US008410948B2

United States Patent

(12) 10) Patent No.: US 8,410,948 B2
Vander Horst (45) Date of Patent: Apr. 2,2013
(54) RECREATIONAL VEHICLE HOLDING TANK g,ggg, }‘22 i : %; }gg; gapsljrone ~~~~~~~~~~~~~~~~~~~~~~ 4%;;2 ég
,363, uidi ... .
SENSOR PROBE 3474337 A * 10/1969 Petrick .. 324/644
. 3,653,017 A * 3/1972 Parkes .. 340/620
(75) Inventor: John Vander Horst, Littleton, CO (US) 3.671912 A * 6/1972 La Sota . . 338/34
3,748,551 A * 7/1973 Petersen ... 361/284
(73) Assignee: John Vander Horst, Littleton, CO (US) 3,766,395 A * 10/1973 Keir oo, 2501214 R
) ) o ) (Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 1353 days. P 63002621 A * 1/1988
OTHER PUBLICATIONS
(21) Appl. No.: 12/119,427
KIB Enterprises-Monitor Panels: web page downloaded from the
(22) Filed: May 12, 2008 Internet on May 9, 2008 at www .kibenterprises.com/monitorpanels-
mm html.
(65) Prior Publication Data (Continued)
US 2009/0278699 Al Nov. 12,2009
Primary Examiner — George Bugg
(51) Int.ClL Assistant Examiner — Paul Obiniyi
GO8B 21/00 (2006.01) (74) Attorney, Agent, or Firm — Kilpatrick Townsend &
(52) US.CL ... 340/620; 340/531; 340/352; 340/603; Stockton LLP
340/612; 340/616; 340/618; 340/622; 340/623;
340/627 7 ABSTRACT
(58) Field of Classification Search .................. 340/531, A wastewater holding tank sensor probe for use in determin-
340/532, 603, 612, 616, 618, 620, 622, 623, ing the presence of a conductive liquid held within a waste-
o ) 340/627 water holding tank in a recreational vehicle is disclosed. The
See application file for complete search history. probe is less sensitive to the presence of conductive residue as
. a result of an improved geometry and/or choice of materials
(56) References Cited that reduce the leakage currents between the probe tip and the
sensor probe attachment surface, typically the wall of the
U.8. PATENT DOCUMENTS tank. This reduction in sensitivity to conductive residue
%;gé ,g ;g ﬁ . g; }ggg ﬁndf;m(:in ~~~~~~~~~~~~~~~~~~~~~~~ 343‘8;2 }Z‘ buildup can be measured by a geometrically determined
748, owland ..... . o . .
2,910.940 A * 11/1959 Colman et al. . 92/5R reSIfSUV”zﬂ %‘mr Eetwﬁen t(llle probe tip and the mmlmm];g
2924756 A *  2/1960 Tolin .......... 361/178 surface of the probe. The reduction in sensitivity can a s0 be
2,928,037 A * 3/1960 Lawrence . 307/117 measured by the length of the path through the conductive
2,968,753 A * 1/1961 Mesh ... . 318/675 residue between the probe tip and the mounting surface of the
3,018,322 A : 171962 Goellner ..........c...cooeeee. 174/151 probe. A variety of geometries and material choices to reduce
g:} ig:ggg ﬁ N é?}ggj Qgﬁﬁf;gkyn%%gl} the sensiti\{ity of .electrical .conductance based sensor probes
3,166,485 A *  1/1965 Lloyd ... 205/780.5 to conductive residue are disclosed.
3,200,645 A *  8/1965 Levins ...ccoceovenviieenns 73/313
3,254333 A * 5/1966 Baumoel ..................... 73/304 C 25 Claims, 13 Drawing Sheets

s
2

%
ot

9

%
3

ook

RIS

%

,v-“,..
SRR
P2
RIS

O

I
I,

R

ST EeSee
RRRRLALL
RIS
ISR

w

©

=4

o

=

2
2

i

T
%5
oseit¥is

I
0K

KRR

LR

%
%

%
202

SO
R
S

Ty
3%
R

e

o
029509

e
5

o
25
%

o

oo

v,
R
XS
SRR

B

- 222

XXX
KL

oSS

dojelels

N
SRS
SR Raas
R
R

R

3
R
R

%

355
o 19a

S
4
B

TSI
RS
B

%

QAR KRR IRHAK K
N aRa e
RIS
RS

<

Rl

SOSOSTETs

R
RS
R

-

w

iz
&85
ot
dakete
»

