(19) United States

12 Reissued Patent
Wilson et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOOREA48245E

US REA48,245 E
Oct. 6, 2020

(54)

(71)
(72)

(73)

(21)
(22)

MOBILE UVA CURING SYSTEM AND
METHOD FOR COLLISION AND COSMETIC
REPAIR OF VEHICLES

Applicant: SPDI, INC., Delray Beach, FL (US)

Inventors: John Wilson, Boynton Beach, FLL (US);
Robert Schenk, Lakeworth, FLL (US)

Assignee: SPDI, Inc., Delray Beach, FLL (US)

Appl. No.: 15/663,478

Filed: Aug. 15, 2017

Related U.S. Patent Documents

Reissue of:

(64)

Patent No.:

Issued:
Appl. No.:

Filed:

9,099,213
Aug. 4, 2015
14/152,891

Jan. 10, 2014

U.S. Applications:

(63)

(60)

(1)

(52)

(58)

Continuation-in-part of application No. 13/973,841,
filed on Aug. 22, 2013, now Pat. No. 9,035,271.

Provisional application No. 61/771,168, filed on Mar.
1, 2013.

Int. CL

G21K 5/00 (2006.01)

BOSD 3/06 (2006.01)

BO5D 5/00 (2006.01)

U.S. CL

CPC oo, G2IK 5/00 (2013.01); BO5D 3/067

(2013.01); BO5SD 5/005 (2013.01)

Field of Classification Search
CPC . G21K 5/10; G21K 5/00; BOSD 3/067; BO5D
5/005

USPC ........ 250/492.1, 372, 455.11, 461.1, 504 R,
250/504 H, 493.1

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4,019,062 A * 4/1977 Rongren .................... 250/492.1

4,864,145 A * 9/1989 Burgio, Jr. ................ 250/492.1

5,591,460 A * 1/1997 Wanstrath et al. ............. 425/12

6,468,350 B1* 10/2002 Hillenbrand .............. B05C 9/14

118/207

6,538,258 B1* 3/2003 Rauetal. ... 250/504 R
(Continued)

OTHER PUBLICATTIONS

ISA EPO, International Preliminary report on Patentability for
International Application No. PCT/US2014/019387, dated Sep. 1,

2015.

Primary Examiner — Albert ] Gagliardi

(74) Attorney, Agent, or Firm — Howard M. Gitten, Esq.;
Lewis Brisbois Bisgaard & Smith LLP

(57) ABSTRACT

The present invention 1s directed to mobile radiation systems
and methods of use that comprise a mobile UVA irradiator
including a power supply, a UVA lamp, a control and system
indicator unmit; a UV radiation blocker nest having an adaptor
opening for receirving a hand-held irradiator when said
irradiator 1s 1n a seated position 1n said nest; and a mobile
carrier comprising a lirst compartment for housing said
power supply, hand-held irradiator, said irradiator nest,
wheels and said control unit. The nest may be configured to
conform to the hand-held 1rradiator to block irradiation from
the hand-held 1irradiator when 1t 1s energized and 1n its seated
position. The mobile radiation device produced UVA radia-
tion having peak radiation wavelength in a range of from
250 nm to 450 nm and can have a peak irradiation power 1n
a range of from 0.5 W/cm” to 10 W/cm”.

15 Claims, 19 Drawing Sheets




US REA48,245 E

Page 2
(56) References Cited 2003/0209836 Al* 11/2003 Sherwood ......c..ccooc.... 264/401
2005/0095371 Al*  5/2005 Braun ................. C05G 3/0029
U.S. PATENT DOCUMENTS 427/558
2006/0099351 Al*  5/2006 Field .....cccoovvenn.... EO4F 21/24
7,775,690 B2* 82010 Wakalopulos ............ F26B 3/28 427/487
250/492 1 2006/0130663 Al*  6/2006 Joshi et al. .....ccoccoevn...... 96/224
7,871,704 B2* 1/2011 Thomas ............... CO08G 18/672 2006/0278088 Al* 12/2006 Helsel .............coc 96/224
478/411.1 2008/0067418 Al* 3/2008 ROSS ...ovvvvrvvvvvvrivnnnn, 250/455.11
7,931,859 B2* 4/2011 Mlodzinski et al. ........... 422/24 2009/0273266 Al 11/2009 Wakalopulos
8,158,956 B2* 4/2012 Karunaratne .......... BO5D 3/067 2010/0130636 Al 5/2010 Karunaratne et al.
250/453 11 2010/0276059 Al  11/2010 Tian et al.
193514 B2 * 6/2012 Ferraro .................... F26RB 3/28 2011/0097481 Al* 4/2011 Bowman ................ B0O5D 5/005
250745511 2011/0172810 Al*  7/2011 Mlodzinski et al %3%8
8,308,313 B2* 11/2012 Wakalopulos ......... BOSD 3/067 1 1 odzinski et al. .........
OPHIOS (1%/640 2012/0085926 Al* 4/2012 Ingram et al. ......... 250/454.11
8,378,322 B2* 2/2013 Dahm et al. o.o............ 250/496.1 e A 0oy pm etal o Shve
8,748,829 B2* 6/2014 Lipson 250/365 ; . 7 PSOTL s
S 3 i 2014/0060095 A1* 3/2014 Shuretal. .......ccovvvvn.... 62/129
8,929,510 B2 1/2015 Nishino 2014/0246602 Al* 9/2014 Wilson et al. ............. 250/492.1
9,099,213 B2 /2015 Wilson 2016/0008848 Al*  1/2016 LaISON .....ooooove..... BO5D 3/067
2002/0158209 Al* 10/2002 Ueno ................ BO5D 3/0209 477/8
250/455.11
2003/0143404 Al* 7/2003 Welch et al. ................. 428/412 * cited by examiner



US RE48,245 E

Sheet 1 of 19

Oct. 6, 2020

U.S. Patent

Lt i A Sal i e I oA e o gt

TG T o e D E o T RS L P T I o D T e e )

e A T o e i ok ot b b e b b e b b e b b e kb e b b s b b e b b s kbl

A T R R L R R R R

LR Y 3

RIS L o e S S




US RE48,245 E

Sheet 2 of 19

Oct. 6, 2020

U.S. Patent

' oy

b, A e e

PN

ENEIENS

&

- A T

P A T

- g -

- A T

G T R T e O R R b UL N R TN

e e A T L

Sy T L I oA T g e TRt H T A Al E - T g BTyt Motk S Ml TR H s T e Ay




U.S. Patent Oct. 6, 2020 Sheet 3 of 19 US RE48,245 E

A R W L

:
av

22"%‘ s

ot ot - +. ottt e e e




U.S. Patent Oct. 6, 2020 Sheet 4 of 19 US RE48,245 E

LG I SNl e S0IC SOIC i S0IC SO o e e e e ol g i el A il gl A g el ek el SN NG GIC SQIC AR IS DO D G s G D T TGS G O I e o

RLERCLELELE,

B R, B At A A A A A A A A

L L P L P L P

i
P

H

* o g e A O A e e e’ e g g + “+,

bl iyl it eyt St e i B gl i

A ok

/

i
iuvwn ]
\
£y

LR

B

0 T e gyt e gy ey o ™ ety e’ g Syt g g’ gy !y e !

T




U.S. Patent Oct. 6, 2020 Sheet 5 of 19 US RE48,245 E

.1..1..1..1.._1._.1..4.'1‘-1...'.._1..1..1..

Be b

T T

b ot o ot L L L

.



US RE48,245 E

Sheet 6 of 19

Oct. 6, 2020

U.S. Patent

-

¢

L

R S g S S A A D S




U.S. Patent Oct. 6, 2020 Sheet 7 of 19 US RE48,245 E

g

i
%

o
Pt
r‘*‘f{“.

-
uf
e

\.
T £<' T B R L I T e
X

e

e g, 5
£
o
£

L
PEAER I STV -@__

;

.
E

ry
¢

L

-
-

e e e e et

BRI
e R R

5
I

ﬂwgmﬁ.ﬁ-ﬁﬁi_;

i P
R B
Ty e

_:_;_.

A it

P i ?ﬁ) . X
S et S
# 'vf:?*'k" R,

-

LT _\-h,"""
et
Fx
o

o 3 o
e &

i
i

T,

.

k-3

e, " . . e
g, o £ ::} ;
e S -

LR R I LTS

4 e o S e el A o e

&
I
5
}:
&
i
£
f_g:
g
g :
i

i P R e e, e S e AN e P

Rty

R R T T
TR R AR R, A e

iR %ﬁ*ﬁﬁ
. : - < 5
i’iﬁéﬁi} 3 05,0 0 LB R e SR S R
Y

5

| ﬁ;gﬁ%‘ P

o

-

BRI T g e

-,
o,

o
“-:‘.‘::‘-‘:'-'2*’2‘5:%5" oo
Ity i et e en S

-
it

e,

b
;

PEY SRt R ":-C':_‘;a?"‘".. g e T e R R
-

5..;“}
it .g‘%i:-.
i,
Ed a{m? =
i R
e

v,
L

O

e

T O P

e NS

L)

e N,
e

7
%
gk
i
B .'N
;

o
-

Yy

. A
)
At &-2“_5..
e et S e e g_. F— L T
T A e e R e g, S P

g e T e R S o A P e S .?a%',ﬁ.-q\x.-.-\. D A PR T P

i

e e A e DA

A A e ek R B L

Porbinlierle 4
E

e
=

i

,
o

v.
- . . 0 0 . 0 P . N . . .
B A R S B A e T B S T O A e e eyt b B e e S S et T e e Lt e e

R A O, P R S S e B R b

o s S SRR

25 A

W@“ﬁ%‘ﬁwvw*ﬁﬂa‘ﬁww

B A R W I TR

e e N A I SR

£
iy,

) .s'h.:-"'-".-q.- ..

H LI

+
.
o

-

T A I TN A £ W T T L S T £ e 4 T R S e

ELNERER ¥




U.S. Patent Oct. 6, 2020 Sheet 8 of 19 US RE48,245 E

o
%
]
4

M o gE i
# @ S R VR S R D R T FRARL M U B e S
£ #
=
E:

o

ik

EE

%

s,

i S
L R

%
i o
: i 13
Bt s, 1, e S e BOIET O B0 B 0 B B0 B 8,50 00, D 0 0 G e e I Y T D1 R :"'-"5’-':"-“-“-'-“-"‘5-"*”-”-'-"“"-?;. “ A
g S %
i
e B S e P P T B L RN SRR e, A 0 B A A N R

ﬁ

ERR TR

S

ok i e

s

e R HE R T it B s Al A

b

.

e SRR e % ,:w-}

i z
§-\. %hbqﬁﬁimh{“w?
B :
S

-

oy s
St e A
; g

WA i
A,

]

=
%a_samm : =_.>‘."R.:=‘$_§.% e b
it L S ~ H
E““ e :ﬁ"""%
.._-

-
o

LR
o,

A

b B R T R R B R R R e T A R B B R s R

: ;3' é; & Fren, y peuett
B s L OO Do 5 s AR S 0 S S0 SRR P B B BB PR -5:’ :

LR RN

Frcs
é%%?'“" A T £

T
JERCRELAr A LN ) e

s ; x, . i :
; : 5 ¥
" g T o8 e iR

s,
e o

e

R 3 B O U B N R N R A o e AR AL A e e AR R T

oA
L
W

-

G

=
PR

i

i

-
e

ey
e g
1
%

e st e 4 B

Nt
340

St
o

W
o

"
NN

. b :

i
, mﬂ-wﬁgm,:&ﬁ&ﬂ_ﬂ_mcﬁ%%_M_mms—ammm::*':-s-':-.+:~.-=-r~.+:~.-=-=:--:-h::::.-:'fb-ﬁ::’-:--ﬁmi-%*-H-ﬁr‘-i’e‘:ﬁ' I I N e A AR e e e

"

bt %

. 3 . . L . T . . .. . ‘e . R e te e e et et T N Tk L L e YA N N AR O T T I e e T B SRR RS 3L R
BRI, B B N R P T B B S e e g e B AR P R LS R 200 e e ,ﬁw %
- A

3
L
]

e
" e '
e ia, oo

. F-'b.s? i
i .

-

]
i

S i 2R AL
R T -:'b-\.

