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(37) ABSTRACT

The present disclosure provides descriptions of configura-
tions for bonding washers used to facilitate the electrical
bonding of metal structures. The bonding washer includes an

electrically conductive body and at least one piercing mem-
ber extending from a bottom surface of the body. An
extended member extends from the electrically conductive

body 1n a direction away from the bottom surface of the
body.

iba



Patent Application Publication  Apr. 30, 2020 Sheet 1 of 16 US 2020/0132106 Al

-
*
+,

-

+
+
.
+
B -
+
» -
+$ + b+ 4+ -
d
d
+
(h )
> 4 + L
N

1]

0'4

. %,

AT N P - . 4 + 4 + .
, i : .
*, ¥
fita :
" r +
X .
e .
N -
[+ + F 3 3 & £ 3 3 8 3 3 3 F 33 ¢ ) W 9§ ik e 3 e S . 3 e S, ke 1L+ ¢+ 3 7 3 3 4 9 3 3 > tgmw
A S R A .
" s s
+
+

R T
S T

L B R O B O D B O

i) N\ . )

S

L L B N B L L B R

* b
* P+ T

4 49 4+ ¢ »

* + e

Al i b .

‘ E
E
B
-
| l
g %
AT et A M Y T 0 T 0 L WA B A A 0 N T N AR i A 00 A W A V0 e M-, S, A Ay P A S L, S 0 S N A S W
LE 3 L ¥ 3 3 1 3 3+ + 0 3 3 2 F 3 3 2 F 3 3 0 3 3 3 /7 ¢4 + 0L J «
+*
*

*
* * AP

* +*
AT I T I A A A A N AT A AN AN A I N I A I L A N N I A AN NN AN RN AN AN B T T T R . 2 . R 3




Patent Application Publication  Apr. 30, 2020 Sheet 2 of 16 S 2020/0132106 Al

. . - - TP STTTROWDNCNE A ol et ICIRTVE ST 072 A0 N T S0 A ranCwn N IV 0070 2 Al P 0 TC PR P L WY Y JC PO T PO T P - i PR T I S W S N U TR TN D Y NG K S S 3
4 * b
* 5 The .
I00000OFOIOIOOOOOODOIOCO.IO00000*0'0!0.000000'—0!0!000000 Q'OI'QQOOQOO P+ % 2 d % % 4+ * b+ %+ * + > * 7 * ’ * * LR - *

+*
+*
-

4

+




Patent Application Publication  Apr. 30, 2020 Sheet 3 of 16 S 2020/0132106 Al

« A s v sy

0.0‘0.40‘0.0‘0.‘000050‘0

v a8 W e n s awsas e

v s n e
+* ¥ 4

. 4.
+

) " d

+

YT s " s v ey

»
"« v v s d o w s dodwoeswens

-

.
4 s v o w el we v o ldowswvvryrdaswsnsw

+*

d v d =

L N |
- *

-,

*

F RIS N AN I I LR R R L B R

AL N
v
+
*

-

-

LA LT L N

LR N I AR IR O N L N L D U I U O L L D I R R

*

+

+« U3 2.3 5 3 ]



Patent Application Publication  Apr. 30, 2020 Sheet 4 of 16 US 2020/0132106 Al

* + 4

* +
* E e

AT I I O

+*

+*

LR IR IR O

n a
Lt e el g 0 N N I I I
+ L) + v L 4
+* >
+ L
* +
+* * * 4 *
+ +
* * & * 4 * +
+* * +

* b bttt
* e

LR R I I I I I I I LR L I I AL U I I I I R I I I I I R I I I I I I I I I I I O I I I R I I I I O I I O I I R I I O R U U D I O I I I U U R I U U I I I U U D O I D I U U I I U U U U U D U U U I U I I 2
+ * 000.00 +* + > + + + * +* +

AR NN NN
*. + +*

*
*

+ SR NN I O O A
+* +
+*
+*

* e
+* +

* + + 4+ &

L U D O




Patent Application Publication  Apr. 30, 2020 Sheet 5 of 16 US 2020/0132106 Al

+
+ &+ -

+

- +

*

*

*
+
O

LR LN

R A e e TS 3 S b ikt e 2 x S, 2 b N N N 2 N .
> ad s 4
X * aur
3w n +,
[ »
»

LR N N * e
" & - A - > 4 +*
A £
’ + +*

v rwme W w Ay Te Y
t




Patent Application Publication  Apr. 30, 2020 Sheet 6 of 16 US 2020/0132106 Al




Patent Application Publication  Apr. 30, 2020 Sheet 7 of 16 S 2020/0132106 Al

* +

LI LR R L L B R B L R R L B
-

S P AR RPY N AR

+»

L N B R )
L/ - & +

Bl N o

e
-
-

AN A W
™
1 )‘

WA Y

;
R
‘l
« n A
- X 4
o ok P 2 P T > * !
o ¢ 2Cac - ¥ o,
» f TEEXXICXIENS ¢ I
¢ ORI IR ¢ o
L I + 4.7 LA+ 4+ 47 8 - )
‘
¢ ANASARAISMNANMANTR  § 4
PR &+ & b+ 4t b v - A
4
3 ' W
' p .
2 Yot o _—
I~

. .0 *

s

T MW RN P
d » -
+ - s O
» *
aln £
- >
d * A d AP At 1)
AR R R 3
+*
-
L}
A
4
4
+
*
+
*
‘
+
.\
4 +
PO r i
- . v
+ *
-+
4 4 - &

S R
- - ) o w

- +
” +* VR EE NN
g%

LI B A

-
4 LR L I D UL I L DR U U U DR L D I N )

* 44 4w v Lt

RRFIASSR

*, 4 A * . d & &bt

. IR I AL L R - +* -
- - . A B A B A A S 4o qa ey

A P A

v v v v wavd ) dawvayewnesay e s




Patent Application Publication  Apr. 30, 2020 Sheet 8 of 16 S 2020/0132106 Al

2 ROV MARMARAN
P SNSRI TRFRSTISTIT Y VT R 4

. ™ unw&wuuﬂu"&s -
f ENAANIEWIEIN ¢
b A sl A <
R AV AAL AR ey
¢ PVNWNWWWWL
ER o e o o o




Patent Application Publication  Apr. 30, 2020 Sheet 9 of 16 S 2020/0132106 Al

dba\ 45 .

r - A B A 4 A B A BA G A s
G

+*

-~
+

* b P A AE P A s oA A > & 4 b+

e P <

+
. +* =
+ - ']
¥ . g ]
d
+ + |
+*
: '
0y .
+ + N ¥ + |
- + 3 |
v |
+ " |
+*
*,
*
+ [
+
a!
<
*
¢  CRaccwiarats & N
L 3 LU wE € R
1 MempmEwEch Y
DR T = -~ - o~ .
. +*
L4
>
1 .
[ .
1 <
EEEE
. b il
+
P ;
L +*
) .
} +
b N
+*
- +
L .
+ 4 +
B
+*
d_e
9 * 4
-
<
*
d
] .
4
+*
»
+*
+
+
4
- ~ +*
+
- » -
.v +*

¥ *> * s LR R N O 3
LSRN L) +* LR PRI R I N N I I R I I R N N RN N A A AN A AR AR A AN AR N AN R AR R A AR A AN AR AN AR RN R E N
’ + +

+* * +* - +
AR IR N IR I I LA A A AN N N I RPN NN RN A AR AT A RN AN A RN A RN AN AR EEAEN NN E RN REEIN * 4 &+ P4 _+ 5 ¢ ¢4 4 - &
[y

L 1\t




atent Application Publication  Apr. 30, 2020 Sheet 10 of 16  US 2020/0132106 A1l

A
L4
* +
¢’ . +
.
f ¥
v A . s .
e
¥ .
.
Al
.

Ak s v 3 b g ., . +
s a gt * - - - AL L5/ -~
+* * T

e )
.
4 >
" g e vae ras OO O TN N DN ORI
u W R4 s 2 - > 2 IR R

-
AN R L AN RN AN RN AR I IR I R R R -

<

¥ i

L ~
LB N I B R UL B D D O
.

