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Technical Bulletin No. 1088 - July 1954
U. 8, DEPARTMENT OF AGRICULTURE

Home Washing Machines—Operating
Characteristics and Factors Affecting
Performance’

By Exip Sarer Ross and Karurnine Tavss, houschold cquipment specialists,
and Dorotny SKiNNER GREENE, formerly howsehold cqutpment specialist,
Howme Economics Research Branch, Agriculinral Research Service®
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PURPOSE AND SCOPE OF STUDY

Since World War 11, many new models and designs of home washers
have berome available; some, particalarly among the autoinatics,
are rachically different from those of prewar years. Prospective
bayers are interested in the comparative performance of automatic
and nonantomatic washers, in the amount of water needed by auto-
matics, and in the effect on fabrics of the various types of washing
mechanisms.  Those who have already bought machines are seeking
information on how to use them to obtain the most satisfactory
washing results,

1Submitted for publication December 1953.

zAcknowledgment is made t0 Paul G. Homeyer, Towa Siate College Stabis-
tical Laboratory, for assislance in the stalistical work, and to the following for
contributions in various phases of (he investigations: Marilyn Girlon Tisher,
Hornoselle Jarvis, Nada Paole, Isabelle Marron Bhirley, and Mabel Steriing.
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‘To obtuin technical information as a basis for the preparation of
buying guides and directions for efficient use and care of washing
machimes, a study was made of the operating characteristics and of
some factors affecting the performance of automatic, nonautomatic,
and semiantomatic machines typical of the designs on the market in
the Jate 1940%. The study included the following:

1. Comparison of the soil-removing abilify of the different
kinds of washers—automatie, nonautomatic, and semiautomatic—
and of the different fypes of washing mechanisms—agitator,
modified agitator, agitating basket, and cylinder.

2. Determination of the effect of certain factors in the washing
process, such as weight of load, soaking, temyperature of wash water,
amount of detergent, washing time. method of water extraction, and
temperature of rinse water, on scii removing ability of washers.

3. Effect of different types of washing mechanisms and water
extractors on breaking and bursting strengths and dimensional
changes of some selected fabrics commonly believed to be adversely
affected by mmechanieal action.

REVIEW OF LITERATURE

A review of the literature on home Janndering equipment and pro-
cedures for its use revealed lack of agreement in recommendations and
omission of supporiing datn. This pointed up the need for morve"
research using standarvdized testing methods and techniques.

Snyder and Brunig in 1931 (27) 3 reported that gyvator * machines
caused the Teast wear on fabrics studied, and dolly machines the
most. They found that soiled samples we.hed in gyrator machines
reached maximum brightness in o shorfer time than in other types
(cylinder, vacuumy, and dollv). They alse veported hetter soil re-
moval with water of meditnu temperature (about 12i3° F.) than with
higher or Jower temperatures. and observed that the optimum load
for each machine, helow or above which poorer washing resuits, was
not always the load recommended by the mannfacturer.

Rolerts (20) studied the efficiency of the home laundry, giving
special attention to temperature and methods of washing,

Peet and Johnson {75} investigated cleaning action of washers in
relation fo design of tub and agitator, nsing artificially soiled cotton
sheeting as n test material and measuring soil removal by light refleat-
ance as determined by a reflectometer.  Their stndy indicated a need
for manutfacturers to correlate the size and shape of tub with the
speed and angle of oscillation of the agitator.

Potfer {19) compared the washing ability of different types of wash-
ing mechanisms and investigated several factors affecting the washing
process. He reported the underwater gyrator machine first in wash-
ing ability in a group including alse vacuum-cup and eylinder types,
recommended 150° I, water for washing. stated that it is possible
to wush clothes too long, and cautioned agnrinst overloading the
machines.

* Ttalie numbers in parenthicses refor to Literntire Cited, . 38.
* Gyrator mechanising arce now eatled agitalors.




HOME WASFIING MACHTINES
WASHERS STUDIED

The 19 washers selected for the study here veported were repre-
sentative of the different types on the nurket at the time the study
was starfed——automatic, semiautomatic, and nonautomatic—and of
the diffexrent kinds of washing mechanisnis agitator, modified agi-
tator, agitating basket, and cylinder,

Certain design and operating characleristics of the washers nsed ave
sommavized in table 1.

The manufacturers’ ratings for size of load for the washers, with
one excepfion, varied from § to 10 pounds of dry clothes. One washer
was rated at 18 pounds.

Water capacity of the tubs as measured in the lIaboratory ranged
from 6.5 to 20.5 gallons. The amownt of hot water per load required
by an automatic washer depends on the water capacity of its tub,
temperature of the water supplied. and temperatuve of the rinse water
used.  The rinse eycle of most of the washers studied used water of
approximately 100° I'.  Some used vold water, ag shown in fable 1.
With water from heaters set at 150° to 160° F., the quantity of hot
water used by the 11 automatic washers studied ranged from 13 to
39 gallons per cycle.

According to manufacturers’ specifications, activations per minute
for the washing mechanism of tle machines studied ranged from 4t
to 300, and spinner water extractors ranged in speed from 272 to 1,130
revolutions per minute.

Laboratory tests to mieasuve the ellectiveness of the machines in
removing water from clothes showed that the water left in the clothes
wfter water extraction inereased their weight by an average of 93
percent for wringer machines aud 83 pereent. for spinners.  The range
for all machines was from 46 to 134 percent.

EXPERIMENTAL PROCEDURES S
PreEFARING ARTIFICIALLY SoIm.ED FABRICS

‘Though no two workers have reporied identical procedures for test-
ing domestic washers, most workers have used arvtificially soiled eloth
rather than naturally soiled clothes for measuving the cflectiveness of
the machines in removing soil. Naturally soiled clotlies vavy trom
weelt to week among families and individuals, muking it impossible
to contrel the nature, degree, and age ol the v0il deposit for scientific
testing..

In this study the fabric used for soiling was a bleaclied cotton sheet-
ing 45 inches wide, 105 yarns to the inch in warp and 91 in (illing,
weighing 3.9 ounces per square yard—the type of fabric previously
used for soiling in a study of detergents by Furry and associates (7).
The fabric cut into strips 204X 12 Inches was degreased and desized
by an adaptation of the method outlined in A. S. T, M. D629-4671" (7).

® More dotaited deseription of teehnigues of cxperiwentation in mimeogeaphied
form are avaeilable to resenreh workers on request.
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Tasre 1—Design specifications and performance characteristics
of 19 washers

Agitater Moior
Load

i Washing | (manu-
Munufacturer’s | with o | facturer's
rating C--;])au({:d ratlng)
G

Type of washer apd mech- | Tob di-

: . -
Bnism amelel pimetert Fins

Avtomatie: in, Amp,
A Apitator . 114n R L 7.5

B Aglitnter ... .. ... 13 i 3 FAY

G Agitator .. 134s

i 1i134q
Aghtator ... ... . EIEH i1k
Agitater ... ... ... | 2% 11154,
Aodified ngititor . 19134g) .
Aglitating tosker . | x|
Crlinder = 253§

1 Crlioder r 1094

K Oxliader.. . ... ... _.. [LiH

Zeminutomabie:
L Agitator, . I 19554,

Nonautotnatio: i
M Agister. ..o Ll 1134

N Agitator .. . i 131345
U Agitator

Agltnlor |

Agltator

Agltater_.. .. .. ...i ®A b e

Aglator . . . L s 15
. i

Sce fogtnotes ot end of table,
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Tante 1—Design specifications and performance characteristics
g sp 7
of 19 washers—Continued,

. | .
Wuder for eyele ! Activations or | 4 .
: : ravolutions per ‘\L%::i’m?

Cyelot minute ol clathes

'
Type of washer and !
:- Hol ; after ox-
.l i

mechanism |

Wash | Spin traction

Pel.afdry
Automatie: . N, weight
A Agllnlor.._..._ .. .. E Wish, warip spmy, eolil spray, } 8h
cald overflow ringe,
B Agilator. . : Whash, overflow  rinsy;  fved 50
evelealter wash, -5
Apitalor, - Wash, 2deep rinses .. ... } .- 132

Apbietor. ... Wash, 4 sprays, | deep rinse, 2 3 a0 g2
SPTLYS
Apitator. .. ! Prowash, wash, vileepeinse L 1,100

Apliaigr i Wasl, 4 sprays, 1 deep rinse, 2
BpEMYE,
Alodied ngitalor .. Woaslh, 2decprinses . .

Apltating boasket .__ Wash, 2 deep rinzes

Cylinder ... ____. 7 Prewash, wash, Sdvep rinses

Cylinder ; 3| Prewash, wosh, spry, 2 leep
rinses,
K Cylinder e oo, Wnsh, 2 dloep rinses; fived oyele

Semloutoinatie:

L Agitator.. . ...o..... 2 As seleennd by operatur; mano-
' fagturer  reeomimends 10+
minule agituted rinse fodlowmi

by +-muinute overflow rinse.
Noneutomotie;
M ApMator ... ...

N Agitater, ...

O Apltator.......

T Agltator
Agllater. . ... ..

Agitator. ...

Agitaloer. ___ |

1 AN rutoinabie washers huve spinners for water eximetion exeept O, wheeh hasa collapsibile taby; ehe seni-
mafomatlc hes a spinner; all nonagiematies have wringers except O, whiel hosn spinper, A N washers have
top openings except and I, which hove front epenlngs.

