Figure 20: Megasquirt Wiring Diagram
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Figure 21: Engine Control Unit and Wiring
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5.3 Load Cell Signals

Although the MegaSquirt controller is capable of interpreting analog signals as mentioned
previously, a conditioning circuit was still required to protect the processor. This comes as three
parts: a 10V DC power supply was used to power the cells, a pair of Omega model DRF-LC
signal conditioners were used to amplify the output to a 0-10V signal, and a conditioning circuit
for protection. Note that the signal conditioners are only capable of reading force in one
direction, but this is all that is needed for this installation. Getting the 0-5V input range required
by the MS is only a matter of adjusting the gain on the Omega conditioners, but the protective
circuit was used to ensure that the allowable voltage was never exceeded so as not to damage
the CPU. This simple circuit consisted only of a pair of 5.1V Zener diodes for voltage protection
and a low-pass filter with a cutoff frequency of 724 Hz to remove noise as shown in Figure 22.
Note that this input circuit is specified by the MegaSquirt manufacturer and was not modified.

1K resistor
X7 — O 0-5V signal input
(JS5 V3)
s5av
pECons 22u 1M resistor
MS - Capacitor
PCB
! Ground of input
ov signal

Low-Pass Filter
Fe=1/2(p)RCF1/(273.142"1000" .22E-6)=723.THz

Figure 22: MegaSquirt Protection Circuit (Ringwood)

Adding this to the conditioners produced the overall circuit shown in Figure 23, followed by a
photograph of the arrangement (Figure 24).

ov (" )120vAG W= se
ki Load Cell 1 Load Cell 2
Wt e
+ Cell Inout
~Cellinout N\ | T i g
W\ | L 1y Lam]
~ X P ———— T
Signal Conditioner 2 Signal Conditioner 1
0-5V Output 0-5V Output
GND GND
i Safety Torque 1
Circuits Torque 2 To Megasquirt

Figure 23: Load Cell Circuit
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Figure 24: Load Cell Signal Conditioners

In order to monitor this signal via the Megasquirt software, it was necessary to modify the tuning
software configuration file according to the procedure specified by the manual (Ringwood). This
procedure hinges around the interpretation of the 0-5V signal at the A/D pin on the CPU as an 8
bit digital character, and converting this to a loggable voltage and display variable using the
following formulae:

= ADC —— = ADC *.0196, 4)

V =ADC * o= =

where V is the voltage, ADC is the input variable (as a digital bit from 0-255,) R is the input
range (0-5V), and n is the resolution of the CPU (in bits). By using this formula, it is possible to
create a variable that represents either voltage or torque (outputting torque simply requires
multiplying the voltage by a calibration factor). Excerpts from the MS tuning program code for
the gage display are shown below:

; Define Positive Torque Voltage (fuelADC is pin JS5)

TplusVolts = {fuelADC * 0.0196078}

Torque ={fuelADC*.0196078*5}

; Define Negative Torque Voltage (egtADC is pin JS4)

TminVolts = {egtADC * 0.0196078}

; Define +Torque gauge, range 0-5V, Warning 1 4.75V, Warning 2 5V, 2 decimal places

TplusGauge = TplusVolts, "TPlus Volts", "V, 0, 5 0, 0, 475, 5, 2,2
TorqueGauge = Torque, “Torque”, “ft-Ib” 0, 25, 0, 0, 15, 20,2,2

; Define -Torque gauge, range 0-5V, Warning 1 4.75V, Warning 2 5V, 2 decimal places
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TminGauge = TminVolts, "Tminus Volts", "W 0, 5 0, 0, 475, 5 2,2

;”I.Define gauges to display and screen order
; Gauge Setup 0

gaugel = RpmHiResGauge
gauge?2 = cltGauge

gauge3 = matGauge
gauge4 = dutyCyclelGauge
gauge5 = mapGauge
gaugeb = TplusGauge
gauge7 = TorqueGauge
gauge8 = afrGauge

[Datalog]

; Define datalog channel for gages, names, float data style, 3 decimal places
entry = TplusVolts, "TPlus", float, “%.3f"

entry = TminVolts, "Tmin", float, “%.3f"

entry = Torque “Torque’, float, “%.2f"

This resulted in the displays as shown on the bottom middle gages in Figure 25; note also the
modified gages used to show the dynamometer water temperature. As can be seen in this figure
only one of the cells is output to the display, this was done so that both voltages and torque
could be read in real-time, which helped with zeroing and troubleshooting the cells. The values
for both cells are logged, however, so discrepancies can be accounted for if necessary.

v+ MegaTune 2.25 p3 - MS1/Extra rev 029y4 *eswsses EEx
File Basic Settings  CrankfWarmlp 0 T More settings Advanced Tuning Communications Tools Help
Engine RPM Coolant Temp Dyno Water Temp Duty Cycle 1

/ e >
Y, . N
b

0 49
RPM &
o] 8000 120
Engine MAP TPlus Volts
T gy

i
( /
1\ 95
\\/§ kPa
o] 255 0.00 5.00 0.00 25.00 10.00 19.40

[ Fuel Pump Off | [ Fan/w Ini Off [NOS/W nj Off [Outputi/Boost | Outpui2Off | Output30ff  [Fan/Outputd OF | LaunchOff | NoKnock  [NOS/Tables Off |
No file loaded SAVED CONNECTED

Figure 25: Sensor Readouts
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Chapter 6: Testing and Results

6.1 Overview

Since the focus of this document is on the construction of a test stand, only basic testing
required to validate the data provided by the stand will be presented herein. This data includes a
comparison of the power curve generated by the engine under simulated stock conditions to the
manufacturer’s curve. It also diverges into a power curve with optimized settings available with
the more configurable fuel system as well as a power curve while running on plasma ignition. A
power curve for jet fuel is also presented for both ignition methods. In addition to these tests,
examples of sensor readouts are shown and details of cold start testing are presented.

6.2 Experimental Setup

While the focus of this document has been on the method and mechanics of data production,
little emphasis has heretofore been placed on the actual data collection process. This section
will expound on that subject. Care has been taken to design this test stand such that most of the
data collection is automatically achieved, but a certain amount is also necessarily collected
manually. The latter type has been limited to the following variables: ambient air temperature
and pressure, plasma power source voltage, plasma controller delay, plasma pulse width, and
generator voltage. Items that are automatically logged include block temperature, water barrel
temperature, load cell A, load cell B, engine speed, manifold pressure, injector pulse width, air:
fuel ratio, and others. Figure 25 on the previous page shows a screenshot of the data gages
screen, and Table 3 shows a sample datalog. Note that all channels are logged at a nominal
10Hz sample rate.

Table 3: Sample Datalog

MS1/Extra format 029y3 *****kkx* 4000 RPM Ambient P= 95kPa, T=24C
Time MAP 02 MAT CLT Gego Gwarm Gbaro Gammae Gve PW TPlus Torque/2 DutyCyclel RPM battV
sec kPa Vv degC degC ms Vv ft-1b % Vv
94824.791 89 1275 244 83.3 115 100 100 97 73  13.7 1.725 8.63 44.5 3945 10.7
94824.903 94 1333 244 83.3 115 100 100 97 74 15.2 1.725 8.63 48.1 3950 10.8
94824.99 94 1.176 244 83.3 115 100 100 97 70 139 1.745 8.73 44 3893 10.7
94825.084 93 1275 244 83.3 115 100 100 97 74 148 1.706 8.53 48.1 3840 10.8
94825.188 88 0.98 24.4 83.3 115 100 100 97 73 13.8 1.745 8.73 43.7 3880 10.7
94825.291 96 1431 244 83.3 115 100 100 97 73 15.2 1.725 8.63 49.4 3938 10.8
94825.393 95 1.059 244 83.3 115 100 100 97 70 143 1.725 8.63 46.5 3888 10.7
94825.479 94 1.235 244 83.3 115 100 100 97 74 143 1.706 8.53 45.3 3950 10.8
94825.581 96 1.196 244 83.3 115 100 100 97 72 147 1.725 8.63 46.6 3894 10.8
94825.682 92 1333 244 83.3 115 100 100 97 72 147 1.725 8.63 46.6 3891 10.7
94825.76 96 1.059 244 84.4 115 100 100 97 72 15.8 1.706 8.53 50 3893 10.8
94825.871 90 1.216 24.4 84.4 115 100 100 97 73 142 1.745 8.73 45 3837 10.8
94825.974 94 1.216 244 84.4 115 100 100 97 71 148 1.725 8.63 46.9 3833 10.8

Defining the variables shown here: Time is the processor clock time, MAP is manifold absolute
pressure, O, is the oxygen sensor voltage, MAT is the dynamometer temperature, CLT is the
engine block temperature, the next four columns are fueling gain values that are monitored but
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Figure 29: Power Curve

In each figure above, the red line is an approximation of the rated power of the engine from the
manufacturer (Briggs and Stratton). It should be noted that since Briggs and Stratton no longer
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distributes engine ratings, this curve is from a slightly older model of the same engine and
therefore may be out of date. The blue diamonds each represent an average of twenty (20) data
points of measured data from the test stand. The bars on the charts show the standard
deviation of this data, which is discussed in more detail later. As can be seen, the power and
torque from this engine are higher than the published value- this is almost certainly due to the
rich AFR supplied by the original equipment fuel system as explained for Figure 26. There may
also be slight volumetric efficiency advantages caused by the less restrictive intake and exhaust
systems fitted to the engine on the test stand. In any case, the trend is steady, averaging 12%
higher than expected with a maximum difference of 28%. This difference is well within the range
of variation seen in Figure 26, indicating that the air-to-fuel ratio adjustment is responsible for
the difference. Also of note is that the sample taken at 3250 RPM was not included in the plots.
The reason for this is that a mistake was made in the tune for this data and the ratio is too rich,
as can be seen in Table 5. Due to technical difficulties, this data cannot be retaken at this time.
Another issue is the comparatively large coefficient of variation for the 2500 RPM data,
indicating that there may have been a measurement issue for these samples. Detailed data for
all tests is included in Appendix B.

Table 5: Engine Output Data

Compiled Torque and Power Curve Data _ _
Engine Measured Measured Manuf. Manuf. Torque HP  Torque HP
RPM Range Data File Speed AFR Torque Power Power Torque STDEV STDEV  COV cov
RPM Ft-lbs Horsepower Horsepower  Ft-lbs

2250]s2250.4 (170-190) 2303 13.45 20.83 9.13 8.10 18.91 0.140 0.192 0.013 0.021
$2250.4(200-220) 2314 13.28 20.91 9.21 8.10 18.91 0.229 0.229 0.022 0.025
2500]52500.2(1-20) 2487  13.59 19.09 9.04 8.55 1796 0.826 0.831 0.087 0.092
$2500.2(45-65) 2501 13.82 19.06 9.07 8.55 17.96 0.909 0.922 0.095 0.102
2750]s2750.2(50-70) 2699  13.32 19.71 10.13 9.00 17.19 0.289 0.372 0.029 0.037
$2750.2(1-20) 2730 13.27 19.62 10.20 9.00 17.19 0.200 0.247 0.020 0.024
3000]s3000.4¢(500-520) 3091 12.51 17.24 10.15 9.40 16.46 0.151 0.252 0.018 0.025
$3000.4¢(550-570) 3066 12.50 17.29 10.10 9.40 16.46 0.148 0.183 0.017 0.018
3250]s3250.0(1-20) 3275 11.50 14.40 8.98 9.70 15.68 0.146 0.196 0.020 0.022
$3250.0(50-70) 3270 11.49 14.27 8.88 9.70 15.68 0.195 0.238 0.027 0.027
3500]s500.0(1-20) 3486 13.28 19.34 12.84 10.00 15.01 0.175 0.252 0.018 0.020
$3500.0(50-70) 3482 13.22 19.06 12.64 10.00 15.01 0.158 0.253 0.017 0.020
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Chapter 7: Conclusions and Recommendations

From the data taken in the results section, it is possible to conclude that the test stand does
provide useful results that are within the desired precision range. Although the results show
discrepancies with the manufacturer’'s data with differences averaging 12 percent, a reasonable
explanation for this variation can be made. Based on the samples taken the data produced is
repeatable, as the average difference between samples is less than 1 percent (.62% for the
data in Table 5). For the purpose of comparison of different results achieved on this engine with
various fuels and ignition systems, the data is expected to be within the <4% range specified in
the objectives. An error analysis of the system is included in Appendix C to support these
conclusions.

