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57 ABSTRACT

An electrical power generator for outputting on-site electri-
cal power comprises an engine; an alternator operatively
coupled to the engine; a controller, operatively coupled to
the engine and alternator for controlling at least one opera-
tional parameter relating to the engine or alternator, and a
modem operatively coupled to the controller for receiving
data from a remote source, the received data then being
processed by the controller to control the operation param-

(21) Appl. No.: 10/156,643 eter.
Xz EXHAUST
115
T Los 101 103 +
/]
107 o
w DIESEL LOAD
Al YRR D AT TERNATOR L — - E
3 ENGINE ALTERNATOR BANK
i 118
=z //‘\./
Q
O
L 0
AUXILIARY
BATTERY —
+ +
T /~ A FUEL — - e
111 17 IN 113
ﬁ 10
AIR AR
IN FUEL out
TANK

EXHIBIT 1006



Patent Application Publication  Dec. 4,2003 Sheet 1 of 23 US 2003/0224833 A1

Processing System

- 20

 Power
Base
Cellular { Station \E\ellulgr
Control rea
10
{ Power 31 33) Power -1\0
1 3) )
30| Base |3 \& 30 MBase
> f Station Cellular : f Station | 33
Control AreaD Control
18, Power E; 31
Base | 33 /
30 Station -
Control
MTSO
. PSTN
Fig. 1

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 2 of 23

Patent Application Publication

8iLi

Z ‘b
MNVL
1no 1an4 NI
v ]\
oL MN
|\m: M NI Ll LLL
~ _ o and v/ |
+ +
AY3Llvd
—
601 LARYIIXNY .L
o
O
d Z
I—
MNVE aANION3T 8
lllllll -
avo HOLYNYILTY byl w
L /01
\l.
L coL~ oL~ 0L~ N
Ll @
1SNVYHX3

EXHIBIT 1006



Patent Application Publication  Dec. 4, 2003 Sheet 3 of 23 US 2003/0224833 A1

Fig. 3

EXHIBIT 1006



Patent Application Publication  Dec. 4,2003 Sheet 4 of 23 US 2003/0224833 A1

886 mm (34.9 in)

]
f

701 mm (27.6 in)

/121

I. % 1 "F

= 111 o 111

N —~ 119
5 b=

£

g1 111 111

O -

D

o

680 mm (26.8 in)

I I

10

Fig. 4

EXHIBIT 1006



Patent Application Publication  Dec. 4, 2003 Sheet 5 of 23 US 2003/0224833 A1

4

(w 9'¥¢) ww pgs

111
/
]

(We'Le) wwolLg

\111

\\
i [ A = /—_
/@w FEEQ :? l
E . sus
el & ||
co - A I q -] 2
; -2l C] a a C] E]
] o
I K L3
’E g
oy - 5 ©H
g =
— o
N c
= 5 h—maa b '9
El <| & £ L
o o
2 | \L 2
S =
wH
O
(42]
<~
¢t
™ w a a
d el = g a
— -
\@a'
I L] o

EXHIBIT 1006



Patent Application Publication  Dec. 4, 2003 Sheet 6 of 23 US 2003/0224833 A1

M~
—
=

EXHIBIT 1006



Patent Application Publication  Dec. 4, 2003 Sheet 7 of 23 US 2003/0224833 A1

EXHIBIT 1006



Patent Application Publication  Dec. 4, 2003 Sheet 8 of 23 US 2003/0224833 A1

o N e
. o 4 . : "
i, e : 8
. o \V' ¥ s i o s <=
s » R o
AL ’/
4 ny
R | i+ /
S, 12 .
- ) L L IR . 4 .
. o i o1l i Q
i E »
B oo = izl
< i o aili 1 ;g ]
3, v = ’ Ny N M ey It
K : . ras WP W I“ I
‘ ‘%3‘ N 3 ; ; 7
% y Nl - e W EE 3
ot B ] % .. i
i s >: R z 4
: gl \I\
5 A "
T s 3‘ .
5 2 . o ¥ o
B Ty oL ~—
e o -
E g ) ] < -
P e ;- -
5 o . . & 3
; D —— | B § , [
> S i - L
1 . ; P
£ -3
3 L
E = L Snp— > -
‘o E ¥ M
B ¢ ]
59

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 9 of 23

Patent Application Publication

Z£01 0 7 EE WI0L -
e T 5 T M v6 bl
Z10°0 v G 40L0Y X3 | €£01
8070 gl 40104 NIVW| 2£01
Z0L0 0 Z1L Nv3 | LEOL
LBy T 6% 1HD13IM | INGNOJWOD
G008
] |
Ll (0)4 %4 G0oL vll LY |9 Qf 86
s |2 S 1 g-oxol 1078 S 8 8 S
o U
Hla |8 JIELE R 8] |2
x oo &~ U wn
= 11 | 7
S veol
[ = € . = ¢
in u
ZN == N
€e0l -
7 Zeol Te01
0zl |
G'L8
_ L6Z)
L'EGL
VL L2y

\I GXZL 1018

7o

EXHIBIT 1006



Patent Application Publication  Dec. 4,2003 Sheet 10 of 23  US 2003/0224833 A1l

¢ — 4 o ;“
o] N _
9 CD/ l ;L > oc\f:.‘ l-n c)
s
SN F ] et 2 31818 o
m|Mm|m \oo el E(Mm[m| =<
o 0 / A NN L
e} -
< s
o) ° ; =
- 45-i
60% o
0z
PaAV AW aVWalWal PaVaVWaiVWalWaiVWal
in ~—
2 N
P ||
20 N
é:( N ~t
2 o\ o
3 ~
1R « 1 Q
Nel ) E @)}
LN T 1 .
41| ) 9 R
= Lﬁ_ Ll~
e Ne)
9 Iy
O o~
N
O 0
"
9 gy
83 L'99Z@
g0E @

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 11 of 23

Patent Application Publication

0L b4

9501
S104INGD
ANYE QYO 1~

GS0l
LAWY —

A (]
Jyv0d TYNINH3L 8601 6501
|_{2m_m._.z_./ \zmm_m \ SAV13H TYNYALNI
(o o o]
N JJJJJJ//////JJ . m._ e =T
- — i —
| : ! =
_ﬂnﬁ 5| ={ | == +] | |- el cnog @
ajaja|=|af2y WG AVDH || YoF W — BN
ez TS |
008 @ .
id b =N
@ © @ f@ ) ‘ HT110HINOD £0831
5 EREEE
= 1N ny 0
- Fl| 1@ % @ (@ 9y (OIS
~ 7 : (&) o ﬂ .
z........ﬁ L)
= =) @ ¢|HBH
0
o @V o
yGol €501 ¢sol G0l
HOLMAS NIVA W_H._EED_._.ZH._._.Q_”_;\ 45N HITMOHINGD "HITIOHINQD
ESLARION

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 12 of 23

Patent Application Publication

L b1

[ONMS [0JJU0) JOWAY 19SUdn) 7101

UONMS [01U0D djowy AN[I)
Josoy

uoneiod( snewoiny
asn, Io[[onuo))

Iayealg 1noIr)
uoneradQ renuepy

uoyng Jsa7.

uonng ye)s

uoyng 3uros)es 2INSBOA
uonng doig

Kerdsiq

V01
6901

8901
¢S01
L9901
9901
$901
V901
€901
¢901
1901

6901 R ) Zvol
2501 8901 —
D
Q ( h
T_mmm L ~ ot | o
ny & E A |
%/ @) L (1w || dois _ﬂ _ _ .ﬁ.
NYW 7 B J
5 7 —
b1 j +
MM ez sw ] | 3
a | |o3mEs H
— |}
1901

9901 S90L P90l €901 2901

1901

EXHIBIT 1006



Patent Application Publication

Dec. 4,2003 Sheet 13 of 23  US 2003/0224833 Al

PGAMTE Remote control ( - - - ) - ONLINE [=]B]x]
New E--- Communication Help
r T
Vs ————
gs SELECT 0]
o =
[ IVce MIS
g HOURMETER
) =
L1 L2L3  L3-14 ENS,LNE il MAN
STOP || START
_é_ GE =N
|z vac [ AUT
s
TLR $ TLG W g‘j |
& ﬁ A ) [RESET
_ _ 4 )
( R
A01-HIGH TEMERATURE A08-UNDER ALARM A15
A02-LOW OIL PRESSURE AOS-STARTING FAILURE A16
A03-CHARGER ALT FAILURE A10-GEN UNDER FREQUENCY A17
A04-MECHANICAL STOP A11-LOWBATTERY VOLTAGE  E11-EMERGENCY STOP
A05-MAINTENANCE FAILURE A12-LOWBATTERY VOLTAGE  E12-
A0B-GENERATOR FREQUENCY A13-HIGH BATTERY VOLTAGE  E13-GENERATOR STOP
A07-LOW FUEL Al4- E14-GEN VOLTAGE FAILURE

