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ABSTRACT

A high precision CFR Engine Laboratory operating according to stendard requirement i3 @ must in the
oil industry, It iv also of very high importance within work of research gerivities on the use of hydrocarbon

fusels.

In ASEAN we have the ASCOPE correlation program on CFR éngine laborar
dirtw in the pusoline by CER resr resagrek method, Member countries taking part in the
relation program for CFR engines are fndomenis an coordinator with six labonatorics participating, Malaysia,

mﬂmmmmmdhymmkbymMMnhm.
1983 giter being terred the participating lnboratories, the text result were seat (0 the program coordingtar who
procured the result for the determination of standard devigtion according fo precivion and statistics. Based on
resulr, concluzion can e drown gbour the deviation of leborarory fest resulis,

L INTRODUCTION

A high precislon CFR engine lnboratory oper-
ating according to standsrd requirements is o must in
the ol industry. It is very important to back up the
refineries in the production of motor fuels according
to specifications. It is sleo of very high importance
within the framework of research activitias on the uses
of hydrocarbon Tuels and on slcohol as a substitute

for gasoline.

The need of having o CFR engine laboratory
to serve near each refinery, however, posad the prob-
lem of reproducibility of test results, if the same
identical materlals s tested by different laboratories.
It is in facing these problems, that tha CFR engine lab-
oratories in ASEAN and other countrigz should con-
tinuously and regularly compare their test results
through a test correlation programme for CFR engine
laborstories. The ASCOPE Work Programme for 1983
as gpproved by the Eighth Council Meeting in Kuzls-
lumpur, Malaysia, October 22 — 23, 1982, directed
the Technical Committee to conduct the 511 and 618
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Fo obiain precison
Iehoratory test cor-

ASCOPE laboratory test correlation programmes (o
CFR engings,

Menther countries taking part in the 5t AS-
COPE laboratory test correlation programme for CFR
engines are Indonesia as coordinator with scven par-
tictpating fahoratorics, Malnysia with one Inboratory,
the Philippines and Thailand with two laboratories
each, and Ethyl Cotporation Long Besch Laboratory
of TUSA, The Ethyil Long Beach (USA) laboratory &8
participating for the first time in the ASCOPE labore=
tory test correlation programme on CFR engines
year and participated fn both the 5th und 60
TN Programmes.

Member countries taking part in the CFR
gines are Indonesla as coordinator with seven
tories participating, Malaysia with one laboratory, F5
lippines and ‘Thailand with two laboratories ench, 2=
Singapare and USA with one labomatory sach.

The Singapore laboratory is participating
the first time in the 6t ASCOPE laboratory test
relation programme on CFR engines.
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The coordinator in their correlation pro-
~ pamme |3 responsible in preparing the correlation
- samples and sending them by sir to each participating
lzboratary through the respective country coordinator
scconding to schedule,

The first of this 1983 programmes (518 corre-
Istion programme) was started by sending samples in
January 1983, and the second (6 correlation pro-
- gramme ) was started by sending ssmples in Moy 1983,
After being tested by the participating laboratories,
the test results were sent to the programme coording-
tor who procured the resolts for the determination of
the standsrd deviation rejection of outliers aceording
10 precision and statistics. Bssed on these results, con-
ﬂﬂmmhdnmnbnmfhdnhﬂmﬁhhm:mn
fest resulis,

For better analysis of the results, for each of
the samples for correlation, it was also required to re-
port physical and chemical test results such as specific
gravity, RVF, distillation and lead (TEL) content by
receiving laboratories. This is necessary in order to
taks into account any possible changes in the sample
properties which might have occured during transpor-
tation and siorage.

Il.  CORRELATION PROGRAMME EXECUTION

A Correlgrion Samples

! [mlp:nmdhﬂm.plmiﬂudmdprqmﬂ
the correlation samples shown in Table 1,

The correlation smples were sent 1o each par-
ticipating laboratory. The amount of the correlation
mmple, was two liters for each grade, put into two
one-litra cans; one fitre cans were used in order to
comply with IATA sir transport regulations concern-
ing the maximum fuel container volumes permitted
for mir vransport of inflammable materials.

