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(57) ABSTRACT 

A valve for dispensing granular material from a material 
storage device having a discharge ori?ce comprising a 
member reciprocally resident Within the ori?ce over at least 
a portion of the reciprocal stroke, the member having an 
aperture therein remote from the extremities of the member, 
one end of the member de?ning a discharge ori?ce for 
granular material dispensed thereby, a skirt at least partially 
surrounding the member, having an opening formed therein 
and communicating With the member aperture When the 
member is at a ?rst position in a range of reciprocating 
travel, the opening and the aperture being displaced from 
one another and hence in non-communicative relationship 
When the member is at a second position in the range of 
travel, and a piston-cylinder combination for vertically mov 
ing the tubular member Within the range. 
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GRANULAR MATERIAL DISPENSING VALVE AND 
INTEGRAL HOPPER 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to methods and 
apparatus for providing precisely measured amounts of 
granular materials preparatory to further processing of the 
combined granular materials and speci?cally to gravimetric 
blenders providing precisely measured amounts of plastic 
resin material and mixing these components prior to sup 
plying the blended mixture to plastics manufacturing and 
processing equipment such as plastic injection molding, 
compression molding and extrusion equipment. 

FIELD OF THE INVENTION AND 
DESCRIPTION OF THE PRIOR ART 

[0002] The modern gravimetric blender Was essentially 
originated by the applicant of this invention and is Widely 
used throughout the World by industries concerned With 
precision feeding of granular material, especially plastic 
resin material. 

[0003] Gravimetric blenders operate by blending solid 
plastic resin material components and additives, by Weight, 
in batches. Typically batches of material may consist of 
several solid material components. One of these may be 
“regrind”, consisting of ground plastic resin Which had 
previously been molded or extruded and Which either 
resulted in a defective product or Was excess material not 

formed into a desired product. 

[0004] Another component may be “natural” plastic resin 
Which is virgin in nature in the sense that it has not 
previously been processed into a molded or extruded plastic 
part. 

[0005] Yet another component may be a solid color mate 
rial, typically ?akes or freeZe dried material, used to produce 
a desired color of the ?nished plastic part. 

[0006] Still yet another component may be an additive 
used to adjust the blend to provide required performance 
characteristics during molding, extrusion or subsequent pro 
cessing. 

[0007] The gravimetric blender as originated by the appli 
cant and as copied Widely throughout the World typically 
includes hoppers for each of the components of the solid 
material to be blended together. Typically several hoppers or 
several compartments in a hopper may be provided, such as 
one compartment for “regrind” material, one compartment 
for “natural” material, one component for solid color addi 
tive material and one compartment for “additive”. 

[0008] When the gravimetric blender operates, the unit 
desirably operates automatically, adding each of the com 
ponent solid materials in the proper, desired percentages. 
Each solid material component is dispensed by Weight into 
a single Weigh bin. Once the proper amounts of each 
component have been serially dispensed into the Weigh bin, 
all of the components are dropped together into a mixing 
chamber from the Weigh bin. 

[0009] Mixing is performed, preferably continuously, and 
preferably even as additional batches component are dis 
pensed in the mixing chamber. When mixing is complete, 

Jan. 30, 2003 

the resulting blend is preferably provided directly to the 
desired molding or extrusion machine. 

[0010] Feedback control of the dispensed amounts of each 
solid material component provided to the Weigh bin and 
measured by Weight assures that in the event of an error in 
the amount of a dispensed component, the succeeding batch 
may have the blend adjusted to account for the error detected 
in the preceding batch of blended material. 

[0011] As one of the components forming a part of the 
resulting blend it is knoWn to supply solid color additives to 
the blend in order to provide a blend of a desired color. 
These color additives may be ?aked pigments on Wax 
carriers or in freeZe dried form. It is also knoWn to provide 
the color as pigment poWder constituting one component of 
the resulting blend. 

SUMMARY OF THE INVENTION 

[0012] In one of its aspects this invention provides a 
gravimetric blender including a frame, a material storage 
hopper removably mounted on the frame, valve means 
proximate the hopper bottom for dispensing material Within 
the hopper, and means connected to the hopper and remain 
ing so upon removal of the hopper from the frame, for 
actuating the valve means to doWnWardly dispense material 
Within the hopper, a Weigh bin connected to the frame beloW 
the hopper, means connected to the frame for sensing Weight 
of material in the bin, and a mix chamber beloW the Weigh 
bin. 

