PERE USER DOCUMENT (readme.doc) 



DRAFT (March, 2005)

The format is Microsoft® EXCEL 2003. 

FILENAMES

· Light duty conventional, hybrid, electric, fuel cell, or fuel cell hybrid: <PEREld.xls>. 
· Medium & Heavy duty conventional or hybrid (etc): <PEREhd.xls>.

· Motorcycle conventional: <PEREmc.xls>.
· Binner macro: <Binnermacro.doc>
This Document provides short descriptors of some of the sheets and columns within the files listed above. The main sheet is “Pere” but the user will most likely only need the results from the “GUI” sheet (I/O) and can enter driving schedules in the “DriveCycle” sheet. This is not a complete user document, it is assumed that the user has read the relevant sections in the PERE report* before adjusting parameters on the spreadsheet model. It also assumed that the user has some proficiency with spreadsheet programs (especially EXCEL). 
* Document # EPA420-P-05-001 titled: "Fuel Consumption Modeling of Conventional and Advanced Technology Vehicles in the Physical Emission Rate Estimator (PERE)" henceforth referred to as the ‘PERE report’. 
SHEETS:

· GUI – Change the vehicle parameters here, get aggregate results. For example: “c” (conventional), “g” (gasoline),  “a” (automatic transmission) options are default. In general, yellow regions are user input (though not every cell needs adjustment) and blue cells are output (need to run macro to get VSP rates). Any spreadsheet user should be able to make changes to design their own unique vehicle configurations. 
· DriveCycle – Input your drive cycle into column B. Get second-by-second results for fuel consumption in column C. Lengthen this file if new user input drive cycle is >3570 sec. Delete excess points if drive cycle is shorter (or else binned idle rates may be too low). 
· Pere – This is the meat of the PERE spreadsheet where most of the calculations occur. The user should not need to make adjustments here unless the drive cycle is longer than 3570 seconds (rows). If the drive cycle is longer, the user will need to copy all the formulae in the columns down to the required row. Make sure to copy them from the last row and not the top, since the formulae refer to constants or parameters in the first 100 rows in columns P and AG. If the drive schedule is shorter, then delete the excess rows. If any columns are added to this spreadsheet (before BA), the binnermacro will need to be changed to reflect this change – assuming the user requires VSP binned rates. 
· Transmission – This is the transmissions sheet referred to in Pere: U, V & X. It contains 3 downshift loops. If more are required (e.g. HD), the user may copy more iterations, and change the reference in the Pere worksheet. Lengthen this file if new user input drive cycle is >3570 sec by copying rows as described above. 
· Torque – This scales the bmep, torque, and peak power of the engines. The peak bmep coefficients (fitted) can be adjusted. 
· Motor – For hybrids and fuel cells. The motor torque coefficients (fitted) can be adjusted. 
· Fuelcell and Chart – For fuel cells. The fuel cell efficiency coefficients (fitted) can be adjusted. 
· Trends – Shows engine power and friction trends over the years. The fitted friction trend coefficients (by model year) can be adjusted. 
· Motorcycles and MD/HD trucks also include a transmission shift chart so that the user can change the shift speeds. These vehicles are somewhat more sensitive to transmission shift points than LD vehicles. 
PERE Sheet Columns*: (refer to PERE document for more details).
· A,B vehicle parameters copied from GUI sheet. If a, b, c coefficients known, put directly into B 56, 57, & 58.

· C- cycle descriptor

· E- speed in mph

· F – 1 sec acceleration (change in speed)

· G – Road grade (not used, though user may input grade as fraction – not %)

· H- VSPj (Jimenez VSP) – NOT used, here as a comparison. 
· K- VSP calculated from N (kW/metric ton)

· L- Power from physical terms: Cr, Cd, A etc.

· M- Power from A, B, C coefficients (or TRLHP depending on model year and user input)

· N- copied from either L or M depending on the technique one uses for road load power calc

· O,P- coefficients copied from GUI (and other sheets). Do NOT change unless user is sure. 
· Q, X: Transmissions calcs for engine speed

· X,Y- Engine friction required for fuel rate calc

· AA- Fuel rate in g/s for conventional vehicle (assuming stoichiometric operation). 

· AB- Fuel rate for pre-SFTP vehicles going into enrichment

· AD- Engine indicated efficiency. Used for engines whose efficiency varies with operating condition (e.g. Atkinson, lean burn, etc)

· AF, AG - coefficients mainly copied from GUI (and other sheets). Do NOT change unless user is sure.

· AH- engine brake power calculated from transmission efficiency and accessories
· AI- peak power from transmission sheet

· AJ- engine power, shut off engine below hybrid threshold

· AK – Electric vehicle power demand

· AL - Fuel cell power demand

· AM – Fuel cell efficiency

· AN - Fuel rate based on engine shut-off strategy for hybrids
· AO – gasoline equivalent fuel rate for electric vehicles

· AP - gasoline equivalent fuel rate for fuel cell vehicles

· AQ- Motor speed (connected directly to final drive)

· AR- peak motor power

· AT- battery discharge

· AV- battery recharge

· AW – vsp binned after running macro “binner”

· AX - pertinent fuel rate for technology selected – (copied to DriveCycle)
· AY- VSP bin – (copied to GUI)

· AZ- VSP binned fuel rate (g/s) – (copied to GUI)
· BA- number of values in each bin – (copied to GUI)
*If any columns are added to this spreadsheet (before BA), the binnermacro will need to be changed to reflect this change – assuming the user requires VSP binned rates.

