
USO10966583B2 

( 12 ) United States Patent 
Conrad 

( 10 ) Patent No .: US 10,966,583 B2 
( 45 ) Date of Patent : * Apr . 6 , 2021 

( 54 ) SURFACE CLEANING APPARATUS , 
CYCLONIC AIR TREATMENT MEMBER 
AND SURFACE CLEANING APPARATUS 
INCLUDING THE SAME 

( 71 ) Applicant : Omachron Intellectual Property Inc. , 
Hampton ( CA ) 

( 58 ) Field of Classification Search 
CPC B04C 5/081 ; B04C 5/04 ; B04C 5/103 ; 

B04C 9/00 ; B04C 5/185 ; B04C 2009/004 ; 
A47L 9/1608 ; A47L 9/165 ; A47L 9/1683 ; 
A47L 9/122 ; A47L 5/28 ; A47L 9/1675 ; 
A47L 9/106 ; A47L 9/325 ; A47L 9/20 ; 
A47L 9/1625 ; B01D 46/0068 ; B01D 

46/2411 ; B01D 46/0075 ; B01D 46/002 ; 
B01D 46/0065 

See application file for complete search history . 
( 72 ) Inventor : Wayne Ernest Conrad , Hampton ( CA ) 
( 73 ) Assignee : Omachron Intellectual Property Inc. , 

Hampton ( CA ) 
( 56 ) References Cited 

( * ) Notice : 
U.S. PATENT DOCUMENTS 

Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U.S.C. 154 ( b ) by 5 days . 
This patent is subject to a terminal dis 
claimer . 

394,240 A * 12/1888 Allington B04C 5/13 
55/394 

B01D 19/00 
55/446 

1,779,023 A * 10/1930 Waters 

( 21 ) Appl . No .: 16 / 447,308 ( Continued ) 

( 22 ) Filed : Jun . 20 , 2019 FOREIGN PATENT DOCUMENTS 

GB 
JP 

2370006 B 
2002315701 A 

10/2003 
* 10/2002 

( 65 ) Prior Publication Data 

US 2020/0229666 A1 Jul . 23 , 2020 
Related U.S. Application Data 

( 63 ) Continuation - in - part of application No. 16 / 254,918 , 
filed on Jan. 23 , 2019 . 

OTHER PUBLICATIONS 

International Search Report and Written Opinion , received in con 
nection to international patent application No. PCT / CA2020 / 
050054 , dated Apr. 8 , 2020 . 

Primary Examiner — Dung H Bui 
( 74 ) Attorney , Agent , or Firm — Philip C. Mendes da 
Costa ; Bereskin & Parr LLP S.E.N.C.R.L. , s.r.l. 

( 51 ) Int . Cl . 
B01D 50/00 ( 2006.01 ) 
A47L 9/16 ( 2006.01 ) 

( Continued ) 
( 52 ) U.S. CI . 

CPC A47L 9/1683 ( 2013.01 ) ; A47L 9/1608 
( 2013.01 ) ; A47L 9/1625 ( 2013.01 ) ; A47L 
9/1658 ( 2013.01 ) ; A47L 9/122 ( 2013.01 ) ; 

A47L 9/165 ( 2013.01 ) ; A47L 9/1675 
( 2013.01 ) ; A47L 9/20 ( 2013.01 ) ; A47L 9/32 

( 2013.01 ) ; A47L 9/325 ( 2013.01 ) ; 
( Continued ) 

( 57 ) ABSTRACT 

A surface cleaning apparatus comprises a cyclone with an 
external dirt collection chamber and a vertically extending 
member is provided in the dirt collection chamber . 

20 Claims , 100 Drawing Sheets 

1726 

172b 

304a 

352b 



US 10,966,583 B2 
Page 2 

( 51 ) Int . Ci . 
A47L 9/32 ( 2006.01 ) 
B04C 5/081 ( 2006.01 ) 
B04C 5/04 ( 2006.01 ) 
B04C 5/103 ( 2006.01 ) 
B04C 9/00 ( 2006.01 ) 
B04C 5/185 ( 2006.01 ) 
A47L 9/12 ( 2006.01 ) 
A47L 9/20 ( 2006.01 ) 

