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Figure A.I-l. MWM D916-6 on an Eddy Current
Dynamometer Test Bed
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Figure A.2-1 LPU-2 Engine with Rohmac/DCL Control System
(Side View)
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Figure A.2-2. LPU-2 Engine with Rohmac/DCL Control
System (End View) . .
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Figure A.2-3 Lister Petter LPU-2 Engine with Rohmac/DCL DPM
System on a Water Brake Dynamometer Test BedControl
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Figure A.2-4 Downstream Face of the Rohmac/DCL Catalyst Prior to
Regeneration.

A-5

~, ... .... . . -——— -- ....



Figure A.2-5 Upstream Face of the Rohmac/DCL Trap Prior to
Regeneration
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Figure A.2-6 Downstream Face of the Rohmac/DCL Trap Prior to
Regeneration
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Figure A.2-’7 Rohmac/DCL Trap-CatalystAssembly for the
LPU-2 System Prior to Regeneration
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Figure A.2-8 Rohmac/DCL Trap-CatalystAssembly for the LPU-2
SystemFollowing Regeneration
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Figure A.3-1 Isuzu C240 withRohmac/DCL Catalyst-Trap
System (Reverse Order Configuration)
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Figure A.4-1 Caterpillar3306 with DST on an Eddy-Current
Dynamometer Test Bed
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Figure A.4-2 End View of the DST HeatExchanger
(Taken During the Repairs of the Coolant Leak)
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Figure A.4-3. Manifold Section of the DST Heat Exchanger
During the Repair Process

(Note Coolant Leaking From Cracks Between Mounting Holes)
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Figure A.4-4 Manifold Section of the DST Heat
Exchanger Duringthe Repair Process

(Note the Crack Be~een the Mounting Holes)
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Figure A.4-5 InternalEnd View of the DST Filter Canister
(Taken Following the Detection of Coolant Leak)
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Figure A.4-6 DST Heat Exchanger During the Repair Process
(Note Evidence of Exhaust Leak Between High and Low

Temperature Streams)
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Figure A.4-7 Manifold-Body Gasket From the DST
Heat ExchangerDuring the Repair Process

(Note Evidence of ExhaustLeak Between High and
Low TemperatureStreams)
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Figure A.4-9 Caterpillar 3306 with Clean Air Systems Trap (Side View)
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Figure A.4-10 Insulated Clean Air Systems Catalyzed Trap
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EIULSSIOOSData for MWM D916-6 witfs Low-sulfur (0.05%) Fuel (ii glltr) Emissions Data for MWM 2)91sS6with High-suffur (0.25%) Fuel (ii @w)

Mode 2

PM 25.26

HC 5.2a 5.16 4.92 5.320

co 44.4 41.52 44.16 43.360 ‘

C02 35865 35823 36107.16 35931.72

Nox 234.24 232.92 232.44 233.200~

.

Mode 3
lTest 1 Test 2 Test 3 AVG f

PM 19.716 18.576 17.628 18.640
HC 4.8 4.56 4.44 4.600
co 32.28 30.72 33.84 32.280
C02 26066.16 25849.56 25610.4 25342.04

Nox 231.48 229.32 228.72 229.840

Mode 4

Mode 5

24.048 22.884 22.2 23.044

2.16 2.28 1.8 2.080

29745.24 29440.8 29190.84 29458.96

198.48 180.320

Mode 6
Test 1 Tess 2 Test 3 AVG

PM 20.208 23.268 22.092 21.856
HC 2.88 3.12 3.00 3.SX30
co 26.64 27.6 26.88 27.040
C02 25705.08 25681.08 25618.44 25668.20
Nox 189.% 188.04 187.8 188.600

Mode 8
Test 1 Test 2 Test 3 AVG

PM 4.578 5.814 5.526 5.306
HC 0.3 0.54 0.72 0.520
co 8.22 12.3 15.06 11.860
C02 2850.% 2784.6 279L86 2m9.14(
Nix 24. S)7 2Z56 2L.W7 I Zu?dn

Appendix B-1. MWM Esnissions Data
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.
Eodssions Data for Lfster Petter LPU-2 bare engbm (ii g/br)

Mode 1
[Test I Test 2 Test 3 AVG

PM 109.464 102.612 ltM.128 104.068
HC 4.92 2.16 1.56 2,880
co 799.44 653.88 613.68 689.000.
C02 16479.96 16582.32 )6366.68 16476.32
Nox 31.44 32.04 32.04 31.840
Exh Tem 1457 1775 1792 1674.667

Mode 2

PM 4.1925 3.744 3.432 3.790
HC 6.975 7.2 6.36 6.845
co 18.75 18 17.28 18.010
C02 11016.6 10783.8 10859.16 10886.52
Nox 51.225 51.36 51.% 51.515
Exh Tern 915 903 898 905.333

Mode 3
m Test 2 Test 3 AVG

PM 3.168 3.36 3.096 3.208
HC 12.72 14.28 12.36 13.120
co 15.72 18.24 15.36 16.440
C02 %348 9102.48 9168.12 9106.200
Nox 50.88 51.24 51.72 51.2s0
Ests Tem 748 747 748 747.667

Mode 7

PM 2.508 2.976 3.1575 2X81
HC 24.84 23.4 24 24.0s0
co 46.44 44.64 46.2 45.760
cm 6033.96 5989.8 5952.675 5992.145
Nox 56.52 53.88 54.525 $4.97s
Exh Tem 567 567

Esnkions Data for Lkter Petter LPU-2 with faited trap (ii @r)

Mode 1

-

Test 1 Test 2 AVG
PM 38.712 34.836 36.774
HC 0.12 0.06 0.090
co 2.34 2.94 2.640
C02 8614.26 8643.54 862&9iM
Nox 16.32 16.56 16.440
Esb Tem 1452 1459 1455.500

Mode 3

-

Test 1 Test 2 AVG
Ph! 2.19 2.505 2.348
HC 0.3 0.3 0.3M
co 1.5 1.35 1.425
C02 9931.5 9856.1259893.813
Nox 48.825 48.975 48.900
ExhTem 931 763 847.000

Mode 4

-

Test 1 Test 2 AVG
PM 0.816 0.978 0.897
HC 0.24 0.240
co 2.04 0.6 1.320
C02 7688.4 7647.84 7668.120
Nox 37.74 37.68 37.730
ExbTe 596 593 594.500

Mode 6

-

Test 1 Test 2 AVG

PM 1.674 1.65 1.662
HC 0.48 0.3 0.390
co 0.24 O.% 0.600
C02 4311.3 4270.86 4291.080
Nox 19.68 20.28 19.980
ExbTe 827 824 825.500

Mode 7

-

Test 1 Test 2 AVG
PM 0.39 0.342 0.366
HC 1.02 o.% 0.990
co 0.66 0.42 0.540
C02 3224.1 3213.% 3219.030
Nox 25.74 25.92 25.830
ExbTe 602 “ 592 597.00+3

Mode 8
Test 1 Test 2 Test 3~ AVG

PM 0.168 0.15 0.138 0.152
HC 0.24 0.12 0.12 0.160
co 1.44 1.5 1.08 1.340
C02 1297.26 1267.44 1252.08 1272.260
Nox 31.56 32.46 33.24 32.420
Exh Tem 269 231 227 242.333

Appendm B-2. LPU-2 Emissions Data
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Edssion! Data for LIskr Pelter LPLL2 Bare Eqjne (ii ghJ Wilil new trap (ii ah)

Edssloiu Dala for Lkr Pelltr LPU-2 Bare b

Mc& 1

m

!(ii*)

hfmk 6

EiEEEl

Test 1 Test2 AVG

PM 0.978 1.182 1.080
HC o 0 O.lmo
co 0.78 0.54 0.640
C03 820S.18 8042.34 8123.760
NOX 36.&5 37.38 37.020
Ex. Tern 806 807 80&500

hfcde 7

EEEE.

Test 1 TesI 2 AVG

PM 1.05 0.7.4 0.645

Hc 0.06 0 0.020

co 0.84 0.9 0.870

CD3 6597.84 6546.24 6572.

