
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0125000 A1 

US 200701 25000A1 

Fenelon (43) Pub. Date: Jun. 7, 2007 

(54) WINDOW LIFT MECHANISM Publication Classification 

(76) Inventor: Paul J. Fenelon, Nashville, TN (US) (51) Int. Cl. 
E05F 5/6 (2006.01) 

Correspondence Address: (52) U.S. Cl. ................................................. 49/349; 49/375 
HARNESS, DICKEY & PIERCE, P.L.C. 
P.O. BOX 828 (57) ABSTRACT 

BLOOMFIELD HILLS, MI 48.303 (US) A dual rack and pinion system is provided for a window lift 
mechanism. The window lift mechanism includes improved 

(21) Appl. No.: 10/550,766 window brackets for simple mounting to a window. A 
modular frame design is provided to improve assembly of 

(22) PCT Filed: Mar. 26, 2004 the window lift mechanism into the door of a vehicle. An 
improved assembly method is provided for the dual rack and 

(86). PCT No.: PCT/USO4/O9368 pinion system. The system is also provided with a Smart 
motor and incorporates resilient shock absorbers in the dual 

S 371(c)(1), rack and pinion gear train to allow more time for the Smart 
(2), (4) Date: Sep. 18, 2006 motor to detect and react to an obstruction in the window. 

The window lift mechanism includes a support bracket 
Related U.S. Application Data mounted to the window and a motor Supported on a Support 

bracket, wherein the Support bracket permits axial and 
(63) Continuation-in-part of application No. 10/400,820, rotational movement of the window relative to the support 

filed on Mar. 27, 2003, now Pat. No. 6,966,149. bracket. 

10 

42 

26 

30 

16 

  



Patent Application Publication Jun. 7, 2007 Sheet 1 of 26 US 2007/O125000 A1 

R-3HLF 1 c. 

184 \ 24 
186 18 

FIG 1 

  

  

  

  



US 2007/0125000 A1 Patent Application Publication Jun. 7, 2007 Sheet 2 of 26 

?TYNON =??¢N 

Zy 

  



Patent Application Publication Jun. 7, 2007 Sheet 3 of 26 US 2007/O125000 A1 

g 

  



US 2007/O125000 A1 Patent Application Publication Jun. 7, 2007 Sheet 4 of 26 

14 

FIG 4 

  



Patent Application Publication Jun. 7, 2007 Sheet 5 of 26 US 2007/O125000 A1 

  



Patent Application Publication Jun. 7, 2007 Sheet 6 of 26 US 2007/O125000 A1 

FIG 6 

  



Patent Application Publication Jun. 7, 2007 Sheet 7 of 26 US 2007/O125000 A1 

N O 
N N 

CN 

  



Patent Application Publication Jun. 7, 2007 Sheet 8 of 26 US 2007/012.5000 A1 

d 
CN CN 
CO N 

v   



Patent Application Publication Jun. 7, 2007 Sheet 9 of 26 US 2007/012.5000 A1 

118 116 
124 120 

24 

FIG 9 

132 144 

134 

  



Patent Application Publication Jun. 7, 2007 Sheet 10 of 26 US 2007/012.5000 A1 

151 20 

7\ 150 

126 

22 

128 

FIG 11 

134 

  



Patent Application Publication Jun. 7, 2007 Sheet 11 of 26 US 2007/012.5000 A1 

10 

164 

164 

160 

N 
165 O 162 

186 164 164 

160 

134 

164 164 

FIG 14. 

  



Patent Application Publication Jun. 7, 2007 Sheet 12 of 26 US 2007/O125000 A1 

160 160 

168 
2 2 2 2 É 

170 
150 150 

FG 17A 186 

128a 

142 
18O 

FIG 17B 

144 

  

  

  



Patent Application Publication Jun. 7, 2007 Sheet 13 of 26 US 2007/O125000 A1 

128 

128a 

FIG 18 

128b. 182 

190 
128a f 

194 

128a 

FG 20 

  



Patent Application Publication Jun. 7, 2007 Sheet 14 of 26 US 2007/012.5000 A1 

Stal 

Window Moving Up 
--a- 

O Force to Overcome Time I Distance 
Weight of Window 
and Friction of 
Guide Channels 

FIG 21 

Stall Torque 

Stall Torque 

Conventional / Dual Rack and 
System Pinion System 

With Built in 
3 Shock Absorbers 
o 

--- 
r-GOms 

--- 
Window Moving Up r140 ms - 200 ms 

a-Hunas 

Time / Distance 

FIG 22 

  

  

  





US 2007/O125000 A1 Patent Application Publication Jun. 7, 2007 Sheet 16 of 26 
  



Patent Application Publication Jun. 7, 2007 Sheet 17 of 26 US 2007/O125000 A1 

FIG 26 

  



Patent Application Publication Jun. 7, 2007 Sheet 18 of 26 US 2007/O125000 A1 

\ 272 

270 270 

L 
FIG 27B 

  



Patent Application Publication Jun. 7, 2007 Sheet 19 of 26 US 2007/0125000 A1 

300 

316 
318 306 332 302 316 

316   



Patent Application Publication Jun. 7, 2007 Sheet 20 of 26 US 2007/O125000 A1 

FIG 30 

  



Patent Application Publication Jun. 7, 2007 Sheet 21 of 26 US 2007/0125000 A1 

300 

360 

FIG 31 

  



Patent Application Publication Jun. 7, 2007 Sheet 22 of 26 US 2007/O125000 A1 

360 

366 

FIG 32 

364 360 362 

368 
FIG 33 366 

  



Patent Application Publication Jun. 7, 2007 Sheet 23 of 26 US 2007/0125000 A1 

FIG 34 

  



Patent Application Publication Jun. 7, 2007 Sheet 24 of 26 US 2007/O125000 A1 

406 

| || 4 at 
S 1 

NII RI 4 L." 

FIG 35 

  



596 || 512 500 50 

SSSSSSS 
508 

502 

FIG 37 

  

  

  

  

  

  

  



Patent Application Publication Jun. 7, 2007 Sheet 26 of 26 US 2007/O125000 A1 

520 

502 

502 

506 

  



US 2007/01 25000 A1 

WINDOW LIFT MECHANISM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. patent 
application Ser. No. 10/400,820 filed Mar. 27, 2003. The 
disclosure of the above application is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to an appa 
ratus for moving a window into an open or closed position. 
In particular, the present invention relates to a mechanism 
for use with an automobile window, wherein the mechanism 
utilizes an improved dual rack and pinion assembly and 
method of manufacturing. The mechanism further utilizes 
pinion gears with resilient shock absorbers to cushion the 
system from disturbances, a clutch mechanism to prevent 
back-drive of the worm gear and a Support bracket that 
allows the window to find the path of least resistance during 
closure. 

BACKGROUND OF THE INVENTION 

0003 Modern automobiles typically include a window 
lift assembly for raising and lowering windows in the door 
of the vehicle. A common type of window lift assembly 
incorporates a 'scissor mechanism’ or a drum and cable 
mechanism. A scissor-type system utilizes a series of link 
ages in a scissor configuration Such that as the bottom 
linkages move apart, the top linkages do as well, resulting in 
a scissor-like motion. The window is fastened to a bracket 
connected to a linkage. A motor and gearset drives the 
Scissor mechanism in power operated window mechanisms. 
0004 The scissor-type and drum and cable mechanisms 
are typically mechanically inefficient, prohibiting the use of 
light-weight materials and requiring the use of relatively 
large motors to drive the system. The large motors neces 
sarily require increased space and electrical power and also 
increase the weight of the system. With the limited space in 
a scissor-type or drum and cable system it is also necessary, 
in order to provide the required torque transfer efficiency and 
acceptable up and down times (3-4 seconds), to have a small 
diameter pinion gear, typically 0.5 to 0.75 inches, and 
relatively large worm gear, typically 1.8 to 2.5 inches in 
diameter, with gear ratios of 9 to 16 and 80 to 90, respec 
tively. This results in excessive worm gear speed in the range 
of 3000 to 4000 RPM which causes excessive worm gear 
tooth shock and armature noise. The combination of high 
torque, typically 80 to 125 inch-pounds at stall, and shock 
due to high worm speeds mandates that either expensive 
multiple gears and/or single worm gears with integral shock 
absorbers be utilized. 