T

B

yo g e e A LI i R e,

F
P
é
3
¢
§
:
>
:
&
&
%
Py
i
i
#
#
#
#
#
H
&
4
&
b
4
3
3
4
3
2
i
<
i
i
4§
i
5
:
4
i
|
H
i
i
¥
;
|
3
¥
4
¥
E
§~'
N
i
i
%
b
:
:
e
S

L

-

b ;
. .. - P

: XSO RS R -‘:-?_?.x-,.-:.-: AR R N S T R R AR,
2NN 00 000 3000 DA 2D Tt o T - #

-

v e
T

S

"

i
-

il
3
i
i

B B 0 0, B, T, I SO B, O, T S

L
sy

et g g M N R 0
Ao

R A
o

2

LY

S
PR LA

R L T

oo

[

A
SR S g T e

o

=

i
R

S
ey
i

&
;
2
ey

L
et i, T e e e £

o

L

=
555
3
.
i
$

.m...
e
s
=3
fvc:-
L

s
R

s

L
ey
LR TR

L

AR
e
e T B g e S B g e et s

-

.mwm
AR
;

A
e
e

e
-

.,
%

E
B

g B AT A R I T e e
e
S A
iy

A S e

%—’t-ﬂ""ﬂ. B i

' i T . e et e S IR
FTRET T REAPTTS | VTP T AP R AE R PR PN MU TRFTAF TR LT RFTSFTSFTRFTSE PTPUNSE FREAETIRVEVE ST A 4 AR B L S PR R T T B LR R T T T S P B B A AR Rl i A

Rt

SR TR R e et

e o oy R e 2

T B O
Bt °

e ‘W e aF.-.&?:

-
=

. i
ks
i

R,
¥

=

T RN A

G e i

T B B T e R R R B R S R SRR R e e

R Sl

Sl S N e AR R

ity

e A A P, A D SR, Y 0 B

AR N A e 2 AR A S e A A e A

:

o e SR SRR 0 T B T RN S0, T AR 5 S0 G, o S T R WA 08 o B s S L PR SR A N R RN e s

HEL A

o o o A o R L
R A A A N e e Rt

; W st 0B
FIMW¢9W9&5WH.M§E:

aend e i

i

e R e T AR I N T S e e AR

: B B A S S
TR TR R MR AR R T T

e

.
¥
5

St Eo E I ER EE t 1

S
H
:

=

e
% SR R S R R R e R A e A ey e e A AL, o e £ A I L e AR TR A e R

R A R R

- o

T,
e b e el
o e R N

P

e
et

o st o o L i A B T D T P I 0 T R SRR N Y e B R R R R My

AR SR R e e T
3 A e A AR T T TR




U.S. Patent

S A N S e
k ;]

e

2L R
i S
i,

Y
)

P

R A o A

;5’%:-:-%%_&:- A A N
"

we

o e e e e P i S,

S rhx-i{-.:-"-i-i-"-'-&

-

LAttt 4

i £ S e

T L e A B W AR, T i e el L L S R PR e R R e b S A A S 0 R B R R R e e S 0 e e e e M R R B L S A R b

O

”.,fﬂ.”.ﬁ....
ok TR ST

S R R A e D g R 0 P I e A S R DL R T S e S e, e R R B @t

o T RS S

{
o

e O R SO0 O R R R R R R R SR

'_ N N, B AN A A N A bR gm0

et

o

B A e A

Oct. 6, 2020 Sheet 9 of 19

S AR
&

e

T
%ﬁ'.:'ﬂ'.-c

o
EREREERLEE L

s,

R AR L,
i

e

il

. . . o . i L .
5 SR i E
2 Y IR 5

- : b '.'Hc R R A

- K

T, %W“‘“%
4 -

rd A
i 2 e e A R AT :i{;.w'Sf-f-r*w@Wm
T

-

i

e

by

e

-
{.....
o

St

-

-,

ey .
R e

s

IR

-,

<

e A AR ST R

rH

% r
i B wrnt :--"‘?'

W e AR

{.’:
R o BV oot il
(B M e b, mmmwuﬂ:g_-g

R

By

3 'q't"su-.ﬁ-: R R A R e N A R R ;:.-_l:-E ’
e
g e el el W R SR AL A e N MR TR B M A i, i
ittt -:h.wﬂ-:ﬁ-:xvmw}g»ﬁ;ummwaﬂ.ﬂ.ww_%wﬁw%ﬂﬁﬁ BT A B O e K S BB e oD B AL O L B R

el

LR

T

Hha,

PR

i e A e L S

..:..:i 'S_-

=

i
R e U e B R B B s o Bt :«.;'::ig;'ﬂ S R A R P P

-

B

AT N I A R

e

I o
% i & =
,S-g._ E:'W TR R R R R "
A
¥ ;
__\_-q.:-'\{ B L T LT O T L L DR 8 LA L, 1 LA :\.-"'\-5.;_ -\:-_, -\.:;:

s

g R
-»‘““ﬁw' h -:i}s":"_b'

e P e e B e N
L e B R e B o, St

LA b e

K]
A3 ALY R

ta

P I N A e 0 i, N

R £ S

S A Y

."- -
¥

Y
-

Yo
i,

:
S S
o

R T TR AT T G

-
waidied i

e R

e S

; ;
5 P
. £
3 i
%, i

e

SR A el

Pl a

R
e r—— BEORE
: fifﬂﬁa&-{k%’.}}ﬁﬁ'*{{fmwiﬂﬁﬂiﬁ'

T LT B g g R R By e e By

-

e TR e ey o e R

L AN A e

RO L O KR B b g o T R oo

e I e e e SR N I S SR I S e S e e

i -

Pt

A

ey B R Rt B BN O A R R R B L

-,

<

i

ST,

o

A o e, it pon g SR A i T T N L i

i

{},W,Ws;w’-“

R

ui gt R

et i

S

b
X
N
-
o
-'l\'.
e
.
i
e
'\.l\' -
LY

R LRETLICRTE g POLY WL CRRLI

%

-

s
’&‘E'&

w

A T e i L SR e £ e

:
;33%:

e

3

'L

o

A P T e
%)‘}:5 R R R

- et

-

FRRAE A e e i e B

-
-

<

k3
.-§.__
=
e
oy
%
2-5::_
:g-_ .
o
é:
%
kD
&
: ;:
:s:.
ot

PR R

5

-
.
BT

-

R

.
.{:_9;\.'

-
.

o
. ::_:.__E

g
e
% v 0, i S L

A

ettt

-
.

BS

o

e &
St

::_:::\- ;\_-\.a.:.{".-_'i.-'.-'\- 'R.-".-'\-'\-.\,.ﬂ\,,.a. o {\?;?

e
£ A T i e g

L

3 . : ;
% & #
5 & E
E

-
S

-:-""is?
"‘%ﬁ\-{% .;.-\-\."*-:&és" x}%
) 'w'&mg-}-:q.pxﬁ??:?w TEAL

'
W R R R R R e e e

3

"@..

i

AR

s

g Wit’.u:;ﬁif.-‘:’:&’:#.&

L

N B e d e e

i
%’-’p:'x_-_-: A e R R

o
{-\.:'?: i "'.:":H'ﬁﬁ:-: Rkt -‘a‘s""-'\-"":-_%h_ 3
S " b ':\':.': 7 Fl
Z P L L i
¢ E EN :
: : .a- -
i A & 55
3 # & o e i
¥ & 2 i L
. '\{ - - t.. H
e P o . {{.
2 e 3

R A A %- RS RS
:%
=
lb‘-'\.'

K

= di
Hq"-’ﬁ?.‘-‘ﬁ's.n}‘*-""ﬂ:.’;;i &

=
o et
e A gy R

¥
B
%
)
by
LT
S
by

]

A

m

-
.

L Erarr S R R

3

nr.

P T B R A T e O B e o e O O R R R T R N B 0 M g A ey B T B R B R B A R AR e TR,

estal

o e e S e
R B R R T D e i R T e

e LN

RN B N AR, M B Lt s S, S T P A W U LI T R e e S Tt S B e T P T I T P S P A A R T i L A N T L R A S M £ T o e B B ARSI TR L 1

. s_p's-chi.?'.-\.-ccm___%%

TR e gAY

US RE48,245 E



8

+ + + ¥ + + + +

US RE48,245 E

* + + F +

Sheet 10 of 19

/. 77

Oct. 6, 2020

] +
. + + _.b..._
L] + + + + + +

e - + + + ¥ + + +
.—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—..—.

U.S. Patent



US RE48,245 E

Sheet 11 of 19

Oct. 6, 2020

U.S. Patent

Pt e

R B BN S A A O O A T SN O O S A AL e I R S e L L A A L R R T O Y O Y DR AN A SR R Y R R S A, R B B T T L R R R R A R R S N R R T
ki AR, : B A T BN e B A R S R A EREAA . AN R 5 - ; SRR I, 5 0 A . 3

ﬂiﬂ“iﬁw&

el
]

Sulne
. e
-

%
]

s
e

S

-
ey

rir. .-'-' e

iy =:.'-"h.?‘-";H'.""'h'\-"'\-":w."'\-":w'."_"9'.-'.9'9‘.9"".?'.9‘9'.-:='H"'E9‘E-:9'~CIE"'E*%WN"Q"WWM‘WWHWM#H‘RHV;_

P P

R R

e et
S
st o WA R

ity

;
B A T e R T e e B A A T e T M e, ﬁ@

v
i
A

W

EE- T NP BT P
B3
WL

i
E
-
-

"

¥

i
R

A L v

L A e

o
-

o4,

e

A R AL Sl )

23

T A E

LTI
4]

~

k
i,
#

o
}.mmm..
pri o

R

P e R e R e R T Y w."ﬂ . ..;,.?,..v..".m LA N P P AR IR R L Fag R O N ".......”nu.

2 Wy Fag | 2 .
mnv . R T shy o o
. W R R W whoo A g

B e e O S i e W o B R N LA N

it s L

wE

Fissns el

-

AR

PR

-
b

e Ko TR,
o dneedie R

Ea‘:. L

A e v s 'aﬁ':'x\i_

:

R A A

{'H'."
3
-
F
W

AT A i R

W
A
.

A

*

-,

s

Sy rgsaeady

e
~r

B

e e T B LR Pt el B R

A

R T S e S R G

e

iy e e et R e e, e i L

A R i

Y ?“'?‘ Sl I W TR R R B B e

P R R e R S B S e S e P

e

3 e B

il

e

e
-

&
k)

s

Y
e v et

T e it e 00

AL

S Sk et 1, i

e A

.
-3
3
3
-3
¥

#
s e T N AT .”..vr...a.....".,.n....,u.“...v."..“.ﬁﬁ.wt G R N R e T R .,..W..x_

-
=4
ot

%
n.,..”.,.
& i

N i L R e B e R N i P e T e T R e ST e ey ey B, e e T ey R N e R e R R R e O B >§ =,

3

L]

e R A A T e e T e R

i

-C"i._a‘:'
s
7,
i

i

S
A S
iy

S

S LY A R R R

R,
'i"‘é'i::'k'.s

e

|

B S SO A R

....,....."..,,....v..,....."....e.
PRI A

Mttt W

Mo i




U.S. Patent Oct. 6, 2020 Sheet 12 of 19 US RE48.,245 E

e e A e v

-::::":. .
o
a0
_:b-""'“'ﬁ SRR AR M-?Sﬂ?'-'""% o "'-'\.:" A SRR ':"5':3"';-"
"' Eﬂ""@'}'x: R RO T R RN N A 0 e M WA 00 QALY I I AN AN I R R T R N I N a0 T A N I IR N DR R ISR RN R N A AT T A A T B A A .?.?"".?'.?‘“ﬁ" '?.-
i # 5 iy
- . ' -
& . "B, E.
o . -\.';. H
i % &
o5 %
k3 & .
o Y . & L
I e '\f_ h b3
S b ' E3
}; B2 WMWhﬂmx-?thf A R i  a E L R 1 R g R W R B R S8 EREE A A S R R AR T i
e . .
A Hrndndndn P e g genbatnnin -
e = Y . : fiar, . kS
o S iy
& b = i
A # i %
i = & £

¥ & 3 %

5 ==’

__3' '}Qg"@- R e o e R P :-‘::i“2-.55.-.5?.5“?.55.-\-"5-:'\-“-:E‘.h“}?'f-x}'ﬁ-?&“ﬂﬂ“h\ﬁﬂﬁﬁ}- -qj“-..'\'-“’\."\-5"3-"‘"\}"‘"\-".-."5Vmﬁ??*?‘.ﬁw*JﬁWMMFWﬁWMMMPMMQF ﬂa-'-"‘ﬂ:d'-\-':&.i“25i-ﬁ-“?\i‘%im?}“"\-w’ac&cﬁzﬁ‘:?.ﬁ'biﬁ“?ﬁ}%%ﬁhﬁ?ﬂﬂfﬁwfhw* R ?ﬁ-