No?. 44.34 45 44670

EL Tem 593 597 S9S.OW

EdssIoru Data for L&ter Pelter LPU-2 RobmadDCL SySICMwilb oxiduka catalyst

hfde 5

EEEE
Tut1 TesI2 AVG

PM 54.82S 5S.S.52 5S.24S

Hc 0.24 0.3 0.270

co o.% Los 1.020

C02 5648.S2 5607.42 S637.9T0

No% 12.84 12.3 12.s70

Ex. Tem 1203 1205 12CU.

Edsdons Data for Llster Petltr LPU-2 Bare Engine @ wI@ Emissions Data for LWr Petter LPU-2 RohmadDCL system wilh new trapA PalRIupaper riler On @r)

hfufe 7

mm

App$fldii B-3. LPU-2Emk.sionsData



EodssIoosDatafor fsssntC240bare engine(in@r)

Mode 1

m

Test 1 Test 2 AVG
PM 11.7 11.124 11.412
HC 4.56 6.12 5.340
co 41.64 51.48 46.540
C02 36463.8 36823.6836643.74
Nox 194.76 189.6 192.180
Ex, Tem 1065 1077 1071.OOO

Mode2

m

Test1 Test2 AVG
PM 10.344 10.188 10.266
HC 6 5.52 5.760
co 46.8 45.48 46.140
C02 2SQ94.4829156.8829125.68
Nox 216.36 219 217.680
Ex. Tem 828 825 826.500

Mode 3

m

Test 1 Test 2 AVG

PM 9.833 10.704 10.269
HC 49.05 55.68 52.365
co 32.175 37.08 34.628
C02 21505.48 21872.4 21888.94
Nox 200.4 209.4 204.900
Ex. Tm 646 646 646.000

Mode4

m

Test1 Test2 AVG

PM 11.27 11.85 11.560
HC 5.4 5.85 5.625
co 23.5 23.175 23.338
C02 13%0.9 13992.98 13976.94
Nox 118 121.875 119.938
Ex. Tem 444 444 444.000

Mode 7

m

Test 1 Test 2 AVG

PM 3.348 3.128 3.238
HC 3.24 3.6 3.420
co 15 15.825 15.413
C02 12440.28 12569.33 12504.8
Nox 97.68 93.3 95.490
Ex. Temo 542 546 544000

Mode8

m

Test1 Test2 AVG
PM 0222 0.264 0.U3
HC 0.66 0.72 0.690
co 14.58 13.44 14.010
C02 1691.22 1668.12 1679.670
Nox 12.78 12.06 12.420
Ex. Tem 198 189 193.500

EodssioosDatafor IsonsC240withTrapaod OxidationCatal-yst(ii @r)

Mode 2

-

Test 1 Test 2 AVG

PM 1.695 6.03 3.863
HC 0.675 0.675 0.675
co o 0.000
C02 29320.8 29292.6 29306.7
Nox 231.3 230.1 230.700
Ex. Tem 917 921 919.000

Mode 3

-

Test 1 Test 2 AVG

PM O.% 2.7 1.830
HC 0.45 0.45 0.450
co 0.825 0.675 0.750
C02 22842.6822885.4322864.05
Nox 206.4 200.625 203.513
Ex. Tem 697 699 698.WO

Mode 5

-

Test 1 Test 2 AVG
PM 11.828 7.335 9.5a2
HC 0.225 0.3 0.263
co 1.35 1.8 1.s75
C02 25221 25035.98 2512%.49
Nox 68.625 65.925 67.275
Ex. Tem 1261 1275 1268.000

Mode7

-

Test1 Test2 AVG
PM 0.0675 0.09 0.079
HC 0.375 0.45 0.413
co 1.125 0.375 0.750
C02 13147.2813172.9313160.1
Nox 83.775 85.65 84.713
Ex.Te 622 618 620.MIO

Mode8

-

Test 1 Test 2 AVG
PM 0.03 0.0225 0.026
HC 0.075 0.225 0.150
co 0.15 4.8 2.475
C02 1821.525 1794 1807.763
Nox 17.475 15.6 16S38
Ex.Tem 233 223 228.000

Appeodii B-1. Isuns C’240 Emissiotts Data
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Esnissions Data for ISUZISC240 bare engine (ii glbr)

Mode 1
ITest 1 Test 2 AVG

PM 11.7 11.124 11.412
HC 4.56 6.12 5.340
co 41.64 51.48 46.560
C02 36463.8 36823.68 36643.74
Nox 194,76 189.6 192.180
Ex, Temp 1065 1077 1071.000

Mode3
lTest 1 Test 2 AVG

PM 9.833 10.704 10.269
HC 49.05 55.68 52.365
co 32.175 37.08 34.628
C02 21905.48 21872.4 21888.94
Nox 200.4 ~09.4 204.900
Ex. Temp 646 646 646.000

Mode 5
[Test 1 Test 2 AVG

PM 34.392 35.076 34.734
HC 0.48 0.24 0.360
co 111.6 110.4 111.000
C02 24669.48 24595.2 24632.34
Nox 73.08 68.88 70.980
Ex. Temp 1092 1093 1092,500

Mode 7
lTest 1 Test 2 I AVG

PM 3.348 3.128 3.238
HC 3.24 3.6 3.420
co 15 15.825 15.413
C02 12440.28 12569.33 32504.8
Nox 97.68 93.3 95.490
Ex. Temp 542 546 544.000

Emissions Data for fsuzu C240 bare engine (ii g/hr)

Mode 1
lTest 1 Test 2 AVG

PM 11.7 11.124 11.412
HC 4.56 6.12 5.340
co 41.64 51.48 46.560
C02 36463.8 36823.68 36643.74
Nox 194.76 189.6 192.180
Ex. Temp 1065 1077 1071.000

Ensikons Data for Isuzu C240 with Oxidation Catalyst and Trap (ii @r)

Mode 1

lTest 1 Test 2 AVG

PM 6.9075 6.7425 6.825
HC 0.45 0.375 0.413
co 3.3 0.825 2.063
C02 39984.68 40076.93 40030.8
Nox 195.75 183.45 189.600
Ex. Temp 1193 1206 1199.500

Mode 3
lTest 1 Test 2 AVG

PM 0.705 0.84 0.773
HC 0.225 0.075 0.150
co 2.7 1.65 2.175
C02 22345.28 22137.15 22241.21
Nox 200.025 187.65 193.838
Ex. Temp 706 708 707.000

Mode 5

lTest 1 Test 2 AVG

PM 7.395 6.84 7.118
HC 0.075 0.075
co 1.575 1.05 1o313
C02 23712.6 23642.63 23677.61
Nox 71.475 69.075 70.275
Ex. Temp 1184 1181 1182.500

Mode 7
lTest 1 Test 2 AVG

PM 0.0375 0.045 0.041
HC 0.075 0.075 0.075
co 1.65 1.650
C02 12872.25 12657.38 12764.81
Nox 77.025 78.975 78.000
Ex. Temp 613 605 609.000

EmiAosIs Data for Isuzu C240 with Oxi&tion Catalyst only (ii ghr)

Mode 1
lTest 1 Test 2 AVG

PM 19.788 19.512 19.650
HC 0.36 1.08 0.720
co 4.08 3.96 4.020
C02 36590.88 36981.6 36786.24
Nox 186.72 186.6 186.660
Ex. Temp 1065 . 1183 1124.000

Mode 5

lTest 1 Test 2 Test 3 AVG

PM 53.676 53.172 58.524 55X4
HC 0.24 0.12 0.12 0.160
co 5.04 4.44 6.6 5.360
C02 25327.68 25662.96 25625.28 25538.64
Nox 69.36 69 72 70.320
Ex. Temp 1236 1237 1231 1234.667

Append~ B-5. Isuzu C240 Emissions Data



Emissions Data for bare Caterpillar 3306 (ii gk) EmLssiotrsData for Caterpillar 3306 with D= I (in g/hr)

Mode S

m

Test 1 Test 2 AVG
PM 91.608 89.712 90.660
HC 9.00 8.64 8.820
co 158.28 147.36 152.820
C02 56241.2455020.1255630.68
No% 211.2 211.200
Exh Tem 1098 1094 1096.OOO