¢

i L VY

+*
.
L
+*
12
.
+*
+*
4
. .
+*
.
N
+*
* ¥ Ll
. R
+* 4
' +* d
. .
+* 4
+* d
- .
+* 4
+* d
. .
4
’
.
4
| 2 ]
\d
.
4
.
4
.
.
4
. ¥
.
4
d
.
4
d 4
.
4
R
‘d
.
4
d
.
4
;
.
.
4
L}
.
4 +*
d »
. .
4 *
d
.
4
d »
. T.
4
‘d
.
4
d
.
4
L} »
. A
.
d
.
4
d
.
4
.
05. d
. .
.
; :
d
A
. . .
". 4 4
3
* .
>
W . 5
1]
* + 4 4
.
d 4
»
. .
r 4
)
.
4
.
.
4
d
.
L)
4
2
N S

" i
W
4 > +
: »
: . .
. X
: L2 & v\
A +*
4 &
‘
y v.
d
+ I 4 .
- - - PRSI o r b 0
| 3 .
L 0, P P 0P 00 WO, 0, .30, % O N B I N RNy 4
€ TROIRCIN B M hh N S i D D Wk ik A A M G A Sk S M ek e b R R A .
o b A sy iy A Yiutek g .
0N QTR R SR TSR SN TR ST SRR O I AR R R YD N
o LI NP W 0 W 2 2 NG 2 N W o e S e el o :
L R o 4
I ity e et e b i Waim'> § - I .
» e L :
“ ’_ . A ’."‘ . .
4
¥ .
4
‘
. 13
4 \,
L ~
4 4
4
e
+*
-'
4




Patent Application Publication  Apr. 30, 2020 Sheet 11 of 16 S 2020/0132106 Al

& & F Fd * -

+* * + + &

“




Patent Application Publication  Apr. 30, 2020 Sheet 12 of 16 S 2020/0132106 Al

P4 8 & 0 40 ¢ A) 49 4

+*

L’-

}'
-

ﬁ

o
*
+*
-

.
»
T
+*
+*
+*
Ll I

[

J

N A R IR T - T A T AR AN TN NA Y N A LN,

¥
* w4
AR R R

$ U4 5 &8 )44

>
L
PO S T T S W ST W
2 CRWNRCW VWO MW VRTINS A Y 4
6 R S W N N N S TRy <>

P WP IATAS A ATUANSAL ISR IR FAT IS O

v d'v s w w

* R .

A A 00l 0000008 - N

’

& WALt e i i RS b Mt P 3
B RN R N SR AR IR AR O S N -
. “
e . “*‘ Lar . .
‘d , + _t.(‘O ~ <
- e, L5 B Ml M A S At A
N * “ -~ e v

, + e

A R B R R

AR L T L B O
-

10

‘
LR R L R + >
AN

sl
‘.Q"J(' FlL ""

- b

T A nnet ;

A
A
m‘“ -~ 2 + [} S - +
R R Y Y Y Y YW R Y Y ‘ P Wm
0‘.0."0."0"“.'0 * e -l
’*Q""."‘.ﬁ".”..“ -

" a T4 a0




Patent Application Publication  Apr. 30, 2020 Sheet 13 of 16  US 2020/0132106 Al




Patent Application Publication  Apr. 30, 2020 Sheet 14 of 16 S 2020/0132106 Al

LR L R N I R B L I R B R B O B B I I A B A R I N I R I I A A A I RN RN A N N E R N

Y v e wayT e ww

*, *
+ s
N el o o, - o e v T 4
Wt wicRn: ¢
ool

.
-
»~

v

- wsw v v .o - -

- L wwehbowewstoewehsesvyewsdsvyesds

a A" AP A aAnE oA
(.'v‘.'

d > & d > &b

- s g

P e

. 3

*
d LR LA R RN AR AR A RN + + 4 * N+ * “ NI R EEERE T R
Bl AT 3 N AT LN SRR o '
+ aren +a + + —— (™ p, . A -~ . - - T Sy
2 YT " e whdwewwrwreandvewtaveuwtayewervsewewenysuwudwcys v aywrwswdwuwesvyewyervhyovesytee v wwdewwehvidwwesviduwyrwwewed




Patent Application Publication  Apr. 30, 2020 Sheet 15 of 16 S 2020/0132106 Al

3
Ny
4

+ AR .




Patent Application Publication  Apr. 30, 2020 Sheet 16 of 16 S 2020/0132106 Al

N

+
+ +* +
S
-’

+*

+ +
Y

Tl rwrdedheeweh o

- s w e ww s

v

A;‘

"% " raw s e e

*

L B 4
-y n sy

aww v ww e n e wwoadwy

LR N RN RN RN NN E RSN RN RN NN I NI I N I I N I I I I I I I I I I I I I I I I I A A B O B DR D D L D D B I L DL U O B O B L D O D B 2

LR I N A I )

w 4+ b wdd e b dws

MR A EEAE NN
P M O N Y et -
W R NI

-
3

L D L L L P - )
® L AT T T N I B 2

-

L
+* + 4 +* * & *
M PO O NN N N O A B M S ‘ s f&m N
« , - s e va neawelie v -y P Rl iy

AL L
*

* -
+ + (3
W -e + * + + +* ¥ *
- # — - + + +* + + + Ll +
2% Ve oo Vo Vytatel, Fubomin ALY s e A T T M b« e e o 2 gt et g vl : A A . o
4 e v ewnuwrnwthdiddtueywrayes Caly € e ww‘.’i‘ - s 4 L - R T T
‘4 + + + 4 LR R RIS S + - shhe S n e
R I R R R R R IR PP Ay

AR I L L B R
]

~ 302¢




US 2020/0132106 Al

BONDING WASHER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present disclosure i1s based on and claims
benefit from co-pending U.S. Provisional Patent Application
Ser. No. 62/751,900 filed on Oct. 29, 2018 entitled “Bonding
Washer” the contents of which are incorporated herein 1n
their entirety by reference.

BACKGROUND

Field

[0002] The present disclosure relates generally to bonding
washers, and more particularly to bonding washers used to
create an electrically conductive path between a wire ter-
mination and a metal structure coated with a non-conductive
material.

Description of the Related Art

[0003] Metal structures used to house electrical equipment
and devices are often coated with non-conductive material
which provides protection from unwanted transier of elec-
tricity or heat, or protection from environmental conditions.
For example, a data center or telecommunication rack or
enclosure, which 1s typically a metal structure, may be
coated with a non-conductive material to provide such
protection. Often, local electrical codes require such metal
structures to be bonded as a safety measure. To bond such
metal structure, the non-conductive coating has to be
removed 1n order to create an electrically conductive path
between the electrical conductor and the metal structure.
Typically, a technician would have to remove the non-
conductive coating by sanding or grinding the non-conduc-
tive coating until bare metal 1s exposed. However, it 1s a
time-consuming process to carefully remove such coating.
Further, 11 an insuihicient amount of coating 1s removed, an
electrically conductive path may not be created. This prob-
lem 1s exacerbated by the fact that there may be large
numbers of racks or enclosures as 1s the case in a data center.
As aresult, the cost and time taken to bond and ground each
rack or enclosure can be significant since 1t would be time
consuming to manually remove the non-conductive coating
from enclosure or rack.

SUMMARY

[0004] The present disclosure provides descriptions of
embodiments for bonding washers used to facilitate electri-
cal bonding of metal structures without the need to grind or
sand non-conductive coatings to expose bare metal. In one
exemplary embodiment, the bonding washer includes an
electrically conductive body having a top surface, a bottom
surface, a fastener receiving member, e.g., an aperture, for
receiving a mounting fastener, at least one electrically
conductive piercing member extending from the bottom
surface of the body, and an extended member extending
from the electrically conductive body 1n a direction opposite
the at least one piercing member. The electrically conductive
body can be substantially planar. In another exemplary
embodiment, the bonding washer includes an electrically
conductive body having a top surface and a bottom surface,
a plurality of electrically conductive piercing members
extending from the bottom surface of the body, a plurality of
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clectrically conductive gripping members extending from
the top surface of the body, and an extended member
extending from the electrically conductive body 1n a direc-
tion away opposite the plurality of piercing members.
[0005] In one exemplary embodiment, the extended mem-
ber extends from one end of the electrically conductive
body. In another exemplary embodiment, each of the plu-
rality of piercing members 1s a single tooth. In some
embodiments, the single tooth has a serrated distal end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The figures depict embodiments for purposes of
illustration only. One skilled 1n the art will readily recognize
from the following description that alternative embodiments
of the structures illustrated herein may be employed without
departing from the principles described herein, wherein:
[0007] FIG. 1 1s a bottom perspective view of an exem-
plary embodiment of a bonding washer according to the
present disclosure;

[0008] FIG. 2 1s a front elevation view of the bonding
washer of FIG. 1, illustrating one or more piercing members
extending from a surface of the bonding washer;

[0009] FIG. 3 1s a bottom plan view of the bonding washer
of FIG. 1;
[0010] FIG. 4 1s a side elevation view of the bonding

washer of FIG. 1;

