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= EFFECT OF PLANT ARRANGEMENT, EQUIPMENT,
~ AND METHODS OF OPERATION IN RELATION TO
BREAKAGE OF BOTTLES IN MILK PLANTS ; .

By C. BE. CLEMENT, Associale Markel-Milk Specialist; J. B. Ban, Assoclafd.
M aricet-M il Speciglizt; and Frep M. Grant, Asgigtant Markef-2I% Bpeoialist,
Division of Market-Milk Investigations, Bureau of Dairy Indusiry
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INTRODUCTION

E The breakage of bottles in milk plants is an item of great im-
portance, and milk-plant operstors have given considerable gzttention
to it in recent years. Without doubt a large part of the breakage of
bottles is indirectly due to imperfections in the glass and to varia-
tions in the guality and in the annealing of the glass, but it was not
within the field of this study to go into these factors, it being assumed
that they would not vary greatly between plants. In order to deter-
mine whether the plent layout and the equipment had any effect on
the amount of breskage, studies were made by the Bureau of Dairy
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Industry in milk plents having various arrangements and using
different types of equipment., The broken glass ‘was coliected as
for ag possible after each operation in the plant for a . eriod of a
few days. The glass collecied st emch point was weighed, and 2
careful study was made of the equipment and its arrangement in
each plant. ¢ broken glass was taken ont st the folliowing points:
Checking-in platform, feed end of washer, discharge end of washer,
the fillers, and the milk-storage room. The breskage of glass found
at these points is expressed in pounds of glass per 1,000 bottles
handled, unless otherwise indicated.
The observations made of the Iayout, equipment, and operation
of each plant at the time the records were obtained have been sup-
glamented by coreful studies of the drawings of the plants, This
ulletin presents information on the plants studied, compares plant

layouts, and discusses the effects that the diffsrent arrangements of
lants ty'fes and arrangement of equipment, and methods of han-
ing bottles had on breakage of bottles.

LOSSES ¥FROM CHIPPED BOTTLES

The number of bottles that have to be thrown out becaunse of
chipped or cracked tops or lips is an important item, At 52 glants
where the chipped botiles were ke];t; separate from the other bresk-
age, the average breakage due to ¢ ipped bottles was 25 per cent of
the total breakage. The average totsl breakage, including chiﬁlped
bottles, for these 52 plants was 15.5 pounds per 1,000 botties filled.
Of this 15.5 pounds, 3.9 pounds were ggtties which could not be nsed
again because of being badly chip%rfd. The average of 3.9 pounds of
bottles chipped per 1,000 bottles handled shows the importance of
this item of loss in the aversge milk busimess.

There was a decided varistion in the amount of chi)iped bottles
at the 52 plants where the studies were made. (Table 1.} For
example, & plauts had & breakage from chipped bottles of less than
1 pound per 1,000 bottles handled, whereas chip%ed bottles at 7
plants amounted to over 7 pounds per 1,008 botiles handled.

Tagrm 1.—Poundz of glass in chipped bottles in 52 millc plants

Pounds of glass in chipped hotties, per 1,000 botties hundlsd

o o
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Averngn poonds of brokez bottles selrelas|aslenisa|an|ne
Number of plants hz group. 6 |8 Uz {8 ig 14 |3 lz

At one plant a study was made to determine the number of
chipped bottles of different sizes, and whether they were returmed
from retail or family trade or from wholesele or store trade. As
a special “store bottle ” was used for wholesale trade at this par-
ticulay plsnt, it was possible to determine separately the number of
store bottles and family bottles chipped. The results of the study
made at this plant for & period of eight days are shown in Table 2.
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© Tamn 2=-Number of chipped Dottles thrown out at one milk plant in eight days
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Table 2 shows that the number of bottles chipped per 1,000 filled
was quite uniform for bottles of all sizes. It also shows that for
bottles of all sizes a much greater proportion of store or wholesale
bottles was chipped than of the retail bottles used for family trade.
Although it was not possible to take out all the chipped bottles &t
the .ch:gking-in platform when they were checked in g_om the routes,
many of them being taken out at other poinis in the plants, cbserva-
tions at this plant and at other plants indicated that by far the ﬁ'reater
proportion of the chipping was done after the bottles were oaded
out and before their return to the plant for refilling. The high ratio
of wholesale bottles to retail bottles chipped (approximately 47 to 1)
®lso seems to support the assumption that most of the chipping of the
bottles oceurs on the routes rather than in the plant. Bottles of milk
and cream sold through stores are handled many times and often
receive considerable rough handling, especially when they are
returned to the cases in the stores. :

Az most of the chipping seémed to occur while the bottles were out
on the routes and the amount chipped in the plants themselves was
apparently a minor factor, in studying the effect of the various plant
arrangements and types of equipment on breakage the chipped
battles were kept separate from the other breskage as far as possible
and have been eliminated in making the comparisons, except where it
was evident that the chipping oceurred in the plant.

RELATION OF SIZE OF PLANT TO BREAEAGE

'The breskage weighed in 121 plants handling between 10,000 and
100,000 or more bottles deily indicated that size of plant had no direct
influence on the number of bottles broken. (Table 3.) The average
bmaka%e;for the 121 plants was 12.3 pounds per 1,000 bottles handleq.
It will be noted that the average for aﬁ group of plants varied only
slightly from this general average. ere were considerable varia-
tions in ths plants within each group, however, indicating that fac-
tors other than size were responsible for the differences,
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Tanrn 8—Breakage of botiles in plants of different.sieee

Average Averags
weight of waight of
glass
broksn

T 1,000
pt?o:tla’s .

Bisa of plant (number of botties Slra of plant (number of bottles ot
o dod dais? Blea of Pl s Platits

Puunds
&0,001 4o 80,000 - o v vocacmama =2 ') "
£0,001 to 100,000, - maoe e
00,001 07 OV - e evrrmmmwrrmsmmer

Total OF GVOTBEY. vennumans

DISTANCE TRAVELED BY BOTTLES IN PLANTS NOT A FACTOR IN
BREAKAGE -

A study of the plant layouts and of the brezkage at the various
small plants showed quite clearly that the distance the bottles trav- -
eled in the plants was not & factor in itself. The coefficient of cor-
relation botween the breakage ard the distance the bottles traveled

wes only 0.18, indicating that there was little relation between the

breakage and the distance in itself and that the methods used fo

transfer the bottles from place to place was the cause of the varia-

tions at the various plants. Day* states: .
Coefficients above 0.70 give almost certain evidence of correlation, and any

above 0.50 are ordinarily significant ; coefiicients under 0.30 give very little indi-
cation of any definite connection between the variables.

BREAKAGE IN TRANSFERRING EOTTLES BETWEEN FLOORS

The amounts of -breakage at 126 plants were compared, to de-
termine the effect of transferring bottles from one floor 0. a higher
or lower floor by conveyors, elevators, escalators, chutes, ete. {Table
4) Direct delivery of bottles to a higher floor by the bottle
washer itself was not considered a transfer. For exempls, it was
considered as only one transfer where the bottles were sent from the
street floor to the basement to be washed and the washer itself ele-
vated them back to the street floot to be filled. o

Pamum 4—Bffect upon breakage 6f number of fimos bottles twere transferred
from oune floor io another .

Glam broken per 1,000
boitles handled

At dis-
. Number of trangfars between floors charge

o transfers, all operations on one floor. ;
One tranafar, H
Two trans{am, 30
Thres tranafera 3

iDny, E. B. STATISTICAL ANALYSIS. D 208, New York., 1825
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Thke breakage increased with the number of iransfers. In the
up of plants which carried on all the operstions on one floor,
the tetal plant breakage averaged only 11.4 pounds per 1,000 bottles
filled, whereas it was 12.4, 14.6, and 24.0 pounds at the plants making
1, 2, and 3 transfers, respectively. At most of the 14 plants meking
only one transfer the bottles were washed in the basement (having
been transferred to that point from the street floor by a conveyor
or chute) and delivered to the street foor by the washer itself. The
breakage at these plants was only slightly greaier, on an average,
thanﬂthe breakage at the 79 plants carrying on all the operations on
one floor. :

At two of the plants meking three transfers the hottles were
washed in the basement and then elevated to the second floor; at one .
of these plants the bottles were filled and then transferred to the
milkc-storage room on the street floor, and at the other plant they
were stored and allowed to cool on the second floor and later trans-
ferred to the strect floor to be filled and stored. At the third plant
the bottles were stacked in the basement, sent fo the second fioor for
washing and filling, and then sent back to the milk-storage room on
the first floor.