Mode 4

m

Test 1 Test 2 AVG
PM 4.043 4.178 4.111
HC 15.825 14.475 15.150
co 21.m 22.12S 21.563
C02 36258.7536604.5 36431.63
Nox 320.625 318.75 319.688
Exh Tem 505 507 506.000

Mode 5

m

Test 1 Test 2 AVG

PM 5.196 6.18 5.688
HC 9.6 6.72 8.160
co 7.68 9.(H3 8.340
C02 58748.4 58266.12 S8507.26
Nox 222.36 221.16 221.760
Exh Tem 983 1W3 991.s30

Mode 8

m

Test 1 Test 2 AVG
PM 0.288 0.162 0.225
HC 52.56 55.98 54.270
co 113.88 116.4 115.140
C02 4613.64 4965.% 4789.800
Nox 47,16 48.03 47.580
Exb Tem 219 194 206.500

Appendix B-6. Caterpillar 3306 Emissioos Data



Etnfssiotrs Data for Caterpillar 3306 bare engine (ii glbr) Endssiotrs Data for Caterpillar 3306 with DST I with no oxidation catalyst (ii @r)

Mode 1

lTest 1 Test 2 AVG

PM 34.15 36.756 35.453

HC 31.64706 23.4 27.524

co 147.6471 167.28 157.464

C02 86429.41 83610.96 85020.19

Nox 499.6471 49%647

Exb Tern 1094 1130 1112.000

hfode 1
llTest 1 lTest 2 AVG

m

ErnLssionsData for CaterpiUar 3306 bare engine (in glhr)

Mode 1
llTest 1 lTest 2 I AVG

m

Mode 2
l[Test 1 lTest 2 I AVG I

m

Mode 5
llTest 1 lTest 2 I AVG I

‘m

Mode 7
l[Test 1 lTest 2 AVG

m

Entissions Data for Caterpillar 3306 with D8T II (ii ghr)

Mode 2
l~Test1 lTest 2 I AVG

m.

Mode 5
IiTest1 lTest 2 I AVG

m

Mode 7
IiTest1 lTest 2 I AVG

m

** ne r~ul~ were from tbe repeated testing on DST after it w “fix~”

AppendixB-7. Caterpillar 3306 EmissionsData



Etnlsdoos Data for Caterpillar 3306 bare engine-after eheelmp (in @r)

Mode 1
ITest 1 Test 2 Test 3 Test 4 AVG

PM 34.56 32.184 32.184
HC 47.64 45.96 36.24 36.24 39.480
co 142.2 137.76 124.32 136.56 132.880
C02 89224.8 87880.92 91530.12 91827.36 90412.80
Nox 481.68 462.72 494.28 506.64 487.880
Exh Temd 1101 1109 1094 1098 1100.333

Mode 2
l%RY- Test 2 Test 3 Test 4 AVG

PM 47.076 48.216 ‘—--l 43.176 45.6%
HC 50.16 50.16 41.00662 42 44.389
co 162 162.84 168.0795 166.8 165.906
C(32 69888.84 71885.76 72709.27 72922.08 72505.70
Nox 544.44 624.96 619.8675 622.32 622.383
ExhTem 878 876.2 887 873 878.733

Mode 3
(Test 1 Test 2 Test 3~

PM 60.336 60.204 60.588 60.376
HC 47.64 46.08 48 47.240
co 157.2 152.76 151.08 153.680
C02 57959.4 58596.36 57997.56 58184.44
Nox 613.08 603.36 612.12 609.520
ExhTem# 696 694 692 694.000

Mode 4

m

Test 1 Test 2 AVG
PM 68.1 68.79826 68.449
HC 39.6 41.38829 40.494
co 98.6 105.7354 102.168
C02 36144 36756.0836450.04
Nox 311.2 308.1475 309.674
ExbTern 478 479 478.SW

Mode 6

m

Test 1 Test 2 AVG
PM 14.784 15.264 15.OX
HC 25.32 25.2 2S260
co 43.92 45.48 44.700
C02 4s3808.5240994.8840901.70
Nox 385.08 377.4 381.240
ExftTern 704 694 699.00U

Mode 7

m

Test I Test 2 AVG
PM 25.236 23.292 24.264
HC 25.68 25.56 25.620

co 30.96 30.W 30.480

C02 30972.6 30974.6430973.62

Nox 469.68 463.8 466.740
ExhTern 504 505 504.s00

moos llata for Caterpofar 3306 with DST III 0SSgk)

Mode 1
[Test 1 Test 2 Test 3* AVG 0

PM 34.932 26.46 29.268 30.220 u

HC 17.64 26.64 22.140 ~
co 14.28 8.28 8.64 10.400
C02 80699.04 80383.8 65516.28 75s33.04
Nox 385.68 372.96 346.08 368.240
Exh Tern 1198 11% 1174 1189.333~

Mode 2

-

Test 1 Test 2 AVG

PM 5.796 5.94 5.868
HC 14.28 12.12 13.200
co 14.28 15.12 14.700
C02 66092.1666595.6866343.92
No?. 476.64 468.12 472.380
Exh Tern 929 927 928.000

Mode 3

-

Test 1 Test 2 AVG

PM 2.837143 3.214286 3.026
HC 14.14286 14.74286 14.443
co 52.8 17.57143 35.186
C02 48648.6 48369.8648509.23
Nox 504.7714503.5714 504.171
Exh Tern 738 740 739.000

Mode 4

-

Test 1 Test 2 AVG

PM 1.242857 1.56 1.401
HC 13.88571 15.17143 14.529
co 5.142857 18.51429 11.829
C02 31057.2930807.9430932.61
Nox 255.2571 259.2 257.229
Exh Tern 520 529 524.s00

Mode S

-

Test 1 Test 2 AVG

PM 2.808 3.348 3.078
HC 5.16 6.36 5.760
co 5.04 5.040
cm 46472.4 45889.0846180.74
Nox 1%.8 196.08 1%.440
ExlsTem 987 973 980.000

Mode 6

-

Test 1 Test 2 AVG

PM 1.448571 1.277143 1.363
HC 5.657143 4.62X571 5.143
co 4.3714290.514286 2.443
C02 33461.6633303.3433382.50
Nox 282.5143282.4286 2S2.471
Exh Tern 732 723 727.s00

Mode 7

-

Test 1 Test 2 AVG

PM 0.555 0.5475 0.ss1
HC 5.175 4.275 4.725
co 2.475 4.5 3.488
C02 24698.1824925.4324811.80
Nox 341.325 346.575 343.950
ExlsTem 534 S34.000

Mode 8
~Test 1 AVG

Appendu B-8. Caterpillar 3306 Emissions Data



EssdsslonsData for bare caterpillar 3306 (fn @r)

Mode 1

m

Test I Test 2 AVG
PM 34.15 36.756 I 3S,453
HC 3L64706 23.4 j 27.S24
co 147.6471 167.28 157.464
C02 86429.41 83610.% 8S020.19
Nox 499.6471 09.647
Exh Tem 1094 1130 1112.000

Mode 2

m

Test 1 Test 2 AVG
PM 55.416 54.78 55.098
HC 32.16 30.% 31.560
co 188.64 182.88 185.760
C02 70344.7270580.1670462.44
Nox 676.68 675.48 676.080
Exh Tern 861 875 868.000

hfode 3

m

Test 1 Test 2 AVG
PM 71.856 71.172 71.514
HC 39.96 38.04 39.000
co 169.8 167.04 I 168,420
C02 56281.8 56201.16 S6241.48
Nox 645.6 644.4 645.000
Exh Tem 1094 Il~o Illzeooo

Mode 4

m

Test 1 Test 2 AVG
PM 84.47 87.28 85.875
HC 37.4583 38.4 37.929
co 107.3709 110.2 108.78S
C02 37166.93 37021.4 37094.16
Nox 337.6966 337.2 337.448
Exh Tem 483 483 483.000

Mode 5

mTest 1 Test 2 AVG

PM 91.608 89.7!2 90.660
HC 9.00 8.64 8.820
co 158.28 147.36 1S2.820
C02 56241.2455020.12 SS630.68
Nox 211.2 211.200
Exh Tem 1098 1094 1096.000