( 52 ) U.S. CI . 
??? B04C 5/04 ( 2013.01 ) ; B04C 5/081 

( 2013.01 ) ; B04C 5/103 ( 2013.01 ) ; B04C 5/185 
( 2013.01 ) ; B04C 9/00 ( 2013.01 ) ; B04C 

2009/004 ( 2013.01 ) 
( 56 ) References Cited 

U.S. PATENT DOCUMENTS 

2,754,968 A * 7/1956 Hage 

2,840,240 A * 6/1958 Snyder 

3,349,548 A * 10/1967 Boyen 

3,636,682 A * 1/1972 Rush 

3,933,450 A 1/1976 Percevaut 

3,990,870 A * 11/1976 Miczek 

4,203,961 A 5/1980 Cowley 

4,276,262 A * 6/1981 Cowley 

7,662,201 B2 * 2/2010 Lee A47L 9/165 
55/419 

7,803,207 B2 9/2010 Conrad 
7,867,310 B2 * 1/2011 Baten FO1K 23/10 

55 / 459.1 
7,882,593 B2 2/2011 Beskow et al . 
7,922,794 B2 4/2011 Morphey 
7,958,597 B2 6/2011 Frantzen et al . 
8,069,529 B2 12/2011 Groff et al . 
8,152,877 B2 * 4/2012 Greene A47L 9/165 

55/337 
8,156,609 B2 4/2012 Milne et al . 
8,236,077 B2 8/2012 Gomiciaga - Pereda et al . 
8,424,154 B2 4/2013 Beskow et al . 
8,549,704 B2 10/2013 Milligan et al . 
8,567,008 B2 10/2013 Conrad 
8,607,406 B2 12/2013 Miefalk et al . 
8,607,407 B2 12/2013 Conrad 
8,640,304 B2 2/2014 Conrad 
8,657,910 B2 * 2/2014 Park B04C 5/081 

55/419 
8,764,886 B2 * 7/2014 Halpap B04C 5/181 

95/271 
8,769,764 B2 7/2014 Crouch et al . 
9,009,912 B2 4/2015 Conrad 
9,027,198 B2 5/2015 Conrad 
9,204,773 B2 * 12/2015 Conrad A47L 9/009 
9,521,936 B2 * 12/2016 Holz A47L 9/1608 
9,808,134 B2 * 11/2017 Hyun A47L 9/1608 

2002/0011053 A1 * 1/2002 Oh A47L 9/1683 
55/426 

2002/0112998 A1 * 8/2002 Bosman B04C 5/04 
209/734 

2003/0106182 Al * 6/2003 Lee A47L 9/165 
15/353 

2003/0159235 A1 * 8/2003 Oh A47L 9/1666 
15/352 

2003/0208879 A1 * 11/2003 Oh A47L 9/1666 
15/352 

2004/0187253 A1 * 9/2004 Jin A47L 9/20 
15/352 

2006/0042039 A1 * 3/2006 McDowell A47L 5/362 
15/353 

2006/0042202 A1 * 3/2006 Lee A47L 9/20 
55/289 

2006/0090290 Al 5/2006 Lau 
2007/0079587 A1 * 4/2007 Kim A47L 9/1641 

55/349 
2007/0084160 A1 * 4/2007 Kim A47L 9/1641 

55/345 
2008/0047091 A1 * 2/2008 Nguyen A47L 9/1625 

15 / 300.1 
2008/0172992 Al * 7/2008 Conrad A47L 9/1625 

55/323 
2008/0264016 A1 * 10/2008 Oh A47L 5/28 

55/429 
2008/0295466 A1 * 12/2008 Cha A47L 9/1666 

55/296 
2009/0165431 A1 * 7/2009 Oh B04C 5/04 

55/337 
2011/0000047 Al * 1/2011 Ji A47L 9/108 

15/347 
2011/0289720 A1 12/2011 Han et al . 
2012/0036675 A1 * 2/2012 Conrad A47L 9/1625 