At those plants where the bottles were transferred twice, the aver-
age total plant breakage was 28 per cent greater than was found at
those plants which carried on all their operations on one floor with
no transfers, whereas the total plant breakage was 110 per cent larger
in those plants which had three transfers. Of course, other factors
may enter. Kor example, at two of the plants in the last group the
bottles were washed by the old style ©in-the-case® washer, which,
as is shown on pages 16 to 18, tends to break more bottles than does
the direct system of washing and filling, principally because of more -
handling and less acourate temperature control. Furthermore, these
data do not necessarily prove that it is impossible to transfer bottles
two or three times without an excessively high breakage resulting,
provided the conveyors, ete., are of proper design and are kept

ood repair. These data do indicate, however, that on an average
the brea afe is considerably greater a¢ plants where the bottles are
transferred two or three times than at plants where all the operstions
are performed on one floor, or at plants where the bottles are sent
to the basement to be washed and the washer itself elevates them to
the street floor with no further transfers.

EFFECT OF MOVING BOTTLES TO AN UPPER FLOOR TO BE WASHED, AS COMPARED
WITH WASHING THEM ON THE GROUND FLOOR OR IN THE BASEMENT

Table 5 shows the effect of moving bottles to the second or upper
floors upon breskage as compared with washing them on the street
fioor or sending them to the basement for washing where the washer
delivered them to the street floor.
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Tapre 5.~-Hifeot upon breakege of moving botiles to an upper floor to be waghed
a& compored with wasking them on the ground floor or in the basemend

Glaxy broken per 1,000
bottles &

At dis-
Locatlon of washer chiarge

and of
washera
plus

broaknge
at filers

Number| Num FProunds
Oxn greund or strest Boor. 84 g, 568
Inh t! o 5.3

071 X
On flears above the strwet or ground floor 17 A2, 010 . 7.3

1 Bottlea are delivered to the ground oot by the washer itself,

Af the plants with the washers on the ground or street floor, both
the breakage before washing and the total plant breakage were lower
than at the plants where the washers were on a floor above.

There was little difference in breakage between those plants where
the washers were on the street or ground floor and those plants whera
the washers were in the basement and elevated the bottles to the
strest floor. Where the bottles were sent to an upper floor to be
washed, the breakage before washing and the total plant breakage
were considerably greater than at the plants in the other two gmu]i:;.
The total plant breakage in the group of glants with washers on the
upper floors was 14.4 pounds, as compared with 10.2 pounds in each
of the two groups of plants which had the washers either on the
ground floor or in the basement—41 per cent greater than in the
two latter groups.

COMPARISON OF TYPES OF CONVEYOES FOR MOVING BOTTLES T{ BABEMENT

Power control of conveyors was found to be an effective means of
moving cases carefully between floors and keeping the breakage of
glass down. Thy relative amounts of breakage before washing in
two groups of plants equipped with power-controlled and gravity
CONVEyors, respectivelyf%or moving the bottles to the basement to be
stacked or washed are shown in Table 6.

TasLE 8.—CUompariaon of the resulls with fwo types of conveyors for moving
botiles to busement )

Type of conveyor

Power-controlled
Qmvity. 12

On an average more breakage before washing was found in plants
which used gravity conveyors for moving the botiles to the basement
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of cases and prevented them from banging against each other.

BFFECT OF TRANSFERRING FILLED n%g TO MILE-STORAGE RGOM ON FLOOR
While at some plants cases of filled bottles weré: moved bétween
floors with small breakage, in general more boftles were broken be-
_tween the filling and storage rocms where filled bottles were sent to
lower floors. At plants where the filling room was on the second
fleor and the milk-storage room on the first floor, or the filling rocm
was on the first floor ang milk-storage room in the basement (as was
“found in one or two instances}, there was twice as much breaks
in the milk-storage room 2as at plants which had the filling and milﬁ-
storage rooms on the same floor. (Table 7.) :

Tanrs 7.-—Comparison of boltle breakal ~in moving filled cases from filing room
to milk-storage room, when these rooms are on the same floor and when on
© of filled Doitles o the milk-glorage room on o lower floor

Location of milk-storage rogm FPlants | storage

Number ; Pounds

Gn same Boor. 131 Py

On & lower Boor. 21 240

EFFECT OF DIFFERENT TYPES OF CONVEYORS FOR MOVING FILLED CASES
BETWEEN FLOORS TO MILK-STORAGE ROOM
The types of conveyors used to¢ move the filled bottles between
floors had an effect on the average iyuantity of glass taken out in the
miik-storage room. (Table 8} The average breakage in the milk-
storage room of those plants usinjz straight or spiral gravity con-

veyors was 2.4 pounds per 1,000 bottles handied, as compared with .

1.4 pounds where power-conirolled conveyors kept the cases firom
banging together and the bottles from striking each other.

- Tantr B—Ejffect upon breckage of different types of conveyors for moving cases
of filed boiiles to the milk-storage room on a lower floor

Method of moving cases Flants | storage

Number | Pounds
Stradght and apiml gravity conveyors. . B 24
Power-controlied conveyora..__ 8 L4

Spiral roller conveyors required more attention than straight con-
veyors, especially when wet cases were rolled over them. Also, it
was usually difficulf to reach all sections of the spiral conveyors to

7

1 than in plants with power conveyors which controlled the moverent

R S A L e
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P lubricate the bearings, with the result that bearings became worn

. and the conveyor was not.kept in free-running, first-class condition.
- In order to overcome the retarding action as the rollers become worn,

and the braking effect of the curves, such conveyors were fre%xently
installed with pitches so steep that the cases raced down. Appar-
ently, it is a very difficult matter to install spiral conveyors with
the correct balance between diameter of the spiral and its pitch so
cases will {ravel down freely and easily without either stopping or
racing,

_In one plant the breakage in the milk-storage room was 8.7 pounds
per 1,000 filled bottles. The spiral conveyor had so steep a pitch
to overcome the braking effect of its small circumference that the
cases of filled bottles speeded down the spiral, bounecing over the
rollers. In five cases of filed half-pint bottles which followed each
other conseeutiveli, 3,7, 4,2, and 3 bottles, respectively, were bounced
out of place. Although the displaced bottles, being small and short,
caught on the cross wires of the case and did not foll out, their
bouncing out of place showed the severe jolting that bottles were
receiving on this conveyor.

In another plant the presence of two concrete beams close together
limited the diameter 0? the spiral conveyor to 5 feet. This small
diameter, together with the fact that it was a smooth-slide conveyor
rather than a roller-bearing conveyor, caused the cases to stick fre-
quently. A hook on the end of a long pole was used to break up the
jams and start the cases moving.

These facts show why plant managers should pay careful attention -
to fihe design and installl;tion of spiral conveyors if they are to be
ased.

COMPARISON OF DIFFERENT METHODS CF GETTING BOTTLES TO WASHERS

The amount of glass broken in transferring bottles to the washers
ranged from 32.0 fo 44.7 per cent of the total breakage in 76 plants
where four different systems were used for getting the bottles from
the checking-in platform to the washers. (‘%ﬂhle 9.} The four sys-
tems were as follows: (1) The washer was so near to the checking-
in platform that a conveying system was not required; (2) conveyors
were used with a minimum stacking of bottles; (3) frucks were
used; and {(4) conveyors were used with considerable stacking of
cases. Only those plants where checking in, washing, and filling were
all accomplished on one floor are included in this comparison,

TasLe 8.—COomparison of botile breakage when varfous ayslems were used
getting botfles to washer from checking-in platform

Broken gless per 10O bottles
bandle

Breakage
before
System usad for nioving bottles Bregkeges
before
washing

D}rect transfer, with washer close to checking-in piat-

orTn
Conveyors used with some stecking of bottles

Trucka ysad

Conveyors ueed, with considerable stacking of bottdes.
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On an average, foewer bottles were broken before washing in those
lants where t%xe washer was located close to the checking-in plat-
orm. With this system very little handling of bottles is required,

but of course its use is practicable only in the smaller plants.