2 Unless otherwise indicated the cycle may be adjusted for length of wish perlod and parlaol eyele may be
repeatedd or gmitied as desirel.  The kinds of rinses are definel as follows: Spray rlnse, rinsing [n spray of
water while clothes are iz n slow spinning action; deep rinse, in o Lub of water; overflow rinse, bn water that is
conununusly chamgiug. A rinses are wann unless ol herwise statol,

1 Filledd on medium setting.
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The soiting solution wus a mixture of 6 grams tallow, 20 orams min-
eral oil, 8 grams colloidal graphite in oil, and 4 Jiters of carbon tetra-
chloride, applied at room femperatuve with the soiling inachine
described by Fuwry (7). The ends of cach strip were sewed together
to form a centinuous piece. By a system of moving rollers this was
passed through the soiling solution 11 consecutive times to obtain the
desired degree of soil.

After air drying, the soiled strips weve cat into 4~ by 4-inch sam ples.
They were stored m a honsehold vefrigerator at approximately 3§8° I,
and used within 2 weels.

DeTerMINmG LiciiT REFLECTANCE OF SAMPLES

Changes in Jight reflectance of tabrics brought about by washing is
used in most reported research as the mensure of soil removal. Hill
(9}, Morgan (24), Peet and Jolmson (76}, Potter (79), and Mack (12)
used light reflectance to measure soil on sumples befove and atter
washing.

In this study, the difference in the Tight veflectance of the unwashed
sotled sample and that of the washed sample was used us a measure
of soil removed. A reflectameter was used for measuring light
reflectance {fig. 1).9

d
] i;
™

- - ;\ P N

Figyre 1—Measuring light rellectanee with a reflectometer.,

TIlonter 43° 0° Reldloctometer with standard poreelain-enameled plates rellect-
ing cnlibrated percenfnges of incideni light: White T5.8 pereent {for white
sampies) ; light gray 40.3 poreent {for washed soiled samples}) ; dnrk gray 9.45
percent {for unwashed soiled sumples),
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The average of two yeadings of the same locution on a sample was
used as the reflectance value of a sample. The dark underfacing of
the spring cover over the aperture of the veflectometer was used
as the backing for both the soiled and washed samples. To obtain
sets of soiled samples with identical veflectance values from set to
set, the code numbers of the sumples were first arvanged according to
reflectance values as in table 2, which gives the urray of 150 samples
from one strip. From such a table the numbers were grouped in sets
of 10 to be washed together, each set made up of samples with cor-
responding values.

Adfter washing, whatever the method, samples were thovonghly dried
at room temperature and stored in a covered container until vend.
Exactly the same area of the sample was vead after washing as before.

TanrLe 2.— Samples from one soiled strip, arvayed aceording lo refleetenee
reaties

Refieeianee values

_ : } - E i —m . __.‘__.___ R
11.2 l 1].3: it D57 106 1L7 508 110 . 2.1 12.2'; 123 12,4

19 2: §: 301 108 ;. 6, 12| 3
-0 11 1w © 18 126, 112 -
470 130 17 3 5 33 - | 132
80| 14. 210 52 .G P 135
61| 200 22 57 .37 .
18| 23| e8| : C86

25 200 65 31 8
261 30 coog b
130 31 ; G |
A4y 41 Ch 4
457 481 oL 17
511 491 D oen 125
50 : EE

! . C1ah
67 . ST 139

; HEER
73 _. 147
78 : L 150 ¢
$4

286N —5d——
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AEasUrING SoL-REMOVIXG ABLLITY OF WASHERS

The ability of washers to vemove artifieinl soil from fabric is ex-
pressed as the ratio of the change in light reflectance of samnples washed
m one load inv the washer under study to the change in light veflectance
of a Jike set of samples washed in one load in the Comparvator, a
washer developed by the Amerviean IMome Laundry Manufacturers
Assoeiation’® to be used as o standavd for comparing porfarmance
of household washers (lig. 2).

COMPaRG &R
WASHLR

IgeRe 2--Comparalor washer.

Tt Xorth Wacker Drive, Chicngo G, IHinois.




EOME WASHING MACHINES

TExpressed as a formula:

Sum of light reflectances of samples

washed by the machine under study minus

the sum of light reflectances of the same

Soil-removal _samples before washing % 100

index  Sum of light reflectances of samples

washed by the Compurator minus the sum

of the light reflectances of the same sam-

ples before washing

As used in this report the soil-removal index of a washer expresses
the number of artificial soil units that washer removed compared
with 100 units removed by the Comparator washer, as evaluated for
each load. The indexes were averaged for (inal values reported. In
experiments in which results from different washers are compaved.
the conditions for washing in the Comparator remained constant,
while the conditions in fthe other washers varied according to the
particular object of the investigation. Therefore, the soil-removal
mdex for a given washer may vary, depending upon the conditions
of use,

WasHING PROCEDURES

Wrrm Costearator Wasner~—At least one load was washed in the
Comparator washer each duy of experimentation. The soiled samples
in the load were the same i number, from the same strip, and had
ihe same reflectance values as those washed in the machines under
study. The individual soiled samples, 4 by 4 inches square, were
pinned at their 4 corners over a hemmed opening in the center of a
muslin square. With two exceptions, which are explained as experi-
ments are diseussed, the washing procedure in the Comparator was
ulways the same.  The tub was filled with 15 gallons of 140° F. water
and 30 grams of nonprecipitating water softener were mixed with
the water. Three pounds of clean muslin squares with the pinned-
on soiled samples were added and agitated for 10 minutes. The
squares were removed without water extraction, and the samples were
unpinned and spread on a glass surface to dry.

Write Waseers Unper STuny.—In experiments designed to study
the effect on soil removal of weight of load, method of water extrac-
tion, and length of wash period, washings were done without deter-
gents. Detergents were nsed in experinients to determine the effect
of different temperatures of water in washing and of various methods
of soaking and rinsing, as well as of different concentrations of de-
tergent.  With the exceptions noted in certain experiments, a load
of 6 pounds was used.

In washing without detergent, washers were filled with water at
140° If. {£=1°) in the amount required for a full washing load. Two
grams of nonprecipitating water softener per gallon of water were
added and dissolved by agitation. The load, consisting of clean cot-
ton squares with soiled samples atached, was put in and agitation
begun.  After 10 minutes, the washer was stopped and the cotton
squares taken out without water extraction. The samples were re-
moved and spread on glass to dry.
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Ifor experiments in which detergents were used, the loads usually
were nade up of naturally soiled materinls in addition to the artifi-
cully soiled samples. The washing procedure was the same as that
described above, except that detergent instead of softencr was added
to the water and thoronghly dissolved by agitation before the clothes
wewe placed in the machine®

In wringer machines, the clothes were put through the wringer, re-
turned to the tub which had been emptied and refilled with 100° F.
water, agitated for 3 minutes, and wrung again.  The clothes were
then given o second rinse like the first. In nonantomatic and semi-
automatic spinner machines the procedure was the same exeept that
1 2-minute spin rephliced the wringing after the wash and first rinse;
a j-minute spin was used atier the sccond rinse.  Auntomatic machines
were allowed to complete their regular eycle after the 10-minnte wash-
ing period.  The washed, ringed. and extracted samples wore removed
Trom the pieces (o which they had been pinned and placed flat on a
glass surface to dry at room temperature.

EFFEECT OF CERTAIN FACTORS ON WASHER PERFORMANCE

In the stody of washer performance, the effects of ihe following
design factors and methods of procedure on the machines’ ability to
remove =oil were invesligaled: Kind of washer (antomatie, semi-
apfomatic, nonantomadic}. type of washing mechanism (cvlinder,
agitator), tul capacity, weight of load, sorking of clothes. temperature
of water used for washing, conceniration of detergent, method of water
extraction. length of waxh period, and temperature of vinse water.
Not all washers were used in all experiments.

Tyre ar Wasnnk, Wastneg Mecioavisv, wn Ten Carsarry

Judged by performance with 6-pound loads washed without deter-
genkt aceording te the procedure deseribed on page 9 no one kind
of washer or type of wushing action was consistently better in soil-
removing ability than the others, as table 3 shows.  Of the 19 washers
studied, the « having the highest soil-removal indexes were auto-
matic. Indexes for the others were inferminglod in no partienlar
order. The most effective washer and the 4 least effective were of
the, agitator type. The 3 cvlinder machines were among the top
T ranking,  The seil-removal indexes tor aslomatics vanged from
6 1o 113 these for the nonautomatics ranged from 64 to 88

mtatistical analysis of the data from the agitator-type washers
showed highly significant differences among some but not minong all
washers.  The data were arranged in numerieal progression and n
test was made belween each pair of adjecent figures and then belween
those having greafer differences to determine where the significant
differences oceurred.  In this way it was possible fo separate the data
into groups signilicantly ditfevent from other groups, but within which

® i washor 0o speeind container was provided for the detorgent ; clothes wore
put indo clear waler nud 2 few scconds alter the washer action slarted, the de-
tergent was dissolved o the witber,
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Tasue 3.—Washers by type ranked in descending order according to
sotl-removal index with a 6-pound load

R

o Seil-
Type of washer and mechanisin Poremoval Lo i

oindex ' ! paciLy

i .

Automatic: : . Gallons
A Agitator : 4
I Cylinder_._ . .

Agitator. ... . 13
Agitator . ... 15,
Crlinder_ . _ . _. 6.
Cylinder.. ... .. _... .. 143
Agitating hasket . _ 7
Agitator .. 146,
Agitator._____ _. 14,
Modified agitator_ o e S : 1L
Agitator. .. __ .. . . o BRI 17,

[l el SCRVAR Ry N ]

COoOQOoo QMo oSS

g ]

Semiautomatic: :
I, Agilator .. . S . . . 03, § 1t.