& £ 3 I
ﬁm\tﬁ"wﬁ I AF R R R R R A P A e e e e R " {E‘i:‘E""-'F"."Cs?ﬂfﬁﬁf?fﬁw¥¥wﬂfﬁ*ﬁfﬁ?’ﬁf“w.“*'ﬁ{“’?%%“ﬁ“ﬁ. e g e B B L e R A e T M R Y TR St {wﬂﬂ?“‘m
-:} Eﬁﬁv. Fhi
i B
¥ it Ay
3: -\q-:m-\.-'\-a-.-'va-_m- e -\.9'.-\.13 RER N IE e ~xmxwxwxﬂ:xm,m<mﬂq_xwgﬁmw -'\-“-'va-g?"\- ﬂghﬂﬂ%ﬂ'&qﬂq-:.-ﬁvﬁsg. oY -:..-:.Mmamwdr.{umﬁ>wcbﬁ3?xnwx FHT AR S ﬁ-'-'a-“"" il 5'.3.
A o i 4 " -": e x ) ezt BE %
# £ 3 & & " i # F : £ e i

- 2R TN A A A S S R S S R |

I8 i =

S g " i e i s e, A A
- S, L [ S S i g i 5
& i e i A ¥ B i £
2 4, & o i y - J . & £,
S 4 S N T T S £
3 : : : 3 N
AT -”:-E‘?-"'-:" -"'5'.5.5"-’%"5'-'-?"‘?"" 59""‘-5"":5&{'&"-'3"5.5-%"% MH&?&&&&; i-é’{"-‘ixa"&m‘ﬁ:.‘-‘»{ &’J}xw-’ﬁ gty ?&fﬂb“iﬂ':‘égﬁ TR N R A ‘*‘E{k‘" MR W"-‘:—""%ﬂ'-ﬂ'ii"-‘:-; .§'

*

¥

e A e e e R Y e A A e R
ek T ARt a0 e S A, S e S s D i e
e

B mm:,w,

2
i
e
o
i‘-:ﬁ&":"‘-':‘ﬂ"ﬁi S0 BN A ANRICANGR Y DA ] MR SRR RN N DA RE BRI R TRE TR RO DO ] B G D S B 2 20 e, 6, 30 200 A IORAN R AP TRPRIEE E RA RaAn WaER, BoE I N N AR o Tl R R o R eyt o B TR 30 0 WL W WL 0 W W WL W WL I 0GR 6 R, e A e

wxﬁwﬂxﬁvvﬁx-} ._.'\. R T

ko §

&
i
-4
E
H
=
=
R
'H.-
¥
-
A
E
I
=
2
B
i
9

]
.............. B e L b ?‘\-Cl"'\-CIE":E'H":H":h."'\-:E'{{ﬁfﬂR'EEﬂWWi. -:-t

ol
-

e e e

v

A R A O O A 0 Ay 0 AR S T, B0 o B e B Bt B R e B B B B R O A R A R AR I A AT T B0 A R TR A A R T A R, A SR R R B U A A B U AL E-v*:.-
mwﬂ mmnw,cw.

A R S S S

R N R R, TR

“P: ‘:"9-3"\-:"-: R AN R g R

-"‘v.-'

ey

e e e B bk Pl o - e T a?mﬁhﬂ;ﬁ'ﬂﬂﬂﬁ?ﬁia’fﬂﬂb‘v-’.-':-.-"f.-".-‘ﬂ.\.‘i‘f\.-ﬁ.x‘ﬂ.ix“:-"‘:-"b-‘“:-55.-5:-5“:-554'\.-‘&'2-’5-\.-'5 ﬂq._ ﬁiﬁﬁwwﬁwﬂ;ﬂmﬂm%ﬂmﬂaﬁﬁibﬁviﬁ i e M N “\-\.\g-:-

B PR Wé‘ﬁw&‘mm

s

£

P
wmwﬂ._mwgﬁma Jf;ﬁ;mww;ﬂ»}awwar>.-=f3>3x>w=3>*{>~a R R B R R Mﬁ“}&,ﬁ%ﬁf’? &‘b‘}?:&'ﬁ-ﬁw*ff;ﬁ‘ﬂh?%
;hw,m' b ﬁ«ixi&hi&:';’ R AR L S

ﬂ
:
‘r-:l:*

3 ’::;f-wrmﬁaﬁw ;

£

Hag

A PSR T T

i
b
;
%
=
=
!
x
g
!
x
£
£
4
g
Eh
&
-
-
&
e
E
i
=
i
i

%,

.
%
m%‘@ el

2 ;

&

5 .
o R B R R b R B R T R B A A SR U %-*m*w%ﬁwvu&ﬂé%ﬂﬁﬁsﬁﬁaﬁ{.w ot B
5 Fy f"“& R

..... k . -:t-zat; -\.I"'@‘-:"'P:.-""Q:.-'Q:b"'.-{l.-:- E _"';.'\-::ﬂ.?:.ﬁl
% : .
3“5.- : vx"’, A, :% &

N ) ,'.:, w&__\h}-:w-._-:'-n-:-::;:- iiE,
AR A S R R g B g e e R R e e £ 0 T T e 5, 1‘5%0\ P RS Y

T, N S R M A R S T

~
-:-:‘S-{“:-:-:'-*"-:'-'-'ﬂ;'r‘*:-:f":':i'*:-:.':-ﬁi.'-f-m-‘ﬁf"l\"*fﬁ~?'~:-="u;"-:"_

Sl et e e e

£ *
R 7
bl '-:::-.
E
,.Q: A
.
i B mf}ﬂ A ﬁﬁw E@« SN e‘%@%-‘-ﬁﬁ ﬁﬁﬁ -ﬁ'm ﬂg) iﬁi Mﬁﬁ Py
-{:' ﬁ:ﬁ,ﬁ, i i Wﬁ i‘% : R : .. &53"':. ﬁhﬁ- ;
E: K
LR
AT
; 3“5. .":;ﬁ-‘}
W
# %
4 9’
s }
i o
% :
1) E;
kg k
b
a.
£ &
: i
o 4
w w
Y ¥
SRR LA R W N R AR A
o S
e i
ey [T
¥ i L
:{i. L R __:-\."'«1'c -
x;.:?-\.e-'_-

Ig: MY o

Gﬁ-‘@?ﬂ{w.ﬁ.&.ﬁ# o 0 el 8 At it e -\.‘ﬁ:-ﬂh-i'ﬂ.-\.'ﬂ.xiiw.-"-'.-'ﬁ? *
Fapaies e
B :
5 Foit
s oty .
- ?-
oy o Ed
Es -Ci- H

R £ LR R R g i T R ) ﬁ
el el g A Mﬂmﬂ%#ﬁ%{%%swﬁm‘ww# a"«.&":-e"

i
=

¥
<.

w

s R

AN
e,
i
;

LR

T e

SRR N

,_:-.

_ q Gl S L f*jﬁ?. ]
wj *1;* T ) G Pt f" iﬁ‘
S ﬁmﬁﬁm&i’# e @@Mﬁm@ﬁ% ssf &Fﬁi’%ﬁ i

"'f’-:'f' {




S. Patent ct. 6, 2020 Sheet 13 of 19 S RE48.245 E

87




,

e

100

FiG. 15




U.S. Patent Oct. 6, 2020 Sheet 15 of 19 US RE48,245 E

i M S #
?ﬁi#ﬁ““%ﬁ““—% i::_ *«ﬁﬁfﬁ ﬁ) ?;_‘a-'-%f o B A o A LA 0 L A L 00 B0 B0 300 P B0 00 S N .-:-*«:-.W.-'-w-.:-c->_-:-~=-*«=-.:-=-=--:-:«:-.:-'-.-:-'-.-.:-:-.:-'-.:-'-:-.-.:-'-.:-'-.:w:-'-.:-.:-:-.-.:-:-.:-*w:-.:-*-*y.:-:-.:-'-.:-.:-:-.-.:-:-.:-'-.:-.:-:-.-.:-:-.:-'-.:-.:-:-.--w-.-_:-:-u-:-ﬂ.-:~-=-.:-'-.:-.=-=-_ﬁ'-w-amm%x-m:nw_cmwmm@rwﬁﬂﬂtwmﬁwwwwwmwwwmwaﬁﬁﬂ;;k i

e N e N e e

A

. e
sl Ei’ﬁﬂw::% B A B O

; . A
W KR TR R DAL A PR R AR AR BN RA R EARTARE BT O R R 0 A Buiiol D e PO 0 Tk B i 0 0% o St 0 0P B e .M.M.WM.W.ﬁ\MM%%&M’-‘&?‘E-‘B-?&F& 2 i o e i, B

______ By

A R

il

A

R NN R

;9'..?"".-d"':-.':?‘..9‘:".-':":-.':?'..?‘:-.?".".-':?‘.-':?'.-':?‘. e :"':".-':":-.?‘:-."?'.-':9'.-':?'.-':?'.-'!?'.-':9'.-"-\‘5-_::;:.

R e A R T e N T e ':Jé}.-t\-:"-
o
=
N A S P o R M e S B S 2 T

o
-

A R R

B a0 A e lgute A n i fentunn ekt gy wa sl e 0

i

o

o

-,

A

£
i A, B 30 B AN D 8N

-

SRS e TR R et y

s
. I
ot e e

R AT
L
% :
o .:q,: :

R A N R A

B B e e o A 00 T I e e B 0 T30 S e 0 T L B MR B B T N e e i:-:nﬁ.‘-;.:-x:-:-*:.:-.‘-;-.:-*:-‘-w-: IR B A A R I R R TR R R

o
n

.

£

.:i.:"'
e
LTI
gl

R B, S A B B B B e A D R e P S R R B e e i T i, e o, e e o e e 1 B e, o e e e o 3 e e B G R i e i £ S Mwmmmmmqqu.th% .é,'.-:w..““%<ma¢m¢“.-cu e
o

h{ﬁﬂ

S AN

Teotuat
T

i -:.'»-!-M'--!-=-.-*.-*C:'-:-'-:-;lc-::'ﬁq-.-}::--'-:-'-a-:-'-c R s

TR

=

o FOR

. e R
e B R R e i Cr b e b e S S E SR U R G R Sl cE s S S R Sy q:*asrs,c-:v.fﬁ:-s.tﬁ.’ﬁ%mﬂswrﬂ"
’:ﬁ .H .

aoni

g

i g

i
e
b
i
.E >
£
E
%
#

e

B
i

il

&

"}mwt:ﬁﬂ::ﬁ*’““g i
R -5
#

-

e R R O R R R R R L R PR, ] ?‘%}“}"‘Fﬁ?ﬁ%ﬁh‘}:‘hﬁﬂﬂmﬂmWMMM":5‘\55«.1E'JWMWHA}QJ‘#\\?'EMMM&T&QﬂﬁdMM%Whﬁ‘hﬂ?%ﬁtﬁwasﬁiﬁl_ﬁﬁ ﬁkﬁﬁﬁ?'mwskﬁﬁ@ ; R
) fh i vﬁw:r:wﬂﬂ:?“*?w -!%ﬁ T ks

s

s g

£
]

g
.

>

PP
A

7
2
-.”ﬂw‘g-ﬂﬁi .ﬁx-w_h"
5 3 %
%, Fooo%
gt B

. A

. %, i

T W
g ¥

T T R R

b

o

i

N %
il

- x -a«.'\-".\-c-:-'-ca-*

s

. v .
3 E'{ﬁ %‘? E 5-;:

o Ay,

N N N A N A N N N R T AR
Mgty

~ s
. e - o oy
AT R WW%%@WW%M%RM SRIMUMPUMD MDA MM MO ORI IN M IIMCHMMMMMEMMIE KA M L E M S I B A AR A AR A FRA0A IR G e W IR MR R IR SR AN BN IS RS WA ;s.:_-:--um\g.>

.:'3:- .Q,_.'b:'?
.'ﬁ‘g, #
.

