Office de la Proprieté Canadian CA 2554087 C 2010/06/15

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 554 087
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2006/07/27 (51) ClLInt./Int.Cl. A07B 76/00 (2006.01),
. A - - . AO01B 71/00(2006.01), AOTD 41/127 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 200/7/01/29 F16F 1/44/(2006.01)
(45) Date de délivrance/lssue Date: 2010/06/15 _
(72) Inventeurs/Inventors:
(30) Priorité/Priority: 2005/07/29 (US11/192,888) TEIJIDO, JOSEPH ALBERT, US:

TURIGLIATTI, JEFFREY ALLEN, US;
JUHASZ, STEVE MICHAEL, US

(73) Proprietaire/Owner:
DEERE & COMPANY, US

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : DETECTEUR DE COUPLE A COMPRESSION DE RESSORT BI-ETAGEE POUR MACHINE AGRICOLE

54) Title: TORQUE SENSING ASSEMBLY HAVING DUAL STAGE SPRING COMPRESSION FOR AN AGRICULTURAL
MACHINE

38 42 . i
108 68 \
\ N, 70 '/72

@ 126
' 76
110 1804 106
112
92
z 100
{ S , 130
- ]2

56

160 46 58

54 , | m
50 | 158 136

80 g 48

106
l 88
86
140
| 128 " 47 . 70
§ 98
64 66

(57) Abréegée/Abstract:

A torgue sensing assembly Includes an axially fixed sheave having an axis of rotation, and an axially movable sheave movable
along the axis in relation to the axially fixed sheave. A compression spring has a first end and a second end, with the first end being
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(57) Abrege(suite)/Abstract(continued):
positioned to engage the axially movable sheave. A dual stage spring compression mechanism has a spring retainer that engages

the second end of the compression spring. The dual stage spring compression mechanism Is connected to the axially fixed sheave.
The dual stage spring compression mechanism has a first stage compression device that compresses the compression spring by a
first preload amount and a second stage compression device that compresses the compression spring by a second preload

amount.
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Abstract of the Disclosure

A torque sensing assembly includes an axially fixed sheave having an axis of
rotation, and an axially movable sheave movable along the axis in relation to the
axially fixed sheave. A compression spring has a first end and a second end, with
the first end being positioned to engage the axially movable sheave. A dual stage
spring compression mechanism has a spring retainer that engages the second end
of the compression spring. The dual stage spring compression mechanism is
connected to the axially fixed sheave. The dual stage spring compression
mechanism has a first stage compression device that compresses the compression
spring by a first preload amount and a second stage compression device that

compresses the compression spring by a second preload amount.
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TORQUE SENSING ASSEMBLY HAVING DUAL STAGE SPRING
COMPRESSION FOR AN AGRICULTURAL MACHINE

Field of the Invention
The present invention iIs directed to an agricultural machine, and, more
particularly, to a torque sensing assembly having dual stage spring compression.

Background of the Invention
One form of an agricultural machine is an agricultural combine. Agricultural

combines are engine powered machines that harvest, thresh, separate and clean an
agricultural crop, such as for example, corn, soybeans, wheat, etc. An agricultural
combine typically includes a transmission device to transfer rotary motion of the
engine to various components, such as for example, to a feederhouse drive. One
such feeder house drive includes a belt driven assembly that provides for variable
rotational speeds of the driven shaft to which the drive is attached.

One type of drive is referred to in the art as a torque sensing drive. Such a
torque sensing drive is configured as an assembly including a spring assembly that
couples an axially movable sheave to an axially fixed sheave. The spring assembly
iIncludes a coll spring that is carried between a spring retainer and the axially
movable sheave. Since the coil spring is in a constant state of compression, many
components within the torque sensing drive are not serviceable without removal of
the entire drive from the agricultural machine. Furthermore, disassembly and
reassembly of the torque sensing drive typically requires the use of press, such as a

hydraulic press, to compress the coil spring.

Summary of the Invention
The invention facilitates assembly and disassembly of the torque sensing

drive assembly on the agricultural machine, if desired, i.e., without having to remove
of the entire torque sensing drive assembly as a unit from the agricultural machine,
by utili'zing a dual stage spring compression mechanism.