dulele

o0t



US 8,410,948 B2

Page 2

U.S. PATENT DOCUMENTS 5,546,005 A *  8/1996 Rauchwerger ................ 324/688
3,774,238 A * 111973 Hardway, Jt. .. 324/663 e A v e T ctizer " 3o
3,864,974 A * 2/1975 Rauchwerger . 73/304 C 5500997 A * 21997 K. 8 t al 23290 V
3,874,223 A * 4/1975 Miyazaki et al. .. T3/32R 0 * BT
3001070 A % glons Vogel 737304 C 5,602,540 A 2/1997 Spillman, Jr. ............ 340/870.37
3910118 A * 101975 Schittek et al ... 73304 R TSR A Tloon Al etal e
3.936.737 A *  2/1976 Jefferies, St. . 324/700 3719,556 A = 21998 Abbintal. ... e 3401618
3,956,760 A * 5/1976 Edwards ..... . 340/620 3727421 A L 311998 Murphy ... - 73304 R
300108 A v G107 Lamaes PO 5,834,657 A * 11/1998 Clawson et al. . 73/863.81
TosasTr A % 1011976 Kirby ST 5,923,102 A : 7/1999  Koenigetal. ... ... 307/118
4002552 A * 1/1977 Bunnetal. 204/228.2 g’gig’;gg ﬁ ) ;?}ggg Eoik‘ o §38§2}§
4,021,707 A * 5/1977 Ehretetal. .. ... 361/284 944, * tetal
4027.172 A * 5/1977 Hamelink .. . 307/118 So54.0d0 X L 1999 Jost etal. .. - S
4035823 A * 7/1977 Marshall oo 257/419 2’2‘1‘2’225 gl* 3@88(1) E”i““g 22%%;
4,038,871 A * 8/1977 Edwards .......ccocnnen. 73/304 C 6.323.650 B1* 11/2001 K(r);)h;.... "324/554
4,056,887 A * 11/1977 Tucker etal. - 33715 6,396,293 B1* 52002 Vinther et al 324/755.05
4,090,408 A * 5/1978 Hedrick .. 73/304 C 3 . ; 1 '
16T A % 911970 Guant 73/290 R 6,413,475 B2* 7/2002 Ishizawaetal. .......... 422/106
4173.893 A * 11/1979 Hedrick ... . 73304 C 6423213 Bl: 772002 Mazurek ... - 20
4196384 A * 4/1980 Willenbrock et al. ........ 324/446 6429447 BL " 8/2002 Nowak et al. e 250573
4196624 A * 4/1980 Willenbrock et al. 73/304 R gﬁ:g%g% E}* }%883 Vinther etal. . 32;‘3//7356‘4%
4223969 A * 9/1980 Gatturna . 439/194 653098 BL* 3/2003 700282
4224949 A *  9/1980 Scottetal. ... 600/373 6548775 B1*  4/2003 200/81.9 M
4284210 A *  8/1981 Horak .......ccoooerrrrvvvvnnenn. 222/14 00, . iohti ' :
A . Y loey omk e 6,600,330 B1* 72003 Nightingale etal. .... 324/755.01
1320550 A % 51103 Verla : 00/84 C 6,624,755 B1*  9/2003 Chamberlin .....cccoooo..... 340/620
4320550 A v 51982 Nerley . - 20084 € 6,662,649 BL* 122003 Knightetal ... 73/290 V
4:390:793 N % 6/1983 Tohn T 307118 6,776,900 Bz: 8/2004 Mazurek et al. e 210/115
4,481,467 A * 11/1984 Alexandersen etal. ... 324/72.5 g’gég’}ég g%* 1%88‘5‘ };emger' """""" 733/%2/36%%
4,499,640 A * 2/1985 Brentonetal. ......... 29/2541 6904800 B2* 62005 Memwin 73304 R
4,499,641 A * 2/1985 Fleckenstein .. .. 29/25.41 6.917.088 B2* 7/2005 Takahashi ot al. U 557/422
4,499,767 A * 2/1985 Fathaveretal. .......... 73/304 C 070 )
AT A L 2ioes Tathaver e 6,930,609 B1* 82005 Florenz etal. .. . 340/612
4307521 A * 3/1985 Goellner ... . 174/151 6.978,765 B2 1212005 Kilgore ... - 123456
4515015 A * 5/1985 Kuhlman .. 73/304 C e B o obasOn g
4,549,245 A * 10/1985 Fleckenstein .. 361/284 7095330 B2* 82006 Meeks etal I 340/620
4,594,892 A * 6/1986 Asmundsson . 73/304 C s L
e A e T l0se Asmundsson ... 73 N 7.145.465 B2* 122006 Chamberlin . ... 340/620
4601201 A * 7/1986 Ootaetal. .. 73/304 C 7219507 B2 L /2007 Weedon ... - TR
GOOLI0L & L Jose Dometal. e 7,284,428 B1* 10/2007 Hoben et al. .... .. 340/612
GOLITS & L 1aose NeCa 01620 7,711,509 B2* 5/2010 Woodard et al. ... 702/100
O A Mlosy Swton - aoeea 7940,165 BL* 52011 Oxleyetal. .. . 340/450.2
4694128 A * 9/1987 Lupoli et al. 200/84 R 7963161 B2} 2011 Rossetal. ., T3
4.736.193 A * 4/1988 Slocum et al. . 340/522 7’992’437 Bz* 82011 TShlShlku """""""""""" 73/431
4730658 A *  4/1988 SIaVIK oo 73/313 S8 55 Bas Jgls emmn el e N
4,758,700 A *  7/1988 Lupolietal. .............. 200275 2002/0175822 AL* 11/2002 Maélr(\))vfrtla 1340/620
4,797,614 A * 1/1989 Nelson ......... . 324/236 * ior of al.
T A e Do Ao .o 040 2003/0020494 Al* 1/2003 Desmier etal. ... .. 324/667
e 3989 piherton et al Y1284 2003/0132744 Al*  7/2003 Nightingale et al. ...... 324/158.1
AL & Di5ed Dleckensteln ... AT 2003/0210140 Al* 11/2003 Menard et al. ... .. 340/531
485321 A+ Y1985 Andresicheial i 34021 2004/0001004 AL* 12004 Chamberlin etal. ....... 340/623
4835522 A * 5/1989 Andrejasich etal. ... 340/521 2004/0004545 ALT 12004 Early ......... 340/339.26
4,855,714 A * 8/1989 Clarkson et al. ... . 340/521 20040004530 atl 12004 Barly .. o 3060
4.879902 A * 11/1989 Loniello ..oooveeovivi 73/304 R 2004/0004551 Al* 1/2004 Barly ... - 340/603
e A 1ylos e 3475508 2004/0027137 Al*  2/2004 Sherrard 324/644
e A % 11980 w08 e on e 2004/0093942 AL*  5/2004 BIUD wooooooiiiovrrcrnn 73/301
e &y 121080 Homer . LR 2004/0093943 AL*  5/2004 ATIAS .cooooreereoriciseiniis 73/304 C
1005Ta3 A % 31990 Geav " al198 2004/0100277 AL* 52004 Tam ....ooovvcrrrrnccen 324/633
SouTa3 AL 1900 Gray . o450 2004/0123659 Al*  7/2004 Merwin ... 73/304 R
Toalols A« 2100l Thgniﬁs'};ﬁ'é{él. T oale40 2004/0138818 Al: 7/2004 Shray etal. . .. 702/6
o A« 3ioa] Liompsonetal R 2004/0189478 Al*  9/2004 Chamberlin . 340/618
2005407 A % 41991 Koon 73290 R 2004/0227636 Al* 112004 Gul .......... ... 340/620
ST A L oo Roon ey 2004/0246014 Al* 12/2004 Goto ..... ... 3241761
SO0 AL aioop Niddetal s 240 2005/0062611 Al*  3/2005 Johnson ... . 340/616
S 056363 A * 10/1991 Avckeoud: ctul 531290 2005/0088309 Al*  4/2005 Meeks etal. . 340/620
20813 A % 10/1991 Sasakipetal : yPAre 2005/0109682 Al* 52005 Mazureketal. .....coeoee.. 210/86
JONTBI AL OIO0L Sasai elal. ... AP 2005/0235963 AL* 10/2005 KilgOre ..ocooersecrecrecriirs 123/456
s a v Uloay pocham etal . IRCET 2005/0236307 Al* 10/2005 Mazurek etal. ............... 210/86
S e o0y JacKieman et al Caae 2006/0021431 AL*  2/2006 Immel ......... . 73/304C
2156047 A * 10/1997 Torms etal . 531304 C 2006/0053880 Al* 3/2006 Tayloretal. ........... 73/304 C
2178000 A *  1/1993 Arekapudi'etuz'l'l. T gy 2006/0084866 Al*  4/2006 Lewkonyaetal. .......... 600/433
3553521 A * 101993 Abmmvich otal T 23506 2006/0156809 AL*  7/2006 Immel ............. . 73/304 R
5279157 A * 1/1994 Mattis et al. ...... 53900 R 2006/0208915 Al* 9/2006 Oakner et al. ... 340/620
5,283,552 A *  2/1994 Sol .............. ... 340/605 2006/0230827 Al* 10/2006 Kleesetal. .. . 73/304 R
5333498 A * 81994 Brackett of al 3304 R 2006/0238213 Al* 10/2006 Goto ... ... 3241761
5,391,995 A * 2/1995 Johnston et al. 324/755.05 2006/0273812 AL* 12/2006 GOtO ...oocov.n.. ... 3241761
5438323 A * 81995 Shea ............. . 340/620 2007/0047172 Al*  3/2007 Wilbertz et al. . 361272
5442,224 A * 8/1995 Yoshimizu et al. . 257/536 2007/0193342 Al* 82007 Bailey etal. . . 73/53.01
5487300 A * 1/1996 Brackettetal. ... 73/61.59 2007/0234796 Al* 10/2007 Tshishiku .................. 73/290 R




US 8,410,948 B2
Page 3

2008/0174442 Al* 7/2008 Minottetal. ................ 340/627

2008/0281528 Al* 11/2008 Relle, Jr. ... ... 702/19
2008/0302660 Al* 12/2008 Kahn et al. . 204/416
2009/0199634 Al* 82009 Tonner ................... 73/295
2009/0256700 Al* 10/2009 Reidetal. ............... 340/539.1
2011/0175729 Al*  7/2011 Kessinger ................ 340/540

OTHER PUBLICATIONS

Author Unknown, “Aquagauge,” Products, Flectrosense Technolo-
gies, Mar. 13, 2009, 4 pages. Retrieved from: http://www.
electrosense.com.au/products.htm.

Author Unknown, “Aquagauge,” Software Info, Electrosense Tech-
nologies, Jul. 31, 2008, 3 pages. Retrieved from: http://www.
electrosense.com.au/Software%20Info htm.

Author Unknown. “Capacitive Sensors (KAS),” Rechner Sensors,
Date Unknown, 1 page. Retrieved from: http://www.rechner.de/en/
prod/kap_s/kas/.

Author Unknown, “Menu of Displacement Transducers,” RDP
Group, May 2, 2012, 4 pages. Retrieved from: http://www.rdpe.com/
us/men-disp.htm.

Author Unknown, “Monitoring Systems,” Electrosense, Date
unknown, 4 pages. Retrieved from: http://www.electrosense.com/
index html.

Author Unknown, “Products,” Snake River Electronics, 2009, 5

pages.

Author Unknown, “RV Application Products,” SeeLevel Gauges,
2Garnet Instruments Ltd., 2005, 1 page. Retrieved from: http://www.
rvgauge.com/rv.htm.

Author Unknown, “SenseTank RV 100 Featured on Fleetwood’s
Revolutionary Heritage ‘Victory Circle’ Coach,” Business Services
Industry, Business Wire, Oct. 8, 2003, 2 pages. Retrieved from http://
findarticles.com/p/articles/mi_ mOEIN/is_ 2003_ Oct__8/ai__
108626753/.

Author Unknown, “Tank Monitor Systems,” JRV Products Inc., Date
Unknown, 2 pages. Retrieved from: http://www jrvproductsinc.com/
tank.html.

Author Unknown, “Tank Monitor,” Our Products, Raritan Engineer-
ing Company, Inc., Jan. 13, 2011, 2 pages. Retrieved from: http://
www.raritaneng.com/products/accessories/tank__monitor.html.
Author Unknown, “TankWatch 1 Holding Tank Alert System,”
Dometic Sanitation Corporation, Date Unknown, 3 pages.

Author Unknown, “TankWatch 4 Holding Tank Level Indicator Sys-
tem,” Dometic Sanitation Corporation, Date Unknown, 10 pages.
Pardus, G., “SenseTank RV 100 Featured on New Fleetwood Ameri-
can Coach Lines,” Material Sciences Corporation, Jun. 3, 2004, 1
page. Retrieved  from:  http://phx.corporate-ir.net/phoenix.
zhtml?¢c=118547&p=irol-newsArticle&ID=578476&highlight=.