A
j&‘ﬂ- . ;5 -

B U A B
! i s
. gt
; .i:.x"\-ﬂ.s_:}_
A, P _*f(b-ﬁg__-{_-;' Y &
iﬁ%ﬁ?ﬁ*’-{hﬁw‘ﬂ% AT R R B "--=.F-.-"-.'=-.:-".-$.:-'i:-.'=-.'=-.=-5.-=-:'=-.-5$~-'-i'a.i-'-s--'-s..:-sﬁ-.e:-:-..-:.;x'-»»-,«mwav#.».:v.-v#.mwmxa-.:-h-'.-'--:'-‘-.-'.hﬂh.:—h-.:—.h-.:—.-=-:-.-.=~c--:=x-w=-%::5-'§'_. _§+Z-:'-‘:-:':~«.-=~1-«.=w-=~c--c-=-:Ma-ﬂ'-.-%m--:a--:-a-wc-a-:a-.h:--:wa{
! Hara -‘g S ".\.,-\._*}.\,5- ol wod 5 -L; .
. ! o .

3 '*‘\7'.:'.'\-:-'!‘&
%

; ':-Z-:_.'i-Z-.:-.:-:_:.:-:_:‘%L_H-:'Z}‘:‘C.:-:‘-'. TR SR N, R
)

LI L

Sl el
A R

g
& g -y :
i B ‘i-faﬁh'-'*-"-:-'-:-:'- ,gf‘r:' L e e R R R I e e R e e e R e L A T, B e 0 B P P W T e B B Fe e e e e N I I e A

o ?q__,-_-\{. H

kS
kS

il

R R L

&

20 N AR,
w

-
Kty

P A
i o

L J{ - X
s -:3-){ F_'{%';ﬁ:ﬁ;m_mw.mmw.mﬁfmam R T SR S L R D R R R RS R R *%"{n‘:},#ﬂw}ﬂ. }'5,.%-5..&'.'}}m‘ﬂ_‘ﬁ}};ﬁ'w,&m‘iw;%ﬁ
- 1- oA - A ) A
% ¥,

¥

A% A
#

"

i .

. H
W‘@-‘-‘-‘-@: }3:.} LT AN ?_:f.- )
- L A
Lo Vo A
L

w
-\:

g2

Ly
R

o
Ld
- F
ar

i W

:
x
&
£
¥
&
%

. e . A
mmﬂ@g@mwﬂmﬁﬁ gwMWMM»ma*.ew>=--.>====~===:~->.~*c-.*~1>=.~u->.==a~a=-=c<>=c=c~_=c>=cﬂwﬁﬂr«www-wmw-awmé S H
- ':!-.\.. -\.\_.: "-. - i Fis '\"'\.? y
b - SR

ol
LR

it

e

=
k]
w
¥

St

et T A T D L e M

.-\.::?ﬁ.ﬂ:-
: q-'E;

o

-
=

H

o

S

o

=
o

i

o

5
"':-.\.h AN EE MY RHY AR RN RN RN .?'-'\.K.?:'Q:ﬁ' ﬂ.\{_-'ﬁ' FERREREL PRI A Fod T O SRS DO R R N T T T DT T N R 0 D DA 0N e D e o T, e 0 0000 e e e G DO, i e 0 e e e e R,
& W F
-

A

ko

A

H

-

i

kY

s




U.S. Patent

Oct. 6, 2020 Sheet 16 of 19

i 'ﬁ.- -"""E;:. h ]

-.-a:_ms:fba'-h:cs.-ss.
-""-'“"'"-""“'%L'c aﬁ'”w\.mﬂ“- et BB P -\.\,.-tﬁ. ._%,a.-“:-m-\.;ﬂ.u“;.--:.w_w_“w- RN e N P P A g 2 8 B R R T e, 2 '~
- g I 2 e ? . ” i

i

i

h:
A

e, A .5-:';:-_5_;;_% !::;__:_5 e L T L T q:_wﬁv.ﬂvia@,wm'w e o
b - R

g eae

3 e e

S

L B A

S ol e oy e e R e i R R e et B e R Rl et A R ._Ef‘-ﬂ-:" Ert

o B St e e S AT R B B LS

?W*- e, e T A T e B e et B S et e e T

T

TR I e T ANA R LG S S L R N S e IR A KA R 26 e R e R T R AR L T N O O R TR e R DT R TR T T N R R R R T N I,

g
R A ”‘-5.?‘

# .
i.%-saier-.exa-s,@_

el

At

i
H
Ed
.}:_
E
H
£
i

SR

LR

I R L A B S e P e )

o
BRI G B G B

RN ERHEL ¥

.w:r?w st e

e é S A ek R N e A

-

5

.

&

-
e P e

........... Lo LY AR A A i B e B i i R R O T A O e L T VA R O R I DR AL I R I A e e 1 e e R

Whgh{uﬁﬁﬂﬁ%. '“@Ey.
S, £ &

L _:-\.-:.-_:-\.-:.-_ﬁ;ﬂ L e

a%}g

et e

&

b B RARA R

]

- S

}s'#_w#'#w#'#w#'ﬁfw#'_um##w::mé’ R Y S T I Y L LI R
L
R

e B T S e T g B S R MR e S R T R M R R R R PR MR R R R

2 e R N e e T A R T T A e

-

i

b
.- E:-'

_"; .:.

Tt

A

i

A

#
p:

ot s
RN

e

-

- }mﬂ\:‘?&:\? = .-'H" '\-\."‘5“:' +

8 A

& .
. e .
c-ﬁ-af-:ﬁ:: Bt by
Vi i
a2, o
o

B,

E

R 5
ﬂ:-':ﬁi.-:-ﬁ_:-:":‘:*

PR

-
i

:'-

R

PR,

2
A e a@% .
."':;; .

gt e B

L

-

U . L
Gt el
4 o

By

o

Wh

-

ot i
g #,
. .

._-:H.*:. RS e

hy

"‘~.==3x-::_;>x 5, @

s
BN TR

.i'-::_.- b

e -:m:.:-“sﬁj.:
) e

Y

L

5 LT

e
”-:;mwa-:a:dg.'
5
T
.,
.-_-\:-'\-a-_-\.l'-\f' w

i

L

3&".-;

e

L

FE TR Y SR RrY

- B A an el

r&a’;m L

'3

i

:

0
ﬁi*f?mf‘é&‘-i-fn“ﬂimﬁm“ﬂ{{-‘

g e, B
'%_H_es,;seg.

N
i
£
R
b it R i 0 P e 04
=
%
%
-

@ .*?,};:-p_wmk’fﬁ

US RE48,245 E

%

_i-.%-.
F g

3
i
ﬂ'wc-mwiﬂ:‘?%ﬁfﬂrﬁ' - -ﬁ‘;ﬁ
et

A i
_ -: . . . " .

i Tty e

sésf_s o wesgs ?ﬁswzm_\;%
i Lo &
g gy o

Y o
L g g AR :

- e ?; e
# £ spaepy, T * E e
- . PR R

o b

1o an S PR G e A
wyvaﬁ-aﬁﬁ.-ﬁfwﬂﬂ e q’%‘}t A
et 2

3._,:,5.-_:,.;_.-.-;_5}5:-'-'.{*‘5'-' ?ﬁf‘*"%"-‘ﬁ"‘

g R e

e g e T
.-_:.--.~:va;x}~‘~<‘:¢&ﬂ5.:‘?='.‘-‘“:-:'w“'"' e
e g

¥
. rAngn
s R B BRI g



US RE48,245 E

. .
P N N

gt wF

i
ot
o T

3555, SR, S 5. S e

Rt

R MRS >&¥9~“§« ;E_;f'm

.:;}ﬁ%

-

SR T R I i B R e e B ot g e R o Mt R N e w A
R 5

A

£ Lo ey

S B

-
e

el i S ] D AL L L R N I Y

- . e m .--..-.r.r.....-........
i R R A R AL

Sheet 17 of 19

A R R R SN R A S e e R R P Pl

_&??.-‘ A G P B0 0 Pt P 0 00 A R S IR S DR B, L T

%5 EREEE N

v

-

F

gl

&
N
_{533“ 5
F
b < i

¥

i

Oct. 6, 2020

U.S. Patent

B
-

DR AR

=

=
e
e
u
T
a
..s.
y
&

Z x
R - . . e agent - e .- - e - - L - H
- m A e e N .@u R R N B B A I e T

L et e R B L Y

-~

A et

ca

T A A

.\}.
)

R

&
e B ey 1
=

:

P e

.uv.uu.mws.e

LI

E

-

i
)
A
i
b

el

Bl

Fab e P

i

o

o
..: . .-'..

-
-
-
ki

o

¥
i A N A

R

: “ﬁmﬁk&&m«;&%ﬁ;ﬁ&

W B

ot M e R e e e e

B e A A B AR



U.S. Patent Oct. 6, 2020 Sheet 18 of 19 US RE48,245 E

304.




5 o

-,

st

i
..""."xf.....x,,"."...".,".r

e
T

-

e R PR T AR

s

s i e e e e e B D R e i .f.w.v
e

US RE48,245 E

i o

y.n.."
] ¥ 3
i .
® 4 : Y
b .
et - B
o A h i
W = s o
T I IR e PR R AT R R T T T A %..,".imsé o & :
D EER R s i T e o e P 0 i i T e i e : B R o T e A o Rl P e o 0o 3 DA S0 RV A0 L2, B0 o A D B 1, 0 e iy S i
g %, 5 : 2 i
H - - . .
s .
* % % R 3 & % &
h.. uw o Rt % - ﬁ
k3 i A fﬁ £ X
@ . ¥ . .v......“... e & £ w
m & 5 I ¢ A £ : ¥
! : S Foo T . .
4 & 4 4 4 £ :
- - 3 A ] .
= : Y 7 3 . % :
h .W £ H........... ™ ..n..a@.ﬂ. e e e = = N. .n.n... ..u.
% Y 2 3 T, . 5 £ £ L
Y * o e t b, : . - 3 & .
& ¥ e ga ﬁﬁ. M i ¥
£ : i T3 ! .
o i : PR -
w M mw . g g :
- i 3 e gl & s
% % : 5% O OE 3
& % B & £ 3 T H
£ % i o " £
o . i g h s, u
" # - A -k % .
4] i .. * w
m” : !
: w
P ) w..
)
E)
i

.r-
¥
-
4
b4
i
i
3 o
LN
= Friea L kS ,.n.,“ T S5 B m..m.. Bty . e ,..”...
% o & : ok Rl o ;
gk ur ) - Coan Tl “
d - . . > v W
¥ S e Mm CEaogd SRR 4
b o & O W o I 3
: Z : P Hoe Wy ; 4
£ ¥ g Pk = o B & . A
; : W . F o ® e
: % : pEL s B & v %
: bl £ W o # g B AL SR i
; : S . s oA o L X . B g i
G . £ & N A A E R S e
e . bl o L S TamooD 4L LTREY uw.,w.,.
s . P s F ) B For oy Y - ] R
% : : =X i CEF P LR iy - %
! w i e W . u..,....“m. o L . ® i oi
. s z EE £ A L v EFE " £
; 5 '3 : 138 23RN 3 s
: : P L ok : ¥ i
: ; 3 % B . HE R EE N R & 3 2
i = A %oz ph CEE R £ia ¥ ow R ;o S i
kS - ¥ £ = f ¥ ..,"..n..wrv. s - Ey
N . L A -~ CE g ) .M. & WA - by .J.w [y
& 3 . w 4 k3 : s«m 5 IR A i s % £
Z . 1 $ 2 FREEE A w L y
: . : 2 ¥ i . R i ¢ :
i % g % L E Y Ea s o ¥ i o ¥
a5 Lo =@ - .m. now AL H ..,,.?... ke I *
£ ; i # wr.fwwm oW oy ;3 £ % .:
%,.........".xﬁ.&. e W..r.n....",.ﬁ.u,.,..x...?.......”.,..” WA e R R e e v T w.",.,.,..". A A e L YR L e e R R W SR AR e B oAt RnE A g T A R e R mm ¥ T ol I 2 A T T e 3
e - .
. # W
L : ﬁ : : : : ;
................M......,..".".:......,...................,......................". e L e e e e T L T e L T T e e e B e A e L e e T e A T HeR PP P PR TP H sl L et .."...........................................,........u......,..,.."}........".".,...........,............__........." N i AT A S g A B LI, SR e e T D T MR D TR eI e p,._:..m...:,.f...u.,..?"...,.”.........,..n“.. B L e R s Tl e A T e e el S R e e

TR ......M?... H B T T L T T H ....N Er R T
L

H
3
L
£

T R e e T I I O T e e L e T i T

x*ﬂ.-'\-ﬂ-':

S e S S e e L e e B e B T T A e e e e L L A R e R R R S e S A R AT T W B

M - ..... 5

Sheet 19 of 19

# s
¥ el
. Y .
s #
L T i R R 0 L A e e ..;.,.,“..,.U.WQ.;..& s A& hﬁ.mm.,...;..q”mm"{,n.m.n.,ﬁ,,,.x.w.,;.,ﬁ.
a2 A - w i TR
s : ES N i A Lo
o e E n o L
o ,.,....L.......,”.“..........." I el N B RSN T .u.........""..........“...ﬂ,,{"f P e I R e S e P el Fe P T B e T R e T R R a1 A T e e D S e ST wE i, >...“.”w.m....“?s...".“.,..ffi" PR s,
. . ur.r

e

e e

4 5 ; e & :

& A P o %

%, i, R SR AT ym....wwr [

% £ i P
) ;
4L r

i
g
»

¥
PR { T LV R Tl Pk PN Ty *--h-&.-ﬁ::'F TR R N DR I O D Al U L R T R ST ::-:._:::::;-*s;*s_,a:'._-*:s:é" :

i
¥

EREEEEE
B B e o I A A e

LA A
285, o DA ko,

o
-
T
%
e
3
xﬁ":\.

ik

TR AT B P L N N M M M 200 38 g

- -
T .
- ...u....."..,.....f........u.,“

s

RN

H
~
i
%

B

S

Y
- . - .- = - H . - o
o e o .“........m.....".,.m....u..w
H ot "

-
ey

%
?