To facllitate and simplify the conduct of this

- each sample was coded alpha-numerically

sccording (0 sample type as follows : “SC-mumber™,
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where SC indicates sample code and number, indicates
sample type.

Tabel 1

sth ASCOPE LABORATORY TEST CORRELA—
TION PROGRAMMES ON CFR ENGINES (1983)

2. Commercial
3. Standardization | Toluens-Heptane | SC03

Types and Codes of Sample
Type Grade Code
I. Commercial Fuel High Grade | SC0)

Fuel Low Grade | SC02

[I. SAMPLE PREPARATION

tlon Programmes were prepared by the Programme
Coordinstor and who distributed them to the partici-
pating laboratories through their respective Country
Coordinators. Samples for the 5'h CFR Correlation
ﬁumlmmmmdmdmmlh:prﬂdnthg
laboratories in January 1983, while for the 61 CER
Correlation Programme samples wore prepared to be
seni n May 1983,

Farticipating Laboratoriex
The participating laboratories were similarly

coded alphs-numerically s follows : “LCaumber®,
where LC indicates laboratory code and participant’s
number in this correlation programme.

In order to facilitste communication, labora-

lories in each country were coordinated through a
Country Coordinator.

Test samples for the 5th and 6™ CFR Correla.

In each case, sample preparation consistad of

five stagos, viz :

I. Acquisition of substances for smple prepa-
ration, materials and equipment
2. Blending of mmple



3. Filling of sample Into containers

4, Pucking

5, Dispacth.
Each of these steps was camied out in the routine
manner, but with utmost care, by LEMIGAS as the
coordinating laboratory.

I¥. ROUNDING RULES FOR THE TEST RE-
SULTS

The ASA rules for rounding ms pertalned to
this procedure can be stated simply as follows -

1. The value of the number I3 unchange when
the last digit to be dropped is less than 5

2. The digit proceeding the digit to be dropped
is raised by one when the last digit is grester
than 5

3. When the last diglt 1o be dropped Is exactly
§ and the digit proceading it I 2n even digit,
the 5 is dropped without change to the
niumber s

4. When the digit to be dropped is exactly 5
and the digit proceeding it Is an odd digit,
the digit proceeding ks rafsed by one.

Example :

HNumber Mearest Hundredth Mearest Tenth

1. 975642
2. a3
3. 1355
4, 97985

97.64
o97.14
9736
97.98

97.6
972
o474
9E0

When rounding from the three digits to ome
digit the last two digit to be dropped must be con-
gidered together and the rule applies to values greater
of less than 50.

97449 974
97.540 915
97.551 97.6
97549 97.5
97.550 976

Y. PROCEDURE FOR TEST DATA ANALYSIS

Test results were analysed according to the fol-
lowing procedure for calculating basic statistical data
for analysing programme results,

The dsts obtained by this procedure include
average of results, uverage of devistions, standard de-
viatlons, and rejection of ootliers, which are basic o
other statistical trestment such as trend etc.

The data thus obtzined also provide sufficient
parameters for comparing like dets from individual
laboratories or groups of laboratories performing the
same test. The procedure is presented in a step manner
to standardize procedure and to simplify the calculs-
tions and evaluation. The following steps are taken to
calculnte the hasic statistical data :

Stepl  Number of result =n

Resulis=xy, X3, X3, . X
n
Sum of results = I x4
i=1
n

I x
hwugcufrmllu-ﬁi—-=l

. Stepll
Step Il Deviation = x| ~ X
n
Sum of deviatlon=X x-X
=l
n
E 5—X
Avocsnt duvistion sl
Step IV Deviation squared = (x; — %)
n
L Gy~ R
Step V v-rhm-lin..__'_
Step VI Standard deviation=V Varianoe
Step VI Rejection of outlicrs