To input a new driving cycle

· The current default drive cycles for Light duty are FTP bag 1 and 2, FTP Highway fuel economy cycle, and LA92. These are NOT appropriate for Heavy duty, so new driving cycles will need to be input. 
· If you want to input a different drive schedule(s), first make sure that the speeds are continuous (or else accelerations may be odd). A number of drive schedules can be found in <DriveSchedules.xls>. Many heavy duty schedules can be found within the MOVES database. 
· Copy second by second speed trace (as numbers) into speed column (B) of “DriveCycle” spreadsheet. 
· If the new cycle is shorter than the one already there, delete any numbers (or complete rows) that extend beyond your input cycle length. 

· If the new cycle is longer than the one already there, copy the rest of the rows in the 
”PERE” sheet (E through AX) down and recalculate (press F9 if the sheet does not automatically do this) seconds (rows). Make sure to copy from the last row and not the top, since the formula refer to constants in the first 100 rows in columns P and AG. AVOID copying columns P and AG from the top! These are fixed references (calling parameters from the GUI sheet). 
· Also extend the spreadsheet in the sheet: “Transmission” if necessary. 
Inputting Data and Obtaining Results

· The aggregate results show up on the GUI sheet. If you’d like other results, you can calculate these yourself either on the Pere, or the DriveCycle sheets. Cells are not protected so please be careful what you adjust. 
· Input data in the relevant yellow cells. 

· Change the vehicle type on the GUI.“c”, “h”, “e”, or “f” (conventional, hybrid, electric, or fuel cell), “g” or “d” (gasoline or diesel),  “a” or “m” (automatic or manual transmission), LDV or LDT, MDT or HDT (for PereHD). c, g, and a are default. Manual is also equivalent to automanual shift. LDV/LDT description is only needed if you do NOT know the coast down coefficients (TRLHP, or A, B, C see below). 
· For motorcycles (and scooters), the classification scheme is based on 1, 2 or 3. This is useful for defining N/v. The friction values are not dependent on model year (yet). Adjust the transmission by hand so that shift points don’t exceed 83rps on the chart (5000 rpm) on any given gear. 2-stroke engines are not yet modeled by PERE, though if you know the efficiency, friction etc, you can do this yourself. (don’t forget the factor of 2 in the bmep conversion). 
· For H2ICE, change the engine efficiency and friction according to the PERE report. 

· For electric vehicles, engine and transmission parameters are not required. Hybrid threshold should be set to zero. It should be noted that the EV model has NOT been validated yet. 
· For fuel cell vehicles, engine and transmission parameters are not required. For fuel cell only set hybrid threshold and motor power to zero, for fuel cell hybrid, adjust these values normally. 
· Choose the model year. Everything else should be the same, especially if you want gasoline equivalent fuel economy values. Model year does not affect fuel cell, electric and motorcycle results. 
· Simply changing the type of vehicle from “c” to “h” does not mean that you are getting equivalent fuel economy for hybrids/conventional. Power matching still needs to be done through proper engine and motor sizing. Vehicle weight may also need to be adjusted (among other parameters). If you only know total peak power (of engine motor combination) adjust engine displacement (below) by trial-and-error until peak power (torque) is where you want it in "Torque" sheet.
· Input vehicle (test) weight. “Test weight” adds 300lbs (driver, fluids etc) to the “curb weight”. PERE adds the following compared to gasoline conventional: 

· Hybrids: 7%  

· Diesels: 4%

· Diesel hybrids: 7% 

· Electric: 10% 

· Fuel Cells: 20% 
However the user can enter any appropriate mass by changing (or deleting) the formula. 
· Input vehicle road load parameters and option for input. There are 4 options for input (not all cells need input, it will depend on the option you choose): 

1.  Calculate from weight. This will approximate TRLHP (coast down) from the weight of the vehicle. Make sure that you have entered LDV or LDT option for this case. 
2.  Enter single TRLHP number if known. These are typically found in the IM lookup tables. 
3. Enter A, B, C coefficients (with correct units) if known. These are typically found in the IM lookup tables for model years 2001+. 

4. If direct coastdown coefficients are unknown, you can enter rolling resistance, aerodynamic drag and frontal area. 

· Input engine displacement (B15). If you only know peak power (or torque) adjust this by trial-and-error until peak power (torque) is where you want it in "Torque" sheet.

· When modeling hybrids, input motor power, vehicle weight, and adjust engine displacement appropriately. Adjust the hybrid threshold (B67) in the GUI (on each run) so that the NET SOC (state of charge) change is close to zero. Within +/-~0.1 kWhr should be adequate. 
· If VSP based fuel consumption rates are required, the macro can be run (see below). 

· If the user has other informed inputs (e.g. fuel heating value, transmission shift points, etc.) these may also be changed.  

· Results are shown in blue. To get binned rates, the macro must be run. 
Binner Macro

· To run the macro, the user must enable macro when PERE is first open. 

· In order to run the binner, go to Tools, Macro. Edit Binner macro and make sure that the number of points “n” matches with the total number based on your new drive cycle input. For single powertrain vehicles, no more is required. 
· Then run macro. The VSP binned fuel rate will appear in column AZ (so do not put any important information there or else it will be overwritten). It will also be updated on the GUI. 

· If you are having trouble getting the code for the binner program it is also saved in in MS Word format: <binnermacro.doc>. 
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