-
oF

R e ] _ﬁ T i N TN W I N I I L T L e e e D S T B e e D B e e e R S A N L

=z ¥ % %
.......w.. R. - oy P Sa e ._.....d.........u_v......v......n.........,..........". il .“.
g i 5 Y
W M % ”...."n Wu. M .J.... N et 3
% T m g 5
' : £ ; g
- x4 e Ey ...m .M”
o A oy z :
3 T : i i R T
= ¥y o i = = AT
o Fxoow 3 i M #
o m..“m oy o3 - E
o e N - H
® E T i i 0%
BE & ¥ e :
[ oF HE ] 4 :
ﬂlv i mm % 5 5 i d
% 28 & : i kR
% iy & . = o
w b £ - = w
i 2 % B P y
% ; m dn = *
& % % i
i
1
i
*
&

M

=§ : N
| L v.?ﬁ..,.«,.\wa....s?,..".?u.,.w@w)y.

S RN S T D I R B Y I e e o o T T R T e e D R R R o e e B e T SR B P gy

Fal SR PSRl N

:’a@a}*ﬁsmﬂ;ﬂs#ﬁ:ﬁwﬁ

PR ST

-

i
L]

B e B B R PR i S iR
% :
N

N R s v o

¥

m

... .
b ] CRITA TR H
e A R AR

'{“b- o

R At

2N

R S B I T P B A R

BT MR N e R -;f:*-*.-

o BT

.
¥
-
W
z

g
.

i o) B
A Y Bt et el ...%.. L S A i
P
N i I T e F A e

e
E

R
e,

AR N L U A 0 R SRR e S B A )

P AR R AL U B 3 N R

SR B R R A B e,

=

.
;
RTINS
o
.,
R B B AR B S L N A L G R R R R B R R M A S U M R S S N s T S B P i

E

&

I IR BRI W R R R R B e Tt A s e s g g T g e i e i i i i i i i i i N i i N S i e i g iy i i e i e i

T P R R R e

B RRNEE NI PROER N BRI NI RIS 2,

-

g R Ty S T o 0 B S B B B B i B B P o B A A A 0 0 o 0 DA G A IS0 L S S Ty P L B W S B

pr

£

s
P
i

e

T

R T R e R R e S R e, A I e T T A A A e T R B B R, ..ﬁ.f.w e T T AT e R I S e P

e

S e, B B T TR A B D A DD AL B I I T e e R T N B N e S T A L B S e e L

U.S. Patent



US RE48,245 E

1

MOBILE UVA CURING SYSTEM AND
METHOD FOR COLLISION AND COSMETIC
REPAIR OF VEHICLES

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation-in-part of and
claims the benefit of priority of U.S. utility application Ser.
No. 13/973,841, filed Aug. 22, 2013, and claims the benefit

of priority of U.S. provisional patent application 61/771,
168, filed Mar. 1, 2013.

FIELD OF DISCLOSURE

The present disclosure 1s directed to mobile radiation
systems and methods of curing radiation curable coating
compositions to form a cured coating layer, particularly 1n
the field of collision and cosmetic repair of body parts of
vehicles such as cars and trucks.

BACKGROUND OF DISCLOSUR.

L1

Various curing devices and use of radiation curable coat-
ings and devices or systems for use 1n collision and cosmetic
repair ol body parts of vehicles such as cars and trucks are
known. Conventional devices and uses typically require a
combination of radiation curable coatings, such as primers,
a radiation source or radiator, and a power supply. For
example, systems currently available from Cure-Tek® 1n
400 W and 1200 W systems are large, clumsy and difficult
to maneuver 1n a congested repair shop. Typically the curing
area 1s small 1n relation to these systems, and the irradiation
output 1s typically about 100 milli-watts at a distance of
about 10 1nches. In this system the lamp 1s stationary while
curing, and must be moved from place to place 1n order to
cure relatively large surfaces such as vehicle body panels.
Also, due to the round, or circular configuration of the
reflector, msuflicient 1rradiation intensity and non-uniform
curing, a “light ring” defect results 1n some applications.

Also, while typically, an ultraviolet (UV) source such as
a UV lamp can be used for curing a UV curable coating
composition, such as a paint primer, applied over a substrate
to form a cured coating layer; such UV radiation from the
UV lamp can be harmiul for operators during the use. This
problem 1s 1n addition the aforementioned deficiencies of
conventional irradiators, and their poor quality, ineflicient
and slow 1rradiation times that have plagued the collision
and cosmetic repair of vehicles industry.

Typically, modern primers are polymeric 1in nature and are
dried, or cured through use of a photo-initiator. UV radiation
in the range of about 200-400 nm 1s typically used as a
photo-initiator in this industry. Conventional irradiators used
in this industry are not mobile, have 1rradiation sources that
provide point or narrow radius concentration ol curing
irradiation, typically UVA, are clumsy to handle, and lack
control and indication information that would be usetul to an
operator.
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In the automotive repair industry, repair of cars and trucks
often require paimnting or repainting ol various surfaces,
ranging {rom repainting of entire panels of body parts for the
vehicle to repainting relatively small areas that have suffered
dents, scratched, and the like. Typically, repair of vehicles
includes preparing the surface to be painted or repainted,
which typically includes coating the surface with a primer in
the painting booth of a body shop in order to comply with
OSHA and other governmental regulations. In these uses the
slow and uneven curing provided by conventional irradiators
are sources of problems. Specifically, because typical, slow
conventional curing times, typically about 30 minutes
results from use of conventional curing irradiators. These
slow cure times create bottlenecks 1n high volume applica-
tions because the painting booth 1s then tied up while the
primer cures and 1s not available to the operators for other
tasks such as sanding the cured surface in preparation for
actual painting.

With the novel UV mobile curing devices described

herein, improved methods of curing irradiation curable
coatings are made possible, particularly 1in the vehicle repair
industry where car and truck panel surfaces and areas that
have suflered nicks, scratches or other relatively small area
damage require re-painting. The basics of UV curing tech-
nology are known, as shown for example on the Internet at
http://www.cureuv.com/uv-lamp-curing-technology-
101 .html. For the purpose of the presently described devices
and methods the terms WPI, intensity, dosage, wavelength,
reflector, and cooling and photo 1nitiator are intended to have
the same meaning as defined in this Internet reference. With
respect to the UV curing methods described herein, UV
lamps used 1n these methods generally produce a spectrum
of radiation as 1s known. As 1s also well known, industrial
curing, the intended use of the described mobile rradiator
and methods herein, 1s conducted primarily 1n the range of
UV-C, UV-B and near UV-A, that 1s, from slightly below
about 200 nm to slightly above about 400 nm. The peak
intensity occurs at about 365 nm, with other smaller peaks
at other wavelengths. The far ultraviolet lies between 200
nm and 300 nm, and 1s referred to as Germicidal or UV-C.
The middle ultraviolet lies between 280 nm and 320 nm and
1s referred to as Erythmea (suntan) or UV-B. The near
ultraviolet lies between 320 and 400 nm, and 1s commonly
called Black Light (long ultraviolet) or UV-A. Therelore,
needs exist for improved irradiation system for use in
collision and cosmetic repair of vehicles that successtiully
address these known, long-felt needs.

STATEMENT OF DISCLOSURE

To address the aforementioned problems and needs,
described herein are embodiments of hand-held irradiators
that are mobile, that deliver known, constant UV radiation
and at predetermined distances from the surface to be cured
to maximize the curing rate of the curable coating on a
substrate, and that provide operator controls and system
operating information. The present systems also provide
shielding for operators to minimized exposure to UV and IR
radiation while the 1rradiator 1s 1n on “ON”, but stand-by
condition.

Also described herein are embodiments that are adapted
for high volume curing of relatively large coated surfaces,
such as vehicle body panels; mobile embodiments that are
adapted for curing relatively small areas of a coated surface,
such as found at scratches and dents on a vehicle body; and,
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portable, mobile embodiments that are adapted to be trans-
ported and quickly set up for use 1n curing a surface have an

curable surface coating.

The presently described mobile systems are also adapted
and configured to provide a relatively narrow band of
irradiation that extends along the length of 1ts hand-held
irradiator, with the irradiator’s retlector configured to pro-
vide maximum 1intensity of irradiation along this narrow
band. With these features incorporated imto embodiments of
the presently described systems a coated surface of rela-
tively large surface, such as a vehicle body part, can be cured
at about the same rate of speed of spraying primer or other
coating on the surface, and with the hand-held irradiator held
at about the same distance away from the surface as 1s the
sprayer for applying the primer or other coating.

With respect to other lower power, “touch-up” embodi-
ments, provided with a lower power ballast and lamp, and
with a smaller hand-held 1rradiator, increased flexibility in
use applications and environments 1s made possible.

Thus, with the presently described systems, greatly
improved, faster, more reliable and eflicient methods of
UVA curing of curable surfaces are provided.

More specifically, one embodiment of the present inven-
tion 1s directed to a mobile radiation system comprising:

(al) a mobile radiation device coupled to a control unit via
one or more coupling devices;

(a2) a radiation blocker having an adaptor opening for
receiving said mobile radiation device when said
mobile radiation device 1s 1n a seated position on said
radiation blocker;

(a3) a mobile carrier comprising a first compartment for
housing said radiation blocker, a second compartment
for housing said control umt, and one or more carrier
motion devices;

wherein said adaptor opening dimensionally fits said
mobile radiation device to block radiations from said
mobile radiation device when said mobile radiation
device 1s 1n said seated position on said radiation
blocker.

Also, an alternate embodiment of the present invention
turther directed to a mobile kit for a mobile radiation system,
the kit comprising;:

(b1) a mobile radiation device;

(b2) a control unit;

(b3) one or more coupling devices;

(b4) a radiation blocker having an adaptor opeming for
receiving said mobile radiation device in a seated
position on said radiation blocker;

(b5) a mobile carrier comprising a first compartment for
housing said radiation blocker, a second compartment
for housing said control unit, and one or more carrier
motion devices;

wherein said mobile radiation device 1s connectable to
said control unit via said one or more coupling devices;

said adaptor opeming dimensionally fits said mobile radia-
tion device to block radiations from said mobile radia-
tion device when said mobile radiation device 1s

received 1n said seated position on said radiation
blocker.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic view of a preferred embodiment
of the present with the radiator out of its nest and ready for

us.
FIG. 1B 1s a schematic view of the FIG. 1A embodiment
with the radiator seated in its nest.
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FIG. 2A 1s a schematic cross-sectional view a preferred
radiator with a preferred radiation blocker that provides total

radiation blocking elements on all sides.

FIG. 2B 1s a schematic cross-sectional view the FIG. 2A
radiator and with an alternate preferred a radiation blocker
that has alternate UV blocking elements.

FIG. 2C 1s a schematic cross-sectional view a preferred
radiator with an alternate preferred radiation blocker has
alternate UV blocking elements.

FIG. 3A 1s a schematic cross-sectional schematic view of
the FIG. 2A radiator and a carrier cooling fan.

FIG. 3B 1s a schematic cross-sectional schematic view of
the FIG. 2A radiator and a carrier cooling air duct.

FIG. 4A 15 a cross-sectional view of an alternate preferred
embodiment of a radiator that includes a vent fan and a
shutter system.

FIG. 4B 1s a cross-sectional view of an alternate preferred
embodiment of a radiator that includes a radiation retlector.