* cited by examiner



U.S. Patent Apr. 2, 2013 Sheet 1 of 13

US 8,410,948 B2

o

Peleteletety!
BRI,
RSRSRERRERRIRRERRERERRILRLLALKKKL

KSR XERKLR
RSB BHEAEKR

KX

A B N O B Y Y YW Y oY %% %
96620 %%% 0’0’0’0‘0’0‘0‘0.0‘0‘0’0.0’0‘0’0.0’0’0’0’0’0’000‘0‘0’0’0.0.0’0‘0‘0‘0’0’0’0’0‘0’:‘0’:’0’:‘0‘0’0

Fig. 1




U.S. Patent Apr. 2, 2013 Sheet 2 of 13 US 8,410,948 B2

19a

/J

<
2

19b

Fig. 2




U.S. Patent Apr. 2, 2013 Sheet 3 of 13 US 8,410,948 B2

FULL
Y

2/3 VOLUME
Y

1/3 VOLUME
v

\
8
e

30d

VA
K

Fig. 3

30c

o

30b




US 8,410,948 B2

Sheet 4 of 13

Apr. 2,2013

U.S. Patent

v ‘B4

VW 002 | YW 00LL | OMOG-MG | GMOG-MG | UMOG-NG | OM0G-MG | GMOG-MG | OM0G-MG in} Uey} aIoN
ywo/. | vwoolL | uado usdO |OMOSMG| uadO | TMOS-MG | OMOSMS | 1INy pue g/z usamag
vywze | vwop uado uadQ uado uado uadO | OMOS-MS | €/ pue g/| usameg

vw o vw 0 uado uado uado uado uado uado £/1 uey} sso
UM0S=d | OMS=d od Sy v ¢ [4-] 3] [oAa7 pinbi
921N0S A8 UIM 7 Juaiin) dnpjing wjiy 0} aNp S0UBONPUOD [BOLOB|S OU UliM yue) Buipjoy e Joj sanjen [eoidA |

1 i VVV
I | ./
> vy 9
: . aqoad )Nm) eQg
— =y | T2 A
%89 sd
l 21 | ! e
] WA/
: \

Wy cv o pPOc 20¢ d0E mmv




U.S. Patent

19a

o

2
SRR

2SRRI

Apr. 2,2013

Sheet 5 0of 13

[e0]
«
I~
A ot
N
N
©
<
N
~
-1
-—
/l/
(a2}
o]
o2}
h
o
N
-

100000 %%

v’v"vv""v"""""v""'v"
R ’.’.’."0"’"0‘0.0’0’0’0’:’:’:’0:::0:‘:’:‘:‘:’::::::::::::"
‘.’A‘a‘a‘a’a’g‘a’a‘.’a‘a’o’:?:?:?:?ﬁ?ﬁ?a?g?a?.?.?A?A?.?a?g?g’a.a

XTI TFS

rrrré

VAW N N Y P L VeV
ERERRRILRIIRLIERKK
e tetetetelelelateietototele:
XICRINXH KX RXRHAC

5%
KRR 0’000 9

QRUELKEERK
3 I
N

......... g

US 8,410,948 B2

Fig. 5

X
L05KL

22

X

120!

0‘0.0‘:‘0’0‘0
{3

KX
&

%
0,
2L

X

>
b2

e

2%
2R
o

Setele !

0.

botete%e%e

S
otedede!

&
%
2282

R
X

000

Soteded
>,

%%

POCH
0%
9 e




U.S. Patent Apr. 2, 2013 Sheet 6 of 13 US 8,410,948 B2

Fig. 6




U.S. Patent Apr. 2, 2013 Sheet 7 of 13 US 8,410,948 B2

19b

23

Y

Fig. 7

12



U.S. Patent Apr. 2, 2013 Sheet 8 of 13 US 8,410,948 B2

Y

Fig. 8




US 8,410,948 B2

BIOIO 070290202000 0 0 000 0-020-0-0-9-9-8- 99 9 0-9_ 0 0 9 0-9-9.9_9.0 8 8-929-0-9.9:9.92029202929-2020.0 9.9 9999 9 0 0 0 0 099 8 9 0 0 9 0 00 009 90
LRARIRRLIIRRLAIICHIKHXAK LK HXLALKHRKHIKRIHIK KKK LUK KX HLXAAXK LXK LLHKKLLHKLRHIKR LKL ARAXHK R AR LHLLRIHKLLHALRKKS

L I R RIS
e e e e e e e e e e e e e e 0 e a0 2 0 2 0 t0 0 e 20 e te et o te et etate tete e uto tato fe et tete tetetotete e te tetote e e tate e te e te 2t

ove7e: DD POAXY

Sheet 9 of 13

Apr. 2,2013

U.S. Patent

02030 20lele
1 3
(K] R
4% edede 1%
todetel foleded
KXX leleled
2] R3¢
edorel B erele
$XAA Py
5034 16%6%%
edede foeled
[0RK] fo%%ed
[0 ‘6%
Podels Relede
3
[0 ey
R3] PR
2%0%% R
a'e'e e AL LT L DY T L LA LDV DY TV OV OV D Dy T T Dr Ty v“””..
“\ W IPIEIE IS IR IR IFIP I IFIFIFIF LA LTL] “‘"““"“.
KR5S
R
elele
VPR A et
3
PR
R
| Lelele
y Tl e T T Tl e O D O T Tk Tt VO’O’A
PR
ﬂ’N 0“ OM P LP LT AT P LT L dT o T2 O T i T T T oL Q @ —‘ v“‘ “0"0“
Yedede! PR
[ o2
K&
%%
(50K PR
fodelde! RRKY
! 10%%0%
Dol
[ K3
2ok
S KKK
SR o2
K&K
K] K]
KK KKH
[ KRR
RS
SRR KA&Y
roedede KRR
Relele
Sodede! KR
ook 02e%%
%ol
R3S 2%%
el 0%k
Relele
botels! K&EY
(58 KK
Yo%e%e! elele
KK
[
S Lodels
[35250] KKK
Yoleted K
ottt 2505
[ K3
BRS
[ W00%e%
PR
003
RS
ele% <X
fedede! Relede




U.S. Patent Apr. 2, 2013 Sheet 10 of 13 US 8,410,948 B2

19a

Fig 10

19b




U.S. Patent Apr. 2, 2013 Sheet 11 of 13 US 8,410,948 B2

19a

—

.
2

23
26

19
Fig 11




U.S. Patent Apr. 2, 2013 Sheet 12 of 13

O © 9/\/ Ej ig




US 8,410,948 B2

Sheet 13 of 13

Apr. 2,2013

U.S. Patent

142

8l
A

¢l B4

8l

E6l

L
3%
0‘0

X
XD

A
e
5

193020202074
SRRRHKS
pPeteleletet

K
R
202!

2o

6¢




US 8,410,948 B2

1
RECREATIONAL VEHICLE HOLDING TANK
SENSOR PROBE

BACKGROUND

This disclosure relates to the measurement of the level ofa
conductive liquid in a recreational vehicle wastewater hold-
ing tank.

Many recreational vehicles, such as campers, trailers, fifth
wheelers, and motor homes, have one or more tanks for
storing the effluent or wastewater originating in the toilet,
sink, or shower. These tanks are also called black water or
gray water tanks. The wastewater in these tanks is electrically
conductive. Measuring the existence of a conductive path
between sensor probes mounted at various levels in a recre-
ational vehicle holding tank is a simple and cost-effective way
to determine the level of fluid in the tank. The principle is that
there should only be conductance between pairs of probe tips
that are submerged in the wastewater.

False conductance readings caused by leakage currents
from probe tips not submerged in the wastewater are a prob-
lem with systems that use conductance to measure liquid
level. These leakage currents travel through the conductive
residue that can build up on every surface of the tank that is
exposed to the effluent, typically traveling from the non-
submerged probe tip to the wall of the tank where the sensor
probe is installed and then along the wall until they reach the
conductive liquid. These leakage currents cause the liquid
level measuring circuit to show that the tank has more waste-
water in it than it actually does. Thus, the recreational vehicle
owner either drains the wastewater holding tanks too fre-
quently or ignores the readings from the level measuring
circuit and runs the risk of a tank overflow. The same problem
can occur in any moving wastewater tank, including but not
limited to mobile environments such as boats, trains, buses,
aircraft, or transportable lavatories.

SUMMARY

In one embodiment, the present disclosure provides a
wastewater holding tank sensor probe for use in determining
the presence of a conductive liquid held within a wastewater
holding tank in a recreational vehicle. The probe is less sen-
sitive to the presence of conductive residue as a result of an
improved geometry and/or choice of materials that reduce the
leakage currents between the probe tip and the surface that
sensor probe has been installed into, typically the wall of the
tank. This reduction in sensitivity to conductive residue
buildup can be measured by a geometrically determined
resistivity factor between the probe tip and the mounting
surface of the probe as defined herein. The reduction in sen-
sitivity can also be measured by the length of the path through
the conductive residue between the probe tip and the mount-
ing surface of the probe. A variety of geometries and material
choices to reduce the sensitivity of electrical conductance
based sensor probes to conductive residue are disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is described in conjunction with the
appended figures in which:

FIG. 1 depicts a sensor probe mounted in a wastewater
holding tank of a recreational vehicle;

FIG. 2 shows a prior art sensor probe mounted in a waste-
water holding tank of a recreational vehicle;

FIG. 3 illustrates a typical configuration for mounting sen-
sor probes into the wall of a wastewater tank;
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FIG. 4 diagrams a typical circuit for measuring liquid level
in a recreational vehicle holding tank;

FIG. 5 presents a sensor probe with a fully shielded probe
tip mounted in a wastewater holding tank of a recreational
vehicle;

FIG. 6 displays a sensor probe with a partially shielded
probe tip mounted in a wastewater holding tank of a recre-
ational vehicle;

FIG. 7 shows an end view of the alternate sensor probe
embodiment with a partially shielded probe tip as seen from
inside the tank;

FIG. 8 shows an end view of the alternate sensor probe
embodiment with a partially shielded probe tip as seen from
outside the tank;

FIG. 9 shows a sensor probe with a cylindrical probe tip
shield mounted in a wastewater holding tank of a recreational
vehicle;

FIG. 10 shows a sensor probe with a corkscrew configura-
tion mounted in a wastewater holding tank of a recreational
vehicle;

FIG. 11 shows a sensor probe with a disk-shaped tip shield
mounted in a wastewater holding tank of a recreational
vehicle; and

FIG. 12 shows a detail of the o-ring seal used in the
embodiments shown in FIG. 1, FIG. 5, FIG. 6, FIG. 7, and
FIG. 10; and

FIG. 13 shows a sensor probe with an insulating spacer
mounted in a wastewater holding tank of a recreational
vehicle.

