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ABSTRACT OF THE DISCLOSURE 

A ?ake ice machine of the type which provides an 
auger to scrape ice layers from the walls of a refrigerated 
cylinder, to move the layers upwardly in the cylinder 
and compress them against an abutment at the top of 
the cylinder whereby to congeal the same into a tubular 
ice column, and to discharge the column as ice chips 
from an opening in the side of the cylinder above the 
auger by breaking up the tubular column and below a 
bearing housing closing the top end of the cylinder. 
The underside of the bearing housing forms the abutment 
shoulder against which the ice is compressed. To prevent 
ice from freezing within the cylinder and jamming the 
machine, it was found that the machines could be propor 
tioned by selecting a height H of the opening, a thickness 
T of the tubular ice column and the diameter D of the 
cylinder in such a manner as to produce a relationship 

in units of inches, which is greater than 11.0. 

The present invention relates to improvements in the 
manufacture of ice chips commonly referred to in the . 
industry as ?ake ice, and more particularly to the ma 
chines for the manufacture of ?ake ice which use an anger 
to scrape thin layers of ice from the walls of a water 
?lled, upright, refrigerated cylinder. 

In the type of machines herein considered rotation of 
the auger directs the layers of ice into a chamber por 
tion of the cylinder above the auger and against an 
abutment closing the top of the chamber. There the lay 
ers are compressed into ice chips, or ?akes, and these ice 
chips are discharged from an opening in the side of the 
chamber portion. 
The prior art of manufacturing ?ake ice by using an 

anger to scrape ice from the walls of an upright, refrig 
erated cylinder and to eject the same from an opening at 
the side of a chamber portion of the cylinder above the 
anger is exempli?ed by the constructions shown in the 
Patents: 2,753,694 issued July 10, 1956 to Trow et al.; 
3,002,361 issued Oct. 3, 1961 to Whetstone; 3,162,022 is 
sued Dec. 22, 1964 to Relph et al.; and 3,197,974 issued 
Aug. 3, 1965 to Smith et al. of which applicant is a co 
inventor. 

All of the prior art constructions close the top of the 
cylinder with a bearing housing which holds one end of 
the auger shaft, and the abutment against which the ice 
layers are compressed is the undersurface of this bear 
ing housing. All of these prior art constructions include a 
means within the top of the cylinder which de?ects and 
directs the ice chips from the opening in the chamber 
at the top of the cylinder, or assists in the ice chips being 
discharged from the opening. 
The Trow et al. construction uses an open chamber 

and the de?ector is formed as an inclined and curved 
undersurface of the bearing housing. Whetstone uses an 
inverted, conical surface. Relph discloses a ?at shoulder 
on the underside of the bearing housing, but with a cy 
lindrical projection depending from the housing within 
the chamber. This projection carries a de?ector adjacent 
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to the opening. Smith, et al. discloses a ?at shoulder 
similar to that of Relph, but includes a knob, indicated 
as indentation 55 in that patent, within the chamber on 
the cylinder wall, which stops the rotation of ice in the 
chamber to assist discharge of the ice from the opening. 

In all of these constructions, the de?ector or other 
means were considered essential to successful operation 
of the ice machine, for without the same it was generally 
recognized that such machines would either not make 
?ake ice or they would jam if the de?ector or other 
means were omitted. This jamming action was noted in 
the Smith et al. patent which states at col. 5, line 67 to 
col.,'6, line 2: “ . continued upward movement of 
this tubular column of soft ice brought the column to 
the ceiling 54 (the bearing housing abutment) and there 
after the column was compressed by the action of the 
rotating spiral (the auger). Without means for de?ecting 
this column of soft ice out of the chamber, it tended to 
rotate with rotation of the spiral (the auger) and the 
compression increased as more ice formed below it and 
?nally to the point where the column of ice solidi?ed. 
Thereafter, the pressure built up by rotation of the spiral 
to the point where the apparatus either jams or 
breaks . . ..” ' 