[0013] Desirably, the means for actuating the valve is 
?xedly connected to the hopper, the actuating means is at 
least partially Within the hopper, the valve means is at least 
partially Within the hopper, the hopper is manually remov 
able from the frame, and it further includes a plurality of 
hoppers, each With valve means thereWithin and respective 
individual valve actuation means. The actuating means is 
pneumatically driven and includes a vertically elongated 
member for transmitting motion to the valve. 

[0014] The gravimetric blender includes a frame, a Weigh 
bin, means connected to the frame for sensing Weight of 
material in the bin, a mix chamber beloW the bin and 
connected to the frame, means connected to the frame for 
selectably contacting and opening the bin to release material 
in the bin doWnWardly into the mix chamber. The blender 
further preferably includes means for biasing an openable 
portion of the bin toWards a closed position; the openable 
portion is preferably movable about a pivot; the openable 
portion preferably pivots about a horiZontal axis; the means 
for selectably contacting and opening the bin is preferably 
pneumatically actuated; the means for selectably contacting 
and opening the bin is preferably a piston-cylinder combi 
nation; the cylinder is preferably outboard of the frame; the 
piston preferably moves transversely to the axis about Which 
the openable portion pivots; the piston may contact the bin 
directly or indirectly; the openable portion is preferably 
pivotally connected to a remaining, stationary portion of the 
bin. 

[0015] The piston is preferably disconnected from the bin 
When the movable portion is at the closed position. 

[0016] The means for selectably contacting and opening 
the bin further includes 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a front elevation of a reduced size 
gravirnetric blender illustrating principally, but not entirely, 
design aspects of the invention. 

[0018] FIG. 2 is a rear elevation of a reduced siZe gravi 
rnetric blender illustrated in FIG. 1, illustrating principally, 
but not entirely, design aspects of the invention. 

[0019] FIG. 3 is a left side (With reference to the blender 
positioned as shoWn in FIG. 1) elevation of a reduced siZe 
gravirnetric blender illustrated in FIGS. 1 and 2, illustrating 
principally, but not entirely, design aspects of the invention. 

[0020] FIG. 4 is a right side (With reference to the blender 
positioned as shoWn in FIG. 1) elevation of a reduced siZe 
gravirnetric blender illustrated in FIGS. 1, 2 and 3, illus 
trating principally, but not entirely, design aspects of the 
invention. 

[0021] FIG. 5 is a bottom vieW of a reduced siZe gravi 
rnetric blender illustrated in FIGS. 1, 2, 3 and 4, illustrating 
principally, but not entirely, design aspects of the invention. 

[0022] FIG. 6 is a top elevation of a reduced siZe gravi 
rnetric blender illustrated in FIGS. 1, 2, 3, 4 and 5, illus 
trating principally, but not entirely, design aspects of the 
invention. 

[0023] FIG. 7 is a top elevation of a reduced siZe gravi 
rnetric blender illustrated in FIGS. 1, 2, 3, 4, 5 and 6, but 
With the top of the hopper open, illustrating principally, but 
not entirely, design aspects of the invention. 

[0024] FIG. 8 is a front elevation of a reduced siZe 
gravirnetric blender shoWn in FIGS. 1 through 7, but With 
the hopper rernoved, illustrating principally, but not eXclu 
sively, design aspects of the invention. 

[0025] FIG. 9 is a rear elevation of a reduced siZe gravi 
rnetric blender shoWn in FIGS. 1 through 8, but With the 
hopper rernoved, illustrating principally, but not exclusively, 
design aspects of the invention. 

[0026] FIG. 10 is a left side elevation (With reference to 
the blender positioned as shoWn in FIG. 8) of a reduced siZe 
gravirnetric blender shoWn in FIGS. 1 through 9, but With 
the hopper rernoved, illustrating principally, but not eXclu 
sively, design aspects of the invention. 

[0027] FIG. 11 is a right side elevation of a reduced siZe 
gravirnetric blender shoWn in FIGS. 1 through 10, but With 
the hopper rernoved, illustrating principally, but not eXclu 
sively, design aspects of the invention. 