Nonantomatie:
M Apitetor. . - . o L o 87§ 20,
N Agitator . . . - 6.0 . 19,
© Agitator. . .. . .. . _ 83.2 16
P Agitaror. .- . . - . . 78.9 1G.
& Agitator. . .. | R . 73.5 . 16.
B Agitator - . o L 66, 15,
S Agitater. ... ... .. ... o 641 20.

e R o B ST

t Bofl-remevieg ability of Comparator with standard washing  procedure
{(p. =140

there were no significant differences. These gronpings are shown in
fgure 3. There was no definite relationship between design of agi-
tator and soil-removal index; agitators of different shapes sometimes
performed similarly and these of similar design performed differently.

Results showed there was no correlation between soil-removing
ability and water capacity of the washers. OfF the 19 washers the one
that used the most water in the wash period had the lowest index of
soil removal. Figurves for the others weve scattered through the whole
range in no definite pattern as shown in table 3.

Weicnr or Loap

When giving the capacity of a washing machine in terms of weight
of elothes, manufacturers usnally recomniend a foad that will actuﬁ!y
fill the washer tub—the heaviest load that can reasonably be washed.

Roberts (20) observed that “underloading of a machine affords
better cleaning and less electric expense than overloading. It is better
to use slightly smaller loads than the manufaciurers’ directions advise
rather than larger.” No supporting data were included in the report.

Potter (19) stated that “by stufiing the machine too solidly with
clothes, agitation may be almosé entirely stopped. Free movement of
the cloth through the water is essential to effective washing.” He
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1S5

INDEX

95

SOIL- REMOVAL

55

P

WASHERS

Fioorr S.—aAgitalor washers grouped aveording to soil-removal indexes with
Gpound loads. (Soil-removing ability of Comparator=109.)

detected only slight differences in the soil-removing ability of a
muachine with 4-, 6-, or 8-pound loads, but found that 9-, 10-, and 12-
pound loads greatly decreased the washer action. No dafa were given
forloads over 8 pounds. Perkins (77} said, “Overloading the machine
makes it impossible to get the clothes clean and also damages the
motor.” Experiinental data were nof given. McCordic (77) advised,
*Avoid everfoading as it may strain the motor.”

To determine an optimum load for each of the 19 washers used in
{he study reported here, the load recommended by the manufacturer
and at least 3 other loads—1, 2, and 3 pounds lighter—were washed.
The experimental loads in 17 washers vanged from 5 fo 10 pounds:
in the other € washers, 3-pound loads also were washed. The general
washing procedure, without detergent {p. 9), was followed, with the
weight of the load the only varinhie,
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A minimum of six replicates was made with each machine for each
load. For some washers other tests with 6-pound leads contributed
nsable dats, making morve than 6 replicates. Additional replicates
usually were made with machines that gave such high experimental
errors that 6 replicates were insufficient to show that a mean differ-
ence of § points in secil-removal index was statistically significant at
the 3-percent probability level.

Table 4 shows the number of replicates used for determining each
of the mean indexes of soil removal and the figures defining the con-
fidenee interval at t,.. The liducial probability is 95 percent that the
inferval given includes the true mean for each Joad in each machine.

The data show o definite trend toward better soil removal as the
weight of washer load was decreased from that given as the rated
capacity (fig. 4).

Stafistical analyses were made to test diffevences with the various
loads in each washer., Aumoung the Toads in washers M and R there
were significantly different vesults at P=0.01. In the other washers,
except &, G, H, J, and N, the cffects of the loads were significantly
different at =005, The five washers in which the indexes of soil
removal for different loads were not signilicantly different represent
all the types of washing meehanizms mncluded in the study. (Sce
table 1 for washer characteristics.)

Washers M and R, i which the differences were significant at
P=0.01, were both agitators. The group in which load differences
were significant at =0.05 was made wp of 2 cylinder and 10 agitator
machines.

Since the Joad differences which weve significant and those not sig-
nificant weve scattered among results for all washers, no one design
may be said to allow heavier loading than others with less effect on
the index of soil removal. In one eylinder machine the size of load
made no signifieant difference in performance, whereas in the other
cylinder machines the differences were significant.

Of the instances in which more thun six veplicates were needed to
obtain the desired preciston of estimafes of the true means, a trend
toward a greator number occurred with the heavier than with the
lighter loads. This greater varinbility, together with poorer perform-
ance, showed that heavier louds gave Jess consistent and less satis-
factory results than lighter ones,

1t is concluded that, in gencral, a 6- or 7-pound load in a home
washer will result in greater removal of soil and morve uniform wash-
ing than heavier loads. There is no doubt a practical point beyond
which the load should not be decreased it water and detergent neces-
sary to do the eleaning job, and the fime and effort of the person doing
the inundry are to be used cffectavely.

With the heavier loads, as with the G-pound lead, there was no
correlation of tub capacity with soil-removal index.

Errrer or Yoavy Loaps ox Errcreic Currexnr Dirawy.—Since
strain on the motor would be refleeted in an increase in amperage dur-
ing the machine’s operation, studies were made to determine the cur-
vent needed for washers at various points in the washing operation
under different-sized loads. Tlhe investigation included triplicate
experiments with 6 nonantomatic and 10 automatic washers.
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Tanie 4-—Effect of weight of load on sotl-removing ability
of 19 washers

Soil-removal .

J
Number of index 1

Type of washer, mechanism, and load

replicates 1 bogsst

Antomatie:
Agitator (fuh mp'wstv 14 galionsy:
3- pound load
Sepovud load _ . __ ..
G-pound joad
T-pound load
S-pound load
Agitator (tnb eapacity 13.3 gallons):
g-pound load
7-pound load
Spound load .
9-pound lead__ .. ... T
Agitator (tub (.a[)'l(..it} 15 galions):
F-pound load
6-})0 und load
7-pound lond L. . ..
8-pound doad . ________._ .
Agitator {tub capaeity 16 ;,a!lon\}:
Spound load . . Lo L. .. ...
S-pount load .
G-pound load ____.______._ . _._.
7-pound lond
B-poundload _ ____._ _.. .
Y-pound load
Agitator {tub capacity 19 galions):
6-pound load
7-pound load_ __
8-pound load
Q-pound ioad _
Agivator (bub eapacity 17 gallony):
G-pound laad
T-ponid load
8-ponud load
O-pound load
G Aladified agitator {(tuly capacity 11 gallons):
S-pound load
G-poumnid load
7-pount learl
R-pound load
Agitating basket, {Luh capacity 7 gallons);
G-pound load . .. L ... ___.
G-pound lond ... .. ... .. TTTTT
-poundimci _______ e e e
S-pound loacl . .- e -
Cylinder {Lub ('&p’tnl ¥ 9 L'Ll!mi‘-.)
G-pound lond .
T-pound joad . . ...
S-pound load_ .
g-povinel load .- . .
Cwlinder {Lub ((Lj).ltli\ 6.5 ;,allons)
Gi-ponnd load
7-pound Joad __.
S-pound jond ... ... .
Q-pound lopd ___ ... . .

See foatnaotes ab end af tabio,

H-

bt e s
£ 00 00 80 00
Lo hin

Ju—y
SISTGO00 ~1=1000030 S DDl DWW OB =S

S SNaNa M

—
SO a0

LN oot n

D00 8 =
10 1o

e
LR
IR

ot
SIS NOOoG RO

SR MO INERON B B e 30

— oo

T P T
S
ot Do cowinis BDiw oo

o
82
WS W

oo
[eagwl]
SR W IS

e B R0

L0 0 Lo
Y O i




HOME WASHING MACHINES 15

Tarvre &—Effeci of weight of load on soil-removing ability
of 19 washers—Continued

Soil-removal
index!
=+ & gsST

Number of

Type of washer, meehanism, and load s
e » » and lo replicales

K Cylinder (tuls capacity 16 galious):
G-pound load. .. _ . . e : 88,
7-pound load . . . ! 8.
S-pound lead._ . ... ____. o }
Jpoundload._ .. .. ... _. .. ..

16-pound load
Semiautomatic:

L Agltator (fub capacity 11 gallous);
S5-pound load
6-pound Joad ... _____ .
7-pound load______  ____ . .
8-pound lead

Nonantomatic:

M Agitator (tub eapacity 20 gullonst;
S-pound load
G-pound load______. .
7-pound load
8-pound load .

Agitator (tub capuecity 14.5 malions):
s-pouad joad .
G-pound load._...__ _.
7-pound load
8-pound load

Agitator (tub eapacily 16.5 gallons):
S-pound lond .

S-pound load ______ . ____. ___
T-poundload_ . _... ____.
Spoundlond. . _____________ ___

Agitater (tulb capacity 16 gallons):
Spound load . .. _______ .
B-pound load
7-pound load
S-pound load

Agitator {tub capacily 16 gallons):
S-pound load
G-pouna load
7-pound lond
S-pound load .

Agitator (tuly capacity 15 gallon<):
S-pound load . .
G-pound load_ _ __
7-pound loadd . _ __

B-pound tond_ ... ... ... .

Agitator (tub eapacity 2005 sallons:
G-pound load __ __ . . . .
7T-pound load_ ..
8-pound load _ ..

Q-pound foad___ . .