In the appended figures, similar components and/or fea-
tures may have the same reference label. Where the reference
label is used in the specification, the description is applicable
to any one of the similar components having the same refer-
ence label.

DETAILED DESCRIPTION

The ensuing description provides preferred exemplary
embodiment(s) only, and is not intended to limit the scope,
applicability or configuration of the disclosure. Rather,
the ensuing description of the preferred exemplary embodi-
ment(s) will provide those skilled in the art with an enabling
description for implementing a preferred exemplary embodi-
ment. It should be understood that various changes could be
made in the function and arrangement of elements without
departing from the spirit and scope as set forth in the
appended claims.

Specific details are given in the following description to
provide a thorough understanding of the embodiments. How-
ever, it will be understood by one of ordinary skill in the art
that the embodiments may be practiced without these specific
details. For example, circuits may be shown in block dia-
grams in order not to obscure the embodiments in unneces-
sary detail. In other instances, well-known circuits, pro-
cesses, algorithms, structures, and techniques may be shown
without unnecessary detail in order to avoid obscuring the
embodiments.

In one embodiment, the present disclosure provides a sen-
sor probe suitable for use in a wastewater holding tank of a
recreational vehicle. Wastewater holding tanks are typically
located downstream of a toilet, sink, shower, or any other
place where water is used to clean something or where water
is combined with other fluids or solids. In addition to recre-
ational vehicles, moving wastewater holding tanks can be
used in other transportable or moving applications such as
boats, trains, buses, aircraft, or portable lavatories. The probe
includes an electrical contact configured for wiring into a
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level measuring circuit, a probe tip configured for contact
with fluid within the tank during normal operation; an elec-
trical conductor that connects the probe tip with the electrical
contact, and an electrical insulator that encapsulates at least
part of the conductor. Probes of the type described in this
disclosure can also be used in tanks that contain conductive
fluids other than water. Probes of the type described in this
disclosure can also be used in tanks that are not holding waste,
such a bioreactors.

The present disclosure makes reference to one or more
geometric configurations that increase the resistivity factor of
the conductive residue path between a probe tip and the wall
of'a tank. For purposes of this disclosure, resistivity factor is
defined as the ratio of the length of a conductive residue path
divided by the width of that path. Since, in most cases the
width of the conductance path is also a perimeter, we shall
normally define this resistivity factor as length divided by
perimeter. If the conductive residue path is circular in cross
section, it can also be defined as the length divided by the
circumference. The one objective of the present disclosure is
to increase the electrical resistance between the probe tip and
the attachment surface in the tank, typically the tank wall. For
a material with uniform bulk resistance, the resistance of an
electrical conductor can be calculated from the following
formula:

Q=pL/d

Where:
Q=the resistance of the electrical conductor in ohms;
p=the bulk resistance measured in ohm inches (or ohm
centimeters or ohm meters);
L~=the length of the conductor measured in inches, centi-
meters, or meters; and
A=the cross-sectional area of the conductor measured in
square inches, square centimeters or square meters.
Often the cross sectional area (A) of the conductive residue
path consists of a coating of an undetermined thickness (t)
multiplied by the perimeter P. Thus the above equation can be
rewritten as:

Q=pL/(tP)=(p/D)(L/P)

Where p and t are determined by the bulk resistance and
thickness of the conductive residue film and L and P are
determined by the geometry of the probe. For a geometrical
configuration with a constant perimeter along the entire
length, we can define the resistivity factor (Ry) to be:

Rp=L/P

For a geometrical configuration composed of discrete ele-
ments of varying size, we can define the resistivity factor (R)
to be:

=
Il

For a geometrical configuration with a constantly varying
perimeter (P) as a function of distance along a conductance
path, we can define the resistivity factor (Ry) to be:

R fLw 6L
F= -
Ly P
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Where:

L ,~the probe tip; and

L p~the tank wall
The use of a resistivity factor will become clearer as we
review various embodiments.

Referring to FIG. 1, an embodiment of a sensor probe
mounted in a wastewater holding tank of a recreational
vehicle is shown at 30. The holding tank wall is shown at 2.
The tank is filled with conductive liquid shown at 1. The probe
30 is mounted through an aperture in the wall of the tank 2. If
a sensor probe is mounted to the wall of a tank in a recre-
ational vehicle the mounting aperture is typically a 3&-inch
circular hole, but can be any other size or shape capable of
being manufactured and capable of being understood by any-
one skilled in the art. The probe is shown mounted in a side
wall. It is also possible for the probe to be mounted on a
bottom wall or top wall of the tank or any other mounting
surfaces including a fixture that is attached to the tank in some
way. Wastewater holding tank walls are typically made of
either ABS (acrylonitrile butadiene styrene) or polyethylene,
but can be made of any material that can service this function,
is manufacturable, and is capable of being understood by
someone skilled in the art. The tank wall does not necessarily
need to be made of a non-conductive material.

Also referring to FIG. 1, an electrical contact is shown at
19a. The electrical contact 194 is intended to be located
external to the tank when the probe 30 is installed in the tank
wall 2. The electrical contact 194 allows the probe 30 to be
connected to a level measuring circuit that measures current,
voltage, or resistance between multiple probes or between
one probe and some other electrical reference point using
electrical circuits capable of being understood by anyone
skilled in the art. The electrical contact 19a can be made of
any electrically conductive material capable of being under-
stood by anyone skilled in the art.

Also referring to FIG. 1, a probe tip is shown at 195. The
probe tip 195 is intended to be located within the tank and to
make electrical contact with the liquid 1 when the liquid
reaches a predetermined level. The probe tip 195 can be any
shape or size and can be made of any material that conducts
electricity. Among the materials that can be used for probe
tips 195 are stainless steel, copper, silver, aluminum, gold,
conductive ceramic, and any other electrically conductive
material capable of being understood by someone skilled in
the art. There is an electrical conductor between the probe tip
195 and the electrical contact 194 that electrically couples the
probe tip 195 and electrical contact 194. In the embodiment
illustrated in FIG. 1, the electrical conductor is made up of an
electrically conductive wire, shown at 11 and an electrically
conductive threaded rod shown at 13. In the embodiment
shown in FIG. 1, the probe tip 196 and the wire 11 are
monolithic (constituting a massive undifferentiated whole)
and the threaded rod 13 and electrical contact 19a are also
monolithic. The wire 11 and threaded rod 13 are electrically
coupled at the point where they touch, which is accomplished
in the embodiment shown in FIG. 1 by deforming the wire 11
to beina zigzag shape and pressing that into a cylindrical hole
in the threaded rod 13. With the present invention, it is pos-
sible for the probe tip 195, the electrical conductor (compris-
ing 11 and 13 in FIG. 1), and electrical contact 194 to be any
combination of any number of distinct or monolithic ele-
ments that are electrically coupled to one another using any
techniques capable of being understood by someone skilled
in the art.

Also referring to FIG. 1, an insulating tube is shown at 12,
athreaded cap is shown at 15, and a fitting is shown at 14. The
insulating tube 12, threaded cap 15, and fitting 14 are made of
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electrically insulating materials. In one embodiment, the
insulating tube 12 is made of polytetrafiuoroethylene and the
threaded cap 15 is made of acetal. In this embodiment, the
insulating tube 12 fits over the electrically conductive wire
11. Together, the insulating tube 12, threaded cap 15, and
fitting 14 determine the length of the path from the probe tip
195 to the holding tank wall 2. Conductive residue can coat
the insulating tube 12, threaded cap 15, and fitting 14 creating
a conductive residue path, shown at 3 from the probe tip 1956
to the attachment surface of the probe, which in this case is the
holding tank wall 2. One objective of the present invention is
to make the conductive residue path 3 as long as possible,
thereby increasing the total electrical resistance of the con-
ductive residue path 3. Leakage currents through the conduc-
tive residue path 3 to the holding tank wall 2 and then along
the conductive residue on the holding tank wall 2 until it
touches the conductive liquid 1 can create false readings from
sensor probes not submerged in the wastewater. These leak-
age currents are a problem with systems that use conductance
to measure liquid level. In the embodiment shown in FIG. 1,
the length of the conductive residue path 3 along the fitting 14
is approximately 34 inch, the length of the conductive residue
path 3 along the threaded cap 15 is approximately 35 inch, and
the length of the conductive residue path 3 along the insulat-
ing tube 12 is approximately ¥4 inches giving a total length of
the path from the probe tip along the exposed surface of the
electrical insulators (insulating tube 12, threaded cap 15, and
fitting 14) to the wall of the wastewater holding tank 2 of
approximately 1% inches. It is possible for this total path
length to be greater than %4 inches, greater than 1 inch, greater
than 1% inches, greater than 1'% inches greater than 1%
inches greater than 2 inches, greater than 24 inches, greater
than 2% inches, greater than 2% inches, and greater than 3
inches.