[0028] FIG. 12 is a top vieW of a reduced siZe gravirnetric 
blender shoWn in FIGS. 1 through 11, but With the hopper 
rernoved, illustrating principally, but not exclusively, design 
aspects of the invention. 

[0029] FIG. 13 is a front elevation of the reduced siZe 
gravirnetric blender illustrated in FIGS. 1 through 12, With 
the hoppers in place. 

[0030] FIG. 14 is a top vieW of the reduced siZe gravi 
rnetric blender illustrated in FIGS. 1 through 13, With the 
hoppers in place and the cover removed from the hoppers. 

[0031] FIG. 15 is a top vieW of one of the hoppers of the 
reduced siZe gravirnetric blender illustrated in FIGS. 1 
through 14 With the cover rernoved. 
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[0032] FIG. 16 is a side sectional vieW taken at arroWs 
16-16 in FIG. 15 of the hopper illustrated in FIG. 15 
shoWing the valve and the hopper in an open position. 

[0033] FIG. 17 is a sectional view similar to FIG. 16 
shoWing the valve and the hopper in a closed position. 

[0034] FIG. 18 is a side elevation of a movable tubular 
portion of a valve for pulsing, controlled feeding operation 
Which resides Within a hopper such as illustrated in FIGS. 
15 through 17. 

[0035] FIG. 19 is a front elevation of the structure illus 
trated in FIG. 18. 

[0036] FIG. 20 is a vieW of a valve holder base part used 
at the bottom of a hopper such as illustrated in FIGS. 15, 16 
and 17. 

[0037] FIG. 21 is a front vieW of the valve holder base part 
illustrated in FIG. 20. 

[0038] FIG. 22. is a side vieW of the valve holder base part 
illustrated in FIG. 20. 

[0039] FIG. 23 is a front elevation of a valve skirt Which 
?ts Within a hopper such as illustrated in FIGS. 15 through 
17 . 

[0040] FIG. 24 is a top vieW of the valve skirt illustrated 
in FIG. 23. 

[0041] FIG. 25 is a side elevation of the valve skirt 
illustrated in FIGS. 23 and 24. 

[0042] FIG. 26 is a side elevation of a movable tubular 
portion of a valve for on-off, shut-off operation, Which 
resides Within a hopper such as illustrated in FIGS. 15 
through 17. 

[0043] FIG. 27 is a front vieW of the movable tubular 
portion illustrated in FIG. 26 of a valve Which resides Within 
a hopper such as illustrated in FIGS. 15 through 17. 

[0044] FIG. 28 is a top vieW of the movable tubular 
portion illustrated in FIGS. 26 and 27 of a valve Which 
resides Within a hopper such as illustrated in FIGS. 15 
through 17. 

[0045] FIG. 29 is a front vieW of the female member of a 
coupling betWeen the reciprocating rotating pneurnatic drive 
and the agitator. 

[0046] FIG. 30 is a side sectional vieW of the structure 
illustrated in FIG. 29. 

[0047] FIG. 31 is a side vieW of a male portion of the 
coupling apparatus for the agitator and the pneumatic drive 
apparatus. 

[0048] FIG. 32 is a front vieW of the structure illustrated 
in FIG. 31. 

[0049] FIG. 33 is a front elevation of the agitator. 

[0050] FIG. 34 is a side elevation of the agitator shoWn in 
FIG. 33. 

[0051] FIG. 35 is a front vieW of the liner for the mix 
charnber. 

[0052] FIG. 36 is a top vieW of the liner for the mix 
-charnber illustrated in FIG. 35. 

[0053] FIG. 37 is a front vieW of the Weigh bin durnp ?ap. 



US 2003/0021181 A1 

[0054] FIG. 38 is a side vieW of the Weigh bin dump ?ap 
illustrated in FIG. 37. 

[0055] FIG. 39 is a front elevation of the stationary Weigh 
bin basket portion. 

[0056] FIG. 40 is a right side elevation of the structure 
illustrated in FIG. 39. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS AND BEST MODE KNOWN 

FOR PRACTICING THE INVENTION 

[0057] Referring to the draWings and to FIG. 13 in par 
ticular, a gravimetric blender is designated generally 10 and 
includes a hopper assembly 11 including a plurality of 
hoppers, Which are individually designated generally 12. 
The collection of hoppers 12, each of Which is individually 
removable from blender 10 manually, Without the use of 
tools, is supported by a frame designated generally 14 Which 
holds a Weigh bin 15 into Which portions of solid plastic 
resin or other granular or poWdery material can be metered 
and-Weighed prior to release into a mix chamber as 
described beloW. 