1000 10 &0 8
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! Boil-removing ability of Comparater with standard washing procedure
(p. B=100. Mean soil-removal iudex = (t.gss) represents the 95-percent
confidence interval for eacl mean.
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{30
120
110
100
30
80
70
60
50

INDEX

SOIL-REMOVAL

WASHERS

9 -pound load 6 - pound locd

8-pound load ] 5-pound load

B 7-cound foad 3 -pound lood

# LOAD~ manufoctures's rating

IFrgune 4.~Effect of deereasing weight of load on soil-removing abiiity of selected
washers.  {Seil-removing ability of Comparator=100.}

With nonantematic agitator washers the procedure was as follows:
The recording ammeter was connected into the ¢lreuit that furnished
current to the machine, and the washer motor and time recorder were
started. While the tub was being filled with water the motor was
allowed to idle. After 5 minutes, or longer if the tub was not full
at that time, the agitator was operated under each of the following
conditions for a 5-minute period, during which the current demand
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was recorded: Without load; with a 6-pound load of bath towels:
with 2 more pounds of bath towels; with another 2 pounds of bath
towels; with the 10 poands of bath towels while at the same fime
other wei bath towels from an adjacent tub were put through the
wringer of the machine.

The agitator was then stopped and towels wrung from washer
simuitaneously with emptying of the tub.

In the six nonautomatic machines studied there were few peak pulls
on the motor; that is, the current demand was relatively steady, and
the high ammeter readings with different loads were not much greater
than the low readings for the same action. In all six machines the
highest current demand ocenrred when towels were being wrung from
the laundry tubs while the agitator was working, The maximum
inerease of 0.26 amperes due to increased load ocourred in only one
test in one nonawtomatic machine,

With automatic machines the 8-pound load was omitted because an
increase of 2 pounds in the load had been found to make so little
difference in the current demand of nonautomatic washers. Kauch of
the 10 washers was allowed to operate through a complete cycle with
G-pound and 10-pound loads. Reeords were made of the current used
for each step of the cycles.

For 7 of the 10 automatic washers, the addition of 4 pounds to a
6-pound load did not inecrease the current nsed. Washer G, which
spins very rapiduy in extracting water, used more current in the spin-
ning of 10 pounds than 6, but not enough to make the spinning of o
10-pound load inadvisable. Washer H showed a material inorease
in use of current in all parts of its cycle with the larger load. Washer
€ was obviously overloaded with the 10-pound load. The motor gave
off an cffensive, overheated odor and the records showed a constant
amperage fuctuation as the agitator worked to move the clothes
through the water. Such a machine never should be used for washing
more than the 8 pounds for which it was rated. Even the 8-pound
load, used n a check test, caused some amperage fluctuation, but not
as much as the 10-pound load.

The results indicate that in most washers, both automatic and non-
automatie, there is little danger of damage to motors through over-
loading with loads up to 10 pounds. Because washing results may not
be acceptable and because some of the antomatics were overloaded by
a2 10-pound load, loads rbove 8 pounds are not advised.

Soaxing

The literature, both popular and scientific, commends soaking as a
prewashing procedure. According to Carse and J. effryes (3), “Sounk-
1ng the clothes in clear water for 10 to 15 minutes removes the surface
dirt, opens the meshes of the fabrie, dissolves protein material such as
1s found on neck bands and euffs, and removes some of the stains which
would be set by hot, soapy water.” Pond (18} made soaking the
clothes an integral part of the laundry process as she outlined s pro-
cedure, specifying slightly warm, sudsy, soft water, and a 10- to
15-minute period.

Goodman (8) observed, “It has been found by experiment that
clothes need not be sorked more than 15 to 20 minutes before washing.
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The purpose of soaking clothing is to loogen the dirt so it may be
removed in less time. Soaking clothes for long periods before wash-
ing causes dirt particles to swell in the fibers, thus becoming so ground
info the fabric that they are dificult to remove. . . . It is usually
best to put clothes to soak in cold water if they are to be lett overnight,
and warm water if they are to be seaked only for a short period. . . .
Either hot water or soap will set the dirt in clothes and make it harder
to remove.” Morton (15) stated that white or fast-color clothes may
be soaked in lnkewarm soapy water for a short time or even for over-
night. Covert (5) suggested that soaking clothes overnight or for
a shorter time loosen : dirt, saves time and wear.

Other recommend itions are for two seapy washes, rather than a pre-
liminary soaking treatment. None of these reports contain substan-
tiating data.

Most of this advice was given before the days of antomatic washers,
and doubtless most of the soaking was assumed to be done in seme
container other than the washing machine. In most automatic wash-
er's it is possible to souls the clothes in the washer itself, either with or
without agitation, nnd proceed to the regular washing process without
any extra Tandling of the clothes. Soaking in nonautomatic machines
necessitates handling clothes for water extraction and putting them
back into the wash water, as well as an extra filling of the tub.

In the study reported here, experiments were conducted to compare
the soil-removing ability of a washer in washing clothes witheut sonk-
ing, after soaking in clear water, and after soaking in a soap solution
oth nonagitated and agitated, for the same time and for differvent
lengths of time.

Four separate series of experiments were made, 3 in automatic
washer A, and 1 in nonautomatic washer Q. These machines were
selected from among those having high and low indexes of soil removal.

Tn automatic washer A, the [irst series included washings without
soaling, washings preceded by 15-minute nonagitated soaks in clear
water, and by §-, 10-, and 1j-minute nonagitated soaks in soapy
water. The second series included washings without soaking, and
washings after 5-, 10-, and 15-minute agitated soapy soaks. The
third series was confined to washings preceded by 15-minute soaks,
an equal number agitated and nonagitated, with loads made up of
naturally soiled clothes aidl ¢lean clothes.  The fourth was a non-
agitated sonking series in nonauntomatic washer Q. Tt included
washings without soaking, with 3-, 10-, and 15-minute soapy soaks
preceding the wash, and washings without soaking in which the
amount of soup was increased by the amount used in the soaks.

In the soaking phase, temperature of water was 100° F. Tor
soapy soaks a 0.03-percent soap solntion was used.

Except for part of the third series in which clean clothes were
nsed, londs consisted of 8 pounds of naturally soiled clothes with 5
artificially soiled samples pinned at random (o various pieces in the
load.

In both machines the water was extracted from the clothes after
the soaking period by spinning for 2 minutes. In the automatic
washer the clothes swere removed from the tub before it was refilled
in order to control the temperature of the water and to dissolve the
soap before starting the washing.
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TFor the washing phase a 0.10-percent soap solution was used at
140° F. when the clothes were put 1 the tabs for a 10-minute washing
period, after which the regular eycle followed. In the nonautomatic
machine the washing procedure for use with detergents (p. 10) was
tollowed.

Errecr or Wasmixe Wrmour Soaxive axp Wirm Nowagiraren
Boaxs.—The soil-removal index for washer A, which was 448 for
washings without soak, was increased to 482 by a 13-minute nonagi-
tated clear souk and to 511 by a I5-minute nonagitated soupy soak, as
shown in table 5.

The mean amonnt of soil removed with a 13-minute nonagitated
soak with soap was significantly greater at the P=0.05 level than
the mean amount removed with a 15-minute nonagitated soak without
S0P,

The data for the series of tests with nenagitated soapy soaks in
washer § appear in table ¢. .\ 13-minute nonagitated soapy sozk
increased the index of soil removal from 200 without soaking to 249.

In this machine experiments were made also to see whether washing
without soaking, using an amount of soup equal to the combined
amount for soaking and washing, would bring about the sae results
as using the extra soap for soaking. Compared with a soil-removal
index of 200 for washing with 60 grams of soap wilth no soalk, wash-
ing with 90 grams of goap with no soak gave an index of 219, A test-
to-test comparison of the data for washing without soaking, with data

Tasue 5.—Fffect of washing without soaking end with & nonagitated
clear anid soupy soak on soil removal, washer A

Hoil removal index t
With nonagitated soak
Replicale number | ; -
Without o
soak Wilhout With sonp
soap, 15 —
minutes 3 minules i 19 minutes; i3 minutes
i L . 245, G 356. 6 361, 4 363. 0 355. 8
2. 0 . . 324.3 330. 4 350, G 36a. 1 357.0
3= . . 285. 6 334.0 344, 4 332.0 350, 2
+ L 316, 9 120. 8 407.1 {101, 8 370. 2
E o 4488, 1 493. ¢ 450, 0 494, 3 478, 2
4. e 51L 7 5341. 2 6. 7 870. 06 566. 7
T . e 500, 8 491. 0 439, 8 827, 8 516. 6
S . S00. 7 4i3. 8 487. 1 502. 2 524, 6
g .. . e HIT.0 550, 9 358. 9 G38. 4 648, 2
... 61l 1 G656, 6 G03. 0 G35. 4 676. 8
i .. e 181, 3 566, 7 584. 3 $530. 6 836, 1
12 L Ll .. G608, 0 27, 0 G18. 0 630.0 630. 0
Mean.oo . .o_ 448, 5 182. 8 484, 1 508. 0 510. 7

! Soil-removing abilily of Comparalor with standard washing precedure
{p. =100,
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TasLe 6.—Effect on soil removal of dividing a specified amount of soap
beiween nonagitaled souk and wash compared with effect of using total
amount of seap in wash, washer ¢

Soil-removsal index !

: \With nonagitated soak; 30 gm. Without

Replicate number | Without soap in soak, 60 gm. soap in wash 3 [ v oy
3

sonk; GO
£m. so02p gmm, 50ap

¥ g _ . . . 3 ach
in wash 5 minutes { 10 minutes; 15 minutes W Was

162,
160,
213.
222.
245.
202,
208,
236,
243,
234
243.