Also referring to FIG. 1, Ohms Law teaches us that the
amount of leakage current through the conductive residue
path 3 is inversely proportional to the resistance of the con-
ductive residue path 3. The resistance of the conductive resi-
due path 3 can be calculated as the sum of the resistances of
individual slices of this conductive residue path 3 that are
taken perpendicular to the current flow through the conduc-
tive residue path 3. By minimizing the perimeter of each of
these slices of the conductive residue path 3, we can further
increase the overall resistance of the residue conductive path
3, thereby reducing the sensitivity of the probe 30 to false
readings caused by conductive residue. In the embodiment
shown in FIG. 1, the maximum diameter of the conductive
residue path is approximately 3% of an inch, giving a perimeter
of the conductive residue path of approximately 1.2 inches
(pix0.375 inches) over the %4 inch length of the fitting 14 and
the threaded cap 15. One can calculate a resistivity factor, as
previously defined, for this part of the conductance path of
0.75 inches divided by 1.2 inches or approximately 0.6. For
the insulating tube, the outside diameter is approximately
0.05 inches and the length is approximately 0.75 inches giv-
ing a resistivity factor of 0.75/(0.05x3.14)=4.8. This gives a
resistivity factor for this configuration of approximately 5.4.
It is possible for the resistivity factor for this embodiment to
be greater than 0.5, greater than 0.75, greater than 1.0, greater
than 1.25, greater than 1.5, greater than 1.75, greater than 2.0,
greaterthan 2.5, greater than 3.0, greater than 3.5, greater than
4.0, greater than 4.5, greater than 5.0, greater than 5.5, or
greater than 6.0.

Also referring to the insulating tube 12 in FI1G. 1, the above
calculation of the resistivity factor, having a section of an
electrical insulator, such as the insulating tube 12, that has a
narrow outside diameter makes a very large difference in the
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resistivity factor and hence the overall capability of the con-
ductive residue path 3 to conduct electricity. A typical outside
diameter of the insulating tube 12 is 0.05 inches. This outside
diameter can be less than Y16 inch, it can be less than 342 inch,
it can be less than V4 inch, it can be less than %42 inch, it can be
less than 316 inch, it can be less than 742 inch, it can be less
than Y4 inch, it can be less than 942 inch, it can be less than %6
inch, it can be less than 1242 inch, or it can be less than 34 inch.
The resulting perimeter can be less than 0.2 inches, it can be
less than 0.3 inches, it can be less than 0.4 inches, it can be less
than 0.5 inches, it can be less than 0.6 inches, it can be less
than 0.7 inches, it can be less than 0.8 inches, it can be less
than 0.9 inches, or it can be less than 1 inch. The length of this
narrow section of insulating tube 12 in the direction of current
flow through the conductive residue path 3 can be a minimum
of V& inch, V4 inch, 34 inch, %2 inch, %% inch, or ¥4 inch.

Also referring to the conductive residue path 3 in FIG. 1,
the thickness of the residue can be influenced by the proper-
ties of the insulating tube 12, the fitting 14, and the threaded
cap 15. In particular, the use of a material or surface with
non-wetting properties on one or more elements of the of the
conductive residue path 3, such as the insulating tube 12, the
fitting 14, or the threaded cap 15 can further reduce the ability
for the conductive residue path to conduct electricity.

Also referring to FIG. 1, here are two main types of fittings
14 that can be used with the sensor probe 30 disclosed in this
invention. One type of fitting 14 is made of polyethylene and
has ribs. This type of fitting is designed for probes 30 that are
intended to be installed in attachment surfaces such as tank
walls 2 made of polyethylene using a spin welding process
capable of being understood by anyone skilled in the art. For
attachment surfaces or tanks not made of polyethylene, the
most common type of fitting 14 is made of an elastic material,
typically a material containing some kind of a rubber com-
pound, and the fitting 14 is compressed during the installation
process to provide a good seal with the attachment surface,
depicted here as tank wall 2. In the embodiment shown in
FIG. 1, compression occurs by rotating the threaded rod 13
relative to the threaded cap 15. The materials and techniques
used can be understood by anyone skilled in the art.

Further referring to FIG. 1, fluid leakage between the
threaded cap 15 and the insulating tube 12 is prevented
through the use of an o-ring seal shown at 16. The o-ring seal
16 is also used to seal the gap between the conductive wire 11
and the insulating tube 12. When the threaded rod 13 is
threaded all the way into the threaded cap 15, there is a good
seal that prevents any leakage. The details of the implemen-
tation of this sealing method are capable of being understood
by anyone skilled in the art. The embodiment shown in FIG.
1 also includes a washer, shown at 17 and two nuts, shown at
18 that help in the mounting of the sensor probe 30 into the
tank wall 2 and the securing of wiring to the electrical contact
19a using electrical connection means capable of being
understood by someone skilled in the art.

Referring to FIG. 2, a prior art sensor probe mounted in a
wastewater holding tank of a recreational vehicle is shown at
31. The prior art probe 31 is shown mounted in a holding tank
wall shown at 2. The wastewater holding tank contains a
conductive liquid shown at 1. The prior art probe 31 includes
a probe tip shown at 195, an electrical contact shown at 19a,
and a conductive screw, shown at 21, all of which are mono-
lithic. The prior art probe 31 also includes a fitting shown at
14, a washer shown at 17, and two nuts shown at 18. One
major difference between the prior art sensor probe 31 and the
embodiment of the sensor probe shown as 30 in FIG. 1 is that
the prior art residue conductive path, shown at 4, is short. This
prior art conductive residue path 4 consists of the path from
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the probe tip along the exposed surface of the fitting 14 to the
holding tank wall 2, which is typically approximately %5 inch
(about 0.4 inches). This makes for a low resistance connec-
tion between the probe tip 196 and the tank wall 2 when
conductive residue is present. When a resistivity factor for
this prior art conductive residue path 4 is calculated by divid-
ing the path length (approximately 0.375 inches) by the
perimeter dimension (0.375 inches multiplied by pi) the
resulting resistivity factor is approximately 0.3, which is con-
siderably less than the resistivity factor of 5.4 that was calcu-
lated for the sensor probe 30 depicted in FIG. 1.

Referring to FIG. 3, a tank with sensor probes is illustrated
at 32. This is an end view of the sensor probes shown from
outside the holding tank in a typical configuration. The hold-
ing tank wall is shown at 2 and four sensor probes are shown
at30a,305,30c, and 304. A ground probe is shown at 30a and
is typically located Y4 of the way up from the floor of the tank.
A 4 probe is shown at 305 and is also typically located %5 of
the way up from the floor of the tank and at least 10 inches
away from the ground probe 30a to minimize the leakage
currents caused by conductive residue on the holding tank
wall 2. A %3 probe is shown at 30c and is located %4 of the way
up from the floor of the tank and at least 10 inches from the
ground probe 30a. This minimizes leakage currents from the
ground probe 30a to the %3 probe 30c. However the distance
between the V5 probe 305 and the %4 probe 30c¢ is often much
less than 10 inches, which creates a high potential for leakage
currents between these two points. A full probe is shown at
304 and is located near the top of the tank and at least 10
inches from the ground probe 304. This full probe 30d is often
much less than 10 inches from the %3 probe 305 and the %4
probe 30c¢ creating a high potential for leakage currents
between these points. Because of the difficulty of accessing
the tank and placing wires, there is a desire to keep the sensor
probes (30a, 305, 30c, and 304) close together. This is another
reason why increasing the resistance between the probe tips
(195 in FIG. 1) and the holding tank wall 2 is beneficial in
making a simple and residue tolerant holding tank liquid level
monitoring system.

Referring to FIG. 4, a holding tank with sensor probes and
aresistor block is shown at 33. The holding tank wall is shown
at 2 and four sensor probes are shown at 30a, 305, 30¢, and
30d. Resistances between pairs of sensor probes are shown as
R1, R2, R3, R4, R5, and R6. In an ideal system that has no
leakage currents between sensor probe pairs and where at
least one probe in the pair is not submerged, the resistance
between a pair of sensor probes should be infinite (i.e. an open
circuit). In typical systems, the resistance between sub-
merged sensor probes through the conductive liquid is on the
order of 5 K2 to S0 KQ. There can be alarge variation in these
resistances through the conductive liquid as a result of varia-
tions in the materials suspended in the wastewater. To sim-
plify and reduce the cost of wiring, the electrical contacts
from the 3 probe 306, the %5 probe 30c, and the full probe 304
are typically wired together through a resistor block shown at
40. The resistances shown for this resistor block 40 are typi-
cal, but they can be any values that work effectively to create
discrete bands of current for a particular voltage as shown in
the table on FIG. 4. The ground probe 30a is typically wired
to ground. By using a resistor block 40 in this way, only one
wire needs to go the liquid level measurement instrument,
shown at 41. The measurement instrument 41 can be any
electrical or electronic device that can measure the resistance
between the electrical input point, shown at 42, and the elec-
trical ground, shown at 43. A typical approach used by those
skilled in the art incorporates an 8 volt source, a circuit that
measures the resulting current, and a circuit that turns on light
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emitting diodes (LEDs) based on the amount of current
between the 8 Volt source and electrical ground 43.