Fig. 12

Fig. 13

EXHIBIT 1006



Patent Application Publication  Dec. 4,2003 Sheet 14 of 23  US 2003/0224833 Al

=z RGAMTE Reasdings

Fig. 15

EXHIBIT 1006



Patent Application Publication  Dec. 4,2003 Sheet 15 of 23  US 2003/0224833 A1l

RGAMTE Alarms

02 LO% Ol PRESSURE

Fig. 17

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 16 of 23

Patent Application Publication

8L ‘b

‘ : wm.....cmm_ ,

$0°L0'61 0002 AVIN 62 NOW :UO JaMod

Pas0(a J010euod NID (££0)
pauado Jopeuod SNIVIN (220) :
apow J Ny W ILWYD (£90) -
pasofa 10pBuod SNIVIA (120)
(pu3) aunssaud 1o M0 20V (2€0)
apou 440 Ul 3L (190)
pauado Jopeuos NID (F20)
{nbag) snssaid o mon zov (200)
pasoj Joewoa N9 (££0)

wasaid abeyoa NID (520)
Buuuns swbuz (520) :

92'6E'6L 0002 AVN 62 NOW
92'6E'6L 0002 AVA B2 NOW

9Z'6E'GL 0002 AVIN B2 NOWE

PZ'BEGL 0002 AYW BZ NOW
P2'6EGL 0002 AVW b2 NOW

‘P26EGL 000¢ AVW B2 NOW
‘0L'6EBL 0002 AYWN B2 NOW
‘D1'BE'GL 0002 AVIN Be NOW
PO'BEGL 0002 AV 62 NOW
‘PP'BEGL 0002 AV B2 NOW

JUdAS uopesibay

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 17 of 23

Patent Application Publication

6L bI

sjeed (| pewoayn |1 doeqren |

Jaquinu auoyd yoeq |jes Yok Jasn smejs JLNVYOY Buiwoou) aw| aleq IN
bof leoopiy |

HEE “"Buniepy

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 18 of 23

Patent Application Publication

m Ssalppe |iew-3

ON’I91
uofeunsip SNS

Wwiopow Jo ou'fel.

sidwane
UOROBUU0D
JO JaquinN

19)|04u0D
80IA19S UO spuadap J *xoq
[few-3 ue spiemo] SIS ue
108.ip 0} palinbal “ou's

Jajjonuod egnes uo
spuadap }| ‘SIS BiA [iew
-0 Buipuss 1o} ‘ourja)

poD

Buipuas jrew
-9 9jqeusg

abed
Siy} ul woyy sAeds WYOH
u.hw WY M ay Fo.m 3y} u susjewrered
siojowried ) speal § Byl soAes )|

.A , _ # euoyd ealnIes [ew-J

| swsiews

——

wooqqa@eee | ssaippe w3 frew-3 pueg [
_ ] soou
| #euoyd (@) swspuss [

8520152021 | # euoyd (M SWS Pues [

mmww:—mmo_ # euoyd 0d Ot 19euuos 7]

_M_ adnuelul |80 0 JequnN

‘epow |jed

8pow 1NV Uljou s) 31NVDH Usym sifeo ejqesia [

uoIssiwsues]
¢ SIS eiqeuy

uoissjLusuel)
I SINS 8|qeud

od ou
UO}8UUCO Sjqeu

&)

TN
\ﬁ pUeWWOod
EEe_w_____ﬂ”u__Mo uonezIenLI
e wiapow A
- SN epow Ay

159 uopnoaxa Jse} dpewoine siqy [] Buy uonezjfeniu) )
dipewone mc_>>0=2. j peo] —-uef usum ] wiepowl epis-31 WvOd \ s ““hwesho
Ifeo aiqeus ~_ SIS IO} plomssed
N—— shep ! | onoar| | =
stuow _M_ 1048 WLIEe JO — piomssed SPUBLILIOD m<_,_mm_ ‘ 1dieoai opueWwwod
SpuewWo SWS ejqeug [ = SIAS ojgqeus
- SHOBRY SPUBWILIOD SINS [T
100Ul t' e~ 9995556210 | Jequunu euoyd wepo swepow Wso [ ~ WSD/piepuels
I P ICETHTET| 29 3LNVDY ALWvOH c,___o“”._._H M““Hw M v wiapow Jo
~ Sifeo ILAVOH adA ay1 jo e210yD

sy} Ajpuapi o} pasinbay uonduosseq

/[

12:2& wapow epig-3 ...s.‘~ .

la|eo

Ifea | | swuee Bumoyjoy
olpouad sjqeug iled siqeusy

uoRouny
I'eQoINy 8iqeuy

_ wapow a|qeusg

0z b4

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 19 of 23

Patent Application Publication

LZ .gn\ S0~

HWd H1 OY QS HO GO WY SH
©CO0O000000CO0

908LLS1 1y

MOV IOVLI0A HOLVHIANIOHOVY
NO ONIddOLS 3LOWIH-E0V
dO1S AONIDUIWI-L0V
AONIOYINT

60V

80V

Tand-L0v

Q33dS AVMYNMY-90V

JONVNILNIVIN HOd 1SINDIY-50V
FAHNVS TVIINYHOTNHOY
JOVLIOA AY3LLYA MOTZLY FANYS HOLYNYIL Y HIDYYHO-E0V

JOVLIOA AHALLVE HOH-ELY

AON3NDILL YIANN-LLY JUNSSI¥d N0 MOT-20V
JdNvd ONILNVYLS-0LY JHNIVYIWAL-LOY
WYY
A mﬂm i
oL L L
1nv ) VA =)
[ W %% %
14v1s || dols
NO
NV W aniSNa | vre1 €12 @
=] ”

1631 SIW ”_ -

~

0o

i »
R s iy
e

BapsaIN o T TR S0y
TSI s ol
ot SR TR Eoy
NI oh Erkig

A Far oM/ w0 —

I ez

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 20 of 23

Patent Application Publication

TIVIN-3
_l.Ml%lle”QI
| == T S 7
oz | [FE9 fEE
o

— -\
é] 444
R

[ FOAPLFIA 1

WVJ L QUGS HO GO VY SHYA
bl o e b [F Q00000000
RIS Ty 7

il

pe i axis a0y

—_
BORUNRIY sl G VLU
T
HRLBI i

2z ‘b4

mo_‘J

MOV IOVLION HOLVHINID-H0Y 60V
NO w,n_u_n_mo% m_%o_zmz.8< ._m:n_.ww«
1S ADNIONIWI- LoV 2
AONIOWINT Q334S AVMYNNY-90V
JONYNILNIVW YO LSINDIN-50V
JOVLI0A A¥ILLYE HOIH-ELY FUNTVE TYIINVHOIN-HOV
JOVLIOA AYALIVAMOTZLY  JMNTIVH HOLYNYILTY HIOYVHOI-cov
AONINDIYA HIANN-ILY UNSSINA NOMOTZOV
UNTVS ONILYVLS-0LY NLYHINALLOY
vk
( 2o g —|
ol ,% yiL
- )
JVA =
ﬂ 19 ] B W
14VIS || dOLS
NO
W anisna | [y

€121 F.c

SN

EXHIBIT 1006



Patent Application Publication  Dec. 4,2003 Sheet 21 of 23  US 2003/0224833 Al

=
2
=
T
c
o
3]
o
©
o
o
=
=
L

75% load condition
(1ISO 8528-10)

Fig. 23

VvaP 99«
vap /69
VEP €0/«
vap 869

A
7

AIR OUT

66.9 dBA
*66.4 dBA
70.3 dBA
+70.6 dBA
89.0 dBA
*89.9 dBA
66.3 dBA
*66.4 dBA

V4aP T /G«
vap 269
VaPp €78«
vap 0'¥9

EXHIBIT 1006



Patent Application Publication  Dec. 4,2003 Sheet 22 of 23  US 2003/0224833 Al

BLACK
WATER IN FUEL PRESENCE SIGNAL © ~__ORANGE \
GRAY
TOPDOOR 1|——"~
ELECTRICAL PANEL DOOR ' [——"
FUEL CONNECTION DOOR I BLUE
GE FUEL TANK DOOR - .~gBLE |
! * TO Te803 INPUT
GE FUEL SENSOR @ ~ BLACK | (T0 CO"1‘2§°LLER)
— - _ :
OIL LEVEL PREALARM 1} WHITE
OIL PRESSURE SENSOR |————WHITE
TEMPERATURE PREALARM ' [|— WHITE
TEMPERATURE SENSOR [|— PiNK
COOLING WATER SENSOR (™ BLACK )
Fig. 24

EXHIBIT 1006



US 2003/0224833 Al

Dec. 4,2003 Sheet 23 of 23

Patent Application Publication

Gz b4

H16 A2l 9633

Ad3LLve
INIQOW-£0831,

1+ -
60l 7

3718V LOI§

J0V4HALINI TVINAS (S0L) ¥3T10MLINOD OL

Ad3llivd
ONILYVYLS

I

I

_ 2a

Il + Az —
I

I

- fﬂl HOLIMS
Addl1vd

1

_l

l

-
1<

STYNIWYAL

%

dIQUVYHO

Ad3llvd
dOLVYNY3LTY
-E _

@

1

€08 3L

OINVYO)
4O010N
ONILHVLS

INAE!L:|
1YV1S

ERIE
w_m_._._om._.zoo

(+) A¥3LLvg| O~

(-) A¥3LLYg] O

JAILISOd| OF

EXHIBIT 1006



US 2003/0224833 Al

CELLULAR BASE STATION POWER GENERATOR
HAVING REMOTE MONITORING AND CONTROL

BACKGROUND OF THE INVENTION

[0001] This invention relates to electric power generators
and particularly to an electric power generator which is
monitored and controlled by a remote processing system and
which provides electrical power to a cellular phone base
station.

