
12/06/2011                                                HDEOCP Minutes                                      Page 1 of 3 

HEAVY-DUTY ENGINE OIL CLASSIFICATION PANEL 
OF 

ASTM D02.B0.02 
December 6, 2011 

New Orleans Sheraton – New Orleans, LA 
 

THIS DOCUMENT IS NOT AN ASTM STANDARD: IT IS UNDER CONSIDERATION WITHIN AN ASTM 
TECHNICAL COMMITTEE BUT HAS NOT RECEIVED ALL APPROVALS REQUIRED TO BECOME AN 
ASTM STANDARD. IT SHALL NOT BE REPRODUCED OR CIRCULATED OR QUOTED, IN WHOLE 
OR IN PART, OUTSIDE OF ASTM COMMITTEE ACTIVITIES EXCEPT WITH THE APPROVAL OF THE 
CHAIRMAN OF THE COMMITTEE HAVING JURISDICTION AND THE PRESIDENT OF THE SOCIETY. 
COPYRIGHT ASTM, 100 BARR HARBOR DRIVE, WEST CONSHOHOCKEN, PA 19428-2959. 
 

ACTION ITEMS 
 
 
 

MINUTES 
1.0 Call to order 

1.1 The Heavy Duty Engine Oil Classification Panel (HDEOCP) was called to order by 
Chairman Jim McGeehan at 1:30 p.m. on Tuesday, December 6, 2011, in the Oak Alley 
Room of the New Orleans Sheraton Hotel, New Orleans, LA.   

1.2 There were 13 members present and 69 guests present.  The attendance list is included as 
Attachment 2. 

 
2.0 Agenda 

2.1 The agenda circulated prior (included as Attachment 1) was not changed. 
 
3.0 Minutes 

3.1 The minutes from the December 2010 were approved as written.  Approved unanimously 
 
4.0 Membership 
 

4.1 There are 2 membership changes:  Jason Lagona replaces Cathy Devlin for Afton, and 
Chris Castanien replaces Dave Duncan for Lubrizol.  Steven Herzog asked that his 
company name be updaed to Evonik. 

 
5.0 D4485 Issues 

5.1 Lyle Bowman brought up a couple of issues with D4485.  Attachment 3.  D4485 had the 
1K/1N test length listed as 250 hours in a few places.  The test length is 252 hours and 
D4485 has been corrected.  Editorial changes of that nature can be handled directly with 
Lyle or the TMC. 

5.2 BSOC units in D4485 for older test types.  The tests report oil consumption in g/kW-hr and 
D4485 lists the units in g/MJ.  Some want D4485 to reflect the units used in the various test 
types.  Since some of those tests were developed prior to the ASTM directive to use SI 
units, the units stated in the test method and the historical pass limits don’t match D4485.  
Three possible actions have been proposed:  retain current oil consumption units in both 
methods, replace the g/MJ with g/kwh in D4485, or replace both with g/h.  The 
recommendation is to send it back to the Surveillance Panel to consider removing the 
power component (kW) from the units (use g/h) or update the 1K/1N method to SI units. 
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6.0 Support of Current Categories 

6.1 Mark Cooper presented the projected test life timeline.  Attachment 4.  ISM parts are 
available “for the foreseeable future”.  Extending the ISB is being investigated using 
remanufactured 5.9L engines.  For the EOAT test, salvage engines are available and the 
test may be replaced with a newer test.  T-8 is an old engine design but still available for 
now.  There has been some discussion whether the T-11 could replace the T-8.  Sequence 
IIIG has limited life beyond 2015. 

 
7.0 DEOAP Report to HDEOCP 

7.1 Dan Arcy reported on the recent activities of the DEOAP and NCET.  Attachment 5.  Dan 
chaired the NCET.  The EMA requested a new category which started the process of 
DOEAP and NCET discussing it.  On November 7, the API Lubes Committee agreed to the 
request for the new category.  Dan presented the justification and changes.  The next step 
is the formation of the New Category Development Team (NCDT) which includes 4 
associations.  There was some discussion about defining fuel economy and various HTHS 
limits.  At this time there are not plans for an engine based lubricant test for fuel economy.  
Roger Gault of EMA indicated that the EPA rule has been finalized and that rule does not 
include a direct measurement fuel economy test.  Reductions in fuel used would be 
measured with a mass balance of CO2 in the emissions. 