Mode 6

m

Test 1 Test 2 AVG
PM 17.364 16,884 17.124
HC 14.16 13.56 13.860
co S2.92 52.44 S2.680
C02 41964.2441623.9241794.08
Nox 334.32 419.88 377.lW
Exh Tem 703 700 701.500

Mode 7

m

Test 1 Test 2 AVG
PM 20.346 21.048 20.697
HC 9.72 9.84 9.780
co 31.32 27.6 29.460
C02 30531.2431371.36 30951.3
Nox 49Q.2 489.84 .00,020
Exh Tem 537 537.000

Mode 8

m

Test 1 Test 2 AVG
PM 3.2925 3.24 3.266
HC 2.025 2.25 2.138
co 45.00 41.85 43.42s
C02 4806.3 4721.9254764.113

Nox 59.625 60.825 60.225
ExfsTem 194 187 190.s00

EssdssionsData for Caterpilbr 3306 with C1eanAfr (ii ghr)

Mode 4

m

Test 1 Test 2 AVG

PM 0.9275 1.08 0.994
HC 3.3 3.3 3.300
co 0.6 2.475 1.538
C02 38571.6 38563.2 38S67.4
NOX 323.925 322.125 323.025
Exh Tem 5C0 511 S05.SOO

Mode 6

m

Test 1 Test 2 AVG
PM 13.66 13.298 13.479
HC 1.5 1.275 1.388
co 2.175 1.8 1.988
C02 42365.4 42364.7342365.06
Nox 410.025 408.75 409.388
Exh Tern 718 698 708.000

.

Mode 8

m

Test 1 Test 2 AVG
PM 0.615 0.525 0.570
HC 1.65 0.525 1.08s
co 47.n5 47.55 47.663
cm 52S7.65 5131.8755194.763
Nox 65.175 63.15 64.163
ExlsTem 193 191 192.000

Appendm B-9. Caterpillar 3306 Emissions Data
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Emksions Data for MWM D916-6with IAw-suffer (0.05%)Fuel (in glbhp-hr)

Mode 2

M

Mode 3

M

Mode 4

=

Mode 5

=

Mode 6
Test 1 Test 2 Test 3r- AVG

PM 0.353 0.362 0.364 0.360
HC 0.05 0.05 0.05 0.050
co 0.67 0.65 0.65 0.657
C02 522.95 528.86 524.22 525,343
Nox 4.29~8 3.635

Mode 7

=

Emissions Data for MWM D916-6with High-sulfur (0.25%

Mode 3

=

Mode 4

=

Mode 5

=

Mode 6

=

Mode 7

=

Mode 8

=

I

Appendix C-1. MWM Emissions Data

J Fuel (ii g/bhphr)
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ErrdssfonsData for Lfsfer Petter LPU-2 bare engfne

Mode 1
!Test 1 Test 2 Test 3 AVG

PM I 6.122 5.778 5.676 5.859
HC 0.27 0.12 0.09 0.160
co 44.71 36.82 34.79 38.773
C02 921.7 933.69 927.82 927.737
Nox 1.76 1.8 1.81 1.790
ExhTern 1457 1775 1792 1674.667

Mode 2
w Test 2 Test 3 AVG

PM 0.319 0.286 0.264 0.290
HC 0.53 0.55 0.49 0.523
co 1.43 1.37 1.33 1.377
C02 839.36 824.45 837.9 833.903
Nox 3.9 3.93 4.01 3.947
EXIITern 915 903 898 905.333

Mode 3
T- Test 2 Test 3

PM 0.326 0.342 0.319 0.329
HC 1.31 1.45 1.27 1.343
co 1.62 1.85 1.58 1.683
C02 930.87 92s.05 943.22 933,047
Nox 5.24 5.2 5.32 5.253
ExhTern 748 747 748 747.667

Mode 4

m

Test 1 Test 2 AVG
PM 0.881 0.727 0.804
HC 1.34 0.97 1.155
co 3.39 2.71 3.050
C02 1359.75 1392.39 1376.070
Nox 7.84 8.05 7.945
ExbTem 583 580 581.500

(h gllhp-br) Emissions Data for Lfsfer Petter LPU-2 with failed trap (io @@-hr)

Mode 6
w Test 2 Test 3 Test 4 Test 5 AVG

PM 0.505 0.635 0.518 0.568 0.516 0.548
HC 1 0.99 0.8 0.43 0.4 O.ZM
co 3.4 3.38 3.28 2.62 2.59 3.054
C02 758.93 750.02 737.97 707.17 703.16 731.450
Nox 5.49 4.7 4.5 3.85 3.83 4.474
ExftTem~ 763 780 771.540

Mode 7
~Test 1 Test 3 AVG 1

PM 0.367 0.435 0.458 0.420
HC 3.64 3.43 3.48 3.517
co 6.78 6.52 6.69 6.663
C02 882.15 875.7 862.71 873.520
Nox 8.26 7.87 7.9 8.010
ExhTemj 567 567 569 S67.667 ~

Mode 4

-

Test 1 Test 2 AVG
PM 0.164 0. 1% 0.180
HC 0.05 0 0.025
co 0.41 0.12 0.265
cm 1543.86 1535.71 1539.785
Nox 7.57 7.57 7.570
Exh Tern 596 593 594.500

Mode 5

-

Test 1 Test 2 AVG
PM 5.067 5.512 5.290
HC 0.01 0.01 0.010
co 0.09 0.11 O.nlo
C02 858.09 862.9 860.495
Nox 1.81 1.79 1.800
Exb Tem 1208 1217 1212.51XI

Mode (i

Mode 8

-

Test 1 Test 2 AVG
PM 0.146 0.202 0.174
HC o 0 O.wo
co o 1.71 0.855
cm 3585.66 3221.89 3403.775
Nox 76.42 67.81 72.115
WI Tern 281 248 264.500

Append~ C-2. LPU-2 Emissions Data
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Emissions Data for f.ktw Puler LPU-2 Bare E@oe (b 81bbP-Iu)

hkfe 6

-

EmksIoIu Dam for Lkr Pelkr LPU-2 RohmadDCL system with new tip (ii sIIhp-&)

hfde 6

EEEEl

Tm 1 TesI 2 AVG

PM 0.091 0.111 0.101

HC o 0 O.wo

co 0.07 0.05 O.lwl
co? 763.98 7S3.03 7S8S05
Sox 3.41 3.s 3.455

Em Tan SIX 807 8K300

Edsdons Data for Llmr Pemr LPC-2 Bare Fm8ine(3II@hp-hr) EM&&W k for I&w IWer LPU-2 Roiun8cIDCL smtem with oxidation catalyst only @I @hp.hr)

Edsdons Dab for Llslcr Pelmr LPL-2 Ewe Ekglne (in fihp.br)

hftxkS

EEEEl
Tcsf1 Test 2 AVG

PM 8.087 8.21 8.149

HC 0.04 0.04 0.040

co 0.14 0.16 0.150

C02 833.12 827.05 830.08S
%x 1.9 1.81 1.85S
EL Tam 1303 1205 1204.

Mode 7

-

Eu&ioIM oats for W PeuerLPU-2 Rohm.ac/DCLsyskmwithnewtip andPallflu papa r~ler Cmvbhp-hr)

AppcndiiC-3. LPU-2EmksiJnsDaM



ErsdsslonsData for Isuzu C240bare eogine (h @sphr)

Mode 4

m

Test ! Test 2 AVG
PM 0.752 0.767 0.760
HC 0.36 0.38 0.370
co 1.57 1.5 1.535
C02 931.57 $06.15 918.860
Nox 7.87 7.89 7.880
ExhTem 444 444 444.ooo

Emissions Data for IsuzssC240 with Trap and Oxidation

Mode 1

m

Test1 Test2 AVG
PM 0.167 0.159 0.163
HC o 0 0.000
co o 0.02 0.010
C02 637.33 631.1 634.215
Nox 3.29 3.33 3.310
ExbTe 1199 1195 1197.000

Mode 3

m

Test 1 Test 2 AVG

PM 0.027 0.077 0.052
HC 0.01 0.01 0.010
co 0.02 0 0.010
C02 646.14 651.24 648.690
Nox 5.84 5.71 5.77s
ExhTem 697 699 698.000

