
US008651155B2 

(12) Ulllted States Patent (10) Patent N0.: US 8,651,155 B2 
Hinque et al. (45) Date of Patent: *Feb. 18, 2014 

(54) HYDRAULIC PISTON PUMP ASSEMBLY FOR 2006/0283534 A1 12/2006 HaWes ........................ .. 152/415 
AIR MAINTENANCE TIRE 2008/0289739 A1 11/2008 B01 152/425 

2009/0044891 A1 2/2009 Lee ............................. .. 152/416 

(75) Inventors: Daniel Paul Luc Marie Hinlque, FOREIGN PATENT DOCUMENTS 
Habay-la-Neuve (BE); Yannlck 
Raymond Georges Haegel, V1lleneuve (ZN 1111575 11/1995 ............ .. B60C 23/11 
d’Ascq (FR) WO 2010/110905 9/2010 ............ .. B60C 23/12 

_ OTHER PUBLICATIONS 
(73) Asslgnee: The Goodyear Tire & Rubber 

Company, Akron, OH (U S) European Search Report received by Applicants Aug. 10, 2012. 

( * ) Notice: Subject to any disclaimer, the term of this * Cited by examiner 

patent 1s extended or adjusted under 35 Primary ExamineriKip T Kotter 
USC' 1546)) by 224 days' Assistant Examiner * Jean Charleston 

This patent iS Subject I0 8 terminal dis- (74) Attorney, Agent, or Firm * Richard B. O’Planick 
claimer. 

(57) ABSTRACT 
(21) APP1- NOJ 13/069,496 An air-maintenance tire system includes a compression 

actuator mounted to the tire carcass con?gured for operative 
(22) Filed: Mar. 23, 2011 actuation by tire deformation during a tire revolution, a pump 

assembly a?ixed to the tire carcass and including a compres 
(65) prior publication Data sor body af?xed to the compression actuator and having an 

internal air chamber, the air chamber having an inlet opening 
Us 2012/0241063 A1 SeP- 27, 2012 for admitting air into the internal air chamber and an outlet 

opening for conducting air from the internal air chamber to 
(51) In‘; C]_ the tire cavity. The air compressor body further includes a 

B60C 23/12 (200601) piston valve member and an outlet valve member located 
(52) U-s- Cl- Within and at ‘opposite respective ends of the internal air 

USPC 152/426_ 1 52/418 chamber, the p1ston valve member and the outlet valve mem 
""""""""""""""""""""" " ’ ber moving Within the internal air chamber responsive to 

(58) Field of Classi?cation Search actuation by the compression actuator betWeen respective 
USPC ~~~~~~~ ~~ 152/415, 418, 419, 423, 424, 425, 426, open and closed positions, Whereby cyclically opening and 

152/429; 417/ 233, 375, 379, 383 closing the inlet and the outlet openings during an air com 
See application ?le for Complete Search history. pression cycle. The compression actuator includes a holloW 

containment body formed from a resilient deformable mate 
(56) References Cited rial composition and containing a quantity of a non-com 

pressible medium. The containment body is af?xed to a rela 
U.S. PATENT DOCUMENTS tively high ?ex-deformation region of the tire carcass and 

reciprocally transforms betWeen a deformed state and a non 
4’169’497 A 10/1979 Tsuruta ~~~~~~~~~~~~~~~~~~~~ " 152/418 deformed state to generate a compression force against a 

i * 1232?; piston valve member surface and move the piston valve 
535913281 A * 1/1997 Loewe “ 152/41g betWeenthe open and closedpositions Withinthe airchamber. 
5,975,174 A 11/1999 Loewe 152/415 
8,113,254 B2 * 2/2012 Benedict ..................... .. 152/426 8 Claims, 30 Drawing Sheets 

264 



US. Patent Feb. 18, 2014 Sheet 1 0130 US 8,651,155 B2 

16 

1 

1 
14 @1111“ 22 

18 
14 

12 

FIG—1 



US. Patent Feb. 18, 2014 Sheet 2 0130 US 8,651,155 B2 

0 3 1 



US. Patent Feb. 18, 2014 Sheet 3 0130 US 8,651,155 B2 



US. Patent Feb. 18, 2014 Sheet 4 0130 US 8,651,155 B2 

DIRECTION OF 

Aigmfllo 
10 

0, 
Q mm 

H" r34 

FIG-3A 



US. Patent Feb. 18, 2014 Sheet 5 0130 US 8,651,155 B2 

40 
DIRECTION OF 
ROTATION 

M WW W W M, 

\‘UMUMM 
36 

FIG-3B 





US. Patent Feb. 18, 2014 Sheet 7 0130 US 8,651,155 B2 

/ 
/// 

mIGE ////////////////////////////// 
mm W // 

(\C C C 

/ w; 0.0: 

on 

an 

_ _ _ _ _ _ _ _ _ _ _ _ _ \tt 2 _ 



US. Patent Feb. 18, 2014 Sheet 8 0130 US 8,651,155 B2 

46 

19 

52 44 

5o 
60 

85 so 
100 \g , 78 

A 6'7 

102 / > / 112 H v I - I 

88 /L{ / R M 86 4% \ 
11s 

70 7' X ’\\66 116 72 110 
0 

73 I 64 30 % 82 / 
94 65 

128 

FIG-6A 



US. Patent Feb. 18, 2014 Sheet 9 0130 US 8,651,155 B2 

94 

FIG-6B 







US. Patent Feb. 18, 2014 Sheet 12 0130 US 8,651,155 B2 

FIG-'7 



US. Patent Feb. 18, 2014 Sheet 13 0130 US 8,651,155 B2 

/— SEE FIG-9A 

134 

12 

FIG-8 



US. Patent Feb. 18, 2014 Sheet 14 0130 US 8,651,155 B2 



US. Patent Feb. 18, 2014 Sheet 15 0130 US 8,651,155 B2 

DIRECTION OF 

10 
11A 

14 

162 

M1 

W 11A 
H 

00 Q (Q 
Q U a WWW 

”\\\\ 55% 
FIG-10A 



US. Patent Feb. 18, 2014 Sheet 16 0130 US 8,651,155 B2 

DIRECTION OF 

w40 

51% 

FIG-10B 



US. Patent Feb. 18, 2014 Sheet 17 0130 US 8,651,155 B2 

A: H IUE mm mm _ mm -!.2_ _, >< _2 

/ 

3 ,_ ,, . _ 

3 _ ., _ 

\. _ m2 _ 3 __ _, _. _ 5N 

ill‘ ‘*9: _ 
.. _, NE _ (A _ 

(mIIwE Em _ 
mm _ 

_ 

3 NT\\ 1/ 

om 



US. Patent Feb. 18, 2014 Sheet 18 0130 US 8,651,155 B2 

i A 0 “YA““ 
\ \ 26 

FIG-11B 










