[0002] In recent years, consumer demand for effective
cellular phone service has risen dramatically. Consumers
now often demand cellular phone service wherever they and
their respective cellular phones happen to be located. Spe-
cifically, customers now often demand “coast-to-coast” cel-
lular service. In order to satisfy this demand, cellular base
stations must be placed and operated in various locations so
that effective wireless communication (transmission and
reception) can be established between a particular cellular
base station and any cellular phone(s) located in the same
geographic cellular area served by that particular cellular
base station.

[0003] Some of the locations (e.g., remote rural areas) at
which cellular base stations are placed will typically not
have access to mains power infrastructure to supply the
primary electrical power required to operate a cellular base
station. In order to provide effective cellular service in these
remote geographic areas, it may therefore be beneficial to
provide the electrical power required by a cellular base
station with an on-site electrical power generator. Moreover,
even if a cellular base station receives primary electric
power from the mains power infrastructure, there often
remains a need for a back-up power supply in case the mains
power fails.

[0004] If an on-site power generator is used to provide
electrical power to a cellular base station located in a remote
area, it would be further beneficial to maximize the amount
of time between maintenance services and to have the
capability to remotely monitor and control the on-site gen-
erator (i.e., monitor and control the on-site generator from a
location which is remote from the onsite generator). This
remote monitoring and control would help, for example, to
minimize costs associated with travelling to the generator
sites for maintenance service.

[0005] TowerPOWER® produces an electrical power gen-
erator which is capable of serving the wireless industry by
providing on-site power to cellular base stations. A remote
monitoring system, Site-Guard™, is now available with
TowerPOWER® generators.

BRIEF DESCRIPTION OF THE INVENTION

[0006] In an exemplary embodiment of the present inven-
tion, an electrical power generator for outputting on-site
electrical power comprises: an engine, an alternator opera-
tively coupled to the engine, a controller operatively coupled
to the engine and alternator for controlling at least one
operational parameter relating to the engine or alternator,
and a modem operatively coupled to the controller for
receiving data from a remote source, the received data being
processed by the controller to control the operational param-
eter.

[0007] In another exemplary embodiment of the present
invention, a system comprises: a cellular base station for

Dec. 4, 2003

communicating signals with one or more cellular tele-
phones, an electical power generator located on the site of
and connected to the cellular base station. The power
generator may include an engine, an alternator coupled to
the engine, a controller for monitoring and controlling at
least one operational parameter of the alternator or engine,
and a modem for remotely communicating data relating to
the operational parameter of the alternator or engine. The
system further includes a processing system remotely
located from the power generator and the cellular base
station for communicating data with the modem.

[0008] In yet another exemplary embodiment of the
present invention, a method of remotely controlling a power
generator which provides on-site electrical power to a cel-
lular base station comprises: receiving in a modem of the
power generator data from a processing system that is
remotely located from the power generator, the received data
reflecting a command for controlling at least one operational
parameter of an alternator or engine of the power generator,
and processing the received data and controlling the opera-
tional parameter of the alternator or engine of the power
generator in accordance with the received data.

[0009] Inyet another exemplary embodiment of the inven-
tion, a method of remotely controlling first and second
on-site power generators using the same processing system
comprises: receiving in a first modem of the first power
generator data from the processing system, the processing
system being remotely located from the first power genera-
tor, the data received by the first modem reflecting a com-
mand for controlling at least one operational parameter of an
alternator or engine of the first power generator; and pro-
cessing the data received by the first modem and controlling
the operational parameter of the alternator or engine of the
first power generator in accordance with the data received by
the first modem. The method further comprises receiving in
a second modem of the second power generator data from
the processing system, the processing system being remotely
located from the second power generator, the data received
by the second modem reflecting a command for controlling
at least one operational parameter of an alternator or engine
of the second power generator; and processing the data
received by the second modem and controlling the opera-
tional parameter of the alternator or engine of the second
power generator in accordance with the data received by the
second modem.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These, as well as other advantages of this inven-
tion, will be more completely understood and appreciated by
careful study of the following more detailed description of
the presently preferred exemplary embodiments of the
invention taken in conjunction with the accompanying draw-
ings, in which:

[0011] FIG.1 is a diagram illustrating a cellular telephone
system including at least one cellular base station which
receives electrical power from a remotely controlled on-site
electrical power generator in accordance with an exemplary
embodiment of the present invention;

[0012] FIG. 2 is a high level-top view diagram of a power
generator illustrated in FIG. 1 showing at least some com-
ponents thereof;
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[0013] FIG. 3 is a perspective view of a power generator
for providing electrical power to a cellular base station in
accordance with an exemplary embodiment of the present
invention;

[0014] FIG. 4 is a side view of the power generator
illustrated in FIG. 3;

[0015] FIG. 5 is a back view of the power generator
illustrated in FIG. 3;

[0016] FIG. 6 is a perspective view of the power generator
illustrated in FIG. 3 being lifted;

[0017] FIG. 7 is a perspective view of the power generator
illustrated in FIG. 3 being moved using a pallet;

[0018] FIG. 8 is a top view of an exemplary engine which
forms a part of the power generator in accordance with an
exemplary embodiment of the invention;

[0019] FIGS. 9A-9C are views illustrating an exemplary
alternator which forms a part of the power generator in
accordance with an exemplary embodiment of the invention;

[0020] FIG. 10 illustrates a front control panel including
an exemplary controller which forms a part of the power
generator in accordance with an exemplary embodiment of
the present invention;

[0021] FIG. 11 is a more detailed view of the controller of
the front control panel illustrated in FIG. 10;

[0022] FIG. 12 is a computer video screen display of a
computer system in remote communication with the power
generator representing a control panel allowing a user to
review data and input commands to control the power
generator in accordance with an exemplary embodiment of
the invention;

[0023] FIG. 13 is a computer video screen display of a
computer system in remote communication with the power
generator allowing the user to select the language that
contents of other screens will be displayed in accordance
with an exemplary embodiment of the invention;

[0024] FIG. 14 is a computer video screen display of a
computer system in remote communication with the power
generator illustrating various readings of operational param-
eters of the power generator in accordance with an exem-
plary embodiment of the invention;

[0025] FIG. 15 is a computer video screen display of a
computer system in remote communication with the power
generator illustrating various input and output states of the
power generator in accordance with an exemplary embodi-
ment of the invention;

[0026] FIG. 16 is a computer video screen display of a
computer system in remote communication with the power
generator illustrating an alarm condition of the power gen-
erator in accordance with an exemplary embodiment of the
invention;

[0027] FIG. 17 is a computer video screen display of a
computer system in remote communication with the power
generator which allows a user to set a day and time for a an
automatic test of the power generator to be performed in
accordance with an exemplary embodiment of the invention;

[0028] FIG. 18 is a computer video screen display of a
computer system in remote communication with the power
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generator illustrating recorded events relating to operation of
the power generator in accordance with an exemplary
embodiment of the invention;

[0029] FIG. 19 is a computer video screen display of a
computer system in remote communication with the power
generator illustrating information relating to the tele-control
of the power generator in accordance with an exemplary
embodiment of the invention;

[0030] FIG. 20 is a computer video screen display of a
computer system in remote communication with the power
generator illustrating a settings window for a modem of the
power generator in accordance with an exemplary embodi-
ment of the invention;

[0031] FIG. 21 is a diagram illustrating remote commu-
nication between modems of the power generator and com-
puter system in accordance with an exemplary embodiment
of the invention;

[0032] FIG. 22 is a diagram illustrating remote wireless
communication between a power generator having a GSM
modem and a computer system or cellular telephone in
accordance with an exemplary embodiment of the invention;

[0033] FIG. 23 is a diagram illustrating noise levels of the
power generator at various load levels in accordance with an
exemplary embodiment of the invention;

[0034] FIG. 24 is a diagram illustrating various alarm and
pre-alarm connections to a controller of the power generator
in accordance with an exemplary embodiment of the inven-
tion; and

[0035] FIG. 25 is a diagram illustrating, inter alia, an
auxiliary battery which may be used to power a modem and
controller of a power generator in accordance with an
exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] FIG. 1 illustrates a cellular frequency telephone
system including a number of cellular base stations 30 each
operatively connected to a respective base station control 33.
Each cellular base station 30 is located within a respective
geographic cellular area and communicates with a central
office commonly referred to as a mobile telephone switching
office (MTSO) through a base station control 33. The MTSO
makes the necessary connections to enable wireless cellular
communication between a cellular base station 30 and any
cellular telephones 31 located within the same cellular area
and communicates signals to/from a channel on the public
switched telephone network (PSTN).