“T" factor thmes standard deviation

¥1.  TEST RESULTS

A 5™ ASCOPE CFR Ewgines Correlarion Pro-
ETanTme

The resulis submitted by the participating lab-
oratories were compiled and evaluated following the

“T* factor is obtained from Table of Grubb's  procedure described above.

rejection eriterion.,
For 51 CER enging programme, results for
In the computation of standard deviation the -sample SC-01 are listed In Tabls 2 and 3, which show
usz ( n — 1 ) is statistically more correct than n. respactively the ambient tempersture and engine oper-
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ating conditions, general properties of ssmple deviation  average octane number, gtandard deviations and rejec-
of general properties of sample deviation of general tion of outliers for sample SC-01, SC-02, 5C03, re:
propertics and calculation.

spectively (see page 42 through 45}

Tabiz 4

¢ 4 e oy LASORATORY TEST CORRELATION FROGRAMME Fom CFRENENES (1983 )
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Results for sample 5C-02 are similarly Hsted in - v CONCLUSION

Table 4 and 3.
Similarly, the results for sample 003 are shown In - 4. 5™ ASCOPE CFR Engines Correlation Pro-
Table & end 7 (see page 37). gramme

The results are summarized visuslly in Fig. 1, From the results of test conducted by all parti-

2,3 and 4, which plot the laboratory test results, the  cipating laboratories and the evaluation of standard
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daviation/rejection of outliers (see Fig. 1, Fig. 2, Fig.
3, Fig. 4, page 42 through 45) the following conclu-
sions can be drawn.

| 5 Test Results

Concerning sample SC-01, 1 (Ome) rating ex-
ceads standard devistion, viz (he ratings coming from
L0, and LIC-12 excesds outliers rejection criteria.

As shown in Fig. 1 (page 42) the deviation from

Socond calculation, after excluding LC-12 from test
results, points out that required conditiona are satis-
fied by all test results.

Concerning sample S5C-02, 5 (five) ratings &x-
ceed standsrd deviatlon, coming from LC-O4, LCAO7,
LC-10 end LC-13, which are however not (o be rejec-
ted s outliers being sl within sceeptable limits based
on Grobb's Criteria for 99 percent probability. Hence,
the atings from all the participating, laboratoriss con-

average in this laboratory (LC-12) s + 0,8. ceming sample SC-02 are satisfactory,
Takin &
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Tahle 8

5th ASCOPE LABORATORY TEST CORRELATION PROGRAMME FOR CFR ENGINES (1983)
Calculation SC-01

{ First Calculation )

Col. A Col. B Col. C
hbnti Motor Mumber F-1 Clctune Deviation
tory Mumber of Averape
LC-01 8 5.9 0.0
LC02 4-52-1131197 96.0 1.1
LC-03 E- 1814 059 HEH
LC-04 1061150 96.1 +}.2
LC-05 F-1 957 =02
LC-06 6(F1) 95,5 - 0.4
LC-07 207441 o058 -0l
LC-08 8 B : -
LC-09 1104652 05.6 -03
LC-10 G-3T7747.78 06,0 +0.1
LC-11 2-59.1 TEE12 958 -0.1
LC-12 B-T3-252382 6.7 +H1.3
LC-13 CFR-48 o5.7 =12
LC-14 3-17183 5.7 L Rrd
Sum 12464 =T
Mo. of Results (o) 13 13
Step 1 - sum of resulis _ 12464
Average Octane Number ¢ g T e 959
Step 3 2 -
. . sum of deviation _ 2.7 _
Average Devistion. i oy ofdeviation 13 21
Step 3 1.09
Variance 2 (po. of dev. squared-} ',l' (13-} VE o= N
Stap 4 H
Standard Deviation . square toot of variance =Y variance =Y 0.091 = 0.30
Step 5 @

Rejection of Outliers: : “T" factor x std. devigtion = 1.61 x 030 = 0.78
Laboratory No. LC-12 is rejected,