The invention, in one form thereof, is directed to a torque sensing assembly
for an agricultural machine. The torque sensing assembly includes an axially fixed
sheave having an axis of rotation, and an axially movable sheave movable along the
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axis in relation to the axially fixed sheave. A compression spring has a first end and
a second end, with the first end being positioned to engage the axially movable
sheave. A dual stage spring compression mechanism has a spring retainer that
engages the second end of the compression spring. The dual stage spring
compression mechanism is connected to the axially fixed sheave. The dual stage
spring compression mechanism has a first stage compression device that
compresses the compression spring by a first preload amount and a second stage
compression device that compresses the compression spring by a second preload
amount.

The invention, in another form thereof, is directed to an agricultural machine
Including an engine, a gearbox having an input shaft, and a torque sensing assembly
connected to the input shaft and rotatably coupled to the engine via a belt-type drive
system. The torque sensing assembly includes an axially fixed sheave having an
axis of rotation, and an axially movable sheave movable along the axis in relation to
the axially fixed sheave. A compression spring has a first end and a second end, the
first end being positioned to engage the axially movabie sheave. A dual stage spring
compression mechanism has a spring retainer that engages the second end of the
compression spring. The dual stage spring compression mechanism is connected to
the axially fixed sheave. The dual stage spring compression mechanism has a first
stage compression device that compresses the compression spring by a first preload
amount and a second stage compression device that compresses the compression
spring by a second preload amount.

The invention, in another form thereof, is directed to a torque sensing
assembly for an agricultural machine. The torque sensing assembly includes an
axially fixed sheave having a first set of threaded holes and a second set of threaded
holes, and an axially movable sheave. A cam assembly is interposed between the
axially fixed sheave and the axially movable sheave. A spring assembly couples the
axially movable sheave to the axially fixed sheave. The axially movable sheave is
movable along the axis in relation to the axially fixed sheave. The spring assembly
Includes a spring preload ring having a first plurality of holes and a second plurality
of holes. A spring retainer has a third plurality of holes. Each of a plurality of pins
has a head and a shank extending from the head. Each pin shank slidably passes
through one of the first plurality of holes in the spring preload ring. The pin shank is
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fixedly attached to the spring retainer, and each pin head prevents a corresponding
pin from pulling through the first plurality of holes in the spring preload ring. A
compression spring is positioned between the axially movable sheave and the spring
retainer. A first set of bolts have a first head and a first threaded shank. The first set
of bolts are received through the second plurality of holes in the spring preload ring
and threaded into the first set of threaded holes in the fixed axial sheave, wherein
the first set of bolts are tightened to compress the compression spring by a first
preload amount. A second set of bolts have a second head and a second threaded
shank. The second set of bolts are received through the third plurality of holes in the
spring retainer and threaded into the second set of threaded holes in the fixed axial
sheave after the compression spring is compressed by the first preload amount. The
second set of bolts are tightened to further compress the compression spring by a
second preload amount.

The invention, in another form thereof, is directed to a method of assembling
a torque sensing assembly having a compression spring, for use in an agricultural
machine. The method includes compressing the compression spring with a first
stage compression device on the agricultural machine by a first preload amount, and
compressing the compression spring with a second stage compression device on the
agricultural machine by a second preload amount after compressing the
compression spring by the first preload amount.

The invention, in another form thereof, is directed to a method of
disassembling a torque sensing assembly having a compression spring, for use in an
agricultural machine. The method includes decompressing the compression spring
by a first amount by releasing one stage of a dual stage spring compression
mechanism on the agricultural machine, and decompressing the compression spring
by a second amount by releasing the other stage of the dual stage spring
compression mechanism on the agricultural machine.

Brief Description of the Drawings
Fig. 1 is a diagrammatic side view of an agricultural machine embodying the

present invention.
Fig. 2 is a perspective end view of the power transmission assembly of the
agricultural machine of Fig. 1.
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Fig. 3 is a perspective side view of the power transmission assembly of Fig.
2 with the torque sensing assembly shown in a sectional view in a fully assembled
state after applying dual stage compression of the compression spring in accordance
with the present invention.