[0058] Frame 14 preferably includes four upstanding side 
panel members, three of Which are preferably steel and 
formed from a single sheet, bent to form the three sides, With 
each of the three sides being identi?ed 30. The remaining 
front side panel of frame 14, Which is removable and 
detachable from sides 30, is designated 17 in the draWings 
and is preferably clear, transparent plastic. 

[0059] Hopper assembly 11 With the desirable plurality of 
hoppers 12 alloWs a plurality of different solid resinous 
materials to be dispensed from the hoppers 12 into Weigh bin 
15 by suitable valve mechanisms, designated generally 19, 
located Within and proximate to the bottom of a given 
hopper 12. The hoppers 12 are individually manually mount 
able on and removable from gravimetric blender 10 by hand, 
Without use of tools. 

[0060] The upper extremity of each solid side panel 30 of 
frame 14 is formed into an outWardly ?ared guide ?ap 34. 
In the preferred con?guration since there are three solid side 
panels 30, three outWardly ?ared guide ?aps 34 result. 
OutWardly ?ared guide ?aps 34 are integral With and formed 
as a part of solid side panels 30 by bending the upper 
extremities of solid side panels into the shape illustrated in 
the draWings, particularly in FIG. 13. 

[0061] A fourth outWardly ?ared guide ?ap 34A is posi 
tioned above transparent removable front panel 17 and is 
Welded to the upper extremities of the tWo solid side panels 
30 betWeen Which transparent removable front panel 17 ?ts. 

[0062] OutWardly ?ared guide ?aps 34 preferably include 
tab members 36 Which are perpendicular to the remaining 
portion of guide ?ap 34 and extend therefrom in a generally 
doWnWardly direction. This provides a convenient hand 
hold for an operator While lifting a hopper 12 from blender 
10. 

[0063] Guide ?aps 34 have vertical slots formed therein at 
the central portions thereof With the slots extending from a 
loWer extremity of guide ?ap 34 upWardly but not to the 
juncture of the upper edge of guide ?ap 34 With tab 36. 
These slots retain a cross-frame 21 Which consists of tWo 
inter-engaging members. One of these members, Which 
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extends parallel to transparent removable front panel 17, is 
indicated 21A in the draWings; the other member is indicated 
as 21 in the draWing, particularly FIG. 13. 

[0064] Cross-members 21, 21A have slots formed at the 
central portions thereof, With one member having an 
upWardly facing slot and the other member having a doWn 
Wardly facing slot for engagement one With another. Hence, 
When cross-members 21, 21A are resident in the vertical 
slots in outWardly ?ared guide ?aps 34, a cross-frame 
de?ned by cross-members 21 is ?xed in position relative to 
frame 14 for supporting hoppers 12 in position. 

[0065] Cross-members 21 are notched With the notches 
formed in the loWer surface thereof, to engage the unnum 
bered vertical slots in outWardly ?ared guide ?aps 34. 
Engagement of the notches in the loWer portions of cross 
members 21 With these upWardly extending slots and the 
angular orientation of outWardly ?ared guide ?aps 34 
securely retains the cross-frame de?ned by cross-members 
21 in place. 

[0066] Hoppers 12 are easily individually manually loW 
ered into position in cross-frame 21 and are easily manually 
lifted out thereof. 

[0067] Gravimetric blender 10 further includes pneumati 
cally actuated spring-loaded piston means housed Within 
cylinders Which are Wholly Within hoppers 12. The piston 
cylinder combinations, Which are designated generally 18 in 
the draWings, are indirectly ?xedly connected to hoppers 12 
via skirts 38. Pistons of the piston-cylinder combinations 18 
are preferably spring-loaded and operate in response to 
pressuriZed air to actuate tubular valve members housed 
Within skirts 38. When the pistons move the tubular valve 
members housed Within skirts 38, in a direction indicated by 
arroW A in FIGS. 16 and 17, a given piston moves a given 
associated valve member vertically doWnWardly into the 
position illustrated in FIG. 16, discharging granular material 
contained Within the associated hopper 12 doWnWardly into 
the Weigh bin of the blender. 