Table 9
sth ASCOPE LABORATORY TEST CORRELATION PROGRAMME FOR CFR ENGINES (1983)
Calculation SC-01
[ Second Calculation )

e Col. B Cal. C Col. D
Laboratary Motor Mumber F-1 r?fm?nh:r mlwl:::' m
LC-01 B 83.9 + 0] 0.01
LC-D2 4.52-1131197 96.0 +0.2 0.04
LC-03 E- 1814 95.9 +0.1 0.01
LC-D4 1061150 6.1 +03 0.09
LC-05 F-1 95.7 « 0.1 0.0
LC-D& 6 (F 1} o955 «0.3 009
LC-07 207441 5.8 0.0 0.0
LC-08
LC-09 1104652 056 0.2 0.04
LC-10 G-37747-78 6.0 +0.2 0.04
LC-11 9-55-1TE812 958 0.0 0.0
LC-12 - : 1
LC-13 CFR-48 5.7 0.1 0.01
LC-14 3- 17183 957 =01 0.01
Sum 1149,7 1.7 0.35
No. of Results (n) 12 12 12

Step 1
Average Octane Number - SIMOLIe - 11927 - g5

Step 2 :
Average Devistion : m =-5,=§ = 0.14

" Vi Ty ™ To1 =1~ 0032

Stepd @
Standard Deviation - square root of variance = Vvarlance = Y0.032 = 0.18

Step 5 :
Rejection of Outliers | “T" factor x std. devistion = 2.55 x 0.18 = D46

All results are not rejected.
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Table 10
sth A6COPE LABORATORY TEST CORRELATION PROGRAMME FOR CFR ENGINES (1983)

Calculation SC-02
col. A Col. B Col. C Col. D
Lﬂhﬂl.‘Et{rlT Motor Number F-1 b(jl:m;:;:“ ﬂ;ﬂ:ﬂ D:qrni:lli:&:

LCc-0 B 90.9 -0.2 0.04
LC-02 4-62-1131197 1.0 -0 0.01
LC-03 E-1814 91.0 0.1 001
LC-04 1061150 91.5 +0.4 0.16
LE-05 F-1 21.1 aa 0.0
LC-06 & (F 1) 910 -0.1 0.01
LC-07 0744 91.5 +k4 D.1&
LC-08 -
LC-0/ 1184652 20.8 =03 009
LC-10 G-37747-78 a1.4 +03 0.09
LC-11 S-69-1 78812 a1l 0.0 0.0
LC-12 6-72-230541 91.2 +0.1 0.01
1LC-13 CFR - 48 o0.8 0.3 0.09
LC-14 3- 17183 913 +0:2 004

Sum | 184.6 25 0.7

Na. of Results (n) i3 13 13

Step 1 =

Average Octane Number : ﬁﬁﬁ!‘—t‘u LITB?E = 91.1

Step 2 ¢ .

Average Deviation : %'-ﬁi = 0,19
e s dew 17 il

Variunce : fﬂ%u e 0 T?—j,'-]-l =5'n—- = (.059
Beep 4 !

Standard Devistion - square rool of vatance = Wvarlance = WJo.o59 = 0.24
Step 5

Rejection of Qutliers  : “T" factor X std. deviation = 261 x 0.24 = 0.63
All results are not rejected.
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5th ASCOPE ummvmm;'fm: PROGRAMME FOR CFR ENGINES (1983)
Calculation SC-03
B A Col. B Col. C Col. D
Ealicritory Motor Mumber F-1 m: nl}fa:hmﬂ:;t w
LC-01 8 93.2 0.0 0.0
LC-02 462-1131197 93,2 0.0 0.0
LC-03 E- 1814 92.8 - 04 0.16
LC-04 1061150 93.6 +0.4 0.16
LC-05 F-1 93.3 +0.1 0.01
LC-06 6(F 1) 93,1 0.1 0.01
LC-07 207441 93.0 -0.2 0.04
LC-08 ;
LC-0% 1104652 0.9 -03 0.0
LE-10 = G3774778 93.6 +0.4 0.16
LC-11 9.69-178812 93,1 -0.1 0.01
LC-12 6-72-230541 93,6 +0.4 0.16
LC-13 CFR-48 933 +0.1 0.01
LC-14 3-17183 93.0 .02 0.04
Sum 1211.7 2.7 0.85
No. of Results (n) 13 13 13
Step ] =
Average Octane Number %ﬁ%ﬁ—?& il'}'l =932
&BF;E'H:IEE: Deviation . dum of devistion - 27 < g3
mqju}mu : ﬁﬁ%ﬁ=% =“|—‘§‘5-- 0071
Step 4 :
Standard Deviation  : squase root of varisnce = \fvariznce = V0.071 = 0.27
Step 3 :
Rejection of Ouitliers ¢ “T" factor x std, deviation = 2.61 x 027 = 0.70
All results are nof réjected,
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Figure 1