The advantages. of a good conveyor system are shown in the
lower average breakage in the 24 plants which had well-arranged
conveyors and reguired only a minimum amounf of stacking of
cases, as compared with that in the 25 plants where considerable
stacking was necessary. In the latter plants the breakage before
washing was not only greater but it represented 44.7 per cent of
the total plant breakege, as compared witk 39.7 per cent in plants
in the former group.

The plants using well-arranged conveyor systems with & minimum
amount of stacking also had a much lower breakage before washing
and total breakage than the plants using trucks to transfer the
bottles from the c%ecking—in platform to the washers,

At the plants using frucks for this (Furpose, the handling of the
cases of bottles in loading the trucks and the frequent rough handling
of the truck loads of bottles resulted in greater reaka%? than at the
plants using conveyors with & minimum of stacking. 'The breakage
where trucks were used was, however, less than at the plants using
conveyors with 2 large amount of stacking.

COMPARISON OF BRESULTS WITH POWER-CONTROLLEER CORVEYORS AND WITH GRAVITY
CONVEYORS

In the foregoing comparison of methods of moving bottles to the

washers, conveyor systems were classified on the basis of the amouat
of stacking or rehendling of cases required. In order to compare
-results with different types of conveyors, irrespective of the amount
of rehandling of cases, 39 of the plants with conveyor systems were
arranged in two groups. {Table 10.) The first group of 25 plants
had long conveyors which depended solely upon gravity for moving
the bottles to the washers. In the second sroup of 14 plants an
electric switch at the washer enabled the operator to control the
movement of cases over the conveyors, which included mechanicsl
power boosters in addition to other lengths of gravity roller con-
Yeyors. '

TasLE 10.-—Effect wpon bottle breakage of type of conveyor used in MODIRG
boitles to washers .

Glass broken per
1,600 hottles filtad

Type af conveyor
Tatal
plant

hreskage

Belore
washing

Number] Number | Pounds | Pounds
Gravity conveyor used 25 65

53, gt 14.8
FPower conveyor, of gravity and power tonvevor, with movement '
of bottles controlled by opsrator, ususlly at feed end of washer. . 14 H, 582 3.8 9.5

The average breakage before washing was 6.5 pounds, and the
total plant breakage was 14.6 pounds in the group of planis which
depended upon gravity without control, as compared with 2.6
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pounds and 9.5 pounds at corresponding points in the other group of
plants which had the movement of cases controlled by electric
switches at the washer. e - .
- At plants where the men pufting the cases of bottles on the con-
veyor could. contro} the flow of bottles to the washer, as in the case
‘of a shert conveyor, automatic contrel would not, of course, be
necessary, and such plants were not included in the comparison. '

‘The effect of the use of gravity conveyors as compared with
power-controlied conveyors was also noticeable at the checking-in
platform. In some plants Where-ﬁravity roiler conveyors extended
at right angles to the side of the checking-in platform, some drivers
would throw or slide the cases along the conveyor as for as possible
to speed them up and to hasten unloading. This practice caused
cases to bang ageinst each other, and, furthermore, frequently a case
would slide along the side rail and topple off on the floor. If a
power-controlled conveyor were used, the cases would not be likely
to bang and topple off. '

COMPARISON OF RESULTS WITH VAilIOUS TYPES OF CONVEYORS
FOR MOYVING BOTTLES LONG DISTANCES

On account of the more elaborate conveyor systems required in
large plants, 16 of the larger plants where the bottles were trans-
ferred long distances were classified into three groups, according to
the type of conveyor used. (Table 11.) Plants where the bottles
were sent o the floors above the street floor are not included. In the
first gmu}}:I gravity conveyors were used throughout, with booster
sections where necessary to keep the bottles moving. In the second
group gravity conveyors were also used, but at all points where
the cases of bottles might come too fastj or jam, switches were.in-
stalled which were operated by electricity. When the conveyor
became full of cases of bottles the switch would operate auto-
matically and shut off the booster which brought the bhottles up on
the conveyor. When the bottles had passed on, this automatic stop
would be released and permit more cases to come along the conveyor,
This arrengement tended to prevent any jamming of the cases of
bottles on the conveyor. In the third group of plants power con-
veyors were used.

TaBLE 11.—Comparison of bottle breakege when different types of conveyors
tcere used for moving botilcs long disiances

QJasy hroken per
ttles

1,000 bo
handled
Type of convayor Plaots i
Beforo
washing | ‘Tot8l
Number| Pounde | Pounds
s I
Qravit ul with automatle stops._ .. 8
Power o pped b H 2.8 .3

The breskage was the greatest when gravity comveyors without
automatic control were used. There was very hitle difference in the
results whether gravity conveyors equipped with auftomatic stops
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or power-controlled conveyors were used. The data.in Table 11
illugtrate the importance of having gravity conveyors properly
under control. '

EFFECT OF SHARP CURVES AND TOO STEEP INCLINES

The paths that the bottles traveled from the checking-in platform
to the milk-storage room differed widely in different plants. Some
plants had been so laid out that the conveyors had many sharp curves
and steep grades, so the coursa of the bottles was similar to that found
on roller coasters or derby racers in smusement parks. Some other
plants were so arranged that the bottles traveled through the plan
more nearly as they would on a slow-moving miuiature railroad.
Sharp curves and steep grades weré frequently the indirect as well
as the direct cause of severs jolting and bumping of cases and break-
age of bottles. '

One cause of the high breakage in some ]]l)lants was that there was a
sharp curve at the top of a booster, as shown at & in Figure 1, A.
Such curves exerted a hrakin%‘eﬂ’ect on the cases when they arrived
at the top of the booster a. This frequently caused cases to buckle
up and bottles to fall out. When there was a few feet of straight
conveyor (d fo ¢, fig. 1, B) with a slight downward grade between
the top of the incline and the curve, the cases gained enough
momentum to offset the braking effect of the curve and carry them
around the curve. This also increased the speed of the cases, moving
them away from the top of the incline and preventing them from
Esmpering the movement of other cases arriving at the top of the

ooster.

Asz an example of the relatively large amount of breakage due to
having a sharp curve too close to the booster, in one plant the break-
age of glass before washing amounted to 7 pounds per 1,000 bottles
handlec% The conveyor arrangement in this plant is illustrated in
Figure 1, A. In this plant the cases of dirty bottles from the check-
ing-in pia.tform were elevated by & power conveyor to the second
floor for stacking, washing, and filling. The power conveyor came
through the second floor, as shown, and continued to elevate the
cases of dirty bottles to point @, to provide for gravity acceleration
to move the cases over the gravity roller conveyor toward the

washers. The sharpness of the curve at » had such a braking effect

on the cases as to slow them up, and frequently a case would stop
at point 5. Ancther case coming up the booster would not have
enough momentum to move jtself around the curve and start the first
case, The result was that both cases would stop. The third case
would also stop, causing the fourth case to buckle up, drob bottles
cutf, and bresk them. The breakage here was caused by two factors:
(1) The curve was too close to the booster; {2) the booster was so
steep that it was easier for a case to buckle up than it was for it
to push the line of cases around the curve. '

The good effect of proper location of the curve at the head of
the booster is illustrated in a plant which also elevated the dirty
bottles to the second floor over a booster and then moved them at
right angles, but with one important difference. This difference was
that there was a few feet of straight conveyor between the fop
end of the booster and the curve (d to ¢ in Fig. 1, B), The con-




xﬁﬁm&sﬁm&:f there it joined b%oate’r;
ing the gtraight section moved down fréely by gra
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]

' Broyik L-~Comblnation: of o steep booster and gravity conveyor heviog e sbarp
. curves A.mhowp an-instailation which frequentiy caused tronble, hetause the cirv
.. mtoocleseto the top of the bouster ; B'ehows the hetter. location of ‘the enrye’ .

