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SUMMARY

In this  study, many tests on lubricatin g oils have been considered collectively
and not as separate tests, and comments are m ade on the significance of the data with
particular reference to the correlations among t ’~e data. Normal ly, an assessment of
the significance of a test is accomplished by examining the correlation of the test with
performance , i.e., deciding whether a change in the performance of an oil will be
predicted by a change in a laboratory test result. In this report , the significance of
a test is assessed by considering its relationship with other tests and not from a con-
sideration of performance data. Perfo rmance data of t im e quality and quantity desired
are not presently available.

The tests considered include some of the common inspection tests usually em-
ployed to characterize physical and chemical properties of the oils. The data was
retriev ed from the Laboratory files. Twenty-six pieces of analytical data were col-
lected hut  because of the lack of data on all the samples , 13 items were finally chosen
for the study. The items included analytical results for gravity; flash point : viscosity
at 21 0°F , 1 00°F , and 0°F: viscosity index : pour point : total acid number; carbon;
sulphur: sulp hated ash: pliosphorus and calcium.

Three statistical techniques have been used to analyze the data and to examine
the interdependence of these tests. The first task of the analysis is to determine the
basic distributional characteristics (descriptive statistics) of each of the variables to
he used in the subsequent statistical analysis. Information on the distribution , vari-
ability. and central tendencies of the variables provides necessary information required
for selection of subsequent statistical techni ques and constitutes a basic computer
reference document for the entire data file. The mean , for example , provides a mea-
sure of central tendency ; standard deviation and variance indicate the degree of dis-
persion around the mean , and measures such as skewness and Kurtosis allow one to
more precisely define the shape of the variables’ distribution.

The analysis of the descriptive data shows a considerable amount of variance —

the data does not cluster around the mean. The standard deviation shows large values
for the standard deviation. The skewness, which takes a value of zero when distribu-
tion is a symmetric bell-shaped curve , and a plot of the data for gravity show departure

• fro m a normal distribution. The Kurtosis further shows depart ure from a normal dis-
tribution. A positive value for kurtosis shows a peaked (narrow) distribution. A nega-
tive value shows a flatter distribution. Both positive and negative values exist for
Kurtosis with positive values (narrow) predominating. Conclusive deductions cannot
be made from the descriptive statistics.
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ABBREVIATIONS

G = Gravity, API
FL = Flash Point
V 210 = Viscosity ( a 2 1 0°F

100 = Viscosity (~t 100°F
VO AP = Viscosity @~ 0°F (App arent ) 

V
V V0 fiX = Viscosity ~ 0°F (tixtrapo lated )

V .20 = Viscosity (~ -20° F (Fxtrapo lated)
VI = Viscosity Index (Calculated)

V pp = Pour Point
stpp = Stable Pour Point
TBN = Total Base Number Vi

V TBNN = Total Base Number V

TAN = Total Acid Number
CRAM = Ramsbottorn Carbon Residue
SAIl = Sulphated Ash Residue V
S = Sulphur
P = Phosphorus
CA Calcium (Additive)

V Ba = Barium (Additive) V

Zn = Zinc (Addit ive)
NA = Sodium (Additive )
K = Potassium (Addit ive)

V N = Nitr ogen (Additive ) 
. 

V

Mg = Magnesium (Additive )
B = Boron (Additive )
Other = To include wear and contaminant m aterials.
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CORRELATION STUDY OF LABORATORY
PHYSI CA L AN D CHEMICAL DATA WiTH DYNAM OM ETER

V ENGINE SEQUENCE PERFORMANCE TESTING OF ENGINE LUBRICATING OIL

I. INTRODUCTION

A lubricant serves a multitude of functions in many mechanical systems among
V 

- 
which are the following: ( I )  prevention of friction and wear , (2) removal of heat
fro m the Lubricant-engine system , (3) removal of contaminants and debris from the
lubricant-engine system , (4) transmission of ’ power in hydraulic  systems , and (5) pre-
vention of metallic corrosion in the lubricant-engine system. At the same time , the
lubricant must be compatible with a variety of gaskets and elastomers employed to
seal lubricant -engine systems to protect them fro m the elements,

It has been established and adequately documented that  the lubricants required
by the sophisticated mechanical system and power plants of today cannot be formulated
by simple base stocks and additives. Lubricants used today are complex mixtures of

V VI base stocks incorporating a combination of chemical additives to achieve the desired V
performance characteristics. In addition to base stocks , lubricants contain additives
designed to effect:

oxidation inhibition
cleansing action V - detergents
dispe rsing action — dispersants

V 

counteraction of extreme pressure
corrosion inhibition
depression of pour point
improved viscosity
rust inhibition
chat t er preve n tio n

V squawk prevention
foam prevention
gelling
thickening

At the same ti me, lubricants must remain homogeneous over broad temper ature ranges,

I n order to insu re that lubricating oils meet these stringent requirements as are
appropriate , a number of laboratory physical and chemical tests are performed for
cha racteri zation , q uality control purposes , and evaluation. The laboratory tests include
measurements of viscosity, specifi c gravity, flash point , calcium , sodium , bari u m , zinc ,
potassiu m , carbon , nitrogen , magnesium , sulphur , ash , base number / acid number , pour
point , and boron.
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lii . i t ld i i  ion t o  f lit ’ labor at ory pIt s sical and chemical tcsts performed on candidate
It ibr i c a t  i mi g oils , ~‘iigmnc dy t i a m n o m e t e r ,  m n u l t  i cy l in der  sequence tests arc also perfo rmed
to e~ a li i atc cugiuc aiLs . I Iw’~e tests art’ designed to evaluate tendencies toward rusting,
s~ earing, O\ i t l . i t  io n ( s t ab i l i t y ) ,  ring sticking, corrosive te ndency, and accumulation
ol tlt ’po si t  b~ I t ii in I h i ~ L ’F ,i ik t ’j st ’ ,i,id on I lie surface of ’ the mechanical parts.

I lie ptir (~L)sc of the work reported herein is to seek correlations between the
lab or ator y  ph~ s i La l  aii d c llL ’Iiilc al test data and the performance of lubricating oils
in th e  d~ n amnomnt ’te r  seqi ic ii t ’e tes t s, to ex amine the interdependence of the tests ,
,tnd troni the re sult s o com m ent on the significanc e of the tests.

II. BACKGR0UNI)

A numb er  of studies have been made on lubricat ing oil base stocks, and meaning—
tu L r e l ation ships have h~~n established h~twee n cert ain measurable properties. The
ie la ti onsli ip betwe en thermal  prop ertt es and inspection tCsts was reviewed by Crago&
in 1929 . Ph v sm c,i l  properties ,iiid cli eniical composition were summarized by Van Nes
.iud \‘an WesteiY and Wal ennam i .  Van Nes and Vat i Westt’n showed th at 

~~~~~ 
%CN , 

V

K , R A and R N 
‘1 could he calculated from the refractive index , density, and

uiok cu lar  w e ight .  I liese chemic a l properties have origina lly been determined using
t ’l ’men t a l ~-hcm tea I a u.ii ~ ses . t ii us i hIus t  m a t i n g  the interdependence of the chemical

~~~ and the i1spe~t io n I c s t s , Watc r m i i a n  &h~s~ ribt -d a similar metho d of carbon—type
515 u sing I i i L ’J S L i I L ’i i i t ’f lt s  of iscosit ~ , r efractive index , and density and reported

i t i  ~ns of t m l t r a s t ) i i i t ’ I sL O s i t ~ a nd su iL , ,e t cnsion , Faraday effect , and parachor
st i t l i  oth er ph~ s~ al comist , i t i t s  a n t i  t he ~ht’uiicaL compo sition.

When l. im gt ’ nu m bers ot I t’sts .i re n .U IahIL ’ for the characteri zation of a material,
i t  is generall y rea l ize d  t h a t  m a  nv of ’ f lit’ tes t s  are interrela te d ,  and sonic of these rela—
I momis hi p s  i i i . i s  be k n o w n ,  Flie re l a t ions h ips ar i to ng spe t-ifi c groups of tests can be
rc,id ui ~ t’stahl i shed I1\ V usi ng th e  st a t i st i c a l  t echnique  known as regression analysis.
Wli ~it is not gt’n cr al lv known is how ma ny t r u ly  indepe nden t properties are being
nicas i i r t ’d by _ aii v groti i~ ol ’ t e s t s .