15/347 
2012/0151888 A1 * 6/2012 Yoshimura F25B 43/02 

55/462 
2012/0222252 A1 * 9/2012 Conrad A47L 5/362 

15/347 
2012/0311979 A1 * 12/2012 Conrad A47L 9/1683 

55/394 
2013/0269147 A1 * 10/2013 Conrad A47L 9/1683 

15/329 
2014/0366310 Al 12/2014 Conrad 
2014/0366311 A1 * 12/2014 Han A47L 9/16 

15/339 

4,336,228 A * 6/1982 Cowley 

4,394,143 A * 7/1983 O'Dell 

4,713,096 A * 12/1987 Kajihara 

5,221,299 A * 6/1993 Boring 

5,961,701 A 10/1999 Hlynsky 

6,156,106 A 

B04C 5/28 
209/729 

E21B 21/065 
210 / 512.1 

B04C 5/103 
55/457 

B04C 5/04 
55 / 459.1 

BOID 47/06 
96/319 

BO1D 47/06 
95/217 

B01J 19/006 
261 / 79.2 

BO1J 7/02 
422/187 

BO1J 19/006 
422/129 

A62C 3/04 
96/372 

B04C 5/10 
209/148 

BO1D 45/12 
55 / 459.1 

BO1D 45/12 
55/355 

BO1D 45/08 
55 / 459.1 

A47L 9/1683 
210/806 

A47L 5/362 
15/353 

A47L 9/165 
55/423 

BO1D 45/12 
55/416 

A47L 9/108 
15/352 

A47L 9/1666 
15/352 

A47L 9/20 
15/352 

B04C 5/103 
55/424 

B04C 5/081 
55/345 

A47L 9/1666 
55/426 

B04C 5/081 
209/715 

A47L 9/1683 
15 / 327.2 

A47L 9/1666 
15/347 

12/2000 Kamata 

6,251,296 B1 * 6/2001 Conrad 

6,406,505 B1 * 6/2002 Oh 

6,432,154 B2 * 8/2002 Oh 

6,599,348 B2 * 7/2003 Chosnek 

6,625,845 B2 * 9/2003 Hayashi 
6,810,557 B2 * 11/2004 Hansen 

6,811,584 B2 * 11/2004 Oh 

6,837,912 B1 * 1/2005 Heumann 

6,979,358 B2 * 12/2005 Ekker 

7,022,154 B2 * 4/2006 Oh 

7,293,657 B1 * 11/2007 Kelton 

7,398,578 B2 * 7/2008 Lee 

7,494,520 B2 * 22009 Nam 



US 10,966,583 B2 
Page 3 

( 56 ) References Cited 

U.S. PATENT DOCUMENTS 

2016/0000284 A1 * 1/2016 Gui 

2016/0100728 A1 * 4/2016 Lavoie 

2016/0158681 A1 * 6/2016 Kim 

A47L 9/1683 
55/327 

BO1D 46/2403 
55/447 

B01D 45/16 
55/462 

A47L 9/1633 
F250 3/0625 
A47L 9/12 

* 2016/0206167 A1 
2018/0238620 A1 * 
2019/0090710 A1 * 

7/2016 Kim 
8/2018 Baxter 
3/2019 Marcus 

* cited by examiner 



U.S. Patent Apr. 6 , 2021 Sheet 1 of 100 US 10,966,583 B2 

FIG . 1 

* 7 

Phnom 
112 

2602 
- 252 

254 

OLZ 2547 



U.S. Patent Apr. 6 , 2021 Sheet 2 of 100 US 10,966,583 B2 

FIG . 2 

E 
091 

224 OZZ 

961 216 
52 

ZU 

208 

176 136 

00000 UOCOCCO 



U.S. Patent Apr. 6 , 2021 Sheet 3 of 100 US 10,966,583 B2 

FIG.3 

8 

261 
moos 20 



U.S. Patent Apr. 6 , 2021 Sheet 4 of 100 US 10,966,583 B2 

FIG , 4 

***** 

21 821 -172 807 120 ZEL 
ZSL 

224 184 204 

212 



U.S. Patent Apr. 6 , 2021 Sheet 5 of 100 US 10,966,583 B2 

FIG , 5 

236 252 
OLE 992 ZEZ 

240 882 802 

316 " 

260 , 2647 ch 
0 M 
** 

247 F 256 inter 1 

244 
248 



U.S. Patent 

232 204 

276 288 208 

Apr. 6 , 2021 

248 

212 

Sheet 6 of 100 

2641 

236 
$ ) 

Z 

252 

th 

306 

US 10,966,583 B2 

FIG . 6 



U.S. Patent Apr. 6 , 2021 Sheet 7 of 100 US 10,966,583 B2 

FIG , 7 

ZSZ 

es 
XV 1.2 . 400 a 

. 248 14 * 

>> 2.1 52 MU 17 

* 2 14 42 2 0000 
? ???? ??? ? ? ? ? ? ?? ? 