. . gpeed of the casés. This ineréase in momentum; also -helped. to:
. Jrepp-the head of the booster fres and to carry the cases around the -
" ‘curve. - :Moreover, the curve was of largé radius, which wag another -
factor in allowing the cases to move slowly over the conveyors: -

1 This differenice in-the arrangement of the conveyors in the two - -




it vas roflctad i the fuck:hat.only 29 pounds of gluss por
i’,lc?& bottles handled.was brokenbefore washing in the latter plant, -

a3 compared with 7.0-pounds in the former plant,

COMEARINON-oF
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POWER AND GRAVITY CONVEYORS FOR MOVING FILLED CALBS

: ' LONG DISTANCES T0 MILK-STORAGE ROOM:. =~ .

SRR T/J@b}eakage{rbm mdvi_ﬂg.—:‘-ﬁll'ed"_'éﬁses into. the milk-storage :

| roorh was observed in two groups of plaiits using prineipzily power :

- aud! gravity conveyors, respectively. . {Table 12? lants ix

-~ theifirst group use: "B._itﬁér' long continuous power conveyors or long. -
. power conveyors with -oxnly. short lengths of _:%ravzty conveyors for . .

" moying the filled cases from the fillers to the stacking ‘ space in - -
- 'thg{hlgk—.stt)rage room. S ’ : B IR

. Tanim12—4verage breakage when lanig potwer and gravity conveiyirs wers used -
A .. in moving ocases of Mited bottiea: O

. “Kind of conveyor nsed

Cortiouaus bowar. : e : ‘ ]
Gratity roliae:. RN Lol Frmana, oAl

- ﬁififf'iﬁ

plants used gravity roller conve%urs_ for moving the tages, .
o fillers to the stacking space ip {

- oniy those plants were included in the second group which moved .
T thq?{)o_ttle’s;_exceptipnaily long distances/over gravity conveyors, either
. with or without gjwel.‘_ boosters. At sll the plants included in thig -

‘comaparison, the filli
sspefloor level, - T S R
~ . The average breakage of filled bottles taken out. of the milk-stor-
.aﬁ; Toom was 12 pounds per 1,000 bottles handied in the group
whieh used nearly continuous. power-conveyor systems for moving -

. filled Kottles long distances, as compsred to 25 pounds in the g up .

which mainly used gravity roller conveyors. This breakage includes

" all breakage resulting from trensforn ‘the filled bottles from the

filling room to.the point where the fiile bottles were stacked in the

"The” plants in

e milk-storage roomi, but .

Ing room and the milk-storage room were on the = -

- vmilki-storage room, as well as breakage which resulted from han- . -

. b

“dlin the cases in stacking them and 1n tak_ing-them-dom from the

. Stacks,

~The power convayors moved the filled. cases 'slov.v'l-y_' and without
severs bumping of cases, A o

" BFFECT OF CONVENIENCE OF CONVEYORS ON BREAKAGE

The manner in which conveyors were installed in relation to con- .
venierice of operation was an important factor in"the rapidity of
- bandlihig the cases and in the amount of breakege. The effect of -




- checking-in platform-and in the stackil
- sres the bre

orm. The first, group was mads up of plints wharé the conveyois
o were conveniently arranged for the imen Toadingiend nnloading cases. ...
" The plantsin Group 2 had conveyors which were not converient and
¢ handy for Joading and unfoading.” .. .~ . ..o . e

“" g 18—Average treaiiage in tws groups of Blonts with convenient and lnoon:
.7 venient arrangements of conveyors o _Mki_w-iﬂ-mtﬁo\m e

N

" Armsngement of conveyors.

- G{qﬂ 1t Ounv;ym_mvania_:it-andhancly_hr_laadinsnndun— Mns I\_T:;ngg | Founds
" Group 2: Gonveyota ot convenlent o hand L T2l 4G4

The average breakage before 'v&ashing':' in i‘he_ 'p;l'z"m{:s j_n-'.Grbﬁ'p'l_ -
having convenierntly arranged conveyors was 3.0 pounds, as compared .

with 7.6 pounds in the plants in Group 2. In many of the plants in”
Group 1the conveyors.extended close enough to the wagons or trucks:

and were of such height that the drivers, when stending in OF bemde o

‘their wagons, could set the cases on the conveyors with little move-

ment and only slight elicking of the bottles in the cases. Two of‘the - |

plants had movable rollez conveyors which could be extenided into - |

the larger trucks. These conveyors wers easy to move and ensbled = - |

tlie driver to place the cases directly on the conveyor as he worked: . .-
aveyor 28 85 T

- toward the forward end of the truck in unloacing. = A TR
“Tn one of the plants in Group 2 the conveyor was located so-far - .

“from the edge of the checking-in platform that an extra man was

- required to transfer cases to the conveyor: TIn the rush -of unloading SRR

. hedid not have time to take'the step or two necessary to ‘place the~
" cases on the conveyor, so he tossed therm on, some cases st iking'very
- ‘hard and bresking bottles. If the conveyor had been closer to the

edge of the platform this banging of cases and breskage would have - K

. been less. This same condition was found in another p. nt where the
usual practice was to-throw or toss the cases onto the conveyor.
Frequently a case would topple over and the ‘bottles would fail

 out. Insome plants the conveyors were so high that the drivers had .
“to throw the cases up to the conveyors or have an extra man to help - -

unload. - .

The effect of convenience on breakage of botiles was shown also
in the arrangement of conveyors in the stacking room, or wherever
the men had to load eases on or take them off the conveyors.. In some
" of the plants in Group 2 the conveyors were so close to the floor
that the men had to bend their backs to set the cases on.- The natural
and nore common practice was to drop the cases onto the conveyor
with a bang. This jolted and jarred many bottles, the bottles some-
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times. striking against each other, especially in worn cases having
‘loose cross*‘arg-bottom wires, L : Lot
- The arrangement of conveyors with reference to the size and shafb:
of stacking space was also 2 factor in the breakage of bottles,
one plant the stacking room for bottles was nearly square, with the
. miain cofiveyor near one:side. When the room was of stacked
cases, 8 man tossed the cases upon the conveyor, gradually worling
farther away from the conveyor until the distance was so great that
an extra man was requiréd to pass the cases along.
Plant 326 in this study was a well-arranged an%we]l—aquipped milk
plant. The ground-floor plan of this plant is shown in Figure 4
(p.26). Tn this plant the stacking spaces and conveyors were well
, arranged for moving and stacking dirty bottles before washing. Each
stacking space was rectangular m shape rather than square, and the
conveyors were convenient to all sections of the stacks, so that in no
place were the cases carried long distances by hand. '

EFFECT OF CONDITION OF CONVEYORS IN MILK-STORAGE ROOM
ON BEREAKAGE

The condition of the conveyors in the milk-storsge room was 4
factor in the breakage at that point. This is shown in Table 14.

Tanie 14.—Eiffect of condition of conveyors on amount of broken gloss takem
oul in milk-zlorege room i

Condltion of conveyors

Group 1: In good repair and well ubricated, with live, fres-running roBers_ - 8 21, 024
Group 2: Had worn bearings and depressed and sluggish rollers ] 42,254

There was less bumping and jolting of cases, and consequently less
brealage of bottles, on gravity conveyors which were kept well lubri-
cated and in good regair than on conveyors which had worn and
depressed bearings and those which had sluggish rollers. Poor con-
dition of the rollers oftentimes was due to lack of frequent and
regular lubrication and failure to keep the conveyors in firgt-class
repair.

In one plant in Group 1 in Table 14, when a length of conveyor
began to show signs of needing repair, even if it was not expected
to break down immediately, it was taken out at once and another
corveyor which had been previously repaired and held in reserve
was put in its place.