Several recommendations inspired by this research can be used to improve further testing. The
first is a safety issue; the guard for the driveshaft was insufficient to contain the shaft upon
breakage, and needs to be replaced with a steel grating rather than plexiglass.

The next is the short life span of the load cells: the cells used were rated for 25 Ibs, and forces
close to this level were reached during periods of rapid deceleration. The vibration of the
running engine may also have contributed to the cells’ demise. It is recommended that for
further research cells rated at 50 Ibs be fitted, and mounting systems that isolate the cells from
vibration and other loads be investigated. A more robust cell has already been acquired and will
be installed once the mounting system is finalized.

Another possible improvement area is additional instrumentation. While the equipment used
provides much insight into the performance of the engine, adding some additional temperature
monitoring, especially to the exhaust temperature and intake manifold temperature could prove
beneficial. Even more important is the need for a cylinder pressure transducer. By examining
the pressure curves from inside the cylinder, it would be possible to time the ignition systems
more accurately and to have much more insight into the combustion process as it happens. This
equipment has already been located and will be installed in the engine before any additional
testing is attempted.

Finally, it should be noted that in order to use the data presented here as a basis for comparison
against other systems, the 2500 and 3250 RPM tests will need to be retaken to account for
measurement and fueling discrepancies present in these data samples.
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Appendix A : Complete Parts List and Drawings

This section includes information on materials used and specific construction of the test stands

and equipment for the project.

A.1 Bill of Materials

This section contains a bill of materials for all sections of the project, as shown in Table A-1.

Part Description

Optima Red Top Battery

EverStart Marine Battery Box

5/16 Fuel Injection Hose (ft)

1/2" hose clamps

2" x 2.5" Exhaust Adapter

SPST 30A Automotive Relay

ATC Fuse Block- 6 position

ATC Fuse Assortment

5/16 hose Fuel filter (high pressure)
14.50 Intek Engine

Ignition Key Switch

Secondary 1 gallon plastic fuel tank
Innovate LC-1 Oxygen sensor system
Megasquirt Fuel Injection Controller v2.2
GM Closed Element Temperature Sensor w/ pigtail
Fuel Injector Pigtail

VoltMaster AR-100 9500w Brushless Generator
3/8" NPTF x 5/16" hose barb adapter
American Water Heater Element (4500w bolt in)
Aluminum Spider Coupling (.75" shaft)
Polyurethane Coupling Insert (Shore 98A)
Fiberglass Spider Coupling (.75" Shaft)
Fiberglass Spider Coupling (1" Shaft)
Polyurethane Coupling Insert (Shore 64D)
.75" Base Mount Ball Bearings

Brass Ball Valve (1")

2" Metal Flexible Exhaust Hose (ft)
Exhaust Clamp (2")

Plastic Electronics Enclosure

20A 240V Circuit Breakers Panel Mount
440VAC 30 microfarad Capacitors

1" Urethane Rod, centerdrilled, .5"L

1" Urethane Rod, centerdrilled, .75"L
Omega Load Cell Signal Conditioners
Accel 15 Ib/hr fuel injector

Accel Fuel Pressure Regulator (35-70 PSI)
Summit High Flow Electric Fuel Pump
3-Way Ball Valve

Wire + Terminals (various)

Bolts, Nuts, Washers (various)

.5"x.065" Wall Tubular Steel 30"L

Table A-1: Parts List

Quantity Part Number Supplier

1

P NP R RPRRPRNNNRRNRPRRRRERRRNERERNIEROUUER

N R R RN BRENWRD

(6]

205337
092556MA
LC-1
MS122-C
CLTIATwPiggy
InjPiggy-EV1
6HJ90
6900339
98457603
9845726
99397401
99397402
9939722
5913K63
47865K25
5262K27
3042789
7593K27
3931714
7602K47
8695K863
8695K863
DRF-LC
ACCEL-150115
ACCEL 74560
SUM-G3138

A-1

Advance Auto Parts
Advance Auto Parts
Advance Auto Parts
Advance Auto Parts
Advance Auto Parts
Advance Auto Parts
Advance Auto Parts
Advance Auto Parts
Advance Auto Parts
Briggs and Stratton
Briggs and Stratton
Briggs and Stratton
diyautotune.com
diyautotune.com
diyautotune.com
diyautotune.com
Grainger

Lowes

Lowes
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
Mcmaster-Carr
omega.com
Summit Racing
Summit Racing
Summit Racing
SWAGELOC

CIRA Shop Supply
CIRA Shop Supply
CIRA Shop Supply



.75"x.065" Wall Tubular Steel 60"L 2 - CIRA Shop Supply
.75" Steel Round Bar 12"L 1 - CIRA Shop Supply
1"x1"x.125" Wall Tubular Steel 6"L 4 - CIRA Shop Supply
1.5"x1.5"x.1875" Steel Angle 5"L 1 - CIRA Shop Supply
1" Steel Round Bar 31"L 4 - CIRA Shop Supply
.5"x16"x16" Steel Plate 2 - CIRA Shop Supply
.25"x16"x16" Steel Plate 1 - CIRA Shop Supply
2"x2"x.125" Steel Angle 36"L 4 - WilsonWorks
2"x2"x.125" Steel Angle 30"L 6 - WilsonWorks
2"x2"x.125" Steel Angle 60"L 2 - WilsonWorks
.'75")('75" Steel Bar 5"L 2 - WilsonWorks

A.2 CAD Drawings of Fabricated Tables

This section contains CAD working drawings of the test stand table and dynamometer stand, as
attached on the following pages.
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Appendix B : Datalogs

This section contains the data used to produce the curves in the results section. Note that the
Torque value here is represented as Torque/2, this is because it is a reading from only one load
cell as the other load cell was not used for these tests. In each case the mean, standard
deviation, coefficient of variation, and % variation for torque, horsepower, and air to fuel ratio
are expressed on the right side of the sheet. Note that in all cases except the 2500 RPM data,
the variations are within the objective of four percent. The 2500 RPM data should be retaken as
mentioned previously.
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Table B-1: 2250 RPM Data

MS1/Extra format 029y3 *** ¥k Standard Deviations
Time SecL MAP 02 MAT CLT Gve PW TPlus Torque/2 DutyCyclel RPM battV AFR Hp EGSPEED TORQUE HP AFR tgstdev hpstdev afrstdev
s kPa V degCdegC % ms V ft-lb % V  Ibair/Ibfuel bhp sample RPM ft-lb  bhp ma:mf ft-lb bhp ma:mf
6381.802 128 95 1.902 23.9 50 100 13.5 2.059 10.29 25.9 2368 115 13.804 9.28 s1(170-190)  2302.62 20.83 9.13 13.45 0.1403 0.1920 0.2515
6381.879 129 90 1.745 239 50 100 13.4 2.137 10.69 24.6 2371 118 13.49 9.65 s2(200-220)  2311.72 20.85 9.21 13.27 0.2290 0.2293 0.1758
6381.98 129 90 1.686 239 50 100 13 2.118 10.59 249 2246 11.6 13.372 9.06
6382.074 129 95 1.686 23.9 50 100 13.1 2.059 10.29 25.1 2366 11.8 13.372 9.27 Coefficients of Variance
6382.165 129 94 1.725 239 50 100 13.1 2.059 10.29 25.1 2306 11.5 13.45 9.04 tqcov  hpcov  afrcov
6382.242 129 93 1.784 239 50 100 13.5 2.118 10.59 25.9 2302 118 13.568 9.28 ft-lb bhp ma:mf
6382.343 129 94 1.706 239 50 100 13.5 2.118 10.59 24.8 2303 11.6 13.412 9.29 0.0067 0.0210 0.0187
6382.428 129 96 1.667 23.9 50 100 13.6 2.078 10.39 26.1 2304 116 13.334 9.12 0.0110 0.0249 0.0133
6382.529 129 96 1.706 23.9 50 100 13.5 2.059 10.29 25.9 2303 115 13.412 9.02
6382.622 129 97 1.765 239 50 100 13.4 2.137 10.69 25.7 2367 11.6 13.53 9.64 COV expressed as percent
6382.722 129 97 1.588 23.9 50 100 13.5 2.118 10.59 25.9 2367 11.5 13.176 9.55 tq % hp % afr%
6382.818 129 90 1.686 23.9 50 100 13.1 2.137 10.69 25.1 2248 115 13.372 9.15 0.67 2.10 1.87
6382919 130 90 1.745 239 50 100 13.2 2.118 10.59 25.3 2248 118 13.49 9.07 1.10 2.49 133
6383.011 130 95 1.569 23.9 50 100 13.1 2.078 10.39 25.1 2306 11.6 13.138 9.12
6383.112 130 96 1.706 23.9 50 100 13.1 2.078 10.39 24 2249 118 13.412 8.90
6383.197 130 95 1.765 23.9 50 100 13.1 2.118 10.59 25.1 2305 11.6 13.53 9.30
6383.297 130 95 1.706 23.9 50.6 100 13.1 2.118 10.59 25.1 2369 11.8 13.412 9.55
6383.375 130 95 1.706 23.9 50.6 100 13.5 2.059 10.29 24.8 2250 11.6 13.412 8.82
6383.458 130 95 1.51 23.9 50.6 100 13.6 2.098 10.49 24.9 2246 11.6 13.02 8.97
6383.55 130 95 1.667 23.9 50.6 100 13.4 2.137 10.69 25.7 2306 11.6 13.334 9.39
6383.644 130 90 1.725 23.9 50.6 100 13.1 2.098 10.49 24 2366 11.8 13.45 9.45
6383.745 130 90 1.627 23.9 50.6 100 13.1 2.118 10.59 25.1 2247 115 13.254 9.06
6383.838 131 95 1.667 23.9 50.6 100 13.1 2.059 10.29 25.1 2307 11.6 13.334 9.04
6383.932 131 94 1.824 239 50.6 100 13.1 2.078 10.39 25.1 2364 11.6 13.648 9.35
6384.025 131 94 1.961 23.9 50.6 100 13.1 2.118 10.59 25.1 2308 11.6 13.922 9.31
6384.11 131 93 1.882 239 50.6 100 13.5 2.059 10.29 25.9 2313 118 13.764 9.06
6384.21 131 93 1.961 239 50.6 100 13.4 2.078 10.39 25.7 2312 116 13.922 9.15
6384.304 131 95 1.725 23.9 50.6 100 13.4 2.078 10.39 24.6 2255 11.8 13.45 8.92
6384.389 131 96 1.686 23.9 50.6 100 13.4 2.118 10.59 25.7 2312 116 13.372 9.32
6384.49 131 96 1.765 23.9 50.6 100 13.4 2.118 10.59 24.6 2252 11.6 13.53 9.08
6384.569 131 95 1.725 23.9 50.6 100 13 2.078 10.39 24.9 2313 115 13.45 9.15
6384.669 131 95 1.725 23.9 50.6 100 13 2.059 10.29 24.9 2314 118 13.45 9.07
6384.744 131 93 1.765 23.9 50.6 100 13.1 2.137 10.69 25.1 2305 11.6 13.53 9.38
6384.844 132 93 1.686 23.9 50.6 100 13.1 2.118 10.59 25.1 2306 11.8 13.372 9.30
6384.93 132 96 1.824 239 50.6 100 13.6 2.059 10.29 26.1 2303 11.6 13.648 9.02
6385.031 132 95 1.725 23.9 50.6 100 13.5 2.039 10.2 24.8 2247 116 13.45 8.73
6385.132 132 95 1.608 23.9 50.6 100 13.6 2.059 10.29 26.1 2305 11.6 13.216 9.03
6385.225 132 96 1.765 23.9 50.6 100 13.5 2.078 10.39 25.9 2310 116 13.53 9.14
6385.329 132 96 1.627 23.9 50.6 100 13.5 2.078 10.39 25.9 2366 11.6 13.254 9.36
6385.398 132 95 1.412 23.9 50.6 100 13.1 2.059 10.29 25.1 2304 116 12.824 9.03
6385.499 132 95 1.588 23.9 50.6 100 13 2.059 10.29 23.8 2246 11.8 13.176 8.80
6385.577 132 92 1.686 23.9 50.6 100 13 2.137 10.69 24.9 2304 115 13.372 9.38
6385.677 132 93 1.824 239 50.6 100 13 2.118 10.59 24.9 2248 11.8 13.648 9.07
6385.77 132 92 1.725 239 50.6 100 13.5 2.078 10.39 25.9 2307 11.6 13.45 9.13
6385.872 133 95 1.686 23.9 50.6 100 13.5 2.098 10.49 24.8 2247 118 13.372 8.98
6385.973 133 95 1.686 23.9 50.6 100 13.5 2.059 10.29 25.9 2305 11.6 13.372 9.03
6386.055 133 96 1.627 23.9 50.6 100 13.5 2.118 10.59 25.9 2367 118 13.254 9.55
6386.148 133 96 1.824 23.9 50.6 100 13.6 2.137 10.69 26.1 2307 115 13.648 9.39
6386.241 133 90 1.804 23.9 50.6 100 13 2.118 10.59 23.8 2368 11.6 13.608 9.55
6386.342 133 95 1.882 23.9 50.6 100 13 2.078 10.39 24.9 2310 11.8 13.764 9.14
6386.443 133 95 1.627 23.9 50.6 100 13 2.078 10.39 24.9 2368 115 13.254 9.37
6386.512 133 93 1.667 23.9 51.1 100 13.1 2.137 10.69 25.1 2307 11.6 13.334 9.39
6386.621 133 93 1.745 239 51.1 100 13.1 2.137 10.69 24 2254 116 13.49 9.18
6386.698 133 95 1.451 239 51.1 100 13.5 2.059 10.29 25.9 2305 118 12.902 9.03
6386.798 133 94 1.569 23.9 51.1 100 13.6 2.059 10.29 26.1 2304 11.6 13.138 9.03
6386.884 134 95 1.706 23.9 51.1 100 13.5 2.118 10.59 24.8 2250 11.6 13.412 9.07
6386.986 134 95 1.627 23.9 51.1 100 13.6 2.118 10.59 26.1 2305 11.6 13.254 9.30
6387.063 134 95 1.588 23.9 51.1 100 13.1 2.059 10.29 25.1 2366 11.8 13.176 9.27
6387.156 134 94 1.529 239 51.1 100 13 2.235 11.18 24.9 2301 116 13.058 9.80
6387.257 134 94 1.627 239 51.1 100 13 2.059 10.29 24,9 2302 11.6 13.254 9.02
6387.342 134 93 1.745 239 51.1 100 13 2.118 10.59 24.9 2365 11.8 13.49 9.54
6387.435 134 92 1.667 23.9 51.1 100 13.4 2.078 10.39 24.6 2365 11.8 13.334 9.36
6387.537 134 95 1.549 23.9 51.1 100 13.6 2.078 10.39 24.9 2243 116 13.098 8.87
6387.621 134 95 1.627 23.9 51.1 100 13.4 2.078 10.39 25.7 2301 11.6 13.254 9.10
6387.701 134 90 1.745 239 51.1 100 13 2.078 10.39 23.8 2306 11.6 13.49 9.12
6387.786 134 95 1.51 239 51.1 100 13.1 2.039 10.2 25.1 2302 11.6 13.02 8.94
6387.886 135 94 1.745 23.9 51.1 100 13.2 2.078 10.39 25.3 2363 11.6 13.49 9.35
6387.988 135 94 1.667 23.9 51.1 100 13.1 2.078 10.39 25.1 2304 116 13.334 9.12