Mode 4

m

Test 1 Test 2 AVG
PM 0.004 o.m37 0.006
HC o 0-
Co 0.1 0.1 0.100
C02 925.35 924.75 925.050
Nox 6.65 6.15 6.400
ExhTem 482 485 483.500

Mode 6

m

Test 1 Test 2 AVG
PM o.c05 0.C04 0.005
HC o 0 0.000
co 0.01 0.01 0.010
C02 581.31 583.36 582.335
Nox 2.8 2.87 2.83s
Exb Tern 867 860 863.500

Mode 7

m

Test 1 Test 2 AVG
PM 0.003 0.004 O.OM
HC o 0 0.000
co 0.05 0.02 0.035
C02 604.7 604.26 604.484
Nox “ 3.85 3.93 3.890
Exh Tem 622 618 620.000

(ii g/bhphr)

Append~ C-1. Isuzu C240 Emissions Data



Emissions Data for Isuzu C240 bare engine (ii g/bhp-hr) Emissions Data for Isuzss C240 with Oxidation Catafyst and Trap ~m gfihp-hr)

Mode 1
lTest 1 Test 2 AVG

PM 0.204 0.192 0.198
HC 0.08 0.11 0.095
co 0.73 0.89 0.810
C02 637.19 634.82 636.005
Nox 3.4 3.27 3.335
ExhTem~ 1065 1077 1071.000

Mode 3
lTest 1 Test 2 AVG

PM 0.285 0.31 0.298
HC 1.42 1.61 1.515
co 0.93 1.07 1.000
C02 635.11 632.4 633.755
Nox 5.81 6.06 5.935
ExbTern 646 646 646.000

Mode 5
lTest 1 Test 2 AVG

PM 0.865 0.879 0.872
HC 0.01 0.01 0.O1O
co 2.81 2.77 2.790
C02 620.54 616.43 618.485
Nox 1.84 1.73 1.785
ExhTem~ 1092 1093 1092.500

Mode 7
[Test 1 Test 2 AVG

PM 0.158 0.147 0.153
HC 0.15 0.17 0.160
co 0.7 0.74 0.720
C02 585.34 590.88 588.110
Nox 4,6 4.39 4.495
ExbTern 542 546 544.000

Emissions Data for fmszuC240 bare engine ~mglbhp-hr)

Mode 1
=1 Test 2 AVG

PM 0.204 0.192 0.198
HC 0.08 0.11 0.095
co 0.73 0.89 0.810
C02 637.19 634,82 636.005
Nox 3.4 3.27 3.335
ExbTe~ 1065 1077 1071.000

Mode 5

F Test 2
—
AVG

PM 0.865 0.879 0.872
HC 0,01 0.01 0.010
co 2.81 2.77 2.790
C02 620.54 616.43 618.485
Nox 1.84 1.73 1.785
ExbTern 1092 1093 1092.500

Mode 1
1Test 1 Test 2 AVG

PM 0.118 0.115 0.117
HC o 0 0.000
co 0.06 0.01 0.035
C02 682.19 685.31 683.750
Nox 3.34 3.14 3.240
Exb TemL 1193 1206 1199.500

Mode 3
[Test1 Test 2 AVG

PM 0.02 0.024 0.022
0.01 0 0.005

co 0.08 0.05 0.065
C02 646.09 642.86 6-44.475
Nox 5.78 5.45 5.615
ExfsTemR 705 708 706.500

Mode 5
llTest1 lTest 2 I AVG

~H

1
PM 0.195 0.181 0.188

0 0 0.000
co 0.04 0.03 0.137
C02 625.35 626.35 649.200
Nox 1.89 1.83 1.783
Exb Tern 1184 1181 1182.500

Mode 7
llTest1 lTest 2 AVG

~H

PM 0.002 0.002 0.002
HC o 0 0.000
co 0.08 0 0.040
C02 603.55 592.47 598.010
Nox 3.61 3.7 3.655
Exh Tern 613 605 609.000

Emissions Data for Isuzu C240 with Oxidation

Mode 1 ,
lTest 1 Test 2 AVG

PM 0.338 0.338 0.338
HC 0.01 0 0.005
co 0.07 0.07 0.070
C02 624.68 640.69 632.685
Nox 3.19 3.23 3.210
Exh Tem~ 1185 1183 1184.000

Mode 5
[Test1 Test 2 Test 3 AVG

PM 1.366 1.356 1.481 1.401
HC o 0 0 0.000
co 0.13 0.11 0.17 0.137
C02 644.68 654.45 648.47 649.200
Nox 1.77 1.76 1.82 1.783
Exh Tern 1236 1237 1231 1234.667

Catalyst only (ii glbhp-br)

Appendix C-5. Isttzs.t C240 Emissions Data



Emissions Data for bare Caterpillar 3306 (ii glbbp-br)

Mode 1

m

Test 1 Test 2 AVG
PM 0.275 0.298 0.287
HC 0.25 0.19 0.220
co 1.16 1.33 1.245
C02 677.1 666.75 671.92S
Nox 3.91 3.910
Exh Tem 1094 1130 1112.0041

Mode 2

m

Test 1 Test 2 AVG
PM 0.571 0.562 0.s67
HC 0.33 0.32 0.325
co 1.94 1.88 1.910
C02 724,21 724.58 724.395
Nox 6.97 6.93 6.950
Exh Tern 861 875 868.000

Emissions Data for CaterpiUar 3306 with D~ I (ii gibhp-br)

Mode 2

-

Test 1 Test 2 AVG

PM 0.595 0.577 0.586

HC 0.11 0.12 0.115
co 0.16 0.19 0.175
C02 744.78 740.79 742.785
Nox 6.36 6.3 6.330
Esh Tern 920 925 922.500

Mode 3

m

Test 1 Test 2 AVG

PM 1.086 1.075 1.081
HC 0.6 0.57 0.585

co 2.57 2.52 2.5+
C02 850.5 849.04 849.770
Nox 9.76 9.73 9.745
Exb Tem 694 698 6%.000

Mode 4

-

Test 1 Test 2 AVG
PM 0.243 0.251 0.247

HC 0.95 0.87 0.910

co 1.26 1.33 1.29S

C02 2179.95 2196.41 2188.180

Nox 19.28 19.13 19.205
Exh Tem 505 507 S06.000

Mode 7

m

Test 1 Test 2 AVG
PM 0.419 0.433 0.426
HC 0.2 0.2 0.200
co 0.64 0.57 0.60s
C02 628.3 645.33 636.815
Nox 10.09 10.08 10.08s
Exb Tem 537 s37.lmo

Mode 8

-

Test 1 Test 2 AVG

PM 0.814 0.391 0.603
HC 148.23 134.45 141.340
co 321.28 279.31 300.295
C02 13017.7 11915.42 12466.S6
Nox 133.14 115.17 124.1ss
ExhTern 219 194 206.s00



Emissions Data for Caterpillar 3306 bare engine (ii g/bhp-hr)

Mode 2
l~Test I lTest 2 I AVG

m

Emissions Data for Caterpillar 3306 bare engine (ii g/bhp-hr)

Mode 1
llTest 1 lTest 2 I AVG

m

Mode 2
~lTest1 lTest 2 AVG

m

Mode 5
[[Test 1 [Test2 AVG

m .