V 1~ ‘~ ~ ‘‘I h’ run.i I Pr,~1’,’t iu , ’ ~‘i I’,-tro k ’i ni I’ ’duc i~ .’’ N. Ii. S PuibIitit i,~n a 97 ( 1929 ) .
k V~in \ ‘~ .tn ~l Ii . ‘~ S iut ‘i.” ~ s s~~n. ‘ 5sp~-~ 1% ,,I tIi ~ (‘,‘,ictitiit,~’n iii M ine ra l Oils,” A m ste rdam ; Elaevler 1951).
i i .  I W i  h i m  Ifl. ‘ (‘~‘r md. i i~ n Ih’ I wt ’t ’mi I ’hs ~m t. i I  ,‘n ’tJ nh .inmi (‘h,~nm tt~aI Si nItiutr ,’’ Flwdcr i95*~, p. i i
•\ii.tI ( lm , ’mn . t~ I I I  ( I’ )~ 5) .  1,5 p ‘

( .
~ 

P,’m , eimta ~s’ ‘,~,~iiiiii~ in ii ,‘~~ m tm ,~ lint’
I 

~, 
I’ l l ,  ,‘IIt ~,‘ ,irh,’,i in n~ii’hitit nh I 11mg.

I’~’m~’t- ni ~i~it’ t~ir t’t’~ fl~It in i Imi m~ 0 iti~ in ~~
V It 5,11111 t t ( 7  ot t i f lg t  pei IIIC II CI lIit ’ .
V K ‘Stiii i  I’t’t t i .11 I i t t i i ii n~ r ~ t’rage iim,~It’ ’uit- ,

N 5 i i i , -, ni n ,mpII the n lu .- I I lI~ % 
~

‘u
~ 

I IS t~ I . I ) ~, . i i itilt’u.UIu. ’.

--V.--V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I bis ini t i al  s tudy of lubri catin g oils had several goals. One was to ohILmi l i  som e
bas e— line aRies of a im s  ran do mimls st’lr’cted group of oils such tha t  ans’ par t icul ar  oil
t’otikl be conip ,mr ed wi th  th e group .is a whol e .  Amio t ia ’ r goal w .15 to st-c it t h e r e  we re

V ans t t ’i, it tomiships among th e v , irio u s t-hemnical prop erties oh oils which could he cx
ploit~ tl iii such a wa y ,is to achieve a bet ter  u mit le r s t a m i t l i mig  of fl i t ’ plop erties of a lub r i
t’.m t i ns oil w hj u .’li miiak e for  a b et t er  lubr ic a t ion ,  .-~~ th i rd goal was to see what  r e latiom i-
sh ips cs,isIt’~l It si the s,ir %ous oils such that . hopt’tuLl ~ , soilit’ of the t e s t s  pt’r lo r mnetl on

V oils could be t ie t e r mn int ’d ,is r edundan t .  
V

UI .  l :\P l :RI M l :N I ’ .~ L ,~N l) A N A L  V I1CAI PR X ’)Tt ) RL : S

I he So lubr i ca t ing oils studi ed Imt& ’lut lt ’d prt ’p;irat ions I rom im a v ar ie t y  of base
V stocks. In additi on , the ~idthit ivt’s emupIo ~ ed stere from a ~ tmi t ’ts oh supPliers am i d wert ’

not individual l y chara cteri ze d.

the results of the chemical analys is of 50) lubricating oils were oblaine d trom u t im e
tiles of the Fuels ,mn d Lu b ricat ing l ) iv isi on .

V IRt’ propert ies ot (lit’ 50 sasuplt ’s t~ikt ’ii lot t l it’ stu ds ar t ’ Sh oW mi in table ‘I .  l im e
samples were ident i f ied simply by nunih t ’r , ami d the test r esult s were taken ram id o mn ly
l’rom oil samples submit ted  b r  approval und er  Specil ’ication Ml 1 - l V 21 04 . 11w It ’st
results were takeui (‘roni an vari ety of laborator ies cerlifiest to perform the te sts  :~
t abu la t i o i i  of ’ ( li ~’ plissit ~il ~i~ t l t h e i t t i t a l  p iOpt’I t i c s of .iui oil c ami assist f l i t ’ u sem amid
flit ’ oil r efiner in u.lt’f inlmig a consist ently uni f ’om’m n product. While the physical and

- I 5’hemuit ’al propert ies of ~ut out t,discusse d in t h is report do not in (ht’mst’tves define oil
pe r l ’orm ii anct ’, these individu a l  oil properti es are mmm e an ing fu l ami d a rt’ related to f l i t ’

V . i h m l m t v  of’ the oil to fu l fill its f’unt ’tion j s a luhri c ;int . (‘rude petroleum oils have as
princi pa l  components three basic I ~‘ t~e~ of hiydrocartstsn utiolecuks , m e ., para t ’tinic ,
napht ht ’nic , amid aromatic. The typ es of mokcuk ’s that  predominate art ’ a basis for the
classification of oils. Crude oils art’ tvpmf ’k’d as belonging to one of four classcs:
par af ’fimiit ’, n aph fh en ic , asphalt ic , and iitixe d have , In the parafl ’inic type , parattmi t -
hydrocarbons predominate; in the naph tht’nic type , ii~phth enit ’ hydrocarbons pre-
dominate ; in th e asphaltic type , naph the ’nit’ and aromati c hydrocarbons ex ist togeth er ;
and in the mu ixe d type. paralfimc , napli t ht’nic , and aromati c types exist together.
(‘rude oils as they comut’ front th e ground can he mixtures  of ’ gaseous products , 5;iSO~
lines , diesel fuels , lubricating oil stocks , asphalt , et C . The various classes of ’ Products
art ’ separated primarily through distillation. Precipitation of ’ the heaviest viscous
fractions using a solvent is also practiced. ‘l’he lubricating oil l’ractions resulting ther e—
from provide a series of ’ base stocks of varying volat i l i ty and v i sco vil y .  l’hest’ base
stocks are re ferred to as neutral  fractions and bright stock. These fractions gener a hy
requir e further re fining plus the ~dditi on of additiv e s to m ake them su itabl e for Cfl~,,, It’
oil applications. Tlit’ t’omplt ’te chemical and physical data collected on engine oils is
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shown I I I  table .~ and int’lu k’s .h pieces ot in t ’onuation. Due to the lack ot’ coiupkte
resLttt ~ tin all $0 samples . I 3 item’s ol’ information h ave been selected for these studies.
1 hey art’ shown in lahle 3 V

11w initiation ot t his study includes a plot of a typical set of test results (Gravity.
(;) as ‘.lk)WJ ) in Figure 1 ‘and a presentation of t he graVi ty test measurement in dis’
ii ibist I t ~ I I tOrIn ‘as show ii Iii Figure ~ .

An initia l ~1’ati ’st ical survey ot ’ t hese oils, those with a sufficiently large data set.
was pt’rt ’I’)rnied LISiIIe the .Sra rI ’. t i L ’a l Pth ’kaec 10r h i t ’ Social Science-s (SPSSP and a
t,’l)(’ t’ tsi i ip i i t et lIwse Sire summj riicd in Libk 3. l’hey include the mean , variance .

V 
range . standard error, Kurtosis , inaxmium . minimum. skewness . and standard deviation
w here Kurtosis = m easure ot ’ relat ive peakedness or fla tness ot ’ curve defined by the

~j i’~trj hutj t~n of eases .  (A normal distribution will have a Kurtosis of zero.) When the
Kurtosis i~’. pos i t ive , then t he distribution is more peaked (h arrow) than it would be
for a normal distribution while .i negative value means th at it is flatter:

~1

K.urtosis = I I
N

the computing tormula used by SPS.S’ is :

= ~~ x~ -4 x(1N 1 x ’) ~~~~~~~~ -4~~ (~~‘~x3j 1’w }+ X~ 
_ :; 