[0011] FIG. 5 1s a partial cross-sectional view of the
bonding washer of FIG. 4 taken along line 5-5, illustrating
an exemplary embodiment of a piercing member used to
pierce non-conductive coatings on metal structures to estab-
lish an electrically conductive path between the bonding
washer and the metal structures:;

[0012] FIG. 6 1s a partial cross-sectional view of the
bonding washer similar to FIG. 5, illustrating another exem-
plary embodiment of a piercing member according to the
present disclosure;

[0013] FIG. 7 1s a bottom perspective view, with the parts
separated, of an exemplary embodiment of the bonding
washer of FIG. 1, illustrating a wire termination and a metal
structure having an outer surface coated with a non-conduc-
tive material;

[0014] FIG. 8 1s a bottom perspective view of the bonding
washer, wire termination and metal structure of FIG. 7, with
the wire termination and bonding washer connected to the
metal structure;

[0015] FIG. 9 1s a partial cross-sectional view of the wire
termination, bonding washer and metal structure of FIG. 8
taken along line 9-9, 1llustrating the piercing member pierc-
ing the non-conductive coating on the metal structure;

[0016] FIG. 10 1s a bottom perspective view of another
exemplary embodiment of a bonding washer according to
the present disclosure;

[0017] FIG. 11 1s a side elevation view of the bonding
washer of FIG. 10, 1llustrating one or more piercing mem-
bers extending from a first surface of the bonding washer
and one or more gripping members extending from a second
surtace of the bonding washer;

[0018] FIG. 11a 1s a bottom perspective view of another
exemplary embodiment of a bonding washer similar to FIG.
10, 1llustrating a duplex bonding washer structure that can be
folded over to form a single bonding washer with one or
more piercing members extending in a first direction and one
or more gripping members extending in a second direction;
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[0019] FIG. 115 1s a top perspective view of the bonding
washer of FIG. 1la, illustrating one side of the duplex
bonding washer structure folded over to form a single
bonding washer;

[0020] FIG. 12 1s a bottom perspective view of the bond-
ing washer of FIG. 10 and a wire termination connected to
a metal structure having an outer surface coated with a
non-conductive material;

[0021] FIG. 13 1s a partial cross-sectional view of the wire
termination, bonding washer and metal structure of FIG. 12
taken along line 13-13, 1llustrating a piercing member pierc-
ing the non-conductive coating on the metal structure and a
gripping member engaging the wire termination;

[0022] FIG. 14 1s a bottom perspective view of another
exemplary embodiment of a bonding washer according to
the present disclosure, illustrating a duplex bonding washer
structure with one or more breakaway segments;

[0023] FIG. 14a 1s a bottom perspective view of another
exemplary embodiment of a bonding washer according to
the present disclosure, illustrating a duplex bonding washer

structure with one or more breakaway segments;

[0024] FIG. 15 1s a bottom plan view of the bonding
washer of FIG. 14;

[0025] FIG. 16 1s a side elevation view of the bonding
washer of FIG. 14;

[0026] FIG. 17 1s a bottom perspective view of the bond-
ing washer of FIG. 14 and a wire termination connected to
a metal structure having an outer surface coated with a
non-conductive material;

[0027] FIG. 18 1s a bottom perspective view of another
exemplary embodiment of a bonding washer according to
the present disclosure, illustrating a duplex bonding washer
structure with one or more breakaway segments, and 1llus-
trating each bonding washer portion having one or more
piercing members extending from a first surface of the
respective bonding washer portion and one or more gripping
member extending from a second surface of the of the
respective bonding washer portion;

[0028] FIG. 19 1s a bottom perspective view of the bond-
ing washer of FIG. 18 and a wire termination connected to
a metal structure having an outer surface coated with a
non-conductive material;

[0029] FIG. 20 1s a partial cross-sectional view of the wire
termination, bonding washer and metal structure of FIG. 19
taken along line 20-20, 1llustrating a piercing member pierc-
ing the non-conductive coating on the metal structure and a
gripping member engaging the wire termination;

[0030] FIG. 21 1s a bottom perspective view of another
exemplary embodiment of a bonding washer according to

the present disclosure, illustrating one or more piercing
members extending from a surface of the bonding washer;

[0031] FIG. 22 1s a bottom perspective view of the bond-
ing washer of FIG. 21 and a wire termination connected to
a metal structure having an outer surface coated with a
non-conductive material;

[0032] FIG. 23 1s a partial cross-sectional view of the wire
termination, bonding washer and metal structure of FIG. 22
taken along line 23-23, 1llustrating a piercing member pierc-
ing the non-conductive coating on the metal structure;

[0033] FIG. 24 1s a bottom perspective view of another
exemplary embodiment of a bonding washer according to
the present disclosure, illustrating one or more piercing
members extending from a first surface of the bonding
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washer and one or more gripping members extending from
a second surface of the bonding washer;

[0034] FIG. 25 1s a bottom perspective view of the bond-
ing washer of FIG. 24 and a wire termination connected to
a metal structure having an outer surface coated with a
non-conductive material; and

[0035] FIG. 26 1s a partial cross-sectional view of the of
the wire termination, bonding washer and metal structure of
FIG. 25 taken along line 26-26, illustrating a piercing
member piercing the non-conductive coating on the metal
structure and a gripping member engaging the wire termi-
nation.

DETAILED DESCRIPTION

[0036] The present disclosure provides descriptions of
embodiments for bonding washers used to facilitate an
electrical bond between an electrically conductive element
and a metal structure that 1s coated with a non-conductive
material. The electrically conductive elements contemplated
by the present disclosure include, but are not limited to,
clements used to attach an electrical bonding conductor to a
metal structure. For example, the electrically conductive
clements include wire terminations such as lugs, ferrules,
and dead ends. For ease of description, the electrically
conductive elements may also be referred to herein as the
“wire terminations’ 1n the plural and the “wire termination™
in the singular. The metal structures contemplated by the
present disclosure include, but are not limited to, metal
housing, metal enclosures, metal racks, metal cabinets,
metal posts and fencing. For ease of description, the metal
structures may also be referred to herein as the “structures”
in the plural and the “structure” in the singular. The non-
conductive materials coated on the structures contemplated
by the present disclosure include, but are not limited to,
oxide, paint, anodization, powder coating, epoxy, and enam-
els. For ease of description, the coating of non-conductive
material may also be referred to herein as the “coatings” in
the plural and the *“coating” in the singular. This specifica-
tion and the accompanying drawings are to be regarded 1n an
illustrative sense rather than a restrictive sense. Various
modifications may be made thereto without departing from
the spirit and scope of the present disclosure.

[0037] Referring to FIGS. 1-4, an exemplary embodiment
of a bonding washer according to the present disclosure 1s
shown. In this exemplary embodiment, the bonding washer
10 1ncludes an electrically conductive body 12 having a top
surface 12a, a bottom surface 125, an aperture 14 for
receiving a mounting fastener, and one or more piercing
members 16 and one or more extending members 18. The
body 12 can be 1n any shape or size. For example, the body
12 shown in FIGS. 1-4 may be substantially planar with a
predetermined thickness “T1” which can vary for each
bonding washer 10. The predetermined thickness “T1”
depends at least 1n part on the size of the wire termination,
the coating thickness and/or the anticipated or rated current
the electrically conductive path 1s to carry. As a non-limiting
example, the thickness “T'1” may be 1n the range from about
0.125 mm to about 1.0 mm. The body 12 i1s made of a
material that provides suflicient structural rigidity to estab-
lish and maintain an electrically conductive path between a
wire termination, e.g., wire termination 100 and a structure,
e.g., structure 300 seen 1n FIG. 7. Non-limiting examples of
the body material include stainless steel or other conductive
steel, aluminum and/or aluminum alloy.
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[0038] Referring to FIGS. 5 and 6, each piercing member
16 forms a tooth like structure or what 1s sometimes called
in the industry a *“volcano.” Each piercing member 16 is
capable of cutting through or piercing non-conductive coat-
ings on the structure 300. For example, the piercing member
16 can be a raised surface 16a extending from the bottom
surface 126 of the body 12. Such raised surface 16a that
includes an aperture 165 having sharp edges surrounding the
aperture 166 enables each piercing member 16 to be capable
of cutting through or piercing non-conductive coatings on
the structure 300. Each piercing member 16 can be a unitary
circular or other shaped tooth or structure, seen for example
in FIGS. 1 and S, that 1s capable of cutting through or
piercing the non-conductive coating on the structure 300. In
another exemplary embodiment, each piercing member 16
can be a unitary circular or other shaped tooth or structure
having a serrated distal edge 17, seen 1n FIG. 6, that 1s also
capable of cutting through or piercing the non-conductive
coatings on the structure 300. The piercing members 16 can
be extruded from the body 12, or piercing members 16 can
be secured to the body 12 by for example a welded joint. In
another exemplary embodiment, the piercing members 16
are also capable of limiting and possibly preventing the wire
termination 100 and/or bonding washer 10 from rotating
relative to the structure 300 so as to ensure that the piercing
members 16 pierce or cut through the coating on the
structure 300 to establish or create a suflicient electrically
conductive path between the wire termination 100 and the
structure 300 to facilitate electrically bonding to the struc-
ture 300. For example, as the piercing member 16 pierces the
coating on the structure 300 to contact and engage the metal
surface of the structure 300, the piercing members 16
partially or entirely burrow into the metal surface of the
structure 300 causing the bonding washer 10 to be fixed to
the metal structure 300 so as to limit or possibly preventing
rotation of the bonding washer 10 relative to the metal
structure 300. In this exemplary embodiment, the one or
more piercing members 16 are disposed at each corner of the
body 12 and extend from the bottom surface 1256 of the body
12. However, the piercing members 16 may be disposed,
placed or arranged on the body 12 1n any position suitable
to pierce the coating on the structure 300, and establish and
maintain an electrically conductive path between the pierc-
ing members 16 and the metal of the structure 300. While the
above described embodiment shows more than one piercing
member 16 used to cut through or pierce the coating on the
outer surface of the structure, one skilled in the art would
readily recognize the one piercing member 16 may be
positioned to pierce the non-conductive coating 3025, seen
in FIG. 9, on the mounting portion 302.