Fig. 4 is a perspective side view of the power transmission assembly of Fig.
2 with the torque sensing assembly shown in a sectional view at the beginning of first
stage compression of the compression spring of the torque sensing assembly.

Fig. 5 is a perspective side view of the power transmission assembly of Fig.
2 with the torque sensing assembly shown in a sectional view after completion of the

first stage compression of the compression spring of the torque sensing assembly.

Detailed Description of the Invention

Referring now to the drawings, and more particularly to Fig. 1, there is
shown an agricuitural machine 10 in the form of a self-propelled combine. In the
embodiment shown, agricultural machine 10 is in the form of a self-propelled
agricultural combine. Although the invention is being described as being
incorporated into a combine, it is contemplated that the present invention may be
used with other types of agricuitural machines.

Agricultural machine 10, in the form of a combine, includes a supporting
structure 12. An elevated operator's station 14 is mounted at the front of agricultural
machine 10. A propulsion unit 16, which may include tires and/or tracks that engage
the ground, is coupled to supporting structure 12, and performs propulsion and/or
steering functions. A harvesting platform 18 is used for harvesting a crop and
directing the crop to a feederhouse 20. The harvested crop is directed by
feederhouse 20 to a main separator body 22, which performs threshing, separating
and cleaning operations.

A transversely oriented internal combustion engine 24 provides the
mechanical power needed to perform the propulsion, harvesting, threshing,
separating and cleaning operations. Engine 24 includes an output power shaft 26
coupled to a belt-type drive system 28. Belt-type drive system 28 includes a primary
countershaft 30 connected to output power shaft 26 of engine 24 by a shaft and
gearbox configuration 32, which is schematically illustrated. A variable speed
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assembly 34 is connected to the primary countershaft 30 by a drive belt 36. Variable
speed assembly 34 is connected to a power transmission assembly 38 via a V-belt
40.

Referring to Figs. 2-5, power transmission assembly 38, e.g., a feederhouse
drive, includes a planetary gearbox 42 and a torque sensing assembly, e.g., sheave
assembly, 44.

Planetary gearbox 42 includes an input shaft 46, e.g., a hollow driven shaft,
having an axis 48. Input shaft 46 is a hub-like extension of an input sun gear (not
shown) in planetary gearbox 42. Input shaft 46 of planetary gearbox 42 includes a
first shaft portion 50 having an outside diameter D1, a second shaft portion 52
having an outside diameter D2 and a beveled shoulder 54 intermediate of first shaft
portion 50 and second shaft portion 52. Diameter D2 is smaliler than diameter D1.
Second shaft portion 52 has a plurality of perimetrical splines 56 and has a threaded
end 58. Perimetrical splines 56 are oriented parallel to axis 48, and have an overall
diameter corresponding to diameter D2. A drive shaft 60 extends outwardly through
input shaft 46 and includes a splined end 62 for coupling to a variable length header
drive shaft (not shown) for driving harvesting platform 18.

Torque sensing assembly 44 is carried on input shaft 46 of planetary
gearbox 42, and is mounted to input shaft 46 for rotation therewith. Torque sensing
assembly 44, driven by the V-belt 40, is of the variable effective diameter torque-
sensing or torque responsive type, and includes an axially fixed sheave 64 and an
axially movable sheave 66 that is movabie in relation to axially fixed sheave 64 along
axis 48. Axis 48 serves as an axis of rotation for axially fixed sheave 64 and axially
movable sheave 66 torque sensing assembly 44. Axially fixed sheave 64 has an
inner belt engaging surface 68, and axially movable sheave 66 has an outer belt
engaging surface 70.

A spring assembly 72 couples axially movable sheave 66 to axially fixed
sheave 64. Spring assembly 72 includes a compression spring 74, e.g., a coil
spring, carried between a spring retainer 76 and axially movable sheave 66, which
biases axially movable sheave 66 axially along axis 48 towards axially fixed sheave
64 in the direction of increasing effective belt engaging diameter of sheave halves
64, 66. Compression spring 74 has a first end 75 positioned to engage axially
movable sheave 66 and a second end 77 positioned to engage spring retainer 76.

