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(DRAFT) Heavy Duty In-Use Test Results Calculations
References
CFR  The primary regulations are 40 CFR 86.19XX, 40 CFR 86.007-11, and 40 CFR 86.1370-2007).
40 CFR 1065 – Engine Testing ProceduresRounding - The regulation says see ``Guide for the Use of the International System of Units (SI), NIST Special Publication 811, 1995 Edition, National Institute of Standards and Technology, U.S. Department of Commerce." which can be found at http://physics.nist.gov/Pubs/SP811/appenB.html or http://physics.nist.gov/cuu/pdf/sp811.pdf. See Appendix B.7. 
Precision: To reduce the differences between manufacturer and EPA calculations, numbers should be reported and used in the calculations to the correct precision as specified in the data requirements. (e.g., nhi and nlo, which are used to calculate the area minimum speed, must not only be reported to the ‘ones’ place (units, no decimal digits), as indicated by the data requirements, but must also be rounded to the ones place for the calculation of the area minimum speed.)
Processing Steps
A. NTE Threshold Calculation   
1 – Use the values from the submitted XML file (NMHC Transient Test Standard {DE69},  CO Transient Test Standard {DE73}, NOx Transient Test Standard {DE77}, and PM Transient Test Standard {DE83}). 
2 – Determine applicable multipliers. Note that the multiplier selected for both NMHC and NOx depends on whether the NOx FEL is <1.50 g/bhp-hr (i.e., NOx NTE Standard Type {DE78} = F and NOx Transient Test Standard {DE77} < 1.50g/bhp-hr). Note that MY must be 2011 or earlier. 86.007-11(a)(4)(i)
3 – Calculate the NTE standard by applying the applicable multipliers to the transient standards. All should be rounded to the number of significant digits of the standard (two decimal places for all except CO which is one decimal place).
4 – Determine compliance testing margin. Note that MY {DE40}, NOx FEL (NOx Transient Test Standard {DE77} and NOx NTE Standard Type {DE78}), and engine miles {DE136} must be evaluated. 86.007-11(h)
5 – Determine accuracy margin. These values will likely change in the future. Initial values are NMHC NTE Accuracy Margin {DE71}, CO NTE Accuracy Margin {DE75}, NOx NTE Accuracy Margin {DE81}, NOx plus NMHC NTE Accuracy Margin {DE389} and PM NTE Accuracy Margin {DE86}. 86.1912(a)(3)
6 – Calculate NTE thresholds by applying compliance testing margins and accuracy margins. All thresholds should be rounded to the number of significant digits of the standard (two decimal places for all except CO which is one decimal place).
B. Determine CSV File Test Point (record, row in the file) Acceptability.  86.1370-2007(b)

1. Exclude the test point (record) if engine Speed (RPM {DE163}) is ≤ AreaMinimumSpeedNumber {DE115}.  86.1370-2007(b)(1)
2. Exclude the test point if Torque (Torque_Out {DE162}) is < 30% of peak torque {DE110}. 86.1370-2007(b)(2)
3. Add back in any points excluded in the first two steps if Normal Drive {DE385} = N) is No and BSFC)_Sec {DE223} is < MinimumBSFConsumption105PercentValue {DE119}.  86.1370-2007(b)(3)
4. Exclude any points where power (HP_Sec {DE224}) is < 30% of max power  (MaximumHorsepowerValue {DE108}), ignoring what was done in the first three steps. 86.1370-2007(b)(4)
5. Exclude the test point if the engine was operating in an approved Engine Incapable Limited Testing Region (LTR). (LTR_Flag {DE336} = Y indicates that the point should be excluded). 86.1370-2007(b)(6). 
6. Exclude the test point if the engine was operating in the area of one or more approved deficiencies (Def_Flag {DE384} = 1 - 9 and MY {DE40} = 2007 – 2009 indicates that the point should be excluded). 86.007-11(a)(4)(iv)


7. Exclude the test point if an EMD code was set (EMD_Code_Set {DE236} = Y). 86.1910(b)(3).

8. Exclude the test point if the engine is equipped with EGR {DE120} = Y) and it was experiencing cold temperature operation. 86.1370-2007(f)