2i8.

187,
221.
231.
261.
229.
215.
238.
220.
274
253.

167.
230.
243,
249,
270,
232
257.
240,
286,
286.
252.

248,

172
193
231.
237.
247,
211.
236.
239,
222,
227,
217,

157,
184,
179,
1495
218,
162
215
212,
214,
188,
248,

199,

[ B e a AL LR e R TR T
OO e Wi ST
;.m-wc:wc:mc::m-wm

o QWO 0L
| S Riv R iRt R ] T Pt R T v

=~1

235.

.

AN

-1

1 Soil-removing ahilily of Comparator with standard washing procedure
{p. 9)=100.

obtained with 80 grams of soap in the seak and 60 grams in the wash,

indicates that in general it is more satisfactory to use the exira soap
for soaking for even as short a period as 5 mnutes than to use it in
the wash.

Errect or NoNAAITATED AND AciTatep Sosry Soaks—An experi-
ment to compare divectly the effect of soaking with and without agi-
tation was done in automatic washer A. Samples for this experiment
were from four strips of identically soiled material. In one part of
the experiment the load was made up of naturally soiled clothes, plus
the artificially soiled samples. In the other part, a clean load, except
for the samples, was soaked and washed in exactly the same manner.
Results of both test conditions are given in table 7.

Statisticully, the treatment differences, whether clean or naturally
soiled clothes made up the load, were highly significant, the agitated
soak being much more effective than the nonagitated. Analysis
showed no significant Jiflerence between the strips. The coeficients
of variation show that washing artificially soiled samples attached to
clean materials as load gave more consistent performance of the
washer than washing the samples with naturally soiled clothes. The
results give justification for recommending an agitated soak over non-
agitated, where such method is practical.

Errecr or Dirrerent Soaxive Tistes.—Results in the series of tests
in washer A to determine the effect of an agitated, soapy warm soak
for different lengths of time ave given in table 8. In analyzing these
data, the soil-removal indexes for the replicates given for each soak-
ing puriod were averaged and the figure compared with the average
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TasLe 7.—Effect of nonagitated and agitated soaks, with clean and
naturally sviled loads, on soil removal, washer A

Soil-removal index,!
with 15-minuie soapy
soak—

Load and sample strip

Without With
agitation | agitation

Naturally soiled clothes with artificially soiled samples
from—
Strdp AL

Blrip B ... ...

WO QO
Qo OGS Qnghh

ot om ]

Clean cotton squares with artifieally soiled samples
from—

235,

232,

2460.

239.
225.
236.

Mean . . .. 235.

Coeflicient of variation 2.

MO M- CeID

! Boil-removing ability of Comparator with standard washing  procedure
{p. 9)=109.

of the indexes for the same replicates in tests without soak; for ex-
ample, in determining the effect of a 5-minute sonk, only veplicates
2, 3, and 5 were used. On this basis, compared with a soil-removal
index of 383 when no soaking was used, the index for a 5-minute soak
was 497, an increase of 443 a 10-minute soak gave » 60-point increase;
a 15-minute soak, a 94-point increase; and a 20-minute souk, a 104-
point increase.

Although this comparison makes it appear that o 20-miaute soak is
more ciective than the shovter soak, an inspection of the data for the
paired 15- and 20-minute soaks shows that in only 1 of the 4 pairs
(replicate 6) was the index improved by increasing the time to 20
minutes.

There was a statistically significant (P=0.01) curvilinear Tegres-
sion of change in soil-removal index on the lenath of time of non-
agitated soapy soaking in washer A, {See data, table 5.} Therewasa
Jarge increase between 0 and 5 minutes; however the rate of increase
diminished as the soaking time was Iengthened £rom 5 to 15 minutes.
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TasLs 8—Effect of a b-, 10-, 15-, and 20-minute agitated soupy soak
on soil removal, washer A

Soil-removal index?

Replicate number ) With ngitated soak with soap
Without
soak

: i f
5 minules :10 minutes;]:') minutes’ 20 minutes

438.6 |- .. - 501. 7
429, 46]. 478, 2
473, 3. 544, 0
316. 463. &
2435. N
287. 306. 0
240. ] 248. 5
273, 303.2 .
258, A 305. 7 348
262, 359. 0 385.

1 Soil-removing  ability of Comparator with standard washing procedure
(p. 9 =100.

The regression equation obtained was Y =44.90+ 494X —0.97X2
where X represented the soaking time in units of 5 minutes.

The curvilinear regression is a reflection of the effectiveness of
washer A in removing soil from clothes, bearing out the results of
other tests in the study, which indicated this washer’s superior
performance.

In washer Q (less efficient than washer A in other soil-removal
tesis) theve was a statistically significant (P=0.01) lineav increase
in the amount of soil removed as nonagitated soaking was increased
from 0 to 15 minutes. (See table 6.) On the average, the soil-
removal index increase was 3.2 for each I-minute increase in the
soaking time.

TEMPERATURE OF WATER FOR WASHING

In the litevature, different temperntures of water arve reporvted as
optimum for washing. Roberts (20) stated that the recommended
temperature for cotton and linen was 140° to 160° F. Snyder and
Brunig (27) used several combinations of soil and washing tempera-
tures, and stated, “It is probable that, in general, washing tempera-
tures used in common practice are too high.” They pointed out that
high temperatures may be used if clothes have been soaked. Pond
(78) recommended 120° F. for washing without soaking, but 140° to
150° if clothes had been soaked in lukewarm water. Potter (19)
found that 160° did a better cleaning job than lower temperatures, and
recommended 150° at least for beginning the washing.

In the experiments reported here to determine the relative effective-
ness of water of different temperatures in removing soil from avtifi-
cially soiled samples, only the Comparator washer was used. Three-
pound loads of clean muslin squares, with 10 soiled samples in each,
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were washed Tor 10 minntes in water of 3 temperatures, ranging from
120° 1o 160° It with 10" differences. No femperature higher than
L60° was used, as few models of water heaters are designed to deliver
water hotter than that to o washer; higher ftemperatures ave less eco-
nomical to maintain in a water heater, ave inereasingly lard on washer
hoses and valves, and dangerous to those using the water supply.

One series of experiments was made with no detergent ; in a second
series a 0.02-perceut sonp solntion wax used (an wnbuilt flake sonp
deseribed by Furry (73 as =soap 170, In (he former, water was
extracted from the load in a spinner tub at the end of the I0-minute
wash peviod.  When soap was used, the 10-minute washing was fol-
lowed by two d-minate vinges in 100 I waler, with water extraction
n o gprner tub atter each process.

Results of the experiments on water teniperature appear in table 9,
Since only the Comparator washer was used, vesults are given as
reflectance changes,  In experiments witliout soap there was a signifi-
cant average linear increase in the amount of soil removed as the
temperature of the waier was increased from 1207 fo 160° . The
average reflectance inerease wax OLHEG points per degree inerease in
water lemperntire,  ‘The regression equaiion was Y= 9954 0,0465GX.
where Xowas the temperatire change in degrees.

Resulfs of the experiments with soap =how a siguificant curvilinear
regression of the amount of =oil removed on the temperature of the
water,  The inerease in the average anmount of soil removed wus small
when the temperature was Inereased Trom 1207 to 150 and from 130°
1o 160° F. A larger increase per degree of (emperature was obtained
hetween 130 and 150°, the greatest oceurring betwoeen 1302 and 1407,
The regression equation wag Y =14£515—2. 100X+ 1.0153X*—0.116 X3,
where X stands for the inevease above 120° expressed in units of 10°,

These results =how that as the temperature of the wash wator is
mereased up fo 1607 F.omore soil is removed.

Tanve 9. -Foffeet of Tow poraturof wushing waler on soil remoral

Redflectanes ingprogee
Washtugr procedure amd temperare
of wash witer

Repliewte 1 Repliente 2 7 Neplicare 3

10 mines without soap: no rin=e:
120% )
130° F
1409 1
IE I
160° ¥

1} minutes with built flake soap; iwo
3-minute rinses af 1007 I°,;
1900 K ) 40 1
130° F 3.0 id.
e Fo 17t 1,
1
1

Hal

150° 5.3
1602 1¢ 8 ,
i !

fouli I T 3P

! Each figure is the mean dilference between refleetance reardings of 10 samples
hefore mnd after waghing in Corparator washor.
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Dereroent CoxcentraTioNn IN Hanp WaTer

Because hard water is a problem in many sections of the couniry,
an experiment was conducted io determine the cilectiveness of dif-
ferent types of ¢~i2rgents in waler of 300 p. p. m. hardness. Tests
were made with 3 concentrations of each of 3 detergents specified for
heavy duty laundering (a built low-sudsing syndet? a buill high-
sudsing syndet, and a buitt soap).

For this work auntomatic washer C and nonautomaties ¥ and S weve
used. These were agitator machines having high, medium, and low
indexes of 501! removal {sce table 3}.

Detergent concentrations were ¢.2, 0.3, and &4 percent. Waler
hardness of approximately 300 p. p. m. was obtained by adding 0.736
grams MgCl,.6H,0 and 1.188 grams CaClL.2H.O to each gallon of tap
water.

From each of 6 strips of poiled cloth, 108 samples were chosen in
matching subs of 10 for each day’s test. Buch of three detergent
concentrations was replicaled twice in ench washer. The combination
of detergent concentration, kind of detergent, and washer was deter-
mined by use of the incomplete block plan of Cochran and Cox (4),
designed for two rephicaies. Samples were attached to pieces of nat-
wrally sotled clothes assembled in 6-pound loads and washed 10 min-
utes In 140° K. water, as outlined in the procedure for washing with
detergents, page 10.