V

I

~~~ 
x~) ..NX2]/ (N~ I)} 2

r
In looking at the Kurtosis oh the data ‘aS it related to individual parameters, it is seen
th;it the data for individual sets do not fall together. Kurtosis measures the degree of V
peaketlnt’ss ex hibited in individual sets ot ’ data , and a Kurtosis of zero corresponds to
a normal distribution. Larg e. positive v ’alues indicate more peakedness (narrow) than
for a normal thistribut~on. Negative values mean a curve flatter than normal distribu-
tion, In the data collected in these tests , it is seen that for C, the API gravity; FL,
the tiash point: SAIl . suhi’sli,UeeI ash residue; and (‘A. calcium. the value of Kurtosis
is approaching that oh ‘a normal distribution — a value less than I . Values less than S
and more than I can be assigned to only four additionally measured parameters:
P1’s . pour p01111 (‘R AM . Rainshottom (‘arbon: V I, Viscosity Index: and V 100, V~s•
tassit v 1( 4 ( 4 ’ 1 -

N~’tns ,in II ‘.
~~u t  & 4I,isII.ua ) I I I I I .  I , ’ ,u, ~ I~ h’ klns . k’JrIsi  S l4 ’IIIhIt’flf l~ (, and flj Ie Ii . knI, SwtiitteiI Pocka~t’

~i~~’ .5, ‘u ’iazI 54 - 4 V I I  ~- s 2 iiJ I d I l l , ’, ) . Mu,’( uriS - S I I III lit”. ’1, l.’a, lupt iIsy , N e’.’. ~‘or~ .
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Ta ble 3. Statistical Survey of 13 I’ngine Oil Samples
VAR IA I3L1 : (;
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RANG & 3.5)0 M INIMUM ~J . L l  M A ’ t I M J M 2 3 . b 0 g
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Table .~ Statistica l Survey of 13 I’ngine Oil Samples (Cont ’d)
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The Kurtosis values measure the grouping of the values for individually measured
properties:

“Mean” is the most common measure of central tendency for variables measured
at the interval level :

C 
_______= iriean ‘- -- -

N

“Var iance” measures dispersion of data about the mean of the interval-level
variable. This statistic is one way of measuring how closely the individual scores on
t he variable cluster around the mean. Mathematically, it is the average squared devia-

- I tion from the mean:

N (X - -X ) 2
q S2

N -I

Squaring the deviations from the mean considers all differences from the mean both
positive and negative, and it gives additional weight to extreme cases. The variance
will be small when there is a great deal of homogeneity in the data; for, then, most
cacec will have very small deviations from the mean. V

“Skewness” is a statistic used to determine the extent to which a distribution
of cases fits or approximates a normal curve since it measures deviations from symme-
try . Skewness takes a value of zero when the distribution is a complete, symmetric,
bell-shaped curve. A positive value indicates that the cases are clustered more to the
left of the mean with most of the extreme values to the right. A negative value m di- V

cates clustering to the right, Mathematically, skewness

~~
N

1((X 1~~
X)/SI3 V

“Standard Error” helps to determine the potential degree of discrepancy between V

the sample mean and the usually unknown population mean. The standard error
has properties very analogous to those of the standard deviations. V

- “Standard Deviation” measures the dispersion about the mean of an interval-
level variable. It measures the square root of the variance:

13
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Standard t )es iation [,
~,, 

~~~~~~~1X
1 
- ~~~~ ]

I he ~tandarJ deviation i~ t he posi t ive square root of the variance and is another mea-
sure ot var iance. l’he standard deviat ion is, perhaps, the most important and most
wideR used mej ’~ure of ‘.j rij hilit~ - A small volume of S denotes close clustering
about the mean. A re lativ e ly large value represents wide scattering about the mean. V

I’he table shows relatively large values ,

Flic range . inaximuni , and minimum present the usual extra data in the program.
The stat istical summary does not offe r information adequately definitive to make
conctus ions required for the mission of this study, A Pearson’s T test was performed
with the SPSS package to establ ish any linear correlations among the various sets
of ’ data. A correlation of the various data sets was a lso performed with the IRM pack-

V age in an attempt to further analyze the relationship between the various data sets.

The results of Pearson ’s correlation as per formed with the SPSS are tabulated in
rable 4 . Output from this program included the correlation coefficient , the tests of
significance , and the number of Lases upon which the correlation coefficient was
computed. (‘ovariance , cross-product deviat ions for all combinations of pairs are
shown in Table 5. In the graphical presentation of a typical set of data (GravIty, G,

‘ it ipj~’~red 1 priori unlikel y to 
V
,
~~~

5 f  1 ~- ‘ r ’ ’ ~’~inn line, espec ially a straight
one , ~ hich perfectly fits the data. Whet her this is because the true relationship does
not quite fit the curve being drawn or because of errors or imperfect ions in collecting
the data , a measure of the goodness of fit of the regression line is desirable. The
Pearson product moment corre lation coefficient serves this purpose for Linear regres-

t SIOfl , \V here there is a fit (no error), it takes the value +1.0 or —1. 0 where the sign is
the same as t he sign of the regression coefficient. A negative does not mean a bad

V fit: rather , it denotes an inverse relationship. When the linear-regression line is a poor
fit to the data , it will be close to icro . The value of zero denotes the absence of a

L 

linear relationship.

If Pearson ’s coefficient is squared. we get another statist ic which is a more easily
interpreted measure of association when our concern is with the strength of relation-
ship rather than with the direct ion of relationships. It varies from 0 to +10. (maxi—
mum). Its usefulness lies in the fact that the square of Pearson’s coefficient is a mea-
sure of’ the proporl ion of variance in one variable explained by the other. A negative
value t’or the correlation coeffic ient indicates a decrease in that property of the test
with an increase in t he compared property. Our test data in summary showed si~~ifi-cant %alues of the correlation coefficients only for certain pairs (pp. 19 and 20).
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- 1 Rcgre s.sioii ai~~l~ M’~ WeII.’ t am ed to relate S & P, G & SAIl, (‘RAM & N, CA &
- I  

/N . I’IIN & IA N , LIIILI 
~~: in ~ ~ and to Obt)lIfl L’tl LiauiO flS for each pair. The

correlation cocft ’icicut wa s t~tained for cac ti Itair. t hese are shown in Table 4.

V 
l’e,i r somi ’s corr eLitiun coci ticient h used to measure the strength of re lationship

V between two int~’r~.il-k’ ci variables. In t h is 1ise . the strength of relationship indicates
- both ti tt’ hI ) C%s is t  III oh a linear regression line to the data and, when Pearson’s

coettïcient is squ aled . t tie proportion of variance in one variable explained by the
I other , V

Mathematicall y , Peaison s coett ’icient . i . is detiut’d ,is the ratio of covariation
V to square root of the product ot ’ the variation in s and the var iation in y where x and V

v ~ ‘mbotj ie the two v _ i ,‘i.ihles. l’lns corresponds to the formula: ‘II

N

I 1= - 

~ ~~~~~~~~~~~~~~

V 

‘ 

~[x’.., (X ~~X ) 2][~~ \‘
,~~~

S7)
2]~~

w here :

= ith observation ot’ variahk x

i t t i . observation ot ’ variable v
N n u m ber ot ’ observations

x
V V —~ = 

~~~~ 
= nwan of variable x

V 

= 

~ ~ 

—
~

- = mean of variab le ~
-

t he formula employed by S!~S’S for comnputmg Pearson ’s coefficient is as follows:

V 

~~~~~ ti
’
:~n ~~~~ 

X~\’~ - (~~~ ~~ 
X )(~~~

N 
Yj / N

V (‘ot’t ’t’icient 
ffX~~ 

~~ -(Z’, XI)2 I Nf fIN  \‘~ -(
~~ 

Y~)2/ NJ}

Signifi cance t e s t s  i i  e reported for each coefficient and are derived from the
use ot a ~tti~lenl s 1’ w i th  N ~ degrees ot freedom for the computed quantity :

L ~[~~~2 
]

(
L
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V 

where N = number of cases upon which the correlation coefficient was computed.