Mode 7
llTest 1 lTest 2 AVG

m

Data for Caterpillar 3306 with DST I no catalyst ~mglbhp-hr)

ErnMorss Data for Caterpillar 3306 with DST II cm glbbp-br)

Mode 1
]lTest1 lTest 2 AVG I

m
Mode 2

llTest 1 lTest 2 I AVG I

m

Mode 7
[lTest 1 lTest 2 I AVG

“m

** me re.su[~were from the repeatedtestingon DST afier it w “fix~”

AppendixC-7. Caterpillar3306EmissionsData
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EMLSS1OISSData for Caterpillar 3306bare engioe- after ebeeksp (ii g/lIhphr)

Mode 1
lTcst 1

—
Test 2 Test 3 Test 4 I AVG

PM 0.268 0.249 I 0.259
HC 0.37 0.36 0.28 0.28 0.323
co 1.1 I.07 o.% I.05 1,045
C02 690.92 680.7 707.03 707.38 6%.508
Nox 3.73 3.58 3.82 3.9 3.7S8
ExhTern I101 1109 1094 1098 llW.500

Eenkioos Dara for Catexpilfar 3306with DST fII (iusgllshphr)

Mde 1
ITest 1 Test 2 Test 3 AVG

PM 0.274 0.209 0.23 0.238
HC 0.14 0.21 0.17s
co 0.11 0.07 0.07 0.083
C02 633.$2 634.51 613.89 627.440
Nox 3.03 2.94 2.71 2.893
ExlrTem 1198 11% 1174 1189.333

Moefe2
@est I Test 2 Test 3 Test 4 AVG

PM 0.479 0.491 0.485
HC 0.51 0.51 0.42 0.43 0.468
co 1.65 1.66 1.72 1.7 L683
C02 711.73 731.6) 742.33 742.19 731.96s
Nox 5.54 6.36 6.33 6.33 6.140
ExJtTem 878 876.2 887 873 878.550

Mosfe3

m

Test 1 Test 2 AVG

PM 0.042 0.048 0.045
HC 0.21 0.22 0.215
co 0.79 0.26 0.S25
C02 723.42 720.01 721.715
Nox 7.63 7.5 7.565
ExhTem 738 740 739.oMl

Mode 4

-

Test I Test 2 AVG

PM 0.074 0.094 0.084
HC 0.82 0.91 0.s65
co 0.31 1.1) 0.710
C02 1841.32 1845.6 1843.460
Nox 15.13 15.53 15.330
ExhTem 520 529 524.500

Mode5

mTest I Test 2 AVG
PM 0.431 0.432 0.432
HC 0.26 0.26 0.260
co 0.87 0.78 0.825
C02 5%.87 591.29 594.080
Nox 2.51 2.51 2.510
ExhTem 975 987 981.000

hfode 6

-

Test 1 Test 2 AVG

PM 0.021 0.019 0.020
HC 0.08 0.07 0.075
co 0.06 0.01 0.035
C02 485.58 483.72 4S4.650
Nox 4.1 4.1 4.100
ExhTe 732 723 727.500

Mode 7

m

Test 1 Tesl 2 AVG “
PM 0.546 0.504 0.325
HC 0.56 0.55 0.5s5
co 0,67 0.65 0.660
C02 669.73 670.34 670.035
Nox 10.16 10.04 10.100
ExhTem 504 505 504.500

Mode 8

m

Test I Test 2 AVG
PM 4.724 4.647 4.634
HC 31.43 27.65 29.540
co 91.29 84.14 87.71s
C02 11870.44 11586 11728.22
Nox 162.15 139.41 150.780
Exh Tem 208 1% 202.000

Mode 8

-

Test 1 Test 2 AVG

PM 0.283 0.121 0.202
HC 18.06 11.64 14.350
co 85.98 73.83 79.905
C02 14469.02 13232.53 13$50.78
Nox 185.02 154.86 169.940
Esb Te 230 203 216.OQO

Appendix C-8. Caterpillar 3306 Emissions Data
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EtrdxsionsData for bare Caterpiffar 3306 (br g/bbp-br) EstdssioDsData for Caterpillar 3306 with Clean Air System (ii glbhp-hr)

Mode 1

-

Test 1 Test 2 AVG

PM 0.275 0.298 0.287
HC 0.25 0.19 0,220
co 1.16 1.33 1.245
C02 677.1 666.75 671.92S
Nox 3,91 3.910
Exb Tern 1094 1130 1112.000

Mode 2

-

Test 1 Test 2 AVG
PM 0,571 0.562 0.567
HC 0.33 0.32 0.325
co 1.94 1.88 1.910
C02 724.21 724.58 724.395
No% 6.97 6.93 6.950
ExbTern 861 875 868.000

\

Mode 2

-

Test 1 Test 2 AVG
PM 0.229 0.251 0.240
HC 0.02 0.02 0.020
co 0.02 0.03 0.025
C02 757.53 756.13 756.830
Nox 6.67 6.57 6.620
Exh Tem S02 901 901.500

Mode3

-

Test 1 Test 2 AVG
PM 1.086 1.075 1.081
HC 0.6 0.57 0.585
co 2.57 2.52 2s4s
C02 850.5 849.04 849.770
Nox 9.76 9.73 9.745
ExhTern 694 698 6%.000

Mode 4

-

Test 1 Test 2 AVG
PM 5.083 5.261 5.172
HC 2.25 2.31 2.2ao
co 6.46 6.64 6.5S0
C02 2236.71 2231.72 2234.215
Nox 20,32 20.33 20.325
ExitTem 483 483 483.000

Mode 5

m

Test 1 Test 2 AVG
PM 0.953 0.932 0.943
HC 0.09 0.09 0.090
co 1.65 1.53 1.590
C02 585.07 571.77 578.420
Nox 2,2 2.200
Esb Tern 1098 1094 I096J300

Mode 6

-

Test 1 Test 2 AVG
PM 0.241 0,234 0.238
HC 0.2 0.19 0.195
co 0.73 0.72 0.725
C02 581.35 575.93 578.640
Nox 4.63 5.81 5.220
Esb Tern 703 700 701.500

Mode 7

m

Test 1 Test 2 AVG
PM 0.419 0.433 0.426
HC 0.2 0.2 0.200
co 0.64 0.57 0.605
cm 628.3 645.33 636.815
Nox 10.09 10.08 10.085
ExhTern 537 537.000

Mode 8

-

Test 1 Test 2 AVG

PM 8.531 7.507 8.019
HC 5.2 5.29 5.245
co 116.49 %.99 106.74
C02 12451.7 10946.15 11698.93
Nox 154.54 141.04 147.790
ExhTern 193 186 189.500

Mode 3

-

Test 1 Test 2 AVG

PM 0.292 0.292
HC 0.03 0.030
co 0.04 0.040
C02 893.64 893.640
Nox 9.2 9.200
Exh Tem 712 712.000

Mode 4

-

Test 1 Test 2 AVG
PM 0.054 0.065 0.060
HC 0.2 0.2 0.200
co 0.04 0.15 0.095
C02 2315.89 2316.7 2316.295
Nox 19.45 19.35 19.400
ExlsTern 500 511 505.500

Mode 5

-

Test 1 Test 2 AVG
PM 0.216 0.246 0.231
HC 0.01 0 0.005
co 0.02 0.020
C02 @34.37 598.97 601.670
Nox 2.64 2.67 2.65S
ExitTem lm5 981 S93.000

Mode 6

-

Test 1 Test 2 AVG
PM 0.19 0.185 0.18s
HC o 0 0.000
co 0.03 0.03 0.030
C02 588.43 587.81 5S8.120
Nox 5.7 5.67 5.685
Exh Tern 718 698 708.000

Mode 7

-

Test 1 Test 2 AVG

PM 0.017 0.019 0.018
HC 0.01 0.03 0.020
co 0.09 0.11 0.100
C02 658.39 666.39 662.390
Nox 9.91 10.04 9.975
Sxh Tem 519 516 517.500

M(w3PX. -----

-

Test 1 Test 2 AVG
PM 1.423 1.304 1.364
HC 3.9 1.29 2.595
co 110.86 117.71 114.285
C02 12191.36 12712.3712451.87
Nox 151.2 156.41 153.805
Exb Tem 193 191 192.000

Append~ C-9. Caterpillar 3306 Emissiom Dafa
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Failed* Rohmac/DCL System
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Figure D. I-l

*F~ilure was due to undersized Cata]yst/trap and overfueled engine (See &Xt).
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Figure D.1-3

*Failure was due to undersized catalyst/trap and overfueled engine (see text).
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Exhaust Gas Temperature Trace for First Regenerative Cycle on Lister-
Petter with Failed* Rohmac/DCL System
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Figure D. I-6

catalysthrap and overfueled engine (see text).
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C02 Concentration Trace for Second Regenerative Cycle on Lister-Petter
with Failed* Rohmac/DCL System
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Figure D.2-3

*Failure was due to undersized catalystltrap and overfueled engine (see text).
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Figure D.2-4

*Failure was due to undersized catalyst/trap and overfheled engine (see text).
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Exhaust Gas Temperature Trace for Second Regenerative Cycle on Lister-
Petter with Failed* Rohmac/DCL System
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Figure D.2-6

*Failure was due to undersized catalyst/trap and overfheled engine (see text).
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NOX Concentration Trace for a Regenerative Cycle on Lister-Petter with
Rohmac/DCL System
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GOOOMAfiEQUIPMENTCORP

TOIUY61LITSKI
REGIONALMAflAGE8

March 19,1998
RonEberhart
Sr.VicePresident
GoodmanEquipmentCorp.
5430w. 7obPlace
BedfordP* Ill. 6063S

Ron the following is synopsis of what happened on March 3d and March 4&this week at WWJ. Mr. Roger
Fredrick from Bedcwith performed all checks on the Cat 3306 engine serial # 23C2672 that had 41 hours
recorded on the meter. Assisting with the testing was Mr. Dan Carder from W’VU.