The mean indexes of soll vemoval for {wo replieates are shoewn In
figure 5. Statistical analysis showed that machines, detergents, and
concentrations all produced highly significant effects on the washing
results. There was a trend for indexes to increase as the percentage
of detergent was increased, but not proportionately.

Performance of the three machines ranked in general as they did
without detergents: Washer ' removed more soil than N (exeept with
detergent B, when vesults with 0.2- and 0.3-pervcent concentrations
were better in washer NJ, awd N morve than 5. The least total deter-
gent was provided for the wushing in washer (%, sinee it holds the
simallest amount of waler, yet )t did the best washing job. This agrees
with the findings reported on puge 11 that there wus no positive cor-
relation between guantity of water u machine holds and its index
of sotl removal.

In all 3 washers with detergent .\, a low-sudsing built syndet, an
increase from 0.2- to G3-pereent concentration resalted 1n an increase
in soil-removal index. “The Od-pereent solution was slightly more
effective than the §.3-percent in waxhers A and N, but no more ef-
fective in washer S.

Tn all 3 washers resuits were slightly beitfer with detergent B,
the built, high-sudsing syndet, when 0.3-percent concentration was
used rather than 0.2-percent. Two of the washers shiowed lower
indexes with o O.k-pereent solution of the detorgent than with either
the 0.2- or (.3-poereent solulion. Evidently in these washers a 0.3
pereent solution of Lhis high-sudsing syndet was suflicient and an
added amount less effective.

? Bynihetic detergent.




(%]

HOME WASHING MACHINES 2

DETERGENT & DETERGENT B DETERGENT ¢

|6 T 3 T L]
L Wosher € evaee i
Wosher N oo .
* 140 Fuosher 5 wwmme ]
gl L
2 \\
. 120 \
3
. .---—--‘-\‘
g 100 e,
m A Ny
(14 = -“—"'
_I-’ b
o 80 F
[9p]
60 ] 1 2
2 3 4.2 .3 4 2 3 4

CONCENTRATION (Percent)

Froune 5.—Soil-removal indexes of % washers with 3 concentrations of 3 de-
tergents i water of 300 p. p. m, hardness, (Soil-removing ability of Compara-
tor=1060.)

‘These results with synthetic detergents agree in general with the
findings of Furry and associates {7}, who reported a similar leveling
effect on soil removal by increased concentrations of synthetic deter-
gen{s in hard water.

In all three washers, the higher the concentration of C, the built
soap, the greater was the amount of scil removed. The increase in
soil removal was greater between the 0.2- and 0.3-percent concen-
trations than between the 0.3- and 0.4-percent. This indicated that
at concentrations between 0.2- and 0.3-percent the soap counteracted
Lthe hardness of the water and became effective as a detergent.

Although the detergents were all designed for heavy-duty laun-
deving, the data show that, as used in the 3 washers, they differed
markedly in effectiveness in water of 300 p. p. m. hardness. They
differed also in volume needed for a solution of specified concen-
tration. For example, to obtain a O.4-percent concentration, washer
A took 114 cups of syndet A, 23/ cups of soap C, and 3 cups of
syndet B.

The findings emphasize the necessity of suiting the type and
amount of detergent to the volume and hardness of the water, points
often not taken into acecount in directions for use of machines and
detergents.
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MetHOD OF WATER LXTRAGCTION

Potter (/) claimed some cleaning from each of the two chief
methods of water extraction, wringing and spinning, used in house-
hold swashers, in this statement, “The wringing of the clothes each time
they pass from one water to the next, has an appreciable cleaning effect.
The severe pressure of the wringer volls or the centrifugal force of the
basket dryer are types of agitation that aid in foreing water through
the fabrie, thus removing dirt.” Lovell and associates (70) gave the
wringer credit for greater soil removal than the spinner,

In the present study of the comparative cleaning action of the 2
methods of water extraction, ¢ wringers and 6 centrifngal extractors
of the household washers were used. Tests were done in triplicate.

Thirty artificially soiled snmples (3 matching sets of 10) were pinned
to clean muslin squares and washed at one time in a 6-pound load in
the Comparator machine. One set was marked for wringer extrac-
tion, one for the spinner, and one for drying on glass without water
extraction. The washing time wus 5 minutes, in 140° T, softened
water. At the end of the wushing period, squares were sorted for
extraction as Ehey were taleen from the water,

The wringers were set at the highest tension seftings; spinners were
operated for 3 minutes, The total reflectance change of each set of
10 samples was related to the change in the matching 10 samples which
dried without extraction,

In 26 of the 36 sets of samples the indexes of z01l vemoval were over
100, showing that some removal of soil tock place during wringing
and spinning, although the figures are quite variable {tuble 10). Sta-
tistical analysis showed no significant difference between the two
methods of water extraetion in soil-removing ability.

Lexcty orFr Wasi Pewion

Another question in the home laundering procedure is length of
washing time. Roberts (27) recommended ugitation for 16 minutes
or longer, Pond (78) said that 10 minntes was sufficient for the aver-
age load. Quoting from Potter (79), “At Teast one manufacturer has
stated that his machine will wash c¢lothes in 5 minutes. Many house-
wives insist that ene-half hour of washing is necessary. Probably
somewhere between these two time perinds will be found the correct
one.”  His study revealed that most of the cleaning in laundering was
accomplished during the fivst 5 to 10 minutes, in tests which toolk wash-
ings through a 30-minute period, with remeval of smmples at 5-minute
intervals.  Mack {72) observed thal there is an optimum thme for
washing., In the l-gallon Jaunderometer counfainers in which her
fests were done, this optimum was 20 minutes. She explained that
soil, once removed, must be held in suspension or it will be reprecipi-
iated on the fabrics; too long agifation can cause this vedeposition of
the soil.

To determine the relationship of length of washing time to soil
removal, an experiment was conducted in which washing periods of
5, 10, 15, and 20 minutes were used. Six-pound loads of clean cotton
squares with 10 artificially soiled samples attached were washed in
6 of the machines for @ or more different periods. Al were ngitator
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Tasue Y0.—Efect of 2 methods of waler extraction on soil removal

Method of extraction, ‘ Soil- Method of extraction, Soil-
washer,! and repliertc @ removal washer,? and replieatc | removal
nomber index 2 number index ?

Wringer: Spinner:
M: F:

VD um 1000 OGO ROGE

3.
a4,
104,

101.

P WO R O R OO0l e N

o A= KPR

! Used for extraction only., Al samples washed in Comparator.
2 Boil-removal value derived from samples dried without water extraction= 160,

machines; 4 were nonautomatic and 2 automatic. Washing was done
In 140° I, softened water without detergent and without rinsing.

The data in table 11 show substantial increases in soil-removal in-
dexes as washing time was increased by 5-minute intervals up to 20
minutes, though the rate of increase in the indexes was not the same
for all washers. The greatest increase occurred between 5 and 10
minutes.

Results are shown graphically in figuve 6.

TeMperaTURE OF WATER For RinsiNg

Almost without exception the literature on launderi ng reconunends
warm or hot water for the first rinse. Roberts (20) recommended a
very hot fixst rinse and a second cool rinse, and Dowdy (6) one hot,
one lukewarm, and one cold rinse. Snyder and Brunig {27} warned
against a cold rinse. Pond (I$) advised two or three rinses, the
firsé at least 120° F,, the, second only slightly warm. Goodman (&)
suggested the first rinse ke the sume temperatnre us the wash water,
then 2 cool rinse, and a third, cold rinse. Morton (45) agreed on
using warm water for the first rinse “to remove all soap from the
fabrics” and sugyested a second rinse as desirable if one has an ample
water supply. '
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TasLE 11.—Effect of length of washing period on soil removal

Number of| Soil-reraoval
replicates | index ! 4t g8:

Type of washer and mechanism, washing period

Automatic:
A Agitator:
10 minutes -
20 minutes
C  Agitator:
5 minutes
10 minutes
20 minutes
Nenautomatic:
M Agitator:
¢ 10 minutes
15 minutes
20 minutes
G Agitator:
10 minutes
20 minubes. e e e
L Agitator:

10 minutes
15 minutes 14
20 minutes, 14
8 Agitator:
10 minutes_ ... 6
18 minutes oo oo memee e __ 17
20 minutes 17

(ol = =R s -E~ L e L

e NENS W e
DND WO WK DWO

b -

! SBoil-removing ability of Comparator with standard washing procedure
{p. )=100. Soil-removal index + (tm:) represents the 95-percent confidence
interval for each mean.

In the study reported here, two series of experiments were carried
on to compare the effect of warm and cold rinses. In one series,
two automatic washers were used, one which provided a warm ringe,
and one which provided a cold rinse. The machine used in the other
series was an automatic in which it was possible to select the desired
rinsing temperature; in this series the effect of ironing was also
studied. The change in light reflectance of white samples was used
te measure rinsing effectiveness.

The agitator-type autoniatic washers used in the first series were
washer I, which rinsed with several warm sprays and one deep agi-
tated rinse in warm {100° F.} water, and washer A, which rinsed with
n warm spray followed by a cold (approximately 60° I'.) agitated
overflow rinse. (See table 1 for cycle descriptions.)

Samples for each series were five 8-inch squares of the same white
desized cottori sheeting used in other phases of the study. Readings
of light reflectance were made at each corner of each sample before
the first washing. One sample was retained without washing.