If the engine has EGR {DE120} = Y) and cold temperature operation is in effect as defined by either

a) IMT {DE175} ≤ IMT_EGR {DE176}. Calculate IMT_EGR {DE176} as per 86.1370-2007(f)(1)(i) using IMP_Abs {DE177}.  Or
b) ECT {DE164} ≤ ECT_EGR {DE165}. Calculate ECT_EGR {DE165} as per 86.1370-2007(f)(1)(ii) using IMP_Abs {DE177}.(EGR_Cold_Ops_Flag {DE423} = Y indicates that the point should be excluded)
9. Exclude the test point if the engine was equipped with an aftertreatment device that reduces NOx {DE123} = Y) or NMHC {DE22} = Y) and the exhaust gas temperature was too cold. (If Temp_Exh_AT {DE189}) < 250 degrees C {482 F}.) 86.1370-2007(g) (Aftertreament_Cold_Ops_Flag {DE424} = Y indicates that the point should be excluded)  

10. Exclude the test point if the engine is 
a. not ambient limited (Ambient Operating Region {DE42} = N) and Altitude {DE155} > 5,500 feet, or 
b. the engine is ambient limited (Ambient Operating Region {DE42} = T) and Altitude {DE155} > 5,500 feet,  or 
c. the engine is ambient limited (Ambient Operating Region {DE42} = T) and Altitude {DE155} < 5,500 feet and Temp_Amb {DE167} > Temp_Amb_Alt_Max {DE169}. Calculate Temp_Amb_Alt_Max {DE169} as per 86.007-11(a)(4)(ii)(B)(1) using Temp_Amb {DE167}.
(High_Altitude_Flag {DE425} = Y indicates that the point should be excluded)

11.  Exclude the test point if the Zero_Check_Flag {DE338} was set. 
12.  Acceptance of the point should agree with NTEZ_Flag {DE426} = Y if the test point was in the NTE Zone.

C. Identify All Initial NTE Events  -    86.1912(b)  
Identify all initial gaseous NTEEs and characteristics [NTEE Number {DE239}, NTEE Start Time {DE240}, NTEE Stop Time {DE241}, and NTEE Measured Time {DE242}]. 

Identify all initial PM NTEEs and characteristics [PM NTEE Start Time {DE404}, PM NTEE Stop Time {DE406} and PM NTEE Measured Time {DE405}. 
D. Exclude Engine Operations in an Approved NTE Time-Weighted Carve-Out Limited Testing Region (TWCOLTR) - 86.1912(b), 86.1370-2007(b)(7)
1. This step applies to each initial gaseous NTE event and each initial PM NTE event during which the engine entered the TWCOLTR (Carve-out Encountered Indicator, Carve-out_Flag {DE410} = “Y”).

 For each initial gaseous NTE event count the number of seconds the engine operated in the TWCOLTR (Carve-out_Flag {DE410} = “Y”) and divide that number by the total number of seconds in the event (NTEE Measured Time {DE242}). If the result is ≤ 0.05 do not adjust the NTE event.
 Similarly, for each initial PM NTE event count the number of seconds the engine operated in the TWCOLTR (Carve-out_Flag {DE410} = “Y”) and divide that number by the total number of seconds in the event (PM NTEE Measured Time {DE242}). If the result is ≤ 0.05 do not adjust the NTE event.
2. If the result is > 0.05, then exclude all seconds of operation in the TWCOLTR for that event. One or more new, shorter gaseous or PM NTE events may result. As with other exclusions, NTE events that are subsequently split into smaller events due to this exclusion will not be considered NTE events if they become shorter than 30 seconds. 

(If the result is > 0.05 on a system that cannot process individual second by second PM emissions then no operation in a TWCOLTR may be claimed and the result must be treated as if the time in the TWCOLTR was ≤ 0.05.) 
E. Minimum and Maximum Measured Times  -  86.1912(d)
Determine NTEE Minimum Measured Time {DE262} and Maximum NTEE Time {DE263} and PM NTEE Minimum Measured Time {DE413} and PM NTEE Maximum Measured Time {DE414}. 