The statement in the Smith et al. patent was corrob 
orated by Dr. William Colburn, who testi?ed and demon 
strated as an‘ expert witness in numerous litigations in 
volving the Trow et al. patent, that if the de?ector or other 
means were removed from an ice machine of this type, 
so that the ice layers would be projected and compressed 
against a ?at abutment, normal to the axis of a cylinder, 
the machine would jam and become inoperative. 
The present invention was conceived and developed 

with these considerationsin view, with a primary object 
of improving the quality of the ?ake ice produced in a 
?ake ice machine. Not only is the ?ake ice discharged from 
a conventional machine, having a de?ector means in the 
chamber, somewhat soft and slushy, but also the quality 
of the ice will vary signi?cantly with variations inthe type 
of water being used and in ambient conditions under 
which the machines are used. It had been observed that 
whenever one of these machines had the de?ector means 
removed so that the ice would be compressed against the 
?at undersurface of a bearing housing, the ice would be 
ejected from the machine for a short period of time be 
fore it froze and jammed. However, just before the ma 
chine froze and jammed, the ice would become much 
harder and drier and of a more desirable quality than 
?ake ice produced in a commercial machine having the 
de?ector means present. 
The present invention comprises, in essence, a ?ake ice 

machine of the type considered, having no de?ector means 
within the chamber, but only a ?at abutment at the under 
surface of the bearing housing against which the ice is 
compressed before being ejected from the opening at the 
side thereof. The present invention was based upon the 
discovery that an improved and operative ?ake ice ma 
chine could be built in this manner by modifying the 
proportions of the auger and outlet, and it was discovered 
thaticertain dimensions of the auger and opening could 
be selectively proportioned according to a simple ratio 
to provide criterion for designing a successful, continu 
ously operating ?ake ice machine. 

Another object of the invention is to provide a novel 
and improved construction of a ?ake ice machine which 
functions to produce hard, solid chips of ice by the forma 
tion of a substantially solid ice column and buckling this 
column at the opening to break the same up into chips. 

Another object of the invention is to provide a novel 
and improved ice ?ake machine of a simpli?ed and eco 
nomical construction by the elimination of a de?ecting 
means within the cylinder. 
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Another object of the invention is to provide a novel 
and improved ?ake ice machine which operates upon 
the principle of buckling a column of substantially solid 
ice out of the chamber opening to break the same into 
chips and which will operate in a reliable manner to pro 
duce hard, dry ?ake ice regardless of the type of water 
used, the ambient temperature, pressure and humidity to 
which the ice ?ake machine may be subjected. 

Further objects of the invention are to provide a novel 
and improved ?ake ice machine which can produce a 
comparatively hard, solid chip and at the same time, 
signi?cantly reduce the load upon the auger as it rotates 
to scrape and de?ect ice from the cylinder. 
With the foregoing and other objects in view, my in 

vention comprises certain constructions, combinations 
and arrangements of parts and elements as hereinafter 
described, de?ned in the appended claims and illustrated 
in the accompanying drawing in which: 
FIGURE 1 is a perspective view of an ice chip produc 

ing machine of a type which includes the invention, but 
with cover plates forming the housing of the apparatus 
being removed to better show the components there 
within. 
‘FIGURE 2 is a sectional, elevational view of the im 

proved freezing cylinder and ice ?ake producing unit of 
the invention, as taken from the indicated line 2—2 at 
FIG. 1, but on an enlarged scale. 
FIGURE 3 is a perspective, somewhat diagrammatic 

view of the upper portion of the freezing cylinder, with 
portions broken away to show constructions otherwise’ 
hidden from view. 
FIGURE 4 is a sectional view as taken from the indi 

cated line 4—4 at FIG. 2, but on an enlarged scale. 
FIGURE 5 is a fragmentary sectional view, as taken 

from the indicated line 5-5 at FIG. 4. 
FIGURE 6 is a diagrammatic view of a fragment of 

the outlet chamber illustrating a segment of an ice column 
at the outlet window thereof which is typical during the 
operation of the apparatus. 
FIGURE 7 is a diagrammatic view similar to FIG. 6, 

but showing the manner in which the ice segment buckles 
by compressive action to be discharged from the outlet. 