Six pounds of naturally seiled clothes, washable in hot water, and
the four test snmples made up the load. Hach sample was attached
with two pins to some piece of the load. Washers wers filled to the
water line with 140° F. water, a granulated built soap was added
(0:.10-percent soap solution in washer A, 0.16-percent soap solution
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160 T = T
Washer
A O]
P ]
140 M Cmmaa) -
Q b—i
R B—_
S e
120 -
)

100

SOIL-REMOVAL INDEX

a0 ] i !
O 10 20

TIME (Minutes)

Fisure G—ISfEeel of washing lime on soil-removing ability of 6 washers with
G-pound loads. {Soil-removing ability of Comparator==100.)

in washer If), and the clothes were washed for 10 minutes. At the
end of the washing peried the washer was allowed to continue its
operation through the cycle.

The washed samples were removed and placed flat on glass to
dry. After 25 washings sample reflectances were read at each of
the 4 corners. The porcelain-enameled square reflecting 78.8 per-
cent of incident light was used for standardizing the reflectometer
and for backing the samples during reading.
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Results of the frst group of washings inr the machine with the deep
vinge in cold water showed a 1.8-point mean decrease in sample reflect-
ance. This change. although statistically significant, was so small
that. it conld not be detected by visual comparison. .\ second series
of tests in the same machine showed a slightly greater mean decrease,
34 points, with no added efect when the snmples were washed an
additional 23 tHimes.  Evidently this cold water rinse was effective in
removing the soap. or at least effective enough to give results after
50 washings that did not show a graying detectable by the eye. In
the washer in which a warm deep rinse followed a spray rinse, a
similar series of 25 washing= =howed a 28-point mean decrease in
rvefleetance. which was also statistieally significant. but not detectable
by theeve. The veflectance of untreated samples remained practically
the same in the experiments.

The second =eries of experiments with warm and cold rinses was
made in washer B, in which the water temperature for rinsing as well
as for washing conld be selected as hot. medium. or cokd.

For test samples fwenty-two 8- by S-inch pieces of white desized
cofton sheeting were used. 10 for each vinse temperature. and 2 to
retain ns controls. Readings of samples. kind and weicght of load.
and water temperature for washing were simiiar to the previous series.
A iL1-percent solution of a built seap in 140° F. water was used for
the wash. Washing time was contvolled as neavly as possible at 18
minufes: exnct control was not possible. The washer was then
atfowed to finish its eyele with either a warm (approximately 100°
F.) or cold tapproximately 607 F.Y rinse as the experiment required.

Samples were unpinned from the lead and five of each set were
dried on o rack betore they were washed again,  The other five, nised
to test the effect of ironing, were wrapped in plastic sheets so they
woubd not Jose moisture. then ironed dry on a Matplate ironer. Samples
from the warm and cold rinses were ironed at the same time. The
ironer was preheated 15 minates on the “cotton™ setting for ironing
vieh set of 10 samples, and then the heat was turned off.  Each sample
was ronecd Tor 15 seconds on cach zide: fhe ivoning surface was lavge
enough for 3 samples to be ivoned at one time. This procednre was
earried out for 30 rests with each temperatnre vinee. Reflectance
readings of the test samples were made after 5. 23. and 30 washings.
TResults nre given in fable 12,

A test samples vefleeted Joss light with repealed washing and
vinsing and still less with froning.  After 30 washing= the univoned
smnples that had been rinsed in warin water had deereased least in
reflectance. w menn of 3.7 pointx. The froned sanples had changed
34 points. The univoned wnd ironed samiples from the cold rinse had
changed 4.4 and 6.2 points, vespeetively.  Untreated samples remained
unchanged.

A statistical analysis of the reflectance changes of (he individual
samples after 50 wushings and rinsings showed fthe differences re-
sulting from rinsing treatments (o be highly significant.  The close
agreement of reflectance chunge in all the samples within any one
(rentment may account for this in part.  Despite the Tact that statis-
tienlly there were highly significant. differences among the reflectance
changes remilting from these four methods of treating the samples.
ne difforences in the appearance of the samples were visible.
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Fasuy 12—Fffect of warm and cold rinses on whiteness of samples,
washer B

1
' Refleeiance

Conditions |
i Before | After 3 After 23 After 50
washing - washings - washings  washings

Warm rinse, 100° F.; not ironed . ! 85,2, S48 826 81.5

Cold rinse, 60° .1 nol ironed I 5.4 | 83,9 81,3 i 81,0
Warm rinse, 100° ¥.; ironed "with- ;
out drvinge. .. . | 85, 4

3
|

f
810 82, 1 ‘ 0. 6

Cold rinse, 66° I.; ironed without
drving_. ... ... . . _ . _.

|
i
!
1

' Figures are means of 20 readings, al 1 different positions on cach of 5 sample<.

85,2 83,8 802 70.0

In these 2 series of rinsing tests, involving 3 aufomatic washers,
either a warm or cold deep-water agitated rinse gave satisfactory
results. Objective measurements of light reflectance showed differ-
ences that were statistically significant in favor of the warm rinse, but
not apparent to the eye.

EFFECT OF WASHER ACTION AND METHOD OF WATER EXTRAC
TION ON DIMENSIONAL CHANCE AND BURSTING OR BREAKING
STRENGTH OF CERTAIN LINCERIE FABRICS

One of the frequent questions from homemalers is whether one type
of wiasher will cause more wear on fabries than another,

Snyder and Branig (27) washed samples of Indinn TTead for the
same length of time in eight machines, representing gyrator, eylinder,
vacnum. and dolly actions. OF the washiers tected, the dotly machine
cansed the greatest loss in fabric strength; there was considerable
variation in data obtained. Potter (19) observed progressive losses
in tensile strength of sheets washed 100 times wilh honic Tnundry
equipment in the laboratory. He made no attempt to compare rosults
of different home washer actions.

Experiments here reported were conducied to defermine the changes
m several lingerie fabrics vaused by (1) four different washing
actions-—agitator, cylinder, agitating basket, and modified agitator,
and (2} three methods of water exi raction—wringing, spinning, and
pressing between bath towels.

EXrERIMENTAL PROCEPURES

For studies of the effect on dimensional changes and on bursting
or breaking strength, five lingerie fabrics were used : Acetate-viscose
satin and crepe, acofate tricot, and nylon crepe and tricot.
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Samples varied in size from 18 to 2134 inches squave, depending on
the width of the bolt from which they were cut.  After ench square
was hemmed and numbered and before 1t was measured and itsstrength
determined, it was placed on a plastic screen tray and left for 2 days
in the conditioning reom which was controlled at a temperature of 70°
. and a relative humidity of 65 percent. In the center of each
sample, 1 10-inch square was marvked for dimensiona] measurements.

Samples of each fabric were prepared and randomized for 3 repli-
eates for each of 6 washers, 2 nohautomatics and 4 automatics. A
6-pound lead wug made up of the experimental samples of each fubric
and 2dditional pieces of the 5 kinds of fabrics. Tach load was washed
10 minutes in 160° F. water without a detergent.

For determination of the effect of method of waler cextraction,
samples washed in the same load were taken out ab the end of the
I0-minute wash period, and water was exteacted by each of the 3
methods—wringing, spinning, and pressing between towels.

For analysis of changes caused by wuasher action, samples in the
nonautomatic washers were given two agitated 100° F. rinses; after
each rinse, water was extracted with a wringer. In the automatie
washers the normal cyele of rvinsing and spmner water exfraction
followed the wash period.

In both these scries of tests, samples were dried on plastic sereen
travs ab room temperature, then conditioned in the controtled fem-
perature and humidity room before physical measurements were made.
As samples were drawn for analysis of treatment cffects after 10 and
20 washings, like swatches of the same fabrics were added tu the load
to keep it constant in weight.

Raveled strip breaking strengths were measured in accordance with
procedures oublined m A. 8. T. M. D 3949 (7). Six warpand 6 illing
determinations were made on cach sample of 3 replicates, making 18
determinations for caleulating each mean used in the analysis of data.
Bursting strengths of knitted fabrics were measured in accordance
with procedures outlined in A. 8. T 3L D 23146 (7).

Dimensional measurements of the woven fabrics were made after
samples were pressed under tension on & machine developed for that
purpose by the United States Tecting Company.  The knitred fubrics
were measured under water by ineans of a divider.

Resunts

Breaking strength indexes of the woven materials and buvsting
strengths of the knitted fubrics after washing showed that the six
washers differed to a significant degrec in their effect as measured by
fabric strength (tables 13 and 14). However, no one machine con-
sistenfly caused more change than another; the differences were not
consistent from fabric to fabric or even from warp to filling in the
same fabrie.