*** 
*** ? * K2 
???????? ?????? * 3 

tet 



U.S. Patent Apr. 6 , 2021 Sheet 8 of 100 US 10,966,583 B2 

FIG , 8 

328 260 
2E2 

*************** 



U.S. Patent Apr. 6 , 2021 Sheet 9 of 100 US 10,966,583 B2 

FIG.9 

ZEZ 

10 € 

328 



U.S. Patent 

336 

334 -25 % 

Apr. 6 , 2021 

260 , 

-268 232 248 

Sheet 10 of 100 

2 3 

OVE 

356 

US 10,966,583 B2 

172 

FIG , 10 



U.S. Patent Apr. 6 , 2021 Sheet 11 of 100 US 10,966,583 B2 

FIG . 11 

0 

176 

256 

252 



U.S. Patent Apr. 6 , 2021 Sheet 12 of 100 US 10,966,583 B2 

FIG . 12 

212 
*** 

? 

***** 

TELE 



U.S. Patent Apr. 6 , 2021 Sheet 13 of 100 US 10,966,583 B2 

FIG . 13 

2 

217 



U.S. Patent Apr. 6 , 2021 Sheet 14 of 100 US 10,966,583 B2 

FIG . 14 

9LZ 
C 

264 , 

2 
256 252 3687 



U.S. Patent Apr. 6 , 2021 Sheet 15 of 100 US 10,966,583 B2 

FIG . 15 

212 256 

CLE 
232 

Y NV 

CSC 952 



U.S. Patent Apr. 6 , 2021 Sheet 16 of 100 US 10,966,583 B2 

FIG . 16 

ZSEL 244 

368 , 

3687 

ZSZ 
380 



U.S. Patent Apr. 6 , 2021 Sheet 17 of 100 US 10,966,583 B2 

FIG . 17 

g 



U.S. Patent Apr. 6 , 2021 Sheet 18 of 100 US 10,966,583 B2 

FIG . 18 

3 

? 



U.S. Patent Apr. 6 , 2021 Sheet 19 of 100 US 10,966,583 B2 

ffc , ' 9 

276 ???? QQ8 o 
376 



U.S. Patent Apr. 6 , 2021 Sheet 20 of 100 US 10,966,583 B2 

FIG . 20 

982 304 332 376 

F 942 0 



U.S. Patent Apr. 6 , 2021 Sheet 21 of 100 US 10,966,583 B2 

FIG . 21 

982 376 
086 

CSE 
304 0 



U.S. Patent Apr. 6 , 2021 Sheet 22 of 100 US 10,966,583 B2 

ff622 

? 32 



U.S. Patent 

248 252 

252 

Apr. 6 , 2021 

176 

Sheet 23 of 100 

AS 

?? 

ta 

244 

376 

244 

352 

352 

US 10,966,583 B2 

FIG . 23 

FIG . 24 



U.S. Patent Apr. 6 , 2021 Sheet 24 of 100 US 10,966,583 B2 

FIG . 25 

304 244 352 

ra 

380 

384 376 



U.S. Patent Apr. 6 , 2021 Sheet 25 of 100 US 10,966,583 B2 

FIG . 26 

236 208 

0 

256 



U.S. Patent 

388 

208 

248 

252 

Apr. 6 , 2021 

252 

252 

176 

176 

Sheet 26 of 100 

176 

248 

US 10,966,583 B2 

FIG . 27 

FIG . 28 

FIG . 29 

FIG . 30 



U.S. Patent Apr. 6 , 2021 Sheet 27 of 100 US 10,966,583 B2 

EIG . 31 

ZEZ 248 



U.S. Patent Apr. 6 , 2021 Sheet 28 of 100 US 10,966,583 B2 

FIG . 32 

244 

232 

CSC 254 , 



U.S. Patent Apr. 6 , 2021 Sheet 29 of 100 US 10,966,583 B2 

FIG . 33 

-ZSZ 256 



U.S. Patent Apr. 6 , 2021 Sheet 30 of 100 US 10,966,583 B2 

FIG . 34 

3 

232 3 
$ 

C 
2 

217 252 



6Z 

U.S. Patent 

37 

116 
" ?? 