[0068] When pneumatic pressure supplied to a given pis 
ton is released, an internal spring portion of the piston 
cylinder combination causes the piston to retract, thereby 
retracting the valve member in a vertically upWard direction, 
into the position illustrated in FIG. 17, at Which the valve is 
closed and granular material cannot ?oW doWnWardly from 
hopper 12 into the Weigh bin 15. 

[0069] The valve members are designated generally 19 in 
the draWings. Each valve member includes a tubular, pref 
erably cylindrically con?gured stem member designated 
generally 40 and illustrated in FIGS. 26, 27 and 28. 

[0070] Tubular stem member is connected to a movable 
piston portion of piston-cylinder combination 18 via a piston 
shaft 42 as illustrated in FIG. 16. Preferably piston shaft 42 
does not directly connect With tubular stem member 40 but 
rather has a yoke or clevis 44 connected to the end of piston 
shaft 42 Which is remote from piston-cylinder combination 
18. Yoke 44 includes a pair of arms 46 extending from a 
body portion of yoke 44 in the manner illustrated in FIG. 16. 
Yoke arms 46 are bored With the bores through parallel yoke 
arms 46 being transverse thereto and parallel one With 
another. 

[0071] A pin 48 connects yoke 44 With tubular stem 
member 40 by passing through the parallel bores in yoke 
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arms 46 and through an aperture 50 in tubular stem member 
40. Pin 48 ?ts slidably in aperture 50 and the bores in yoke 
arms 46. 

[0072] Tubular stem member 40 is housed Within a skirt 
designated generally 38 in the, drawings and illustrated in 
stand-alone form in FIGS. 24, 25 and 26. Skirt 38 is of 
generally rectangular con?guration, as illustrated in FIG. 
24, and has tWo adjoining closed sides 52, 54 and tWo 
non-adjoining open sides 56, 58, all as illustrated in FIG. 24. 
Open sides 56, 58 of skirt 38 include holes, Which have not 
been numbered in the draWings, via Which suitable sheet 
metal screWs or other fasteners secure open sides 56 and 58 
and therefore skirt 38 to adjoining vertically-oriented Walls 
60, 62 of a hopper 12. Walls 60, 62 adjoin one another at a 
right angle and are as illustrated in FIG. 15. One such sheet 
metal screW, Which has been designated 64, is illustrated in 
FIG. 15 securing an open side 56 of skirt 38 to vertical Wall 
62 of hopper 12. 

[0073] Skirt 38 further includes a closed top portion 66 
having an aperture 68 formed therein. Piston-cylinder com 
bination 18 is secured in place on closed top 66 of skirt 38 
and passes through aperture 68 With securement being 
effectuated by a nut 70 Which threadedly engages a threaded 
portion of the housing of piston-cylinder combination, 
retaining the piston-cylinder combination in position on 
closed top 66 of skirt 38 as illustrated in FIGS. 16 and 17. 

[0074] Skirt 38 is preferably formed by folding a single 
piece of sheet metal into the shape of closed sides 52, 54 and 
open sides 56, 58. Closed top 66 is preferably Welded onto 
the single piece of metal folded to form closed sides 52, 54 
and open sides 56, 58 of skirt 38. 

[0075] Further forming a portion of each valve assembly 
19 in each hopper 12 is a valve holder base illustrated in 
FIGS. 20, 21 and 22 and shoWn in position Within hopper 12 
in FIGS. 15, 16 and 17. The valve holder base is designated 
generally 72 and is preferably fabricated from a single piece 
of sheet metal. Valve holder base 72 includes a ?at, hori 
Zontally disposed planar portion 74 and a pair of upstanding 
side Walls 76, 78. 

[0076] Within planar portion 74 is an aperture 80 Which is 
of suitable siZe for sliding clearance of the loWer portion of 
tubular stem member 40, Which resides Within and recipro 
cates along aperture 80 in planar portion 74 as illustrated in 
FIGS. 16 and 17. 

[0077] Side Walls 76, 78 include holes formed therein to 
receive sheet metal screWs 64 Which retain valve holder base 
in position at the bottom of hopper 12 by passage through 
hopper vertical Walls 60, 62. One of sheet metal screWs 64 
is illustrated in FIG. 17 retaining valve holder base in 
position Within hopper 12. 