Referring to FIG. 5, a sensor probe with a fully shielded
probe tip is shown at 34. This embodiment of the present
invention is mounted into the wall of a holding tank shown at
2 that contains a conductive liquid shown at 1. The sensor
probe with a fully shielded probe tip 34 includes a probe tip
shown at 195, an electrical contact shown at 19a. The tip 195
and contact 19q are electrically connected through a conduc-
tive threaded rod, shown at 13 and an electrically conductive
wire shown at 11. The fully shielded probe tip includes a
fitting shown at 14, a washer shown at 17, and two nuts shown
at 18. The sensor probe 34 shown in this figure includes an
insulating tube, shown at 12, which covers the wire 11. One
major difference between the embodiment shown in FIG. 1
and the embodiment shown in FIG. 5 is that the sensor probe
shown in FIG. 5 has a threaded cap with a full shield, shown
at 22. This threaded cap with a full shield 22 is made of a
non-conductive material, such as acetal, polytetrafluoroeth-
ylene, or any other non-conductive material capable of being
understood by anyone skilled in the art. If the cap 22 is made
of'a non-wetting material, the behavior of the system is better
because less conductive residue will build up on the surface of
the cap 22. Fluid leakage between the threaded cap with a full
shield 22 and the insulating tube 12 is prevented through the
use of an o-ring seal shown at 16. The o-ring seal 16 is also
used to seal the gap between the conductive wire 11 and the
insulating tube 12. When the threaded rod 13 is threaded all
the way into the threaded cap 15, there is a good seal that
prevents any leakage. The details of the implementation of
this sealing method are capable of being understood by any-
one skilled in the art.

Further referring to FIG. 5, the full shield on the threaded
cap 22 provides three benefits. Benefit 1: the full shield pre-
vents the deposition of fibrous waste such as toilet paper from
touching the wire. This is especially beneficial in black water
tanks, which take toilet waste. Benefit 2: the full shield
includes an edge shown at 23, which creates a 180-degree
change in direction. Due to surface tension affects, liquid
tends not to accumulate on such a edge, which means that
conductive residue also tends not to accumulate. This creates
anadditional resistance barrier in the conductive residue path,
shown at 3. The benefit of this edge 23 is sensitive to the
thickness of the shield. It can be a maximum of V432 of an inch,
a maximum of Y16 of an inch, a maximum of 352 of an inch, a
maximum of % inch, or a maximum of %32 inch. The edge 23
illustrated here is made of two 90-degree corners. Each of
these corners can have a radius. Making these radii as small as
possible will improve the ability to shed droplets. The corners
can have a maximum radius or %4 inch, Vis inch, 3%4 inch, 142
inch, or Y4 inch. The edge 23 does not need to be a total of a
180 degree change of direction. It can also be a at least 170
degrees, at least 160 degrees, at least 150 degrees, at least 140
degrees, at least 130 degrees, at least 120 degrees, at least 110
degrees, at least 100 degrees, at least 90 degrees, or at least 80
degrees. The edge 23 does not need to be comprised of two
corners. The edge 23 can be a single corner. The edge 23 can
be more than two corners. The corners do not need to be an
equal number of degrees. They can be any combination of
angles that add up to the minimum number of degrees speci-
fied above. Benefit 3: the conductive residue path 3 between
the probe tip and the holding tank wall 2 is lengthened and the
resistivity factor is increased as a result of the additional
distance that current must travel on its way between probe tip
195 and the holding tank wall 2. This is visible in the gap or
free space shown between the threaded cap with a full shield
22 and the insulating tube 12. In a typical configuration the
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full shield is about 1 inch in length. This increases the path
length by 2 inches, one inch on the inside and one inch on the
outside. Assuming all of the other dimensions are the same as
for the embodiment shown in FIG. 1, the total length of the
conductive residue path 3 between the probe tip 195 and the
holding tank wall 2 for the sensor probe with a fully-shielded
probe tip 34 would be approximately 3.5 inches. Assuming
that all other dimensions are the same as the embodiment
shown in FIG. 1 and assuming an outside diameter of 0.35
inches an inside diameter of 0.3 inches and a length of 1 inch
for the full shield, the additional resistivity factor for the
sensor probe with a fully-shielded probe tip 34 would be
approximately 1/(0.35x3.14)+1/(0.3x3.14) or approximately
2.0 making a total resistivity factor for this configuration of
approximately 7.4.

Referring to FIG. 6, a sensor probe with a partially shielded
probe tip is shown at 35. This embodiment of the present
invention is mounted into the wall of a holding tank shown at
2 that contains a conductive liquid shown at 1. The sensor
probe with a partially shielded probe tip 35 includes a probe
tip shown at 195, an electrical contact shown at 19a, and many
of the same components as the sensor probe with a fully
shielded probe tip shown at 34 in FIG. 5 including an electri-
cally conductive wire 11, an insulating tube 12, a conductive
threaded rod 13, a fitting 14, an o-ring seal 16, a washer 17,
and two nuts 18. The difference between the embodiment
shown as 34 in FIG. 5 and the embodiment shown as 35 in
FIG. 6 is that the embodiment shown in FIG. 6 uses a threaded
cap with a partial shield shown at 24 instead of the threaded
cap with a full shield shown as 22 in FIG. 5. Thus, the length
of the conductive residue path, shown as 3 in FIG. 6, will be
approximately the same for a typical configuration as was
calculated for the embodiment shown in FIG. 1 and the resis-
tivity factor will also be approximately the same as for the
embodiment shown in FIG. 1. The sensor probe with a par-
tially shielded probe tip 35 does have one of the benefits of the
sensor probe with a full-shielded probe tip shown as 34 in
FIG. 5 in that partial shield prevents the deposition of fibrous
waste such as toilet paper from touching the wire 11, insulat-
ing tube 12, and probe tip 195, which is beneficial in tanks that
may contain larger objects or fibrous waste such as the black
water holding tanks of a recreational vehicle that may contain
toilet waste.

Referring to FIG. 7, an end view from inside the tank of a
sensor probe with a partially shielded probe tip is shown at 35.
This is the same sensor probe that was illustrated from a
cutaway side view in FIG. 6. This embodiment of the present
invention is mounted into the wall of a holding tank shown at
2. The probe tip is shown at 195, the insulating tube is shown
at12, and the threaded cap with a partial shield is shown at 24.
This end view shows the orientation of the shield to encom-
pass the upper half to the assembly. In order to ensure that the
probe is correctly oriented when this embodiment is used,
there is an orientation feature placed on a surface visible from
the outside of the probe. One example of how this can be done
is by milling a flat on the bottom half of the conductive
threaded rod. Such an orientation feature is shown at 27 in
FIG. 6. This orientation feature or mark can be made in a
variety of other ways capable of being understood by anyone
skilled in the art.

Referring to FIG. 8, an end view from outside the tank of a
sensor probe with a partially shielded probe tip is shown at 35.
This is the same sensor probe that was illustrated from a
cutaway side view in FIG. 6. This embodiment of the present
invention is mounted into the wall of a holding tank shown at
2. The conductive threaded rod is shown at 13, the fitting is
shown at 14, the washer is shown at 17, and a nut is shown at
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18. To ensure that the probe is correctly oriented when this
embodiment is used, there is an orientation feature, shown at
27. One example of such an orientation feature 27 is by
milling a flat on the bottom half of the conductive threaded
rod 12. This orientation feature or mark can be made in a
variety of other ways capable of being understood by anyone
skilled in the art.

Referring to FIG. 9, a sensor probe with a cylindrical probe
tip shield is shown at 36. This embodiment of the present
invention is mounted into the wall of a holding tank shown at
2 that contains a conductive liquid shown at 1. The sensor
probe with a cylindrical probe tip shield 36 includes a probe
tip shown at 195, an electrical contact shown at 19a¢, and many
of'the same components as the prior art probe shown as 31 in
FIG. 2 including a fitting shown at 14, a washer shown at 17,
two nuts shown at 18, and a conductive screw shown at 21.
The difference between the prior art illustrated in FIG. 2 and
the embodiment shown as 36 in FIG. 9 is the addition of a
cylindrical non-conductive shield shown as 25. This shield
has the same three benefits described previously for the shield
that is part of the embodiment shown at 34 in FIG. 5. In
particular, the shield on the threaded cap 22 in FIG. 5 and the
cylindrical non-conductive shield have the following three
benefits. Benefit 1: the full shield prevents the deposition of
fibrous waste such as toilet paper from touching the probe tip
195. This is especially beneficial in black water tanks, which
take toilet waste. Benefit 2: the shield includes an edge shown
at 23. Due to surface tension affects, liquid tends not to
accumulate on such an edge 23, which means that conductive
residue also tends not to accumulate. This creates an addi-
tional resistance barrier in the conductive residue path, shown
at 3. The benefit of this edge 23 is sensitive to the thickness of
the shield. It can be a maximum of %52 of an inch, a maximum
of Vis of an inch, a maximum of 342 of an inch, a maximum of
Y inch, or a maximum of %42 inch. More details about the
characteristics and options for this edge are described in the
part of this disclosure that discusses FIG. 5. Benefit 3: the
conductive residue path 3 between the probe tip and the is
lengthened and the resistivity factor is increased as a result of
the additional distance that current must travel on its way
between probe tip 1956 and the holding tank wall 2. In a typical
configuration the full shield is about 1 inch in length. This
increases the path length by 2 inches, one inch on the inside
and one inch on the outside. Assuming all of the other dimen-
sions are the same as for the embodiment shown in FIG. 2, the
total length of the conductive residue path 3 between the
probe tip 195 and the holding tank wall 2 for the sensor probe
with a cylindrical probe tip shield 36 would be approximately
2% inches. Assuming that all other dimensions are the same
as the embodiment shown in FIG. 2 and assuming an outside
diameter of 0.35 inches an inside diameter of 0.3 inches and
a length of 1 inch for the full shield, the additional resistivity
factor for the sensor probe with a fully-shielded probe tip 34
would be approximately 1/(0.35x3.14)+1/(0.3x3.14) or
approximately 2.0 making a total resistivity factor for this
configuration of approximately 2.3.