S
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Axially fixed sheave 64 includes a hub portion 78 having a proximal end 80
and a distal end 82. Hub portion 78 has a first bore 84 having of an inside diameter
D3 with interior splines 86 formed therein to engage perimetrical splines 56 of input
shaft 46 when axially fixed sheave 64 is installed over input shaft 46 along axis 48.
The engagement of interior splines 86 of axially fixed sheave 64 with perimetrical
splines 56 of input shaft 46 transfers the rotary motion of torque sensing assembly
44 to input shaft 46. Hub portion 78 has an annular tapered face 88 extending
increasingly outward from inside diameter D3 to engage beveled shoulder 54 of input
shaft 46. Distal end 82 of hub portion 78 of axially fixed sheave 64 includes a
second bore 90 with an inside diameter D4 larger than diameter D3 of first bore 84 to
form an internal annular ledge 92 extending from first bore 84 to second bore 90.

As shown in Figs. 3-5, a single nut 94 and annular beveled shoulder 54 of
input shaft 46 provide axial containment of torque sensing assembly 44 along axis
48 on input shaft 46. As best shown in Fig. 2, nut 94 has a plurality of surfaces 96,
e.g., six, as a hex-nut, arranged in a polygonal pattern. Nut 94 engages threaded
end 58 of input shaft 46, such that when tightened, nut 94 forces tapered face 88 of
axially fixed sheave 64 into engagement with beveled shoulder 54 of input shaft 46.
Nut 94 includes a cylindrical portion 98 sized with an outside diameter D5
Intermediate inside diameter D3 of first bore 84 and inside diameter D4 of second
bore 90. Cylindrical portion 98 is received in second bore 90 to engage internal
annular ledge 92 as nut 94 is tightened.

A locking plate 100 is provided to prevent nut 94 from loosing after being
torqued to the desired tightness. Locking plate 100 has an opening 102 defined by a
plurality of internal surfaces 104 for engaging at least two of the plurality of surfaces
96 of nut 94. The plurality of internal surfaces 104 may be arranged, for example, in
a 12-point star pattern for selective engagement with the 6-point pattern of nut 94,
depending on the rotational position of nut 94 around axis 48. Locking plate 100 is
secured to torque sensing assembly 44 by at least one fastener 106.

The torque-sensing or torque responsiveness of torque sensing assembly
44 depends upon control of relative rotation between the two sheave halves 64 and
66, and is effected by a cam assembly 108 annularly contained between axially fixed
sheave 64 and axially movable sheave 66. Thus, cam assembly 108 is interposed
between axially fixed sheave 64 and axially movable sheave 66. Cam assembly
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108 includes an inner cam 110 and an outer cam 112, and is so disposed between
axially fixed sheave 64 and axially movable sheave 66 that any tendency for relative
rotation between the sheave halves 64, 66 results in a cam action that biases axially
movable sheave 66 toward axially fixed sheave 64.

Figs. 2 and 3 show torque sensing assembly 44 in a fully assembled state
after applying the dual stage compression of compression spring 74 in accordance
with the present invention. Fig. 4 shows torque sensing assembly 44 at the
beginning of the first stage compression of compression spring 74, and Fig. 5 shows
torque sensing assembly 44 in a sectional view after completion of the first stage
compression of compression spring 74.

Torque sensing assembly 44 includes a dual stage spring compression
mechanism 120 that incorporates spring retainer 76. Dual stage spring
compression mechanism 120 is connected to axially fixed sheave 64, as will be
further described below. Dual stage spring compression mechanism 120 has a first
stage compression device 122 that compresses compression spring 74 by a first
preload amount and a second stage compression device 124 that compresses
compression spring 74 by a second preload amount, with the first preload amount
and the second preload amount being applied sequentially to compression spring 74.