 
8.0 ACC Position on PC-11 

8.1 Pat Fetterman presented the ACC position regarding the new category.  Attachment 6.    
ACC has some concerns about some of the tasks identified that have not been assigned.  
One concern is the timeline is already behind schedule.  This category development activity 
should have more involvement from the oil marketers due to the split nature of the category.  
Something to keep in mind is to find ways to spread development costs out such as run the 
matrix when a test is ready even if others are not.  Backward compatibility by end users will 
be more difficult with the low HTHS.  There was agreement that there are no other issues to 
bring up at this time. 

 
9.0 EMA Report 

9.1 Greg Shank reported that the EMA met prior to this meeting.  There should be an updated 
presentation on the CAT Aeration test in the months ahead.  Greg agrees that work is 
behind schedule.  The T-13 has been installed in one lab and will be at other labs in the 
coming months.  Some work has started.  Heather DeBaun will lead a group to investigate 
shear stability.  Greg Shank will lead a group discussing oxidation.  Ken Chao of John 
Deere will lead a group dealing with bio-diesel.  Interested members should contact the 
respective sub-group leader to volunteer to help.  There is still debate whether the C13 
needs to go through a re-development process to shorten the test and the group wants 
some direction.  CAT is open to working on a shorter test.  One idea is that a shorter C13 
could be a replacement test developed later during mid-category. 

9.2 Mesfin Belay updated the panel on the development to date on the Daimler scuffing test.  
Attachment 7.  The existing category only addresses abrasive wear; there are no tests to 
evaluate adhesive wear.  Daimler has a concern that low-vis oils could lead to scuffing 
problems.  Daimler is pairing with Lubrizol to develop the test.  The engine is installed at 
Lubrizol.  Daimler is planning on providing test parameters to Lubrizol by mid-January.  
Daimler wants this test in ASTM and ACEA.  The engine is the DD13.  It was stated that the 
scuffing test would only be for the low-vis fuel economy part of the category but the 
secretary has since received a clarification that the intent is to include the scuffing test in all 
of PC-11 as originally proposed by the EMA.  A piston scuffing test has additional safety 
issues to get the engine shut down quickly as a piston scuffs. 
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9.3 Steve Kennedy asked the group for a deadline to announce participation on the EMA sub-
groups.  Oxidation – Greg Shank, Bio-Diesel Compatibility – Ken Chao, Shear Stability – 
Heather DeBaun.  Contact them by January 6 using email.  T-13 development will be 
handled through the Mack Surveillance Panel. 

 
10.0 DEOAP and API LG Report 

10.1 Steve announced that most items have been reported on and that the LG did vote to move 
forward.  Dan Arcy will chair the NCDT.  The various group’s representatives have been 
selected.  Finalizing the timeline is critical with a tremendous amount of work to be done.  
Chairman McGeehan asked that by the next meeting of the HDEOCP cut-off dates for test 
go or no-go be determined. 

 
11.0 The meeting was adjourned at 3:30 pm. 





 
Agenda 


ASTM SECTION D.02.BO.02 
JOINT 


HEAVY-DUTY ENGINE OIL CLASSIFICATION PANEL 
and 


API-EMA DIESEL ENGINE OIL ADVISORY PANEL MEETINGS 
  


Sheraton New Orleans Hotel 
  December 6 th 2011 


 
1:30-5:00 pm 


 


Chairman/ Secretary:   Jim Mc Geehan/Jim Moritz (HDEOCP) 
Co-Chairs:     Greg Shank / Steve Kennedy (DEOAP) 
 
Purpose:     PC-11 
       


Desired Outcomes: Preparing for PC-11     
    


 TOPIC  PROCESS WHO  TIME 


HDEOCP    


Agenda Review • Desired Outcomes & Agenda  Group  1:30-1:40 


Minutes Approval • June 29th  , 2010 Group 1:40-1:45 


Membership • Changes: Additions   Jim McGeehan  1:45-1:50 


D4485 Issues  • BSOC measurements units in 


D4485 


• Discussion and vote 


Lyle Bowman 


 


 


1:50-2:15 


Support of Current 


Categories 


• Status of engine tests in current 


categories 


Mark Cooper 2:15-2:45 


DEOAP    


NCET 


Recommendation 


• Category development process 


• Need for PC-11 category 


• Test proposed for category 


• HT/HS requirements 


• First API License Jan 2016 


• Vote to go forward 


Dennis Bachelder 


Dan Arcy 


2:45-3:15 


    