Referring more particularly to the drawing, FIGS. 1 
and 2 illustrate a conventional organization of the com 
ponents of a ?ake ice machine which forms the environ 
ment for the present invention. The ?ake ice machine 
is carried within and supported upon a box-like frame 
work 10 which, in turn, is mounted within a suitable 
shell or bin, not shown. The components of the machine 
include a refrigeration apparatus R and the ice ?ake pro 
ducing apparatus P wherein the improvements constitut 
ing the present invention are located. 
The refrigeration apparatus R, shown at FIG. 1, is com 

pletely conventional. The refrigerating circuit includes a 
motor-compressor 11 which compresses refrigerant gas 
into a hot gas line 12 which enters the top of a condenser 
13. The condenser is cooled by a fan or other means to 
liquify the gas and the liquid ?ows from the condenser 
through a line 14. This line extends from the condenser 
and to the ice ?ake apparatus P, and this line includes a 
drier 15 and an expansion valve 16‘. This expansion valve 
16 is connected to the freezer-evaporator 17 of the ice 
?ake apparatus P which is shown at FIG. 2 and sur 
rounded by insulation 18 of FIG. 1. The cold refrigerant 
gas ?ows from this evaporator 17 into an over?ow cham 
ber, not shown, and thence into a return line 19 to the 
motor-compressor 11. The apparatus also includes suit 
able safety temperature and cut-off controls which may be 
conveniently mounted upon a control board 20. 
The ice ?ake producing apparatus P includes a cylin 

drical body shell 21 which is mounted upon a suitable 
bracket 22 attached to a frame member 10. This cylinder 
21 may be described as forming two contrasting sections, 
one being a lower freezing section F which extends over 
a. substantial portion of the cylinder and which is em 
braced by the evaporator 17. The other is an upper cham 
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4 
her C, having an opening in the sidewall through which 
ice is discharged. The lower end of the freezing section F 
is closed by a sealing means so that it may be ?lled with 
water. A water supply line 23 taps into this cylinder near 
its base.To regulate the water in?ow and to hold the water 
within the cylinder at a level near the top of the freezing 
section, this supply line 23 extends upwardly alongside 
the shell to a water level chamber 24 having a ?oat valve 
therein. Thence, a water line 23’ extends to and is con 
nected with a suitable water supply source, not shown. 
A comparatively heavy, axially centered shaft 26 ex 

tends through this cylinder 21 and is formed with an en 
larged central portion at the freezing section F to carry an 
anger ?ight, as hereinafter described. Each end of the 
shaft is reduced in diameter and is mounted in rigidly 
supported bearings 27. The bearings, in turn, are mounted 
within suitable sockets in an upper bearing housing 28 and 
a lower housing 29. The housings snugly ?t into their re 
spective ends of the cylinder 21 and each is provided with 
an outward shoulder 30 at its outer end which abuts 
against an end of the shell. Lock rings 31 are threaded 
over each end of the cylinder and over the bearing hous 
ing shoulders 30‘ to secure the assembly of components 
within the cylinder, each lock ring 31 including an in 
ward, annular ?ange 32 for this purpose. A closure cap 
33 is proportioned to rest upon the shoulder 30 of the 
upper bearing housing and this cap is also held in place 
by the lock ring ?ange 32. 
The reduced-diameter, lower end of the shaft 26 pro 