Table B-2: 2500 RPM Data

MS1/Extra format 029y3 ****# sk Standard Deviations
Time SecL MAP 02 MAT CLT Gve PW TPlus Torque/2 DutyCyclel RPM battV AFR HP EGSPEED TORQUE HP AFR tgstd hpstd afrstdev
s kPa V degCdegC % ms \ ft-lb % V  Ibair/Ibfuel bhp sample RPM ft-lb  bhpma:mf ft-lb  bhp ma:mf
7980.209 153 94 1.804 23.9 63.9 100 12.7 2.039 10.2 26.5 2505 116 13.608 9.73 $2500.2(1-20) | 2487.48” 19.09 9.04 13.5970.8262 0.8311 0.1783
7980.329 153 95 1.882 23.9 63.9 100 12.7 1.706 8.53 25.4 2441 118 13.764 7.93 52500.2(45-65) " 2500.81" 19.06 9.08 13.8270.9087 0.9216 0.2424

7980.432 153 94 1.843 23.9 63.9 100 12.7 1.667 8.33 26.5 2508 116 13.686 7.96
7980.533 153 95 1.706 23.9 63.9 100 12.7 1.667 8.33 26.5 2512 116 13.412 7.97 Coefficients of Variance
7980.611 153 95 1.686 23.9 63.9 100 13.1 1.863 9.31 26.2 2445 11.5 13.372 8.67 tgcov hpcov afrcov
7980.704 153 95 1.804 23.9 63.9 100 13.1 2.059 10.29 26.2 2440 11.6 13.608 9.56 ft-lb  bhp ma:mf
7980.789 153 93 1.922 239 639 100 13 2.098 10.49 27.1 2509 11.5 13.844 10.02 0.0433 0.0919 0.0131
7980.89 153 96 1.804 23.9 63.9 100 12.9 2.039 10.2 26.9 2505 11.5 13.608 9.73 0.0477 0.1015 0.0175
7980.993 153 96 1.667 23.9 63.9 100 13 1.824 9.12 26 2497 115 13.334 8.67
7981.085 153 96 1.725 23.9 63.9 100 12.9 2.059 10.29 269 2501 11.6 13.45 9.80 COV expressed as percent
7981.179 154 96 1.706 23.9 63.9 100 13 2.039 10.2 27.1 2573 116 13.412 9.9 tqg % hp% afr%
7981.272 154 94 1.824 239 63.9 100 13.1 2.118 10.59 26.2 2444 115 13.648 9.86 433 9.19 131
7981.374 154 96 1.882 239 639 100 13 2 10 27.1 2504 116 13.764 9.54 4.77 10.15 175
7981.474 154 95 1.902 23.9 63.9 100 13.1 1.804 9.02 26.2 2440 116 13.804 8.38
7981.575 154 95 1.902 23.9 63.9 100 13 1.804 9.02 27.1 2569 116 13.804 8.82
7981.642 154 89 1.804 239 63.9 100 13.1 2 10 27.3 2441 115 13.608 9.30
7981.743 154 89 1.804 23.9 63.9 100 13.1 2.039 10.2 27.3 2569 11.8 13.608 9.98
7981.817 154 95 1.667 23.9 63.9 100 13.1 1.647 8.24 26.2 2444 115 13.334 7.67
7981.919 154 94 1.627 23.9 63.9 100 13.1 1.647 8.24 26.2 2442 116 13.254 7.66
7981.996 154 94 1.804 239 63.9 100 13.2 1.98 9.9 27.5 2503 115 13.608 9.44
7982.088 154 96 1.882 23.9 63.9 100 13.2 1.98 9.9 26.4 2445 116 13.764 9.22
7982.174 155 90 1.843 239 63.9 100 13.2 1.98 9.9 27.5 2510 115 13.686 9.46
7982.259 155 95 1.824 23.9 63.9 100 13.1 1.686 8.43 27.3 2573 116 13.648 8.26
7982.36 155 95 1.882 23.9 63.9 100 13.2 1.843 9.22 26.4 2505 11.5 13.764 8.80
7982.453 155 95 1.745 239 63.9 100 13 1.843 9.22 27.1 2500 11.6 13.49 8.78
7982.531 155 95 1.627 23.9 63.9 100 13.1 1.725 8.63 26.2 2499 115 13.254 821
7982.624 155 94 1.588 23.9 63.9 100 13 1.922 9.61 26 2495 115 13.176 9.13
7982.724 155 95 1.549 239 639 100 13 1.686 8.43 27.1 2500 11.6 13.098 8.03
7982.827 155 95 1.569 23.9 63.9 100 13 1.647 8.24 27.1 2504 116 13.138 7.86
7982.913 155 93 1.588 23.9 63.9 100 12.9 1.725 8.63 25.8 2435 116 13.176 8.00
7983.013 155 95 1.451 239 63.9 100 13 1.706 8.53 27.1 2500 11.6 12.902 8.12
7983.115 155 95 1.588 23.9 63.9 100 12.9 1.627 8.14 25.8 2442 116 13.176 7.57
7983.208 156 95 1.686 23.9 63.9 100 12.9 1.706 8.53 26.9 2507 11.6 13.372 8.14
7983.301 156 94 1.588 23.9 63.9 100 12.7 1.627 8.14 26.5 2503 11.6 13.176 7.76
7983.404 156 95 1.627 23.9 63.9 100 12.7 1.608 8.04 25.4 2499 116 13.254 7.65
7983.504 156 95 1.706 23.9 63.9 100 12.7 1.608 8.04 25.4 2434 116 13.412 7.45
7983.574 156 92 1.882 23.9 63.9 100 12.7 2.059 10.29 25.4 2440 116 13.764 9.56
7983.668 156 92 2 239 639 100 12.7 2.039 10.2 26.5 2567 11.5 14 9.97
7983.76 156 92 1.902 23.9 63.9 100 12.7 2.059 10.29 26.5 2500 11.6 13.804 9.80
7983.845 156 94 1.843 23.9 63.9 100 12.7 1.824 9.12 25.4 2439 118 13.686 8.47
7983.947 156 92 1.843 23.9 63.9 100 12.7 2.039 10.2 26.5 2502 11.8 13.686 9.72
7984.037 156 94 1.824 23.9 63.9 100 12.7 1.863 9.31 25.4 2565 11.6 13.648 9.09
7984.138 156 92 1.922 23.9 63.9 100 12.7 2.059 10.29 25.4 2570 11.8 13.844 10.07
7984.232 157 93 2 239 639 100 12.7 1.922 9.61 26.5 2507 116 14 9.17
7984.333 157 92 2.078 23.9 63.9 100 12.7 2.098 10.49 26.5 2500 11.6 14.156 9.99
7984.425 157 93 2.176 23.9 63.9 100 12.7 2.118 10.59 25.4 2498 116 14.352 10.07
7984.526 157 92 2.039 23.9 63.9 100 12.7 2.098 10.49 26.5 2567 11.6 14.078 10.25
7984.629 157 92 1.843 23.9 63.9 100 12.8 2.059 10.29 26.7 2571 11.5 13.686 10.07
7984.722 157 93 1.725 239 63.9 100 13 2.039 10.2 27.1 2503 115 13.45 9.72
7984.823 157 93 1.784 23.9 63.9 100 12.7 2.039 10.2 26.5 2561 116 13.568 9.95
7984.9 157 92 1.804 23.9 63.9 100 12.9 1.863 9.31 25.8 2494 115 13.608 8.84
7985.001 157 92 1.725 23.9 63.9 100 13 1.902 9.51 26 2496 116 13.45 9.04
7985.095 157 92 1.863 23.9 63.9 100 12.8 1.922 9.61 26.7 2433 115 13.726 8.90
7985.189 158 92 2.039 23.9 63.9 100 12.7 1.922 9.61 26.5 2434 116 14.078 8.91
7985.266 158 95 1.902 23.9 63.9 100 13 1.627 8.14 27.1 2567 115 13.804 7.96
7985.369 158 95 1.941 23.9 63.9 100 12.9 1.608 8.04 25.8 2436 11.6 13.882 7.46
7985.462 158 95 1.941 239 63.9 100 13 1.608 8.04 27.1 2566 11.5 13.882 7.86
7985.53 158 92 1.902 23.9 63.9 100 13 2.098 10.49 27.1 2440 11.5 13.804 9.75
7985.624 158 92 1.902 23.9 63.9 100 13 1.941 9.71 27.1 2501 115 13.804 9.25
7985.698 158 95 1.863 23.9 63.9 100 12.9 1.706 8.53 25.8 2499 116 13.726 8.12
7985.798 158 95 1.961 23.9 63.9 100 13.1 1.686 8.43 26.2 2440 115 13.922 7.83
7985.891 158 96 1.961 23.9 63.9 100 13.1 1.667 8.33 26.2 2438 11.5 13.922 7.73
7985.974 158 95 1.706 23.9 63.9 100 13 2.039 10.2 26 249 115 13.412 9.70