1. For engines with emission control systems that include discrete regeneration events (Regneration {DE121} = “Y”) if a regeneration event occurs during an NTE Event (Regen_Signal {DE238} = “Y”) then the Regeneration Minimum Averaging Time {DE386} must be calculated. While in the NTE Zone, record the time until the engine exits the NTE Zone. Record the number and duration of any complete regeneration, regeneration pending, and non-regeneration events during the shift day. Use these times to calculate the Regeneration Fraction {DE420} over the course of the shift day. For an individual NTE event that contains a regeneration signal (Regen_Signal {DE238} = “Y”), take the sum of the time in regeneration and divide by the Regeneration Fraction {DE420} to determine the Regeneration Minimum Averaging Time {DE386}. This minimum averaging time replaces the default minimum measured time (NTEE Minimum Measured Time {DE262} or PM NTEE Minimum Measured Time {DE413}) if it is larger than the default number. 86.1370-2007(d)(2). 
F. Sample Corrections
.
1. Calculate pollutant mass (THC Mass per Second {DE214}, NMHC Mass per Second {DE215}, CH4 Mass per Second {DE216}, CO Mass per Second {DE217}, CO2 Mass per Second {DE218}, O2 Mass per Second {DE219}, NOx Mass per Second Initial {DE220}, and PM Mass per Second - Initial {DE221}) values using span and drift corrections, as necessary. 
2. Calculate NOx Mass per Second - Humidity {DE407} for all rows by correcting to 50 grains if Humidity_Amb {DE174} is < 50 grains, or to 75 grains if Humidity_Amb {DE174} > 75 grains as per 40 CFR 1065.670.  86.1370-2007(e) 

3. If the engine is not ambient limited (Amb_Oper_Region {DE42} = “N”) correct NOx Mass per Second - Humidity {DE407} and PM Mass per Second – Initial {DE221} levels for temperature, if necessary, to get NOx Mass per Second - Final {DE408} and PM Mass per Second - Final {DE409}.  86.1370-2007(e)(1)

4. If the engine is ambient limited {DE42} = T) correct NOx Mass per Second - Humidity {DE407} and PM Mass per Second – Initial {DE221} levels for cold temperatures only, if necessary, to get NOx Mass per Second - Final {DE408} and PM Mass per Second - Final {DE409}. 86.1370-2007(e)(2) 

G. Mass Flow Rates  - As recorded with corrections.
H. Horsepower  
Calculate HP-second (Multiply engine torque {DE162} by engine RPM {DE163} and divide by 5,252. 
J. NTE Event Emission Levels  
Calculate average NTEE pollutant levels using NTEE HP to get g/bhp-hr. 
(Sum of grams of pollutant (THC Mass per Second {DE214},  NMHC Mass per Second {DE215}, CO Mass per Second {DE217}, NOx Mass per Second  Final {DE408},) over the NTEE (NTE Event Start Time {DE240} to NTE Event Stop Time {DE241}) (or for PM sum of grams of pollutant  PM Mass per Second Final {DE409} over the PM NTEE (PM NTE Event Start Time {DE404} to PM NTEE Event Stop Time {DE404} if it is greater than 30 seconds)), divided by 
{sum of HP {DE224} over the NTEE  (or in the case of PM the sum of HP {DE224} over the PM NTEE, divided by 
3600 sec/hr}),
to get NMHC Average over NTE Event {247}, CO Average over NTE Event {248}, NOx Average over NTE Event {249}, NOx plus NMHC Average over NTE Event {394}, and PM Average over NTE Event {250}. 
All should be rounded to the number of significant digits of the standard (two decimal places for all except CO which is one decimal place).  1065.20(e), 86.1912(a), 1065.650(c).
K. Compare Levels to Thresholds  
Determine whether average NTEE emission levels for NMHC {DE247}, CO {DE248}, NOx {DE249}, NOx plus NMHC {DE394}, and PM {DE250} are ≤ NTE thresholds for the pollutant (NMHC {DE72}, CO {DE76}, NOx {DE82}, NOx plus NMHC {DE390}, and PM {DE87}) for each valid NTEE. 86.1912(d)
L. NTE Event Durations 
Calculate NTEE Duration {DE244} and PM NTEE Duration {DE414} as per 86.1912(d)(2) for each event. If the engine sends discrete regeneration signals (Regen {DE121}=”Y”) the minimum NTEE duration is the greater of either 30 seconds or the Regeneration Minimum Time for events that contain a regeneration signal. For all regular (non-regeneration) NTEEs the minimum NTEE duration is 30 seconds. 