jects below the cylinder 21 through the bearing housing 
29 as a stub 34 which connects with a coupling 35 of a 
driving mechanism. The drive mechanism includes a speed 
reducer 36 having ‘its slow speed output shaft carrying the 
coupling 35. A suitable motor 37 is connected with the 
input shaft of the speed reducer by a pulley-belt arrange 
ment, not shown. These drive components, which are 
adapted to rotate the shaft 26 at a selected, slow speed, 
are mounted upon suitable plates 39 carried upon the 
framework 10 as illustrated. 
A cylindrical space 40, an annulus in cross section, 

is formed within the freezing section F of the cylinder 
21, between the inner wall of this cylinder 21 and the 
wall of an enlarged diameter section 41 of the auger shaft 
and carries an anger ?ight 42 as heretofore mentioned. 
The auger ?ight 42, which outstands from the enlarged 
section 41 of the auger shaft, snugly ?ts within the cyl 
inder 21, in the annulus 40, and is adapted to scrape layers 
of ice as it is formed on the inner wall of the cylinder 
21 as the shaft rotates. The upward wind of the auger 
?ight is opposite to the direction of rotation of the shaft 
and this produces an upward movement of the ice par 
ticles as they are scraped off the cylinder wall. 
The bottom of the annulus 40 is rendered watertight by 

suitable seals at the bearing housing 29. One seal is 
located between the cylinder 21 and the lower bearing 
housing and is preferably an O-ring ‘43 carried within a 
groove 44 at the outer face of the bearing housing. _A 
short, tubular seal ring 45 is snugly ?tted in the bearing 
housing 29 to upstand thereabove with its upper edge 
abutting against an anti-friction washer 46 which, in turn, 
tightly ?ts upon the shaft 26 at the lower end of the auger 
shaft section v41 as illustrated at FIG. 2. 
The auger ?ight 42 does not extend into the chamber C, 

but terminates at the base thereof. Nevertheless, it will 
force the ice layers scraped from the freezing section F 
upwardly and into the chamber where they are com 
pressed to form a tubular cylinder of ice which subse 
quently is broken into chips or ?akes which are ejected 
from the chamber through an opening, all as hereinafter 
set forth. 
The top of the chamber C, the freezing section, is 

closed by the upper bearing housing 28. While the en 
larged auger shaft portion 41 terminates at the end of the 
auger ?ight or a short distance thereabove, a reduced 
diameter extension 26' of the auger shaft is within a 
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cylindrical stub 47 depending from the upper bearing 
housing 28. The stub 47 is of the same outside diameter 
as the auger shaft portion 41, and the two components, 
i.e. the auger shaft 41 and the stub 47, form a column 
like structure extending through the cylinder 21 and con 
tinuing the annulus space ‘40 into the chamber C. Ac 
cordingly, this extension 47 snugly embraces the shaft 
portion 26' and abuts against the end of the auger root 
portion of the shaft. A water seal is provided between the 
smaller shaft portion 26' and the bearing housing exten 
sion 47, as "by an O-ring 48 carried in an annular groove 
49 at the inner wall of the extension 47. 
To complete this arrangement of the ice chip produc 

ing apparatus P, a rectangular outlet 50‘ is formed in the 
Wall of the cylinder 21 at the chamber and a disposal 
chute 51 outstands from this cylinder at the opening to 
direct ice formed within the unit and discharged there 
from to a suitable bin or container a short distance away 
from the cylinder 21. It is to be noted that this chute is 
preferably upwardly inclined with its ?oor 52 being ?ush 
with the lower edge of the opening 50 to facilitate the 
return of any water which may drain from the ice ?akes 
being discharged into the chute. ' 
The main portion of the upper bearing housing 28, 

above the extension 47, ?lls the cylinder, and the shoulder 
54, between this main portion and the extension 47, lies 
in a plane normal to the axis of the cylinder to con 
stitute a ?at, top abutment of the chamber C, which 
closes the top of the cylinder. The top edge of the open 
ing 50 is ?ush with this shoulder 54 and the bottom edge 
is at the bottom of the discharge chamber C. 