EFFECT OF HANDLING UPON BREAKAGE

A study was made to determine how much more breakage there
was in plants which required much handling of bottles than in plants
so arrabged 2nd equipped that handling of bottles by employees was
reduced to a minimum. At the 22 plants comprising Group 1 in
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Teble 15 a large amount of handling was required to move the bottles
in thp plant %:om the checking-in platform through to the milk-
storage rcom and out again. At the 18 plants in Group 2 in Table 15
& small amount of handling was invelved.

Tapre 15.—Effect upon breakage of number of t_z‘nwé bottleg are handled

Qlezs hroken per
1,000 bottles hane
disd
Amauzt of handliog Plants | Bottes
Total Taotal

befors plant
washing' breakege

Number|. Number | Pounds | Pounds
Group 1: Flants which had considershls bandliog of bottles .. 22| 48, I56 R 18.7
Group 2: Plants which had very Lttle handling of bottles. . .....] 1B 17 a4 1

i It will be noted that the total plant breakage in Group 1 was

: 7.6 (16.7—9.1=7.6) pounds {or 83 per cent) greater than that in
Group 2. The largest percentage increase between the two groups
at any one point occurred before washing, where the amount of
handling was greatest. At this point the breskage in Group 1 was
3.6 pounds or 106 per cent greater than that in Group 2.

(gxe way in which bottles are broken in handling is shown in
Figure 2, A. In stacking cases some men rest the case on its front
edge «, on top of the stack, with the rear side raised at & wide angle.
The man then lets go of the case, letting it flop into place. This
flopping through a wide are, b, and the subsequent jolt often cause
the bottles to strike sidewnys forcibly emough to crack and break.
As cases of filled bottles come down with a hard jolt—and bottles
filled with milkk will strike more forcibly than empty bottles—even
greater care should be exercised when stacking filled cases. A quart

ottle of milk weighs 3.7 pounds, and a filled case between 40 and
65 pounds, so even g short drop may break the glass.

The tendency for empty bottles to break when cases are allowed
to flop over in stacking (as in figure 2, A} is also greater when the
bottles are inverted in the cases, as at planis where in-the-case
washers are used and the washed bottles are stacked for cooling be-

: fore being filled. Some bottle cases do not prevent bottles from

; striking together when they are inverted in the cases, and frequently

' bottles are crivked if the cases are not handled carefully when
stacked.

Figure 2, B, shows 8 man stacking cases carefully. He is holding
the case of bottles in & nearly level position as he sets its front edee
down on top of the stack, ¢. If he then lets go of the case while
it is in this position its rear side will drop onfv an inch or two at
most, and in a nearly vertical direction, without flopping and with
only slight jarring of the bettles,

COMPARISON OF BREAKAGE WEEN DIFFERENT STEM.
WASHING AND FILLING BOTTLES WERE Ugg}D S OF

A stu(%iwas made fo compars the effect which the direct, indirect,
and semidirect systems of washing and filling bottles had on break-



http:plants.in

. ol -the - the - tndfmmwhmhthey

e gn dueetly tothe ﬁllnrs. With the mdmact stemi ‘the bottles. are.
AR '_washed in-the: cuses in & pressure-washer and then stacked: for cool-
' and later they are down from the stacks and transferred . -
e ti:a fillers. . The seniidirect system ig similar to the indirect, with - -

: _-"3 tho exeeptlon ﬂaat the bottles are cooled by Sprays of eold wa.ter in

E‘mun 2Two t atacking cases ot bottles. In A the rear side of the case will '
Bop through a wi mandbodl teru:tedorhmten inBthebottlum
wlgh rough handling ave lesa likely | to get cracked or broken :

' passmg throu agllxl the machme and move directly to the ﬁllers from
bottle w. A comparison of the bren.kage in these ‘three
sysbems is shown in Table 18. .

Timm lﬁ—Bmakaw of bottles in milk plants weing tke direct avatem a8 com-
. pared with fhe ind:reot ond

' Broken :
1,000 Tan ‘;_Bmkagnat

81726—3%..—2




18 TEOHNIOAL BULLETIN 280, U. S. DEPT. OF AGRICULTURE

The average amount of broken glass taken out at the discharge end.. .

of the washer .and at the fillers was 5.8 5 unds per 1,000 bottles
handled where the direct system was used, 88 compared with 7.8
pounds in those plants using the indirect system. . This latter break-
age is 34.6 per cent greater than that at the plants using the former
system. o breakage at the discharge end of the washer plus
breakage in the §llers was 57.4 per cent of the total Elant breakage in
the plants using the indirect system, whereas the breakage at these
points was only 49.2 per cent in the plants using the direct system.

The high average Ereakage at the discharge end of the washers
“plus breakage at the fillers in plants using the indirect system was

oubtless due to the greater amount of handling of bottles required
for stacking and taking down from the stacks and the lack of
proper temperature control. The bottles washed by the semidirect
‘system, being cooled in the machine, were frequently subjected to,
wide and rapid changes in temperature, which caused temperatire’
cracks. Furthermore, the bottles were often subjected to bangs and
jars as the cases passed through the washer, traveling on the con-
veyor to the filler, and in removal from the cases for filling.

any of the washers in plants using the indirect and semidirect
sEstems had been in service many years, and on many of the machines
the thermometers were either broken or inaccurste.

In plants using the indirect system the bottles were not cooled
in the machines, as ir plants using the semidirect system, but they
kad to be stacked for cooling, and this extra handling, especially
while the bottles were hot, tended to cause breaksage.

At one plant using the indirect system the hot bottles were stacked
for cooling in a room with z low ceiling. Exhaust fans were in-
stalled to draw out the hot air and hasten the cocling of the bottles,
The cold air passing over and close to the bottles caused bottles fo
crack. At another plant with a low ceiling in the stacking room,
a spray of cold water was used to finish cooling the bott%es just
before they went to the filler. A considerable proportion of the
broken bottles taken out before going to the fillers had been cracked
sesmingly by temperature changes.

The breakage due to stacking hot bottles was partly due to the
bottles being inverted in the cases. Cases are designed with cross-
pieces spaced primarily to keep bottles from striking against each-
other when upri%ht in the case. In planis using the in-the-case
washers, the bottles were placed in the case upside down, and often
the cases would not prevent the bottoms of the inverted bottles in
them from striking together and cracking when the bottles were
stacked for cooling.

The chances for hot inverted bottles to strike together with suffi-
cient force o break them is greater in plants where the cases are
stacked higher than the men can reach easily.

EFFECT OF TEMPERATURE ON BREAEAGE

With the direct system of washing and filling bottles, at some
plants high temperatures are used to kill bacteria, while at other
plants chemicals are used and the temperature of the rinsing water
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- is lower. - Usually fewer bottles are broken when the temperatures

are not 50 -high or the temperature changes so great. o :
At nine plants the treatment to kill bacteria was changed. from
heat treatment to chlorine treatment. Records were obtained on the
breakage at these plants before the oo was made and after it
was made. Table 17 shows that seven of the nine plants had less
breakage after changing over to the chlorine treatment. The total
decrease for all of the seven plants was 1,921 pounds per day, which
is equivalent to a total yearly decrease of 701,165 poung.s, Or approxi-
mately 539,196 bottles, This number represents an average annual
saving per plant of 77,028 bottles.