MS1/Extra format 029y3 **** ik

Time
s

6470.373
6470.465
6470.567
6470.668
6470.769
6470.862
6470.955
6471.056
6471.157
6471.257
6471.358
6471.459

6471.56
6471.662
6471.762
6471.863
6471.932
6472.026
6472.111
6472.206
6472.299
6472.383
6472.484
6472.585
6472.685
6472.771
6472.848
6472.934
6473.035
6473.112
6473.205
6473.291
6473.383
6473.484
6473.585
6473.693
6473.787
6473.877
6473.962
6474.047
6474.138
6474.239
6474.333
6474.433
6474.534
6474.636
6474.737

6474.83
6474.923
6475.024
6475.125
6475.219
6475.304
6475.406
6475.496
6475.596
6475.698
6475.798
6475.883
6475.969

6476.07
6476.163
6476.245
6476.312
6476.415
6476.507
6476.601
6476.686
6476.772
6476.857
6476.958
6477.068
6477.169

SecL MAP
kPa
19 95
20 94
20 93
20 96
20 95
20 95
20 91
20 95
20 9%
20 9%
20 90
21 94
21 9%
21 94
21 9%
21 9%
21 93
21 93
21 93
21 93
21 95
22 93
22 9%
22 95
22 93
22 93
22 94
22 95
22 93
22 9%
22 9%
22 9%
23 95
23 93
23 94
23 92
23 94
23 93
23 94
23 95
23 9%
23 92
23 9%
24 94
24 92
24 97
24 9%
24 9%
24 95
24 89
24 95
24 9%
24 98
25 96
25 95
25 90
25 95
25 9%
25 95
25 9%
25 96
25 96
25 96
25 94
26 9%
26 9%
26 94
26 94
26 95
26 94
26 95
26 92
26 9%

02
\
1.627
1.431
1.608
1.686
1.706
1.608
1.706
1.667
151
1.686
1.667
1.824
1.686
1.843
1.588
1.667
1.627
1.647
1.608
151
1.431
1.706
1.549
1.529
1.686
1.784
1.647
1.588
1.706
1.667
1.804
1.843
1.725
1.843
1.804
1.725
1.725
1.706
1.686
1.686
1.588
1.627
1.804
1.529
1.824
1.451
1.588
1.549
1.49
1.784
1.843
1.451
1.608
1.608
1.804
1.745
1.627
1.647
1.529
1.863
1.706
1.706
1.706
1.824
1.608
1.706
1.412
1.647
1.686
1.608
1373
1.627
1.529

MAT CLT Gve
degC degC

23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9
23.9

62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
62.8
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
63.9
64.4
64.4
64.4

PW
ms
13.1
13.2
12.7
12.9
12.9
12.7
12.9
13.1
13
13
13.1
13.2
13.1
13.2
12.9
12.9
12.9
12.9
12.7
12.9
12.7
12.9
13
13.1
13
12.9
13.2
13.1
13.1
13.1
13.1
13
13.2
12.9
13
13
13
13
12.9
13.2
13.2
12.7
12.9
13
12.9
13
13
12.9
13.1
13.2
13.2
13.1
13.2
13
13.2
13
13.1
13.2
13.2
13.2
13.1
13.2
13.1
13.1
13.1
13
12.7
12.7
12.9
13
13.1
12.7
12.9

TPlus Torque/2 DutyCyclel

%

1.902
1.863
1.922
2.02
1.961
1.922
1.902
1.941
2.039
1.902
1.922
2.02
1.98
1.922
2.039
2.039
1.941
2.02
1.902
2.02
2.02
2
1.98
1.941
1.941
1.941
1.941
1.922
1.922
1.961
1.882
1.902
1.882
2
2.039
1.922
1.941
1.941
1.941
1.863
1.882
1.98
2
1.961
1.882
2.02
2.039
2
1.882
1.922

2.02

2.02
2.039
1.941
1.961
1.941

2

2

2

2.02
1.941
1.961
1.961
1.941

1.941
1.941
1.961
1.961
1.902

2.02

ft-lb

9.51
9.31
9.61
10.1
9.8
9.61
9.51
9.71
10.2
9.51
9.61
10.1
9.9
9.61
10.2
10.2
9.71
10.1
9.51
10.1
10.1
10
9.9
9.71
9.71
9.71
9.71
9.61
9.61
9.8
9.41
9.51
9.41
10
10.2
9.61
9.71
9.71
9.71
9.31
9.41
9.9
10
9.8
9.41
10.1
10.2
10
9.41
9.61
10.1
10.1
10.2
9.71
9.8
9.71
10
10
10
10.1
9.71
9.8
9.8
9.71
10
9.71
9.71
9.8
9.8
10
9.51
10
10.1

Table B-3: 2750 RPM Data

RPM AFR HP

% Ibair/Ibfuel bhp
29.5 2781 13.254 10.07
29.7 2710 12.862 9.61
27.5 2646 13.216 9.68
29 2791 13.372 10.73
29 2720 13.412 10.15
28.6 2723 13.216 9.96
29 2712 13.412 9.82
29.5 2709 13.334 10.02
29.3 2716 13.02 10.55
28.2 2651 13.372 9.60
29.5 2794 13.334 10.22
29.7 2721 13.648 10.47
28.4 2651 13.372 9.9
29.7 2722 13.686 9.96
29 2720 13.176 10.57
29 2797 13.334 10.86
29 2788 13.254 10.31
29 2707 13.294 10.41
28.6 2780 13.216 10.07
29 2719 13.02 10.46
28.6 2782 12.862 10.70
29 2709 13.412 10.32
29.3 2709 13.098 10.21
29.5 2783 13.058 10.29
29.3 2710 13.372 10.02
29 2719 13.568 10.05
29.7 2784 13.294 10.29
29.5 2715 13.176 9.94
29.5 2718 13.412 9.95
29.5 2715 13.334 10.13
29.5 2721 13.608 9.75
28.2 2655 13.686 9.62
28.6 2790 13.45 10.00
29 2793 13.686 10.64
29.3 2717 13.608 10.55
29.3 2787 13.45 10.20
28.2 2713 13.45 10.03
29.3 2712 13.412 10.03
29 2710 13.372 10.02
28.6 2712 13.372 9.61
29.7 2709 13.176 9.71
28.6 2709 13.254 10.21
29 2714 13.608 10.34
29.3 2789 13.058 10.41
27.9 2712 13.648 9.72
29.3 2776 12.902 10.68
29.3 2783 13.176 10.81
27.9 2649 13.098 10.09
29.5 2788 12.98 9.99
29.7 2717 13.568 9.94
29.7 2712 13.686 10.43
28.4 2643 12.902 10.17
29.7 2712 13.216 10.53
29.3 2714 13.216 10.04
29.7 2718 13.608 10.14
29.3 2713 13.49 10.03
29.5 2708 13.254 10.31
29.7 2704 13.294 10.30
28.6 2641 13.058 10.06
29.7 2785 13.726 10.71
29.5 2786 13.412 10.30
29.7 2712 13.412 10.12
28.4 2646 13.412 9.87
29.5 2710 13.648 10.02
29.5 2702 13.216 10.29
28.2 2637 13.412 9.75
27.5 2636 12.824 9.75
27.5 2645 13.294 9.87
27.9 2699 13.372 10.07
29.3 2770 13.216 10.55
29.5 2773 12.746 10.04
28.6 2769 13.254 10.54
27.9 2637 13.058 10.14

B-4

Standard Deviations

EGSPEED TORQUE HP  AFR  tgstd hpstd afrstdev
sample RPM ft-lb  bhp mamf ft-lb bhp ma:mf
s1 " 2730487 19.62 1020 13277 0.2894 03723 0.2093

s2(50-70) © 2698.957 19.71 10.13 13.32” 0.2001 0.2474 0.2555
Coefficients of Variance
tqcov  hpcov
ft-Ib bhp ma:mf
0.0148 0.0365 0.0158