In operation of the apparatus, thin layers of water in 
the freezing section F are frozen onto the inside wall of 
the cylinder 21, which are scraped off by rotation of the 
auger ?ight 42 to be moved upwardly to the chamber C. 
The ice layers congeal in the annulus 40, in the upper 
portion of the freezing section, and in the chamber, as a 
tubular column. As the auger rotates this column of ice, 
it is compressed against the shoulder 54 and the por 
tion of the column at the opening 50 collapses and buckles 
out of the opening as chips or ?akes of ice I’, as illus 
trated at FIG. 7. It will be noted that this buckling action 
is intermittent and that the tubular ice column formed 
in the annulus 40 is moved upwardly above the auger 
and fractures erratically but usually to form large seg 
ments in the chamber C, one typical segment I being 
shown at FIG. 6. These segments ?ll the chamber, but 
are ejected from the opening ‘by the aforesaid buckling 
action, substantially as illustrated at FIG. 7. 
A number of tests demonstrated that any of the con 

ventional, commercial ice machines available would 
freeze up and jam after a short period of operation if they 
were modi?ed to the construction hereinabove described 
by the removal of their de?ector means. It had been sug 
gested that the openings could be enlarged to prevent this 
jamming. However, other tests demonstrated that conven 
tional units having enlarged openings would produce slush 
ice. Nevertheless, the present invention is based upon the 
discovery that the proportions of certain components 
of a ?ake ice machine could be modi?ed in such a manner 
as to produce a successfully operating ?ake ice machine. 
The most signi?cant factor appeared to be the thickness 
of the cylindrical column of ice moving upwardly within 
the annulus 40. In the present invention, this thickness 
is reduced materially over that heretofore used, by pro 
viding an auger section with a comparatively large diam 
eter 41 and a shallow ?ight 42. The machine operated 
continuously, and not only operated without jamming, 
but also produced a harder, drier ice, and surprisingly, 
with less load on the auger drive motor 37. Since con 
structions of this general type were recognized as even 
tually jamming and freezing, the factors involved were 
then analyzed to determine why the constructions of this 
present invention would not jam up and freeze, but would 
instead produce a harder, drier ice with less load on the 
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6 
auger drive motor. Tests were made to establish reason 
able limitations and interrelationships of the several com 
ponents which appeared signi?cant. These components in 
clude not only the thickness T of the annulus 40, but 
also the height H of the opening 50, its width W and the 
inside diameter D of the cylinder 21. 

‘Operative factors were also considered. By increasing 
the speed of the auger, it was found that the previous 
machines which jammed could be made to operate con 
tinuously, but that the ice produced ‘became slush. Like 
wise, slush would result if the opening 50 were modi?ed so 
that no compression of the ice could occur. Clearly, com 
pression and congealing of the ice layers scraped from 
the cylinder by the auger was essential to the ultimate 
formation of ice chips suitable for commercial ?ake ice. 

, It also became manifest that to produce commercial ?ake 
ice in any machine whatsoever, a balance was necessary 
between the power rating of the motor compressor 11, the 
effective surface of the cylindrical freezing section F, 
the pitch of the auger ?ight 42 and the speed of rotation 
of the auger shaft 26. Such a balance had heretofore been 
established in many commercial machines, and it was 
found unnecessary to materially alter these design 
features of the machines involved. In addition, such. fac 
tors as the power rating of the motor compressor 11 and 
the size of the cylinder 21 are determinative of the ca 
pacity of the machine. The speed of the auger can be 
easily adjusted to operate with any given pitch and an 
optimum auger speed can be easily determined by simple 
calibration. 