0005 Further, the scissor-type mechanism does not take 
into account the manufacturing deviations in the door, 
specifically with the window frame and mounting points, 
and deviations in the manufacture of the Scissor-type mecha 
nism. Deviations in the door and Scissor-type mechanism 
result in larger than necessary forces being applied to the 
window when it cycles up and down. The larger force on the 
window causes undesirable noise in the passenger cabin. 
0006. Accordingly, a need exists for a window lift mecha 
nism with increased efficiency that would allow for a reduc 

Jun. 7, 2007 

tion in the motor size and hence the mass of the system, and 
a support structure for the window that permits the window 
to find the path of least resistance when it cycles up and 
down. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a window lift 
mechanism that utilizes a dual rack and pinion drive mecha 
nism that includes a motorized input from a worm shaft that 
drives a worm gear drivingly connected to one of the pinions 
of the dual rack and pinion system. A motor with the worm 
driveshaft and the pinions are supported by a base which 
traverses the dual rack structure when the dual pinions are 
driven. According to one aspect of the present invention, the 
window lift mechanism has two support structures each 
including a window bracket coupled to the window. The 
window brackets each include a channel for receiving the 
window therein. A pair of metal plates are disposed on 
opposite sides of the window bracket and include a clamping 
mechanism engaging each of the pair of metal plates for 
drawing the metal plates toward one another. 
0008. There is an interface between the first and second 
Supports which permits axial and rotational movement of the 
window with respect to the second support. Specifically, the 
first support has a forked side coupled to the window and a 
slot for receipt of a protrusion from the second support. The 
allowed movement of the window allows the closure mem 
ber to find the path of least resistance during closure, and 
aids in overcoming manufacturing imperfections. 
0009. According to an alternative embodiment of the 
present invention, the window brackets are each provided 
with a wedge mechanism received in the channel for secur 
ing the closure member in the channel. 
0010. According to another aspect of the present inven 
tion, a method for assembling a window lift mechanism is 
provided including mounting a motor to a base, the motor 
including a worm drive shaft and worm gear meshingly 
engaged therewith. The method includes loading pinion 
gears into the base by placing the pinion gear onto a drive 
shaft connected to the worm gear and mounting the second 
pinion gear in the base. A dual rack assembly is then placed 
in alignment with the pinion gears and power is applied to 
the motor to drive the pinion gears to engage the pinion 
gears with the rack. 
0011. According to still another aspect of the present 
invention, the dual rack assembly is made as a modular unit 
including a base or frame structure which is adapted to be 
mounted to the door of the vehicle. The pair of rack 
members each including a plurality of gear teeth extending 
along the rack members are formed either as a molded 
unitary piece with the base structure, or are Snap fit or 
otherwise fastened to the base structure for defining the 
modular unit. 

0012. According to yet another aspect of the present 
invention, the dual rack and pinion assembly is provided 
with a Smart motor capable of detecting unusual forces 
applied to the window while being closed and capable of 
either shutting off or reversing drive of the motor. The 
system is further provided with one or more resilient shock 
absorbers operably engaged between the worm gear and 
pinion gears in order to allow the drive motor to have more 
time to react to unusual forces applied to the window. 
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0013 The window lift mechanism of the present inven 
tion has a gear set with at least one pinion gear and at least 
one worm gear operatively coupled together and Supported 
by the window. The gear set is driven by a motor with an 
output shaft having a worm which engages the worm gear. 
The window lift mechanism utilizes a clutch mechanism to 
increase the efficiency of the torque transfer from the motor 
to the worm gear in the gear set. The clutch mechanism 
includes a pair of springs located within the worm gear. This 
clutch mechanism prevents back drive, hence allowing for 
the worm on the output shaft of the motor to have a lead 
angle greater than seven degrees. With a larger worm angle, 
the amount of torque transferred from the worm to the worm 
gear is increased, allowing for a smaller motor. The Smaller 
motor reduces the mass of the system. 

0014 Further, the gear set in the window lift mechanism 
of the present invention has a resilient shock absorber 
operatively engaged between the pinion gear and the worm 
gear. The shock absorber has surfaces with notched portions 
to allow for deformation of the resilient shock absorber, 
which reduces unwanted stress in the gear set and thereby 
increases the life of the gears. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 The present invention will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 

0016 FIG. 1 is a schematic view of a Window lift 
mechanism for an automobile door according to the prin 
ciples of the present invention; 

0017 FIG. 2 is a partially cut-away view of the window 
lift mechanism according to the principles of the present 
invention; 

0018 FIG. 3 is a partially exploded perspective view of 
a Support structure including a window clamp mechanism on 
the window bracket for the window lift mechanism accord 
ing to the principles of the present invention; 

0.019 FIG. 4 is a partially cross-sectional end view of the 
support structure of FIG. 3 illustrating a cross-sectional view 
of the window clamp mechanism on the window bracket; 
0020 FIG. 5 is a partially exploded perspective view of 
an alternative Support structure including a window clamp 
mechanism on the window bracket for the window lift 
mechanism according to the principles of the present inven 
tion; 

0021 FIG. 6 is an end view of the support structure of 
FIG. 5 illustrating a cross-sectional view of the window 
clamp mechanism on the window bracket; 

0022 FIG. 7 is a perspective view of a support structure 
for the window lift mechanism according to the principles of 
the present invention; 

0023 FIG. 8 is a perspective view of an alternative 
Support structure for the window lift mechanism according 
to the principles of the present invention; 

0024 FIG.9 is a plan view of the main bracket of the dual 
rack and pinion system according to the principles of the 
present invention; 
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0.025 FIG. 10 is a front plan view of the main bracket 
having a motor assembly mounted thereto according to the 
principles of the present invention; 

0026 FIG. 11 illustrates the main bracket being mounted 
to the dual rack system by drivingly rotating the pinion gears 
therewith: 

0027 FIG. 12 is a front view of the dual rack and pinion 
system fully assembled according to the principles of the 
present invention; 

0028 FIG. 13 is a perspective view of a modular dual 
rack and pinion system for mounting to a door of a vehicle: 

0029 FIG. 14 is a detailed view of the modular dual rack 
and pinion system according to the principles of the present 
invention; 

0030 FIG. 15 illustrates a snap-fit engagement between 
a dual rack system to the frame of the modular assembly: 
0031 FIG.16 shows the dual rack system being mounted 
to the frame of the modular dual rack and pinion system 
utilizing threaded fasteners; 

0032 FIG. 17A is a schematic view of a dual rack and 
pinion system utilizing multiple resilient shock absorbers 
according to the principles of the present invention; 

0033 FIG. 17B is a partial perspective view of a dual 
rack and pinion system utilizing multiple resilient shock 
absorbers according to FIG. 17A: 
0034 FIG. 18 is an exploded perspective view of a slave 
pinion gear as illustrated in FIG. 17B; 

0035 FIG. 19 is a cross-sectional view of the slave pinion 
gear of FIG. 18 in an assembled condition; 
0036 FIG. 20 is a plan view of one of the gear segments 
of the slave pinion gear of FIG. 18; 
0037 FIG. 21 is a graph illustrating the delayed force 
obtained in a Smart motor window lift system utilizing 
multiple shock absorber according to the principles of the 
present invention; 
0038 FIG. 22 is a graph providing a comparison of 
force-time distance plots as a window traverses up for a 
convention window lift mechanism versus a dual rack and 
pinion system with built-in shock absorbers according to the 
principles of the present invention; 

0.039 FIG. 23 is a perspective view of a worm gear/ 
pinion assembly for use with the present invention; 
0040 FIG. 24 is an exploded perspective view of the 
worm gear/pinion assembly of FIG. 23 according to the 
principles of the present invention; 

0041 FIG. 25 is a front perspective view of a pinion gear 
of the worm gear/pinion assembly: 

0042 FIG. 26 is a perspective view of a clutch mecha 
nism of the worm gear/pinion assembly; 

0.043 FIG. 27a is a front plan view of the resilient shock 
absorber according to the principles of the present invention; 

0044 FIG. 27b is a side view of the resilient shock 
absorber of FIG. 27a; 
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0045 FIG. 28 is a front plan view of a support bracket 
having a motor mounted thereto according to the principles 
of the present invention; 
0046 FIG. 29 is a rear plan view of the support bracket 
shown in FIG. 28; 
0047 FIG. 30 is a rear plan view of the support bracket 
similar to FIG. 29 with the worm, worm gear, and pinion 
gears of the drive train being illustrated according to the 
principles of the present invention; 
0048 FIG. 31 is a plan view similar to FIG. 30 with a 
dual rack mounted to the Support bracket according to the 
principles of the present invention; 
0049 FIG. 32 is a detailed perspective view of the dual 
racks; 