204 

Apr. 6 , 2021 

43 

Sheet 31 of 100 

236 

352b 

352a 

US 10,966,583 B2 

37 ** 

36 

FIG . 35 



232 

204 

178 1726 
172b1 

5116 

U.S. Patent 

208 192 

Apr. 6 , 2021 

402 

320 

Sheet 32 of 100 

170 236 176 304a 

72b2 
352b 

172a 

US 10,966,583 B2 

244 

352a 

FIG . 36 



116 

204 
232 

3116 

390 

1725 
78 

172b1 

U.S. Patent 

402 

Apr. 6 , 2021 

196 

172b2 
3525 236 

320 

170 

Sheet 33 of 100 

236 

304b 

304b2 304a 

482 

356 

360 

US 10,966,583 B2 

244 

352a 

FIG . 37 



232 240 204 

208 
178 
172b 

10 

U.S. Patent 

212 

320a 

502 

212a 

Apr. 6 , 2021 

192 

402 
320 

176 

Sheet 34 of 100 

170 236 989 € 

304a 

320b 

352b 

172a 

US 10,966,583 B2 

244 

352a 

FIG . 38 



116 je 

178 

U.S. Patent 

204 

1721 

390 

+ 42 

240 212 

172b 

Apr. 6 , 2021 

172b2 

192 

352b 

392 

Sheet 35 of 100 

236 

304b2 

3045 172a 

356 

352a 

US 10,966,583 B2 

360 

244 

FIG . 39 



U.S. Patent Apr. 6 , 2021 Sheet 36 of 100 US 10,966,583 B2 

10. 400 

? 

204 192 236 170 
A 

352b 304a 3sta 



204 

116 shte 

390 

U.S. Patent 

240 

17251 

208 -212 

172b 

170 

Apr. 6 , 2021 

17262 

-236 

352b 

176 

304b2 

Sheet 37 of 100 

356 

352a 

360 

US 10,966,583 B2 

3046 

FIG . 41 



U.S. Patent Apr. 6 , 2021 Sheet 38 of 100 US 10,966,583 B2 

FIG . 42 
P ................... 

? 116 

172b 
962 

176 
170 

192 
3046 



U.S. Patent Apr. 6 , 2021 Sheet 39 of 100 US 10,966,583 B2 

FIG . 43 

ou 

172 3526 360 

352a 

176 236 356 



3116 

192 

U.S. Patent 

? O 

172b 

Apr. 6 , 2021 

192 

304b 

3116 

236 

394 
392 

Sheet 40 of 100 

172b 

FIG . 44A 

304b 

392 

170 

176 

US 10,966,583 B2 

FIG . 44B 



116 

U.S. Patent Apr. 6 , 2021 

192 

5116 

392 

Sheet 41 of 100 

1726 

FIG . 440 

3046 

394 

US 10,966,583 B2 

392 
FIG . 44D 



192 

3116 

U.S. Patent 

172 

394 

304b 

1726 

Apr. 6 , 2021 

3118 

192 

170 

176 

392 

236 

176 

Sheet 42 of 100 

FIG . 44E 

304b 

1725 

394 
170 

US 10,966,583 B2 

392 

236 FIG . 445 



116 3116 

192 

U.S. Patent 

176 

172b 

Apr. 6 , 2021 

304b 

116 $ 116 

192 

392 

172 

236 

170 

1725 

Sheet 43 of 100 

FIG . 44G 

304b 

394 
392 

170 

US 10,966,583 B2 

236 

FIG . 44H 



232 

Shto 

204 
240 

U.S. Patent 

390 

208 

3208 

208 

Apr. 6 , 2021 

502 

212 236 

320 

170 

320c 

Sheet 44 of 100 

192 

196a 
196 

320b 

176 

US 10,966,583 B2 

352 

-244 

FIG . 45 



204 

3116 

06 € 

240 

U.S. Patent 

208 

502 

-212 

320a 

196a 

Apr. 6 , 2021 

192 

320 

3200 

Sheet 45 of 100 

236 170 . 176 

320b 

US 10,966,583 B2 

244 

IG . 46 

352 



204 

3116 

240 

390 

240 
1 

U.S. Patent 

208 

320a 

502 

212 

Apr. 6 , 2021 

196 

320c 

Sheet 46 of 100 

170 236 

320b 

US 10,966,583 B2 

244 

ZSE 



204 

390 

116 shte 

U.S. Patent 

208 212 
17251 

240 

Apr. 6 , 2021 

172b 17262 

192 

Sheet 47 of 100 

352b 

176 

170 -236 

304b 

304b2 

482 

-304a 

US 10,966,583 B2 

356 

244 

352a 



204 

390 

A 

116 

240 

U.S. Patent 

208 

Apr. 6 , 2021 

212 

502 

236 170 

2128 

Sheet 48 of 100 

482b 

312b 

59 ' 

59 
304b 

308b 

3 . 