ACC position on PC-11 • Recommendations 


• Time line 


Pat Fetterman  


 


3:15-3:45 


EMA Report • EMA report on topics of concern 


• Status of engine test 


developments 


Greg Shank 


 


3:45-4:30 
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 TOPIC  PROCESS WHO  TIME 


• EMA sponsors for PC-11 


requirements: 


-- Oxidation 


-- Shear Stability 


-- Biodiesel Compatibility  


 


DEOAP and API LG 


Report 


• DEOAP position 


• API meeting Nov 7-8 report 


• Funding 


• Formation of New Category 


Development Team 


• Establish schedule  for meetings  


 


Steve Kennedy 


Greg Shank 


4:30-5:00 
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The Problem


Bob Campbell (Afton Chemical) wants to change 


the oil consumption units in D4485 for the 


1N/1K test methods from the current g/MJ 


unit back to the previous g/kW-h unit
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Oil Consumption Units in D4485 –


1K/1N 


The 1K/1N g/MJ SI units in D4485 have been in 


effect since April 2009 approval
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Campbell’s Rationale


“We need to maintain consistency between the 


test reported values and the standard limit 


values, thus eliminating confusion and 


potential rounding errors or issues. In 


particular, on mature tests where everyone is 


familiar with a limit of 0.5 g/kw-hr, we see no


benefit from changing the standard.”
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Rebuttal


There are no rounding errors when converting 


kWh to g/MJ


The conversion is exact
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Rebuttal, cont’d


A main benefit of the g/MJ unit in D4485 is that 


it implements the ASTM Board’s directive that 


SI units shall be in all ASTM standards
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Rebuttal, cont’d


kw-hr is not a proper compound unit symbol. 


The hyphen is interpreted as a minus sign, 


rather than indicating a product of two units


‘W’ should be capitalized, and ‘h’ is the proper 


unit symbol for ‘hour’, rather than ‘hr’
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1K/1N Reported Units


In the 1K/1N Test Method and Report Forms, 


the oil consumption units are g/kW-h


Because of the hyphen, kW-h is not a proper 


compound unit symbol 
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Related Facts


A raised dot or space is used for proper compound unit 
symbols


kW.h or kW h are proper unit symbols for ‘kilowatt hour’


kWh is the unit symbol for the preferred term 
kilowatthour


Neither kWh, nor kW.h, nor kW h are SI unit symbols
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Why SI Units?


The guidelines in the “Form and Style for ASTM 


Standards” comply with the Board’s directive 


mandating SI units in ASTM standards


The Form and Style document is the “bible” for 


writing ASTM standards
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Form and Style for ASTM Standards -


Guidelines


“H1.2 SI units of measurement shall be included 


in all ASTM standards.”


“H1.2.2 Follow the procedures given in ASTM    


SI 10, which covers the use of SI.”
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SI 10TM - 2010


“American National Standard for Use of the 


International System of Units (SI): The Modern 


Metric System”
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Conversion of kWh to MJ is Exact


1. W = J/s  (source: SI 10)


2. W.s = J


3. kW·s = kJ


4. kW.s = __kJ____


3600 s/h 1000 k/M


5.      kWh = 3.6 MJ
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“ENERGY and WORK”


(source: SI 10)


“SI unit:


joule (also called the watt second)


Unit in use with SI:


electronvolt


Other units:


British thermal unit, calorie, erg, foot poundal, foot 
pound-force, kilocalorie, kilowatthour, quad, therm
(EEC or U.S.), ton (energy equivalent of one ton of 
TNT), ton of oil equivalent, watthour.”
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Three Possible Actions


• Retain the current oil consumption units in 


the 1K/1N (g/kW-h) and D4485 (g/MJ)


• Ballot the replacement of g/MJ with g/kW-h in 


D4485


• Ballot revisions of oil consumption units to g/h


in both the 1K/1N and D4485
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Retain Current Units


Approved two years ago, and no problems until 


now


SI units in D4485


Improper and non-SI units in the 1K/1N
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Ballot Replacement of g/MJ in D4485


Rationale required for proposed ballot action 


Rationale convincing voters to replace an 


approved SI unit with an improper non-SI unit 


will be very difficult


Improper and non-SI units in both standards
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Recommended Action


Revise the oil consumption units in the 1K/1N from              
g/kW-h to g/h


Revise the 1K/1N oil consumption units in D4485 from 
g/MJ to g/h


The oil consumption units are g/h for other diesel engine 
tests in D4485; i.e. 1P, 1R, C-13, T-10, and T-12


SI units in both standards
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Group Discussion


Comments?