Specifications to check FindindReset S~ecifications

1.Fuelracksettingdiscrepancy Rack setdngsfound 3.35 mm fidl load
3.45 mm fidl torque

Reset mck settings to 3.17 mm full load
3.25 nun Iidl torque

2. Check fhel injection timing

3. Check for engine blow-by.

4. Check for valve lash and valve timing

5. Check valve seals for leaks.

6. Check spray patterns of injectors.

Timingfound to be OK (perfect) by pin
timing to engine.

Ranenginetoopemtingtemperature(1065
degrees F). We loaded engine and checked
blow-by to be at 2“ water. (4” water is the
maximum spec.)

Found2 intakevalves0.004tootight.
Adjustedtofactoryspecification0.015.
Foundall exhaustvalves0.004tooloose.
Adjustedtoficto~ specification0.025.

Taking into consideration the results of the
previous tests (example 1065 degree
opemting temp) and other specifications
foun& it could be determined with
reasonable certainty that there are no Ieaking
valve seals in this engine.

This check needed to be done at a test bench
so the injectors had to be removed and then
checked. All injectors tested to spec.

-. .,, .-! . . . . . . . ... , . . . .
,, .,.-..-;. - ... ,
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7. Check opening pressure of injectors. This check needed to be done at a test bench
so the injectors had to be removed and then
checked.Pressuretestedat 700to 750psi.

With items 6 & 7 complet@ the injectorswere then reinstalled The engine was then run again to check
for any fhel leaks. No leakswere found and the testing was consideredmmplete.

I will be sendingthe originalwvice repmts from Caterpillarto your attention in Chicago.

Regards,
Tony

.-. ..... ... ..—.— -.-.-...— .- —----



JUN 11 ’98 139:2WlM CONSOL INC R&D MORGRNTOWN P.1

e CONSOLInc.

CONSOL RESEARCfi &DEVELOPMENT
RL 19 S at Indian Creek

v Morgantown, VW2650S

FACSIMILE TRANSMISSION

late:Juna 11,1998

TO
Name:
DR. GAUTAM

COmpany:

MECH. & AEROSPACE
ENGINEERING

Locatirm:
Uvvu
FN(No;

293-6689
tierificatlan Phone No:

293-3111

No. ~fPages (includingmver):2

FROM
Name
PRAMODTHAKUR
R&DPhoneNo,:
304883-3207

Department

FX No;
(304) 983-3209 I

VerificationPhoneNo.:
(304)983-3201 ~

*



J’m”f ..

tKOclman ‘ .

GOS8UAIU 6QU1PMENT CORPORATION
=NuDRmwD

,

June10,1998

3+Mr,Pramd C. Thakur, D
cOwl, Ill&
RmIemrch& Duvekpmeat
Route1,Eax 119
MIW@OW WV 26505-9799

D= PramIY&

WMrafiieeto your inqui,tycmthe cuditiaa of theCAT3306 en- andD13Tz’xexhauKtmatmeat
packagebeingreutd at West V@$niRUaivmdty, wewhh to inflxm yau oftha f- hding8s

1,

2.

Th CAT3306englaewas hqecr.ed andadjuutadby T&lc14 CAT alder, Bdwithhhahimy, and is
w the best of ourknowiedjgsin propR- GXldtia

TIEDSTT~exhauattrmtnqt m w ffusbdby our localasamiwy TonYMiL& and

nsxwi~ adjuatmentamade ta the ~tcr hmuinglid ~ ig to tk hid ofmr kn.iwldga k &

rumlklg Condidotl,

YoursVelytnliy,

f. f!i!i
RonaldD.Eb&
SmiarV&!Presidmt
Mining

,Enclosures

S430WSr 7U7HPL- ● BEBFaID PARK,ILUNOISeQ8SB● 7aa4uMIas . FAX 7oe.6ie4m

—.— ——.— _. ——____
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;12-17-97 ; 2:45Phi ; LISTER-PETTER lNC. -I - 913042936689; # 1/ 2

Telefax Transmission

December 17, 1997 w

iliu

Ixwn-- ‘..,%
‘meLkiflw-Rraw $ USTER

To: DanCa;der En@#lsvq.\ :, PETTER~*
Company: Universityof West Virginia

Telefax No.: 30+293$689 “

Pages: 2

‘m rightdiesel
fartie johTM

Subjm Rohmac - LPU Eh@ions

From: Jack Echalier - Product Service Manager

Copied to: TJP RHS BAH
,.,

This is in response to Buck Lovern’s request for base line emission data for the LPU2
engine that you are testing for Rohmac.

please find attached some figures recently taken from an LPU3 engine. This 3-cyiinder
engine is identical in bore; stroke and fuei injection equipment to the 2-cyiinder engine
you are testing. $

We should stress that these were obtained from a single engine test, and we cannot

VOUCh for the accuracy or repeatability of these figures. We are providing them simply
for you to compare w’th your own readings, and vmuld ask youto keep them ,
confidential.

If YOUneed any further information please feel free to contact either Trevor Pumell,
who is responsible for the Rohmac account, or Richard Soper, who is the engineer
responsible for emissions, and who took the attached readings.

Regards,

&&
“ck
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9
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EXHAUSTEMISSIONS
LW1’ER-PETTERNINE PUP

MODELLW.J-3

Date 15 December1997 Dry6UitX 75*F
SIN: 4700028LPU3A901 Wel Bultx5fJ*F
Barometec29.23”Hg Rel. Hum,:35%

Load BHP BHP Twque
Spwld Faclor Adverthd 0b8eIv8d Ohsewed

Speed
Obwved
3240 rpm
3316 rpm
3355 fpm

3375 rpm

2263 fpm
2350 @m
2410 rpm
2498rpm

2045rpm
2179rpm
2250rpm

2333rpm

970 rpm

02%
13.s
16.4
20
21

1o11
15,5
20.6
21

9.B
15.4
20.5
21

21

C02 %
5,5
3.3
0,7
I’m

7.5
4.1
0.3
NIR

0.3
4.2
0.4
FUR

tWR

CO ppm
490
303
296
505

704
999
302
295

792
016
629
264

56

NO ppm N02 ppm S02 ppm. CXHY% Enc.Alr
2,73 .
4.67
26,25
N/R

2.04 :
3,B2
NIR
N/R

1.66 ‘
3,62
52.5
N/R

NIR

3200 RPM 100% 20.0 20.5
75% 21,6 22.9
50% 14.4 15,4
0% o 0

16.2 Ibf
13.8IM
0,2 (bl

o

21.3Ibf
16.3 Ibf
10,7 Ibl

o

21,6 lb!
16.3lb?
10.8Ibf

o

0

429
35?
207
65

396
495
422
102

374
493
470
119

507

15
42
57
55

ti-
0
0
0

O.(i?
0
0
0

2200 RPma 100% 23.3 24.1
75% 17,5 19.2
50% 11.7 12.9
0% o 0

6

59
66
64

34
0
0
a

0.03
0.03
0,01

0

2000 RPM 100% 21.3 22.1
75% 16 17,6
50% 10.7 12.2
o% o 0

4
56
70
50

15
0
21
0

0,01
0.02
0.03

0

970 RPM O% o ‘o 65 0 0

1’CALIBRATIONCHECK
Prt+Teat SpanGas

Instrument Read~
997,6
920

997.5
083

1006

1015

1006
1009

95.2
109

95.2
9a

Post-TeatSpanGas
. InatmmentReading

EmissionsAnalyzerISanECOM-AC, utilizingWXrwchemioal wnsor cells. Probe was filtcd3 inches from exhaustmanibld oulel,perpendicularto flow,in 1.5’’NPTpipe.