The tests of significance give information regarding the probability that the
V observed relationship could have happened by chance, i.e., probability that in a repre-

sentative samp le of a given size, the variables would exhibit a relationship as strong
V as the observed relationship. It has been accepted in other applications of SPSS to

accept as statistically significant relationships which have a probability of occurrence
by chance 5% of the time or less, i.e., in 5 out of 100 samples 0.05 or less. Applying
this criteria, it can be noted that statistically significant results appear for the pairs

V listed below . A two-ta iled list of significance as follows has been applied to the data:

Pearson ’s correlation

Statistically significant (absolute value)
G & F L  .2194
G & V 210 .3059
G & V 100 

.5897
G & V 0 EX .3710

¶ G & V (  .5874
G & T A N  .1197
G&CRAM .2189
G & S A H  .1664

V G & S  .1558
G&P .1331
G & C A  .1284
F L & G  -

F L & V 100 .1093
F L & V Q EX .2 1 36
FL & V1 .155 1
FL & TAN .2718
FL & SAH .1271

V 
, FL&CA .1306

FL & pp .2201
V 2~0 &V ~~ .5296
V210 & V Q EX .1453
V2~0 &V 1 .1900

V V 210 & TAN .1820
V V 210 & SAH .127 1

V 210 &CA .1306
V 210 &PP .220 1

19
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Pearson s corre lation
Stat is t ica l l y  Significant (absolute ~ _ i t ~~~~

& V 0 F X  .4414
V ,~~~& V l  . 7703

tOt) & TAN .0802
V 100 & (‘RAM .Ot- 63
V 100 & S  .130 1

V V & pp .0964
V FX&V i .5119
V ,L X & S  .0928

V 

V E X  & (‘A .0730
Vi & TAN .0858
Vl &SAII .l88t~
V l & S  1000
VI & P .0537
Vl&CA .2080
V 1& pp .069 1
TAN & CA .2105
TAN & pp .1346
T A N & S  .06 27
(‘RAM & SAL! .7709
(‘RAM & S .083’)
( ‘ R A M & C A  . 1 l e 7
CRAM & pp . 1 1 7 4
S A H & P  .0941
SAH & (‘A
S & CA  .1 12 5
(‘A & P1’ .0530

Strong correlat ion relationships are shown between V 2 10 and V
11,,0 ( V5 29 ~~~ ) . “ tim

and VI (.7703), V E X  and VI (.5119), CRAM and SAl! (.7709~, ( ‘RAM and (‘ ,\

(. 7167), and SAIl and CA (.8679).

Because the correlat ion of a variable with itself is unity and the correlation 
V

x w ith v is identical to the correlation of y with x , the redundant correlat ions are not
• included. V

20 ‘
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Factor Analysis

Factor analysis is a much more generaliied procedure for e v alu a t i n g  and defining V

V dimensional space among a relatively large number of var iables. Because of the general-
ity of factor analysis , it is difficult to present a capsule description of its functions
and applications. 11w major use of factor analysis is to locate a small number of valid
dimensions clusters or factors contained in a larger set of independent ileili s or
variables. Factor analysis helps to determine the degree to which a given variable or V

several variables is t)art of a coniniori, underhynig phenomenon.

‘J’he single , most-d istinctive characteristic oh’ t’actor analysis is its data-reduction
capability- From an array of correlation coefficients t’or a set of variables , factor-
analysis techniques allow one to see whether some underlying pattern of relationships
exists such tha t  the data may he rearranged or reduced to a smaller set o(~ 

(‘actors or
V components that m a y  he taken as source variable s accounting for the observed inter-

relations in the data. In this study , one use of factor ana lysis was employed explor-

I’ atory the exp lorati on and detection ot’ patterning ot ’ variables with a view toward
V the discovery of new concepts and a possible reduction of the data.  Factor analysis

is not a unitary concept. It subsumes a large numb er  of procedures , the most general
classification of which may be organized around major alternatives available at each

of the customary steps. ‘I’he steps are as follows: ( I the preparation of a correlation
matr ix . (2) the extrac t ion of the in i t ia l  (~ictors the exp loration oh’ possIble data
r eduction,  and (3) the notation to term ina l solut ion th e  search for simple and
interpretable tactors. The factor matr ix for the oil data is shown in Table 6. Thi s

~ application applies the scheme of correlation ot variables (assoCiation) which in SI’SS
analysis is called R-factor analysis.

In general, there are many tests available for characterizing mineral oil lubricants.
When engine tests , rig tests , and functional tests such as oxidation are omitted , many

tests st ill remain. Sonic inspection tests , elemental analysis , and carbon-type analysis
of lubricants are considered here. The obiect of the work again is to examine inter-
relat ionships to draw Some inference about the significance of the’ tests in themselves
and w hen taken in conjunction with others. This study is cognizant of both physical!
chemical tests and separate engine tests but limits itself to selected chemical and V

physical tests in order to maintain some degree oh’ simplicity in the interrelations. A
subsequent study of the relationsh ips will include other tests performed on engines.
Many of the tests have been known t’or a long time and are considered to he standard
in the industry.

The first step in factor analysis requires the calculation of a measure of association V

for re levant variables. The correlation matrix shown in ‘Fable 7 serves as the measure
of association for the variables. The complete applications of the •S’FSS scheme to the
ana lysis of’ these lubricating oils includes . in addition to the correlat ion matrix , a

2 1
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princlpj l_t olnponcnt anal~ sis . In princLp~l—t ’ompoIwnt anaI~ sis, the given s~ I 2 ,f
V 

m a
hks is transt ’ornicd Lw a transformation nlatn\ into new sets 01’ ct)lllposite ru bles

or components that are uncorrcla ted to each other. VFhI,, t ransi ormat loll ifl.t i II S Is

shown in Table 8. No particular zmssuui ption about the underlying structure of t h e
variables is required or assumed. What is sought is the best linear combination of

~Van .mhles best in the sense that the particular combination of’ variabl e s would account
for more of t he variance in the data as a whole than an~’ other comhiaation of varia-
hks. The first principal component is then viewed as the single best summary of linear
relationships exhibited in the data. T he second component is viewed as the second
best linear combination of ’ variables under the condition that the second component
is orthogonal to the first. To he orthogonal to the first component. the second must V

account for t he portion ot’ var iance not accounted for by the first. ‘t hus, the second
component may he det ’ined as the linear combinat ion of variables that accounts for
t he most residual variance after the e ffect of the first component is removed from the V

data. Subsequent components are det ’ined similarly until all the variance in the data
is exhausted. Unless at least one variable is perfectly determined by the remainder of
t he variables in the data , the principal-component solution requires as mans compo-
nents as there are variables. The priticipal—componcut model may he compactly
expressed as

= a3 1 F1 +a~ F~ +~~ .3 F; ~~~~~~~~ F

where ea(’h of th~- n~~~serv~d variables is descr ibed l inearl y in terms o t n UC5 ’V UIKTOI .
related components F1, F2 , F F , each of which is. in turn , defined as a linear

V combination of the n original variables. Since each component is defined as the best
linear summary of variance left in the data after the previous components are taken
care of, t he first in components — usually much smaller t itan the number of variable s V

in the set may expla in most of ’ t he variance in the data. bor factor-analytic pur-
poses, the analyst normally retains only the first few components for further rotation.
The SPSS subprogram employed for these studies is known as principal factoring
w ith iteration. The immediate result of the initial factoring was the extraction of an
unrotated factor matr ix shown in l’ahle ~~. The factors are arranged in the order of’
their importance. The first l’actor is the most important , t he second factor is the
second most important. etc. The first factor tends to be a general factor; it has signifi-
cant loading on every variable. Subsequent factors tend to he bipolar , that is . some

V factor loadings are positive and some are negative. The method includes defined t’ac-
tots . The interest here is to find whether some smaller number of components ac-
counts for most of ’ t he variance. From the unrotated factor matrrs. it is obvious that
factor ~~Fl ) has primary influence on l’actor CA , SAIl, and CRA M and has negati~c V

influence on G. Factor 3tV~~,) has primar) influence on l’AN . l:L. and P. Factor
4( ~~~ ) has primary influence on pp and FL. Factor ~ ~V FX I has primary iiifluenct-
on ‘rAN , etc. Conversely, the influence of factor ~~l:L) on \V ’I and V I X is negligible.

~ 
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V 
V The values given in Table 6 represent regression coefficients of the factors to

describe a given variable. For example , for the variable, G:

G = 0.72694F 1 - O.39589F 2 + O,22 149F 3

-0.09300F 4 + 0.04745F 5 ...0154 V 05F 6

-0~l 0 l9 lF 7 +0 . l 9609F~ + 0.07906F9

V +O .269 17F ,0 + 0.3 1050F 11 -0 .08497F12

+0.01619F 13

where F 1 = factor 1 , etc. The other variables such as FL , V 210 1 and V 100
wouid be treated in a similar manner.

The general equation

Z~ a~1 F 1 +a. 2 F2 + ajm Fm + d ~U3

expresses this relationship.