Tasie 17.—Breakege of boitles in nine milk planis when using heat irealment
- ond when uging chiorine Irestment 0 kill baoteria

charge end of wnsher Pinnt breaksgoe per Diffgrance in plan
. and at Biler, par 1,000 | 1,000 bottles hangxe_ed bma?asa? t
Bottlss bottles handled :

Piant Mo, herdisd
dally
Hest | Chlorine | Heat | Chlorine | Bor 800
treatmant | treatment | treatmant | treatment bottles | Per day
hazndled
LPaunds Pounds FPounde Pounds Fpunds Pounds
82 i %] 12.6 8. -8 1 —264
6.4 10.6 2%5.48 8.9 . —-7.0 -—324
4.5 42 13.8 e -17 -—G5
8.8 3.4 3.0 45 —4 5 =215
3.0 24 8.6 it 8 —2.2 —221
5.3 8.5 123 28 +05
7.8 51 2.9 2.4 —LE —123
T4 priN. 18.5 4.0 =+& 5 4325
'N] 1.4 25.6 18.1 ~§.5 —713
Total far plants showing d -
Total for piatts showing increase 4351

1 Tt jg not axxined that this difference was entirely dus to the change from hest treatment to chilorin
treatment, with lower temperntures, but this change wea one of the important factors, i

Although these nine plants effected savings in different ways at
different points in the plant, the use of treatment with chlorine

- solutions In place of treatment with hot water spparently reduced

the breakage due to sudden changes in temperature in most of the
plants. When these plants were using the heat ireatment, they
treated their bottles with hot water at 180° F., or higher, and then
cooled them down quicldy to 45° or below before filling. Cooling the
bottles so rapidly over sich a wide range of temperature put them
under a stvere strain. When there was a change In the pressure
of the steam used to heat the water, or in other conditions which
caused sudden changes in the temperature of the washing, treating,
or cooling water, many bottles were cracked before the proper tem-
peratures could be reestablished. '

EFFECT OF CONDITION AND TYPE OF CASES ON BREAKAGE

The function of a case is not oniy to hold up the weight of the
bottles and contents but also to cushion the boitles from jolts and
jars. Worn cases oftentimes failed to protect bottles against break-
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age. In stacking cases, sapging bottoms cause breaksge by per-.

mitting bottles to strike the tops of bottles in the case benesth.
Sagging bottoms are especially hard on filled bottles, both in stacking
cases and when the cases travel over conveyors not in good condition.
A worn case with a sagging bottom might have encugh resilience left
to carry empty bottles over an uneven conveﬁor without-their strikin,
on the rollers; whereas filled bottles, especially the larger sizes, woul
receive blows hard enough to crack them.
Various ft-.{yl;w:s of cases uised also differed somewhat in the protec-
. tion they afforded bottles against striking each other sideways. The
yspieces should protect bottles from cracking or breﬁ{'m by
zmﬁng shocks instead of transmitting them. In some ki.ngs of
cases, this cushioning effect on bottles was effected by the position
and number of cross wires or pieces between the bottles; in others,

by metal crosspieces shaped to cushion the bottles against blows;

and in still other cases, by wooden crosspieces with grooves for the
bottles. However, as a rule the condition of the case seemed to have
more effect than the design of the case in protecting the bottles from
breskage. :

Protection of bottles from breaking is as important a function of
a case as is that of holding bottles for ease in handling. But through
wear or rough hendling, cases frequently failed to protect bottles
adequately, long before their condition made it impossible for them
to hold bottles. In many plants breakage of bottles in the cases
was due in large part to the common practice of not repziring or
discarding & case until the handles broke out or until protruding or
bent wires obstructed the movement of cases on conveyors. '

Sharp curves on conveyors wore the cases on the corners. Also,
moving filled cases around shal:ip curves, and the practice common in
some plants of throwing and dropping cases so they landed on an
edge or corner tended to force some ot the cases out of shape. Al-
though many of the cases were well designed and constructed, they
could not be expected to properly protect the bottles and contents
under this kind of rough treatment. '

BREAKAGE IN MILK-STORAGE ROOM

The brenkage of filled bottles being transferred from the fillers

to the milk-storage room and being handled in the milk-storage room,
has been mentioned previously. (See Tables 7, 8, 12, and 14.) The
amount of glass broken in these operations, as taken out in the milk-
storags room, is reported here separately becsuse of its im ortance.
Breakage of bottles at the fillers and in transferring to and handling
in the milk-storage room resulted in the loss of at least a part if not
all of the cortents in addition to the bottle itself. Even when the
contents were not entirely lost, additional expense and labor were
required to handle the milk. The breakage due to these causes in
116 plants are shown in Table 18.
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Tanixe 18.—Range in breskape of botiles in milfc-:stomgs room in 116 planie,
in pounds of broken glass per 1,000 boltlas handled, showing the low break-
age in zome planis as compared tith othera -

Range (pounds} Plants ERangs (pounds)

5 or Tesa,
1.0

. 15

R 2

2.
3

I Thers wers no plrnts fatling within the ranges of 41 to 5.0 pounds, and 5.8 to 7.5 poundsa,

At 64, or more than half, of the 116 plants the breakage did not
exceed 1 pound per 1,000 bottles haandler}j ; at 33 it ranged between 1
end 2 pounds; at 11 it was 2 to 3 pounds; and at 8 1t was 3 to 8
pounds. Of the 64 plants with low breakage, 37 were in the group
where 1t was 0.6 to 1.0 pound, and 27 plants were in the group
where the breakage was 0.5 pound or less; moreover, in the latisr
group there were 3 plants which had only 0.1 pound of breakage, 5
which had 0.2 pound, and 8 which had 0.3 pound. These facts show
that with the exercise of reasonable care 1t is entirely practical to
have a low breakage in the milk-storage room.

In one plant the low breakage in the milk-storage room was at-
tributed fo the plant’s having plenty of floor space, so that it was
necessary to stack the cases only six cases high, Stacking six cases
high for quarts and seven cases high for pints made it easier to stack
the cases and to take them down, and low breakage resulted. In
some plants, during the rush of loading out in the morning, the men
had to work fast and where cases were stacked higher than & man
could reach conveniently, accidents caused considerable breakage. .

COMPARISON OF NUMBER OF BOTTLES BROKEN:- BY SIZES

At 69 plants the breakage of bottles of the various sizes was kept
separate. The order of the breakage by sizes of bottles, expressed
in number of bottles broken per 1,000 hottles handled, is shown in
Table 19.

TaBLE 18.—Order of breakage of bottles by sizes ot 58 planis

Order of bregkage

Quarts, jara, pints..
Jars, gooris, pints_.
u&TLS, pints, fams,
1nts, qQuarts, lars.
Jarg, plots, quarts_....... -
Plots, jars, quarts. .. .___.._.

Taotal.__. -

! By order i3 meant the highest, second highest, sud third highest numbar of botties broken per 1,000
haadied; for example, '*Quarts, jars, pints'* means that the breakape of quart bottles was the highest and
tke breakaga of pint bottles was the fowest,
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It will be noted that the most common order was (1} quarts, {2)
jars {bottles less than 1 pint in size), (3) pints; and the second
most common order was (1) jars, (2) quarts, (8) pints. The order
(3 pints, (2) jars, (3) quarts was the least common, there being
only two plants in this group.

For all 69 plants the average breakage of bottles by sizes was
highest for quarts and lowest for pints. The average breakage of

- quarts was 9.6 bottles per 1,000 %uart bottles handled; that of pints

was 7.2 bottles per 1,000 pinis
1,000 jars handled.