It was also ascertained that a relationship existed be 
tween the height of the chamber C and the height of the 
freezing section F. Thus, it was determined that the height 
of the chamber C, as established by the height H of the 
outlet 50, preferably should be on the order of between 
15 and 30 percent of the length of the auger within the 
freezing section. It was also found that considerable 
latitude is possible in selecting the ‘width W of the outlet 
50, providing that it is not excessively narrow, and that an 
operative machine could be built with an outlet width as 
narrow as 1/3 the height of the outlet and at the other 
extreme, an operative test machine was built with the out 
let extending completely about the cylinder. Actually, 
the width of the opening in a commercial machine is 
limited by structural considerations, for the cylinder 21 is 
used to support the bearing housing 28 and the cut-out 
portion forming the opening 50 must not unduly Weaken 
this cylinder. In commercial units, the width may vary 
from approximately the height of the opening to not more 
than approximately two and one-half times the height of 
the opening. The area of the opening 50 would seem, 
logically, to be related to the productive capacity of the 
machine; however, it was found that the area of the 
opening, in square inches, could be varied from 0.3 to 1.0 
percent of the daily capacity of the machine in pounds 
of ice produced. 

Subsequent tests were made by varying the thickness T 
of the annulus 40 (that is, the width of the auger ?ight 
42) and this factor, in conjunction with variations in the 
height H of the opening 50 and the diameter D of the 
cylinder 21, established that a simple ratio, namely 

could be used as a criterion for the construction of ‘a 
machine which would produce better quality ?ake ice 
without jamming. When the units H, T and D were ex 
pressed in inches, it was ascertained that a conventional 
600 pound ice ?ake machine using a de?ecting device 
such as the indentation 55, disclosed in the Smith et al. 
Patent, No. 3,197,974 would have a buckling factor of 6.9 
and that other machines of the same type, but of dif 
ferent sizes, would have similar factors. The ?rst com 
mercial units which eliminated the indentation 55 from the 
outlet chamber C and used no type of de?ecting means in 
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the outlet, increased the outlet sizes and included buckling 
ratios varying from 7.20 to 10.00. These ?ake ice ma 

8 
mum, it should be not more than approximately 20.0, if 
other limitations to the design were considered. 

TABLE I.——COMPARATIVE PROPORTIONS OF FLAKE ICE MACHINES 

Auger 
Daily Ins. Dia. Outlet Outlet H 

Capacity, Cylinder, Height, Width Root Lead _\/5 
N 0 Pounds D H W Dia. Width '1‘ T 

600 3. 00 1% 1% 2% . 3125 6. 92 
600 3. 0o 1% 118 2% .3125 9. 70 
600 3. 00 1% 1% 1% .3125 10.0 
660 3. 00 1% 1% 2. 437 . 281 10. 1 
600 3. 00 1% 1% 2. 500 . 250 12.7 
600 3. 00 1% 1% 2. 565 .227 13. 4. 
600 3. 00 1% 1% 2. 625 . 1875 16. 2 
600 3.00 1% 1% 2. 656 .170 17. 5 
600 3.00 1% 1% 2. 625 . 1375 16. 2 
350 2. 25 1% 1% 1. 625 0. 3125 s. 4 
350 2. 25 1% 1% 1. 375 0. 1375 14. 0 
225 2. 25 1% 1% 1. 625 0. 3125 7. 2 
225 2. 25 1% 1% 1. 875 0. 1375 12. 0 

1,500 4. 00 1% 2% 3. 475 0. 262 13. 4 
(15 2, 500 7.00 2% 5% 6.125 0. 4375 13. s 

chines would operate on a test line when the machines 20 _ Notes to table 

were new and Clean, but a large percentage of them (1) Commercial 111111 according to_ Patent 3,197,974 without 
would Jam when placed in the ?eld on a commercial basls. (?nggggtlcggggrgglqglncilily32133238031112“ ?ne an er 10a d 
A series of test units on 600 pound capacity machines heavy ; jammed in ?eld._ ’ p _ ’ g 

were made by Increasing the auger root diameter 41’ to (3) Pr1or_commer_c1al unit; operates on test line, auger load 
d h h. k T f h 1 40 h f heavy; jammed 1n ?eld. 
ecreflse t e t 1c ness 0 t ‘3 anml‘us , as eretq Ore 25 (4) Test unit: operates on test line, load on auger suggests 

mentloned. The tests used augers having larger root diam- (5’ghigegitlnllgllililjé g1 gillgegvgggldl ?futr-st 1m 10a 6 on an er re 
eters than those previously used in a machine of the 600 duced_ ' p e e’ 8 
pound size. The results of the tests demonstrated that (6) Test unit: Operates Well with reduced auger 19nd 