0050 FIG. 33 is a cross-sectional view taken along line 
33-33 of FIG. 31; 
0051 FIG. 34 is a plan view of a dual rack and pinion 
system for raising and lowering a window according to the 
principles of the present invention; 
0.052 FIG. 35 is a plan view of a dual rack and pinion 
window lift mechanism for raising and lowering a window 
according to the principles of the present invention; 
0053 FIG. 36 is a schematic illustration of the radius of 
curvature of a window and rack according to the principles 
of the present invention; 
0054 FIG. 34 is a plan view similar to FIG. 30 with a 
dual rack mounted to the Support bracket according to the 
principles of the present invention; 
0055 FIG. 35 is a detailed perspective view of the dual 
racks; 

0056 FIG. 36 is a cross-sectional view taken along line 
36-36 of FIG. 35: 

0057 FIG. 37 is a cross-sectional view of a mold for 
forming the dual rack according to the principles of the 
present invention; 
0.058 FIG. 38 is a plan view of the bottom plate of the 
rack mold according to the principles of the present inven 
tion; and 
0059 FIG. 39 is a detailed perspective view of a portion 
of the bottom plate of the mold according to the principles 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0060. The following description of the preferred embodi 
ment(s) is merely exemplary in nature and is in no way 
intended to limit the invention, its application, or uses. 
0061 Referring generally to FIG. 1, a vehicle door 10 is 
shown Schematically including a window lift mechanism 12. 
A window 14 is supported by the window lift mechanism 12 
and is located within the automobile door 10. The window 
lift mechanism 12 includes a support structure 16 and a drive 
system 18. The drive system 18 is supported by the support 
structure 16 and serves to drive the support structure 16 
relative to a pair of racks 20, 22 which are securely mounted 
to the door 10. 
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0062) The support structure 16 includes a main bracket 
24. According to a first embodiment, a pair of guide brackets 
26 (best shown in FIGS. 3 and 4) are mounted to the main 
bracket 24 by a fastener 28 and a nut 30. The guide brackets 
26 include a body portion 32 including an elongated vertical 
slot 34 for receiving the fastener 28. A pair of opposing stop 
flanges 36 extend from opposite sides of the body portion 
32. An elongated semi-cylindrical guide portion 38 is dis 
posed on an upper neck portion 40 of the guide bracket 26. 
The support structure 16 further includes a pair of window 
brackets 42 which are slidably engaged with the guide 
brackets 26. 

0063. The window brackets 42 have a window channel 
44 for receipt of the window 14 and a guide channel 46 
having a semi-cylindrical inner Surface for receiving the 
semi-cylindrical guide portion 38 of the guide bracket 26, as 
best shown in FIG. 4a. The guide channel 46 has an opening 
end portion 48 having a diameter greater than a width of the 
upper neck portion 40 of the guide bracket 26 so as to allow 
angular movement (OC) of the window bracket 42 relative to 
the guide bracket 26, as illustrated in FIG. 4. In FIG. 4, the 
window bracket 42 is shown tilted in a first forward position 
and is capable of being moved to a rearward tilted position, 
as illustrated by the angle OC. The window bracket 42 is able 
to pivot angularly by a predetermined angular amount OC (up 
to approximately 25, preferably at least 20°), as well as 
sliding axially relative thereto in order to accommodate for 
variances in the door, Support structure, and drive system. 
The interface between the opening 48 and upper neck 
portion 40, therefore provides the support structure 16 with 
two degrees of freedom with regard to the axial and rota 
tional adjustment achieved by the guide bracket 26 and 
window bracket 42. By enabling the window bracket 42 to 
move with two degrees of freedom relative to the guide 
bracket 26, the window 14 is allowed to find the path of 
least resistance during opening and closing. In particular, the 
two degrees of freedom aids in overcoming unwanted 
imperfections in the door 10, window 14, support structure 
16, and drive system 18. The movement of the window 
bracket 42 relative to the guide bracket 26 reduces the force 
placed on the drive system 18 and window 14, as well as 
reducing the noise generated by the window 14 and drive 
system 18. 
0064. As shown in FIG. 3, the window bracket 42 is 
mounted to the window by a pair of generally V-shaped 
metal plates 50A, 50B which are sandwiched on opposite 
sides of the window bracket 42. The window brackets 42 are 
provided with recessed channels 52 on opposing faces 
thereof for receiving the metal plates 50 therein. As best 
shown in FIG. 4, a threaded fastener 54 extends through an 
aperture 56 in the first metal plate 50A and through apertures 
58 and 60 provided in the window bracket 42. The fastener 
54 is threadedly engaged with an internally threaded aper 
ture 62 provided in a second metal plate 50B. By tightening 
the threaded fastener 54, metal plates 50A, 50B are drawn 
inward against the side surfaces of the window bracket 42 
causing the inner Surface of the channel 44 to tightly engage 
the window 14. The inner sidewalls 64 of the channel 44 are 
provided with protruding engagement faces 66 at an upper 
end thereof for engaging the window 14. The recessed 
surfaces 52 provided on opposite faces of the window 
bracket 42 provide limit stops for the V-shaped metal plates 
50A, 50B which act as spring members for applying a 
clamping force to the window bracket 42. 
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0065. With reference with FIGS. 5 and 6, an alternative 
window bracket 70 is provided including a window channel 
72 for receipt of the window 14 and a guide channel 74 
having a semi-cylindrical inner Surface for receiving the 
semi-cylindrical guide portion 38 of the guide bracket 26, as 
best shown in FIG. 5. The guide channel 74 has an opening 
end portion 76 having a diameter greater than a width of the 
upper neck portion 40 of the guide bracket 26 so as to allow 
angular movement of the window bracket 70 relative to the 
guide bracket 26, as illustrated in FIG. 6. The channel 72 is 
provided with a pair of opposing faces 76, 78. The face 78 
is angled slightly relative to the face 76. A window 14 is 
inserted into the channel 72 and is disposed against the face 
76 of the channel. A wedge member 80 is inserted in the 
channel 72 between the window 14 and angled face 78. The 
wedge member 80 is preferably made of an elastomeric 
material. A clamping device 82 is provided for applying 
force to the wedge member 80. The clamping device 82 
includes an over-center toggle spring 84 pivotally mounted 
to the window bracket 70 via apertures 86. The over-center 
toggle spring 84 includes a pair of spring arms 90 disposed 
at opposite ends of a cross-bar 92. The spring arms 90 
include two end tabs 88 which are received in the apertures 
86. The spring arms 90 each include a spiral loop portion 94 
which acts as a spring. The wedge member 80 is provided 
with an elongated channel 96 which receives a cross-bar 
portion 98 of a clamp wire 100 which includes a pair of 
opposite arms 102 which extend from the cross-bar portion 
98, and each terminate in a hook portion 104 which engage 
the loop portions 94 of the toggle spring member 84. 
0066. During assembly, the window 14 is inserted in the 
channel 72 and the wedge member 80 is inserted next to the 
window 14 and sidewall 78 of the channel 72. The cross-bar 
92 of toggle spring member 84 is then pulled downward 
from the position shown in FIG. 5 to the position shown in 
FIG. 6 until the cross-bar portion 92 of the toggle spring 
member 84 engages the laterally extending fingers 106 
extending from the base of the window bracket 70. In this 
position, the toggle spring member 84 applies a spring force 
to the clamping wire 100 that in turn applies a clamping 
force to the wedge 80 which is biased tightly into the 
channel 72 for applying a force against window 14. Thus, in 
this manner, the window bracket 70 is easily mounted to the 
window 14 for securing the window 14 to the main bracket 
24. 

0067. With reference to FIGS. 7-8, alternative designs of 
the window brackets 7-2 and 8-2, respectively, are shown. 
As shown in FIG. 7, the window brackets 7-2 have a window 
channel 7-4 for receipt of the window 14 and a guide 
channel 46 having a semi-cylindrical inner Surface for 
receiving the semi-cylindrical guide portion 38 of the guide 
bracket 26, as best shown in FIG. 7. The guide channel 46 
has an opening end portion 48 having a diameter greater than 
a width of the upper neck portion 40 of the guide bracket 26 
So as to allow angular movement of the window bracket 42 
relative to the guide bracket 26, as illustrated in FIG. 4. As 
shown in FIG. 8, the window bracket 8-2 can also be 
mounted to the window 14 by a fastener 8-4. 
0068 Referring to FIG. 2, the main bracket 24 interacts 
with the racks 20, 22. The first rack 20 includes a row of 
teeth 110 which faces a row of teeth 112 on the second rack 
22. Teeth 110 and 112 are in engagement with drive system 
18 for raising and lowering the window 14. As shown in 
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FIG. 1, guide members 114 are provided on the main bracket 
24, adjacent to the first and second racks 20 and 22. Guide 
members 114 keep the first and second racks 20 and 22 in 
engagement with the drive system 18. Guide members 114 
are generally plastic guide channels integrally formed with 
the main bracket 24. 