Referring to FIG. 10, a sensor probe with a corkscrew
configuration is shown at 37. This embodiment of the present
invention is mounted into the wall of a holding tank shown at
2 that contains a conductive liquid shown at 1. The sensor
probe with a corkscrew configuration 37 includes a probe tip
shown at 1954, an electrical contact shown at 19a, and many of
the same components as the sensor probe with a fully shielded
probe tip shown as 30 in FIG. 1 including an electrically
conductive wire 11, an insulating tube 12, a conductive
threaded rod 13, a fitting 14, an insulated threaded cap 15, an
o-ring seal 16, a washer 17, and two nuts 18. The difference
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between the embodiment shown as 30 in FIG. 1 and the
embodiment shown as 37 in FIG. 10 is that the embodiment
shown in FIG. 10 further twists the wire 11 and insulating
tube 12 into a helical configuration which increases the effec-
tive length of the conductive residue path 3 between the probe
tip 196 and holding tank wall 2 and has a similar impact on the
resistivity factor for a sensor probe of equal total length. For
example, if this corkscrew configuration doubles the conduc-
tive residue path length along the insulating tube 12 from the
¥4 inches of a typical configuration as illustrated in FIG. 1 and
all other parameters were left the same, the total path length
would increase from 12 inches to 2% inches and the resis-
tivity factor would increase from 5.4 to 10.2 for a sensor probe
that that can fit into the same overall dimensions. The use of
a bent conductor configuration of the type illustrated by the
corkscrew configuration of the electrically conductive wire
11 and insulating tube 12 is not restricted the use of a cork-
screw or helix configuration, the bent conductor configura-
tion could be in any of a variety of other formats including but
not limited to a zig-zag, a u-shape, or a spiral, any of which
can create a total length of the conductive path between the
electrical contact 19a and the probe tip 195 that is more than
110%, 120%, 130%, 140%, or 150% ofthe length of a straight
line between the contact 194 and the probe tip 194.

Referring to FIG. 11, a sensor probe with a disk-shaped tip
shield is shown at 38. This embodiment of the present inven-
tion is mounted into the wall of a holding tank shown at 2 that
contains a conductive liquid shown at 1. The sensor probe
with a disk-shaped shield 38 includes a probe tip shown at
195, an electrical contact shown at 194, and many of the same
components as the prior art probe shown as 31 in FIG. 2
including a fitting shown at 14, a washer shown at 17, two nuts
shown at 18, and a conductive screw shown at 21. The differ-
ence between the prior art illustrated in FIG. 2 and the
embodiment shown as 38 in FIG. 11 is the addition of a
disk-shaped circular non-conductive shield shown as 26. This
disk-shaped shield 26 has two of the three benefits as the
shield that is part of the embodiment shown at 34 in FIG. 5.
Benefit 1: the disk-shaped shield 26 includes an edge shown
at 23. Due to surface tension affects, liquid tends not to
accumulate on such an edge 23, which means that conductive
residue also tends not to accumulate. This creates an addi-
tional resistance barrier in the conductive residue path, shown
at 3. The benefit of this edge 23 is sensitive to the thickness of
the shield. It can be a maximum of %42 of an inch, a maximum
of Vis of an inch, a maximum of 342 of an inch, a maximum of
Y% inch, or a maximum of %42 inch. More details about the
characteristics and options for this edge are described in the
part of this disclosure that discusses FIG. 5. Benefit 2: the
conductive residue path 3 between the probe tip and the is
lengthened and the resistivity factor is increased as a result of
the additional distance that current must travel on its way
between probe tip 195 and the holding tank wall 2. In a typical
configuration the disk-shaped shield 26 is about 1%& inch in
diameter. This increases the path length by %4 inches, % inch
on each side of the disk-shaped shield 26. Assuming all of the
other dimensions are the same as for the embodiment shown
in FIG. 2, the total length of the conductive residue path 3
between the probe tip 195 and the holding tank wall 2 for the
sensor probe with a disk-shaped tip shield 38 would be
approximately 1%4. Assuming that all other dimensions are
the same as the embodiment shown in FIG. 2 and assuming a
maximum diameter of 1.125 inches and a minimum diameter
01'0.375 inches, the additional resistivity factor for the sensor
probe with a disk-shaped tip shield 38 would be approxi-
mately 0.3 making a total resistivity factor for this configu-
ration of approximately 0.6.

20

25

30

35

40

45

50

55

60

65

12

FIG. 12 illustrates the detail of the o-ring seal configuration
used in the embodiments shown in FIG. 1, FIG. 5, FIG. 6,
FIG. 7, and FIG. 10 by showing a larger view of the relation-
ship between the electrically conductive wire shown at 11, the
insulating tube shown at 12, the electrically conductive
threaded rod shown at 13, the threaded cap shown at 15, and
the o-ring seal shown at 16. Note that the threaded cap 15 in
this diagram is substituted by a threaded cap with a full shield
22 in FIG. 5 and by a threaded cap with a partial shield 24 in
FIG. 6 and FIG. 7, but that this does not change the overall
configuration of the o-ring seal 16 relative to the other com-
ponents. Note also that the o-ring seal 16 is used to prevent
leakage between the insulating tube 12 and the wire 11 as well
as between the insulating tube 11 and the threaded cap 15.
Further implementation details and variations can be under-
stood and made by anyone skilled in the art.

Referring to FIG. 13, a sensor probe with an insulating
spacer is shown at 39. This embodiment of the present inven-
tion is mounted into the wall of a holding tank shown at 2 that
contains a conductive liquid shown at 1. The sensor probe
with an insulating spacer shield 39 includes a probe tip shown
at 194, an electrical contact shown at 19a, and many of the
same components as the prior art probe shown as 31 in FIG.
2 including a fitting shown at 14, a washer shown at 17, two
nuts shown at 18, and a long narrow conductive screw shown
at 27. One of the differences between the prior art illustrated
in FIG. 2 and the embodiment shown as 38 in FIG. 13 is the
addition of an insulating spacer shown at 28. This insulating
spacer increases the length of the path from the probe tip 195
to the holding tank wall 2. In the embodiment shown in FIG.
13 the length of the insulating spacer 28 is 2 inches, which
takes the path length from about 0.4 inches for the prior art
probe 31 illustrated in FIG. 2 to over 2.4 inches for the sensor
probe with insulating spacer 39 shown in FIG. 13. The actual
path length is greater than the length of the insulating spacer
28 because there has also been a baffle, shown at 29 included
in the sensor probe with insulating spacer 39. This baffle 39 is
optional. The change in direction of the baffle is 120-degrees
or more in this embodiment, but other embodiments could
have a change in direction of 100-, 150- or 180-degrees or
more. The radius of the change in direction could be less than
542, Y64, Vie, Y6a, VA2, or Yea inch in various embodiments.
There can also be multiple baffles 39, each of which can have
an impact similar to a small version of the disk-shaped tip
shield that was shown as 26 in FIG. 11. Note that the baftle 39
also has an edge 23 with some of the same characteristics and
benefits as the edges that were shown at 26 in FIG. 5, FIG. 9
and FIG. 11. It is further worth noting that the insulating
spacer 28 also has a reduced cross section (or diameter, since
the embodiment shown here is cylindrical). This reduced
cross section was facilitated by replacing the conductive
screw, shown at 21 in FIG. 2, which typically has a %16 outside
diameter (10-32 thread) with a smaller 4-40 thread thathas an
outside diameter 0f 0.112 inches for the long narrow conduc-
tive screw 27 and then using an insulating spacer 28 with a
0.29 inch wall thickness to give a total diameter of the insu-
lating spacer 28 of 0.160 inches and a perimeter of approxi-
mately 0.5 inches. If this narrow cross section is maintained
over 1.75 inches of the spacer, it creates an increase in resis-
tivity factor of approximately 1.75/0.5 or 3.5 over the prior art
probe 31 illustrated in FIG. 2, making the total resistivity
factor approximately 3.8, a more than 12-fold increase over
the prior art that was illustrated in FIG. 2. The insulating
spacer 28 could be made of a single component, such as the
injection molded acetal part shown in FI1G. 13. The insulating
spacer 28 could also be made of multiple elements such as an
insulating tube 11 in FIG. 1 plus a threaded cap 15 in FIG. 1.
In this case, the threaded cap would be threaded all the way
through and the insulating tube 11 would cover the threads of
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the long narrow conductive screw shown at 27 in FIG. 13
between the screw head and the threaded cap.

A number of variations and modifications of the disclosed
embodiments can also be used. The principles described here
can also be used for in applications other than recreational
vehicles such as bioreactors, etc. While the principles of the
disclosure have been described above in connection with
specific apparatuses and methods, it is to be clearly under-
stood that this description is made only by way of example
and not as limitation on the scope of the disclosure.