The variance accounted for by factor 1 is

(a11)2 = (0.72694) 2 = 0.5284
V 

The variance accounted for by factor 2 is

(a12) 2 = (0.39589)2 = 0.1567 ,

etc.

~~~
N

a2 j i  j =

= (.72694)2 +(.34 124) 2 + +( .0 1003)2 = 2.98602

= respective eigenvalue.

These values are shown in Table 6 along with cumulative percentages in Table 10.
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V Sitznihiean t l y. most of t he variance in t h e  data is accounted (‘or by G and FL.
I lie ( Illrotated h’,ictors extracted through the factoring met hod may or may not give

V iticaninglul patterning of t lte variables , l’o supplant t h e  data obtained from t he unro—
V 

fa t ed lacto rs , the t’actoi’s are subsequently rotated to effect additional .siinplication.

Rotation in Subprogram

lit this SI ’SS program , all the initial solutions extract orthogonal factors in order
of th’,’tr litiportauce. l’lte I’irst factor so extracted tends to he a general factor; that is ,
it tends to load sign it ’ican tly on every variable. ‘11w second factor tends to be bipolar,
t li.it is , approx imate ly half the vari a bles have positive loadings and the other half have
itegat ivc loatlint~. Tile remain ing factors also tend to be bipolar, and it is difficult
to interpret such tailors , Every varia ble tends to lie decomposed into both positive
att(l negative factors , and t he complexity of each variable is usually greater than one.

V V 

V
l~he anal ytical method of rotation is designed to take a fixed number of factors

V and a f ixed a mo u n t  of variance accounted t’or ls\ V these factors and simplify the rows
of th~ factor mat Fix and the column matrix to make as many values as possible in each

V row and column close to /V e r oV

In the illustrations that follow , the SI ’SS dep icts graphical presentation of rotated
orthogonal factot’s em ploying a proc edure termed Var in t aX. Varimax centers on
ciiitpl,t~’iu~ the coft iiiins of the factor  matrix A simple factor is defined in varim ax
as one wit h only Is and Os in the coltimn. This simplif ication is equivalent to maxi-
miiing the variance of ’ the square d load ings in cacti column. Since only two-dimensional
spai’e can he .‘t ’l’ectively plotted, every possib le pair of factors is taken one by one.
Sii~nit’k’ance of t h e  graphs resides :t three as pecf s : ( I )  the relative (listance of a varia-

V ‘ ble from the tw o axes . (2 ) the direction of a variable in relat ion to the axis (It may
indicate eitf iei ’ a positive or negative loading,), and (3’) the clustering of’ var iables
and their relative posit ion to each other (‘onclusions relative to the degree of actua l
co rrelat ion bet svcen (lie t’actors are drawn front these observations,

In Figure 3, varia bles 2. 3, 5. 7 , h O , and 1 3 load low on (‘actor 2. Variables 8,
9, aiid 1 2 load high on factor I . ~itd vai’ials le (s toads low on t’actor I and high on
factor 2. In addition , variables If) . 2, 13 . 7 and 5 are close to the origin and have
small loadings on bot h t’actor I and l’actor 2. As a whole, the graph separates cluster V

10 , 2 . 13 , 7 , 3 , and 5 t’roni cluster S . 9. and 12. ‘The clustering of these groups indi-
cate s sonic degree of correlatio n between them. Variab le ii did not load significantly
on eit her axis.
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V In Figure 4, var iables 8, 9. and 1 2 load high on factor 1 amid cluster. ~~~~ ma l )les
V I, 2 , 6, 10, II , and 13 are all close to the origin and have small loadings on both

factors Variable 7 loads high on (‘actor 3. The graph separates cluster 8, 9. and 1 2
V t’roni c luster 1 , 2 , 6, 10 , 11 , and 13. The clustering of these groups indicates som e

corre lation between them. Variables 3 , 4. and 5 did not load significantly on either
axis.

In Figure 5 . variables 8, 9, and 12 load high on factor I. Variables 5 , 7 , I I , 2,
13 . 10, 6, and I are close to the origin and have small loadings on both factors . Vari-
able 3 loads high on factor 4. Two separate clusters are observable. Correlation within
the c lusters is indicated.

In Figure 6, variable 10 loads high on factor 5. Variables 2 . 6, 13 . I. 4. 7 . and
11 show clustering. Two distinct clusters are observable V V cluster 1, 4, 7, II , 2. 6,
and 13 and cluster 8, 9, and 12. Correlation within the clusters is indicated. Variables
3 and 5 show insignificant loading on both factors .

V 

In Figure 7, variable 11 loads high on factor 6, low on factor I and clustering
occurs for 8. 9, and 12 and I, 4, 13, 5 , 10, 2, and 6. Two distinct clusters are obser-
vable. Variables 1.4, 13 , 5 , 10, 2, and 6 are close to the origin and have small loadings
on both factors. Correlation within the clusters is indicated. Variables 3 and 7 show
insignificant loading on both factors .

In Figure 8, variable 5 loads high on factor 7 and variables 8, 9. and 1 2 load high
on factor I and c luster. Variab les 1 , 2, 11 , 10 , 13. 3 , 4 , and 6 cluster near the origin
and have small loadings on both factors , Two distinct, separate groups are observable.

k 
Variable 7 shows no loading on either factor. Corre lation is indicated within the
clusters ,

V In Figure 9, variable 13 loads high on factor 8. Variables 8. 9. and 1 2 cluster
and load high on factor I. Variables 1, 3.4. t , 2 , 7 . 10. and I I  are close to the origin

I and have small loadings on both factors . Two distinct groups are observable. Variable
5 shows no loading on either factor . Correlation within the clusters is indicated.

In Figure 10, variable 2 has high loading on factor 9. Variables 8. 9. and 1 2 have
V V high loadings on factor I. Variables I , 13 . 3 . 10 . ~~. II , 5 . and 7 are all close to the

origin and have small loadings on both factors , Two distinct groups are observable.
Variable 4 shows no loading on either factor. (‘orrclation wit hin clusters is indicated.

In Figure II . var iables 8, 9, and I 2 load high on factor I . Variables 6, 2. I I . I 3 .
hO , 5 . 7, and 4 are all close to the origin and have small loadings on both fac tors . ‘I’he
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clusters of variables 8 . 9. and 1 2 ,ind 6. 2 . I I . 13 , 10 . 5 . and 7 separate the variables
into two groups. Correlation within the two groups is indicated. Variable 3 shows
no significant loading on either (‘actor.

In Figure 12 , variab le 4 loads moderately high on factor II. ~-‘ariahles 1, 6,
13 , 10. 2 . I I  . 7 . 5 . and 3 are .mll close to the origin and have small loadings on both
factors . Variables 8, 9. and 12 load high on factor I and have small loadings on (‘actor
II , Two separate clusters are indicated with correlation within the clusters.

In Figure 13 . variables, I, 13 . 2 . ô , 5, and 10 all are close to the origin and have V

small loadings on both factors . Variab les 9 and 1 2 have high loadings on t’acto r I
Variable 8 has signifk ant loading on both (‘actor I 2 and factor I - Variables 3, 4.
7. and 11 have no significant loading on either factor. (‘orrelation within the clusters
is indicated.

in Figure 14 . variables 1, 5 . 10 , 2 . 6, 13, and 7 all cluster near the origin and have
small loadings on both factors . Variables 8. 9. and 12 load high on factor 1 and
cluster less close ; variables 9 and 1 2 show signit’icant loading on factor I and are

.4 negative. Two ,groups are observable. ~
‘ariahle s 3 , 4. and II show insignificant loading

on either factor. Correlation between the two groups is indicated.

in Figure iS. variable 7 loads high on fac t or 3. Variable 6 loads high on fac tor 2.
Variables 5, 3, 13 , 8, 9, 10, I I , 12 . and 2 are all close to the origin and have small
loadings on both factors . Clustering is indicative of correlation among the variables.
Variable 4 loads moderately high on t’actor 2 and is negatively correlated.

In Figure 16 , variable 3 loads high on factor 4 . Variable 6 loads high on factor 2.
Variables 5. 7, 9, I I , 2 . 13. 10, and 1 2 all are close to the origin and have small load.
ings on both factors . Variable 4 loads moderately high on both factors and negatively
on fac t or 4. Correlation is indicated within variables 5 . 7, 9, I I . 2 , 13 , 10 , and 12.

~‘ariahle 8 does not load significantly on either factor.

V In Figure 17 . var iable 10 loads high on factor 5 and insignificantly on factor 2.
Variable 6 loads high on factor 2 and insigniticantly on factor 5. Variables 13 . 12 . 2 .
5 . 3. I I. and 9 all are close to the origin and have small loadings on either factor.
Variable 4 loads moderately heavy on factor 2 and negatively. Variables 1 2 . 13 . 2,