0069. With reference to FIGS. 1 and 2, a general descrip 
tion of the construction and operation of the dual rack and 
pinion window lift mechanism 12 will now be described. 
First, the main bracket 24, which is generally shown in 
FIGS. 1 and 2, is shown in a more preferred arrangement in 
FIGS. 9-12. In particular, as illustrated in FIG. 9, on a first 
face 116 of the main bracket 24, a pair of recessed channels 
118, 120 are provided as well as recessed portions 122,124 
adapted to receive pinion gears 126, 128 of the drive system, 
as best illustrated in FIGS. 1 and 11. A motor housing 
assembly 130 is shown mounted to a second surface 132 of 
the main bracket 24 in FIG. 10. The motor housing assembly 
130 includes a motor 134 connected to a housing 136. The 
motor 134 is provided with a drive shaft 138 (best illustrated 
in FIG. 2) having a worm 140 in meshing engagement with 
a worm gear 142. The worm gear 142 is Supported on an axle 
144 supported by the housing 136. The axle 144 connected 
to the worm gear 142 extends through an aperture 146 
provided in the main bracket 24, as best illustrated in FIG. 
9. During assembly, the motor housing assembly 130 is 
mounted to the main bracket 24 and is secured in place by 
threaded fasteners 148 (one of which is shown). After the 
motor housing assembly 130 is mounted to the main bracket 
24, a drive pinion gear 126 is inserted in the recess portion 
124 of the main bracket 24 and engaged with the drive 
spindle 144 of the worm gear 142. In addition, a slave pinion 
gear 128 is inserted in the recess portion 122 of the main 
bracket 24 and is in meshing engagement with the drive 
pinion gear 126. At this time, the motor 134 is connected to 
an electrical power source and a dual rack system 150 is 
brought into alignment with the channels 118, 120 of the 
main bracket 24 and inserted part way until the dual rack 
system 152 engages the pinion gears 126, 128. At this time, 
the motor 134 is driven in order to engage the pinion gears 
126, 128 with the dual rack system 150, as best illustrated in 
FIG. 12. The motor is then driven to move the main bracket 
24 and motor 134 to a predetermined position for convenient 
door installation. The dual rack system 150 includes a pair 
of elongated parallel racks 20, 22 each including a plurality 
of teeth extending therealong. A lattice-type cross brace 
structure 151 extends between, and is integrally molded as 
a unitary piece with, the pair of racks 20, 22. All of the 
components, except the motor, are made from high precision 
engineered thermoplastics. 

0070). As illustrated in FIGS. 13-16, the dual rack and 
pinion window lift mechanism 12 is preferably mounted to 
a frame 160 that allows the frame 160 and window lift 
mechanism 12 to be mounted into a vehicle door as a 
modular unit 162, as best illustrated in FIG. 13. As shown in 
FIG. 14, the dual rack system 150 is preferably molded as an 
integral piece with the frame 160. The frame 160 is provided 
with mounting holes 164 which facilitate mounting the 
modular unit 152 to the vehicle door 10. The door 10 is 
provided with corresponding mounting holes 165 which are 
in alignment with mounting holes 164 on the frame 160. In 
addition, the frame 160 is provided with additional mount 
ing holes 166, as illustrated in FIG. 14, to allow mounting 
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of additional components 168 (shown in phantom) and that 
can include air bags, speakers, or other door components. 

0071. As an alternative to molding the dual rack system 
150 integrally with the frame 160, the dual rack system 150 
can also be provided with Snap-fit engagement for connec 
tion to the frame 160 by including snap insert members 168 
as illustrated in the cross-section of FIG. 15, or fasteners 170 
such as threaded bolts, screws, or rivets can also be utilized 
for connecting the dual rack system 150 to the frame 160 as 
illustrated in FIG. 16. The modular unit 162 facilitates easy 
installation of the window lift mechanism into the door of 
the vehicle. Once the modular unit 162 is installed in the 
door, the window 14 can be inserted in the channels pro 
vided in the window brackets 42/70, and the window brack 
ets 42/70 are then clamped to the window 14, as described 
above. 

0072 A recent development in power window regulators 
are referred to as Smart regulators, i.e., to have the capability 
of going up and down fast by touching the Switch once. Due 
to automotive regulations, it is mandatory that on the way 
up, that from 4 inches to 0.1 inch from the top, the window 
must be capable of stopping and reversing prior to gener 
ating a force in excess of 100 Newtons. To achieve this, 
manufacturers have utilized Sophisticated electronics and 
memory chips so that the window knows where it is at all 
times based on past or previous experience. In this way, if 
the window senses an object in its path, it will know that it 
is abnormal and hence, reverse. Essentially, detection meth 
ods are put in place by using memory chips employed within 
a controller 174, as illustrated in FIG. 2, so that deviation 
from a “learned reference' is known. These “learned refer 
ences are typically based on motor speed, motor current, or 
rate of change in speed (acceleration). Electronics used in 
combination with the memory chips utilize expensive com 
ponentry, such as a current shunt, multiple pull magnets, hall 
sensors, and commutator pulse detection sensors. The cost 
and performance of the Smart units are dependent upon the 
time available for the motor to “detect and react to where 
it was prior to generating forces greater than 100 Newtons. 
While various smart motor systems have been successfully 
adapted to arm and sector and cable units, a number of 
problems exist. Specifically, the design of these systems are 
Such that varying degrees of slack are inherent, and this 
slack varies continuously and unpredictably over the life of 
those products. The mechanical inefficiency of those sys 
tems requires that larger motors than necessary, typically 
motors capable of achieving 90 inch pounds plus are utilized 
which leaves a greater amount of excess force to cause 
damage to objects that may obstruct the window in the event 
of malfunctioning of the Smart system. Dual rack and pinion 
regulators are precision manufactured from injection 
molded engineered thermoplastic, which means that the 
degree of slack inherent in the system is repeatable, con 
trollable, and based on experience gained, is constant over 
time. In order to increase the response time available to the 
smart motor system prior to reaching the 100 Newton force 
limitation, the dual rack and pinion system of the present 
invention is provided with a worm gear 142, drive pinion 
gear 126, and slave pinion gear 128 which are modified to 
act as shock absorbers. The shock absorbers slow down the 
pinch process so that a simplified Smart motor may have 
more time to “detect and react to any interruption in 
window upward movement. 