[0037] Each of the cellular base stations 30 receives
electrical power from a respective on-site electrical power
generator 10. It will be understood, however, that not every
cellular base station 30 must necessarily receive primary
power from an on-site power generator. For example, the
cellular base station located in cellular areas A and B may
receive primary electrical power from an electrical mains
infrastructure, while the cellular base stations in cellular
areas C and D may receive primary power from respective
on-site power generators 10. Any cellular base station that
receives primary power from an electrical mains infrastruc-
ture may still be operatively connected to a power generator
10 for emergency back-up power. Switches may be used to
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disconnect the electrical mains power when power generator
10 is switched to connect to the cellular base station. The
on-site power generator 10 may thus serve as the primary or
secondary source of power to a cellular base station in
accordance with an exemplary embodiment of the invention.
Cellular base stations located in geographic areas (e.g., rural
areas) in which connection to an electrical mains infrastruc-
ture is not available may therefore become operable by
receiving highly reliable (i.e., limited downtime) electrical
power from an on-site power generator 10, thereby helping
to satisfy consumer demand for effective cellular phone
service over the widest possible geographic region. Highly
reliable power to base stations connected to electrical mains
power may be ensured through back-up power provided by
generator 10.

[0038] Each power generator 10 may be monitored, oper-
ated and controlled by a processing system 20 (e.g., a
computer system having a modem or a cellular telephone)
which is remotely located from the power generator 10 and
the base station 30. A location that is “remote” from the
power generator is one that is at the very least located
off-site from the generator. For example, a cellular base
station located in cellular area B is “remote” from the power
generator and its connected cellular base station located in
cellular area A (see FIG. 1).

[0039] The power generator 10 and the processing system
20 remotely communicate with each other so that opera-
tional parameters of the power generator (e.g., readings,
measurements, input/output status, failures, test results,
alarms of the power generator) can be remotely reported
from the power generator 10 to the processing system 20 for
review and evaluation by a user (e.g., power generator
technician) and control commands and/or inquires input by
the user (e.g., start/stop the power generator, change an
operation parameter such as temperature, pressure, voltage,
etc.) may be transmitted from processing system 20 to power
generator 10 for processing and implementation by the
power generator 10.

[0040] While FIG. 1 illustrates an exemplary embodiment
in which each of power generators 10 remotely communi-
cates with the same processing system 20, the embodiment
can be altered so that at least one power generator 10
communicates with another processing system 20. For
example, each power generator 10 may be configured (e.g.,
using communication having different respective frequen-
cies) to remotely communicate with its own separate pro-
cessing system 20. By enabling remote control of a power
generator, a technician may reduce his/her amount of travel
to each generator site and still provide effective monitoring
and predictive and preventative maintenance control. Fur-
thermore, if one processing system remotely communicates
with a plurality of generator sites, a large amount of data
may be made available to a highly trained specialist at
processing system 20. The specialist may in turn provide any
necessary control commands to one or more of the genera-
tors.

[0041] Referring to FIG. 2, the power generator 10
includes, inter alia, an engine (e.g., a diesel engine) 101, an
alternator 103, a controller 105 and a modem 107 (e.g.,
analog modem, GSM modem or internet connection), aux-
iliary battery 109, air intake vents 111, air outlet vents 113,
fuel inlet 117 for receiving fuel from an external fuel tank,
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exhaust outlet manifold 115, and load bank 118. Controller
105 is operatively connected to engine 101 and alternator
103 and to modem 107. Controller 105 provides/receives
signals to/from the engine 101 and alternator 103 and may
process any received signals for transmission to the remotely
located processing system 20 through modem 107. The
signals received by controller 105 from the engine 101
and/or alternator 103 may reflect operational parameters
such as readings, measurements, status, test results, alarms
relating to, for example, the engine’s and/or alternator’s
temperature, engine’s oil pressure, engine’s fuel level, bat-
tery voltage level, charger failure, engine and/or alternator
stoppage, running or starting status of the generator, mains
voltage, generator’s output voltage, frequency or current
level, status (open/closed) of any engine or alternator switch,
engine exhaust level, date/time of any conducted test, emer-
gency stoppage, mode of operation, results of load test, etc.
The controller is also capable of receiving, processing and
remotely transmitting signals from other sensors of the
power generator such as sensors indicating the opened/
closed status of control panel door 119 (see FIG. 4) or top
hatch door 121 (see FIGS. 4-6). These signals may protect
generator 10 against theft, vandalism or sabotage.

[0042] Controller 105 may receive and process remote
commands or inquiries from processing system 20 through
modem 107. These commands and/or inquiries may be
initiated by processing system 20 or may be received in
response to a previous transmission from controller 105.
After processing received commands and/or inquiries, the
controller 105 may control (e.g., change, test, detect or
measure) an operation parameter (e.g., any of the operational
parameter(s) of the engine and alternator noted above) of
power generator 10.

[0043] Referring to FIGS. 2-7, an exemplary embodiment
of power generator 10 includes a chassis of electrically
welded steel for enclosing and protecting, inter alia, engine
101, alternator 103, controller 105, modem 107 and auxil-
iary battery 109. Vibration absorbers (not shown) may be
placed between (a) the engine 101 and alternator 103 and (b)
the chassis, and a drip tray may be connected to a sub-base
waste tank of the generator.

[0044] The relatively small unit size (lengthxheightxwidth
of 1800x890x950 mm) and weight (approx. 550 kg) of
power generator 10 allows it to be easily transported by
lifting it using handling rings 123 (see FIG. 6) or moving it
with a pallet (see FIG. 7) and quickly installed at the
generator site. The relatively easy transport and installation
of power generator 10 is particularly beneficial when the
terrain leading to or at the generator site is rough.

[0045] General technical specifications of an exemplary
embodiment of power generator 10 may include the follow-
ing:

[0046] Limited Time Power (L.T.P.)=10 kVA cost=1
[0047] Continuous Operating Power (C.0.P.)=9 kVA

cosp=1
[0048] Voltage=230 V single-phase
[0049] Amperage=43.5 A
[0050] Frequency=50 Hz
[0051] Rotational speed=1500 rpm
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[0052] Fuel type=automotive diesel fuel
[0053] Engine mfg.=Lombardini
[0054] Engine model=L.DW CHD 1503
[0055] Engine max power at 1500 rpm=13.5 kW
[0056] Engine displacement=1551 cc
[0057] Cylinders=3
[0058] Cooling system=water
[0059] Alternator mfg.=Meccalte
[0060] Alternator model=ECO 28 S/4
[0061] Alternator type=4 poles brushless with avr
[0062] Dimensions (1xwxh)=1800x890x950 mm
[0063] Sound level @ 7 m (75% C.O.P. rating)=<70
dBa
[0064] Dry weight (kg.)=approximately 550 kg
[0065] Protection=IP 33.
[0066] FIG. 8 illustrates an exemplary engine 101 that

may be utilized as part of power generator 10. The engine
may be, for example, a diesel powered engine and may
include an enlarged lube oil sump 1011 (e.g., at least 11
liters) and fuel tank to extend the time between maintenance
inspections/services. Specifically, the enlarged oil sump
1011 and fuel tank of an exemplary embodiment of the
invention provides a time interval of six weeks between
maintenance services. This interval may be maintained or
even further increased through the use of an automatic lube
oil top up tank.

[0067] Technical specifications of an exemplary engine
101 that may be used as part of generator 10 may include the
following:

[0068] Make=Lombardini

[0069] Type=LDW CHD 1503

[0070] Rotation speed=1,500 r.p.m.

[0071] Maximum power=13.5 kW at 1,500 r.p.m.