FIG. 4C 1s a cross-sectional view of an alternate preferred
embodiment of a radiator that includes a radiation area.

FIG. 5 1s a front, upper perspective view of an alternate
embodiment system that includes movable arm for mechani-
cally extending the 1rradiator to a remote surface to be cured.

FIG. 6 1s a front, upper right perspective view ol an
alternate embodiment system.

FIG. 7 1s a front view of the FIG. 6 embodiment.

FIG. 8 15 a front, rnight side perspective view of the FIG.
6 embodiment.

FIG. 9 15 a top, left side perspective view of the FIG. 6
embodiment.

FIG. 10 1s a top view of the FIG. 6 embodiment.

FIG. 11 15 a side view of a preferred hand-held 1rradiator
of the FIG. 6 embodiment.

FIG. 12 1s a side cross-sectional view of the FIG. 11
irradiator.

FIG. 13 1s an end cross-sectional view of the FIG. 11
irradiator showing irradiation focusing provided by the
reflector.

FIG. 14 1s a top, perspective view ol the internal structure
of the FIG. 11 irradiator.

FIG. 15 1s a top, front side perspective view of the front
face and internal structure of the FIG. 11 irradiator.

FIG. 16 1s a partial schematic circuit diagram of the power
and circuit of the FIG. 6 embodiment.

FIG. 17 1s a continuation of the FIG. 16 partial schematic
circuit diagram.

FIG. 18 15 a schematic circuit diagram of the lamp circuit
of the FIG. 6 embodiment.

FIG. 19 1s a top, perspective view of an alternate embodi-
ment UVA curing system having a lower output power,

smaller size and different advantageous structural features.
FIG. 20 1s a top view of the FIG. 19 embodiment.

FIG. 21 1s a front side view of the FIG. 19 embodiment.
FIG. 22 1s a side view of the FIG. 19 embodiment.

DETAILED DESCRIPTION

The features and advantages of the present system and
methods will be more readily understood by those of ordi-
nary skill in the art from reading the following detailed
description. It 1s to be appreciated that certain features of the
system and methods are, for clarnty, described 1n the context
ol separate embodiments, and that features of the various
embodiments may be provided 1n various combinations in a
single embodiment or in different embodiments. Conversely,
various features of the invention that are, for brevity,
described in the context of a single embodiment, may also
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be provided separately or 1in sub-combination(s). In addition,
references 1n the singular may also include the plural (for
example, “a” and “an” may refer to one, or one or more)
unless the context specifically states otherwise.

The use of numerical values 1n the various ranges speci-
fied 1n this application, unless expressly indicated otherwise,
are stated as approximations as though the minimum and
maximum values within the stated ranges were both pro-
ceeded by the word “about.” In this manner, slight variations
above and below the stated ranges can be used to achieve
substantially the same results as values within the ranges.
Also, the disclosure of these ranges 1s intended as a con-
tinuous range including every value between the minimum
and maximum values.

This disclosure 1s directed to a mobile radiation system 10
and to methods of curing radiation curable compositions,
such as paint, paint primers and the like. A preferred
embodiment of the mobile radiation device comprises:

(al) a mobile radiation device radiator (1) coupled to a
control unit (2) via one or more coupling devices (3) and a
power supply;

(a2) a radiator next including a radiation blocker (4)
having an adaptor opening (5) for receiving said mobile
radiation device (1) when said mobile radiation device 1s in
a seated position on said radiator (4);

(a3) a mobile carrier comprising a first compartment (11)
for housing said radiator and said radiation blocker, a second
compartment (12) for housing said control unit, and one or
more carrier motion devices or wheels (13);

wherein said adaptor opening dimensionally fits said
mobile radiation device radiator to block radiation from
said, mobile radiation device when said mobile radiation
device 1s 1n said seated position 1n said nest.

Referring to FIGS. 1-5, a preferred system includes a
mobile housing or carrier 10, a radiator 1, a radiator nest or
first compartment 11, a second compartment or control
housing for a control unit, a power supply (not shown) and
a power cord 3. FIG. 1A shows the radiator 1 out of 1ts nest
11 and ready for use. FIG. 1B shows the radiator 1 seated 1n
the nest 11.

Referring to FIGS. 2A-2C the mobile radiation system 10
includes an ultraviolet (UV) source such as a UV bulb (20),
preferably a mercury UV lamp, or alternatively a UV
light-emitting diode (LED), or any other UV source that can
provide the desired 1rradiation power at the target coating. A
UV power measuring device, such as a UV POWER
PUCK® FLASH, available from The EIT Instrument, Ster-
ling, Va. 20164, USA, under respective registered trade-
mark, 1s preferably included to measure UV 1rradiation
power and display the power on the control unit 2, at, for
example, display 2a.

Individual controls on the control unit 2 preferably are
adapted to adjust or control the UV 1rradiation power,
duration of radiation, or a combination thereof. The 1rradia-
tion power delivered to the coating to be cured 1s adjusted by
adjusting power to the mobile radiation device, also known
as the radiator, adjusting the distance between the radiator
and the coating to be irradiated, the configuration of the UV
reflection assembly, or a combination thereof. The control
unit 2 preferably includes one or more display devices, 2a,
2b, and one or more adjustment devices such as dials 2d, 2¢
and 21, as shown 1n FIGS. 1A and 2A. The control umit 2 may
turther include additional control devices and/or indicator
devices and display.

A preferred mobile radiation system 1s adapted to produce
UV radiation having peak radiation wavelength 1n a range of
from 250 nm to 450 nm and peak irradiation power in a
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range of from 0.5 W/cm2 to 10 W/cm2. Diflerent UV
sources can be used produce UV 1rradiations at same or
different wavelengths. In one example, an arc UV source can
have a peak wavelength at about 315 nm or 365 nm. In
another example, an LED UV source can have a peak
wavelength at about 365 nm.

The radiation blocker can comprise one or more UV
blocking elements 6 that permait visible radiations 21 to exat
the radiation blocker while blocking UV radiations 22 from
exiting said radiation blocker, when said mobile radiation
device 1s 1n the seated position, as shown 1n FIGS. 2A-2C.
The UV blocking elements can be transparent, translucent,
fluorescent, or a combination thereof. Examples of radiation
blocker can include UV blocking glass, UV blocking plas-
tics or other polymers, or a combination thereotf. The radia-
tion blocker can also comprise one or more total radiation
blocking elements 7 that block UV radiations and visible
radiations from exiting said radiation blocker. Examples of
the total radiation blocking elements can include metal

sheets or blocks, ceramic sheets or blocks, or any other
materials that can block UV radiations and visible radia-
tions.

One advantage of the system disclosed herein is that the
UV blocking elements 6 can permit visible radiations 21 to
exit the radiation blocker so an operator can visually confirm
that the UV source 1s actually powered when the mobile
radiation device 1s seated on the radiation blocker nest
without being exposed to the UV 1rradiation.

The mobile carrier can further comprise a coupler sup-
porting device 14 for storing and supporting said one or
more coupling devices or power and/or control signal cords
3 that couple the mobile radiation device and the control
unit, as shown in FIGS. 1A, 1B and 5. The mobile carrier can
further comprise one or more storage compartments 15, as
shown in FIGS. 1A, 1B and 5.

The mobile carrier can further comprise at least a cooling,
device 16 for cooling said mobile radiation device in said
seated position. The cooling device can comprise a carrier
cooling fan 16, as shown 1n FIG. 3A, a carrier cooling air
duct 16, as shown 1n FIG. 3B, or a combination thereof. The
mobile carrier can further comprise one or more vents
10a-10b, as shown 1n FIG. 1A to provide ventilation. In one
example, ambient external air 30 can be forced by the fan 16
into the carrier to cool the radiation blocker shown 1n FIG.
3A. In another example, cooled air 30' can be provided to the
carrier via the carrier cooling air duct 16', as shown 1n FIG.
3B. In another example, the carrier can comprise a combi-
nation of the cooled air and the fan to provide the cooled air
30" into the carrier by the fan 16. The radiation blocker can
have a plurality of thermal fins 7a for dispersing heat, as
shown 1 FIGS. 3A and 3B. In another example, the carrier
cam comprise thermal fins and at least one vent, as shown
in FIG. 10a or 10b, without the fan.

The cooling device can comprise a cooling sensing device
17 to power on the cooling device when said mobile
radiation device 1s 1n the seated position. When the mobile
radiation device 1s moved from the seated position, the
cooling sensing device 17 can automatically turn off the
cooling device to conserve power.

The mobile carrier can further comprise an activity sens-
ing device 18, as shown 1 FIG. 2C coupled to the mobile
radiation device and the control unit to power ofl the mobile
radiation device 1f the mobile radiation device 1s powered
and remains in the seated position for a predetermined
period of time. In one example, the cooling sensing device
17 and the activity sensing device 18 can be configured 1nto
one single device, as shown 1n FIG. 2C so the cooling device
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can be triggered to be turned on when the mobile radiation
device 1s placed in the seated position and subsequently, the
power can be turned off if the mobile radiation device
remains 1n the seated position for a predetermined period of
time.

The mobile radiation device can comprise at least one
cooling vent 40 on the radiation device, as shown 1 FIGS.
4A-4B. The mobile radiation device can further comprise at
least one vent fan 41, a shutter system 43 to block the
radiation of the UV source from exiting through the cooling
vent 40 while allowing cooling air 42 to flow through the
cooling vent, or a combination thereof.

The mobile radiation device can further comprise a radia-
tion reflector 44, as shown in FIGS. 4B and 4C to reflect the
radiation toward a predetermined direction, such as directing,
to a substrate, shown 1n FIG. 4C for example. The mobile
radiation device can be configured using the radiation reflec-
tor, the opening of the mobile radiation device to adjust a
radiation area 45 over a target 31, as shown 1n FIG. 4C.

The one or more carrier motion devices 13 can be selected
from wheels, powered wheels, rolling Wheels, tracks, rails,
or a combination thereof.

The mobile radiation system can further comprise a
battery power source 32 for supplying power to the mobile
radiation device 1, the control unit 2, or a combination
thereof.

The mobile carrier can further comprise one or more
radiation supporting devices 19, as shown in FIG. 5, to
position said mobile radiation device for providing radiation
to a target. In one example, one of radiation supporting
devices 19 can be a retractable arm so the mobile radiation
device can be attached at one end. In another example, the
radiation supporting device can be coupled to a computing,
device or other automation devices to move the mobile
radiation device 1n a predetermined pattern, predetermined
distance to a target, a range of predetermined velocity, or a
combination thereof.

The aforementioned target can comprise a target coating,
layer 34, such as a wet coating layer over a coated area of
a substrate 31, as shown 1n FIG. 5. The target coating layer
34 can be formed from one or more radiation curable target
coating compositions applied over the coated area of the
substrate. The target coating compositions can be solvent
borne or waterborne coating compositions. The target coat-
ing layer can be cured with the radiation alone or a combi-
nation of the radiation with one or more curing processes
selected from thermal curing, physical drying curing, chemi-
cal curing, or a combination thereof. Thermal curing can
include curing at ambient temperatures, such as tempera-
tures 1 a range of from 15° C. to 30° C.; at elevated
temperatures, such as temperatures 1n a range of from 50° C.
to 350° C.; or a combination thereof. Lacquer coating
compositions can be cured by drying. The term “lacquer” or
“lacquer coating composition” refers a coating composition
that 1s capable of drying by solvent evaporation to form a
durable coating on a substrate.

Chemical curing can 1nclude the reactions between cross-
linkable and crosslinking functional groups. Typical cross-
linkable and crosslinking functional groups can include
hydroxyl, thiol, 1socyanate, thioisocyanate, acid or polyacid,
acetoacetoxy, carboxyl, primary amine, secondary amine,
epoxy, anhydride, ketimine, aldimine, or a workable com-
bination thereof. Some other functional groups such as
orthoester, orthocarbonate, or cyclic amide that can generate
hydroxyl or amine groups once the ring structure 1s opened
can also be suitable as crosslinkable functional groups.
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It would be clear to one of ordinary skill 1n the art that
certain crosslinking functional groups crosslink with certain
crosslinkable functional groups. Examples of paired com-
binations of crosslinkable and crosslinking functional
groups can include: (1) ketimine functional groups cross-
linking with acetoacetoxy, epoxy, or anhydride functional
groups; (2) 1socyanate, thioisocyanate and melamine func-
tional groups each crosslinking with hydroxyl, thiol, pri-
mary and secondary amine, ketimine, or aldimine functional
groups; (3) epoxy functional groups crosslinking with car-
boxyl, primary and secondary amine, ketimine, or anhydride
functional groups; (4) amine functional groups crosslinking
with acetoacetoxy functional groups; (5) polyacid functional
groups crosslinking with epoxy or i1socyanate functional
groups; and (6) anhydride functional groups generally cross-
linking with epoxy and ketimine functional groups.

