moisture in cold Weather. The periodic hot air bursts 
Will also help clear aWay any normal debris that may have 
accumulated on the actuating mechanism. As an additional 
cold Weather protection, optional heating elements can be 
embedded in the conducting arrays to ensure all surface mois 
ture is melted aWay. 
Once the mechanical motion is completed, the contactor 

selection process begins. One example of such algorithm is 
presented in FIG. 12, FIG. 13 and FIG. 14. This is folloWed by 
a connection quality check described in FIG. 15. Finally a 
communication With the utility grid is established to optimiZe 
charging process parameters, such as rate and time of charg 
ing to realiZe cheapest energy costs or any other goal set by 
the user. Speci?c details of such transaction are not intended 
to be part of this invention. 
Some of the additional features for reliability improvement 

are: 

l. A set of Wipers on the leading edge of the connector 13, 
arranged such that they end up Wiping the relevant por 
tion of the connector 14 as the tWo connectors approach 
during mating. 

2. A dust cover to cover the retracted position of the con 
nector 13 and its moving linkage. 

3. A circuit design to ensure that the exposed conductors of 
connector 13 and 14 are kept at a negative potential, so 
that they get protected from degrading by the cathodic 
protection. 

4. A circuit design to ensure that the vehicle tires are kept at 
a negative potential, so that they get protected from 
degrading by the cathodic protection. 