M. Calculate Summary Times  -   86.1912(d)(2)
1. For each of the pollutants calculate the NTEEs Total Pollutant Weighted Time (NMHC NTE Events Total Weighted Time {DE332}, CO NTE Events Total Weighted Time {DE333}, NOx NTE Events Total Weighted Time {DE334}, NOx plus NMHC NTE Events Total Weighted Time {DE396}, and PM NTE Events Total Weighted Time {DE335}) by adding the event durations time for all events valid for that pollutant. 
2. For each pollutant calculate the sum of the event duration times for all valid events (No DE supplied by the mfr.) where the pollutant is at or below the NTE threshold and divide this number by the NTEEs Total Weighted Time for that pollutant to get the pollutant Vehicle Pass Ratio (VPR) (NMHC Vehicle Pass Ratio {DE254}, CO Vehicle Pass Ratio {DE256}, NOx Vehicle Pass Ratio {DE258}, NOx plus NMHC Vehicle Pass Ratio {DE395}, and PM Vehicle Pass Ratio {DE260}). Round to two decimal places. 
N. Determine Whether the Vehicle Passed   -   86.1912(f)
1. The vehicle failed (Vehicle Pass or Fail {DE287} = 9) if any of the pollutant Vehicle Pass Ratios (VPR) (NMHC Vehicle Pass Ratio {DE254}, CO Vehicle Pass Ratio {DE256}, NOx Vehicle Pass Ratio {DE258}, NOx plus NMHC Vehicle Pass Ratio {DE395}, and PM Vehicle Pass Ratio {DE260}) is less than 0.90.

2. The vehicle failed (Vehicle Pass or Fail {DE287} = 2) if MY {DE40} = 2007 or 2008 or 2009 and any valid NTEE criteria pollutant level (NMHC Average over NTE Event {DE247}, CO Average over NTE Event {DE248}, NOx Average over NTE Event {DE249}, NOx plus NMHC Average over NTE Event {DE394}, and PM Average over NTE Event {DE250}) is > 2.0 times the applicable NTE threshold (NMHC {DE72}, CO {DE76}, NOx {DE82}, NOx plus NMHC {DE390}, and PM {DE87}) 

However, if 


(1) the only pollutant vehicle pass ratio to fail is NOx, 


(2) NOx NTE Standard Type {DE78} = F,


(3) NOx Transient Test Standard {DE77} ≤ 0.50, and


(4) every valid NTEE NOx level {DE249} ≤ either 2.0 times the NOx NTEE threshold {DE82} or 2.0g/bhp-hr,

then the vehicle passes and Vehicle Pass or Fail {DE287} =  Y.
3. Otherwise the vehicle passed and Vehicle Pass or Fail {DE287} = P. 
Abbreviations

BSFC - Brake Specific Fuel Consumption
CFR – Code of Federal Regulations

CO – Carbon Monoxide

CO2 – Carbon Dioxide

CSV – Comma separated value file format

DE – Data Element

ECT – Engine Coolant Temperature

EGR – Exhaust Gas Recirculation

EMD – Engine Manufacturer Diagnostic

FEL – Family Emission Limit

HP - Horsepower

IMP – Intake Manifold Pressure

IMT – Intake Manifold Temperature

LTR – Limited Testing Region

MY – Model Year

NMHC – Nonmethane Hydrocarbon

NOx – Oxides of Nitrogen

NTE – Not to Exceed

NTEE – Not to Exceed Event – NTE Event

NTEZ - Not to Exceed Zone – NTE Zone

PM – Particulate Matter
RPM – Revolutions per minute

THC – Total Hydrocarbon

TWCOLTR - Time-Weighted Carve-Out Limited Testing Region
VPR - Vehicle Pass Ratio

XML – eXtensible Markup Language