mj‘hf.‘:nlhﬁnﬂ
Deviation vs Lab, Code (Sample No. SC-01)

First Calculation




Figure 2
CFR 5t Comrelation
Deviation vs Lab. Code (Sample No. SCO1)
Second Calculation
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Figare 4
CFR 5 Comelation
Deviation vs Lab. Code (Sample No, S5C-03)
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Conceming sample SC03, 5(five) ratings ex-
ceed standard deviation, coming from LC-03, LC-04,
LC09, LC-10 and LC-12. Which are however are still
within acceptable limits based on Grubb's rejection
criterin. This means that all test results of sample
SC03 are satisfactory.

1 Inspection Tests

The inspection tests data can also point oul
problems with the mmple comelation (2. poorly
mixed, evaporation, poor handling, leaking etc. )

According to Table 3 (page 35) from test re-
sults of 5C401 coming from LC-12, thers are oo sg-

nificant deviation in specific gravity, RVP, distillation
gnd TEL content that all correlation samples are satis-
factory.

3. Adherence fo the Test Procedure

Although, the 125t results of the samples SC01,
SC-02 and SC-03 submitted by all the participating
laboratories are satisfactory, only one rating is rejeci-
ed as outlier. From the dams on embient and engine
operating conditions, during testing on samples SC01,
§C402, and SC-03 however it can he satisfy the condi-
tions for the correlation of CFR engines.

Two participating laboratories devisted from
the test procedure extablished by the ASTM.

Example of non-adherence to the procedure s as fol-

lovws =

Concerning sample SC-01, participating labora-
tory LC-14 carrled out the test with barumetric press-
ure at 7529 mm Hg(29 .84 in Hg) and Intake sir tem-

perature at 126°F. According to Table 2 of ASTM
manual barometric pressure ot 29,64 in Hg. Hence in-
take alr temperature has to be at 121 £ 2°F, Accord-
ing to the ASTM manual intake alr temperature has to
be 121 % 2°F, Hence the test deviated from establish-
ed test procedure (see page 35 in Table 2).

Participating laboratory LC-13 carried out the
test for sample SC-01 with too large a knock sensitiv-
ity wiz. 47. This cin couse inaccurancies in scquiring
the oclane number by interpolation, According to
ASTM manual for octane numbers lower than the sen-
sitivity 1o be nsad s about 30 or less (see page 35 in
Tahle 7).

B Creneral Conclugion

As it can observed from Table 12 (page 47)
out of all the correction samples and participating lab-
oratorles for the 52 correlation programme, it can be
concluded that only I{one) rating excesds outlbers
rejection criteria,

According to Table 13 (page 48) in which the
evaluation of ratings cxceeding standard deviation
from 17 Programme (1980) 10 60 Programme (1983)
fior three test samples, the percentape of ratings @x-
ceeding standard deviption hes decreased from 1%
Programme through 4th Programme, bl increased in
sth Programms.

This means that all participuting labozatories
must put more attention and remain vigilint and to
work better to improve each correlation result.