What is claimed is:

1. A single-terminal moving wastewater holding tank sen-
sor probe for use in determining presence of conductive liquid
within a wastewater holding tank, the single-terminal moving
wastewater holding tank sensor probe comprising:

an electrical terminal configured for wiring into a level

measuring circuit, wherein:

an electrical connection to the electrical terminal is con-
figured to pass a time-invariant electrical signal with a
constant voltage applied during normal operation
while determining presence of conductive liquid
within the wastewater holding tank, and

the electrical terminal is configured for electrical con-
nection to other probes during normal operation that
collectively measure a level of the conductive liquid
in the wastewater holding tank;

an electrical contact configured for wiring into a level

measuring circuit;

a probe tip configured for contact with fluid within the

wastewater holding tank during normal operation;

an electrical conductor for electrically coupling the elec-

trical terminal and the probe tip,

whereby the electrical conductor is configured for instal-
lation through an aperture in the wastewater holding
tank during normal operation, and

wherein only one conductive element passes through the
aperture;

an electrical insulator at least partially encapsulating the

electrical conductor, wherein:

the electrical insulator comprises a non-conductive
material having an exposed surface that is configured
to be in contact with any fluid in the wastewater hold-
ing tank in the region between the aperture and the
probe tip, wherein:

the non-conductive material comprises a tubular portion
aligned with an axis of the electrical conductor, and

the tubular portion has a circular geometry with an out-
side diameter of less than a quarter inch, and

a path from the probe tip and along the exposed surface
toward the aperture, during normal operation,
wherein the path comprises a length-to-width ratio
that exceeds 2.0, and wherein the length to-width ratio
is alength of a conductive residue path on the exposed
surface in a direction substantially parallel with the
electrical conductor divided by the width of the con-
ductive residue path on the exposed surface in a direc-
tion perpendicular to the length; and

afitting suitable for sealing the aperture, wherein the fitting

is annularly configured around at least one of the elec-
trical terminal and the electrical conductor.

2. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein:

the electrical terminal is threaded;

the probe is configured for mounting horizontally into the

wall of the holding tank of a recreational vehicle;
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a path from the probe tip and along the exposed surface
away from the probe tip to a most proximate point on a
wall of the tank passes a distance that exceeds %4 inch;
and
the single terminal is configured for electrically connecting
to other probes through a resistor block in a network
capable of providing readings of multiple levels when
connected to a constant current source.
3. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein the path has the length-to-width ratio that exceeds
one of 2.5,3.0,3.5,4.0,4.5,5.0, 5.5, and 6.0.
4. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein at least two of the electrical terminal, the electrical
conductor and the probe tip are monolithic.
5. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein:
at least part of the electrical insulator is non-wetting, and
at least part of the insulator comprises polytetrafluroethyl-
ene.
6. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein:
at least one part of the electrical insulator has a cross-
section perpendicular to a line between the probe tip and
the electrical terminal,
the one part is at least one of V4 inch, ¥ inch, 3% inch, V2
inch, % inch, and %4 inch long, and
the cross-section is less than one of Yis inch, 342 inch, 15
inch, %42 inch, 316 inch, 742 inch, Y4 inch, 942 inch, and
%16 inch across.
7. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, further comprising an orientation mark fixed relative to the
electrical conductor configured to be visible from outside
from the wastewater holding tank.
8. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, further comprising a shield that can be positioned to pre-
vent the accumulation of debris on the probe tip.
9. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein the fitting is elastic.
10. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein the fitting is suitable for spin welding.
11. A single-terminal holding tank sensor probe for use in
determining presence of conductive liquid within a mobile
wastewater holding tank, the holding tank sensor probe com-
prising:
an electrical terminal, wherein:
an electrical connection to the electrical terminal is con-
figured to pass a time-invariant electrical signal with a
constant voltage applied during normal operation
while determining presence of conductive liquid
within the mobile wastewater holding tank, and

the electrical terminal is configured for electrical con-
nection to other probes during normal operation that
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collectively measure a level of the conductive liquid
in the mobile wastewater holding tank;

a single probe tip suitable for conducting an electrical

signal to the liquid;

an electrical conductor for electrically coupling the elec-

trical terminal and the probe tip, whereby the electrical

conductor is configured for installation:

at least partially within the mobile wastewater holding
tank during normal operation, and

at least partially outside the wastewater holding tank;
and

an electrical insulator between the probe tip and the elec-

trical conductor, wherein:
the electrical insulator has exposed surface,
a path from the probe tip and along the exposed surface
away from the probe tip to a most proximate point on
a wall of the tank passes a distance in excess of 0.75
inch, and wherein:
a perimeter of the path along the exposed surface per-
pendicular to current flow has a maximum dimension
less than the circumference of a circle having a diam-
eter of a quarter inch, and
the path further comprises a length-to-width ratio that
exceeds 2.0 and
the length-to-perimeter ratio is:
the path on the exposed surface in a direction substan-
tially parallel with the electrical conductor, divided
by

the perimeter of the path on the exposed surface of a
cross section of the path in a direction perpendicu-
lar to the length.

12. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 11, wherein the length-to-
width ratio exceeds at least one 0f 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,
5.5, and 6.0.

13. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 11, wherein the distance
exceeds one or more of 1.0 inch, 1.25 inches, 1.5 inches, 1.75
inches, 2.0 inches, 2.25 inches, 2.5 inches, 2.75 inches, and
3.0 inches.

14. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 11, further comprising a cap
proximate to the electrical conductor, wherein the cap com-
presses an o-ring to seal the electrical insulator.

15. The holding tank sensor probe for use in determining
presence of conductive liquid within the moving wastewater
holding tank as recited in claim 11, wherein:

the path includes a change in direction of 120 degrees or

more, and

the thickness of the insulator proximate to the change in

direction is %52 inch or less.

16. The holding tank sensor probe for use in determining
presence of conductive liquid within the moving wastewater
holding tank as recited in claim 11, wherein:

the path includes a change in direction of 120 degrees or

more, and

the radius of the change in direction is %4 inch or less.

17. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 11, wherein the electrical
insulator, along a radius of a cross-section perpendicular to a
line between the probe tip and the electrical terminal, has a
first portion and a second portion, which are separated by free
space.

18. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
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holding tank as recited in claim 11, further comprising a
shield configured to prevent the accumulation of debris and
an orientation mark fixed relative to the electrical conductor
configured to be visible from outside from the mobile waste-
water holding tank.

19. A holding tank sensor probe for use in determining
presence of conductive liquid within a mobile wastewater
holding tank, the holding tank sensor probe comprising:

an electrical terminal wherein:

an electrical connection to the electrical terminal is con-
figured to pass a time-invariant electrical signal with a
constant voltage applied during normal operation
while determining presence of conductive liquid
within the mobile wastewater holding tank, and

the electrical terminal is configured for electrical con-
nection to other probes during normal operation that
collectively measure a level of the conductive liquid
in the mobile wastewater holding tank;

a probe tip;

an electrical conductor for electrically coupling the elec-

trical terminal and the probe tip, whereby the electrical
conductor is configured for installation through an aper-
ture in the mobile wastewater holding tank during nor-
mal operation and wherein only one conductive element
passes through the aperture; and

an electrical insulator between the probe tip and the elec-

trical conductor, wherein:

the electrical insulator has a cross section, and

the cross section has a maximum dimension of %16 inch
or less in at least one part,

a conductive residue path passes from the probe tip and
along the exposed surface away from the probe tip to
a most proximate point on a wall of the mobile waste-
water holding tank,

a perimeter of the conductive residue path along the
exposed surface perpendicular to current flow has a
maximum dimension less than the circumference of a
circle having a diameter of a quarter inch, and

the conductive residue path further comprises a length-
to-width ratio that exceeds 2.0, and

the length-to-width ratio is:

a length of a conductive residue path on the exposed
surface in a direction substantially parallel with the
electrical conductor, divided by

the width of the conductive residue path on the
exposed surface in a direction perpendicular to the
length.

20. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 19, wherein the length-to-
width ratio exceeds one 0f 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, 2.0,
2.5,3.0,3.5,4.0,4.5,5.0,5.5, and 6.0.

21. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 19, wherein the maximum
dimension is at least one of Yis inch, 342 inch, % inch, %42
inch, s inch, 742 inch, Y4 inch, %2 inch, and %4s.

22. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 19, wherein the conductive
residue path from the probe tip and along the exposed surface
away from the probe tip to a most proximate point on a wall
of'the tank passes a distance that exceeds one of 0.75 inch, 1.0
inch, 1.25 inches, 1.5 inches, 1.75 inches, 2.0 inches, 2.25
inches, 2.5 inches, 2.75 inches, and 3.0 inches.

23. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 19, further comprising a
shield that can be positioned to prevent the accumulation of
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debris on the probe tip and an orientation mark fixed relative
to the electrical conductor configured to be visible from out-
side the mobile wastewater holding tank.

24. The holding tank sensor probe for use in determining
presence of conductive liquid within the mobile wastewater
holding tank as recited in claim 19, wherein the electrical
insulator, along a radius of a cross-section perpendicular to a
line between the probe tip and the electrical terminal, has a
first portion and a second portion, which are separated by free
space.

25. The single-terminal moving wastewater holding tank
sensor probe for use in determining presence of conductive
liquid within the wastewater holding tank as recited in claim
1, wherein at least two of the electrical terminal, the electrical
conductor and the probe tip are separable.
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