V 5, 3, II. and 9 indicate correlation within. Variables 7 and S have insignificant loading
on both Factors ,

In Figure 18 . var iable II loads high on t’actor 6 and insignificantly on factor 2.
Variable 6 loads high on factor 2. Varihle 4 loads moderately high and negative on
factor 2. Variables 3 , 2 , 13 . 9. 5 . 8. 10. and 1 2 cluster and are all close to the origin.
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‘rhey have sm all loadings on both factors and indicate some internal correlation. 
V\‘ana hk -‘ loads tnsigniticantl-v on both (actors .

In l igt*re I 9. va ria hl~s 5 and 6 load high (negative ly) on tactors 7 and 2 respec—
tive ly . \-‘ar iahles 4 and I load tiegatively and ino~krately on taS.’tors 2 and 7 respective-
lv , Variables 3 . I 3 . I 0, I I . I 2 , and 2 cluster and are close to t he origin with small
loadings on each factor , Variables 3, 13 , 10, I I , 12. and 2 correlate.

In Figure 20, variable 13 loads high on factor 8. Variable 6 loads high on factor 2.
Variables 2 . 7, 5 , 9, 10, I i , 3, 8. 12 , and I c luster and are close to the origin. Also,
t hey all have small loadings on hotI~ factors. Variable 4 loads negatively and moderately
high on factor 2.

In Figure 2 I , variab le 6 loads high on (‘actor 2. Variable 2 loads high on factor
9. Var iables 3 , 5 , 7, 10, II. 12 . and 13 cLuster and are close to the origin. Small
loadings on both (actors and correlation arc indicated. Variables 8 and 9 load insignifi—
can tly on both factors .

V In Figure 22 . variables 2 . 3 , 5 , 7 , 8, 9. t O . I I . 12 , and 13 are close to the origin
and have small loadings on both t’actors . (‘orrelation is indicated, Variable I loads
high on factor 10. Variable 6 loads high on (actor 2. Both variables I and 6 load on
factors 10 and 2 respectively . Variable 4 loads negatively and moderately high on
~actor 2.

In Figure 23 , variab les 5 , 3. II , 12 , 10. 13 . and 9 cluster, are near the origin ,
and have small loadings on both (‘actors , .‘~~ degree of correlation is indicated. Vari.
able 6 loads high on factor 2. Va riable 4 load s modera tely high on t ’actors 2 and II -
Variable 2 , 7, and 8 show insignificant loadings on both (actors.

In Figure 24 . variable 6 toads high on factor 2 and insignil’icantly on factor 12.
Variable 8 toads high on lactor 12. \‘ariahles 5 , 3. 7. 9. 10 , 1 2. 13 . and 2 cluster.

V are close to the origin , and have small loadings on both factors. (‘orrelation is indi-
cated . Variable II exhibits insignitlcant loading on both factors , Variables 4. 5. and

- 
- I load moderately high on factor 2 with variables 4 and 5 having a ncgatt~ c correlation,

V 

‘ 
In Figure 25 , variables 3. 13, 2 , 10, and 5 cluster and arc close to the origin.

V 
There is no significant loading on either factor. [he degree of cluster formation
lessened, Correlation is indicated for variables 3. 2 , 13 , t O . and 5. Var iable 6 loadsV 
high on factor 2. Variables 4. 3.5 , 10. 2 , I. and 6 have insignificant loading on factor
13. Variables 4 and S have a negative correlation. Variables 2. 7. and 8 show’ insignifi-
cant loading on either factor. Correlation as it relates to factor 2 and factor 13 is more
limited. Variables 9 and I 2 load on factor 13 with variable 9 having a negative
corre lation.
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In Figure 26, var iables 2, 5, 9, 1 t , 8, 10 , 13. 6, and ~2 cluster and are close to
the origin . Group correlation is indicated. Variable 7 loads high on factor 3. Van-
able 3 loads high and variable 4 loads moderately on factor 4. V

In Figure 27 , var iables I, 2, 3 , 4, 8. 9, I I, 12 , and 13 cluster and are close to
the origin. Small loadings on either factor and correlation are indicated. Variable
7 loads high on factor 3. Variable 10 loads high on factor 5. Only one grouping 

Vof variables is indicated. Variables 5 and 6 have insignificant loading on both factors. V
In Figure 28, variables I, 4, 9, 13 , 2, 10, 8, and 12 cluster and are close to the 

Vorigin. Small loading exists on either factor. Correlation is indicated. Variable II
loads high on factor 6. Variable 7 loads high on factor 3. Variables 5 , 3, and 6 show
no loading.

In Figure 29, variables 4, 3, 8, 13 , 12 , 9, 2, 1, and 6 cluster and are close to the
origin. Small loading exists on either factor. Correlation is indicated. Variable S
loads high on t’actor 7. Variable 7 loads high on factor 3. Variables 10 and I I show
no significant loading on factor 3 or factor 7 respectively.

In Figure 30, variables 2, 9, II, 1, 1 2, 3, 8, and 4 cluster and are close to the
origin. Small loading exists for either factor. Correlation is indicated. One main
grouping exists. Variable 7 loads high on factor 3. Variable 13 loads high on factor
8 — one group of the data indicated. Variables 5. 6. and 10 show no loading on
either factor.

En Figure 31 ,variables 4, 8, 11, 5, 3, 10, 12 ,9, 1, and 13 are clustered. All are
near the origin and have small loadings on either factor. Internal correlation is m di-
cated . Variable 2 loads high on factor 9. Variable 7 loads high on factor 3. Variable
6 shows no loading on either factor.

In Figure 32 , variables 2,6, i i , 12, 13 , 10 ,9, 5, and 3 cluster and all are close
to the origin. Internal correlation is indicated. Variable 7 loads high on factor 3.
Variable I loads high on factor 10. Variable 8 shows no loading of significance.

In Figure 33 , variables 3 , 5 , 12 ,8, 2, 10,9, 13, 1, and 6 cluster and all are close
to the origin. All have small loadings on both factors. Internal correlation is m dl-
cated. Variable 7 loads high on factor 3. Variable 4 loads high on factor 11. One
group of variables is indicated. Variable II shows no loading on either factor.

In Figure 34, variables 4, 9, 1 2 , 1, 2, I I, and 13 cluster and all are close to the
origin. All have small loadings on both factors. Internal correlation is indicated.
Variable 7 loads high on factor 3. Variables 3, 5 , 6, and 10 have no significant loading
on either factor. Variable 8 loads high on factor 12.
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In Figure 35 , variables I, 2 , 10, 4. 12 , I I , 8, and l3 cluster and all are close to

the origin. All have small loadings on both factors. Internal correlation is indicated.
, Variable 7 loads high on factor 3. Var iables 3, 5. and 6 show insignificant loadings

- V ~ on both factors .

V

~~ 
In Figure 36, variables 12, 6, 13, 8, 1 1, and 9 cluster and are all close to the origin:‘i ~ All have small loadings on both factors. Internal correlation is indicated. Variable 3

V ~ loads high on factor 4; variable 10 loads high on factor 5. Variables 2 , 5. and 7 do not

~ 
- load significantly on either factor,

I In Figure 37 , variables I , I 3, 9, 6, 10, 8, 7, and 12 cluster and all are close to the
V ~ origin. All have small loadings on both factors. Internal correlation is indicated.
V 

~ 
Variable 3 loads high on factor 4 ; variable 6 loads high on factor 4. Variables 2 and 5
show no significant loading on either factor.

In Figure 38 , variables 13, 8, 12 , 10, 1 1, 9, and 2 cluster and are all close to the

I ~ 
origin. All have small loadings on both factors . Internal correlation is indicated.

: 
~ 

Variable 3 loads high on factor 4; var iable 5 loads high on factor 7. Variable 7 shows
insignificant loading on both factors.

In Figure 39 , variables 2, 7, 10, 1 1, 9, 1, 12, 6, and 8 cluster and all are close
to the origin. All have small loadings on both factors. Internal correlation is indi-
cate d. Var iable 3 loads high on factor 4. Variable 13 loads high on factor 8. Variable
5 shows insignificant loading on both factors .

In Figure 40, variables 1, 13 , 12 , 6, 10, 9, and 1 1 cluster and all are close to the
origin. All have small loadings on both factors. Internal correlation is indicated.
Variable 3 loads high on factor 4; variable 2 loads high on factor 9. Variables 5 and 8 V

show insignificant loading on either factor.

In Figure 41, variables 2, 11, 12 , 13 , 10, 8,9, and 7 cluster and all are close to
I the origin. All have small loadings on both factors. Internal correlation is indicated.

Variable 3 loads high on factor 4. Variable I loads high on factor 10. Variable S
V 

- - shows insignificant loading on either factor.

S 
In Figure 42, variables 5 . 7, 11 , 12 , 2, 9, 13 , I, and 6 cluster and all are close

V 
- to the origin. All have small loadings on both factors. Internal correlation is m di-

- cated. Variable 3 loads high on factor 4. Variable 4 loads moderately high on both
factors. Variable 10 shows insignificant loading on either factor.