. . . . (7) Test unit: operates well, selected for commercial use. 
whenever the buckling factor was increased 1n th1s manner (8) Test unit; auger ?ight too Small to operate at capacity 
to 12.0 or more, the machines would operate to produce 30 0f cylmder- , , 

. ? k . . h t . . Th t t (9) Present commercial unit; excellent ?eld results. 
commercial _a e we Wlt 0U JamII11ng-_ e es 5 were (10) Prior commerclal unit; operates on test line; auger load 
continued by increasing the auger root diameter and cor- 11eavy;.1ammed 1n ?eld. _ 

. d . 1 . h (11) Present commercial unit; good ?eld results. 
resjpondlngly @creasmg the annu 11$ thlckl'less T _to t e (l_2) Prior commercial unit; load on auger heavy; jammed 
point where the space in the annulus was lnsuf?crent to (11311) ?lgllg-sem commercialunit_ 00d ?eld T “It 
hold the ice being formed upon the walls of the cylinder 35 ' ’g es s‘ 
and moved upwardly by the auger. In that unit the factor 
was 17.5. 
A new commercial 600v pound capacity ice machine 

was selected having a factor of 16.2, even through it ap 
proached the apparent limit. The selection was made even 
though the factor indicated that the proportions were 
close to the limit, because it was discovered that the upper 
limit of such a factor could be increased with machines 
of different size, but not greatly, without either the height 
H becoming in excess of 30 percent of the auger length 
or without the volume of the annulus being too small to 
hold the ice. While the machine would produce an ex 
ceptionally hard, well-formed chip of ice, an unexpected 
reduction of the load occurred on the motor 37 and the 
speed reducer 36 driving the auger. Heretofore, it was 
generally observed that the harder the ice chips, the 
greater the load on the motor and the speed reducer. 
Apparently, the reduction of the thickness T and the cor 
responding reduction of the area of the annulus 40 be 
comes a signi?cant factor in reducing the total pressure 
upon the auger, which is caused by removing ice layers 
from the cylinder 21 and compressing them against the 
shoulder 54 to form ice chips. 
The same factor i.e. 

when applied to ice producing machines of the same type 
as herein disclosed, but of different sizes and capacities, 
demonstrated its reliability. For machines which would 
produce commercial ?ake ice without jamming, the factor 
was 12.0 for a 225 pound machine, 14.0 for a 350 pound 
machine, 13.4 for a 1,500 pound machine and 13.8 for a 
2,500 pound machine, as set forth in the following Table 
I which also gives certain dimensions of the diiferent 
machines. To ascertain suitable limitations of the factor, 
check tests were made and indicated that, as a minimum, 
it should be at least approximately 11.0, and as a maxi 
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(14) Test unit: operation excellent with low auger load. 
(15) Present commercial unit; excellent ?eld results. 

In the ?eld of structural design, it is known that the 
stability of a column under axial compressive loading, that 
is, its resistance to buckling under such a load, is related 
to the height of the column and to the thickness of its 
narrowest dimension. Such a relationship is commonly 
designated as the ratio between the height of the column 
and its least radius of gyration. The observed buckling of 
the ice segments from the outlet 50 by compressive action 
between the auger ?ight 42 and the bearing housing 
shoulder 54 as diagrammatically illustrated at FIG. 7, 
apparently involves a similar action. While the ratios set 
forth in the foregoing table can be considered as empirical 
relationships only, there is a logical basis for using such a 
ratio. 

