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Abstract B The Future of ROBO
Volatility MRV
With an increasing demand for superior emission and fuel economy standards in modern engines, the - ::i In upcoming years, the authors hope that ROBO will be used in the development of oil formulations.
automobile industry must be prepared to supplement these changes with the development of higher o 70000 A key component of oil additives that directly effects aged oil low-temperature rheology and
performance engine oils. Before an engine oil can be introduced to the consumer market, however, - ‘?; performance are pour point depressants (PPDs). At the cloud point temperature of untreated oils,
the oil must undergo significant testing for several properties, according to standards set by the 0 40000 wax crystals appear and begin to conglomerate into large arrays as temperatures continue to
American Petroleum Institute (APl) and International Lubricant Standardization and Approval 10 2;;; I II decrease. These large wax crystals begin to rapidly increase viscosity, causing poor oil flow and yield
Committee (ILSAC). One such property is the oil’s viscosity at low temperatures, which may cause 0 L0000 I stress. Qils treated with certain PPDs, however, control the size and formation of wax crystals,
catastrophic engine failure from poor pumpability and deposit formation. o e o 0 significantly reducing the rate of viscosity increase 4. Therefore, PPDs maintain optimal oil flow and
o R o - pumpability within the engine, without causing any yield stress.

The Romaszewski Oil Bench Oxidation (ROBO) test, developed for the API SN and ILSAC GF-5 ey Ere ey m e e

specification, is a strong alternative to the Sequence IlIGA test that has long been used to evaluate The use of PPDs and other such oil additives will be increasingly important in future oil development
cold-temperature viscosity of an aged oil. The ROBO test is able to duplicate the oil aging mechanism oAIS MRV Yi and specifications. The upcoming ILSAC GF-6 specification aims to improve upon the performance

standards of engine oils, while having a key focus on fuel economy, engine cleanliness, reduced
engine wear, and aged low-temp oil performance. Such regulations call upon the need for improved
oil formulations in order to create more reliable and robust oils. The ROBO test, therefore, allows the
oil industry to efficiently screen PPDs and further develop formulations that meet the standards of
ILSAC GF-6 and other such specifications.

of Sequence IIIGA test results in a fast and cost-effective manner, while allowing for the assessment

of oil viscosity with several other test methods. This paper is an attempt to be a comprehensive .

literature review on the work done on the ROBO test method so far. This paper will therefore take a I
]

o LA

close analysis into the development and applications of the ROBO test, as well as present a v
comparison with the Sequence IlIGA test method. We will discuss the various advantages and any
possible drawbacks regarding the use of ROBO. We will also discuss the current and future potential 50
of the ROBO test, including its use in the development of future oil specifications such as ILSAC GF-6.
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; Y Vacuum Ul Bar 0.61 Bar performance in modern engines. The ROBO test is Vs B
4 9 ) 56.6 L/min 56.6 L/min considered equivalent to the new Sequence IlIIHA T
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The ROBO test is its able to simulate an engine oil’s oxidation and nitration processes, all within R S PPN of a more modern 2014 Chrysler Pentastar engine, :
efficient laboratory conditions 3. This process is significant as it allows for the development of various running at 90 hours instead of 100 13, ILSAC GF-6 is  butecton eI sacers
oil formulations. ROBO can be used quickly and inexpensively in the assessment of oil additives, Figure Courtesy of Koehler Instrument Company Inc. 8 Figure Courtesy of Justin Mills October 2018° also split into two subcategories: GF-6A and GF-6B. ,...;owcion A —ILSACGF-6A
viscosity modifiers, pour point depressants, and other formulation changes. In order to calibrate and GF-6A will be backward-compatible for previous SAE ™ A " Retention
use the ROBO test, the ASTM TMC (Test Monitoring Center) has set parameters for use with standards, while GF-6B adopts the new SAE QW-16 e Mckenng. o A E—
standardized reference oils. These oils must be aged by ROBO and obtain a certain range of MRV and Comparison to Sequence IlIGA viscosity grade, which is incompatible with older Jirbio protection ] Engine Siisige Cortzoh
pVis values for calibration. The pass/fail criteria for such reference oils are listed below. engines 6. The APl SP standard includes all ILSAC Piston Cleanliness

In 2010, ROBO became accepted for use in the ILSAC GF-5 specification, effectively rendering the need for
Sequence |IIGA obsolete. Sequence IlIGA uses a GM 3.8L V6 engine, operates 60 hours longer, and costs
about 22 times as much as the ROBO test 0. After a careful analysis of reference oils across both test
methods, ROBO has been shown to correlate well with the engine conditions of Sequence IIIGA. Preliminary
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requirements, while adopting new standards to Figure Courtesy of MOTOR Magazine

specify spark-ignited internal combustion engines.
This is an effort to combat low-speed pre-ignition,
which may cause catastrophic engine failure.

Critical Pass/Fail Parameters for ROBO Aged Reference Oils - MRV Viscosity Acceptance Bands

Unit of Measure: Ln(MRV)

Natural Log Meanin Standard  95% Band  95% Band o o data analysis of 34 reference oils reveals that ROBO successfully predicts the outcome of Sequence [lIGA
: . o . « : N 95% Bands 95% Bands , T T , , , Conclusion
Qil n Transformed Original Deviation in mPa*s in mPa*s Min (In) Max (In) pass/fail results 81% of the time L. This accuracy, though low, will continue to improve as the ROBO test
Mean (In) Units (In) Min Max method is further developed. Additionally, further linear regression analysis yields r2 values of 0.802. This | N | S
434-1 13 10.6599 42 612 0.1672 30,706 59 136 10.3322 10.9876 value increases to 0.922 after eliminating two outlier values. These values, along with the good MRV and The ROBO test is able to efficiently and cost-effectively reproduce the oxidative oil aging process of
: : : Sequence lIIGA. Originally developed to replace llIGA in the ILSAC GF-5 specification, the ROBO test
434-2 36  10.9284 55,737 0 1551 41126 76,008 10.6244 11.2386 pVis correlation, allows ROBO to be a strong alternative to Sequence IlIGA. 4q sinatly P P pecitic
utilizes laboratory equipment to reproduce results 60 hours faster at a significantly cheaper cost.
435 15 11.4855 97,685 0.2932 60,000 173,546 11.0021 12.0642 ROBO plays a significant role in modern engine oil performance, especially in robust low-temperature
435-1 22 11.0416 62,420 0.20295 44,470 92,910 10.7048 11.4394 Sequence IIIGA (ASTM Sequence IIIHA (ASTM performance and oil pumpability. Therefore, by closely analyzing the current improvements in ROBQO’s
438 14  10.2676 28 785 0.2037 19,308 42,912 9 8683 10.6669 LS D7320) D7320) O D/ development, it is clear that ROBO will play a significant role in the development of future oil
438-2 10 10.4421 34,273 0.2322 21,742 54,025 9.9870 10.8972 Laboratory equipment and formulations and specifications such as ISLAC GF-6 and API SP.
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