Jun. 7, 2007 

0073. With reference to FIGS. 17-20, a dual rack and 
pinion system utilizing multiple shock absorbers will now be 
described. As illustrated in FIG. 17A, a worm 140 is in 
driving engagement with a worm gear 142. The worm gear 
142 is provided in driving engagement with a drive spindle 
144 via resilient spring members 180 which can be in the 
form of elastomeric shock absorber 182 as illustrated in FIG. 
18. The drive spindle 144 is drivingly connected to the drive 
pinion gear 126 via a second resilient spring member 184. 
As described previously, the drive pinion gear 126 is in 
driving engagement with the rack 22 of the dual rack 
assembly 150. Furthermore, the drive pinion gear 126 
engages a first gear portion 128A of the slave pinion gear 
128. The slave pinion gear 128 includes a second pinion gear 
portion 128B which is connected to the first pinion gear 
portion 128A via a resilient spring member 186. The second 
pinion gear portion 128B of the slave pinion gear 128 
engages the rack 20 of the dual rack assembly 150. FIG. 17B 
illustrates a perspective view of the dual rack and pinion 
system shown in FIG. 17A. As shown in FIG. 17B, the racks 
20, 22 are spaced apart relative to one another. 
0074 FIG. 18 illustrates an exploded perspective view of 
the construction of the slave pinion gear 128, as shown in 
FIG. 17A, 17B. In particular, the first gear portion 128A of 
the slave pinion gear 128 includes a plurality of axially 
extending fingers 190 which are received in radially out 
wardly extending recesses 192 of the resilient shock 
absorber 182. Furthermore, the second gear portion 128B of 
the slave pinion gear 128 includes a hollow body portion 
provided with radially inwardly extending fingers 194 which 
are received in radially inwardly extending recesses 196 of 
the elastomeric shock absorber 182. With this construction, 
the shock absorber 182 is capable of absorbing shock forces 
that are delivered between the first gear portion 128A and 
second gear portion 128B of the slave pinion gear 128. 
0075 With regard to the construction of the worm gear 
142 and drive pinion gear 126, it is noted that each of these 
gears is constructed similar to second gear portion 128B of 
the slave pinion gear 128. In particular, each of these gears 
include radially inwardly extending fingers, such as fingers 
194, which engage an elastomeric shock absorber Such as 
shock absorber 182 illustrated in FIG. 18. The drive shaft 
144 is provided at each end thereof with radially outwardly 
extending fingers, similar to fingers 190. It should be noted 
that other constructions using torsion springs or other elas 
tomeric members having different configurations may also 
be utilized with the present invention. Similar systems 
utilizing stress dissipation technology are disclosed in com 
monly assigned U.S. Pat. Nos. 5,307.705, 5,452,622, and 
5,943.913 for providing shock absorbance in a gear system. 
0076. When a shock absorber system is utilized in com 
bination with a Smart motor System and the upward moving 
window is obstructed and generates an impulse determined 
by force multiplied by time (Fxt) the shock absorbers 
increase the time factor, hence reducing the applied force at 
any point in time. With reference to FIG. 21, the influence 
of shock absorbent on the force versus distance/time plot as 
a window traverses up, is illustrated graphically for a dual 
rack and pinion system utilizing different numbers of shock 
absorbers (0-3). As illustrated in the drawings, the use of 
each additional shock absorber increases the time that is 
available prior to reaching a stall force for the motor. This 
increase in time, due to the use of multiple shock absorbers, 
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increases the ability of a smart motor to prevent the window 
from reaching a predetermined maximum force level. 
Accordingly, the componentry of the Smart motor can be 
reduced in complexity and cost due to the additional time 
allotted for reaction to the detected force. An additional 
benefit of the use of multiple shock absorbers is that they 
reduce the amount, of vibration transferred from compo 
nents of the gear train to the next and, therefore, reduce the 
noise generated by the dual rack and pinion system. 
0.077 FIG. 22 graphically illustrates a typical arm and 
sector and/or cable system as compared to the dual rack and 
pinion system with built-in shock absorbers. It is noteworthy 
that existing arm and sector and cable units also have shock 
absorbers built into the worm gear of the system. As 
illustrated in FIG. 22, typical arm and sector and/or cable 
systems require higher amounts of force which are required 
to overcome gravity and guide friction as illustrated by point 
A on the line representing the conventional system. In 
comparison, for the dual rack and pinion system with 
built-in shock absorbers, the amount of force required to 
overcome the window weight and guide channel resistance 
is significantly less as illustrated by point B. In addition, 
because of the increased efficiency of the dual rack and 
pinion system, the system can be provided with a smaller 
motor which reduces the amount of torque applied by the 
system and therefore, reduces the amount of potential torque 
that can be applied to an obstruction in the window. A typical 
dual rack and pinion system utilizes a motor which uses 
approximately 65 inch pounds of torque as compared to an 
arm and sector or cable system which utilizes a motor 
capable of producing upward of 90 inch pounds of torque. 
Finally, the amount of time from hitting an obstruction until 
a stall torque is obtained for a conventional system is 
approximately 60 milliseconds, whereas for the dual rack 
and pinion system this time is approximately 140 to 200 
milliseconds when utilizing built-in shock absorbers. The 
more time provided for detection of an obstruction, allows 
the use of a less complex and hence, more economic Smart 
regulator system. 

0078. With reference to FIGS. 23 and 24, an alternative 
design of the first worm gear/pinion assembly 200 includes 
the first worm gear 202 and the first pinion gear 204. The 
worm gear 202 includes an inwardly extending flange por 
tion 206, best shown in FIG. 24. A worm gear hub portion 
208 is attached to the flange portion 206 of worm gear 202 
by a plurality of fasteners 210. The hub portion 208 includes 
a keyed shaft portion 212 including two semi-cylindrical 
protrusions 214 extending radially therefrom. The shaft 
portion 212 is received in a spring retainer 216 which 
includes a pair of clutch springs 218 within an angular body 
portion 220 thereof. A radially extending flange 222 extends 
from the annular body portion 220 and includes a plurality 
of apertures 224 therein. 
0079 The clutch springs 218 each include a helically 
wrapped spring wire having two end fingers 226 extending 
radially inward. The end fingers 226 of each clutch spring 
218 are disposed opposite one another. The clutch springs 
218 are received within the annular body portion 220 of the 
spring retainer 216 and are arranged at 90 degree offsets 
from one another in order to define four separate quadrants 
236, 238,240,242 (best shown in FIG. 25) between the end 
fingers 226 of the two clutch springs 218. The spring retainer 
216 is mounted to a clutch housing 228 by threaded fasteners 
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230 extending through apertures 224 in the flange 222 of the 
spring retainer 216. Threaded fasteners 230 engage threaded 
apertures (not shown) that are provided on the face of the 
clutch housing 228. The clutch housing 228 includes an 
axially extending hub portion 234 in which the annular body 
portion 220 of spring retainer 216 is received. 

0080 With reference to FIG. 26, the clutch assembly is 
shown including the spring retainer 216 disposed within the 
clutch housing 228 and clutch springs 218 having end 
fingers 226 each extending radially inward and defining the 
four generally equally spaced quadrants 236, 238, 240, and 
242. The axially extending shaft portion 212 of the worm 
gear hub portion 208 extends into the clutch housing 228 
Such that the radially extending semi-cylindrical protrusions 
214 are each received within an opposing quadrant (for 
example, quadrants 236, 240). The clutch springs 218 are 
arranged such that when the motor is being driven, the clutch 
springs 218 rotate within the housing 228. However, when 
the motor is stationary, forces applied to the springs 218 by 
the drive train tend to cause the springs to expand and 
thereby prevent the springs from rotating. 

0081. A shock absorber bridge 246 is provided with a 
disk shaped body portion 248 having a pair of axially 
extending semi-cylindrical fingers 250. The semi-cylindrical 
fingers 250 extend into the clutch housing 228 and are 
received in opposing quadrants 238,242 defined by the end 
fingers 226 of clutch springs 218. The shock absorber bridge 
246 also includes a cylindrical protrusion 252 extending 
from a second side of the disk shaped body 248 and includes 
three radially extending triangular protrusions 254 extend 
ing from the cylindrical protrusion 252. The cylindrical 
protrusion 252 and triangular protrusions 254 of shock 
absorber bridge 246 are received within an interior cavity 
256 of pinion gear 204. As best shown in FIG. 25, pinion 
gear 204 includes radially inwardly extending protrusions 
258 extending inwardly within the cavity 256. A resilient 
shock absorber 262 is disposed between the pinion gear 204 
and the shock absorber bridge 246. The resilient shock 
absorber 262 is made from an elastomeric material such as 
santroprene 55. The resilient shock absorber 262 includes 
three triangular cutouts 264 extending radially inward from 
an outer surface thereof for receiving the radially inwardly 
extending protrusions 258 of the pinion gear 204. The 
resilient shock absorber 262 also includes three triangular 
cutouts 266 which extend radially from the inner surface of 
the resilient shock absorber 262 for receiving the radially 
outwardly extending protrusions 254 of the shock absorber 
bridge 246. 

0082 The resilient shock absorber 262 is pressed into the 
cavity 256 of the pinion gear 204 so that the inwardly 
extending protrusions 258 of the pinion gear 204 are 
received in the radially inwardly extending cutouts 264 of 
the resilient shock absorber 262. The cylindrical protrusion 
252 and radially extending protrusions 254 are inserted in 
the central opening of the resilient shock absorber 262 and 
the radially extending cutouts 266, respectively. The resil 
ient shock absorber 262 is provided with a plurality of body 
sections 268 which are each disposed between a radially 
inwardly extending cutout 264 and a radially outwardly 
extending cutout 266. 