[0072] Cycle of the engine=4-cycles

[0073] Type of injection=IDI

[0074] Number and configuration of cylinders=3 in
line

[0075]
[0076]

[0077] Valve system=maintenance free hydraulic
valve lifters

[0078]
[0079]
[0080]
[0081]
[0082]
[0083]
[0084]

Bore=88 mm

Stroke=85 mm

Mean linear piston speed=4.25 m/s
Displacement=1.55 liters
Type of cooling=water
Fuel consumption
at full load=4.6 liters/hour
at % load=2.5 liters/hour
at ¥ load=1.2 liters/hour
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[0085] Oil consumption=0.006 liters/hour

[0086] Exhaust gas emission: =per directive 97/68
EEC phase 2

[0087] Climatic Conditions of Engine
[0088] ambient temperature:
[0089] max: 50° C.
[0090] min: -20° C.
[0091] derating: —2% for every 5° C.
[0092] above 20° C.
[0093]

[0094] altitude: engine rated power is at sea level
derating: —1% for every 100 m above sea level

relative humidity: max: 90%

[0095] Characteristics of Engine Liquids
[0096] Fuel: standard automotive diesel fuel
[0097] Oil: APL—CD
[0098] Grade:

[0099] ambient 20° C. to 50° C.: SAE 40
[0100] ambient 0° C. to 20° C.: SAE 20
[0101] ambient —20° C. to 0° C.: SAE 10

[0102] Coolant: Mixture:
[0103] 50% ethylene glycol antifreeze
[0104] 50% demineralized water
[0105] Cooling of Engine

[0106] maximum ambient temperature: 50° C.
[0107] fan driven by water pump—alternator belt
[0108] high-temperature water alarm
[0109] low water level alarm
[0110] thermostatic valve

[0111] Preheating of Engine
[0112] as IDI the engine is glow-plugs equipped for

low temperature easy starting
[0113] Starter of Engine

[0114] electrical 12 Volt starter on the gear ring of the
engine’s flywheel

[0115] 12 Volt lead battery with a capacity of 80 Ah
[0116] Speed Regulation of Engine

[0117] type: mechanical (engine integrated)
[0118] rate of regulation under established condi-
tions: *3

[0119] Exhaust of Engine
[0120] primary muffler inside the enclosure
[0121] final outside protected super quiet muffler
[0122] Coupling of Engine

[0123] semi-rigid coupling by flanged mounting on
single-bearing alternator
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[0124] Lubrication of Engine
[0125]
[0126] 12.7 liters total capacity oil sump

spin-on cartridge oil filter—

[0127] 11.7 liters total oil volume before low pressure
alarm

[0128] oil level warning when oil volume is 2.1 liters
before low pressure alarm

[0129] manual drain pump
[0130] Air Intake of Engine
[0131] cartridge-type dry air filter

[0132] Fuel of Engine

[0133] 10 micron spin-on cartridge primary fuel filter
with:

[0134] water separation system
[0135]
[0136]
[0137] 3 micron spin-on cartridge final fuel filter
[0138]

[0139] stopping the engine normally stopping
when a safety device has tripped

transparent bowl for visual water checking

electrical detection of water and warning

electro-valve on the fuel circuit for:

[0140] mechanical lift pump up to 1.5 m head
[0141] fuel system provided for external sub-base

tank
[0142] Sensors of Engine
[0143] low engine oil pressure (alarm)
[0144] low oil level in the sump (warning)
[0145] engine cooling high water temperature
(alarm)
[0146] approaching engine cooling high water tem-

perature (warning)
[0147] engine cooling circuit low water level (alarm)
[0148] Service and Maintenance Intervals of Engine

[0149] 1000 h:

[0150] oil replacement

[0151] oil filter replacement

[0152] primary and final fuel filter replacement
[0153] fan belt check

[0154] air filter check

[0155] 2000 h:
[0156] fan belt replacement

[0157] air filter replacement

[0158] In order to enable power generator 10 to generate
the necessary electric power to operate a cellular base
station, engine 101 drives a rotor of alternator 103 within its
stator under the monitoring and control of controller 105.
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The electrical output of the alternator may then be trans-
formed as necessary for application to the cellular base
station.

[0159] FIGS. 9A-9C illustrate an exemplary alternator 103
with exemplary dimensions including fan 1031, main rotor
1032, exciter rotor 1033 and shaft 1034. Technical specifi-
cations of an exemplary alternator 103 that may be used as
part of generator 10 may include the following:

[0160] General Description of Alternator

[0161] make=Meccalte
[0162] type=ECO 28 S/4
0163] rotation speed=1,500 r.p.m.
[ p p
[0164] poles=4
[0165] rated power
[0166] =16 kVA @ H class 3 ph 400V 50 Hz
PF=0.8
[0167] =10.5 kVA @ H class 1 ph 230V 50 Hz
PF=1
[0168] type of connection=Delta connection single

phase 230V rated voltage

[0169] ECO 4 pole alternators may be brushless, self-
regulating and incorporate a rotating inductor with damper
cage winding and a fixed stator with skewed slots. The stator
windings may have a shortened pitch to reduce the harmonic
content of the output waveform.

[0170] The casing of the alternator may be made of steel,
the shields of cast iron, and the shaft of C45 steel. The shaft
may have a keyed fan. All rotating components may be
epoxy resin impregnated, and higher voltage parts such as
the stators may be vacuum-treated.

Electrical Characteristics of the Alternator (@50 hz
230/400v)

[0171] Regulation with SR7/2=+1.5% with any power
factor and speed variations between -5% +30%

[0172] Efficiencies (class F 15 kVA 3 ph)=

[0173] 4/4% 83.3
[0174] 3/4% 84
[0175] 2/4% 83
[0176] 1/4% 81.4
[0177] Reactances (class F 15 kVA 3 ph)

[0178] Xd % 196
[0179] Xd'% 16.9
[0180] Xd" % 11.5
[0181] Xq % 72
[0182] Xq' % 72
[0183] Xq" % 24
[0184] X2% 17
[0185] X0% 3.6
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[0186] Short Circuit Ratio=Kce 0.67
[0187] Time Constants=

[0188] Td' sec. 0.051
[0189] Td" sec.=0.018
[0190] Tdo' sec.=0.90
[0191] Ta sec. 0.016

[0192] Short Circuit Current Capacity=% >300
[0193] Excitation at no load Amp.=0.5
[0194] Excitation at full load Amp.=1.7

[0195] Overload (long-term)=1 hour in a 6 hours period
110% rated load

[0196] Overload per 20 sec.=% 300.
[0197] Stator Winding Resistance (20° C.)=00.424
[0198] Rotor Winding Resistance (20° C.)=021.26
[0199] Exciter Resistance (20° C.)=

[0200] < Rotor: 0.640

[0201] Stator: 10.60

[0202] Heat dissipation at f.1.cl.F=2406 W

[0203] Telephone Interference THF=<2% TIF<45

[0204] Radio interference=VDE 0875 N.

[0205] Waveform Distors.(THD) at f. load LL/LN=%
2/2

[0206] Waveform Distors.(THD) at no load LL/LN=%
3.7/37

[0207] Mechanical Characteristics of Alternator

[0208] Protection=IP 23 M

[0209] DE bearing=6309-2RS

[0210] NDE bearing=6207-2RS

[0211] Weight of wound stator assembly=kg 33.2
[0212] Weight of wound rotor assembly=kg 18
[0213] Weight of complete generator=kg 108
[0214] Maximum overspeed=rpm 2250

[0215] Unbalanced magnetic pull at f.1.cl.F=kN/mm 3
[0216] Cooling air requirement=m>/min 5.3
[0217] Inertia Constant (H) sec.=0.08

[0218] Noise level at 1 m/7 m=dB(A) 68/57

[0219] AVR Protections of Alternator

[0220] SR7 regulators may be provided with an under-
speed protection with an intervention threshold which can be
adjusted by the potentiometer marked “Hz”. This protection
intervenes instantaneously by reducing the alternator volt-
age to a safe value when the frequency falls below 10% of
the nominal value. These regulators may also have inherent
overload protection which senses the exciter field voltage
value. Should this field voltage value exceed the nominal
value for a period of more than 20 seconds, then the
alternator voltage is automatically reduced to a safe oper-
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ating level. This overload function has a built-in delay to
allow for the overload when starting motors (normally 5-10
seconds). The operating threshold of this protection device
is adjustable by the potentiometer marked “AMP”.

[0221] FIG. 10 illustrates a controller panel 1051 includ-
ing a front panel of controller 105 (also labeled “TE803
CONTROLLER”), controller fuse 1052, voltage potentiom-
eter 1053, main switch 1054, ammeter 1055, load bank
controls 1056, internal terminal board 1057, siren 1058 and
internal relays 1059. As discussed above, controller 105
enables power generator 10 to be remotely monitored by a
user at processing system 20 through data transmitted from
controller 105 through modem 107. Controller 105 also
allows power generator 10 to be remotely controlled through
data signals received from processing system 20. However,
in addition to this remote control, controller 105 also allows
power generator 10 to be manually controlled on-site
through control buttons/switches 1062-1069, 1041-1042
(FIG. 11) provided on the front panel of controller 105. The
front panel of controller 105 also displays results of any
reading, measurement, test, alarm, etc. relating to an opera-
tional parameter of the power generator on display 1061
and/or other LEDs. As discussed above, data reflecting the
results may also be transmitted to processing system 20.
Input can be provided at processing system 20 or at the
control panel of controller 105 to determine whether on-site
input at the control panel 1051 or remote input at processing
system 20 is given precedence over the other for a given
time. The front panel of controller 105 may be accessed by
a technician by unlocking and opening door 119 (FIG. 2).

[0222] Technical specifications and characteristics of an
exemplary controller 105 which forms a part of generator 10
may include the following:

Controller Main Features

[0223] Control based on 11 MHz Intel 80¢552 micro-
Processors.