[0039] The one or more extending members 18 extend
from one or more ends of the body 12 and are provided to
limit and possibly prevent rotation of the wire termination
100 and/or the bonding washer 10 relative to the structure
300 when securing the wire termination 100 and bonding
washer 10 to the structure 300. In the embodiment shown,
there 1s one extending member 18 extending from one end
of the body 12. However, one skilled 1n the art would readily
appreciate that a second extending member 18 may extend
from another end of the body 12. Limiting the rotation of the
wire termination 100 and/or the bonding washer 10 relative
to the structure 300 helps to ensure that the piercing mem-
bers 16 pierce or cut through the coating on the structure 300
to establish or create a sutlicient electrically conductive path
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between the wire termination 100 and the metal of the
structure 300 to facilitate electrically bonding the structure
300. In one embodiment, the extended member 18 extends
outward from the body 12 1n a direction that 1s substantially
opposite from the direction the piercing members 16 extend
from the body 12. The extended member 18 may be any
shape or size. For example, the extended member 18 may be
substantially rectangular in shape. The extended member 18
can have a height “H” seen 1n FIG. 4, which 1s the length that
extended member 18 extends away from the body 12. As a
non-limiting example, the height “H” may be equal to or
greater than the thickness “I1” of the body 12 or the
thickness of the wire termination 100. The extended member
18 can be integrally or monolithically formed to the body 12,
or the extended member 18 can be secured to the body 12 by
for example a welded joint. The extended member 18 may
include a bend 18a. As seen 1n FIG. 4, the bend angle “a”
of the bend 18a may be 1n the range of about 30 degrees and
about 90 degrees, but other bend angle may be used.

[0040] Turning to FIGS. 7-9, connecting the bonding
washer 10 of the present disclosure to a wire termination 100
and structure 300 to establish an electrically conductive path
therebetween will be described. In this exemplary embodi-
ment, the wire termination 100 1s a lug. To establish the
electrically conductive path to facilitate electrical bonding of
the structure 300, an electrical conductor 200 1s crimped or
otherwise secured to a barrel of wire termination 100 or lug
as 1s known. Examples of electrical conductors include
stranded wire, solid wire, wire braids and bus bars. The
blade portion 1006 of the Ilug 100, which includes an
aperture 100a configured to receive a mounting fastener,
e.g., nut and bolt, rivets, etc., 1s used to secure the wire
termination 100 or lug and the bonding washer 10 to the
structure 300. The conductor or wire 200 can be of different
gauges depending upon the anticipated or rated current the
electrically conductive path 1s to carry. As such, conductors
200 having a smaller gauge may permit the use of a smaller
wire termination 100, while conductors 200 having a greater

gauge may necessitate the use of a larger wire termination
100.

[0041] In this exemplary embodiment, the structure 300
includes a mounting portion 302 on which the bonding
washer 10 rests. The mounting portion 302 includes an
aperture 302a configured to receive a mounting fastener,
e.g., nut and bolt, nvets, etc., used to secure the wire
termination 100 and bonding washer 10 to the mounting
portion 302. The metal portion or the electrically conductive
portion 302¢ of the mounting portion 302 of the structure
300 1s covered by a non-conductive coating 302b.

[0042] To secure the wire termination 100, here a lug, and
the bonding washer 10 to the mounting portion 302 of the
structure 300, a bolt 406 1s passed through the aperture 3024
in the mounting portion 302, through the aperture 14 1n the
body 12 of the bonding washer 10, and through the aperture
100a 1n the Iug 100. A nut 400 1s then attached to the bolt
406 and tightened to secure the lug 100 and the bonding
washer 10 to the mounting portion 302 of the structure 300,
as shown 1n FIG. 8. In an exemplary embodiment, a first
washer 402, e.g., a flat washer, and/or a second washer 404,
e.g., a lock washer, can be placed between the nut 400 and
the lug 100 to provide a better connection between the lug
100 and the structure 300. As shown 1n FIG. 9, when the nut
400 and bolt 406 are tightened, each piercing member 16
cuts through or pierces the non-conductive coating 30256 on
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the outer surface of the mounting portion 302 so that an
electrically conductive path 1s established between the con-
ductive metal 302¢ of the mounting portion 302 of the
structure 300 and the bonding washer 10. As a result, an
electrically conductive path 1s also established between the
conductive metal 302¢ of the mounting portion 302 and the
lug 100 such that current may flow from the structure 300
through the bonding washer 10, through the lug 100 to the
conductor 200. As noted above, when tightening the nut 400
to the bolt 406, an edge of the lug 100 may contact the
extending member 18 of the bonding washer 10 which then
limits or possibly prevents the lug 100 and/or bonding
washer 10 from rotating relative to the structure 300 so as to
ensure that the piercing members 16 pierce or cut through
the coating on the structure 300 to establish or create a
suflicient electrically conductive path between the wire
termination, here the lug 100, and the structure 300. As
discussed previously, the piercing members 16 may also
limit and possibly prevent rotation of the bonding washer 10
relative to the mounting portion 302 of the structure 300.
More specifically, as the piercing members 16 cut through or
pierce the non-conductive coating 30256 on the outer surface
of the mounting portion 302, the piercing members 16
partially or entirely burrow into the conductive metal 302¢
causing the bonding washer 10 to be fixed 1n position
relative to the structure 300 so as to limit or possibly prevent
rotation of the bonding washer 10 relative to the mounting
portion 302.

[0043] Referring to FIGS. 10 and 11, another exemplary
embodiment of a bonding washer according to the present
disclosure 1s shown. In this exemplary embodiment, the
bonding washer 20 1s substantially the same as the bonding
washer 10 described above, except that gripping members
22 are added to the top surface 12a of the body 12 as
described below. More specifically, the body portion 12
includes one or more gripping members 22 extending from
the top surface 12a. Each gripping member 22 1s capable of
cutting into or burrowing into the wire termination 100 to
limit or possibly prevent the wire termination and/or the
bonding washer 20 from rotating relative to the structure 300
so as to ensure that the piercing members 16 pierce or cut
through the coating on the structure 300 to establish or create
a suflicient electrically conductive path between the wire
termination 100 and the structure 300 to facilitate electrical
bonding of the structure 300. Each gripping member 22 may
also pierce through any non-conductive coatings on the wire
termination 100 similar to how the piercing members 16
pierce through the non-conductive coatings on the structure
300. Each gripping member 22 can be a unitary circular or
other shaped tooth or structure, seen for example in FIGS. 10
and 13, that 1s capable of cutting into or burrowing into the
wire termination 100, and cutting through or piercing the
non-conductive coating, similar to the non-conductive coat-
ing 3025 shown in FIG. 13, on the wire termination 100. In
another exemplary embodiment, each gripping member 22
can be a unitary circular or other shaped tooth or structure
having a serrated distal edge, similar to the distal edge 17
seen 1 FIG. 6, that i1s also capable of cutting into or
burrowing into the wire termination 100 and cutting through
or piercing the non-conductive coating on the wire termi-
nation 100. The gripping members 22 can be extruded from
the body 12, or the gripping members 22 can be secured to
the body 12 by for example a welded joint. It 1s noted that
in the embodiment shown, the apertures 165 of the piercing
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members 16 are aligned with respective apertures 225 of the
gripping members 22. One skilled in the art would readily
appreciate that the apertures 165 of the piercing members 16
may not be aligned with the apertures 226 of the gripping
members 22. In the exemplary embodiment shown, the
gripping members 22 are disposed at each corer of the top
surtace 12a of the body 12. However, the gripping members
22 may be disposed, placed or arranged on the body 12 1n
any position suitable to burrow into the wire termination 100
or lug, and limit and possibly prevent rotational movement
of the wire termination 100 and/or bonding washer 20
relative to the structure 300.