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In Figurc 43 , variables 9. I 0. 1 1 . I 2 . 1 3 . 1 . (-a . and 7 c lustci ’ and 51t5 1 I I! Llç,sc to
V the origin. A ll have small loadings on both factors , Internal correlation k indicated.

Variable 3 loads high on factor 4. Variable 8 loads high on factor I 2. Varia ble 4
loads moderately high on factor 4. Variables 2 and 5 show insignificant loading
on both factors.

In Figure 44 , var iables I, 6, 10, 2. 5 , 13. 1 1. and 7 cluster and all are close to V

the origin. All have small loadings on both factors. Internal correlation is indicated. 
V

\‘ariahle 3 exhibits high loading on factor 4. Variable 8 shows insignificant loading
on either factor.

In Figure 45, var iables 1, 4, 9, 13 , 7. 8, 6, and 12 cluster and all are close to the
origin. All have small loadings on both factors. internal correlation is indicated.
Variable 10 loads high on factor 5. Variable I 1 loads high on factor 6. Variables VV ~ 2. 3, and 5 show insignificant loadings on either factor.

L I In Figure 46, variables 4, 3, 1 3, 1 I , I 2 , and 1 cluster and are all close to the

i

i origin. All have small loadings on both factors . Internal correlation is indicated.

~ 
Variable 10 loads high on factor 5. Variable 5 loads high on factor 7. Var iables 7 .

I 8, and 9 have insignificant loadings on both factors.

In Figure 47 , variables 2. 7, 1 I, I, 3, 12 , 4. and 8 cluster and alt are close to the
1 origin. All have small loadings on both factors. Internal correlation is indicated.
f Variable 10 loads high on factor 5. Variable 13 loads high on factor 8. Variables

a 5 , 6, and 7 have insignificant loadings on both factors.

~ 
In Figure 48, var iables I , I 3. 9, 1 2, 3. 4. I I , 8, and 7 cluster and all are close

~ to the origin. All have small loadings on both factors . Internal correlation is i,idi-
cated. Variable 10 loads high on factor 5. Variable 2 loads high on factor 9 , Van-
ables 5 and 6 have insignificant loadings on both factors.

~ 
In Figure 49. variables 2, 11 , 12 . 13 , 7, 8, 9. and 4 cluster and all are close to (lie

I origin. All have small loadings on both factors . Internal correlation is indicated.
Variable 10 loads high on factor 5. Variable I loads high on factor 10. Var iables
5 and 3 have insignificant loadings on both factors . V

In Figure 50, variab les 3, 5 , 8, 12, 1 1, 9, and 13 cluster and all are close to the
origin. All have small loadings on both factors , Internal correlation is indicated.
Variable 10 loads high on factor 5. Variable 4 loads high on factor I I. Var iables

I 
2 and 7 have insignificant loadings on both factors .
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in Figure 51 , variables 1 , 9, 4, 7, 12 , I I , 13, and 6 cluster and all are close to the
origin. All have small loadings on both factors. Internal correlation is indicated .
Variable 10 loads high on factor 5. VariabLe 8 toads high on lactor 12. Variables
2, 3, and 5 have insignificant loadings on both factors.

in Figure 52 , variables 1, 2 , 4, 5 , 6, 11 , and 13 cluster and are close to the origin.
All have small loadings on both factors. Internal correlation is indicated. Variable 10
loads high on factor 5. Variables 3, 7 , and 8 show insignificant loading on both factors .

In Figure 53, variables 3, 8, 13 , 12 , 10 , 9, and 2 cluster and are close to the origin.
Al) have small loadings on both factors. Internal correlation is indicated. Variable I I
loads high on factor 6. Variable 5 loads high on factor 7. Variable 7 shows insignifi-
cant loading on both factors .

In Figure 54 , vanables 2, 7, 9, 10, 12 . 6, 3, 8, and 4 cluster and are close to the
origin . All have small loadings on both factors . Internal correlation is indicated.
Variable 11 b a t ., high on factor 6. Variable 13 loads high on factor 8. Variables I
and 5 show insignificant loadings on both factors .

in Figure 55 , variables 13, 12 , 6, 9, 10, 3, 8, 4, and 7 cluster and are close to the
origin . All have small loadings on both factors . Internal correlation is indicated.
Variable 11 loads high on factor 6. Variable 2 loads high on factor 9. Variables I
and 5 show insignificant loadings on both factors .

In Figure 56, variables 2, 12 , 13, 10, 9, 7, and 3 cluster and are close to the
origin. All have small loadings on both factors. Internal correlation is indicated.
Variable I loads high on factor 10. Variable 11 loads high on factor 6. Variables 6
and 4 have significant loading on factor 10 and are negatively correlated. Only one
grouping is indicated. Variables 5 and 8 show insignificant loading on either factor.

In Figure 57, variables 3, 5, 8, 12 , 10, 13, 6, and I cluster and all are close to
the origin. All have small loadings on both factors. Internal correlation is indicated.
Variable 11 loads high on factor 6. Variable 4 loads high on factor I l .  Variables
2, 7, and 9 show insignificant load ing on both factors.

In Figure 58, variables 12 , 10, 9, 3, 4, 6, and 13 cluster and all are close to the
origin. All have small loadings on both factors . Internal correlation is indicated.
Variable 11 loads high on factor 6. Variable 8 loads high on factor 12. Variables
1, 2, 5, and 7 show insignificant loading on either factor.
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h i  Figure 59 . variables 10 , I . 4 . 8, and 13 cluster and all are close to the origin.
All have small loadings on both factors. Intern al correlation is indicated. Variable
I I  loads high on factor 6. There is no other groupin g of variables. Variables 2, 3, 5,
and 7 have no signi ficant loadin g on either factor.

4 In Figure (0. variables 2 , 7, 1) , 12 . 3 . and 8 cluster and all are close to the origin.
I All have small loadings on both factors . Internal correlation is ind icated. No other

discrete ~et is indicated.  Va riable 5 loads high on factor 7. Variable 13 loads high on
factor 8. Variables 9 and 10 show insignif icant loading on both factors.

In Figure 6 1. variables 1 3, 12 , 10. 3, 11 . 8, and 7 cluster and all are close to the
origin. All have small loadings on both factors . Internal correlation is indicated.
No other discrete grouping is evident. Variable S loads high on factor 7. Variable 2
loads high on factor 9. Variable 9 has no signific ant loading on either factor.

In Figure 62. variables 2 . I I . 12 . 13 . 10 . 8, 7 , and 3 cluster and all are close to
the origin. All have small loadings on both factors. Internal correlation is indicated .

Il No other discrete group is evident. Variable I loads high on factor 10. Variable 5
loads high on factor 7 . Va r iahl es 6 and 4 have significant negative loadings oa factors
10 and 7 respectively. Variable 9 has no significant loadings on either factor.

In Figure 63. variabl es 3. 12, 8, 2 . 10 . and 1 3 cluster and all are close to the
origin. All have small loadings on both fa*.tors . Inte rnal correlation is indicated.
No other discrete group is evident. Variable S loads high on factor 7. Variable 4
loads high on factor I I .  Variables 7 , 9. and 11 have no significant loading on either

• 

• 

factor.

I n Figure 64 , variables I , 2 . 3, 4. 6 , 9, I I , 12. and 13 cluster and all are close
to the origin. All have small loadings on both factors . Internal correlation is indicated.
No other discrete grouping is evident. Variable 5 loads high on factor 7. Variable 8
loads high on factor 12. Variables 7 and 10 show insignificant loading on either
factor.

In Figure 65. variabl es 1 . 2 . 3, 4 . h . 10 , I I . and 13 cluster and all are near the
• origi n. All have small loadings on both factors . Internal correlation is indicated.

No other grouping is indicat ed here. Variable 5 loads high on factor 7. Variables
4 , 12 , 6. and 9 load equally wi th  variable 12 positive on factor 7. Variables 12 and 9
show negative correlation. Var iables 6 and 4 show negative correlation on factor 7.
Variable 4 is positive on factor 13. Variable 6 is negative on factor 13. Variables

• 7 and 8 show insignificant loading on either factor.
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In Figure 66, variables 1, 12 , 9, 3, 10 , 8, 11 . 5, and 7 cluster and all are close
to the origin. All have small loadings on both factors. Internal correlation is indi-
cated. No other grouping is evident. Variable 13 loads high on factor 8. Variable 2
loads high on factor 9. Variables 4 and 6 show insignificant loadings on either factor.

In Figure 67 , variables 2 , I I , 12 . 8, 10, 3, 5, and 7 cluster and all are close to the
origin. All have small loadings on both factors . Internal correlation is indicated.