In considering the ice segment as a column having a 
height H of the outlet and a thickness T of the annulus 
40, it would be suggested that a ratio H/ T would be in 
dicative of the stability of the ice segment I, and the larger 
this ratio becomes, the easier the column will buckle. 
However, as best illustrated at FIG. 6, it also became 
apparent that the stability of the segment I is further in 
?uenced by the curvature of the segment which is estab 
lished by the diameter of the cylinder. Accordingly, a 
buckling factor 

was found as an empirical criterion of operativeness of 
an ice ?ake machine, since it was found that the larger 
the factor, the easier the column I will buckle. 

It is to be noted that in the foregoing disclosure, the 
outlet was described as being rectangular having a height 
H and a width W. As Table I shows, a substantial number 
of the tests used a square opening having the same height 
and the same width. Other ice machines were built for 
testing purposes and for production wherein the opening 
was made circular. Accordingly, it is to be recognized that 
the opening could be made not only rectangular, but 
also, circular, oval or rectangular with rounded corners. In 
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any event, any of these constructions built in operative 
proportions could be equated to a corresponding rec 
tangular or square opening in which event the factor 

H 
To 

could be used to determine their operativeness. 
I have now described my invention in considerable de 

tail; however, it is obvious that others skilled in the art 
can devise and build alternate and equivalent constructions 
which are nevertheless within the spirit and scope of the 
invention; hence, I desire that my protection be limited, 
not by the constructions illustrated and described, but only 
by the proper scope of the appended claims. 

I claim: 
1. An ice chip producing machine of the type having: 
(a) an end-closed, hollow cylinder of a selected inside 
diameter D arranged in a substantially upright man 
net with the lower portion thereof constituting a 
freezing section and the upper portion thereof con 
stituting a discharge chamber; 

(b) a freezing means embracing the freezing section 
of the cylinder; 

(c) a water supply means adapted to maintain water 
within the cylinder at a level near the top of the 
freezing section; 

(d) a cylindrical column axially centered in the cylin 
der and extending through the freezing section and 
the discharge chamber to form an annulus about 
the column within the cylinder having a selected 
thickness T and with said column including a ro 
tatable shaft within the freezing section; 

(e) an auger ?ight on said shaft within the freezing 
section adapted to scrape off ice layers formed on the 
wall of the cylinder as the shaft rotates, lift the same 
into the discharge section and rotate the mass of ice 
formed by the layers as they are congealed together; 

(f) a ?at, annular shoulder closing the annulus at the 
top of the discharge chamber; 

(g) an opening in the side of the discharge chamber 
having a height H; and 

(h) the diameter D of the shell, the height of the open 
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10 
ing H and the thickness of the annulus T, when ‘meas 
ured in inches, providing a factor 

H 
r45 

which is greater than 11.0 and less than 20. 
2. In the organization set forth in claim 1, wherein 

said opening is rectangular with the top of the opening 
being ?ush with and forming a lateral continuation of 
said annular shoulder. 

3. In the organization set forth in claim 2, wherein 
said opening has a width exceeding one-third the height 
thereof. 

4. In the organization set forth in claim 2, wherein 
said opening has a width of between approximately the 
height of the opening to not more than 21/2 times the 
height of the opening. 

5.=.In the organization set forth in claim 1, wherein 
the height of the discharge chamber is approximately from 
15 to 30 percent of the height of the freezing section. 

6. In the organization set forth in claim 1, wherein the 
area of said opening, in square inches, is approximately 
between 0.3 to 1.0 percent of the normal capacity of the 
unit in pounds of ice produced per day. 

7. In the organization set forth in claim 1, wherein: 
(a) said factor is less than 20.0; 
(b) the opening has a width exceeding % the height 

thereof; 
(c) the‘area of the opening, in square inches, is be 

tween 0.3 to 1.0 percent of the normal capacity of 
the unit in pounds of ice produced per day; and 

(d) the height of the discharge chamber is from 25 
to 30 percent of the height of the freezing section. 
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