Questions?


Which proposal should be moved forward?
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Necessary Action


Step One


SCOTE Surveillance Panel develops an 


Information Letter that revises the 1K/1N by 


replacing BSOC and g/kW-h with Oil 


Consumption and g/h, respectively


With Sub. B approval of the I.L., a D02 ballot will 


be developed to officially revise the 1K/1N
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Necessary Action


Step Two


Concurrent with Sub. B approval of the SCOTE 


Information Letter revising the 1K/1N, 


Sub. B approval of a proposal to revise the 


D4485 1K/1N oil consumption units from g/MJ 


to g/h will be requested, and upon approval, a 


D02 ballot will be developed
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Suggested HDEOCP Action


Report to Sub. B that a decision was reached  to 


move forward with revisions of both the 


1K/1N and D4485 to change oil consumption 


units to the SI unit, g/h, and no Sub. B action 


is required at this time
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Ballot Item 


to Replace g/MJ units in D4485 


The measurement unit for oil consumption in 


D4485 has been the SI unit, g/MJ, since April 


2009. This ballot item replaces g/MJ with the 


previous non-SI unit, g/kW-h.
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Ballot Item - Rationale


Users of this mature test method are most 


familiar with the previous measurement unit 


for BSOC, g/kW-h, a non-SI unit, and don’t see 


sufficient benefit for the recent change to the 


unfamiliar SI unit, g/MJ
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Group Discussion 


Ballot Item and Rationale


• Comments?


• Suggested changes?
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Suggested HDEOCP Action


Request Subcommittee B approval to develop a 


ballot revising D4485, changing the oil 


consumption units for the 1K/1N test 


methods from the SI g/MJ unit to the non-SI 


g/kW-h unit
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Overview of US Based Engine Lubricant Tests in 
API ‘C’ and ACEA ‘E’ Categories


Mark Cooper
December 6, 2011
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API and ACEA HD Lubricant Categories


202020152010200520001995


E4


E6


E7


E9


CH-4


CI-4


CJ-4


Cummins ISM


Mack T-8, T-11


Mack T-12


API CH-4, CI-4 PLUS, CJ-4, PC-11


With replacement tests


(T13, C13, IIIH, Cat Aeration)


3.5 HTHS


Not Backward Compatible


“OEM Optional”


SAE xW-30, < 3.5 HTHS


PC-11


December 6, 2011 Projected Life of API "C" Category Engine Lubricant Tests
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Longer Term ‘C’ Category Test Availability


3


Test
Availability 


Through 2015
Availability


Beyond 2015*
Notes


Cat 1K No current issues Likely 1980s vintage. Auxiliary stand components? 


Cat 1N No current issues Likely 1980s vintage. Auxiliary stand components? 


Cat 1P Resolving liner supply No issues forecasted CH-4 life? (liners same as 1R)


Cat 1R Resolving liner supply No issues forecasted Liners available for reference


Cat C13 No current issues No issues forecasted Production engine for some time


Cummins ISM No current issues No issues forecasted
Engine production ended 2009. ISM now produced 
outside the US. Engine supply longer-term?


Cummins ISB No current issues No issues forecasted
5.9L engine production ended 2009. 6.7 liter 
engine?


EOAT Possibly, N/A (C13 EOAT)? N/A (C13 EOAT)
Salvage engines currently available w/ critical 
hardware. C13 EOAT available soon?


Mack T-8E Resolving hardware supply Usage long term? Mechanical injection pump. Replace with T-11?


Mack T-11 Resolving hardware supply Likely Engine production ended 2006.


Mack T-12 Resolving hardware supply Liner supply through 2016
Engine production ended 2006. Long-term 
availability depends on usage rate and parts supply.


RFWT No current issues Possibly
Long term supply of test parts.1990’s vintage engine 
- currently available. Engine supply longer-term? 


Seq IIIG No current issues N/A? Seq IIIH? Seq IIIH past 2015?