0083. Due to the limited space in the cavity 256, the side 
surfaces and radial surface of the body sections 268 are 
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notched inwardly to accommodate for deformation. Specifi 
cally, elastomeric materials have a Poisson’s ratio of 
approximately 0.5, and therefore, under compression and/or 
tension, the volume of the material is retained. Hence, 
inward deformation in one direction causes the material to 
bulge outward in other directions. Thus, compression of the 
resilient shock absorber 262 in the lateral direction will 
cause the elastomeric material to deform or bulge outward in 
the axial and radial directions. Thus, in order to accommo 
date for the bulging of the elastomeric material under 
compression, the notched surfaces 270, 272 allow room for 
deformed elastomeric material to move into. If the notches 
were not provided, non-optimum force deflection occurs 
since the efficiency of the resilient shock absorber 262 is 
directly related to the amount of deflection at any applied 
force. Thus, a preferred design is one which allows the 
volume to be maintained. As shown in FIGS. 27a and 27b, 
the notched side surfaces 270 are best shown in the side view 
of FIG. 27b and the notched radial surfaces 272 are best 
shown in plan view of FIG. 27a. Within the first worm 
gear/pinion assembly arrangement 200, the optimum design 
of the resilient shock absorber 262 is achieved by sculpting 
both the radially outward surface with notches 272 and each 
face with notches 270. This sculpting allows proper deflec 
tion of the resilient shock absorber 262 and thereby prevents 
unwanted stress on the worm gear/pinion assembly 200, 
which increases the life span of the assembly. 
0084. During operation, the motor 60 drives driveshaft 
138 and worm 140 which in turn rotates the worm gear 202. 
The worm gear 202 has the internal shaft portion 212 of gear 
hub portion 208 fixedly attached thereto for rotation there 
with. As the shaft portion 212 rotates, force is transmitted 
through clutch springs 218 via engagement of the end 
fingers 226 engaging with the radially extending semi 
cylindrical protrusions 214. The end fingers 226 thereby 
transmit rotation to the shock absorber bridge 246 via axially 
extending fingers 250. The shock absorber bridge 246 then 
transmits rotation to the pinion gear 204 via the resilient 
shock absorber 262. The resilient shock absorber 262 
absorbs forces that are applied through the drive system 18 
in order to prevent damage to components of the drive 
system 18, the support structure 16, or window 14. 
0085 Worm 140 is helical and directly engages the teeth 
of the first worm gear 202. The lead angle of the worm 140, 
according to a preferred embodiment of the present inven 
tion, is greater than seven degrees. Typically, a worm lead 
angle in Such a system is required to be less than or equal to 
seven degrees, as a necessity in order to prevent backdrive. 
However, in these systems, the efficiency of the torque 
transferred from the worm to the worm gear tends to be low 
due to the low lead angle of the worm. In systems with low 
efficiency, a larger motor is needed to create more torque to 
overcome the inefficiencies in the system. In the present 
invention, however, the clutch mechanism in the form of 
clutch springs 218 is provided in order to allow the lead 
angle of the worm 140 to be increased greater than seven 
degrees in order to improve the efficiency thereof while the 
clutch mechanism prevents system backdrive. By increasing 
the lead angle of the worm 140, the efficiency of the torque 
transferred from the worm 140 to the worm gear 202 is 
increased, hence allowing for the use of a smaller motor 60. 
0.086 The system of the present invention provides an 
improved, more efficient window lift mechanism wherein 
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variations in the door and lift mechanism are accommodated 
for by the two degrees of freedom allowed for by the guide 
bracket and window bracket interface. In addition, the clutch 
mechanism, which is housed within the interior space of the 
worm gear 202 allows for the lead angle of the worm gear 
202 to be increased for improved efficiency while preventing 
undesirable back drive from occurring with the increased 
lead angle utilized on the worm. Finally, the improved 
resilient shock absorber 262 being provided with notched 
surfaces to allow for displacement of the resilient material 
when loaded under compression, also leads to a more 
efficient shock absorber. The worm gear/pinion assembly is 
also provided with a compact arrangement since the worm 
gear and pinion can be disposed side by a side with a 
majority of the clutch structure and shock absorber structure 
being maintained within the interior compartments defined 
by the worm gear 202 and pinion gear 204. 
0087. With reference to FIGS. 28-31, a support bracket 
300 for a window lift mechanism is shown and includes a 
cross bar portion 302 and transmission housing portion 304 
formed as a single unitary piece. The cross bar portion 
includes a plurality of rack guide features such as fingers 306 
disposed on opposing faces 308, 310 of guide rails 312,314, 
respectively, on the rear side of the support bracket 300 as 
shown in FIG. 29. As illustrated in FIGS. 28 and 29, the 
support bracket 300 is provided with apertures 332 Sur 
rounding the fingers 306 in order to facilitate the molding of 
the finger portions 306, as is understood by one having 
ordinary skill in the art. The cross bar portion 302 includes 
a pair of window bracket mounting features 316 each 
provided with an aperture 318 extending therethrough for 
receipt of a mounting fastener (not shown). On the rear side 
of the support bracket as illustrated in FIG. 29, the trans 
mission housing portion 304 includes a recessed gear cavity 
320 (also illustrated in phantom in FIG. 28). As illustrated in 
FIG. 28, the transmission housing portion 304 includes a 
passage 322 (illustrated in phantom) and in communication 
with the recessed gear cavity 320. 
0088 As illustrated in FIG. 29, a slave gear hub portion 
324 is provided adjacent to the recessed gear cavity 320. The 
recessed gear cavity 320 includes a central aperture or bore 
326. The transmission housing portion 304 also includes a 
motor mounting structure 328 defining a flat surface through 
which the passage 322 extends. A pair of recessed threaded 
bores 330 are provided on opposite sides of the motor 
mounting surface 328. 
0089. With reference to FIG. 30, assembly of the motor 
and transmission unit will now be described. First, the motor 
336 including a flange portion 338 is mounted to the motor 
mounting surface 328 by fasteners 340 threadedly engaging 
threaded bores 330. Motor 336 includes a cord 342 for 
connecting the motor 336 to the vehicle's electronic system, 
as is well known in the art. The motor 336 includes a drive 
shaft 344 which extends into the passage 322 and includes 
a worm 346 disposed thereon, as illustrated in phantom. As 
illustrated in FIG. 30, the worm 346 extends into the 
recessed gear cavity 320. A worm gear 348 is inserted into 
the recessed gear cavity 320 and is drivingly engaged with 
the worm 346. A drive spindle 350 is press-fit into the 
bore/aperture 326 for rotatively supporting the worm gear 
348. The worm gear 348 includes a splined hub portion 352 
which is received in an internally splined aperture 354 
provided in the first pinion gear 356 for providing a driving 
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connection between the worm gear 348 and first pinion gear 
356. A second pinion gear 358 is then inserted on the slave 
gear hub portion 324 and in meshing engagement with the 
first pinion gear 356. 
0090. After the first and second pinion gears356,358 are 
assembled, a dual rack 360 (illustrated in FIGS. 31-33) is 
then aligned with the pinion gears 356, 358 and electrical 
power is supplied to the motor 336 to drive the rack 360 into 
engagement with the pinion gears 356,358. As illustrated in 
FIG. 32, the front face of the rack 360 includes a first 
elongated set of rack teeth 362 which are drivingly engaged 
with the first pinion 356 and a second elongated set of rack 
teeth 364 which are engaged with the second pinion gear 
358. As illustrated in FIG. 33, a cross-sectional view of the 
rack 360 taken along line 33-33 of FIG. 31 is shown. As 
illustrated in FIG. 33, the rack 360 includes rack teeth 362 
and 364 extending parallel to one another as well as elon 
gated guide flanges 366, 368 extending along opposite sides 
of the rack 360. Guide flanges 366, 368 are received under 
the rack guide features 306 and between guide rails 308,310 
such that the first and second pinion gears 356, 358 are 
received between the first and second sets of rack teeth 362, 
364. 

0091. With the disclosed support bracket 300, the assem 
bly of the window lift mechanism is greatly simplified by 
eliminating the need to mount the transmission housing to 
the cross bar portion as a separate unit. Thus, the reduction 
of the number of parts by combining the transmission 
housing and cross bars also reduce the number of fasteners 
required to mount the transmission housing to the cross bar 
portion. The reduction in the number of assembly steps 
therefore corresponds to a reduction in assembly costs 
associated with the dual rack and pinion window lift mecha 
nism. The combining of the transmission housing and cross 
bar into a single mold also reduces the number of separate 
molds and separate molded articles that need to be made. 
Thus, there is a significant reduction in capital expenditure 
for reducing the number of molds necessary for molding the 
component parts of the dual rack and pinion system. By 
combining the cross bar portion and transmission housing 
portions, a reduction in the total amount of raw material 
required is achieved, therefore, reducing the weight and cost 
of the system. Finally, because all of the mounting structure 
such as bore 326 for supporting the shaft 350 and slave gear 
hub portion 324 are molded into a single component, the 
consistent reproducibility of parts and consistent assembly is 
achieved. 