[0044] Referring to FIGS. 11a and 115, another exemplary

embodiment of a bonding washer that 1s similar to the
embodiment of FIGS. 10 and 11 1s shown. In this exemplary
embodiment, the bonding washer 20 1s substantially the
same as the bonding washer 10 described above, except that
gripping members 22 are added to a second body 13 that 1s
joined to the body 12 via a foldable joint 19. More specifi-
cally, the second body portion 13 includes one or more
gripping members 22 extending from the bottom surface

135. When the second body 13 1s folded relative to the body

12, as shown by the arrow in FIG. 115, the one or more
gripping members 22 face 1n a direction opposite the direc-
tion the piercing members 16 face. Each gripping member
22 1s capable of cutting into or burrowing into the wire
termination 100 to limit or possibly prevent the wire termi-
nation and/or the bonding washer 20 from rotating relative
to the structure 300 so as to ensure that the piercing members
16 extending from the bottom surface 126 of the body 12
pierce or cut through the coating on the structure 300 to
establish or create a suflicient electrically conductive path
between the wire termination 100 and the structure 300 to
facilitate electrical bonding of the structure 300. Each grip-
ping member 22 may also pierce through any non-conduc-
tive coatings on the wire termination 100 similar to how the
piercing members 16 pierce through the non-conductive
coatings on the structure 300. Each gripping member 22 can
be a unitary circular or other shaped tooth or structure, seen
for example i FIG. 11a, that 1s capable of cutting into or
burrowing into the wire termination 100, and cutting
through or piercing the non-conductive coating, similar to
the non-conductive coating 30256 shown 1n FIG. 13, on the
wire termination 100. In another exemplary embodiment,
cach gripping member 22 can be a unitary circular or other
shaped tooth or structure having a serrated distal edge,
similar to the distal edge 17 seen 1n FIG. 6, that 1s also
capable of cutting into or burrowing into the wire termina-
tion 100 and cutting through or piercing the non-conductive
coating on the wire termination 100. The gripping members
22 can be extruded from the body 12, or the gripping
members 22 can be secured to the body 12 by for example
a welded joint. It 1s noted that 1n the embodiment shown, the
apertures 165 of the piercing members 16 are aligned with
respective apertures 225 of the gripping members 22. One
skilled 1n the art would readily appreciate that the apertures
165 of the piercing members 16 may not be aligned with the
apertures 225 of the gripping members 22. In the exemplary
embodiment shown, the gripping members 22 are disposed
at each cormner of the top surface 12a of the body 12.
However, the gripping members 22 may be disposed, placed
or arranged on the body 12 1n any position suitable to burrow
into the wire termination 100 or lug, and limit and possibly
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prevent rotational movement of the wire termination 100
and/or bonding washer 20 relative to the structure 300.

[0045] Referring to FIGS. 12 and 13, connecting the
bonding washer 20 of the present disclosure to a wire
termination 100 and structure 300 to establish an electrically
conductive path therebetween 1s similar to that described
above for bonding washer 10 and for ease of description 1s
not repeated. However, in this exemplary embodiment,
when the nut 400 and bolt 406 are tightened, each gripping
member 22 cuts 1into or burrows into the blade portion 1005
of the wire termination 100 or lug to limit or possibly
prevent the wire termination 100, and/or the bonding washer
20 from rotating relative to the structure 300 so as to ensure
that the piercing members 16 pierce or cut through the
coating 3026 on the mounting portion 302 of the structure
300 to establish or create a suflicient electrically conductive
path between the wire termination 100 and the metal of the

structure 300 to facilitate electrical bonding of the structure
300.

[0046] Referring now to FIGS. 14 and 144-17, additional
exemplary embodiment of a bonding washer according to
the present disclosure 1s shown. In the exemplary embodi-
ment of FIGS. 14-17, the bonding washer 1s a duplex
bonding washer 30. The bonding washer 30 includes an
electrically conductive body 32 formed of a first body
portion 34 and a second body portion 36 that are joined by
one or more breakaway segments 38. The first body portion
34 has a top surface 34a, a bottom surface 345, an aperture
40 for receiving a mounting fastener, e€.g., a nut and bolt, and
one or more piercing members 42 extending from one of the
surfaces of the first body portion 34, e.g., the bottom surface
34b. The second body portion 36 has a top surface 36a, a
bottom surface 365, an aperture 44 for receiving a mounting,
fastener, e.g., a nut and bolt, one or more piercing members
46 extending from one of the surfaces of the second body
portion 36, e.g., the bottom surtace 365, and one or more
extended members 48 having a bend 48a. The extended
members 48 are substantially similar to the extended mem-
bers 18 described above and for ease of description are not
repeated. In the exemplary embodiment of FIG. 14qa, the
bonding washer 30 1s also a duplex bonding washer which
1s similar to the bonding washer of FIGS. 14-17 except that
the aperture 40 1s removed from the first body portion 34 so
that the first body portion 34 has a top surface 344, a bottom
surface 34b, and one or more piercing members 42 extend-
ing from one of the surfaces of the first body portion 34, e.g.,
the bottom surface 34bH. The second body portion 36 1s
substantially similar to the second body portion of FIGS.
14-17 and for ease of description 1s not repeated. The
extended members 48 are substantially similar to the
extended members 18 described above and for ease of
description are not repeated.

[0047] The body 32 can be in any shape or size. For
example, the body 32 may be substantially planar with a
predefined thickness similar to thickness “T1” described
above, which can vary for each bonding washer 30. The
body 32 1s made of a material that provides suflicient
structural nigidity to establish and maintain an electrically
conductive path between a wire termination, €.g., wire
termination 100, and a structure, e.g., structure 300 seen in
FIG. 17. Non-limiting examples of the body material include
stainless steel or other conductive steel, aluminum and/or
aluminum alloy. As noted above, the one or more breakaway
segments 38 join the first body portion 34 to the second body
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portion 36. The one or more breakaway segments 38 permit
the body 32 to be modified from a duplex bonding washer
to a single bonding washer by articulating, bending or
cutting the body portions until the first body portion 34
breaks away from the second body portion 36.

[0048] FEach piercing member 42 extending from the first
body portion 34 of the bonding washer 30 and each piercing
member 46 extending from the second body portion 36 of
the bonding washer 30 forms a tooth-like structure or what
1s sometimes called in the industry a “volcano.” Each
piercing member 42 and 46 1s capable of cutting through or
piercing non-conductive coatings 3025 on the structure 300.
For example, each piercing member 42 and 46 can be a
raised surface 42a or 46a extending from the respective
bottom surface 346 or 365 of the respective body portions 34
or 36. Such raised surface 42a or 46a includes an aperture
42b6 or 46b having sharp edges surrounding the aperture 425
or 460 that enables each piercing member 42 or 46 to be
capable of cutting through or piercing non-conductive coat-
ings 30256 on the structure 300. Each piercing member 42 or
46 can be a umitary circular or other shaped tooth or
structure, similar to the piercing member 16 seen 1n FIGS.
14 and 16, that 1s capable of cutting through or piercing the
non-conductive coating on the structure. In another exem-
plary embodiment, each piercing member 42 and 46 can be
a unitary circular or other shaped tooth or structure having
a serrated distal edge, which 1s similar to the distal edge 17
seen 1 FIG. 6, that 1s also capable of cutting through or
piercing the non-conductive coatings 30256 on the structure
300. The piercing members 42 and 46 can be extruded from
the body 32, or the piercing members 42 and 46 can be
secured to the respective body portions 34 and 36 by for
example a welded joint. In another exemplary embodiment,
the piercing members 42 and 46 are also capable of limiting
and possibly preventing the wire termination 100 and/or
bonding washer 30 from rotating relative to the structure so
as to ensure that the piercing members 42 and 46 pierce or
cut through the coating on the structure 300 to establish or
create a suflicient electrically conductive path between the
wire termination 100 and the metal of the structure 300. For
example, as the electrical bonding members 42 and 46 pierce
the coating on the structure 300 to contact and engage the
metal surface 302¢ of the structure 300, the piercing mem-
bers 42 and 46 partially or entirely burrow into the metal
surface 302¢ of the structure 300 causing the bonding
washer 30 to be fixed 1n position relative to the structure 300
so as to limit or possibly preventing rotation of the bonding
washer 30 relative to the structure 300. While the above
described embodiment shows more than one piercing mem-
ber 42 extending from the first body portion 34 and more
than one piercing member 46 extending from the second
body portion 36, one skilled in the art would readily recog-
nize the one piercing member 42 may be positioned on the
first body portion 34 and one piercing member 46 may be
positioned on the second body portion 36 to pierce the
non-conductive coating 3025 on the mounting portion 302.