December 6, 2011 Projected Life of API "C" Category Engine Lubricant Tests


*No consistent availability beyond 2015. Difficulty projecting hardware availability more than 5 years. 
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Thanks to many individuals for providing 
information for this summary.


4
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ASTM HDEOCPASTM HDEOCP
December  6th, 2011December  6th, 2011


New Orleans, LANew Orleans, LA
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� EMA makes request to DEOAP – June 2011


� DEOAP Establishes NCET


� NCET Evaluated the request


� API LG asked to approve and support 
establishing NCDT


� API LG supports NCET recommendation to 
establish NCDT
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� New category is being driven by changes in 
engine technology to meet emissions, 
renewable fuel and fuel economy standards for 
CO2 and other Green House Gas emissions


� Changes in Hardware


� Engine Test Obsolescence (Hardware 
Becoming Unavailable)


� 10 Years between Categories
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� PC-11 should provide improvements in:
� Oxidation stability
� Aeration benefits
� Shear stability
� Compatibility with biodiesel blends
� Scuffing/Adhesive Wear


� Supporting data was provided for performance improvements


� PC-11 category recommended by EMA to be split into two separate and
distinct subcategories associated with fuel efficiency with corresponding 
performance levels 
� one that preserves historical heavy-duty oil criteria (Higher HTHS)
� one that provides fuel efficiency benefits while maintaining durability (Lower 


HTHS)
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� First Licensing Date No Later Than 
Jan. 1, 2016


� EPA Greenhouse Gas Emission 
Regulation 


� Existing Engine Test Projected 
Availability
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2011 2012 2013 2014 2015 2016


101112 1 2 3 4 5 6 7 8 9101112 1 2 3 4 5 6 7 8 9101112 1 2 3 4 5 6 7 8 9101112 1 2 3 4 5 6 7 8 9101112


TEST DEVELOPMENT 


C13 Aeration


C13-250


ISB


T13


DDC Scuffing


Oxidation


Biodiesel


Shear


Stand Installation & Shakedown


Tests Accepted For Matrix


Test  Decision


Final Matrix Design/Matrix 


Oils/Funding


MOA Established


Conduct Precision and BOI-VGRA 


Matrix


Matrix Data Analysis


Test Registration 


Technology Demonstration 


Final Specification 


Lubricant Approval Programs 


Oil Marketer Commercialization 


First License Date 1/1/2016


Mandatory Use 1/1/2017


Activity Initiated 
Not Started
Established
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Performance Challenges
� How is Shear stability to be evaluated?


� What Oxidation test will be used?


� Need to better define Biodiesel compatibility


� What should the HTHS be for the lower viscosity/fuel economy specification?


Development Challenges
� Very aggressive time line required to meet first license date target


� Multiple new tests to be developed


� Precision / BOI / VGRA matrix  costs likely to be very  high
� Potential resource limitations due to overlap with GF-6 


Marketing Challenges
� How are we to market this? 


� What is the plan for educating the consumer education?


� What will the new category be called?
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New Category Development Team (NCDT)


API, ACC, EMA, Liaison Members (ILMA, SAE, ASTM) manage development of 


new category by consensus process


API
•Drafts user language


•Develops licensing Timeline


•Develops BOI and VGRA 


guidelines


EMA
•Proposes Test


•Provides Hardware


•Identifies reference oil(s)


•Adjusts category targets


ASTM
•Coordinates test procedure 


and precision development


•Ensures compliance with 


timetable


•Establishes performance 


limits


ACC
•Implements template 


guideline


•Revises Code of Practice
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� NCET Evaluated the request and 
supports the need for a new 
category


� First Licensing Date No Later Than 
Jan. 1, 2016


� LG approved and supports 
establishing NCDT.
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� NCDT meeting First Thursday of each month
� January 5th


� February 2nd  


� Etc. 


� DEOAP meeting Last Thursday of each Quarter
� March 29th


� June 28th


� September 27th


� December 6th (ASTM week)
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americanchemistry.com®                                  700 Second St., NE | Washington, DC  20002 | (202) 249.7000                                                                       


 
 
Sent via Email 
December 2, 2011 
 
Mr. Kevin Ferrick, API 
 
Dear Kevin: 
 
ACC PAPTG would like to be assured that the concerns discussed in the NCET call on October 
7, 2011 are considered as the PC-11 category development is initiated. Our recommendation to 
move forward from NCET to NCDT was based on the understanding that NCDT would address 
our concerns. 
 