0.0101 0.0244 0.0192

afrcov

COV expressed as percent

tq% hp% afr %
1.48 3.65 1.58
1.01 2.44 1.92



Table B-4: 3000 RPM Data

MS1/Extra format 029y 3 *****¥xkx Standard Deviations
Time SecL MAP 02 MAT CLT Gve PW TPlus Torque/2 DutyCyclel RPM battV AFR HP EGSPEED TORQUE HP AFR tgstd hpstd afrstdev
s kPa V degCdegC % ms Vv ft-Ib % V  Ibair/Ibfuel bhp sample RPM ft-lb  bhp mamf ft-lb bhp ma:mf
6511.416 61 93 1314 239 71.7 100 14.5 1.686 8.43 36.3 3093 11.8 12.628 9.93 $2(500-520) 309148  17.24 10.15 12,517 0.1512 0.2519 0.2027
6511.516 61 96 1.078 23.9 71.7 100 14.9 1.745 8.73 37.3 3092 11.8 12.156 10.28 s2(550-570) 3066.24  17.29 10.12 1250  0.1479 0.1835  0.2016
6511.618 61 91 1.275 23.9 71.7 100 14 1.765 8.82 36.2 3176  11.8 12.55 10.67
6511.718 61 96 1.078 23.9 71.7 100 14.5 1.686 8.43 36.3 3017 11.8 12.156 9.69 Coefficients of Variance
6511.82 61 94 1.392 23.9 717 100 14.9 1.745 8.73 38.5 3174 115 12.784 10.55 tgqcov  hpcov  afrcov
6511.921 61 93 1.196 23.9 71.7 100 14.5 1.706 8.53 36.3 3083 11.8 12.392 10.01 ft-lb bhp  ma:mf
6512.024 61 96 1.118 239 717 100 14.9 1.725 8.63 37.3 3079 118 12.236 10.12 0.0088 0.0248 0.0162
6512.125 61 94 1.392 23.9 71.7 100 14.7 1.745 8.73 38 3153 11.8 12.784 10.48 0.0086 0.0181 0.0161
6512.225 61 96 1.333 239 71.7 100 14.2 1.686 8.43 35.5 3157 11.8 12.666 10.13
6512.327 61 98 1.333 23.9 71.7 100 14.9 1.765 8.82 37.3 3086 11.8 12.666 10.37 COV expressed as percent
6512.417 62 94 1.235 23.9 71.7 100 14.7 1.686 8.43 36.8 3089 11.8 12.47 9.92 ta% hp% afr%
6512.517 62 95 1.176 239 71.7 100 14.5 1.725 8.63 36.3 3091 118 12.352 10.16 0.88 2.48 1.62
6512.618 62 90 1.294 23.9 71.7 100 15 1.686 8.43 37.5 3088 11.8 12.588 9.91 0.86 181 161
6512.718 62 94 1.176 23.9 71.7 100 14.4 1.765 8.82 36 3082 11.6 12.352 10.35
6512.819 62 95 1.353 23.9 71.7 100 14.9 1.706 8.53 37.3 3087 119 12.706 10.03
6512.92 62 95 1.294 23.9 71.7 100 14.9 1.706 8.53 37.3 3080 11.8 12.588 10.00
651299 62 94 1.392 239 71.7 100 14.4 1.765 8.82 36 3007 11.8 12.784 10.10
6513.09 62 95 1.353 23.9 717 100 14.9 1.725 8.63 37.3 3093 11.8 12.706 10.16
6513.191 62 96 1.157 23.9 71.7 100 15 1.706 8.53 37.5 3015 11.8 12.314 9.79
6513.293 62 92 1.196 23.9 71.7 100 14.5 1.765 8.82 36.3 3090 11.8 12.392 10.38
6513.393 63 92 1.255 23.9 71.7 100 14.7 1.706 8.53 36.8 3089 11.8 12.51 10.03
6513.487 63 92 1.294 239 71.7 100 14.4 1.745 8.73 36 3015 116 12.588 10.02
6513.58 63 95 1.098 23.9 71.7 100 14.5 1.725 8.63 37.5 3164 11.8 12.196 10.40
6513.68 63 95 1.314 239 717 100 15 1.765 8.82 37.5 3079 11.8 12.628 10.34
6513.774 63 94 1.039 23.9 71.7 100 14.5 1.725 8.63 36.3 3082 116 12.078 10.13
6513.877 63 97 1.412 239 71.7 100 14.7 1.765 8.82 36.8 3013 11.8 12.824 10.12
6513.977 63 88 1373 239 717 100 15 1.706 8.53 37.5 3164 118 12.746 10.28
6514.079 63 96 1.137 23.9 71.7 100 14.4 1.765 8.82 36 3084 11.8 12.274 10.36
6514.18 63 94 1.275 23.9 71.7 100 14.7 1.706 8.53 36.8 3078 11.8 12.55 10.00
6514.281 63 96 1.333 23.9 71.7 100 14.9 1.706 8.53 37.3 3083 116 12.666 10.01
6514.366 63 95 1.275 23.9 71.7 100 14.2 1.686 8.43 35.5 3164 118 12.55 10.16
6514.468 64 94 1.176 239 71.7 100 14.7 1.765 8.82 36.8 3079 118 12.352 10.34
6514.57 64 95 1.471 23.9 71.7 100 14.9 1.745 8.73 37.3 3006 11.6 12.942 9.9
6514.67 64 94 1.098 23.9 71.7 100 14.4 1.745 8.73 36 3080 11.8 12.196 10.24
6514.755 64 93 1.196 23.9 71.7 100 14.9 1.686 8.43 37.3 3078 11.8 12.392 9.88
6514.857 64 93 1314 239 71.7 100 14.9 1.765 8.82 36 2992 118 12.628 10.05
6514.95 64 95 1.176 23.9 72.2 100 14.2 1.667 8.33 35.5 3149 11.8 12.352 9.99
6515.06 64 96 1.353 23.9 72.2 100 14.9 1.745 8.73 37.3 3079 118 12.706 10.24
6515.161 64 95 1.235 239 72.2 100 14.9 1.765 8.82 37.3 3074 118 12.47 10.32
6515.253 64 94 1.196 23.9 72.2 100 14.2 1.765 8.82 355 3076 11.8 12.392 10.33
6515339 64 95 1.216 23.9 72.2 100 14.5 1.686 8.43 37.5 3002 11.8 12.432 9.64
6515.44 65 94 1.392 239 722 100 15 1.882 9.41 37.5 3083 118 12.784 11.05
6515541 65 91 1.137 23.9 72.2 100 14.2 1.706 8.53 36.7 3162 11.8 12.274 10.27
6515.643 65 96 1.176 23.9 72.2 100 14.7 1.725 8.63 36.8 3009 11.8 12.352 9.89
6515.744 65 94 1.275 23.9 72.2 100 14.7 1.745 8.73 36.8 3083 11.8 12.55 10.27
6515.836 65 94 1.059 23.9 72.2 100 14.2 1.745 8.73 36.7 3167 11.8 12.118 10.53
6515.915 65 96 1.098 23.9 72.2 100 14.7 1.725 8.63 38 3156  11.8 12.196 10.37
6516.015 65 95 1.314 23.9 72.2 100 14.9 1.725 8.63 37.3 3077 116 12.628 10.11
6516.1 65 95 1.294 23.9 72.2 100 14.4 1.765 8.82 34.8 2994 11.8 12.588 10.06
6516.195 65 96 1.255 23.9 72.2 100 14.5 1.706 8.53 35 3161 11.8 12.51 10.27
6516.295 65 95 1.255 23.9 72.2 100 15 1.765 8.82 37.5 3003 11.8 12.51 10.09
6516.385 65 94 1.039 239 72.2 100 14.4 1.686 8.43 36 3158 116 12.078 10.14
6516.487 66 97 1.431 23.9 72.2 100 14.7 1.765 8.82 36.8 3072 11.8 12.862 10.32
6516.587 66 90 1.176 23.9 72.2 100 15 1.706 8.53 37.5 3066 11.6 12.352 9.96
6516.689 66 93 1.275 23.9 72.2 100 14.4 1.784 8.92 36 3072 11.8 12.55 10.43
6516.79 66 94 1.392 23.9 72.2 100 14.7 1.706 8.53 3552995 11.8 12.784 9.73
6516.892 66 96 1.098 23.9 72.2 100 14.9 1.725 8.63 37.3 3069 11.8 12.196 10.09
6516.993 66 94 1.333 23.9 72.2 100 14.7 1.725 8.63 36.8 3071 11.8 12.666 10.09
6517.079 66 95 1.235 23.9 72.2 100 14.4 1.765 8.82 36 3069 11.6 12.47 10.31
6517.179 66 95 1.373 23.9 72.2 100 14.9 1.706 8.53 37.3 3078 11.8 12.746 10.00
6517.272 66 93 1.255 23.9 72.2 100 14.9 1.765 8.82 37.3 3077 116 12.51 10.33
6517.365 66 95 1.353 23.9 72.2 100 14.4 1.706 8.53 36 3157 11.8 12.706 10.25
6517.467 67 95 1.137 23.9 72.2 100 14.9 1.765 8.82 37.3 3071 116 12.274 10.31
6517.561 67 95 1.137 239 72.2 100 15 1.706 8.53 37.5 3075 118 12.274 9.99
6517.643 67 90 1.294 23.9 72.2 100 14.7 1.686 8.43 36.8 3077 11.8 12.588 9.88
6517.744 67 96 1.176 23.9 72.2 100 14.5 1.745 8.73 36.3 3077 116 12.352 10.23
6517.845 67 96 1.294 239 722 100 15 1725 8.63 37.5 3066 11.6 12.588 10.08
6517.939 67 95 1.196 23.9 72.2 100 14.7 1.725 8.63 3552991 116 12.392 9.83
6518.024 67 94 1.157 23.9 72.2 100 14.4 1.725 8.63 34.8 2995 11.8 12.314 9.84
6518.109 67 93 1.294 23.9 72.2 100 14.9 1.686 8.43 37.3 3076 11.8 12.588 9.87
6518.21 67 93 1.373 23.9 722 100 14.9 1.745 8.73 37.3 3076 116 12.746 10.23
6518.295 67 94 1.039 239 72.2 100 14.2 1.745 8.73 35.5 3070 11.6 12.078 10.21
6518.38 67 96 1.216 23.9 72.2 100 14.5 1.667 8.33 36.3 3068 11.8 12.432 9.73



Table B-5: 3250 RPM Data

MS1/Extra format 029y3 ***kxkxkx Standard Deviations
Time SecL MAP 02 MAT CLT Gve PW TPlus Torque/2 DutyCyclel RPM battV AFR HP EGSPEED TORQUE HP AFR  tgstd hpstd afrstdev
s kPa V degCdegC % ms V ft-lb % V  Ibair/Ibfuel bhp sample RPM ft-lb  bhp maimf ft-lb bhp  ma:mf
95578.86 129 95 0.627 24.4 93.3 100 19.9 1.392 6.96 53.1 3246 10.6 11.254 8.60 sl " 3275197 14.40 898 11.50” 0.1458 0.1956 0.1169
95578.98 129 94 0.706 24.4 93.3 100 20.3 1.431 7.16 54.1 3255 10.7 11.412 8.88 52(50-70) " 327038” 14.27 8.88 11.497 0.1949 0.2383 0.1192
95579.08 129 90 0.765 24.4 93.3 100 19.9 1.392 6.96 53.1 3277 10.7 11.53 8.69
95579.18 129 95 0.745 24.4 93.3 100 20.5 1.471 7.35 56.4 3309 10.6 11.49 9.26 Coefficients of Variance
95579.28 129 93 0.804 24.4 93.3 100 203 1.49 7.45 54.1 3281 10.7 11.608 9.31 tqcov  hpcov  afrcov
95579.39 129 90 0.804 24.4 93.3 100 19.2 1.451 7.25 51.2 3267 10.6 11.608 9.02 ft-lb bhp ma:mf
95579.48 129 94 0.765 24.4 93.3 100 19.8 1.431 7.16 52.8 3279 10.7 11.53 8.94 0.0101 0.0218 0.0102
95579.58 129 94 0.765 24.4 93.3 100 19.6 1.451 7.25 52.3 3271 10.6 11.53 9.03 0.0137 0.0268 0.0104
95579.66 129 93 0.784 24.4 93.3 100 19.2 1.451 7.25 51.2 3234 10.7 11.568 8.93
95579.75 129 93 0.765 24.4 93.3 100 19.9 1.412 7.06 53.1 3287 10.7 11.53 8.84 COV expressed as percent
95579.84 130 95 0.765 24.4 93.3 100 19.6 1.412 7.06 52.3 3324 10.7 11.53 8.94 tq % hp % afr%
95579.92 130 93 0.784 24.4 93.3 100 19.3 1.431 7.16 51.5 3273 10.7 11.568 8.92 1.01 2.18 1.02
95580.02 130 94 0.745 24.4 93.3 100 20.3 1.471 7.35 54.1 3235 10.7 11.49 9.05 137 2.68 1.04
95580.12 130 94 0.765 24.4 93.3 100 20.6 1.471 7.35 54.9 3284 10.6 11.53 9.19
95580.2 130 97 0.824 24.4 93.3 100 20.3 1.471 7.35 54.1 3278 10.7 11.648 9.17
95580.29 130 95 0.627 24.4 93.3 100 20.3 1.431 7.16 54.1 3298 10.7 11.254 8.99
95580.38 130 93 0.745 24.4 93.3 100 20.3 1.451 7.25 54.1 3285 10.6 11.49 9.07
95580.47 130 94 0.706 24.4 93.3 100 19.2 1.412 7.06 51.2 3265 10.7 11.412 8.78
95580.57 130 94 0.784 24.4 93.3 100 19.8 1.451 7.25 52.8 3281 10.6 11.568 9.06
95580.67 130 93 0.804 24.4 93.3 100 19.6 1.471 7.35 52.3 3288 10.7 11.608 9.20
95580.77 130 92 0.627 24.4 93.3 100 20.3 1.392 6.96 54.1 3262 10.6 11.254 8.65
95580.87 131 95 0.765 24.4 93.3 100 20.3 1.431 7.16 54.1 3271 10.8 11.53 8.92
95580.96 131 95 0.706 24.4 93.3 100 20.5 1.471 7.35 56.4 3313 10.5 11.412 9.27
95581.06 131 88 0.686 24.4 93.3 100 19.9 1.412 7.06 53.1 3274 10.6 11.372 8.80
95581.16 131 95 0.784 24.4 93.3 100 20.5 1.451 7.25 54.7 3269 10.6 11.568 9.03
95581.26 131 94 0.784 24.4 93.3 100 19.1 1.471 7.35 50.9 3272 10.6 11.568 9.16
95581.35 131 94 0.745 24.4 93.3 100 19.6 1.412 7.06 52.3 3275 10.7 11.49 8.80
95581.45 131 94 0.804 24.4 93.3 100 19.4 1.471 7.35 51.7 3284 10.6 11.608 9.19
95581.54 131 94 0.804 24.4 93.3 100 20.3 1.431 7.16 55.8 3332 10.8 11.608 9.08
95581.62 131 95 0.784 24.4 93.3 100 19.8 1.471 7.35 52.8 3281 10.7 11.568 9.18
95581.72 131 95 0.745 24.4 93.3 100 20.5 1.451 7.25 54.7 3280 10.8 11.49 9.06
95581.82 132 94 0.725 24.4 93.3 100 20.3 1.471 7.35 54.1 3287 10.6 11.45 9.20
95581.92 132 93 0.804 24.4 93.3 100 20.3 1.51 7.55 54.1 3281 10.7 11.608 9.43
95582.01 132 94 0.765 24.4 93.3 100 19.5 1.471 7.35 53.6 3341 10.6 11.53 9.35
95582.11 132 93 0.784 24.4 93.3 100 19.1 1.471 7.35 52.5 3253 10.7 11.568 9.10
95582.2 132 94 0.725 24.4 93.3 100 20.3 1.431 7.16 54.1 3278 10.7 11.45 8.94
95582.3 132 94 0.706 24.4 93.3 100 19.6 1.412 7.06 52.3 3276  10.7 11.412 8.81
95582.39 132 97 0.725 24.4 93.3 100 20.3 1.471 7.35 54.1 3264 10.7 11.45 9.14
95582.49 132 96 0.824 24.4 93.3 100 20.6 1.471 7.35 54.9 3270 10.7 11.648 9.15
95582.58 132 97 0.725 24.4 93.3 100 20.3 1.451 7.25 54.1 3257 10.8 11.45 8.99
95582.68 132 96 0.725 24.4 93.3 100 20.6 1.431 7.16 54.9 3240 10.7 11.45 8.83
95582.77 132 95 0.765 24.4 93.3 100 20.3 1.412 7.06 54.1 3233 10.7 11.53 8.69
95582.87 133 97 0.725 24.4 93.3 100 20.3 1.451 7.25 54.1 3248 10.6 11.45 8.97
95582.97 133 91 0.745 24.4 93.3 100 20.6 1.392 6.96 54.9 3259 10.7 11.49 8.64
95583.07 133 96 0.725 24.4 93.3 100 20.3 1.412 7.06 54.1 3261 10.6 11.45 8.77
95583.17 133 94 0.784 244 95 100 20.6 1.451 7.25 54.9 3269 10.6 11.568 9.03
95583.28 133 92 0.784 244 95 100 19.9 1.431 7.16 53.1 3247 10.7 11.568 8.85
95583.37 133 94 0.745 244 95 100 20.6 1.412 7.06 54.9 3246 10.6 11.49 8.73
95583.47 133 95 0.784 244 95 100 203 1.471 7.35 54.1 3264 10.6 11.568 9.14
95583.57 133 94 0.804 244 95 100 19.1 1.49 7.45 50.9 3264 105 11.608 9.26
95583.67 133 91 0.765 244 95 100 19.6 1.431 7.16 52.3 3266 10.7 11.53 8.91
95583.77 133 93 0.667 244 95 100 19.2 1.392 6.96 51.2 3263 10.6 11.334 8.65
95583.88 134 96 0.765 244 95 100 19.9 1.431 7.16 53.1 3278 10.7 11.53 8.94
95583.98 134 96 0.765 244 95 100 20.5 1.451 7.25 54.7 3285 10.7 11.53 9.07
95584.07 134 96 0.765 24.4 95 100 203 1.412 7.06 54.1 3295 10.5 11.53 8.86
95584.15 134 94 0.667 244 95 100 203 1.431 7.16 54.1 3275 10.7 11.334 8.93
95584.25 134 94 0.765 24.4 95 100 20.5 1.392 6.96 54.7 3264 10.5 11.53 8.65
95584.34 134 93 0.804 244 95 100 19.9 1.451 7.25 53.1 3259 10.7 11.608 9.00
95584.44 134 90 0.745 244 95 100 19.5 1.392 6.96 53.6 3331 10.5 11.49 8.83
95584.54 134 95 0.627 244 95 100 19.1 1.392 6.96 50.9 3292 10.6 11.254 8.73
95584.63 134 92 0.863 24.4 95 100 19.8 1.431 7.16 52.8 3286 10.7 11.726 8.96
95584.73 134 91 0.627 244 95 100 20.5 1.392 6.96 54.7 3278 10.7 11.254 8.69
95584.83 135 95 0.725 244 95 100 20.3 1.412 7.06 54.1 3266 10.6 11.45 8.78
95584.93 135 94 0.706 24.4 95 100 20.6 1.451 7.25 54.9 3259 10.6 11.412 9.00
95585.03 135 93 0.804 244 95 100 19.9 1.431 7.16 54.7 3306 10.6 11.608 9.01
95585.13 135 94 0.725 244 95 100 20.6 1.333 6.67 54.9 3246 10.5 11.45 8.24
95585.23 135 95 0.765 24.4 95 100 20.3 1.451 7.25 54.1 3202 10.6 11.53 8.84
95585.33 135 94 0.765 244 95 100 19.6 1.51 7.55 52.3 3253 10.6 11.53 9.35
95585.42 135 94 0.627 244 95 100 20.5 1.373 6.86 54.7 3269 10.7 11.254 8.54
95585.52 135 94 0.784 244 95 100 19.4 1.451 7.25 51.7 3271 10.5 11.568 9.03
95585.61 135 94 0.647 244 95 100 19.6 1.431 7.16 52.3 3268 10.7 11.294 8.91
95585.7 135 94 0.882 244 95 100 19.3 1.451 7.25 51.5 3281 10.5 11.764 9.06
95585.8 136 92 0.745 244 95 100 19.8 1.392 6.96 52.8 3261 10.6 11.49 8.64