* 

12 

2 

X 

360 

482a 

US 10,966,583 B2 

FIG . 49 

244 

356 

352a 



U.S. Patent Apr. 6 , 2021 Sheet 49 of 100 US 10,966,583 B2 

FIG . 50 

BH 502 

208 212 
236 

VOC BZGE 

244 

098 



232 

116 

240 

172b 
-390 

3116 

U.S. Patent 

208 212 

402 

212a 

Apr. 6 , 2021 

320 

4826 

172b2 
352b 

236 

Sheet 50 of 100 

176 30454 

304b2 

52 

52 

360 

482a 

US 10,966,583 B2 

356 

352a 
244 

FIG . 51 



U.S. Patent Apr. 6 , 2021 Sheet 51 of 100 US 10,966,583 B2 

FIG . 52 ------------ 

116 ? 
236 

3126 304b2 170 

304b : 312b 

2 ? 



U.S. Patent Apr. 6 , 2021 Sheet 52 of 100 US 10,966,583 B2 

FIG . 53 

116 
236 

312b 304b 
170 

176 



116 

116 

236 

170 

236 

U.S. Patent 

176 

30401 

304b1 

304b4 

304b3 

304b2 

304b2 

Apr. 6 , 2021 

304b3 

FIG . 54 

FIG . 55 

236 

116 

116 

3116 

236 s 

176 

Sheet 53 of 100 

304b 

304b1 

304b2 

30403 

30462 

30463 

30404 
304b3 

US 10,966,583 B2 

170 

170 

FIG . 56 

FIG . 57 



U.S. Patent Apr. 6 , 2021 Sheet 54 of 100 US 10,966,583 B2 

FIG . 58 

192 
212 

242 204 
352 

236 240 304b 



U.S. Patent Apr. 6 , 2021 Sheet 55 of 100 US 10,966,583 B2 

FIG . 59 

170 

236 
3126 



U.S. Patent Apr. 6 , 2021 Sheet 56 of 100 US 10,966,583 B2 

FIG , 60 

116 ? 

208 212 OZK 
204 352 

244 
196 236 



U.S. Patent Apr. 6 , 2021 Sheet 57 of 100 US 10,966,583 B2 

FIG . 61 

807 356 176 
204 

352 

244 
236 

240 360 



U.S. Patent Apr. 6 , 2021 Sheet 58 of 100 US 10,966,583 B2 

FIG . 62 

208 304a 
204 352 

232 244 

390 236 240 



U.S. Patent Apr. 6 , 2021 Sheet 59 of 100 US 10,966,583 B2 

FIG . 63 

?? 

212 310a 352 

What 0 *** OOO 09 

Oddo 6000 00390 
OO 

06 204 00 DAY 
6 5 A . 244 DO ml 

240 304a 236 310b 360 



U.S. Patent Apr. 6 , 2021 Sheet 60 of 100 US 10,966,583 B2 

FIG . 64 

304a 310a 

352 

306 

001 € 

310b 



U.S. Patent Apr. 6 , 2021 Sheet 61 of 100 US 10,966,583 B2 

FIG . 65 

304a 310a 

352 

3100 

3100 



U.S. Patent Apr. 6 , 2021 Sheet 62 of 100 US 10,966,583 B2 

FIG . 66 

304a 310a 

352 

306 

3100 
TULI . 

3105 



304a 

306 

U.S. Patent 

306 306 

3 { Qa 

? 444 ?????????? ?????????? 4 444444 444444 ?????????????? ??????????? , ????????????????? ???????????? 

Apr , 6 , 2021 

310p 

Sheet 63 of 100 US 10,966,583 B2 

31 } c 

F6 , 67 

352 



352 

U.S. Patent 

304a 

304a 

Apr. 6 , 2021 

310a 

U 

310b 

FIG . 688 

Sheet 64 of 100 

312a 

304a 

352 

FIG . 68A 

3106 

308a 

314 

& 

US 10,966,583 B2 

FIG . 68C 

3100 

352 



352 

U.S. Patent 

304a 

D 

74 ? 

Apr. 6 , 2021 

-304a 310a 

FIG . 69B 

Sheet 65 of 100 

312a 

304a 

3100 

352 
FIG . 69A 

-308a 

314 

310c 

US 10,966,583 B2 

352 

FIG . 69C 



352 

I. 