Referring to Figs. 3 and 4, axially fixed sheave 64 includes a first set of
threaded holes 126, e.g., three holes, and a second set of threaded holes 128, e.g.,
three holes. First stage compression device 122 includes a first set of bolts 130 that
engage, i.e., are threaded into, the first set of threaded holes 126, wherein tightening
the first set of bolts compresses compression spring 74 by the first preload amount.
Referring to Fig. 4, each of the first set of bolts 130 includes a head 132 and a
threaded shank 134. Second stage compression device 124 includes a second set
of bolts 136 that are received into and engage i.e., are threaded into, the second set
of threaded holes 128 after compression spring 74 is compressed by the first preload
amount, wherein tightening the second set of bolts 136 compresses compression
spring 74 by the second preload amount. Referring to Fig. 5, each of the second set
of bolts 136 includes a head 138 and a threaded shank 140.

As can be best seen In Figs. 4 and 5, dual stage spring compression
mechanism 120 includes a spring preload ring 142, and a slide coupling 144 that
connects spring preload ring 142 to spring retainer 76. Spring preload ring 142 has
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a plurality of holes 146 through which the first set of bolts 130 extend. The heads
132 of the first set of bolts 130 engage spring preload ring 142 to compress
compression spring /4 when the first set of bolts 130 are tightened.

Spring preload ring 142 further includes a plurality of holes 148 and slide
coupling includes a plurality of pins 150. Each of the plurality of pins 150 has a head
152 and a shank 154 extending from head 152. Each shank 154 slidably passes
through one of the plurality of holes 148 in spring preload ring 142. Also, the shank
154 of each pin of the plurality of pins 150 is fixedly attached, e.g., welded, screwed,
etc., to spring retainer 76. Each head 152 of the plurality of pins 150 prevent the
corresponding pin from pulling through the plurality of holes 148 in spring preload
ring 142. As best seen in Fig. 5, axially fixed sheave 64 includes a plurality of
pockets 156 for respectively receiving the plurality of pins 150 as the second set of
bolts 136 of second stage compression device 124 are tightened to compress
compression spring 74 by the second preload amount.

Referring to Figs. 2 and 3, a cover plate 158 is provided for covering over
the first set of bolts 130. Cover plate 158 has a plurality of holes 160 through which
the second set of bolts 136 extend. Each head 138 of the second set of bolts 136
engages cover plate 158, which in turn engages spring retainer 76 to compress
compression spring 74 when the second set of bolts 136 are tightened, i.e., cover
plate 158 Is interposed between the heads 138 of the second set of bolts 136 and
spring retainer /6. Thus, the second set of bolts 136 indirectly engage spring
retainer 76. If desired, spring retainer 76 may be equipped with a plurality of
oversize holes through which the second set of bolts 136 also extend after passing
through the plurality of holes 160 of cover plate 158. The diameter of the oversized
holes may be sized larger than the heads of the second set of bolts 136 to ensure
that cover plate 158 must be installed to effect the second stage of compression.

Alternatively, if cover plate 158 is not used, spring retainer 76 may be
equipped with a plurality of holes through which the second set of bolts 136 extend,
wherein the heads 138 of the second set of bolts 136 directly engage spring retainer
76 to compress compression spring 74 when the second set of bolts 136 are
tightened.

In accordance with the present invention, a method is provided for
assembling torque sensing assembly 44 having a compression spring 74, for use in

8
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agricultural machine. The method includes compressing compression spring 74 with
first stage compression device 122 on agricultural machine 10 by a first preload
amount, for example, with axially fixed sheave 64 and axially movable sheave 66
installed on agricultural machine 10. Thereafter, the method includes compressing
compression spring 74 with second stage compression device 124 on agricultural
machine 10 by a second preload amount, i.e., after compressing compression
spring 74 by the first preload amount.

The discussion above is directed to assembling torque sensing assembly
44. Those skilled in the art will recognize that assembly method may be reversed to
provide for disassembly of torque sensing assembly 44. Thus, in accordance with
the present invention, a method of disassembling a torque sensing assembly 44
includes decompressing compression spring 74 by a first amount by releasing one
stage, e.g., second stage compression device 124, of dual stage spring compression
mechanism 120 on agricultural machine 10, i.e., with axially fixed sheave 64 and
axially movable sheave 66 installed on agricultural machine 10. Thereafter, the
method of decompressing includes decompressing compression spring 74 by a
second amount by releasing the other stage, e.g., first stage compression device
122, of dual stage spring compression mechanism 120 on agricultural machine 10.