B-6



Table B-6: 3500 RPM Data

MS1/Extra format 029y3 **¥*kxk*x Standard Deviations
Time SecL MAP 02 MAT CLT Gve PW TPlus Torque/2 DutyCyclel RPM battV AFR HP EGSPEED TORQUE HP AFR tgstd hpstd afrstdev
s kPa VvV degCdegC % ms V ft-lb % V  Ibair/Ibfuel bhp sample RPM ft-lb  bhp ma:mf ft-Ib bhp ma:mf
94706.85 105 93 1.549 24.4 55.6 72 14.1 1941 9.71 40 3490 10.7 13.098 12.90 sl " 3486.43" 1934 12.84 13.28” 01748 0.2519 0.2337
94706.97 106 95 1.784 24.4 55.6 72 14.5 1941 9.71 41.1 3490 10.8 13.568 12.90 52(50-70) " 348233" 19.06 1264 13.22” 0.1582 0.2530 0.2031
94707.05 106 87 1.745 24.4 556 71 13 1.961 9.8 36.8 3488 10.6 13.49 13.02
94707.15 106 87 1.627 24.4 556 71 13 1.863 9.31 36.8 3440 10.8 13.254 12.20 Coefficients of Variance
94707.24 106 92 1.627 24.4 55.6 72 13.7 1.941 9.71 38.8 3488 10.6 13.254 12.90 tqcov  hpcov  afrcov
94707.33 106 94 1.549 24.4 55.6 72 14.4 1.922 9.61 40.8 3486 10.8 13.098 12.76 ft-lb bhp ma:mf
94707.43 106 93 1.549 24.4 55.6 72 14.1 1.922 9.61 40 3487 10.7 13.098 12.76 0.0090 0.0196 0.0176
94707.51 106 89 1.608 24.4 556 71 13 2039 10.2 36.8 3487 10.7 13.216 13.54 0.0083 0.0200 0.0154
94707.61 106 88 1.784 24.4 556 71 13 1.922 9.61 36.8 3490 10.7 13.568 12.77
94707.7 106 90 1.706 24.4 55.6 70 13.5 1.922 9.61 38.3 3489 10.6 13.412 12.77 COV expressed as percent
94707.79 106 95 1.745 24.4 55.6 72 144 1941 9.71 40.8 3483 10.7 13.49 12.90 tq % hp % afr%
94707.89 106 92 1.725 24.4 56.1 72 14.4 1.961 9.8 40.8 3489 10.8 13.45 13.02 0.90 1.96 1.76
94707.99 107 92 1.49 244 56.1 72 13 1941 9.71 36.8 3483 10.8 12.98 12.90 0.83 2.00 1.54
94708.09 107 90 1.647 244 56.1 71 13 1.941 9.71 36.8 3493 10.7 13.294 12.92
94708.17 107 92 1.529 24.4 56.1 72 13.7 1.961 9.8 38.8 3488 10.7 13.058 13.02
94708.27 107 97 1.784 24.4 56.1 73 14.4 1.941 9.71 40.8 3490 10.6 13.568 12.90
94708.37 107 95 1.843 24.4 56.1 72 144 1941 9.71 40.8 3487 10.8 13.686 12.89
94708.45 107 93 1.392 244 56.1 69 13 1.902 9.51 36.8 3484 10.7 12.784 12.62
94708.55 107 93 1.549 244 56.1 69 13 1.882 9.41 36.8 3488 10.9 13.098 12.50
94708.64 107 90 1.569 24.4 56.1 72 13.5 1.902 9.51 38.3 3490 10.7 13.138 12.64
94708.74 107 91 1.627 24.4 56.1 72 13.7 1.922 9.61 38.8 3495 10.8 13.254 12.79
94708.84 107 94 1.627 244 56.1 73 14.1 1.882 9.41 40 3492 10.7 13.254 12.51
94708.93 107 94 1.333 244 56.1 71 13 1.922 9.61 36.8 3484 10.8 12.666 12.75
94709.02 108 90 1.569 24.4 56.1 71 13 1941 9.71 37.9 3532 10.8 13.138 13.06
94709.12 108 89 1.706 24.4 56.1 71 13 1.902 9.51 36.8 3476  10.8 13.412 12.59
94709.22 108 88 1.706 24.4 56.1 71 13 1.902 9.51 36.8 3429 10.8 13.412 12.42
94709.29 108 94 1.608 24.4 56.1 72 144 1.882 9.41 40.8 3478 10.6 13.216 12.46
94709.39 108 94 1.647 24.4 56.1 73 14.4 1.922 9.61 40.8 3480 10.8 13.294 12.74
94709.48 108 93 1.667 24.4 56.1 70 13 1.902 9.51 36.8 3479 10.7 13.334 12.60
94709.58 108 94 1.451 244 56.1 69 13 1.961 9.8 36.8 3481 10.8 12.902 12.99
94709.67 108 88 1.686 24.4 56.1 71 13 1.902 9.51 36.8 3477 10.8 13.372 12.59
94709.77 108 96 1.784 24.4 56.1 70 13.5 1.882 9.41 38.3 3485 10.8 13.568 12.49
94709.87 108 95 1.765 24.4 56.1 72 13.7 1.882 9.41 38.8 3483 10.6 13.53 12.50
94709.95 109 92 1.686 24.4 56.1 72 14.4 1.961 9.8 40.8 3489 10.8 13.372 13.02
94710.05 109 92 1.686 244 56.1 72 13 1.922 9.61 36.8 3487 10.6 13.372 12.76
94710.14 109 95 1.647 24.4 56.1 69 13.7 1.882 9.41 38.8 3487 10.6 13.294 12.50
94710.24 109 93 1.725 24.4 56.1 69 13.5 1.941 9.71 38.3 3490 10.6 13.45 12.90
94710.34 109 94 1.549 244 56.1 69 144 1961 9.8 40.8 3483 10.7 13.098 13.00
94710.44 109 96 1.392 24.4 56.1 72 144 1941 9.71 40.8 3483 10.7 12.784 12.90
94710.53 109 94 1.49 244 56.7 72 144 1.902 9.51 40.8 3443 10.7 12.98 12.47
94710.63 109 93 1.588 24.4 56.7 71 13 1.922 9.61 36.8 3441 10.7 13.176 12.59
94710.73 109 87 1.529 24.4 56.7 71 13 1.902 9.51 36.8 3431 10.7 13.058 12.43
94710.83 109 96 1.529 24.4 56.7 70 13.7 1.882 9.41 38.8 3484 10.7 13.058 12.48
94710.92 109 95 1.667 24.4 56.7 72 14 1.922 9.61 39.7 3482 10.7 13.334 12.74
94711.02 110 97 1.706 24.4 56.7 73 14.4 1941 9.71 40.8 3484 10.6 13.412 12.88
94711.12 110 95 1.667 24.4 56.7 72 14.4 1.941 9.71 40.8 3487 10.7 13.334 12.89
94711.2 110 94 1.765 24.4 56.7 69 13 1.961 9.8 36.8 3493 10.7 13.53 13.04
947113 110 93 151 244 56.7 69 13.2 1.961 9.8 37.4 3490 10.7 13.02 13.02
94711.38 110 91 1.588 24.4 56.7 72 13.7 1.941 9.71 38.8 3442 10.6 13.176 12.73
94711.48 110 94 1.706 24.4 56.7 72 14 1.882 9.41 39.7 3535 10.8 13.412 12.67
94711.59 110 94 1.627 24.4 56.7 72 144 1.882 9.41 40.8 3482 10.7 13.254 12.48
94711.66 110 91 1.804 24.4 56.7 70 13 1.922 9.61 36.8 3476  10.8 13.608 12.72
94711.77 110 87 1.627 244 56.7 71 13 1.863 9.31 36.8 3475 10.7 13.254 12.32
94711.86 110 95 1.49 244 56.7 69 13.7 1.863 9.31 38.8 3474 10.7 12.98 12.32
94711.94 110 94 1.667 244 56.7 71 14 1.922 9.61 39.7 3477 10.8 13.334 12.72
94712.05 111 94 1.608 24.4 56.7 72 14.4 1.902 9.51 42 3526 10.8 13.216 12.77
94712.14 111 92 1.431 24.4 56.7 73 144 1.832 9.41 40.8 3480 10.6 12.862 12.47
94712.24 111 90 1.627 24.4 56.7 72 14.4 1.843 9.22 40.8 3431 10.7 13.254 12.05
94712.33 111 94 1.431 244 56.7 69 13 1941 9.71 36.8 3484 10.7 12.862 12.88
94712.44 111 93 1.529 24.4 56.7 69 13.1 1.941 9.71 38.2 3535 10.7 13.058 13.07
94712.52 111 91 1.627 24.4 56.7 71 13.7 1.882 9.41 38.8 3483 10.7 13.254 12.48
94712.62 111 94 1.569 24.4 56.7 72 13.7 1.882 9.41 38.8 3429 10.7 13.138 12.29
94712.7 111 94 1.569 24.4 56.7 71 14.4 1.922 9.61 40.8 3476  10.7 13.138 12.72
94712.78 111 92 1.686 24.4 56.7 69 13 1.902 9.51 36.8 3480 10.8 13.372 12.60
94712.89 111 94 151 244 56.7 69 13.5 1.922 9.61 38.3 3476 10.7 13.02 12.72
94712.99 112 95 1.765 24.4 56.7 69 13.7 1.902 9.51 40 3518 10.5 13.53 12.74
94713.09 112 95 1.725 24.4 56.7 72 13.7 1941 9.71 38.8 3479 10.6 13.45 12.86
94713.19 112 94 1.667 24.4 57.2 71 13.7 1.922 9.61 38.8 3481 10.6 13.334 12.74
94713.29 112 93 1.647 24.4 57.2 71 141 1.902 9.51 40 3481 10.8 13.294 12.61
94713.39 112 94 1.745 244 57.2 73 144 1.882 9.41 40.8 3477 10.6 13.49 12.46
94713.49 112 91 1.529 24.4 57.2 72 14.1 1.882 9.41 40 3472 10.8 13.058 12.44
94713.57 112 93 1.667 24.4 57.2 70 13 1.922 9.61 36.8 3465 10.6 13.334 12.68
94713.67 112 94 149 244 572 71 13 1922 9.61 37.9 3523 10.7 12.98 12.89