0092 Previously, in designing rack and pinion power 
regulators for any particular door model, the angle of the B 
and A-pillars on the front and rear doors, the radius of 
curvature of the window, the length of the window travel, 
and the distance of the safety bar inner surface from the 
outside Surface of the glass were considered. Using these 
criteria, the racks of prior dual rack and pinion systems have 
been specifically designed to be angled to match the angle of 
the B-pillar while the support rack was specifically designed 
to be generally horizontal relative to the angled rack for 
Supporting the horizontal bottom edge of a window pane. 
Furthermore, the radius of curvature of the rack was 
designed to specifically match the radius of curvature of the 
window as well as the length of the racks being provided to 
specifically match the distance of travel of the window 
panel. 
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0093 Previously, as the guide angles between the moving 
cross bar and rack has needed to match the A and B-pillar 
angles and as the radius of curvature of the rack match the 
radius of curvature of the window, it was necessary that a 
new and separate set of cross bar molds and rack molds be 
built for each and every door design. For convenience and 
economic reasons, the rack and cross bar molds are typically 
built with a right and left hand cavity so that from a single 
injection shot, individual parts are obtained for the driver 
side and the passenger side regulators. An additional set of 
molds would, of course, have to be built for the rear doors 
on a four-door vehicle. A complete set of molds for a 
four-door vehicle typically costs approximately $400 thou 
sand and has the capability of generating approximately 1.5 
million regulator part sets per year in a 24-hour, six-day 
work week. Additionally, an automated testing and assembly 
line which attaches gears to the cross bar and the cross bar 
to the rack and tests the full up and down travel of the system 
costs approximately $300 thousand, and can also handle 
approximately 1.5 million regulators per year in a 24-hour, 
six-day work week. Those assembly lines are somewhat 
universal, and may be used to accommodate different 
vehicle regulators. Therefore, typically for a four-door 
vehicle, a capital outlay of approximately S700 thousand is 
required to accommodate molding, assembly, and pre-ship 
ment testing of component parts. 
0094 For costing purposes, the capital expenditure is 
typically amortized over the life of the product. Car models 
generally sell less than three-quarters of a million units 
annually, therefore, dedicated molds are greatly under uti 
lized and consequently the amortization associated with 
each regulator produced is higher than it needs to be if there 
was a way to fully utilize each set of molds built; i.e., if the 
same mold set could be used for different car models and/or 
if the same mold set could be used for front and rear doors. 

0095. As illustrated in FIG. 34, a dual rack and pinion 
window lift mechanism 400 is provided for raising and 
lowering a window 402 provided in a vehicle door 404. The 
window 402 is received in a window opening 406. The 
window 402 has a rear edge 402A which is provided with a 
B-pillar angle f which is typically between 0 and 15 
degrees, although other negative angles as well as larger 
positive angles may be utilized depending upon the vehicle 
design. In previous designs, the dual rack had been specifi 
cally designed to be angled so as to match the B-pillar angle 
B and the Support bracket had been specifically designed to 
remain generally horizontal while traversing the angled rack 
So as to engage with a generally horizontal bottom edge of 
the window. Vertical racks were typically used only for 
window applications when the B-pillar angle was Zero (a 
vertical B-pillar). However, with the system shown in FIG. 
34, a universal unangled (vertical) rack and Support bracket 
can be mounted at an angle B, as illustrated, to match the 
B-pillar angle with the bottom edge 402B of the window 
panel 402 being generally perpendicular to the B-pillar angle 
so that the use of a straight (vertical) dual rack and pinion 
regulator can be utilized to drive the window efficiently up 
and down along the B-pillar angle B. With the design of FIG. 
34, the universal (vertical) rack can be utilized without 
needing to specifically design the rack and Support bracket 
for use with a window having an angled B-pillar. A vertical 
rack of this type is typically used where the B-pillar angle is 
vertical. Now, the use of a vertical rack can be utilized where 
the B-pillar angle is greater than Zero. 
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0096. According to an alternative design, as illustrated in 
FIG. 35, the dual rack and pinion system 400 is mounted in 
parallel to the B-pillar angle B in the same manner as shown 
in FIG. 34. However, in this embodiment, the bottom edge 
410B of the window 410 is generally horizontal, while the 
attachment brackets 412 and 414 are modified with a shorter 
bracket 412 in the front, and a longer bracket 414 in the back 
each having an angled slidable interface 416 of the type 
shown previously in FIGS. 3 and 4, in order to retain the 
same result as in the embodiment of FIG. 34. The added cost 
of changing the shape at the bottom of the glass 402B and/or 
increasing/decreasing the bracket lengths 412, 414 to 
achieve the same result is miniscule in comparison to the 
time and dollar savings associated with reduced capital 
expenditures due to the reduced number of molds required 
due to the increased utilization of the mold and automated 
assembly line due to the use of a universal, Vertical rack and 
support bracket system. It should be noted that the systems 
of FIGS. 34 and 35 can be utilized with either front or rear 
door windows in which either the forward or rearward pillar 
serves as the guide pillar along which the window travels. 
The universal rack is therefore mounted parallel to the guide 
pillar. 
0097 Changing the shape; i.e., the angle at the bottom of 
the glass, and/or matching respective bracket lengths to 
achieve the desired result allows for the universality in 
relation to the B-pillar design element criteria. With regard 
to the design criteria element relating to the variations in the 
radii of window curvature from one model window to the 
next, it is noted that these variations may be conveniently 
satisfied by taking advantage of the controlled flexibility 
naturally built into the plastic flexible rack designs, and by 
utilizing the back and forth freedom of motion inherently 
built into the design of the dual action brackets such as 
illustrated in FIGS. 3 and 4. Thus, when designing dual racks 
with a dual rack and pinion window lift mechanism that is 
desirably going to be used for multiple window configura 
tions having differing radii of curvature for the different 
window designs, it is desirable to select a radius of curvature 
R for the rack to be used with a first window having a 
radius of curvature R and a second window having a radius 
of curvature R such that the radius of curvature R of the 
rack is between the first and second radii of curvature R and 
R for the first and second window designs (see FIG. 36). 
Ideally, the radius of curvature R of the rack would be 
approximately an average of the radii of curvature of the first 
and second windows R and R. 
0098. With regard to the design criteria element address 
ing the glass travel distance, variances in glass travel may be 
conveniently provided for by using incremental inserts 514, 
516, 518, 520 within a universal rack mold so that different 
rack lengths may be obtained from a single mold cavity. As 
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illustrated in FIGS. 37-39A, a rack mold is illustrated for 
accommodating incremental inserts for forming different 
rack lengths from a single universal mold. As illustrated in 
FIG. 37, a mold cavity 500 is provided between a first mold 
plate 502 and second mold plate 504 one of which is 
movable relative to the other. The first mold plate 502 
includes an elongated raised section 506 having teeth-like 
formations 508, 510 formed along opposite edges thereof. 
The second plate 504 includes a recess cavity 512 which 
combines with the raised portion 506 to define a mold cavity 
having a shape of the dual rack illustrated in FIGS. 32 and 
33, as discussed above. As illustrated in FIGS. 38 and 39, at 
one end of the first plate 502, removable toothed mold 
sections 514, 516 are illustrated. The toothed sections 514, 
516 can be removed and replaced with solid portions such as 
members 518, 520 which are provided as incremental inserts 
that allow different rack lengths to be obtained using the 
single universal mold 502,504, as would be understood by 
one having ordinary skill in the art. 
0099. The value of using the combined solutions to 
provide for a universal dual rack and pinion power window 
regulator is Substantial. Typically, car models average sales 
of 175 thousand units per year with the range varying from 
50 thousand to 350 thousand. Table 1 below illustrates the 
influence of using these novel concepts on regulator amor 
tization rates for an example case. For convenience, and in 
line with actual practice, a typical car model life is assumed 
to be seven years. Taking the average of 175 thousand sale 
units per year for a four-door vehicle; i.e., 750 thousand 
regulators total per year, then if a rack model is built to 
accommodate front and rear windows in the same vehicle, 
then just one more vehicle model at the same average annual 
volume will fully utilize a dual cavity rack mold. Therefore, 
in real life, molds would be carefully selected and mixed and 
matched to car models that are relatively close to one 
another in terms of the critical parameters of pillar angle, 
radius of curvature, and travel length. In Summary then, by 
adopting and combining the solutions to the design elements 
of B-pillar angle, radii of curvature and length of travel to 
provide for a universal power window regulator, Substantial 
savings occur in design time, capitalization costs, inventory, 
amortization costs, manufacturing convenience, and most 
importantly the improved overall simplicity of the total 
system. 

0.100 The estimated capital expenditures and associated 
amortization costs for case A example, assuming two four 
door vehicles with average yearly volumes of 175 thousand 
automobiles, seven year model lines, mold set cost for the 
front units, S260 thousand, mold set cost for the rear units 
S260 thousand, assembly line cost $300 thousand with 
yearly mold set, and assembly line capacity of 1.5 million 
units. 