Particularty attention must be paid to some
participants who are still persisting in non-adherence
to the ASTM procedure.
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Table 12
5th ASCOPE LABORATORY TEST CORRELATION PROGRAMME FOR CFR ENGINES (1983)

Research Method
Lab. No. SC-01 SC-02 SC03
O Dev. L, Dav. O, Dev.
LC-01 959 +0.1 90,9 - 02 93.2 0.0
LC-02 2610 +0:2 91.0 - 01 03.2 0.0
LC-03 25.9 +0.1 91.0 « 0.1 0138 - 04
LC-04 861 +0.3 91.5 + 0.4 03.6 +1.4
LC-05 957 - - 0.1 21.1 00 93.3 #0.1
LC-06 05.5 - 0.3 21.0 - 0.1 93.1 -0.1
LC-07 95.8 0.0 91.5 +0.4 93.0 -0.2
LC-08 = : : ; : .
LC-0% D5.6 - .2 .4 - .3 929 =03
LC-10 s 96.0 +0.2 o214 +0.3 036 +H1.4
Le-11 958 0.0 01.1 (1F1] 93.1 -0.1
LC-12 *) 21.2 +0.] 93.6 .4
LC-13 Q5.7 - 0.1 Q0.8 - 0.3 033 +.1
LC-14 95,7 - 1 91.3 +0.2 3.0 =02
LC-15
n 12 13 13
Average 958 =0.14 911 0,19 3.2 #H).21
Standard Deviation £0.18 £0.24 #).27
Minimum 05.5 - 03 0.8 - 0.3 928 -04
Muximum Q.1 +i03 Q1.5 +0.4 93.6 +.4
Grubbs' Limits 046 £0.63 #).70

* Rojected by Grobbe criterian for 99% probability. Results nod included in computation.

Mote © All refings that fall within phos of minus two standsr devistion the proup average ame to be considered statistieslly
equal, precision-wise. Any underlimed values excesd bwo slandar deviationg bud &ré within acceptable limits on the
bass of Grubbs” crilerizn for 99 pencent probability. Such values are incloded in the computations. Rejectad vabhses, if
any, are indicated by an esterisk (*) and are not included in computations,
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Table 13
EVALUATION OF THE ASCOPE CFR ENGINE CORRELATION PROGRAMMES

Conducted from 1980 tp 1983
Percentage of ratings exceeding Standard Deviation

.| 1%t Programme | 2™ Programme| 379 Programme | 4'M Programme | 5" Programme
Sample Correlation)| © ;g5 {1981 ) (1982 ) (1983 ) (1984 )
5C-01 308 ji3 5 41.7
5C-02 38.5 16.7 16.7 38.5
SC-03 385 25 25 16.7 38.5

Waote - One of the cansed of unsatisfactory test results Is non adherence to the te3f procedure established by

ASTM,

Weissmann, Dr. J.. 1972, Fuel for Internal Combus-

fion Engine and Furnaces,

REFERENCES

1974, Ethyl Corporation Technical Service Labore-

1980, Marmual Book of ASTM Standard.

ERRATA

Several mistake have occured tn an 5.0, article entitled “Generation and Maturation of Hydrocarbons in Cepu
Ares, Central Java", appeared on 5.C. No. 1/1985 on pages 14, 16,17, 18, 19, and 21.

The breakdowne are as follows @
Page Line Column

14 1 2
16 5 1
2 2
17 4 1
3 r

18
5] 2
23 2
19 & 1
i 2

Written
information
in depth 1o reverse Taulis are ...

to refated ...
moare S000 m.
to prevatled
Example of program prinoot ...
(0.26 0.13 kpfton )
depi
T-Max ...
TOOC

Tt should read
infommations
in depth to reverse faults with
northward  displacement of the

upthrown hiock. Those reverse
faults are

myore thin S000 m.
to be prevailed
Example of pyrogram prinfout ...,
(0.26 * 0.13 kg/ton).
depih

T-MEX i

TOC

In table 3, page 21 the Potentis] Yield column in kgfton should read 0.34 instead of 0,34

The Editor
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