Table B-7: AFR Data

Note that this data includes only variables that were pertinent to the testing being performed. In
this case the testing included transients, so no errors were computed.
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MAP 02 TPlus Torque/2 EGSPEED AFR Power Averaged Data

kPa V \% ft-lbs RPM  ma:mf bhp AFR RANGE|AVG AFR STDEVAFR COVAFR AVGHP STDEVHP COVHP
95 2.824 2.02 10.1 2787 15.648 10.72 ma:mf ma:mf ma:mf  ma:mf  bhp bhp bhp
95 2.686 2.02 10.1 2798 15.372 10.76 10 10.12 0.00 0.0000 6.75 0.15 0.0217
94 3.137 1.961 9.8 2827 16.274 10.55 11 11.88 0.21 0.0178 = 10.07 0.31  0.0305
91 2.647 2.078 10.39 2809 15.294 11.11 12 12.81 0.35 0.0272 11.81 0.30  0.0257
95 2.882 1.98 9.9 2847 15.764 10.73 13 13.21 0.24 0.0184 12.01 0.33 0.0274
95 2.647 2.098 10.49 2857 15.294 11.41 14 14.50 0.15 0.0104 1191 0.38 0.0321
93 2.275 2.118 10.59 2926  14.55 11.80 15 15.32 0.32 0.0208 11.38 0.39  0.0344
94 2.647 1.98 9.9 2891 15.294 10.90
94 2.353 2.137 10.69 2938 14.706 11.96
95 2.804 2.039 10.2 2887 15.608 11.21

91 2.824 2.098 10.49 2872 15.648 11.47
91 2.706 2.059 10.29 2873 15412 11.26
95 2.745 202 10.1 2885 15.49 11.10
91 2.725 2.059 10.29 2838 15.45 11.12
95 2.608 2.059 10.29 2843 15.216 11.14
96 2.255 2.078 10.39 2850 14.51 11.28
94 2431 2137 10.69 2866 14.862 11.67
94 2.647 2.29 11.47 2901 15.294 12.67
95 2.863 2.059 10.29 2879 15.726 11.28
97 2.608 2.078 10.39 2835 15.216 11.22
95 2.549 2.059 10.29 2855 15.098 11.19
95 2.765 2.039 10.2 2884 1553 11.20
94 2.627 2.039 10.2 2889 15.254 11.22
94 2.824 2.078 10.39 2859 15.648 11.31
94 2.588 2.157 10.78 2863 15.176 11.75

93 3.059 2.039 10.2 2858 16.118 11.10
95 2.784 2 10 2792 15.568 10.63
96 2.647 2.039 10.2 2784 15.294 10.81

93 2.392 2176 10.88 2904 14.784 12.03
93 2314 2.176 10.88 2938 14.628 12.17
95 2216 2.157 10.78 2990 14.432 12.27
95 2.118 2.157 10.78 2952 14.236 12.12
92 2.137 2.1% 10.98 2951 14.274 12.34
88 2.353 2.176 10.88 2911 14.706 12.06
95 2.294 2.098 10.49 2955 14.588 11.80
93 2314 2.118 10.59 2921 14.628 11.78
93 2.19 2.216 11.08 3015 14.392 12.72
94 2.235 2.157 10.78 3003 14.47 1233
89 2.255 2.118 10.59 2926 14.51 11.80
95 2.235 2.078 10.39 2961 14.47 11.72
94 2294 2.235 11.18 2971 14.588 12.65
95 2.137 2.078 10.39 2968 14.274 11.74
94 2.255 2.196 10.98 2983 14.51 1247
96 1.941 2.157 10.78 2941 13.882 12.07
95 2.078 2.078 10.39 3029 14.156 11.98
96 2.118 2.216 11.08 2980 14.236 12.57
96 2.235 2.059 10.29 2982 14.47 11.68
95 2.275 2.078 10.39 2924 1455 11.57
95 2.255 2.137 10.69 296 14.51 12.07
95 2.353 2.078 10.39 2969 14.706 11.75

94 2176 202 10.1 3012 14.352 11.58
93 2.176 2.157 10.78 2967 14.352 12.18
94 2.275 2.039 10.2 3012 14.55 11.70
97 2412 2.176 10.88 2926 14.824 12.12
95 2.216 2.039 10.2 2966 14.432 11.52

95 2.314 2.059 10.29 3012 14.628 11.80
91 2.235 2.216 11.08 2962 14.47 12.50
95 2294 202 10.1 2983 14.588 11.47
93 2.157 2.176 10.88 2988 14.314 12.38
96 2.235 2.059 10.29 2909 14.47 11.40
93 2.294 2.176 10.88 2945 14.588 12.20
91 2.137 2137 10.69 3032 14.274 12.34
94 2 2.059 10.29 2985 14 11.70
94 1.863 2.157 10.78 2984 13.726 12.25
94 1.902 2.078 10.39 3034 13.804 12.00
94 1.922 2.098 10.49 2990 13.844 11.94
92 2.059 2.19 10.98 2994 14.118 12.52
94 1.765 2.039 10.2 2990 13.53 1161



92
94
88
92
94
94
95
94
94
93
94
93
94
93
88
95
94
93
94
94
94
95
88
94
93
95
88
95
95
94
93
88
93
89
96
95
94
95
88
94
97
92
97
93
95
96
92
94
92
94
93
94
97
92
93
93
96
91
94
95
92
94
94
94
95
91
94
95
96
94

1.745
1.647
1.843
1.824

1.98
2.157
1.902
1.941
1.804
1.882
1.882
1.863
1.804
1.882
1.824
1.784
1.961
1.843
1.843
1.745
1.882
1.745
1.686
1.745
1.804
1.706
1.745
1.784
1.961
1.588
1.902
1.784

1.98
1.804

1.98
1.784
1.843
1.667

1.51
1.549
1.706

151
1.569
1.412
1431
1.549
1.706

1.51
1.627
1.471
1.725
1.608
1.686
1.686
1.588
1.627
1.608
1.667
1.627
1.725
1.725
1.765
1.471

151
1.353
1.608
1.549

1.51
1.784
1471

2.176

2.118
2.157

2.02
2.176
2.059

2.02
2.176
2.176
2.196
2.216

2.02
2.176
2.078
2.098
2.196
2.216

2.039
2.176
2.118
2.078

2.02
2.196
2.118
2.137
2.098
2.216

2.02
2.196
2.098
2.196
2.078
2.216

2.02
2.157
2.078
2.098

2.02
2.157
2.059
2.196
2.078
2.118

2.02
2.137
2.078
2.137
2.039
2.196
2.039
2.235
2.078
2.078
2.157
2.098
2.137
2.078
2.137
2.137
2.216

2.02
2.196
2.118
2.098
2.137
2.078
2.216
2.039

10.88
10
10.59
10.78
10.1
10.88
10.29
10.1
10.88
10.88
10.98
11.08
10.1
10.88
10.39
10.49
10.98
11.08
10
10.2
10.88
10.59
10.39
10.1
10.98
10.59
10.69
10.49
11.08
10.1
10.98
10.49
10.98
10.39
11.08
10.1
10.78
10.39
10.49
10.1
10.78
10.29
10.98
10.39
10.59
10.1
10.69
10.39
10.69
10.2
10.98
10.2
11.18
10.39
10.39
10.78
10.49
10.69
10.39
10.69
10.69
11.08
10.1
10.98
10.59
10.49
10.69
10.39
11.08
10.2

2996
2996
2999
2992
2990
2993
2998
2994
2992
2990
2955
2995
2950
2993
2991
3043
3000
3046
2990
2994
2993
2989
2989
2953
2988
2993
3038
3041
3001
2957
3001
3001
2996
2992
3030
2941
2985
2949
3020
2941
2943
3026
3027
2980
2940
2934
3024
2970
2928
3013
2972
2936
2976
2980
2979
3016
2972
2930
2980
2977
2975
2938
2976
2934
2941
3024
3016
2976
2939
3005

13.49
13.294
13.686
13.648

13.96
14.314
13.804
13.882
13.608
13.764
13.764
13.726
13.608
13.764
13.648
13.568
13.922
13.686
13.686

13.49
13.764

13.49
13.372

13.49
13.608
13.412

13.49
13.568
13.922
13.176
13.804
13.568

13.96
13.608

13.96
13.568
13.686
13.334

13.02
13.098
13.412

13.02
13.138
12.824
12.862
13.098
13.412

13.02
13.254
12.942

13.45
13.216
13.372
13.372
13.176
13.254
13.216
13.334
13.254

13.45

13.45

13.53
12.942

13.02
12.706
13.216
13.098

13.02
13.568
12.942

12.41
11.41
12.09
12.28
11.50
12.40
11.75
11.52
12.40
12.39
12.36
12.64
11.35
12.40
11.83
12.16
12.54
12.85
11.39
11.63
12.40
12.05
11.83
11.36
12.49
12.07
12.37
12.15
12.66
11.37
12.55
11.99
12.53
11.84
12.78
11.31
12.25
11.67
12.06
11.31
12.08
11.86
12.66
11.79
11.86
11.28
12.31
11.75
11.92
11.70
12.43
11.40
12.67
11.79
11.79
12.38
11.87
11.93
11.79
12.12
12.11
12.40
11.45
12.27
11.86
12.08
12.28
11.77
12.40
11.67
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91
95
94
89
97
95
96
91
94
93
94
94
96
94
95
92
95
91
94
94
95
94
97
93
93
96
94
94
92
93
94
95
93
96
95
95
93
95
95
93
88
94
96
89
95
94
95
95
93
94
93
94
92
95
92
96
89
93
96
94
94
95
94
95