U.S. Patent 

304a 

G 

304a 
310a 

L 

Apr. 6 , 2021 

310b 

312a 

Sheet 66 of 100 

310a 
3100 

352 

FIG . 70A 

308a 

-314 

US 10,966,583 B2 

352 

FIG . 70C 



352 

U.S. Patent 

304a 

11 

A 

Apr. 6 , 2021 

FIG . 71B 

OFT 

312a 
304a 

Sheet 67 of 100 

352 

FIG . 71A 

308a 

la 
ZS8 

US 10,966,583 B2 

FIG . 710 



352 

U.S. Patent 

30422 

304a2 

30421 

4 ? 
30421 

Apr. 6 , 2021 

FIG . 72B 

Sheet 68 of 100 

304a 

352 

FIG . 72A 

US 10,966,583 B2 

352 

FIG . 72C 



U.S. Patent 

3041 
304as 

30432 

304 ass 

304a ; 

30483 

? 

Apr. 6 , 2021 

30482 

304a3 

352 
FIG . TAR 

30Aas 

30421 

Sheet 69 of 100 

D 

352 

304a2 

FIG . PGA 

US 10,966,583 B2 

352 

FIG . 730 



352 

U.S. Patent 

304a 

304a 

Apr. 6 , 2021 

FIG . 74B 

Sheet 70 of 100 

304a 

352 

FIG . 74A 

US 10,966,583 B2 

FIG . 74C 



352 

U.S. Patent 

I 

304a 

304a1 
30482 

304a3 30437 

304a3 

2 ? 

Apr. 6 , 2021 

FIG . 75B 

304a 

Sheet 71 of 100 

304a 

352 

30422 

FIG . 75A 

ME 

US 10,966,583 B2 

352 

FIG . 75C 



352 

U.S. Patent 

u 304a 7 B 

Apr. 6 , 2021 

304a 

FIG . 76B 

UYU 

Sheet 72 of 100 

1 

352 

304a 

FIG . 76A 

352 

FIG . 76C 

US 10,966,583 B2 



U.S. Patent 

3042 

304a 

Apr. 6 , 2021 

352 FIG , 77B 

Sheet 73 of 100 

304a 

352 

FIG . 77A 

352 

FIG . 77C 

US 10,966,583 B2 



U.S. Patent 

3042 

304a 

Apr. 6 , 2021 

352 FIG . 78B 

Sheet 74 of 100 

352 

FIG . 78A 

304a 

352 

FIG . 78C 

US 10,966,583 B2 



116 

232 

3116 

U.S. Patent 

176b 390 
356b 

K 
204 -208 240 

178a 1726 

212 

Apr. 6 , 2021 

178b 

196 

402 

320 

Sheet 75 of 100 

172a 360 

17262 356a 

244 

352 

352b 

US 10,966,583 B2 

FIG . 79 



204 

356b 

208 

U.S. Patent 

3200 

-240 

178a 
1786 

212 

172b 

236 

Apr. 6 , 2021 

196 

3200 

320 

176 
170 

Sheet 76 of 100 

320b 

360 

356a 

244 

352 

US 10,966,583 B2 

FIG . 80 



204 

116 3116 

U.S. Patent 

17661 356b 

240 

178a 

208 

178b 

Apr. 6 , 2021 

172b 

-212 196 

402 

236 

320 

170 

Sheet 77 of 100 

176 172a 

172b2 

360 

356a 

244 

352 

FIG . 81 

US 10,966,583 B2 



204 

116 

390 

356b 

208 

U.S. Patent 

240 212 

172b 

170 

Apr. 6 , 2021 

192 

Sheet 78 of 100 

172a 

356a 

ht 
244 

172b2 

US 10,966,583 B2 

352 

FIG , 82 



shto 

204 

390 

17264 

U.S. Patent 

178a 

208 

172b 

402 

212 

Apr. 6 , 2021 

178b 

320 

352b 

17252 

Sheet 79 of 100 

360 

356a 

244 

352a 

US 10,966,583 B2 

FIG . 83 



U.S. Patent Apr. 6 , 2021 Sheet 80 of 100 US 10,966,583 B2 

FIG . 84 ***************** 

144 

128 



116 

428 

438a 

440 

428 

U.S. Patent 

3116 

436 

438a 

436 

438 

232 

232 

204 

438 

204 

420 862 

432 86 

Apr. 6 , 2021 

432 

450 

420a 

208 

208 

420 

420b 

212 

212 

Sheet 81 of 100 

320 

176 

438b 

236 

424 

438b 

304a 

304a . 