TABLE 1. 

Universal Molds 

Assembly Assembly Total 
Line Total Molds Line Total Savings 

300,000 1,340,000 260,000 300,000 560,000 780,000 
3.0 13.6 2.7 3.0 5.7 7.9 
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0101 From the above table, it is seen that the amortiza 
tion cost is approximately 13.6 cents per unit utilizing 
dedicated molds, while the amortization cost is approxi 
mately 5.7 cents per unit for window regulators utilizing 
universal molds so that a total difference is obtained of 
approximately 7.9 cents per unit. Furthermore, the total up 
front investment is reduced by S780 thousand. 
0102) Estimated capital expenditures and associated 
amortization costs for case B example, assuming three 
four-door vehicles with average yearly volumes of 50 thou 
sand, 100 thousand, and 200 thousand units, respectively. 
The Case B also assumes seven year model lines with mold 
set cost for the front units being $260 thousand, rear units 
being S260 thousand, and assembly line cost of S300 thou 
sand with the yearly mold set and assembly line capacity of 
1.5 million units, the same as in Case A. 
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0.109 The dual rack and pinion regulators discussed here, 
and as previously exemplified in the referenced patents, 
eliminate the unwanted behavior associated with old fash 
ioned regulators by judiciously using an internally lubricated 
thermoplastic for the various component parts. From a 
lubrication vantage point, these parts function perfectly but 
have the unwanted behavior associated with all plastic 
components, namely, they inherently have the tendency to 
statically charge locally due to sliding or rubbing Surface 
motion. These statically charged Surfaces have a profound 
tendency to attract dust which potentially can cause Surface 
pitting and, hence, less than optimal behavior as time 
progresses. This tendency to locally statically charge and 
remain charged may be readily eliminated by molding the 
various plastic components from a statically dissipative 
internally lubricated thermoplastic. To be statically dissipa 

TABLE 2 

Dedicated Molds Universal Molds 

Assembly Assembly Total 
Molds Line Total Molds Line Total Savings 

Capital Cost (S) 1,560,000 300,000 1,860,000 264,000 300,000 564,000 1,300,000 
Amortization 14.4 3.0 17.4 2.7 3.0 5.7 11.7 
(g: per unit) 

0103). From the results illustrated in Table 2, the amorti 
Zation cost using dedicated molds is 17.4 cents per unit 
while the amortization cost for using universal mold is 5.7 
cents per unit providing a total savings of 11.7 cents per unit. 
Furthermore, the total up front capital investment is reduced 
by S1.3 million. 
0104. Another aspect of the present application centers 
around further entrancement of the greaseless nature of dual 
rack or pinion power window regulators. Old fashioned arm 
and sector and cable driver systems have numerous exposed 
components, both metal and plastic, which need to be 
greased to assist various sliding motors and to ensure quiet 
operation. The application of grease, either manually and/or 
automatically, to those components is costly and time con 
Suming. Additionally, it generates a host of unwanted behav 
iors, namely: 

0105 (a) wearing away of grease over time which 
causes poorer, noisy performance as time progresses; 

0106 (b) non-equivalent performance at varying tem 
peratures resulting in varying window travel time as 
temperature varies from ambient, to +180° F., and to 
-40°F. At -40, the grease tends to solidify and not 
function as a lubricant, while at high temperature, the 
grease becomes free-flowing and falls through gravity 
to the lowest areas, finally dripping off the units; 

0.107 (c) grease has a tendency to absorb dust and crud 
so that after time it does not function as a lubricant but 
rather, as an abrasive causing excessive wear and, 
hence, looseness at critical locations; 

0.108 (d) grease parts are difficult to handle during 
installation, requiring gloves and have the potential of 
increased dropped parts and Surrounding body Surface 
contamination. 

tive, a molded surface resistivity must be less than 10-7 
ohm/cm and preferably less than 10-ohm/cm. This static 
dissipative character may be judiciously built-in to the base 
thermoplastic into a composite by the addition of various 
additives, namely, carbon black, graphite, metal powders, 
metal flakes, conductive polymers, and compounds and/or a 
combination of the above with selected fillers like mica, etc. 
Improved cost/performance may be achieved by matching 
the internal lubricant with a static dissipative additive which 
also has lubrication character; e.g., dispersive carbon black 
and/or graphite. 

0110. The description of the invention is merely exem 
plary in nature and, thus, variations that do not depart 
from the gist of the invention are intended to be within 
the scope of the invention. Such variations are not to be 
regarded as a departure from the spirit and scope of the 
invention. 

1-15. (canceled) 
16. A method for assembling a window lift mechanism, 

comprising the steps of: 
mounting a motor housing assembly to a main bracket, 

said motor housing assembly including a motor driv 
ingly connected to a worm and worm gear, said worm 
gear including a shaft rotatably connected to said worm 
gear and extending through said main bracket; 

mounting a first pinion gear onto said shaft and mounting 
a second pinion gear in meshing engagement with said 
first pinion gear; 

placing a dual rack system in alignment with said pinion 
gears; and 

applying power to the motor to drive said pinion gears to 
engage said pinion gears with said dual rack system. 



US 2007/01 25000 A1 

17. The method of claim 16, wherein said step of applying 
power to the motor further includes driving the first and 
second pinion gears to move the main bracket and motor to 
a predetermined position for convenient door installation. 

18. The method of claim 16, wherein said step of placing 
a dual rack system in alignment with said pinion gears 
includes placing the dual rack assembly in a guide system of 
said main bracket. 

19. (canceled) 
20. An integrally formed dual rack system, comprising: 
a pair of elongated parallel racks each including a plu 

rality of gear teeth extending there along; and 
a cross brace structure extending between said pair of 

elongated parallel racks and integrally molded as a 
unitary piece with said pair of elongated racks. 

21. A window lift mechanism comprising: 
a dual rack system; 
a Support structure Supported on said dual rack system; 
a drive pinion gear Supported by said Support structure 

and in engagement with a rack of said dual rack system; 
a slave pinion gear Supported by said Support structure, 

said slave pinion gear including a first gear segment in 
engagement with said drive pinion gear and a second 
gear segment in engagement with a second rack of said 
dual rack system, said first and second gear segments 
including a resilient shock absorber operatively 
engaged there between; 

a worm gear Supported for rotation by said Support 
structure and operatively joined with said drive pinion 
gear, and 

a motor Supported by said Support structure and including 
an output shaft having a worm engaged with said worm 
gear. 

22. The window lift mechanism according to claim 21, 
further comprising at least one resilient shock absorber 
operatively engaged between said drive pinion gear and said 
worm gear. 

23. The window life mechanism according to claim 21, 
further comprising a pair of resilient shock absorbers opera 
tively engaged between said drive pinion gear and said 
worm gear. 

24. The window lift mechanism according to claim 21, 
wherein said motor is a Smart motor system capable of 
detecting obstructions and reversing operation thereof in 
response to a detected obstruction. 
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25. A window lift mechanism comprising: 
a dual rack system; 
a Support structure Supported on said dual rack system; 
a gear train including: 

a drive pinion gear Supported by said Support structure 
and in engagement with a rack of said dual rack 
system; 

a slave pinion gear Supported by said Support structure 
in engagement with said drive pinion gear and a 
second rack of said dual rack system; 

a worm gear Supported for rotation by said Support 
structure and operatively joined with said drive pin 
ion gear, said gear train including a plurality of 
resilient shock absorbers disposed therein; and 

a motor Supported by said Support structure and including 
an output shaft having a worm engaged with said worm 
gear. 

26-39. (canceled) 
40. A closure assembly comprising: 
a closure member; 
a pair of first Supports each coupled to said closure 

member, 
a pair of second Supports each coupled to a respective one 

of said pair of first Supports, said pair of second 
Supports being disposed at a fixed distance from one 
another and adapted to be driven for the raising and 
lowering of said closure member; and 

an interface between said pair of first Supports and said 
pair of second Supports each adapted to accommodate 
both axial and pivotal movement of said closure mem 
ber with respect to said pair of second supports. 

41. The closure member of claim 40 wherein said pair of 
first Supports each have a slotted end for receiving said 
closure member and a semi-cylindrical recess for receiving 
a semi-cylindrical head of said pair of second Supports. 

42. The closure member of claim 40, wherein said inter 
face includes a head portion slidably and rotatably received 
in a channel portion. 

43. The closure member of claim 42, wherein said head 
portion is semi-cylindrical and said channel portion is semi 
cylindrical. 

44-63. (canceled) 