93
92
96
89
93

1.706
1.588
1.627
1.647
1.608

1.51
1.667

151
1.647
1.706
1.549
1.706
1.569
1.627
1.471
1.784
1.706
1.706
1.392
1.667
1.745
1.647
1.627
1.353
1.451
1.471
1.569
1.608
1.647
1.667
1.706

151

1.49
1.471
1.549
1.725
1431
1.118
1.353
1.118
1.314
1.392
1.235
1.373
1.294
1412
1.275
1.314
1.333
1.353
1.275
1.235
1431
1.118
1.196
1.255
1.431
1.451
1.294
1.353
1.255
1.275
1.353
1.059
1.314
1.451
1.353
1.255
1.373
1.412

2.176

2.02
2.157
2.059
2.176
2.039
2.078
2.118
2.078
2.176

2.02
2.157
2.118
2.176
2.039
2.235
2.039
2.176
2.059

2.157

2.02
2.196
2.078
2.157
2137

1.98
2.137
2.059
2.176
2.157
2.118

2.02
2.118
2.039
2.176
2.176
2.039
2.118
2.059
2.059
2.098
2.118
2.137
2.059
2.137

2.02
2.039
2.157

2.098

2.02
2.118
2.059
2.137
2.118
2.039
2.039
2.098
2.039
2.118

2.118

2.02
2.059
2.098
2.039
2.118
2.078
2.059

10.88
10.1
10.78
10.29
10.88
10.2
10.39
10.59
10.39
10.88
10.1
10.78
10.59
10.88
10.2
11.18
10.2
10.88
10.29
10
10.78
10.1
10.98
10.39
10.78
10.69
9.9
10.69
10.29
10.88
10.78
10.59
10.1
10.59
10.2
10.88
10.88
10.2
10.59
10.29
10.29
10.49
10.59
10.69
10.29
10.69
10.1
10.2
10.78
10
10.49
10.1
10.59
10.29
10.69
10.59
10.2
10.2
10.49
10.2
10.59
10
10.59
10.1
10.29
10.49
10.2
10.59
10.39
10.29

3010
2969
2966
2964
3002
2928
2972
2957
3005
2971
3014
2926
3018
2972
2970
2966
2932
2973
2972
2935
3013
3012
2972
3018
3014
3016
3012
2968
2928
2932
2975
2970
2964
2923
2926
2930
2963
2984
2903
2945
2988
2981
2977
2902
2903
2985
2981
2987
2939
2943
2898
2935
2907
2907
2982
2983
2937
2932
2934
2944
2942
2937
2940
2928
2886
2885
2975
2894
2977
2938

13.412
13.176
13.254
13.294
13.216

13.02
13.334

13.02
13.294
13.412
13.098
13.412
13.138
13.254
12.942
13.568
13.412
13.412
12.784
13.334

13.49
13.294
13.254
12.706
12.902
12.942
13.138
13.216
13.294
13.334
13.412

13.02

12.98
12.942
13.098

13.45
12.862
12.236
12.706
12.236
12.628
12.784

12.47
12.746
12.588
12.824

12.55
12.628
12.666
12.706

12.55

12.47
12.862
12.236
12.392

12.51
12.862
12.902
12.588
12.706

12.51

12.55
12.706
12.118
12.628
12.902
12.706

12.51
12.746
12.824

12.47
11.42
12.18
11.61
12.44
11.37
11.76
11.92
11.89
1231
11.59
12.01
12.17
12.31
11.54
12.63
11.39
12.32
11.65
11.18
12.37
11.58
12.43
11.94
12.37
12.28
11.36
12.08
11.47
12.15
12.21
11.98
11.40
11.79
11.37
12.14
12.28
11.59
11.71
11.54
11.71
11.91
12.01
11.81
11.38
12.15
11.47
11.60
12.06
11.21
11.58
11.29
11.72
11.39
12.14
12.03
11.41
11.39
11.72
11.44
11.86
11.18
11.86
11.26
1131
11.52
11.56
11.67
11.78
11.51
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92
93
95
92
94
95
95
88
93
92
93
94
94
95
96
92
94
88
94
96
92
95
93
91
94
95
95
93
94
9%
91
92
92
91
96
96
91
94
93
95
94
96
95
95
91
92
89
72
92
78
83
92
79
81
92
82
92
72
81
93
72
93
92
87
92
90
78
84

1.412
1.451
1.314
1.412
1.235
1.431
1.098
1.275
1.431
1.412
1.431
1.353
1.588
1.353
1.314
1.353
1.216

1.49
1.235
1.353
1.471
1.216

1.51
1.412
1.275
1.176
1314
1.333
1.373
1.392
1.431
1.471
1.412
1.412
0.941
0.922

0.98
0.922
0.941
0.745
0.922
0.843
0.961
0.824
0.961
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059

2.098
2
2.078

2.118
2
2.059
2.118
2.039
2.059
2.02
2.098
2.039
1.98
2.059
2
1.961

1.98
2.059
2

2.02
2.02
2.02

2

1.941
1.941
1.941
1.961
1.824
1.922
1.784
1.765
1.824
1.804
1.824
1.745
1.863
1.765
1.863
1.765
1.804
1.549
1.529
1.549
1.549

1.51
1.529
1.529

1.51
1.529
1.529
1.529
1.529

1.51

1.49

1.49
1.529

1.51

1.49

1.49
1.471
1.451

1.49
1.471

10
10.49
10
10.39
10
10.59
10
10.29
10.59
10.2
10.29
10.1
10.49
10.2
9.9
10.29
10
9.8
10
9.9
10.29
10

10
10.1
10.1
10.1
10

10
9.71
9.71
9.71
9.8
9.12
9.61
8.92
8.82
9.12
9.02
9.12
8.73
9.31
8.82
9.31
8.82
9.02
7.75
7.65
7.75
7.75
7.55
7.65
7.65
7.55
7.65
7.65
7.65
7.65
7.55
7.45
7.45
7.65
7.55
7.45
7.45
7.35
7.25
7.45
7.35

2945
2943
2902
2988
2902
2944
2976
2937
2937
2943
2943
2943
2937
2945
2905
2941
2932
2939
2938
2897
2974
2974
2893
2926
2930
2920
2914
2917
2912
2953
2954
2904
2907
2901
2964
2971
2967
3011

2970
2971
2970
2975
3001
2918
2361
2361
2361
2355
2350
2318
2351
2356
2352
2353
2353
2355
2348
2346
2345
2343
2351
2334
2335
2333
2328
2334
2339

12.824
12.902
12.628
12.824

12.47
12.862
12.196

12.55
12.862
12.824
12.862
12.706
13.176
12.706
12.628
12.706
12.432

12.98

12.47
12.706
12.942
12.432

13.02
12.824

12.55
12.352
12.628
12.666
12.746
12.784
12.862
12.942
12.824
12.824
11.882
11.844

11.96
11.844
11.882

11.49
11.844
11.686
11.922
11.648
11.922
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118
10.118

11.21
11.76
11.05
11.82
11.05
11.87
11.33
11.51
11.84
11.43
11.53
11.32
11.73
11.44
10.95
11.52
11.17
10.97
11.19
10.92
11.65
11.33
11.02
11.25
11.27
11.23
11.10
11.11
10.77
10.92
10.92
10.84
10.10
10.62
10.07
9.98
10.30
10.34
10.44
9.87
10.53
9.98
10.55
10.08
10.02
6.97
6.88
6.97
6.95
6.76
6.75
6.85
6.77
6.85
6.85
6.85
6.86
6.75
6.66
6.65
6.83
6.76
6.62
6.62
6.53
6.43
6.62
6.55
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Appendix C: Error Analysis

In order to properly evaluate the data taken by the apparatus described in this thesis, it was
necessary to perform an error analysis on the equipment and test data. This analysis is divided
into two sections. The first section covers measurement error associated with the load cells and
their mounting system, the second covers a more broad analysis.

C.1 Load Measurement Error

The main issue with load measurement was the way in which the generator was mounted in
relation to the load cells. The reason that this caused a problem was the possibility for the load
cells to carry some of the weight of the generator when a torque was applied, causing a
measurement error. Note that the torque itself can be considered a free vector and applied
directly to the pivot (Hibbeler). Figure C 1 illustrates this issue; the figure on the left shows the
case of no load, where the weight of the generator is balanced on the pivot point. In the figure
on the right, a load is applied, causing a deflection in the load cells (represented by the small
rectangles at the ends of the structure). This deflection shifts the balance of the weight so that
some of it bears on the load cells.

l 12in | < 12in >

Figure C 1: Generator Pivot Diagram
In order to quantify this effect, analytical and experimental analyses were performed. The
analytical side consisted of studying the forces applied to the load cells with no load versus with

a load applied. Studying the forces in the right side of Figure C 1 produces the force diagram in
Figure C 2, taken at the center of gravity of the generator.

C-1



Wg

Fy

Figure C 2: Force Diagram

This diagram shows that in the case where the generator is pivoted by angle ®, the radial
component of the weight (Wg) will act on the pivot as force F,, and the perpendicular component
of the weight F; will act on the load cells. To calculate this force, the angle ® must be known.
Using the fact that the maximum deflection of the load cells as specified by the manufacturer is
.020”, this angle can be calculated as:

— -1 (:02\ _ o
® = tan~! () = .00167 (C1)
Now using Figure C 2 and the known weight of the generator (108lbs), F, can be calculated as:
F, = (Wg)tan(®) =.179 lbs (C2)

It should be noted that this would be the error at the maximum load rating of the cell (25 Ibs)
representing an error of .72 percent.

To verify this experimentally, a 23.5 inch long lever arm was attached to the input shaft of the
generator, the rotor was fixed by clamping one cooling fan blade to the body using a c-clamp,
and a weight was placed on the lever arm to produce a specific torque. The moment due to the
weight of the lever arm needed to be taken into account by first weighing it (5.0lbs) and then
calculating the moment. Since the centroid of the arm was 1 foot from the center of the shaft,
this moment was 5 ft-lbs. This process is illustrated in Figure C 3. Adding this to the
measurement weight produced an equation for the torque:

T=5+2Wc (C3)
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Wg T(ft-lbs)=2ft*(Test Weight (Ibs))+1ft*(Lever Weight(lbs))

Shaft Fixed to Generator Body — 4 Lever Weight (5lbs) Test Weight

\\ __l

I () . Load Cell Force = Torque/2

E — 12in —"

Figure C 3: Calibration Diagram

Using calibration weights (Wc) of 4 and 6 pounds, torques of 13 and 17 ft-lbs were applied,
resulting in load cell measurements of 13.04 and 17.16 ft-lbs, respectively. These
measurements represent errors of .3% and .9%. Taking into account that the resolution of the
torqgue measurement by the engine controller is .097lbs, or .4% error at full load, these errors
can be considered negligible.

C.2 Overall Error

Since the fueling for the tests used in this thesis was set manually, the only sources of error
were in the output data. This comes down to three variables- air to fuel ratio, torque, and engine
speed (RPM). No data from the manufacturer was available on the error associated with the
oxygen sensor used to measure air to fuel ratio, but other sources state that its accuracy can be
expected to be +/- .1 AFR, or 1% of full range (Kojima). The engine speed measurement is
assumed to be based on the counter-timer circuit within the controller, and therefore should
have error commensurate with the speed of the clock crystal (32 MHz) divided by some
multiplier. Assuming this multiplier is 256 or less yields a resolution of .03 RPM at 3500 RPM,
indicating a maximum error of .0008%. The torque measurement has several factors: error from
the generator stand as described in the previous section at a maximum theoretical value of
.72%, error from the cells at .03%, error from the conditioners at .2%, and error from the A/D at
4%.

Using an error progression on all these errors (starting with an assumed value, and applying the
maximum error from each source in series) yields a maximum total error of 1.02% in the case
where AFR is related to horsepower.
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