By using a cover plate, such as cover plate 158, a specific sequence for
disassembly of torque sensing assembly 44 may be defined. In other words, cover
plate 158 may be configured such that during disassembly of torque sensing
assembly 44 the second set of bolts 136 must be removed to decompress
compression spring 74 by the second preload amount, and the cover plate 158 must

be removed, prior to being able to access and remove the first set of bolts 130 to
decompress compression spring 74 by the first preload amount.

Having described the preferred embodiment, it will become apparent that
various modifications can be made without departing from the scope of the invention
as defined in the accompanying claims.
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CLAIMS:

1. A torque sensing assembly for an agricultural machine, comprising:

an axially fixed sheave having an axis of rotation;

an axially movable sheave movable along said axis in relation to said axially
fixed sheave;

a compression spring having a first end and a second end, said first end being
positioned to engage said axially movable sheave; and

a dual stage spring compression mechanism having a spring retainer that
engages said second end of said compression spring, said dual stage spring
compression mechanism being connected to said axially fixed sheave, said dual
stage spring compression mechanism having a first stage compression device that
compresses said compression spring by a first preload amount and a second stage
compression device that compresses said compression spring by a second preload
amount, wherein:

said axially fixed sheave includes a first set of threaded holes and a second
set of threaded holes,

said first stage compression device including a first set of bolts that engage
said first set of threaded holes, wherein tightening said first set of bolts compresses
said compression spring by said first preload amount,

said second stage compression device including a second set of bolts that
engage said second set of threaded holes after said compression spring is
compressed by said first preload amount, wherein tightening said second set of bolts
compresses said compression spring by said second preload amount,

said dual stage spring compression mechanism includes a spring preload ring,
and a slide coupling that connects said spring preload ring to said spring retainer,
said spring preload ring having a first plurality of holes through which said first set of
bolts extend, each of said first set of bolts having a head that engages said spring
preload ring to compress said compression spring when said first set of bolts are
tightened.

10
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2. The torque sensing assembly of claim 1, said spring retainer having a plurality
of holes through which said second set of boits extend, each of said second set of
bolts having a head that engages said spring retainer to compress said compression

spring when said second set of bolts are tightened.

3. The torque sensing assembly of claim 1, further comprising a cover plate for
covering over said first set of bolts, said cover plate having a plurality of holes
through which said second set of bolts extend, each of said second set of bolts
having a second head that engages said cover plate to compress said compression
spring when said second set of bolts are tightened, said cover plate being interposed

between the second heads of said second set of bolts and said spring retainer.

4. The torque sensing assembly of claim 1, wherein said spring preload ring
includes a second plurality of holes and said slide coupling includes a plurality of
pins, each of said plurality of pins having a head and a shank extending from said
head, each said shank slidably passing through one of said second plurality of holes
In said spring preload ring, said shank being fixedly attached to said spring retainer,
each said head preventing a corresponding pin from pulling through said first plurality
of holes in said spring preload ring.

5. The torque sensing assembly of claim 4, wherein said axially fixed sheave

includes a plurality of pockets for receiving said plurality of pins as said second set of
bolts of said second stage compression device are tightened to compress said

compression spring by said second preload amount.

6. An agricultural machine, comprising:
an engine;
a gearbox having an input shaft; and
a torque sensing assembly connected to said input shaft and rotatably coupled

to said engine via a belt-type drive system, said torque sensing assembly including:

11
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an axially fixed sheave having an axis of rotation:

an axially movable sheave movable along said axis in relation to said
axially fixed sheave;

a compression spring having a first end and a second end, said first
end being positioned to engage said axially movable sheave; and

a dual stage spring compression mechanism having a spring retainer
that engages said second end of said compression spring, said dual stage spring
compression mechanism being connected to said axially fixed sheave, said dual
stage spring compression mechanism having a first stage compression device that
compresses said compression spring by a first preload amount and a second stage
compression device that compresses said compression spring by a second preload
amount, wherein:

said axially fixed sheave includes a first set of threaded holes and a
second set of threaded holes,

said first stage compression device including a first set of bolts that
engage said first set of threaded holes, wherein tightening said first set of bolts
compresses said compression spring by said first preload amount, and

said second stage compression device including a second set of bolts
that engage said second set of threaded holes after said compression spring is
compressed by said first preload amount, wherein tightening said second set of bolts
compresses said compression spring by said second preload amount,

said dual stage spring compression mechanism includes a spring
preload ring, and a slide coupling that connects said spring preload ring to said
spring retainer, said spring preload ring having a first plurality of holes through which
said first set of bolts extend, each of said first set of bolts having a head that engages
said spring preload ring to compress said compression spring when said first set of

bolts are tightened.