In addition, to the defined tasks set in API 1509 Appendix D, as part of the ACC NCET sign off, 
the following items were stated as necessary to be addressed by the NCDT for PC-11:  


1. What is the practicality of placing two new categories in the market? How will the 
consumer respond? What education is needed? Do we have Oil Marketer input?   


2. Do we have confirmation that EPA is in agreement that HTHS is sufficient for defining 
improved fuel efficiency?  


3. Have the Needs been fully defined and supported? 
4. Is there a way to spread the development costs over a longer timeframe? 
5. Have EMA and API discussed how the categories will be defined and provided a plan for 


customer education? 
6. Is there a fail-safe proposal to protect end users? 
 


In addition, at the subsequent API LG meeting, you began to assemble a list of questions for the 
NCDT to answer. Specifically stated during the meeting were: 


1. Clarify the need for a separate Energy Conserving category 
2. Provide a better definition for the funding of the engine test matrices required.  


 
ACC is reiterating these questions at this time because we feel it is imperative that NCDT 
develops and communicates a plan to address these outstanding issues to ensure we can move 
the development of the new category forward in a timely manner. 
 
 
Sincerely, 
 


Jerry Wang    Doug Anderson 
Jerry Wang     Doug Anderson 
PAPTG Chair     PAPTG Manager 
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Chemical Technologies


PC-11 Scuffing Test


Dec. 6, 2011


Mesfin Belay
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Daimler Trucks


Requirements of PC-11 Low Viscosity Oils


• Oxidation stability


• Aeration benefits


• Shear stability


• Compatibility with biodiesel blends


• Scuffing/Adhesive wear


• Fuel Economy  Improvements (CO2)


• Maintain equivalent durability to current viscosity oil 
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Daimler Trucks 3


• All engine tests within API CJ-4 address abrasive wear


• Abrasive wear (or three-body abrasive wear) is when a third body is introduced 
between two lubricated surfaces causing wear, i.e. soot-induced wear


• Engine tests run with high levels of soot


• No engine tests within API CJ-4 directly address adhesive wear


• Adhesive wear is when the direct surface contact force is high enough to cause 
material transfer (cold welding and tearing)


• Often occurs during break-in as the surface asperities wear off


• More likely as film thickness decreases


• Greater risk with PC-11 lower viscosity oils


Scuffing / Adhesive Wear in Engines
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Daimler Trucks


Why do we need a scuffing test


4
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Low Speeds


High Loads


Boundary


lubrication


High Speeds


Low Loads


Mixed 


Hydrodynamic 


lubrication


Viscosity * Speed


Load


Elastohydrodynamic (EHD) 


lubrication


Stribeck Curve of Lubrication Regimes


CJ-4 brackets wear 


protection to the right


PC-11 must bracket 


wear protection to the 


left
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Daimler Trucks


Why are we developing the Scuffing Test


• Need for lower viscosity engine oils to improve fuel economy is apparent


• Existing wear tests within CJ-4 are insufficient


• DDC developed the 6V92TA 2-cycle liner scuffing test (albeit long ago)


• DDC is the largest on-highway EMA member that does not sponsor any API engine tests


• Lubrizol was willing to partner with DDC in a joint development effort


• Precedence of joint engine manufacturer/additive company test development


• Leverages engine experts and oil formulation experts during development phase


• Shares in development costs


• Developing the test on global platform allows for adoption by API and ACEA
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Daimler Trucks


How are we developing the Scuffing Test


• Goal – evaluate an oil formulation’s resistance to adhesive wear by inducing and 


measuring piston ring to cylinder liner scuffing


• Correlate liner scuff resistance to adhesive wear protection throughout engine


• Engine - DD13 model (OM471LA in Europe)


• 12.8L displacement of Daimler’s global heavy duty engine platform


• Emissions level - EPA2010 hardware and calibration


• Test cycle – details are still under development


• Based on existing Daimler cyclical durability test designed to thermally stress the 
Intake Air and EGR circuits


• Other operating parameters will be adjusted to generate repeatable liner scuffing


• Daimler does not have a liner scuffing problem in the field


• Test conditions will create liner scuffing to enable a meaningful test
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