[0224]
[0225]
[0226]
[0227]

[0228]
LED’s

32 Kbyte EPROM memory program

32 Kbyte static RAM data memory

512 Word EPROM nonvolatile data memory
Operator display of 3 figures LED display
Function/State/Alarm display by means of 15

[0229] Diaphragm button strip with 7 mechanical
effect buttons

[0230] Voltages measure at real effective value
(RMS.)

[0231] All programming options accessible from the
frontal side without dip switch (by software in per-
manent memory)

[0232] Programming options protected by admit-
tance key

[0233] “Intelligent” modulation of voltage and cur-
rent control of battery charger

[0234] RS 232 serial interface for remote control by
computer or modem
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[0235] Description of Panel of Controller

[0236] Reset/Manual/Auto/Test buttons 1069, 1066,
1068, 1065 (see FIG. 11) (to select operating pro-
cedures)

[0237] Measure button 1063 (to sclect display)

[0238] Start/Stop buttons 1062, 1064 (to start/stop
the generator)

[0239] Reset/Man/Auto/Test LED (selected operat-
ing procedure signals)

[0240] LED wvolt, hertz, V. Battery, hour meter
(selected measure signals)

[0241] LED battery (battery charger condition)

[0242] LED starting failure (Generator starting fail-
ure)

[0243] LED engine on (Generator on)

[0244] LED alarms (alarms on)

[0245] LED TLR (utility mains), TLG (Generator AC

power leads) indicates power source being delivered
to the load

[0246] LED failure (fault/alarm signal)

[0247] 3 figure display 1061 (display of measures,
alarms, etc.)

[0248] Terms and Procedures of the Controller

[0249] PROGRAMMING: Programming is the set up of
the controller. This is done before or during the installation
of the generator. All operating times and calculations that
affect the system functioning can be set up and the param-
eters may be stored in a permanent memory. Only authorized
trained personnel can reach this password protected func-
tion. “Options” (another type of parameters), on the con-
trary, can be adjusted at any time without a password.

[0250] STARTING CYCLE: The sequence of generator
starting is as follows: First glow-plugs are energized (pro-
grammable duration), then the fuel solenoid valve is acti-
vated. After these two steps, the control panel enters into a
start interval (programmable duration) alternating with inter-
vals of cool down (programmable duration). Once the
engine is on, the starting attempts stop immediately. The
siren relay is activated before starting up the engine (due to
an automatic start—test or to an external start). This will
help maintenance technicians realize that the group is going
to be started.

[0251] GENERATOR STOPPING PROCEDURE: The
transfer switch (if present) opens and the generator contin-
ues to run for a programmable cool down period at the end
of which a fuel solenoid valve opens and the engine stops.
In case of an emergency stoppage, the above mentioned
procedure takes place without considering the cool down
time.

[0252] ENGINE ON: The engine is on when the “engine
ON” signal, which comes out of the engine alternator
exceeds the fixed voltage or programmed value. Its LED
shows the engine-on signal.

[0253] ALARMS ON: Oil pressure and high temperature
alarms are connected after a delay time (programmable)
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greater than the engine-on signal time. To stress that, the
“engine ON” LED becomes flashing when the engine is on
but the alarms are not enabled, and becomes steadily lit (on)
when the engine is running and the alarms are enabled.
During the stopping cycle, the alarm is disabled and the fuel
solenoid valve simultaneously closes.

[0254] GENERATOR-ON: The generator-on signal
occurs when the generator voltage is not out of the fixed
limits (lower than the minimum fixed voltage or higher than
the maximum fixed voltage) and remains in that state for a
programmable time.

[0255] UTILITY/GENERATOR AND GENERATOR/
UTILITY SWITCHING: In case of mains utility presence
(i.e., in case both a mains power and an on-site generator 10
may be utilized to power the cellular base station), the
remote control switches between the utility and generator. A
delay time occurs to avoid simultaneous connections.

[0256] Description of Display of Controller

[0257] The following measures can be selected on the
display 1061 (FIG. 11):

[0258] Utility/Generator voltage (Volt)
[0259] Frequency of Generator signal (Hertz)
[0260] Battery voltage (Vdc)

[0261] Generator working hours (hour meter)

[0262] A light also signals which measurement is being
displayed (AC volts, frequency (Hertz), Battery Vde, run
hours). Another measure on the display may be selected by
pressing the measure button 1063. When a technician selects
a voltage measure and the generator is off, display 1061 will
show a utility voltage. The displayed value of utility and
generator voltage is in 1 volt increments, the frequency at
0.1 Hz, the battery voltage at 0.1 volt and working hours at
1 hour (even if the internal time stored is measured in
minutes). The controller may display RMS voltage mea-
surements and at the same time, accurately and quickly
control all functions needed for the proper operation of the
generator.

[0263] Operating Procedures of Controller

[0264] Controller 105 may perform 4 different functions:
reset, automatic, manual and test (described in detail below).
After a procedure is selected, its button and its correspond-
ing LED lights up. It may be possible to skip from one
operating procedure to another. After controller power-up,
the operating procedure may become RESET. When one of
the four operating procedures’ (reset, automatic, manual,
test) corresponding LED is flashing, the unit is being con-
trolled by remote control.

[0265] RESETPROCEDURE: When using the reset oper-
ating procedure, the controls are not operational. All dis-
played alarms may be set to zero as if the unit was not
connected. Only the general alarm is still in operation.
Control entries and the siren alarm are disconnected as well.
Signaling LED’s, on the contrary, remain in operation and
can show measures and alarms. When Man/Auto/Test is
changed to reset and the generator is in operation, the
controller may stop the generator automatically without
waiting for the cooling interval.

[0266] AUTOMATIC PROCEDURE: In the sutomatic
procedure mode, the generator starts when the utility voltage
goes out of limits and its respective control switch is off.
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After a programmed delay, utility remote control switch is
switched off and the generator start cycle begins. When the
generator is running and its voltage reaches the fixed limits,
the generator remote control switch closes. The generator
continues working until the utility voltage is restored. Once
the utilities are back, the remote control switches exchange
position and the generator carries out the stop cycle. When
the generator is running, however, it can be stopped by
means of the stop button 1062. In the automatic procedure
mode, both the remote start and stop are enabled.

[0267] MANUAL PROCEDURE: In the manual proce-
dure mode, the generator can be started or stopped simply by
pushing the respective start and stop buttons 1064, 1062
(FIG. 11). Start button 1064 begins the start cycle while stop
button 1062 begins the stop cycle. After pushing stop button
1062, the stop cycle can be stopped from beginning by
immediately pushing start button 1064. By pressing (and
holding) the manual button 1066 and the TLG (generator)
button 1041, a technician can switch power from utility
(mains) power to generator power. Power can be switched
from generator to utility (mains) power by pressing and
holding manual button 1066 and TLR (Utility) button 1042.
From one button pressing command to another, an interval
delay takes place as previously programmed. Passing from
auto to test or manual does not affect the operation of the
generator.

[0268] TEST PROCEDURE: In the test procedure mode,
the generator begins the start cycle. If the utility (mains)
power drops out while the generator is in a test mode, the
controller will override this function and switch the genera-
tor to the load. Once the utility voltage returns, the load will
stay on the generator. If the auto mode is enabled, the
controller will transfer the load to the utility and will start the
stop cycle of the generator.

[0269] AUTOMATIC TEST PROCEDURE: The auto-
matic test procedure is a periodic check that is performed by
the control panel at fixed intervals (interval can be fixed
during option setup). If the control panel is in automatic
mode and the automatic test has been enabled, the generator
runs for a fixed period before it stops.

[0270] WORKING HOUR CALCULATION: After the
engine has started, the working minutes are counted. The
calculation, expressed in hours, can be shown on display
1061. The calculation continues even if the electrical input
is disconnected and cannot be set to zero by the user.

[0271] PERIODIC  MAINTENANCE  INTERVAL:
Through set up, a periodic maintenance interval, expressed
in hours, is set. When the number of working minutes
reaches the fixed amount, the display shows the code of
maintenance request. The control panel, however, continues
to work normally. Pushing reset button 1069 allows the
calculation to be set to zero and the message disappears.

[0272] Description of Alarms Provided by Controller

[0273] Display 1061 and other LEDs (FIG. 11) of con-
troller 105 may show certain codes to signal an emergency
or other specific situation to an on-site technician. Addition-
ally or alternatively, data reflecting the emergency or other
situation may be remotely transmitted by controller 105 to
processing system 20 via modem 107. A technician at
processing system 20 may them review the data off-site from
generator 10 and then, if necessary, input instructions into
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processing system 20 for transmission back to controller 105
through modem 107. Controller 105 may then process these
received signals and modify an operational parameter of
generator 10 accordingly. The message that is displayed on
display 1061 and/or transmitted to processing system 20
disappears only when the emergency condition or situation
has disappeared and the user has pressed the reset button
1069 or transmitted a reset command from processing
system 20.