[0049] In this exemplary embodiment, the one or more
piercing members 42 extend from the bottom surface 34b of
the first body portion 34 and are disposed at each corner of
the first body portion 34 as shown. However, the piercing
members 42 may be disposed, placed or arranged on the first
body portion 34 1n any position suitable to pierce the coating
on the structure 300, and establish and maintain an electri-
cally conductive path between the piercing members 42 and
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the structure 300. Similarly, the one or more piercing mem-
bers 46 extend from the bottom surface 365 of the second
body portion 36 and are disposed at each corner of the
second body portion 36 as shown. However, the piercing
members 46 may be disposed, placed or arranged on the
second body portion 36 1n any position suitable to pierce the
coating on the structure, e.g., structure 300, and establish
and maintain an electrically conductive path between the
piercing members 46 and the structure 300.

[0050] Referring to FIG. 17, connecting the bonding
washer 30 of the present disclosure to a wire termination 100
and structure 300 to establish an electrically conductive path
therebetween will be described. In this exemplary embodi-
ment, the wire termination 100 1s a lug. To establish the
electrically conductive path to facilitate electrical bonding of
the structure 300, an electrical conductor 200 1s crimped or
otherwise secured to a barrel of the lug 100 as 1s known. The
blade portion 1006 of the lug 100, which includes two
apertures that are similar to aperture 100a seen 1n FIG. 7, can
receive mounting fasteners, e.g., nuts and bolts, rivets, etc.,
used to secure the lug 100 and the bonding washer 30 to the
structure 300. The conductor or wire 200 can be of ditlerent
gauges depending upon the anticipated or rated current the
electrically conductive path 1s to carry. As such, conductors
200 having a smaller gauge may permit the use of a smaller
lug 100, while conductors 200 having a greater gauge may
necessitate the use of a larger lug 100. In this exemplary
embodiment, the structure 300 includes a mounting portion
302 on which the bonding washer 30 rests. The mounting
portion 302 includes two apertures that are similar to aper-
ture 302a seen 1n FIG. 7, configured to receive the mounting
tasteners used to secure the lug 100 and bonding washer 30
to the mounting portion 302. As described herein, the metal
portion or the electrically conductive portion 302¢, seen in
FIG. 9, of the mounting portion 302 1s covered by a coating

3025.

[0051] To secure the wire termination 100, here a lug, and
the bonding washer 30 to the mounting portion 302 of the
structure 300, the bolts 406 are passed through respective
apertures 302a, seen in FIG. 7, 1n the mounting portion 302,
through the respective apertures 40 and 44, seen 1n FI1G. 14,
in the body 32 of the bonding washer 30, and through the
respective aperture 100q 1n the lug 100. The nut 400 1s then
attached to the respective bolt 406 and tightened to secure
the lug 100 and the bonding washer 30 to the mounting
portion 302 of the structure 300, as shown i1n FIG. 17. In an
exemplary embodiment, first washers 402, e.g., flat washers,
and/or second washers 404, e.g., lock washers, can be placed
between the nuts 400 and the lug 100 to provide a better
connection between the lug 100 and the structure 300.
Similar to that shown 1n FIG. 9, when the nuts 400 and bolts
406 are tightened, each piercing member 42 and 46 cuts
through or pierces the non-conductive coating 3026 on the
outer surface of the mounting portion 302 so that an elec-
trically conductive path 1s established between the conduc-
tive metal 302¢ of the mounting portion 302 and the bonding
washer 30. As a result, an electrically conductive path 1s also
established between the conductive metal 302¢ of the of the
structure 300 and the lug 100 such that current may flow
from the structure 300 through the bonding washer 30,
through the lug 100 to the conductor 200.

[0052] In addition, when tightening the nuts 400 to the
bolts 406, an edge of the lug 100 may contact the extending
member 48, as shown 1n FIG. 16 of the bonding washer 30
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which then limits or possibly prevents the lug 100 and/or
bonding washer 30 from rotating relative to the structure 300
so as to ensure that the piercing members 42 and 46 pierce
or cut through the coating on the structure 300 to establish
or create a suflicient electrically conductive path between
the wire termination, here the lug 100, and the structure 300
to facilitate electrical bonding of the structure 300. As
discussed previously, the piercing members 42 and 46 may
also limit and possibly prevent rotation of the bonding
washer 30 relative to the mounting portion 302 of the
structure 300. More specifically, as the piercing members 42
and 46 cut through or pierce the non-conductive coating
30256 on the outer surface of the mounting portion 302, the
piercing members 42 and 46 partially or entirely burrow 1nto
the conductive metal 302¢ causing the bonding washer 30 to
be fixed 1n position relative to the structure 300 so as to limit
or possibly prevent rotation of the bonding washer 30
relative to the mounting portion 302 of the structure 300.

[0053] Referring now to FIGS. 18-20, another exemplary
embodiment of a bonding washer according to the present
disclosure 1s shown. In this exemplary embodiment, the
bonding washer 40 1s substantially the same as the bonding
washer 30 described above, except that the one or more
breakaway segments differ, and gripping members are added
to the top surface of the first and second body portions as
described below. In this exemplary embodiment, the one or
more breakaway segments 38 includes a groove 39 extend-
ing along the body 32 between the first body portion 34 and
the second body portion 36 that can be repeatedly articulated
or bent to break the first body portion 34 away from the
second body portion 36.

[0054] Continuing to refer to FIGS. 18-20, the first body

portion 34 also includes one or more gripping members 47
extending from the top surface 34a. Similarly, the second
body portion 36 includes one or more gripping members 49
extending from the top surface 36a. Each gripping member
47 and 49 1s capable of cutting into or burrowing into the
wire termination 100 to limit or possibly prevent the wire
termination 100 and/or the bonding washer 30 from rotating
relative to the structure 300 so as to ensure that the piercing
members 42 and 46 pierce or cut through the coating on the
structure to establish or create a suflicient electrically con-
ductive path between the wire termination and the structure
to facilitate electrically bonding the structure. Each gripping
member 47 and 49 may also pierce through any non-
conductive coatings on the wire termination similar to how
the piercing members 42 and 46 pierce through the non-
conductive coatings on the structure. Each gripping member
47 and 49 can be a unitary circular or other shaped tooth or
structure, seen for example i FIGS. 18 and 20, that 1s
capable of capable of cutting into or burrowing into the wire
termination 100, and cutting through or piercing the non-
conductive coating on the wire termination 100. In another
exemplary embodiment, each gripping member 47 and 49
can be a unitary circular or other shaped tooth or structure
having a serrated distal edge, similar to the distal edge 17
seen 1n FIG. 6, that 1s also capable of cutting into or
burrowing into the wire termination 100 and cutting through
or piercing the non-conductive coating on the wire termi-
nation 100. The gripping members 47 and 49 can be
extruded from the body 32, or the gripping members 47 and
49 can be secured to the respective body portion 34 or 36 by
for example a welded joint. In the exemplary embodiment
shown, the gripping members 47 and 49 are disposed at each
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corner of the top surface 34a or 36a of the respective body
portions 34 and 36. However, the gripping members 47 and
49 may be disposed, placed or arranged on the respective
body portions 34 or 36 1n any position suitable to burrow
into the wire termination 100, e.g., lug, and limit and
possibly prevent rotational movement of the wire termina-

tion 100 and/or bonding washer 40 relative to the structure
300.

[0055] It 1s noted that in the embodiment shown, the
apertures 4256 of the piercing members 42 are aligned with
respective apertures 475 of the gripping members 47. How-
ever, one skilled in the art would readily appreciate that the
apertures 42b of the piercing members 42 may not be
aligned with the apertures 475 of the gripping members 47.
Each gripping member 47 can be a unitary circular or other
shaped tooth 47 or component having a serrated distal edge
similar to the serrated edge 17 seen 1n FIG. 6. Similarly, the
apertures 465 of the piercing members 46 are aligned with
respective apertures 496 of the gripping members 49. Each
gripping member 49 can be a unitary circular or other shaped
tooth 49 or component having a serrated distal edge similar
to the serrated edge 17 seen in FIG. 6. However, one skilled
in the art would readily appreciate that the apertures 4656 of
the piercing members 46 may not be aligned with the
apertures 4956 of the gripping members 49.