There was a trend toward lower breaking or bursting strengths as
the number of washings was inereased in the different washers. Usu-
ally the first 20 washings caused a greater decrease in strength than
did the last 30.
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TaBLe 13.—Mean breaking-strength indexes of woven fabrics washed in
different washers

Warp breaking- | Filting breaking-
strength index:? strength index ! after
after speeified num- specified muaber of

Type of washer and mechanism ber of washings washings

01 20 30 10

Acciate-viscose erepe

Automatie: |
P Agitator . 15 6. 14 [0, 0. 30 0. 30
.30

G Modified agitator . . 131, .31
H Agitating basket . ... . .| . 13 . .30 1 .31
J Owlinder__ ___.. .. .1.151. 13 4. .30 .31

Nonautomatic:
M Agitator.__.____ .. TN i3 .28 .28
O Agitator . . B L2010 .29

Acetate-viscose satin

Automatie: ; i )
Agitator _.____.____._|o. 115 16,14 {0. 14 j0. 22 Jo. 22
G Modified agitator . . L1314 .22
H Agitating basket_. . .__.f .15} .1 16 7. . .22
J Cylinder._______._._.]. . L4 . .21

Nonautomatie: :
M Apitator__ G by REE . .20
0O Agitator - T BN A b 3 . .21

Nylon crepe

Automatie: i
P Agitator .. _........_'0.43 !0.42 {0, 42 10. 0. 72
{t Modified agitator 444 .4271.39 .- !
H  Agitating basket A2 421042, .70
J Cylinder. ____._.... L4342 7 .41 . .72

Nonautomatic:
M o Agilator .. ____ .. j.41 .40 .40]. .70
O Agitator 411,391 .38 | . . 68

! Breaking strength divided by yarns per inch. Mean of at least 18 measure~
menls,
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TasLe 14.—Mean bursting strength of knttted fabrics washed in differen
washers

Bursting strength in pounds per square inch
after specified number of washings™!
Type of washer and mechanism !

i 20 50

10

Nylon tricot

Automatic:
F  Agitator 60, ¢ 163. 1 1535. ¢
G Modified agitator . 162. 7 161,
H Agitating hasket 9. 164. 2 166.
J  Cylinder . € 157. 6 150,

Nonautomatic:
M Agitator : 166, 6 1G7.
O Agitator . . 169, 1 168, &

Acclate tricot

Automatic: ; :
I Agitalor 33. 33. 32
GG Modified agitator . 35. 36.
IL  Agitating basket . 33. 32,
J Cylinder_ o oo ..o .... 33. 34, 34, ¢

[ R LY

Nenaulomatic:
M Agpitator : 37. 8 37,
3 Agitator . 2 3.1 34

1 Mean of 27 readings, 9 for each sample, 3 replicales.

Table 15 gives the data for dimensional measurements of fabrics
washed 1, 10, 20, and 50 times. Analysis showed significant differ-
ences in both the wushers and the nuwmnber of washings. No one
machine vanked consistently in its relative effect on shrinkage or
stretch. In general, a greater amount of change occurred in the first
20 washings than in the last 30,

In the investigation of the effect of three methods of water extrac-
tion, the differences among the mean changes in strength and dimen-
sions resulting from the wringer, spinver, and towel methods of ex-
traction were not statistically significant. Differences among values
for each method and each number of washings were small. These
datn have been summarized in detail by Marron (73).

No type of washer action studied can be suid to cause more changes
than another in the lingerie fabrics laundered 50 times. Neither
cun any of the three methods of water extraction be said to cause
more changes than another.
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TasLe 15.—Afean dimensional measurements after wushing, of fabric
areas originally 10 inches square
q (]

Length after specified | Width aficr specified
number of washings ! | number of washings !

Type of washer and
mochanism

: !
1§w|2e 50?1'10 20 | 50

! i f
Acctate-viscose crepe

1 H 1

Aunfomatic: Frches ; Inches  Inches ' Inches I Frches 1[ uches | Fnches | Inches
B Agitator 6,920 9. 84 D, 811 9.74f 0.047 5. 94 Q.06 9. 95
G Modified sgilator. . | 9911 9, 84 0. 820 ¢ 801 0. 95| 2. g0l ¢ L 01y 9, 89
H  Agitating basket. ....._[ .89, 9. 83 g 70770 0,97 992 9.04] 9 03

J  Cylinder | 987} 9.831 6.77; 9.611.9.030 9. 91} 9,92} 9. 9

Nonautematic: [ { ;
Agitator coeeo o] 9002 9.900] 992 6, 83.40.000 . ant 9 vl g 02
10. 0140, 03;10. 02 9, 44

i
i

O Agitator 9. 91 996! 9. 95

Avetate-viscose salin

Antomalie:
o Agitator_.______..__ | a 879 9. 74| & 7§
(¢ Modified agitator i g, 9731 9. 75
H Agitating basket 3. . 0. 80| 9. 81 921 9. 91
J o Cylinder L : 9, 978 0.73 88 9. 59

Nonautomatic:

M Agitator - . 49, Q.7 9,711 9, 96! 9. 96
O Agitator.____.. | ___ , X 981 9.771 9.98 043

Nvlon crope
2 4

L 87 §. 90
92| 0. 89

woEe

Auntomatie:
¥ o Apitator.___..__...._ L . 0. 92[te 07
(:  Modified agitalor. .. .| 9. g 01 9 % 82110. 04
H  Agitating basket_. _. € 9. 92110, 06
J Cylinder 9, TR0, M4
Nonautomatic:
Mo Agitatoro.. - ... __.} 9,96, 093} 9.9i1] 5 870 08
O Apgitator R LA L 031 4. 9. 91110, 11

Nylow tricot

Automatie: H
' Agitaior. ... . . _1a 4 .92 6. 850 9. 89
G Modified agitaler . . 9. O 401 9 88] 0. 88 ¢
H  Acitating basket,. . 4, L 851 9 88 0, 85) 4. B9 0.
Jo L linder . , X 910 9,800 9, 85

Nonaulomatie;
M Agitator. ... __. . A4 , 955 0. 83) 9,69
QO Agilator 0. 9. 9. 471 0. 83} 9,92

Acetate trieo

Aniomatic:
r .-\f;il.ator_.,,___.__ . 9. L B8 0. 54 953 8. 48 8. . 32| 8.
G Modified agitator 469 9, . 58] 9. 35] 8. a0] 8. . 22| 8.64
Il Agitating baskeb.. .. , 76} 9. . 61| 9. 59 8. 75| 8 42| 8 26| 8. 16
4 Cylinder . . , L 69 Q. 415 8. 45] 8 149 7,91
Nonautomatic:
M Apitator , X . 40| 8. 75| 8. 97| 9. 4. 60(11. 06
O  Agitator . L 6O] 0. 24] 8. 34] 8 80| 8. L 10412, 05

! Mearn of 9 measuremonts.
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SUMMARY OF RESULTS

This bulletin reports a study of the operat.)g characteristics of
automatic, nonautomatic, and semiautomatic washers of different de-
signs, and of factors in the washing process affecting their abiliby
to remove soil. It supplies technical information for use in the prep-
aration of guides to consumer selection and care and use of home
washing machines and for gnidance of manufacturers in the develop-
ment of washer designs. Some findings of this research as related
{o design factors were:

1. Of the three types of washing machines stadied—automatic,
nonautomatic, and semiautomatic—no one type was consistently
superior in soil removal. The study included 11 automatic wash-
ers, T nonautomatics, and 1 semiautomatic,

8. No one type of washing mechanism was consistently superior
in xoil removal as Judged by results obtained in 14 agitator machines,
3 cylinders, 1 agitating basket, and 1 modified agitator.

3. Water extraction methods had no significantly different effects
on bursting and breaking strength, or on the shrinking and stretch-
ing of certain lingerie fabrics washed 50 times. Two wringers and
4 spinners were used, for extraction. Types of washing mechanisms
showed significantly different but inconsistent effects on all the
factors studied. Washing mechanisms studied were 3 agitators, 1
agitating baslet, 1 medified agitator, and 1 cylinder.

4. Ko correlation was found between the quantity of water used
in the wash part of the cycle and the amount of soil removed.
Tub capacities of the 19 washers studied ranged from 634 to 2014
galluns. Among the 11 auvtomatic washers, total water require-
ments were found to range from 26 to 60 gallons and hot water
vequirements from 13 to 39 gallons per Joad.

5. In general the 12 centrifugal extractors studied removed
more water per load than the 6 wringers.

6. In an investigation of the effect of water extraction on soil
removal by 8 centrifugal exéractors and 6 wringers, results showed
no significant difference between the two types.

Findings regarding certain factors in the washing process that -
Huenee the soil-removal ability of washers were:

1. Agitated soapy sonks of 5, 10, 15, and 20 minutes in 106° I,
water with a 10-minute, 140° F. wash in an automatic machine
increased the soil-removal index over that of a 10-minute wash
without soaking. A scazking period of 15 minutes was more effec-
tive than 5 or 10 and also miors effective than 20.

2. Within the limits of 120° to 160° F., the higher the tempera-
ture of wash water used, the greater was the amount. of soil removal.
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3. An increase in concentration of 3 detergents (2 syndets and
1 soap) from 0.2 to 0.3 to 0.4 percent in water of 300 p. p- m.
hardness in 8 agitator machines having high, medium, and low
soil-removal indexes, did not result in similar changes in soil-
removal indexes. The soap increased the index with each increase
in conceniration in all washers, but the syndets were not consistent
in their effects.

4. Beginning with a 5-minute wash period, 5-minute increases up
te 20 minutes resulted in increases 1n soil-removal indexes af from
36 to 59 points. The greatest increase occurred between 5 and 10
rinutes.

5. In experiments comparing the effects of a cold and warm
vinse on white sheeting, no visible dilferences in whiteness were
observed after 50 washings. There was a significant difference in
Tavor of the warm rinse when analysis of regectance readings was
made.

6. Of 19 machines studied, all but 1 removed more soil with a
6-pound load than with the §- to 10-pound loads given as the capac-
ity of the machine by the manufacturer.

7. When washers were loaded with 10 pounds of bath towels, the
increase in electric current nsed in 15 of 16 machines studied was not
suflicient to indicnte the possibility of injury to the motor.
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