The wrradiation curable functional groups can include
cthylenically unsaturated double bonds, such as acrylic or
methacrylic double bonds. Sources of UV 1rradiation for
curing can include natural sunlight or artificial UV radiation
sources. Examples of UV 1rradiation for curing can include,
but not limited to, UV-A radiation, which falls within the
wavelength range of from 320 nanometers (nm) to 400 nm;
UV-B radiation, which 1s radiation having a wavelength
falling 1n the range of from 280 nm to 320 nm; UV-C
radiation, which 1s radiation having a wavelength falling in
the range of from 100 nm to 280 nm; and UV-V radiation,
which 1s radiation having a wavelength falling in the range
of from 400 nm to 800 nm.

A coating composition having crosslinkable and cross-
linking functional groups and the irradiation curable func-
tional groups can be cured by a combination of the chemical
curing and the wrradiation curing. Such coating compositions
can be referred to as a dual cure coating composition.

-

T'he substrate can be a vehicle or vehicle part.
This disclosure 1s further directed to a kit for a mobile
radiation system. The kit can comprise:

(b1) a mobile radiation device;

(b2) a control unait;

(b3) one or more coupling devices;

(b4) a radiation blocker having an adaptor opening for
receiving the mobile radiation device (1) 1n a seated position
on the radiation blocker:

(b5) a mobile carrier comprising a first compartment for
housing the radiation blocker, a second compartment for
housing the control unit, and one or more carrier motion
devices;

wherein the mobile radiation device 1s connectable to the
control unit via the one or more coupling devices;

the adaptor opening dimensionally fits the mobile radia-
tion device to block radiations from the mobile radiation
device when the mobile radiation device 1s received 1n the
seated position on the radiation blocker.

The mobile radiation device of the kit can be configured
to produce radiations having peak radiation wavelength 1n a
range of from 250 um to 450 nm and has a peak 1rradiation
power 1n a range of from 1 W to 10 W,

The radiation blocker of the kit can comprise one or more
UV blocking eclements 6 that are capable of permitting
visible radiations 21 to exit the radiation blocker while
blocking UV radiations 22 from exiting the radiation
blocker, the one or more UV blocking elements are trans-
parent, translucent, fluorescent, or a combination thereof.

The mobile carrier of the kit can further comprise at least
a cooling device 16 connectable to the mobile radiation
device and the control unit for cooling the mobile radiation

device, and the cooling device comprises a cooling sensing
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device 17 connectable to the cooling device to power on the
cooling device when the mobile radiation device 1s received
in the seated position.

The mobile carrier can turther comprise an activity sens-
ing device 18 connectable to the mobile radiation device and
the control unit to power ofl the mobile radiation device
when assembled and powered, 11 the mobile radiation device
1s powered and remains 1n the seated position for a prede-
termined period of time.

With reference to FIGS. 6-18 an improved, alternate
embodiment mobile UV curing device or mobile irradiator
and method of use will be described. As shown 1n FIGS.
6-10 mobile UV curing device 50 1s shown with a housing,
cart or cabinet 52, wheels 54, handheld lamp 1rradiator 56,
standby nest 58, operator control station 60 and electrical
connections and power switch 62. The mobile UV curing
irradiator also cable bracket 82, which 1s shown attached to
the side of the housing 50 and 1s sized and adapted to hold
coils of electrical cords or cables, such as system 1nput
power, rradiator power iput and 1rradiator control cables.
Also 1ncluded are filters or vent screens 78, 78, inlet power
supply connection 76, ON/OFF switch 77, AC power to the
lamp and DC control power to the wrradiator 79 and cable
bracket 82.

A preferred cart 52 1s a Luxor brand, AVI42C, A/V cart
with locking cabinet that 1s commercially available. FIG. 6
1s a front perspective view of the device 50 from the upper
right side also showing the lockable front access panel 64 of
the cabinet 52 and with the electrical connections and power
switch on the right side of the housing. FIG. 7 1s a front view
of the UV curing device and FIG. 8 1s right side view of the
UV curning device. FIG. 9 1s perspective view of the device
50 taken from the upper left side and showing the front panel
64 partially open. Front panel 64 includes handle 66 and
lock 68. A vent 70 i1s positioned on the left side of the
housing 62. FIG. 10 1s a top view of the FIG. 6 mobile UV
curing irradiator cart.

As shown 1n FIGS. 6-10 an upper surface or deck 72 rests
on four upright members or metal legs, one of which 1s
shown at 74. While the legs can be of any material or shape
that will support the upper surface, the legs shown are
preferably made of metal, and are of a right angle configu-
ration. The each leg preferably has a rubber or other elastic
bumper 75.

The housing 52 preferably contains the power supply for
the device, partially shown i FIG. 9, and described in
greater detail below. Also described in detail below are
cooling or vent fans and filters which are adapted to exhaust
excess heat generated during operation and to maintain the
temperature of the device within a safe range ol tempera-
tures. With reference to FIGS. 6-10, the cart 52 rests on and
1s mobile due to conventional doily wheels 54, preferably
cach of which 1s rotatable about a horizontal axis and
rotatable about a post to provide maximum turning capabil-
ity and minimum turn radius. Preferably the wheels are
adapted for ease of movement 1n an industnal repair facility,
most preferably a painting booth adapted for vehicle repatr,
such as 1n a car or truck body shop that often have grid pads
or a gridded floor. Thus, the wheels should be made of a
grease and o1l impervious material, and are of a size adapted
for grid avoidance. To satisty these criteria the wheels are
preferably at least about 4 inches in diameter, and each
wheel preferably includes a brake.

Referring to FIGS. 11-15 a preferred hand held 1rradiator
includes a housing 84, preferably made of extruded alumi-
num with the aluminum coated with a conventional, heat
resistant paint. The irradiator includes lamp 86, which
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during operation provide a range of radiation 1n the UVA,
UVB, UVC, IR and visible ranges. The lamp 86 1s a
conventional UV Mercury curing lamp, 6-inch length,
manufactured by and available from, Albatross UV, Post
Falls, Idaho as 1ts part number HO6A2-3-02. Preferably lamp
86 15 a 6 1nch, ozone free mercury UV output lamp for use
in curing paint primer for use 1n vehicle repair. The lamp 86
1s positioned 1n the rradiator with conventional connections
and conventional, quick-connect lamp leads 87. The irra-
diator 56 includes emergency stop switch 90 and preferably
a power cord 80 of at least a 20 foot length to provide for the
user to easily move the irradiator to the location(s) of the
vehicle, or other surface that requires curing. The power
cord 80 1s preferably a no-twist, conventional multi-conduc-
tor cable. The 1rradiator 56 also 1ncludes one or more cooling
fans, three of which are shown at 88, 88, and 88 and adapted
to provide cooling air from ambient and in the direction
shown by the arrows 1in FI1G. 13. During operation these fans
exhaust heat out of the wrradiator to maintain 1t within a
standard operating temperature range. The fans are conven-
tional, and preferably are commercially available high speed
fans. Positioned on the top of the fans are conventional
filters and radiation shields or blockers, shown at 94, 94 and
94. In the most preferred embodiment ruler markings 96 are
provided on the outside, long sidewall and function to
inform the user of the location of the radiation cure path
width during operation. In the most preferred embodiment,
the device 1s adapted and sized for a 6 inch cure path, with
the centerline marked with a *“0” and ruled markings extend-
ing out for a distance of 3 inches on each side of the “0”. The
irradiator also includes a reflector 98, shown 1n FIG. 13, and
that functions to direct the radiation outward in a desired
irradiation pattern. For the use 1n vehicle repair and painting
or repainting, a retlector configured to focus the output
radiation generally along a line or narrow band extending
along the cure path 1s preferred. A band of about 1 inch 1s
preferred. The most preferred reflector 1s a strip retlector,
manufactured by and commercially available from
ALANOD, Germany, anodized aluminum, PVD-coated,
with reinforced reflection, MIRO 4 4400 GP, image clarity
of 95 DI, total retlectance (TR2) of 95, diffuse reflectance
<12, “brightness along” of 89 and “brightness across” of 88,
elliciency class A. This reflector matenal 1s optimized for
UVA output and 1s fashioned in the hand held radiator to
provide a narrow band focal point or length, as shown in
FIG. 13. The reflector has a generally of a parabolic cross-
section and 1s positioned relative to the longitudinal center-
line of the lamp so that a beam or band of 1rradiation of about
1-inch 1n width 1s focused at a distance of about 6 inches
from the longitudinal centerline of the lamp. As a result, the
area ol maximum UV irradiation intensity is in this band.
The preferred fans are commercially available from
MC36329-Axial fans, 80 mm, 60 cfm, and 46.5 dBA,
commercially available from Multi-comp as its part number
23 T0657. The preferred filters are Qualtek brand 09325-F/
45-tfan filter assemblies as its part number 87F3920. The
remaining components of the imrradiator and cabinet or cart
are conventional components such as connectors, switches,
strain relief cord connectors, lock nuts, receptacles and
sockets, panels, circuit breaker, lock, cords, plugs eftc.

The 1rradiator 56 also 1includes a top handle 98 for use 1n
holding the 1rradiator during normal operation. Handle 98 1s
preferably positioned on the top side of the irradiator,
lengthwise and at a height suflicient for the user to hold the
irradiator and for enough space or height between the top of
the filters 94 and the user’s gloved hand to permait free flow
of air out of the 1rradiator and through the cooling fans or
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vents 94. The irradiator also includes inner lamp cartridge
100, shown 1in FIGS. 12-15, and that functions to hold the
lamp, the fans, emergency stop switch 90, related wiring and
pull handle 102. Most preferably, the length of the hand held
irradiator 1s about 13.71 inches; the width about 4.14 inches
and the height from the bottom to the top of the top handle
1s about 6.56 1nches. Nest 58 1s preferably a commercially
available heat sink manufactured by HS Marston as 1ts brand
890SP-02000-A-100-torce cooled heat sink, 0.07 A° C./W,
commercially available from Newark Electronics.

As shown 1n FIGS. 6-10, the control console 60 includes
power indicator light 104, lamp status light 106, lamp hour
timer 108, lamp stop switch 110, lamp start button 112 and
keyed lamp hour timer reset switch 114, each of which 1s
described 1n more detail with reference to the FIGS. 16-18
circuit diagrams.

Referring to FIGS. 16-18 a preferred power supply,
clectrical circuit and method of use are described. The
preferred UVA 1rradiator system 1s based on a 2 KW ballast,
and accepts mput power of 208-240 VAC of 50 Hz or 60 Hz
through main circuit breaker 200 as shown in FIG. 16. Upon
applying power and switching circuit breaker 200 to the ON
position the DC power supply 202 1s energized. The DC
power supply 202 1s used to for all signal power for the
control systems shown 1n FIGS. 16 and 17. Power indicator
light 204, cabinet fans 206 and 1rradiator fans 208 will be
active when the DC power supply 202 1s on. All of the
components for the main power board are commercially

available components including a ballast, panel enclosure,
24 VDC, 2.5 A (60 W) DIN power supply, contactors,

mini-time on-delay 2PDT 24 V 1M-10M, relays, coill LED
indicators, relay sockets, switches and terminal blocks, as
would be understood by a person of ordinary skill 1 this
f1eld.

To operate the system, disengage lamp stop buttons 230
and 232 are disengaged. One of the stop buttons, or emer-
gency stop switches, 1s preferably located on the irradiator
230 and the other 1s on the operator station 232 as shown 1n
FIG. 16. To 1gnite the lamp, the lamp 1rradiator should be 1n
the nest, and then the lamp start push button 240 on the front
ol the operator station 1s pressed. Signal power will then be
provided to the lamp start relay 244, the lamp ready timer
246, the lamp ‘ON’ indicator light 248, and the lamp status
indicator light 250. Energizing the lamp start relay 244
causes contacts 266 to close, and allows the lamp ballast 268
to be powered. The ballast 268 1n turn provides a constant
wattage power to the UV lamp circuit as shown i FIG. 18.
If the lamp does not 1gnite, no current tlow will be detected
by the current sensing relay 270 and the current sensing
relay contact 238 will not close, the power to the lamp circuit
will be removed as soon as the operator releases the lamp
start pushbutton. If the lamp 1gnites current flow will be
detected by the current sensing relay 170 and the current
sensing relay contact 238 will close, the lamp circuit power
will be maintained after the operator releases the lamp start
button. The preferred ballast 1s a 2000 W ballast, including
capacitors, manufactured by and commercially available
from Shape, LLC, Addison, Ill. as its part number Z7954.
With power tlowing to the UV lamp 280 the gases inside the
lamp will 1gmite. During 1gnition the mercury in the lamp
will vaporize into the plasma. As the mercury vaporizes the
voltage of the lamp will rise as the current falls until the
optimal operating power 1s achieved.