[0056] Referring to FIGS. 19 and 20, connecting the
bonding washer 40 of the present disclosure to a wire
termination 100 and structure 300 to establish an electrically
conductive path therebetween 1s similar to that described
above for bonding washer 30 and for ease of description 1s
not repeated. However, i this exemplary embodiment,
when the nut 400 and bolt 406 are tightened, each gripping
member 47 and 49 cuts ito or burrows into the blade
portion 10056 of the wire termination 100 to limit or possibly
prevent the wire termination 100, e.g., the lug, and/or the
bonding washer 40 from rotating relative to the structure 300
so as to ensure that the piercing members 42 and 46 pierce
or cut through the coating 3025 on the mounting portion 302
of the structure 300 to establish or create a suilicient
electrically conductive path between the wire termination
100 and the structure 300 to facilitate electrically bonding
the structure.

[0057] Turning now to FIGS. 21-23, another exemplary
embodiment of a bonding washer according to the present
disclosure 1s shown. In this exemplary embodiment, the
bonding washer 50 1s configured and dimensioned to work
with smaller wire terminations 100, e.g., smaller lugs. The
bonding washer 50 includes an electrically conductive body
52 having a top surface 52a, a bottom surface 52b, an
aperture 54 for receiving a mounting fastener, one or more
piercing members 56 and an extended member 58 having a
bend 58a. The body 52 can be in any shape or size. For
example, the body 52 shown 1n FIG. 21 may be substantially
planar with a predetermined thickness ““12.” The predeter-
mined thickness “T2” depends at least 1n part on the size of
the wire termination 100 and/or the anticipated or rated
current the electrically conductive path 1s to carry. As a
non-limiting example, the thickness “T2” may be in the
range from about 0.125 mm to about 1.0 mm. In an
exemplary embodiment, the predetermined thickness “12”
of the bonding washer 50 may be less than the thickness
“T1” of the bonding washer 10 described above. For
example, the predetermined thickness “T2” may be less than
half the predetermined thickness “T1.”
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[0058] Fach piercing member 56 forms a tooth-like struc-
ture or what 1s sometimes called 1n the industry a “volcano.”
Each piercing member 56 1s capable of cutting through or
piercing non-conductive coatings 3025 on the structure 300.
For example, the piercing member 56 can be a raised surface
56a extending from the bottom surface 525 of the body 52.
Such raised surface 56a includes an aperture 5656 having
sharp edges surrounding the aperture 565 that enables each
piercing member 56 to be capable of cutting through or
piercing non-conductive coatings 3025 on the structure 300.
Each piercing member 56 can be a unitary circular or other
shaped tooth or structure, seen for example 1n FIGS. 21 and
23, that 1s capable of cutting through or piercing the non-
conductive coating on the structure. In another exemplary
embodiment, each piercing member 56 can be a unitary
circular or other shaped tooth or structure having a serrated
distal edge similar to distal edge 17, seen 1n FIG. 6, that 1s
also capable of cutting through or piercing the non-conduc-
tive coatings 30256 on the structure 300. The piercing mem-
bers 56 can be extruded from the body 52, or the piercing
members 56 can be secured to the body 52 by for example
a welded joint. In another exemplary embodiment, the
piercing members 56 are also capable of limiting and
possibly preventing the wire termination 100 and/or bonding
washer 50 from rotating relative to the structure 300 so as to
ensure that the piercing members 56 pierce or cut through
the coating on the structure to establish or create a suflicient
clectrically conductive path between the wire termination
100 and the metal of the structure 300. For example, as the
piercing members 56 pierce the coating on the structure to
contact and engage the metal surface of the structure 300,
the piercing members 56 partially or entirely burrow into the
metal surface of the structure 300 causing the bonding
washer 50 to be fixed 1n position relative to the structure 300
so as to limit or possibly preventing rotation of the bonding
washer 50 relative to the structure 300. In this exemplary
embodiment, the one or more piercing members 56 are
disposed around the aperture 54 and extend from the bottom
surtace 5256 of the body 52. However, the piercing members
56 may be disposed, placed or arranged on the body 52 1n
any position suitable to pierce the coating on the structure,
e.g., structure 300, and establish and maintain an electrically
conductive path between the piercing members 56 and the
structure 300.

[0059] In addition, with the predetermined thickness “T2”
of the body 52 being thinner than the predetermined thick-
ness “T1” of for example body 12 of bonding washer 10, 1t
may be advantageous to include a greater number of pierc-
ing members 56 on the body 52. Having a greater number of
piercing members 56 ensures the bonding washer 50 estab-
lished a suflicient number of electrically conductive paths
between the bonding washer 50 and the structure 300 1n the
event the thinner body 52 slightly flexes by the force applied
by the mounting fastener when securing the wire termination
and bonding washer 50 to the structure 300. In other words,
when the wire termination 100 and bonding washer 50 are
secured to the structure 300, the force applied by the
mounting fastener and wire termination 100 to the bonding
washer 50 1s more evenly distributed to the larger number of
piercing members 56 creating a suilicient number of elec-
trically conductive paths between the bonding washer 50
and the structure, e.g., structure 300.

[0060] The extending member 58 extends from at least
one end of the body 52 and 1s provided to limit and possibly
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prevent rotation of the wire termination 100, e.g., lug seen
in FIG. 22, and/or the bonding washer 50 relative to the
structure 300 when securing the wire termination 100 and
bonding washer 50 to the structure 300. Limiting the rotation
of the wire termination and/or the bonding washer 50
relative to the structure 300 helps to ensure that the piercing
members 56 pierce or cut through the coating on the
structure 300 to establish or create a suflicient electrically
conductive path between the wire termination 100 and the
structure to electrically bond the structure 300. In one
embodiment, the extended member 18 extends outward
from the body 52 1n a direction that 1s substantially opposite
from the direction the piercing members 56 extend from the
body 52. The extended member 58 may be any shape or size.
For example, the extended member 18 may be substantially
rectangular 1n shape. The extended member 38 can have a
height “H” seen 1n FIG. 21, which 1s the length that extended
member 38 extends away from the body 52. As a non-
limiting example, the height “H” may be equal to or greater
than the thickness “12” of the body 52. The extended
member 58 can be integrally or monolithically formed to the
body 52, or the extended member 58 can be secured to the
body 52 by for example a welded joint. The extended
member 58 may include a bend 58a. As seen in FIG. 21, the
bend angle “o” of the bend 58a may be 1n the range of about
30 degrees and about 90 degrees, but other bend angle may
be used.

[0061] Referring to FIGS. 22 and 23, connecting the
bonding washer 50 of the present disclosure to a wire
termination 100 and structure 300 to establish an electrically
conductive path therebetween will be described. In this
exemplary embodiment, the wire termination 100 1s a lug.
To establish the electrically conductive path to facilitate
electrically bonding of the structure 300, an electrical con-
ductor 200 1s crimped or otherwise secured to a barrel of the
lug 100 as 1s known. The blade portion 1005 of the lug 100,
which 1ncludes an aperture 100a configured to receive a
mounting fastener, e.g., nut and bolt, rivets, etc., used to
secure the lug 100 and the bonding washer 50 to the
structure 300. As noted, the conductor or wire 200 can be of
different gauges depending upon the anticipated or rated
current the electrically conductive path 1s to carry. As such,
conductors 200 having a smaller gauge may permit the use
of a smaller lug 100, while conductors 200 having a greater
gauge may necessitate the use of a larger lug 100. In this
exemplary embodiment, the structure 300 includes a mount-
ing portion 302 on which the bonding washer 50 rests. The
mounting portion 302 includes an aperture 302a to receive
a mounting fastener, e.g., nut and bolt, nvets, etc., used to
secure the lug 100 and bonding washer 50 to the mounting
portion 302. The metal portion or the electrically conductive
portion 302¢ of the mounting portion 302 of the structure
300 1s covered by a non-conductive coating 3025b.