[0078] The con?guration of valve holder base 72 and the 
diameter of aperture 80 vis-a-vis the outer diameter of 
tubular stem member 40 are-such that granular or other 
material contained Within hopper 12 cannot pass betWeen 
the exterior of tubular stem member 40 and the periphery of 
aperture 80. Additionally, other than aperture 80, valve 
holder base 72 and particularly planar portion 74 thereof 
close off the bottom of hopper 40. As a result, for any 
granular material contained Within hopper 40 to exit doWn 
Wardly therefrom, that granular material must pass through 
the holloW interior of tubular stem member 40. 
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[0079] The tWo closed sides 52, 54 of skirt 38 have 
rectangular cut-outs formed therein at the loWer extremities 
thereof. One of these cut-outs formed in the loWer portion of 
closed side 52 is designated 82 in FIG. 23. Since cut-outs 82 
are formed in the loWer portions of closed sides 52, 54 of 
skirt 38, and since closed sides 52, 54 of skirt 38 are not in 
facing contact With vertical Walls 60, 62 of hopper 12, the 
tWo communicating rectangular cut-outs 82 form an open 
notch 84 in skirt 38 at the loWer extremity thereof, facing 
aWay from the interior corner of hopper 12 de?ned by the 
juncture of vertical sides 60, 62. Notch 84 is speci?cally 
de?ned by a pair of vertical edges 86 formed respectively in 
closed Walls 52, 54 and a horiZontal edge 88 formed in 
closed Walls 52, 54, as illustrated in FIGS. 23 and 25. 

[0080] Tubular stem member 40 also has a notch 90 
formed therein. Notch 90 is de?ned by a pair of semi 
circular edges 92 and a pair of vertically extending edges 94 
connecting edges 92 thereby to de?ne a semi-cylindrical 
notch 90. 

[0081] As illustrated in FIGS. 16 and 17 shoWing the 
valve-assembly 19 in hopper 12 in the open and closed 
positions respectively, at the open position the piston in 
piston-cylinder combination 18 is extended such that piston 
rod 42 is vertically extended doWnWardly and notch 90 in 
tubular stem member 40 is in facing communication With 
notch 84 in skirt 38. With tubular stem member 40 in this 
relationship With skirt 38, communication betWeen notch 84 
and notch 90 permits How of granular material doWnWardly 
from Within hopper 12 into the holloW interior of tubular 
stem 40 and doWnWardly therethrough out of hopper 12. 
This con?guration is illustrated in FIG. 16. 

[0082] When the piston in piston-cylinder combination 18 
is retracted, tubular stem member 40 is carried upWardly into 
a position at Which notch 90 is not in communication With 
notch 84. At this position, communication from the interior 
of hopper 12 With notch 90 is blocked by closed sides 52, 54 
of skirt 38 as illustrated in FIG. 17. As a result, granular 
material Within hopper 12 cannot reach the holloW interior 
of tubular stem member 40 and thus cannot ?oW doWn 
Wardly through the holloW interior of tubular stem member 
40 out of hopper 12. Hence, the valve assembly 19 is closed 
When in the position illustrated in FIG. 17. 

[0083] Piston-cylinder combination 18 is preferably a 
spring-loaded piston-cylinder combination such that a 
spring Within the cylinder serves alWays to urge the piston 
portion of the combination vertically upWardly considering 
FIGS. 16 and 17 into the position at Which tubular stem 
member 40 does not communicate With the interior of 
hopper 12 and hence valve assembly 19 is closed. Applica 
tion of pneumatic pressure to piston-cylinder combination 
18 drives the piston of the combination doWnWardly, against 
the force of the spring, thereby moving tubular stem member 
40 into the position at Which the valve member 19 is open. 
The valve member remains open for so long as the pneu 
matic pressure is applied to piston-cylinder combination 18. 
When the pneumatic pressure is released, the spring forces 
the piston vertically upWardly in FIGS. 16 and 17, thereby 
closing valve member 19. 

[0084] An important aspect of the invention is the feature 
Whereby the valve members designated generally 19 are 
entirely contained Within hoppers 12 and are ?xedly secured 
thereto. As a result, When an operator desires to change a 
