No other grouping is evident. Variable 13 loads high on factor 8. Variable I loads
high on factor 10. Variable 9 shows insignificant Loading on either factor .

In Figure 68, variables 3, 5 , 7, 8, 12 , 11 , 10, 2, and 6 cluster and all are close
to the origin. All have small loadings on both factors . Internal correlation is indi-
cated. No other group ing is evident. Variable 13 loads high on factor 8. Variable
4 loads high on factor 11. Variables I and 9 show insignificant loading on both fac-
tors.

in Figure 69, variables 4 , 2 , 9, 10, ‘1, 6, I I , and 2 cluster and all are close to the
origin. All have small loadings on both factors . Internal correlation is indicated. No
other grouping is evident. Variable 13 loads high on factor 8. Variable 8 loads high on
factor 1 2. Variables 3 and S show insignificant loadings on either factor.

• In Figure 70 , vartablcs 4 , 6, 10. 2, 8, 3, 11 , and 7 cluster anti all are close to
the origin. All have small loadings on both factors. Internal correlation is indicated.
No other group ing is evide nt. Variable 13 loads high on factor 8. Variables 12 and
9 have modest loading on factor 13. Variables I and 5 have insignificant loadings
on either factor.

In Figure 71 . variables I I , 12 . 13, 10, 9, 8, 7, and 3 cluster and all are close to
• the origin. All have small loadings on both factors . Internal correlation is indicated.
• No other grouping is evident. Variable 2 loads high on factor 9. Variable I loads

high on factor 10. Variable 5 has insignificant loading on either factor.

In Figure 72 , va riables 3, 5, 7, 11 , 12 , 10, 9. 13 , 6, and I cluster and all are
close to the origi n . All have small loadings on both factors . Internal correlation is
indicated. No other group ing is evident. Variable 2 loads high on factor 9. VariabLe
4 loads high on factor I 1. Variable 8 shows insignificant loading on either factor.

In Figure 73 , variables 9, 7 , 4. 10, 12 , I i ,  6, and 13 cluster and all are close to
to the origin. All have small loadings on both factors. Internal correlation is indi-
cated. No other grouping is evident. Variable 2 loads high on factor 9. Variable 8
loads high on factor 1 2. Vari ables 1 , 3, and 5 show insignificant loadings on either
factor.
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3 In Figure 74 , variables 5 , 4, 10, 6, 1 , 7, II , 3, and 13 cluster and all are close to
the ongin. All have small loadings on both factors . Internal correlation is indicated.
No other grouping is evident. Variable 2 loads high on factor 9. Variables 1 2 and 9
(negative) load on factor 13 with a negative correlation . Variable 8 shows insign ifican t
loading on either factor.

In Figure 75 , variables 3 , 5 , 7 , 8, 12 , I I , 10 , 13, and 2 cluster and all are close
to the origin. All have small loadings on both factors. Internal correlation is indicated.
No other grouping is evident. Variable I loads high on facto r 10. Variable 4 loads
high on facto r 11. Variable 9 shows insignificant loading on either factor.

In Figure 76, variables 9, 7 , 10 , 12 , 13 , I I , and 2 cluster and all are close to the
origin . All have small loadings on bo th factors . In ternal correlation is in dicated.
No other grouping is evident. Variable I loads high on factor 10. V ar iable 8 loads
high on factor 12. Variables 3 and 5 show insignificant loading on either factor.

In Figure 77 , variables 5, 10, 2, 7 , 8, 13 , and 11 cluster and a ll are close to the
origin. All have small loadings on both factors. Internal correlation is indicated.
No other groupi ng is evident. Variable I loads high on factor 10. Variable s 6, 2 , and
4 hav e loadi ngs at the origin of factor 10. Variable 3 has insignificant loadings on
either fac tor. Variables 12 and 9 have significant loadings on factor 13 and correlate
negatively.

In Figure 78, variables 6. 10, 5, 13 , I l , 9, 3, and 12 cluster and are all close to
the origin. All have small loadings on both factors . Internal correlation is indicated.
No other grouping is evident. Variable 4 loads high on factor I I .  Variable 8 loads
high on factor 12. Variables 1 , 2 , and 7 have insign ifican t loadings on either factor.

In Figure 79, variables 6, 10 , 5, 13, I l , and 3 cluste r and all are close to the
origin. All have small loadings on both facto rs. In ternal correlation is indicated.
No other grouping is evident. Variable 4 loads high on factor 11. Variables 12 and 9
(negative) have small loadings on factor 13 with variable 9 having a negat ive value.
Variables 1 , 2 , 7 , and 8 have insignificant loadings on either factor.

In Figure 80, variables 6, 10, 13. and 7 cluster and all are close to the origin.
All have small loadings on both factors . Internal correlation is indicated. No other

s grouping is evident. Variable 8 loads high on factor 12. Variable 12 has small loading
on factor 13. Variables 1 , 2 , 3, 4, 5, and 11 have insignificant loadings on both factor
13 and factor 12. 
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Varunax rotation as discussed analyt ical ly abovt repre sents one lacto ring solution
applied to the data by the SPSS subprogram. in varimax application , the criterion
ceilter s On simp ly ing th e columns of the tactor matrix.  A simple factor is defined
as one with only Is and Os in the column. This simplicatio n amount s to maxi nh i/ .in g
the ~ariance of the square d loadings in each column according to

~EiL, - ) 2 
_ maximum.

V . C()N(’[.USIONS

I An overall look has been i t iade at laborator y chemical and physical data obtained
on 80 lubricating oils meeting the requirements of Specification Ml t.-L-2 104 employ-
ins a n SPSS statistical package and a CI)(’ computer.  The purpose ot this effort

to seek internal correlation s amo ng the data and dyn amometer results and field
perfo rmance and to seek ways to relate laboratory data and field performance. Out
of a possible ~~ pieces of analyt ical  data collected for each of the 80 samples . 13( pieces of information were s~ lected for scrutiny.

It was found that , overall , the data exhibited substantial variance , departed from a
normal distribution in all cases, and showed , in genera l , a lack of ’ internal correlation
among the data items. i here was exh ihtt ed. however , significant correlations between
sekcied pairs of data. Sulphat ed ash vs calcium. su lphated ash vs carbon residue, and
carbon residue vs calcium showed favorable Pearso n ’s correlation. From the
unmatched , unrotated , factor matrix , flash point was influenced by calcium , suiphated
ash , and carbon residue. Flash point was negatively influenced by gravity. Viscosity :1
at 2 10°F was strongly influenced , or vice versa , by total acid number, flash point, and
phosphorus. Negligible influence was noted for flash point or viscosity at 0 (extra-
polated ) and visco.~ty index. etc. Other ex am ples of paired correlation were indicated
by the data. Significant in the observat ions was the fact that about 804 ’~ of the total

• variance of the observations was attributed to only three analytical items — flash point.
gravity, and viscosity measu rements. The importance of this deserves fu rther scrutiny.

The statistical package, SPSS, that was employed allows the exhibit ion of the
orthogonal rotation of the data in graphical presentation. When this is accomplished,
certain groupings of the data become evident. These groupings suggest internal correla-
tion of groups of data and could point the way to considerable data-reductions
possibilities, Dynamometer and field results were not available in this study, but the
possibility ex ists that if these results were included along with the graphical presenta-
tions, in fo rmation on the relationships between laboratory , chemical , and physical
observations and dynamometer and fuel observations could he obtained. The graphical
presentations are included.
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The app lication of these statistics to selected chemical and physical data obtained
from lubricating oils has been performed in a very preliminary way.  The results so far
onl) suggest certain correlations and data-reduction possibilities. To be more meaning-
ful , a more complete inclusion of the data on a greater number of samples is warranted.
The uniqueness of the distributions , the failure of the distribut ions to approach
normality, and the apparent negativ e correlations need further explanation.

The SPSS statistical package or some variation does seem to offer a possible
method for the &ccomplishment of the task undertaken.
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