[0062] 'To secure the lug 100 and the bonding washer 50
to the mounting portion 302 of the structure 300, a bolt 406
1s passed through the aperture 302a 1n the mounting portion
302, through the aperture 54 in the body 52 of the bonding
washer 50, and through the aperture 100a 1n the lug 100. A
nut 400 1s then attached to the bolt 406 and tightened to
secure the lug 100 and the bonding washer 50 to the
mounting portion 302 of the structure 300, as shown 1n FIG.
22. In an exemplary embodiment, a first washer 402, e.g., a
flat washer, and/or a second washer 404, e.g., a lock washer,
can be placed between the nut 400 and the lug 100 to provide
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a better connection between the lug 100 and the structure
300. As shown 1n FIG. 23, when the nut 400 and bolt 406 are
tightened, each piercing member 56 cuts through or pierces
the non-conductive coating 3026 on the outer surface of the
mounting portion 302 so that an electrically conductive path
1s established between the conductive metal 302¢ of the
mounting portion 302 of the structure 300 and the bonding
washer 50. As a result, an electrically conductive path 1s also
established between the conductive metal 302¢ of the
mounting portion 302 and the lug 100 such that current may
flow from the structure 300 through the bonding washer 50,
through the lug 100 to the conductor 200.

[0063] As noted above, when tightening the nut 400 to the
bolt 406, an edge of the lug 100 may contact the extending
member 58 of the bonding washer 50 which then limits or
possibly prevents the lug 100 and/or bonding washer 50
from rotating relative to the structure 300 so as to ensure that
the piercing members 56 pierce or cut through the coating
3025 on the structure 300 to establish or create a suilicient
clectrically conductive path between the wire termination
100, here the lug, and the structure 300. As discussed
previously, the piercing members 56 may also limit and
possibly prevent rotation of the bonding washer 50 relative
to the mounting portion 302 of the structure 300. More
specifically, as the piercing members 56 cut through or
pierce the non-conductive coating 30256 on the outer surface
of the mounting portion 302, the piercing members 56
partially or entirely burrow into the conductive metal 302¢
causing the bonding washer 50 to be fixed 1n position
relative to the structure 300 so as to limit or possibly prevent
rotation of the bonding washer 50 relative to the mounting
portion 302 of the structure 300.

[0064] Referring now to FIGS. 24-26, another exemplary
embodiment of a bonding washer according to the present
disclosure 1s shown. In this exemplary embodiment, the
bonding washer 60 1s substantially the same as the bonding
washer 50 described above, except that gripping members
are added to the top surface 52a of the body 52 as described
below. More specifically, the body portion 52 includes one
or more gripping members 57 extending from the top
surtace 52a. Each gripping member 57 1s capable of cutting
into or burrowing into the wire termination 100 to limit or
possibly prevent the wire termination 100 and/or the bond-
ing washer 60 from rotating relative to the structure 300 so
as to ensure that the piercing members 56 pierce or cut
through the coating on the structure 300 to establish or create
a suilicient electrically conductive path between the wire
termination 100 and the structure 300 to facilitate electri-
cally bonding the structure 300. Each gripping member 57
may also pierce through any non-conductive coatings on the
wire termination 100 similar to how the piercing members
56 pierce through the non-conductive coatings 30256 on the
structure 300. Each gripping member 57 can be a unitary
circular or other shaped tooth or structure, seen for example
in FIGS. 24 and 26, that 1s capable of capable of cutting into
or burrowing into the wire termination 100, and cutting
through or piercing the non-conductive coating on the wire
termination 100. In another exemplary embodiment, each
gripping member 57 can be a unitary circular or other shaped
tooth 57a or structure having a serrated distal edge, similar
to the distal edge 17 seen 1n FIG. 6, that 1s also capable of
capable of cutting into or burrowing into the wire termina-
tion 100 and cutting through or piercing the non-conductive
coating on the wire termination 100. The gripping members
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57 can be extruded from the body 52, or the gripping
members 57 can be secured to the body 52 by for example
a welded joint. It 1s noted that in the embodiment shown, the
apertures 565 of the piercing members 56 are aligned with
respective apertures 375 of the gripping members 57. How-
ever, one skilled in the art would readily appreciate that the
apertures 5606 of the piercing members 56 may not be
aligned with the apertures 575 of the gripping members 57.
In the exemplary embodiment shown, the gripping members
57 are disposed around the aperture 54 in the body 52.
However, the gripping members 57 may be disposed, placed
or arranged on the body 52 1n any position suitable to burrow
into the wire termination 100, e.g., lug and limit and possibly
prevent rotational movement of the wire termination 100
and/or bonding washer 60 relative to the structure.

[0065] Referring to FIGS. 25 and 26, connecting the
bonding washer 60 of the present disclosure to a wire
termination 100 and structure 300 to establish an electrically
conductive path therebetween 1s similar to that described
above for bonding washer 50 and for ease of description 1s
not repeated. However, i this exemplary embodiment,
when the nut 400 and bolt 406 are tightened, each gripping
member 57 cuts mto or burrows into the blade portion 1005
of the lug 100 to limit or possibly prevent the wire termi-
nation, e.g., the lug 100, and/or the bonding washer 60 from
rotating relative to the structure 300 so as to ensure that the
piercing members 56 pierce or cut through the coating 3025
on the mounting portion 302 of the structure 300 to establish
or create a suflicient electrically conductive path between
the wire termination 100 and the structure 300 to facilitate
electrically bonding the structure 300.

[0066] While illustrative embodiments of the present dis-
closure have been described and 1llustrated above, 1t should
be understood that these are exemplary of the disclosure and
are not to be considered as limiting. Additions, deletions,
substitutions, and other modifications can be made without
departing from the spirit or scope of the present disclosure.
Accordingly, the present disclosure 1s not to be considered
as limited by the foregoing description.

What i1s claimed 1s:

1. A bonding washer comprising:

an electrically conductive body having a top surface, a

bottom surface, and a fastener receiving member for
receiving a mounting fastener;

at least one electrically conductive piercing member inte-

gral with the body and extending from the bottom
surface of the body; and

at least one extended member extending from the body in

a direction opposite the at least one piercing member.

2. The bonding washer according to claim 1, wherein the
body 1s substantially planar.

3. The bonding washer according to claim 1, wherein the
at least one extended member extends from one end of the
electrically conductive body.

4. The bonding washer according to claim 1, wherein the
at least one extended member comprises two extended
members, and wherein one extended member extends from
one end of the electrically conductive body and the other
extended member extends from another end of the electri-
cally conductive body.

5. The bonding washer according to claim 1, wherein the
at least one extended member prevents rotation of a wire
termination relative to a structure when securing the bonding
washer to the structure.
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6. The bonding washer according to claim 1, wherein the
at least one piercing member comprises a single tooth.

7. The bonding washer according to claim 1, wherein the
at least one piercing member comprises a single tooth
having a serrated distal end.

8. The bonding washer according to claim 1, wherein the
fastener receiving member comprises an aperture.

9. A bonding washer comprising:

an electrically conductive body having a top surface and

a bottom surface;

a plurality of electrically conductive piercing members

extending from the bottom surface of the body;

a plurality of gripping members extending from the top

surface of the body; and

at least one extended member extending from the elec-

trically conductive body in a direction opposite the
piercing members.

10. The bonding washer according to claim 9, wherein the
clectrically conductive body 1s substantially planar.

11. The bonding washer according to claim 9, wherein the
at least one extended member extends from one end of the
electrically conductive body.

12. The bonding washer according to claim 9, wherein the
at least one extended member comprises two extended
members, and wherein one extended member extends from
one end of the electrically conductive body and the other
extended member extends from another end of the electri-
cally conductive body.

13. The bonding washer according to claim 9, wherein the
extended member prevents rotation of a wire termination
relative to a structure when securing the bonding washer to
the structure.

14. The bonding washer according to claim 9, wherein
cach of the plurality of piercing members comprises a single
tooth.

15. The bonding washer according to claim 9, wherein
cach of the plurality of piercing members comprises a single
tooth having a serrated distal end.

16. The bonding washer according to claim 9, further
comprising a fastener receiving member for receiving a
mounting fastener.

17. A bonding washer comprising:

an electrically conductive body having a top surface, a

bottom surface, an aperture for receiving a mounting
fastener, and a plurality of piercing members extending
from the bottom surface of the body; and

at least one extended member extending from the elec-

trically conductive body in a direction opposite the
piercing members.

18. The bonding washer according to claim 17, wherein
the electrically conductive body 1s substantially planar.

19. The bonding washer according to claim 17, wherein
the at least one extended member extends from one end of
the electrically conductive body.

20. The bonding washer according to claim 17, wherein
the at least one extended member comprises two extended
members, and wherein one extended member extends from
one end of the electrically conductive body and the other
extended member extends from another end of the electri-
cally conductive body.

21. The bonding washer according to claim 17, wherein
the extended member prevents rotation of a wire termination
relative to a structure when securing the bonding washer to
the structure.
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22. The bonding washer according to claim 17, wherein
each of the plurality of piercing members comprises a single
tooth.

23. The bonding washer according to claim 17, wherein
cach of the plurality of piercing member comprises a single
tooth having a serrated distal end.
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