/. The agricultural machine of claim 6, said spring retainer having a plurality of
holes through which said second set of bolts extend, each of said second set of bolts

12
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having a head that engages said spring retainer to compress said compression

spring when said second set of bolts are tightened.

8. The agricultural machine of claim 6, further comprising a cover plate for
covering over said first set of bolts, said cover plate having a plurality of holes
through which said second set of bolts extend, each of said second set of bolts
having a second head that engages said cover plate to compress said compression
spring when said second set of bolts are tightened, said cover plate being interposed

between the second heads of said second set of bolts and said spring retainer.

9. The agricultural machine of claim 6, wherein said spring preload ring includes
a second plurality of holes and said slide coupling includes a plurality of pins, each of
said plurality of pins having a head and a shank extending from said head, each said
shank slidably passing through one of said second plurality of holes in said spring
preload ring, said shank being fixedly attached to said spring retainer, each said
head preventing a corresponding pin from pulling through said first plurality of holes
in said spring preload ring.

10.  The agricultural machine of 9, wherein said axially fixed sheave includes a
plurality of pockets for receiving said plurality of pins as said second set of bolts of
said second stage compression device are tightened to compress said compression

spring by said second preload amount.

11.  Atorque sensing assembly for an agricultural machine, comprising:

an axially fixed sheave having a first set of threaded holes and a second set of
threaded holes, said axially fixed sheave having an axis of rotation;

an axially movable sheave;

a cam assembly interposed between said axially fixed sheave and said axially

movable sheave;

13
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a spring assembly coupling said axially movable sheave to said axially fixed
sheave, said axially movable sheave being movable along said axis in relation to said
axially fixed sheave,

said spring assembly including:

a spring preload ring having a first plurality of holes and a second
plurality of holes;

a spring retainer having a third plurality of holes;

a plurality of pins, each of said plurality of pins having a head and a
shank extending from said head, each said shank slidably passing through one of
said first plurality of holes in said spring preload ring, said shank being fixedly
attached to said spring retainer, each said head preventing a corresponding pin from
pulling through said first plurality of holes in said spring preload ring;

a compression spring positioned between said axially movable sheave
and said spring retainer;

a first set of bolts, each having a first head and a first threaded shank,
said first set of bolts being received through said second plurality of holes in said
spring preload ring and threaded into said first set of threaded holes in said fixed
axial sheave, wherein said first set of bolts are tightened to compress said
compression spring by a first preload amount;

a second set of bolts, each having a second head and a second
threaded shank, said second set of bolts being received through said third plurality of
holes in said spring retainer and threaded into said second set of threaded holes in
said fixed axial sheave after said compression spring is compressed by said first
preload amount, wherein said second set of bolts are tightened to further compress

said compression spring by a second preload amount.
12.  The torque sensing assembly of claim 11, further comprising a cover plate

interposed between the second heads of said second set of bolts and said spring

retainer, said cover plate covering over said first set of bolts.
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13. A method of assembling a torque sensing assembly having a compression
spring, for use in an agricultural machine, comprising:

compressing said compression spring with a first stage compression device on
said agricultural machine by a first preload amount; and

compressing said compression spring with a second stage compression
device on said agricultural machine by a second preload amount after compressing

said compression spring by said first preload amount.

14. A method of disassembling a torque sensing assembly having a compression
spring, for use in an agricultural machine, comprising:

decompressing said compression spring by a first amount by releasing one
stage of a dual stage spring compression mechanism on said agricultural machine;
and

decompressing said compression spring by a second amount by releasing

another stage of said dual stage spring compression mechanism on said agricultural

machine.
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Fig. 2
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