[0274] The following codes may be displayed by the panel
of the controller 105 and/or transmitted to the processing
system for display:

[0275] AO1 Temperature Alarm:

[0276] The temperature alarm message appears when,
during engine operation, the temperature sensor detects an
over temperature condition. In this case the generator remote
control switch opens and the generator stops at once.

[0277] AO2 Oil Pressure Alarm:

[0278] The oil pressure alarm operates like the tempera-
ture alarm mentioned above, but it refers to the sensor for
insufficient oil pressure.

[0279] AO3 Charger Alternator Failure Alarm:

[0280] The charger alternator failure alarm appears when
the generator is running and the generator voltage is within
limits, but the battery charger alternator signal is missing
(lower than setup —06 for more than setup —14 time delay).

[0281] AO04 Mechanical Alarm

[0282] The mechanical alarm indicates that the engine is
not operating for a non-electrical problem.

[0283] AOS5 Request for Maintenance

[0284] This request for maintenance alarm occurs when
the periodic maintenance interval has been exceeded. This
interval (in hours) is programmed in the setup menu. The
generator, however, continues to work normally.

[0285] AO06 Runaway Speed Alarm

[0286] The runaway speed alarm occurs when frequency
(Engine RPMs) exceeds the value fixed by setup. The
transfer switch opens and the generator stops immediately.

[0287] AO7 Fuel Alarm
[0288] The fuel alarm indicates low fuel level.
[0289] AO08 Door Interlocks

[0290] The door interlocks indicator signals that one of the
generator doors (e.g., doors 119, 121) has been opened. This
may be programmed as an indication only.

[0291] AO09 Prealarms

[0292] The prealarm indicates that one of the controlled
parameters is going to alarm condition. This may be pro-
grammed as indication only.

[0293] A10 Starting Failure

[0294] An occurrence of starting failure is displayed when
the number of starting attempts are performed and the
engine is not yet running.
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[0295] A1l Generator Under Frequency

[0296] The generator under frequency code activates
when, with the alarms on (the motor running for longer than
the alarm delay) the generator frequency is less than the
minimum frequency alarm threshold that lasts longer than
the generator voltage absence delay.

[0297] A12 Low Battery Voltage

[0298] The low battery alarm is displayed when battery
voltage is below the low battery voltage alarm threshold.

[0299] A13 High Battery Voltage

[0300] The high battery alarm is activated when the bat-
tery voltage increases over the maximum battery voltage
alarm threshold.

[0301] EO1 Emergency Stop

[0302] The emergency stop message is displayed when the
technician stops the generator by pushing the stop button or
the emergency stop button in automatic or test procedures.

[0303] EO04 Generator Voltage Failure

[0304] The generator voltage failure alarm occurs when,
with engine running, the generator voltage goes out of the
programmed voltage and time limits.

[0305] FIG. 24 illustrates exemplary alarm and pre-alarm
connections to controller 105. The connections of alarms
and pre-alarms to controller 105 may include the following:

[0306] Water Temperature Alarm

[0307] Oil Pressure Alarm

[0308] Charger Alternator Failure Alarm

[0309] Mechanical Failure

[0310] Request for Maintenance

[0311] Runaway Speed Alarm (over speed)
[0312] Fuel Level

[0313] Low Water Level

[0314] Start Failure

[0315] Min. Frequency

[0316] Min. Battery Voltage

[0317] Max. Battery Voltage

[0318] Emergency Stopping On

[0319] Generator Voltage Failure (out of limits)
[0320] Approaching water temperature (pre-alarm)
[0321] Approaching low oil level (pre-alarm)
[0322] Water presence in diesel fuel (pre-alarm)

[0323] The activation of one of the above 3 pre-alarms
initiates a call by controller 105 through modem 107 for the
service. In this way, technicians can operate on the generator
on time and avoid failures.
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Description of Exemplary Technical Features of
Controller
[0324] Supply Circuit
[0325] Battery Supply (US)=12 Vdc
[0326] Maximum Current Consumption=160 mA
(250 mA with rs485)
[0327] Stand-by Current=110 mA (250 mA with
rs485)
[0328] Operating Range=12V 6.2-16.5 Vdc
[0329] Immunity Time for Micro breaking=—150 ms
[0330] Maximum Ripple=10%
[0331] Mains Voltage Control Circuit
[0332] Rated Voltage (UE)=100-480 VAC
[0333] Operating Range=60 Hz
[0334] Rated Frequency (Keyboard Adjusted)=0.7-1
UE
[0335] Minimum Voltage
Adjusted)=1-1.5 UE
[0336] Generator Voltage Control Circuit
[0337] Rated Voltage (UE)=100-480 Vac
[0338] Operating Range=70-624 Vac
[0339] Rated Frequency (Keyboard Adjusted)=60 Hz
[0340] Minimum Voltage
Adjusted)=0.7-1 UE
[0341] Maximum Voltage
Adjusted)=1-1.5 UE
[0342] Started Engine Control Circuit

[0343] Battery Charger Permanent Magnet Alterna-
tor=0-40 Vac

[0344] Operating Engine=6-30 Vac
[0345] Battery Charger Energized Alternator
[0346] Operating Range=0-40 Vdc

[0347] Adjustment Range=6-30 Vdc
[0348] Circuit Voltage=12 Vdc Battery

[0349] Output Relay Contacts to Exclude Mains and Gen-
erator: —Common Alarm Relay (Fault Relay) 1 NO/NC
Contact (SPDT).

[0350] As illustrated in FIG. 2, generator 10 includes a
load bank 118. In order to avoid carbon deposits inside the
exhaust manifold 115 on the engine in case of continuous no
load or almost no load operation, the load bank 118 has been
designed to automatically load generator 10 with for
example a 5 kW ventilated resistive load for 15 minutes
every 3 hours when the output is less then 4 kW. When the
requested load is more than 4 kW the load bank is auto-
matically disconnected. Accordingly, load bank 118 may be
connected/disconnected to receive an output originating
from alternator 103 to impose a load on generator 10. Load
bank 118 may be formed by, for example, one or more
heaters, and may be controlled through load bank controls
1056 (FIG. 10). Data related to the automatic loading by
load bank 118 may be transmitted to processing system 20.

[0351] As discussed above and with further reference to
FIGS. 21-22, controller 105 can remotely communicate data
signals relating to operational characteristics of the power
generator 10 through modem 107. Modem 107 may be
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formed by, for example, a modem 107a (see “ART
1571806 in FIG. 21) or a GSM modem 107b (FIG. 22).
Processor system 20, which communicates with controller
105 via modem 107, may be formed over, for example, a
computer system 20¢ including modem 21 (FIGS. 21-22) or
a cellular telephone 205 (FIG. 22). Communication between
modems 1074 and 21 may be established on-line by, for
example, a LAN or WAN such as the internet. The GSM
modem 1075 is capable of wireless transmission/reception
of data to/from processing system 20 (e.g., computer system
20q or cellular phone 20b).

[0352] The computer system 20a, as an exemplary pro-
cessing system 20, is capable or generating video screens to
allow a computer user to review data (e.g., readings, mea-
surements, test results, alarms, etc.) relating to operation of
the power generator and to input commands and/or inquiries
for transmission to the controller 105. FIGS. 12-20 illustrate
exemplary screens (i.c., on-line windows) that may be
displayed by the computer system 20a so that a user can
perform on-line monitoring, evaluation and control of power
generator 10. Screens for data display and command/inquiry
input may be similarly provided by the display screen of
cellular phone 20b.

[0353] FIG. 12 illustrates an image of a video screen that
closely resembles the front panel of controller 105. Since
this image closely resembles the front panel of controller
105, a technician who is familiar with controlling the
generator on-site using the front panel of controller 105 can
easily become familiar with controlling the generator using
the computer system 20a (or vice versa). A user at the
computer system 20a can review data and input commands
through the a mouse or keyboard. For example, a user may
input commands to: start the generator, stop the generator,
run a test, exchange/switch a contact, initiate a measure-
ment, or sense signs of alarm and emergency.

[0354] FIG. 13 is a video screen that may be displayed by
computer system 20a which allows a user to select in which
language other screens are to be presented.

[0355] FIG. 14 is a video screen that may be displayed by
computer system 20a which allows a user to visualize and
read measurements such as mains voltage, generator volt-
age, generator frequency, generator voltage, battery charger
alternator voltage, battery voltage, working hours and main-
tenance intervals. As discussed above the data illustrated by
the video screen may be remotely received by the computer
system 20a through modem 21.

[0356] FIG. 15 is a video screen that may be displayed by
computer system 20a which allows a user to visualize
generator input states (e.g., high temperature, oil pressure,
external start, external stop, emergency stop, low fuel level,
user alarm) and output states (e.g., mains relay, generator
relay, fuel valve, start, acoustic alarm, stop magnet, common
alarm) that are active. Detailed information regarding a
particular input or output parameter state may be obtained
upon selection thereof.