As before stated, this study was made in selected plants with
different layouts and systems in order to show the effect of plant
arrangement on hreakuge of bottles; therefore, the average break-
age for these plants can not be said to represent the average break-
age for all plants. However, the data presented in Table 19
roughly indicate the relative breakage of the various sizes of
bottles at the average plant, The data indicate that as a rule the
breakage of quart bottles usually is the highest, and that more jars
will be broken in proportion to the number handled than pinés.
Usually a quart bottle will break easier than a smaller botfle when
subjected to the same blow. Furthermore, in the bottles that were
examined, more femperature cracks were found in quart bottles
than in the smaller bottles. ILikewise, pint bottles grobably will
break more easily than half-pint bottles when subjected to the same
blow. The small-sized bottles (one-half pint, one-third quart, and
one-fourth pint) are, however, subjected to more blows and strains
in the average milk plant than the larger bottles {pints and guarts).
When cases are traveling on gravity conveyers or on escalators, the
smaller bottles are bounced out of the cases more readily than are
the larger botiles. While in the washing machines, the smaller
bottles tend to receive more jolts and blows than the larger bottles,
as these machines are designed primarily for bottles of quart and
pint size, At the fillers & large proportion of the small-sized bottles
are filled with cream, and in %ottling cream small bottles sometimes
stick to the valves of the filler after the valves are released and get
Enocked off the bottle carrier. Also, the smaller bottles, on account
of their small diameter, show a greater tendency to topple over and
slide off the bottle carriers of the filler. This tendency is aided by
leaking valves, which permit cream to escape on to the carrier or
platform of the filler, thereby causing jars to slide off the carrier
or platform as it is raised to bring the bottles into contact with the
valves for filling.

andled; and that of jars, 8.1 per

BREARAGE IN SMALL PLANTS

Conditions found in small plants were frequently different from
those observed in medium-size and large plenés. The breskage in the
23 plants handling fewer than 10,000 botties daily is shown separately
’i‘ro}ﬁx t;l(&]) breakage in the 121 plants of medium to large size in

able 20.
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- Tamm 20—Coniparison of the breckage of gisss at different pointx in large
C ' w  versis small planis )

 [Breakage Is shown in ntanber of ponnds of broken glass per 1,000 bottles handled] -

i

proataebafore wang: (o
At recelviog pletioom, Incinding treaksge of boitlss resniting trom
nn]mdln‘f wigons and dumping returned mitk
At tesd end of washer :

~ "Total
Breakage in washi q filling:
At discharge on :?waaham
At Allers : _
Total in washing snd fling...-

Breaksys in mDk-storege room, including o transf flled
botties to storage, staaking, snd Jooding oat 8t Sheckingant platiorm ...

Total plant breakage

The average breakage in the 23 small plants was 7.1 pounds per
1,000 bottles handled, or nearly 43 per cent less than the average
breakage for the medium-size and large planis. The figures for
the breakage in different parts of the plants show that small plants
broke fewer bottles at all points than the medium and large plants.

Low breakage depended more upon the arrangement of the plant
and the kind and condition of the equipment than upon the size of

. the plant. However, plants hapdling a small number of bottles were
more inclined to have plant conditions favorable to low breakage
than was always possible in plants of medium or large size. For
example, many of the small plants, becanse they were small, had the
feed end of the washer located oniy two or three steps from where
the wagons were unloaded. The botties were stacked close to the
washer and neither conveyors nor other equipment was required to
move them to the washer. In small plants, as a rule, bottles did not
travel as far as in larger plants, and the number of feet of conveyors
or other equipment to keeg in condition was less. In small plants,
the manager or superintendent, in addition to supervising the opera-
tions, frequently worked with the other employees, and ﬁ employees
would naturally exercise more care. Small plants handled fewer
bottles and consequently when a bottle was broken it was more
noticeable and not regarded as a passing incident as breakage was
sometimes considered in some larger plants.

WEEN IS BREAKAGE HIGH OR LOW?

Various factors may affect the amounts of breakage. Some of .
the more im]i)ortant factors which have a direct effect on the quan-
tity of glass broken, as previously brought out, as are follows: Gen-
eral arrangement of plants; arrangement of equipment in plants;
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types of equipment; care and condition of equipment; changes in
temperature to which bottles are subjected, care in handling bot-
tles; and the quality of the glass of which the bottles are made.
The total plant breakage showed the combined effect of all these
factors. (Table 21.) . :

Tante 21.—Claesiflodtion of I2I -mitk plants aqocerding fo nimber of plants
. falling within the verious ranges of total plant breakage

Namber of plants having & breakage per 1,000 bottlss handled ot—

8 nopndg! SLite | Tl to [M)to|13.1to | 161t0 | 103 ¢n
FopE v I {13 |18 2
poundsipounds] ponnds | pounds| pounds; pounda

Numpber of piants .- 4 38 2 2 20 18 L]
Averags pounds hroken, | L% a1 8.5 jiN ) 4.5 17.4 2.1

In 41, or 84 per cent, of the 121 larger plants studied the average
bréakage did not exceed 10 pounds. Thirty-four other large plants,
or 28 per cent, averaged between 10.1 and 13 pounds. Therefore, in
75 plants, or 62 per cent of the 121 planis, the plant breakege did
not exceed 13 pounds per 1,000 bottles handiad.

At these 121 plants, on an average, 39 per cent of the total break-
age in the plant occurred before washing. Fifty-two per cent of
the broken tﬁ}ass was collected at the discharge end of the washer
and at the fillers, and the remaining 9 per cenf of the breakage was
taken out in the milk-storage room. Breakage from chipped bottles,
as & rule, was not included in the above figures for plant breakage, -
because most of the chipping occurred while thke bottles were away
from the plant. As stated on page 2, the breskage from chipped
bottles amounted to about 25 per cent, of the total breakage, am? the
breakage in the plant represented the remaining 75 per cent.

COMPARISON OF TWO MILE PLANTS

A medinm-sized plant, called giant 321 in this study, was an old,
poorly arranged plant which had been enlarged one or more times,
Another plant, 826, was a new, well-arranged and well-equipped.
glan3.4 The floor plans of these two plants are shown in Figures

and 4,

In plant 321 many of the conditions prevailed which had been
found to cause high breaksge of bottles. Plant 326 had mdst of the
featlllres which were found to contribute to keeping the rate ¢if break-
age low, _ _

Plant 321 handled 42,287 bottles daily. The plant breakage aver-
aged 27 pounds per 1,000 bottles handled. The poor arrangement
of this plant was due in part to enlargements which had been made
in order to increase capacity.

The high breakage was due to & number of conditions, some of
which are apparent from the plan shown in Figure 3. The bottles
had to travel longer distances in all parts of the plant than would
have been necessary if the plant had been woll arranged. Traveling
long distances does not necessarily cause bottles to break if they are
moved cerefully and with & minimum of hendling.
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AN Om. POOBLY ARRANGED PLANT

-In this plant there were long lengths of gravity coriveyors without
control, g.‘hm - permitted cases to bang against each other. For
example, after being uuloaded from the wagons, the cases of dirty
bottles traveled down a fairly stee avity conveyor, frequently
striking the cases at the lower end of the comveyor., Also, every
case had to be taken off the conveyor and stacked before washing.
The broken glass taken out before washing amounted to 9.3 pound:

per 1,000 bottles handled. . :

In this plant the bottle-washing room was separated from the bot-
tle-filling room by a can-washing room and a covered yard. Instead
of heing moved over continuous power conveyors controlled by
switches, as in séme plants where bottles are moved long distances,
the cases of cleair boftles were moved over gravity roller conveyors
without control. * Two separate boosters were required to move the
cases of clean botiles through to the filling room, The conveyors
were old and not in good repair. Also, turns in the CONVEYOIs

MILK-STCRAGE ROOM

————— CAN-WASMING ROOM

cates N  GONvETOR

H LONLAED
TARD

PLATIO-AN

ACTURNED
HILK

Wu BLACE WNERE
MEN WOAX

FLATFORM

Y DRIVEWAY

Fieorn 3.—Floor plan of an old, poorly arranged milk plant whick had been enlarged
. ,one or move tmes

lﬁindered the continuous and smooth movement of the cases of hot
ottles.

An in-the-case washer was used, and the hot bottles had to travel
by conveyor from the washer room the full length of the can-washing
room and into the filling room. Here the cases were stacked on
trucks and allowed to cool before being filled,

The 12.4 pounds of breaksge at the discharge end of the washer

and at the fillers was due to the extra handling required by the in-
direct system of washing and to the long distance the bottles were
conveyed over gravity conveyors in poor condition, which was re-
sponsible for much bumping and banging of cases. Tempersiure
clrlacks caused in washing represented part of the large breakage at
this point.