172a 

172a 

352 

US 10,966,583 B2 

244 

434 

352 

244 

434 

FIG . 85A 

FIG . 85B 



U.S. Patent Apr. 6 , 2021 Sheet 82 of 100 US 10,966,583 B2 

? FIG , 86 

420 4 qozt 236 

460 ??? 
430 

420a 444 

? 



116 

116 

116 

436 

U.S. Patent 

116 

436 

> 

2 

436 

440 

438 . 

436 

436 

438 , 

440 

4384 

438 

450 

438 , 

Apr. 6 , 2021 

4382 

4382 

4382 

4382 

4382 

420 

420 

420 

208 

422 208 

208 

420 

208 
422 

422 
420 

208 

422 

212 

212 

212 

212 

Sheet 83 of 100 

422 

430 

430 

430 

1430 

304a 

304a 

304a 

304a 

304a 

11 

244 

244 

244 

244 . 

US 10,966,583 B2 

FIG . 87A 

FIG . 878 

FIG . 870 

FIG . 870 

FIG . 87E 



438a 

Š 

440 

436 

U.S. Patent 

232 
` 

438 

} 3 

432 

240 

Apr. 6 , 2021 

438 , 

208 212 

424 

320 

420 

Sheet 84 of 100 

430 

236 304a 172a 

US 10,966,583 B2 

244 

352 
FIG . 88 



U.S. Patent Apr. 6 , 2021 Sheet 85 of 100 US 10,966,583 B2 

?? 
5 

440 438a 438b 430 

. 

FIG . 89A 
. 1 

244 204 1687 9 € Z 304a 420 172a 



U.S. Patent Apr. 6 , 2021 Sheet 86 of 100 US 10,966,583 B2 

wy 
352 430 438a 440 438 

304 a FIG . 89B 

7 
232 1689 212 236 420 



428 

232 . 

ming 

U.S. Patent 

CA 
1 

1684 

frire 

Apr. 6 , 2021 

236 

438a 

196 

Sheet 87 of 100 

176 

352 

420 212 

US 10,966,583 B2 

4386 

FIG . 89C 



438a 

116 

440 

U.S. Patent 

168 
420 

420 

Apr. 6 , 2021 

420a 

462 

438 

212 

462 

462 

Sheet 88 of 100 

176 

438b 

212 

462 

236 

430 

168 , 

FIG . 90B 

304a 

US 10,966,583 B2 

352 
FIG . 90A 



U.S. Patent Apr. 6 , 2021 Sheet 89 of 100 US 10,966,583 B2 

420 462 
420a 

212 

FIG . 90C 

420b 462 462 



116 ?? 

U.S. Patent 

430 

1684 

438a 

208 

440 

Apr. 6 , 2021 

1682 212 170 

Sheet 90 of 100 

420 236 176 304a 

US 10,966,583 B2 

438b 

352 FIG . 91 



116 

U.S. Patent 

438a 

1684 

Apr. 6 , 2021 

111 
Sheet 91 of 100 

1682 
438b 

4386 

92B ' 

US 10,966,583 B2 

FIG . 92A 

FIG.92B 

FIG . 92C 



116 

{ 

{ 1 

U.S. Patent 

116 430 168 , 

430 

440 

438a 

440 

Apr. 6 , 2021 

438a 

438 

420 101 170 

170 

Sheet 92 of 100 

168 , 304a 

438b 

438b 

352 

93b 

352 

US 10,966,583 B2 

93c 

352 

FIG . 93c 

FIG . 93a 

FIG . 93b 



116 

440 

U.S. Patent 

438a 

440a 

438a 

168 

438 

Apr. 6 , 2021 

420 

440 

212 

Sheet 93 of 100 

1682 

438b 430 

504 

170 304a 

US 10,966,583 B2 

FIG . 94B 

FIG . 94A 



116 

U.S. Patent 

438a 

440a 

438a 

168 , 

440 

Apr. 6 , 2021 

420 

438 

212 170 

Sheet 94 of 100 

504 

430 

1682 304a 

US 10,966,583 B2 

FIG , 95A 

FIG . 958 



U.S. Patent Apr. 6 , 2021 Sheet 95 of 100 US 10,966,583 B2 

FIG . 96 

1725 



U.S. Patent Apr. 6 , 2021 Sheet 96 of 100 US 10,966,583 B2 

3526 

FIG.97 
3042 OZZL 



U.S. Patent Apr. 6 , 2021 Sheet 97 of 100 US 10,966,583 B2 

3525 

FIG . 98 

304a 

172b 
116 






















