During the warm-up phase all capacitors are energized by
high power contacts 272 as controlled by the high power
relay coil 218. The high power relay coil 218 is controlled
by the warm-up timer contacts 214. These contacts are
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controlled by the lamp ready timer 252 which 1s preferably
set to 2 minutes and automatically switches the lamp down
to stand-by mode once this time 1s achieved by removing the
signal power for the high power relay coil 218. Also during
warm-up the tri-color lamp status indicator will be amber,
with both the red LED 226 and green LED 250 energized.

When the lamp ready timer 252 achieves its set point, then
power will be removed from the red LED 226 and the lamp
status 1ndicator will show green.

Once the lamp status indicator shows green the system 1s
ready to use. The operator can then remove the lamp
irradiator from the nest on the top of the cart. When the
irradiator 1s removed from the nest, the nest switch 212 will
energize the nest switch relay 210 which will cause the nest
switch relay contact 216 to close, and which will then allow
the lamp to be switched to high power. The lamp 1rradiator
can then be used to cure the curable surface, such as a coat
of automotive paint primer, by passing the irradiator 1n front
the surface to be cured at a distance from 1ts surface of about
6 1inches using a steady and overlapping motion, preferably
at about the same rate of speed and at about the same
distance from the surface as would take place when spraying
the primer onto the surface. Once the curing operation 1s
complete the operator puts the lamp 1rradiator back 1n to the
nest. The nest switch 212 then allows the lamp to go back to
stand-by power.

To turn OFF the UV lamp 280, either one of the lamp
buttons 230 or 232 1s depressed. In order to re-1gnite the UV
lamp 280 a suflicient amount of cooling time 1s required to
allow the mercury inside the UV Lamp 220 to re-condense.

The system preferably includes an automatic shut-off
timer that functions to turn the system OFF after a prede-
termined time of no use and lamp hour indication. After the
“lamp ready” condition 1s achieved and the lamp irradiator
1s not removed from the nest alter a pre-set period, as
controlled by idle shutdown timer 222, the lamp will be
turned ofl by the idle shutdown timer contact 236. The lamp
hour timer 252 indicates the remaining time, 1n hours, of the
ideal lifespan of the UV Lamp 280, typically 500 hours. The
lamp hour timer 252 counts time as long as the UV lamp
start relay contact 254 1s closed. Once the timer reaches zero
the lamp hour timer contact 1s opened 242 and the lamp 1s
turned ol and cannot be reignited until the lamp hour timer
252 1s reset. After the operator mstalls a new UV lamp 280,
the lamp hour reset switch 256 1s activated using a key,
which will reset the lamp hour timer 252 to 500 hours, at
which time the lamp can be reigmited.

With reference to FIGS. 19-22 an alternate, “touch-up”
embodiment hand held UVA irradiator system 300 and
method will be described. This preferred touch-up embodi-
ment 1s adapted for mobility, for use 1n curing relatively
small areas of coated surfaces that are to be irradiation
cured, such as found at dents, scratches and other damaged
areas of vehicle body parts. This preferred embodiment 1s
somewhat similar 1n design and operation as are the above
embodiments, but preferably has a 1000 W ballast rather
than a 2000 W ballast, and a smaller lamp, preferably 2.50
inches 1n length. The preferred 1000 W ballast 1s manufac-
tured by and available from Venture Lighting International,
Inc. The pretferred lamp 1s also a Mercury vapor UV lamp.
The irradiator reflector 1s adapted to focus a narrow beam s
about 1100 watts of 1rradiation at a predetermined distance
from the lamp’s longitudinal centerline. As with the prior
embodiments Shown 1n FIG. 19 1s a front, upper perspective
view showing the system 300 with the hand-held 1rradiator
removed from 1ts nest and the case, and ready for use.
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The system 300 includes a case 302 having a middle
cavity 304 adapted to hold a predetermined length of elec-
trical cord, a first or front side panel 306 and a second side

panel 308. Hand held 1rradiator 310 1s shown resting 1n nest
312. The wrradiator 310 includes a top handle 314, filter 316

and 318, which overlie fans 320 and 322, not shown, but

which are preferably the same filters and fans, respectively,
as described above. The hand-held 1rradiator also includes
an emergency stop switch 324 and power cord connector
326.

The electrical control and system operating indicators are
positioned on a top surface of 1ts power supply, for advan-

tageous use by the operator. Preferably, the power supply
and these controls and indicators include irradiator cable
connection 328, inlet power cable connection 330, circuit
breaker 332, DC power on indicator light 334, lamp status
indicator 336, lamp stop switch 338, lamp start button 340,
lamp hour life indicator 342 and keyed lamp hour timer reset
switch 344. These components are similar to those as
described above, except that they are configured for an 1100
watt system and to fit within a hand-held carrying case.

The above-described systems are used cure irradiation
curable surfaces, most preferably for curing as primers used
for collision and cosmetic repair of vehicles. Use of these
systems now enables a typical 30-minute cure time to be
reduced to less than 1 minute and with improved quality of
result, more uniform curing and increased safety to the
system operator. A preferred method of 1rradiation curing
includes the following steps. First, damage repair steps
should be taken, which includes:

Preparing the surface by sanding down the scratched,
dinged or other area for refinishing with 220 grit sand paper
abrasive, 1 the same way as for most any other body repair.

Uniformly abrading the area of damage and masking it for
overspray.

Providing a generous extended area for feather coat.

Wiping down the surface with high flash solvent (lugh
flash msures no residue while removing any form of residue,
dust or contamination).

Shaking the aerosol containing the UV curable coating
can for 2 minutes after hearing that the mixing marble 1nside
the aerosol can 1s free. (With larger repairs an option to use
a HVLP spray gun version of UV curable matenals 1is
typically available).

Spray testing the acrosol msuring 1t 1s spraying correctly.

Using a uniform spray pattern apply 2 to 3 even coats of
UV primer or fimish, not exceeding 5 mil 1n thickness with
most materials.

Providing about a 1-minute flash time between coats, for
Cromax brand A3130S and LE3130S UVA Primer Surfacer.
Follow manufacturer instructions for other coatings.

On average allow the surface to flash about 2 minutes
before moving to the UV curing step for Hybrid UV
Products (not needed for 100% active UV products).

Wear all proper personal protective equipment during use,
including a full face shield or welder’s helmet rated against
UV lights, protective clothing including gloves and a long-
sleeved shirt to reduce the exposure to the skin of hands,
forearms and body.

Turn ON the UV light and when the UV light has been
turned ON and 1s up to full power, begin drying most any
UV curable primer, base coat or topcoat.

Begin the curing by working or moving the UV device
from one end of the surface to be coated to the other end,
covering the entire area that has been sprayed with the
coating.
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Hold the hand-held irradiator approximately 2-4 inches
from the UV curable surface as the 1rradiator 1s moved from
one end to the other, and at about the same rate of travel as
used during the spraying of newly primed or finished areas,
(1f the wrradiator 1s held at a greater distance than 4-inches,
then a slower travel speed 1s used in order to fully cure the
surface in the same number of passes as when held at 2-4
inches). Umiform left to right motion 1s preferably used to
pass the hand-held 1rradiator over the surface while main-
taining speed and distance consistency, that 1s, about 2-4
inches from surface at about 10 feet per minute (FPM) travel
speed 1s preferred).

Preferably pass the light over the surface of the repair
using the same pattern and speed used when applying the
primer.

Preferably make each advancing pass at about 50% of the
cure width over the area just previously passed. For
example, using a 6-inch UVA lamp and a 6-inch 1nitial pass,
the second pass would overlap the first pass by about
3-inches, and so on for each subsequent pass.

Once the primer 1s cured, permit the surface to cool down
and cure for several seconds.

Once the surface i1s cooled, the primer coating on the
surface 1s cured and the area can be sanded 1n preparation for
sealing or top coating.

Apply a base coat of paint.

Allow the base coat to dry.

Apply a clear coat.

The above specification and figures referred to are,
accordingly, to be regarded in an illustrative rather than a
restrictive sense. It will, however, be evident that additions,
subtractions, deletions, and other modifications and changes
may be made thereunto without departing from the broader
spirit and scope of the inventions as set forth in the claims.

What 1s claimed 1s:

1. A mobile UV curing system for curing a radiation
curable coating composition to form a cured coating layer
comprising;

a handheld lamp 1rradiator comprising a housing having a
top, a bottom, a height, a length, a width, a unaitary,
stationary reflector positioned within said housing and
a UV lamp positioned within said housing between said
reflector and said bottom:

said reflector extending along the irradiator length,
adapted and positioned to reflect UV radiation along
the lamp’s length and to focus radiation toward a
substrate positioned at predetermined direction from
the bottom of said [radiation device] irradiator,

a handle positioned on the top of said irradiator housing
and at a height suflicient for free flow of air between a
user’s gloved hand holding the handle and the top of the
irradiator:;

a mobile carrier comprising a housing having a top, a
bottom, a power supply, dolly wheels positioned on the
bottom of the carrier, a power cord extending from said
power supply to said [radiator] irradiator, a system
control unit and [a radiator | ar irradiator nest; said
irradiator nest comprising a body having a top, bottom,
sides and a cavity positioned on the top of said nest,
said cavity sized and configured to receive and seat said
irradiator.

2. The system of claim 1 wherein the handheld 1rradiator

housing 1s made of extruded aluminum.

3. The system of claim 2 further comprising a heat
resistant paint coating on said handheld irradiator housing.

4. The system of claim 2 wherein said lamp 1s a UV
Mercury curing lamp.
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5. The system of claim 2 wherein the reflector 1s config-
ured to focus output radiation along a band extending along,
a cure path.

6. The system of claim 2 wherein the reflector 1s config-
ures to focus output radiation along a band approximately
1-inch at a predetermined distance from the bottom of the
irradiator housing bottom.

7. The system of claim 2 wherein the reflector 1s config-
ured to focus output radiation along a band approximately

1-inch at a distance of about 6 inches from the longitudinal
centerline of said UV lamp.

8. The system of claim 2 wherein the reflector 1s made of

anodized aluminum.

9. The system of claam 2 wherein the length of the
irradiator 1s about 13-14 inches.

10. The system of claim 2 further comprising at least one
cooling fan positioned at the top of said 1rradiator housing
and adapted to provide air tflow from ambient toward the UV
lamp.

11. The system of claim 3 further comprising a filter
positioned on said irradiator housing above each cooling
fan.

12. The system of claim 3 further comprising a UV
radiation shield position on said irradiator housing above
cach cooling fan.

13. The system of claim 2 further comprising ruler
markings on said irradiator housing along its length and to
define a cure path.

14. The system of claim 2 further comprising an irradiator

iner lamp cartridge adapted to hold said UV lamp and one
or more fans.
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15. The system of claim 2 further comprising an auto-
matic shut-ofl timer adapted to turn the system ofl after a
predetermined time of no use of the system.

[16. A method of curing radiation curable coating com-
positions to form a cured coating layer on a vehicle body
part comprising:

selecting a vehicle body part

selecting a surface of said part to coat with a radiation

curable coating;

preparing the surface to provide a prepared vehicle part

surface:

applying at least one coating of radiation curable material

to yield said prepared surface;

providing a handheld irradiator having a generally rect-

angular housing and defining a predetermined cure
width, a lamp positioned within said housing, a reflec-
tor positioned within said housing and adapted to focus
radiations out of one side of said housing and onto a
band of a predetermined band width at a predetermined
distance from said UV lamp, said lamp adapted to emit
UV radiations and to emit visible radiations when said
lamp 1s powered; activating said lamp; first moving
said 1rradiator over said prepared surface area at a
distance of approximately 2-4 inches from the prepared
surface; second and subsequently moving said 1rradia-
tor over said prepared surface at a distance of approxi-
mately 2-4 inches from the prepared surface and at
about 50% of said cure width over the surface area just
previously passed until the irradiator has been moved
over all of said prepared surface of said vehicle body
part; and, allowing the vehicle body part to cool down

and cure for at least several seconds.]
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