[0357] FIG. 16 is a video screen that may be displayed by
computer system 20a which allows a user to view an alarm.
For example, FIG. 16 illustrates a low oil pressure alarm
which caused the generator to stop.

[0358] FIG. 17 is a video screen that may be displayed by
computer system 20a which allows a user to set a day and
time for a test to begin.
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[0359] FIG. 18 is a video screen that may be displayed by
computer system 20a which allows a user to review a log of
the latest events (e.g., the last 255 events) relating to the
power generator operation that have been recorded along
with their corresponding date and time. Changes made by
the user, including passage from manual to automatic opera-
tion, may be recorded.

[0360] FIG. 19 is a video screen that may be displayed by
computer system 20a which allows a user to view events
reflecting communications between generator 10 and com-
puter system 20a. For example, when the control by com-
puter system 20g is activated, a user will see only the bar that
indicates call waiting (see FIG. 19) on the computer screen.
When any generating set (furnished with the processing
system and/or controller) shows an anomaly or goes into
programmed maintenance, a screen will appear which indi-
cates (from left to right on the computer video screen of
FIG. 19): “Nr”=indicates the progressive number of calls,
“Date”=date of the call, “Time”=time of the call, “Incoming
call from”=gives the name of the generator that sends the
call, “qRGAMTE status”=gives the reason for the call, “User
ack”=indicates if the call has already been responded to or
if it must be responded to, “Call back phone number”=
Telephone number of the modem for the generator.

[0361] Controller 105 may communicate with the process-
ing system 20 in two different ways: (1) using an analog
modem (e.g., U.S. Robotics) or (2) using a GSM modem.
Using an analog modem, transmission of the data may be
communicated using a normal telephone line. Using a GSM
modem 107b (e.g., FALCOM), normal SIM CARDS can be
used (rechargeable cards too) and wireless data transmis-
sion/reception may be performed in the form of SMS
messages. This GSM system may enable data transmission
even with a weak signal. The advantages of the GSM
modem may include: (i) In case of alarm, the generator calls
two mobile numbers, (ii) The alarm and measurements of
the generator may be displayed directly on the computer
screen 20a or mobile phone’s screen 20b, (iii) The generator
can be controlled directly by the mobile phone without the
use of a PC. It is enough to send an SMS message to the
board. After having followed the command (start, stop, etc.)
the generator sends a message to the mobile giving all of the
measurements and the state of the board.

[0362] FIG. 20 is a video screen that may be displayed by
computer system 20a which allows a user to review and
change settings for a GSM modem including for example
enabling calls under certain conditions.

[0363] FIG. 23 illustrates noise level measurements of
generator 10 at various load conditions. Since generator 10
is designed for continuous use and to power cellular base
stations, an additional super quiet muffler may be mounted
on the generator in order to further reduce its noise level.
Due to its relatively low noise, generator 10 may be located
near to residential areas without disturbing people.

[0364] Referring to FIGS. 2 and 25, an auxiliary battery
109 may be included as part of generator 10 in order to
guarantee the communication between modem 107 and
processing system 20. As illustrated in FIG. 25, auxiliary
battery feeds the modem 107 (e.g., GSM modem 1074) and
controller 105 in case the battery of generator 10 is damaged
or has a voltage drop (e.g., during a start in low temperature
conditions).
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[0365] While the invention has been described in connec-
tion with what is presently considered to be the most
practical and preferred embodiment, it is to be understood
that the invention is not to be limited to the disclosed
embodiment, but on the contrary, is intended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims. For
example, while power generator 10 was described above as
providing on-site electrical power to a cellular base station,
the power generator may be used to provide on site power
for other applications such as providing power for a com-
puter terminal room, residential house or apartment, office,
hospital, school, restaurant, etc. The power generator con-
nected to these other applications may be remotely moni-
tored and controlled as discussed above.

What is claimed is:

1. An electrical power generator for outputting onsite
electrical power to a cellular base station, the power gen-
erator comprising:

an engine;
an alternator operatively coupled to the engine;

a controller, operatively coupled to the engine and alter-
nator, for controlling at least one operational parameter
relating to the engine or alternator, and

amodem, operatively coupled to the controller, for receiv-
ing data from a remote source, the received data being
processed by the controller to control the operational
parameter.

2. The power generator of claim 1 wherein the power
generator includes a switch for disconnecting electrical
power form the power generator to the cellular base station
in favor of another source of power to the cellular base
station.

3. The power generator of claim 1 wherein the modem for
communicating data comprises a GSM modem for wire-
lessly transmitting and receiving the data.

4. The power generator of claim 1 wherein the engine is
a diesel powered engine.

5. The power generator of claim 4 wherein the engine
includes an oil sump which contains at least 11 liters of oil.

6. The power generator of claim 1 wherein controller is
capable of running a load test for optimizing operation of the
engine, data reflecting the load test being remotely trans-
mitted by the modem.

7. The power generator of claim 1 further comprising a
battery for providing power to start the engine and an
auxiliary battery for providing auxiliary electrical power to
the controller and the modem.

8. A system comprising:

a cellular base station for communicating signals with one
or more cellular telephones;

an electical power generator located on the site of and
connected to the cellular base station, the power gen-
erator including an engine, an alternator coupled to the
engine, a controller for controlling at least one opera-
tional parameter of the alternator or engine, and a
modem for remotely communicating data relating to
the operational parameter of the alternator or engine;
and
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a processing system remotely located from the power
generator and the cellular base station, the processing
system communicating data with the modem.

9. The system of claim 8 wherein the modem is a GSM
modem for wirelessly transmitting and receiving data from
the processing system, the processing system comprising a
a computer system including another modem.

10. The system of claim 8 wherein the modem is a GSM
modem for wirelessly transmitting and receiving data from
the processing system, the processing system comprising a
cellular telephone.

11. The system of claim 8 wherein the engine is a diesel
powered engine.

12. The system of claim 11 wherein the engine includes
an oil sump which contains at least 11 liters of oil.

13. The system of claim 8 wherein the controller is
capable of running a load test for optimizing operation of the
engine, data reflecting the load test being transmitted from
the modem to the processing system.

14. The system of claim 8 wherein the power generator
further comprises a battery for providing power to start to
the engine and an auxiliary battery for providing auxiliary
electrical power to the controller and the modem.

15. The system of claim 9 further comprising another
cellular base station and another on-site electical power
generator located on the site of and connected to the another
cellular base station, and another modem for remotely
communicating data relating to the operational parameter of
the another power generator to the processing system, the
processing system being remotely located from the another
base station and the another on-site electrical power gen-
erator.

16. A method of remotely controlling a power generator
which provides on-site electrical power to a cellular base
station, the method comprising:

receiving in a modem of the power generator data from a
processing system that is remotely located from the
power generator, the received data reflecting a com-
mand for controlling at least one operational parameter
of an alternator or engine of the power generator; and

processing the received data and controlling the opera-
tional parameter of the alternator or engine of the
power generator in accordance with the received data.

17. The method of claim 16 wherein the modem is a GSM
modem for wirelessly receiving the data.

18. The method of claim 17 further comprising switchably
connecting primary and auxiliary batteries to the GSM
modem.

19. The method of claim 16 wherein the data received by
the modem originates from a cellular telephone.

20. The method of claim 16 wherein the data received by
the modem originates from a computer system having
another modem.

21. The method of claim 16 further comprising running a
load test for optimizing operation of the engine, data reflect-
ing the load test being wirelessly transmitted from the power
generator to the processing system.

22. A method of remotely controlling first and second
on-site power generators using a same processing system,
the method comprising:

receiving in a first modem of the first power generator
data from the processing system, the processing system
being remotely located from the first power generator,
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the data received by the first modem reflecting a
command for controlling at least one operational
parameter of an alternator or engine of the first power
generator,

processing the data received by the first modem and
controlling the operational parameter of the alternator
or engine of the first power generator in accordance
with the data received by the first modem;

receiving in a second modem of the second power gen-
erator data from the processing system, the processing
system being remotely located from the second power
generator, the data received by the second modem
reflecting a command for controlling at least one opera-
tional parameter of an alternator or engine of the
second power generator; and

processing the data received by the second modem and
controlling the operational parameter of the alternator
or engine of the second power generator in accordance
with the data received by the second modem.
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23. The method of claim 22 wherein the first and second
power generators are operatively connected to first and
second cellular base stations, respectively.

24. The method of claim 22 wherein at least one of the
first and second modems is a GSM modem for wirelessly
receiving data from the processing system.

25. The method of claim 24 wherein the processing
system comprises a cellular telephone.

26. The method of claim 24 wherein the processing
system comprises a computer system having a third modem.

27. The power generator of claim 1 further comprising a
load bank which is switchably connected to the alternator.

28. The system of claim 8 wherein the power generator
includes a load bank which is switchably connected to the
alternator.

29. The method of claim 16 wherein the alternator is
switchably connected to a load bank.

30. The method of claim 22 wherein at least one of the
alternators in the first or second power generators is swit-
chably connected to a load bank.
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