The milk—stora%t]abmom was irregular in shape and so located with
reference to the filling room that the filled cases had another long
distance to travel. The breakage of 5.8 pounds of glass in the milk-
storage room shows the effect of the long, poorly arranged gravity
conveyors, and extra handling. Thess conveyors were not Kept in
good repair. The filled bottles traveled into the milk-storage room
1n one direction and then completely reversed the direction by mak-
ing & U turn and went out of the milk-storage room over & puth
parallel to the path of entrance.
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' Furthsimore; at some places ini tho railk:-storage Foom the conveyer L

was not located conveniently, and at thesa places the men had to cagg

the ‘cases of bottles by.hand. some distance to stack them snd back

to the convayors-fﬁn_in when loading qut.. . L LT
The amount of handl )}a

‘than in well-arranged and . well-equipped. plants.. Every cass of

ing of bottles in this plant was much greater |

" empty dirty bottles had to-be- stacked or handled before it went to'

the washer. After being washed the cases of clean boftles were han.

- dled three times in the filling room, once in being stacked on trucks® .

for cooling, again in being removed from the trucks, and a_third
OIRTY-BOTTLE TORAGE

TO ATACKS OR TO WASHERS  o—p

n o

DIRTY-BOTTLE STORAGE

BOTTLE WASHERY

ML K- .
TORAGE ROOM BOTTLE WASHERS

BOTILES STACHED
HEAR CORVEYORS

CASE WAAHER

auT oA 10
STACKS

DIATY-EDTYLE ATQRAGE

i
=3
£
-3
3
-+

ﬁ@? PLATFORM

[rr—— BOTTLES 1N g X

MILK s'ﬂ;l!lﬁt TO WAGONS ' DIRTY BOTYLES FAOM WACONA TD \UMI_(:RS
Fravss 4.—Floor plan of a well-arranged and well-eqalpped milk plant

time in being inverted on the filler table preparatory to being filled.
Also, considerable handling of cases was necessary in the milk-storage
Toom. : ' .

A NEW, WELL-ARRANGED PLANT

Plant 326 handled 44,208 bottles daily. The total plant breakage
was only 9.7 pounds per 1,000 bottles handled. The floor plan of
this plant is shown in Figure 4. This plant and plant 321 were simi-
lar in one respect—both plants checked 10 the dirty bottles and loaded
out the filled bottles on the same side of the building. But the two
glants were different in many other respects. This plant occupied -

ut little more floor s%aoa than the other plant, but it was ¢o ar-
ranged and equipped that it could handle more than twice as many
bottles, whereas plant 821 was already operating above its normel
capacity. 'These two plans show the-importance of plant arrange-
ment in getting the largest outégub from the space and equipment .
_provided, as well as in keeping the bottle breakage at a low point.

In plant 326 the cases of empty dirty bottles were unloaded directly
onto s constsntly moving conveyor which moved them siowly but
‘contipuously. The bottles were moved carefully and were not jolted

*The botties were stacked fn an Inverted osition iu the cases.




nor banged: together in the cases, as they frequently are when cases
racy down a conveyor and strike the line of cases neac the lower.end - -
of the conveyor. :Electric switches were located af convenien. points - -
$o-that the conveyors could be stopped at any time. Most of the dirty. -
«" bottles ‘went - directly from thé wagons to and through the washers,
- the-only bottles stacked being those received before the washers were.

<. started, and the surplus bottles.

S Thé"imtt_.léé- were ‘washed in sosker-type 'whshemr and txafelod di-

L rectly to- the fillers ‘gver mechsnical conveyors.” The filled bottles . -

" Were then pl

: ced in cases and conveyed ‘over powsr conveyors di-
~ rectly to the milk-storage room. L g

- The average breskage at the discharge end of the washers, plus:

- breakage at the fillers, was 4.0 pounds per 1,000 bottles washed, as
- compared with 124 pounds in plant 321, where the bottles were
“washed in an in.the-case washer and the hot bottles were moved over
uxicontrolled gravity conveyors in poor condition, to the fillingroom
and there transferred to trucks, where they remained stacked for
cooling before being filled. . . -
. SUMMARY '

The bottle breakage in the plants studied depended to a large de-
gree on the plant arrangement and on the equipment used.
- Chipping of hottles caused many bottles o be discarded. A large - -
. proportion of this chipping occurred on the routes and especially on
‘those routes having wholesale deliveries. : E
. The size of the plant, in itself, was not a factor in the amount of =
reakage, . ' ' : :
Thez%; was little relation befween the distance the bottles traveled
in the plant and the breakage. - ' '
There was & close relation between the number of transfers from
- floor to floor and the amount of breakage. Where the bottles were
sent to an upper floor to be washed, both the breaksge before wash-
ing and the total breakage were greater than where the bottles were
washed on the ground floor or in the basement, if in the latter case
the bottles were delivered to the ground floor by the washer itself.
As a rule, at plants where bottles were moved to the basement to be
washed the breakage was greater where gravity conveyors were used
than where the transfer was made by power-controlled conveyors. -
. Where the filled bottles were transferred to the milk-storage room
on a floor below, the breakage in the milk-storage room was greater
than where both the filling room and the milk-storage room were on,
the street floor and there was no transfer between floors. ‘At the
plants which had the milk-storage room on a fleor below the filling
Toom the breakage was greater where the transfer was made over
. ‘sfraight or spirsl gravity conveyors them whers the transfer was
- made over power-controlled conveyors,

Both the breakage before washing and the tofal breskage were
greater where trucks were used to transfer the botiles from the
checking-in platform to the washer than where conveyors were used
to make the transfer and there was & minimum of stacking of the.
~ bottles. Where the bottls washer was located close to the checking-in

- platform the breakage was less than where conveyors wers used. At -
Elants_ so arranged that there was & large amount of stacking of the
ottles from the conveyors, the breakage was greater than st the

- plants at which the bottles were transferred by frucks.
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When'cases of bottles were transferred for considerable -distances
.on conveyors, the breakage was greater at the plants usin'%[gravity
conveyors than at those where power conveyors were used, - However,
‘where gravity conveyors were used, if these conveyors wore equipped -
with automatic stops st points where Jamuming of cases was most
likely to occur, the breakage was 2s low as where power conveyors
were used. Steep inclines and sharp curves on gravity -conveyors
tended to result in higher breakage. The breakage was greater. at
the plants where gravity conveyors were used to move the filled
bottles considersble distances to the milk-storage room than where
- power conveyors were used. - S '

Where the conveyors were mstalled so that they were convenient
for the men the breakage was less than where they were not con-
venient. The effect of convenience of conveyors on breakage was
particularly marked at the checking-in platform and in the stacking
room for en:gt_y bottles. o :

Keeping the conveyors in the milk-storage room in good repair
and well lubricated was an important factor in holding down the
breakage at that point. . :

Plants so arranged or so eci(uipped that much handling of bottles
was necessary had larger breakage than did those plants so arranged
" that only & minimum amount of handling was necessary.

At plants using the direct system of washing and %.mg bottles,
both the total breskage and the breaksge at the discharge end of the
washers and at the fillers were less than at the plants using the in-
direct or semidireet systems. The breakage with the semidirect sys- -
tem was greater than with the indirect system. ‘
l; W]ide and rapid changes in temperature were important factors in

reakage, .

Worn cases with slack cross wires and sagging bottoms caused
some breakage, especially in plants wherve the handling of cases,
either by equipment or by men, was rough.

There was considerable variation in the amount of breakage in the
milk-storage room. Many plants, however, had comparatively low
breakage at this point, indicating that it is possible for a plant to
33 go arranged and equipped that breakage at this point can be kept

OWL.. . .

The relative amount of breakage of bottles by sizes was in the order
of quarts, jars, and pints. : ' '

In the small plants studied the breakage was, as a rule, lower than
in the large plants. This is attributed fo the fact that plants
handling fewer than 10,000 bottles daily do net require an elaborate
system for transferring bottles from piace to place, and conditions
v;lhich tend to cause high breakage are not so likely to be present in
them, ' ' :

Although the human element is an important factor in any plant
operation, and this is especially true in regard to care in bhandling
bottles, it has been found t-ha:;u}.ﬂa.nt arrangements and types of
equipment have an important influence on breskage of bottles, and
the above factors were found to be the most important.
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