Dynemomelefis a C@Schenckwater-brakqBHP= Ibf lorqu8x RPM / 2000.

m-%
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TECHNICAL DATA

QD-60-301 MC
MSHA PART 32 (SCHEDULE 24) CERTIFIED

(30rr,ral

OMPut (SAE.J 8166)

MSHA Part 32 Certified

Intermittent ratinga Greta BHP/mm-l

Not BHP/murl

57/3ooo, 48/25m

5313~0. 4712500
‘ 5500/3000, 5000/2500

4
Mkw wnt~llation Rqd.

Nurnbu Ot CVbndU

Dmpbamxnt

$Aomant ot mxma GD1

Spnddroop
P9munom tor g~mt

Idic rprn

t/O kmdnraxr~

Cooling systcm

WaIOrdtschargc woamx of wa!otpump
-t 80”C coolant tampafatum

Tt.arrnosrat

(hxmng tampxfatur*

FUIWoponxd mmpwaturo

TOP W* txmpxfatua

Nomxxl

Max Wowab)x

MWLStlOWStW radtatw CaD WOXSWO

Host rqoctxan

CooktlgWalxfCspxcltv knglnxonrvl

N? intak. ●ystom

I*I rtswctmn

Av C~IfW

OrV tvpa with prechymmr

DW tVPU with preetmnw
and sxfotv amrnxnt

Max. •kJW~M dXt C@StflCOOn Wllll

d~v ar hltw ●xmxnt

A@fbw

Exhaust system

Esh. back Pt~XXWO

Exh PIPX

MaI dkJW

F

Inlxmal dlxlnaaf

EIh tempuauro

Exh g.s fbW’

Lubrication system

Standard oipancapactw

011pmaxuro

AwuurNv hmns ot SIO011 pan

Fu.1 syst.m

Fti Pumo wet-n naad

FUXIpIPXmm ●IiowaoIX mtornaldumxtw

CFM

~mJ 2.369

1772kgm&

45

700

3260

5181500.61 1800.1003000M tmm

76.5 (170)

90 (194)
.

80-85 (176 - 185)’
95 (203)
o S[7J

1.4611500. 1.71118&3, 2.14/2500, 2.37/3000

138411500. 162011800.202512500. 225W3W0

5.2 (5.5)

% m
% (PI

~g,cmt(PSJ
MJlmm

BTfJ/min

lit.(Qts]

7?

Mxdium Outv HOW OUw

2501*2O

300 250mnH20

mrMZO

m;lmn

635 635

1 51/1600. 18111800. 30213000

45mm . .

“c

mJjmm
48011500. 510IIWO. 66013000

38:1500. 48.1800. 9413GO0

M

kgfcmd

dag

5s

1 s - Zdda
40/1500. 4 t 1800. 4313000

Front up 35. Front down 36.
SIdBto moo35L

f

,.
;.

r m

mm

1

8

Ehctrical syscom -

Max ●tkawabarasmanc. of stumngcram

fhcommmoadbattswcmactrv

Powor tako off

F(ont P T O

mll

AH

1

12-100

kgfm . . . . . 75

—.-=, -, -., ,. ’,, .,..,,<..,,,,,,..’.. . . . . . . . . . . . . 4,, .-,<,- . . . . . . . . . . ....’.- ..~.-~f,. .+’---
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ENGINE PERFORMANCE

MODEL: QD-SGI

APPLICATION:~
MSHA-PART37-CF!lIIEIED

CONDITIONS: SAE-J816b-GROSS BHP

II I I I I I ,

I I i I.mm
I I

- ‘* ‘Ill
I m 99

1/1 I II II l“”
_llll 111111111 1 ! 1,

CERTIFIED BY THE “ c c=ncDn’ i IA57

- MINE SAFETY AND HEALTH ADMINISTRATION I I I Vll I

LB-FT I . gg

II I ,111 .4
II 1111 _ -

BHP ~
U.d. i ~u~nm~ I I I I Y I .,

s

- FOR USAGE IN MOBIL DIESEL POWERED I I I A I I

CnllYOIJCNT. TM MnN-cnccv NnN–rnlll I %! i

. ‘II”
I I/l i!lll

I I

I i /!’iiRATED WITHIN 5% AT:

I 85°F AMBIENT TEIInrnfiT,,nr
t+++;

., -- -- . ., , , m“

-t-t-f

ILYI j-I i 1 I I 11 II

—- —-

CURVE NO: 7-4-3~ -“w

-- $FPTFMBER 1. 1

480

460

440

,982
- .-.-.——~ —.=——Z— — —
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4 Cyiinder, fwrcy’c@ w~
Va2i0d in-iinu irxihet in-

, Owrhad Wwaf

lw0ald&&m8nt 23u90ta#(wUIll
.

Pmsa
I

PAJ3T38
(Setmf=8zd &ehUlUm31)

Fel’fo17wtnUZ(7?SW!lg !3AiE&la)
I (-

m.
(m

57
1=1

52

EnqiIw rotatImzd dhctim &umkwahmfWh~.

Enqin9 aartinq mettwd I Er@a&iOdartum otonqser mductkn t’vfm.

EnqinO stcm mthfxi Fuei cut+ff levar bated on qw6fT10r.

COmqmdon miio I 2UH

Dhnansions (LxwxH) 800nm (375 id x 53srtmt m-l in) x twmn (27.3 in)

Air intaia SVstam INatuGdw almM9d

Engino mounting system wpointsupport+mn& e@u*mtito M&M
sidoofbIedL R~i?l+& lJis$de Pt’VWJ===

Fifing ofdar I 1-

FtJaiused hwecmei

Folarity&voltageoteiOcmcs’y& I NDqatin !qmundlnq12V.
.

LUhOahn Oii caDs&v I lkx U iii (4.5*] Min 3S h (3.7 tit

CoQ.iarlt Cmacjhr 502 m (5.5 ah} Onoino Ontv.

Drv wwlht 223 ka @z Ibs)

Cas2 iron;monoMocktyp80 Ovufud*,m*
W qk. (* i- one 6xhauS).~@l ~
Oombtdonchamhrs,giowpiwam-f’=-

I WMin the il’a’d ~iv.
Cyiinckw had mm I Di8 astdumi’ntmawy. Bon mourned

blot Manifoid Castshninum ailoye Flsngq!WOstUd. druP*~*
enqh

Exhaust Wnihki -i.mn~. mn@tmostu&Ffiu~~*
sn@r19.
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.3306 PCNA /hfDus’i’RIAL ENGINE GENE-L l~FoRMA’TloN SHEET
I

“S1 METRIC ENGUSH
QanoralGr@IO
Data .

A(r [make
$yatem

Control Syatcm

Coolhg $yatem
(SngIne Onfy)

Exhaust System

F@ Syat.am

Lube 011System

Mounting Syr4tem
(Engfne Clnly)

Starting System
(Engine with
SAE IOW30 011)

No, of Cyl[ndem & Arrangement . . . . . . . . . . . . . . . . IN-UNE SIX “
8ona & Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 121 X l~~fl~ x mm
Billpfaeament

4,75~6.OJ ~ xh
...............................,

&mpn3eaien Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oyefs

21 to 1
. . . ...0.... . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fk#atlun-FaelngFfywheelEnd. . . . . . . . . . . . . . . . . . C&U
Firing Ordar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1~

Syatam Reatriotion Umita;
Max, Affowab/ew/OfeenDry Elament . . . t...... 3,7 kPa
Max. Allowable w/Dirty Element . . . . . . . . . . . . . . . 6.2 kPa

15 In HIO

Charter Type
25 In Ha

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Dry 1 stage

Governor Typ9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Hydra.Mechanfcat
ShuIoff Type’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., Manual

Engine Oodant Cap@cy . . . . . . . . . . . . . . . . . . . . . . 15.9 L 16.8 qI
Coolant Outfet Temperature (Max. Allowable). . . . . . 83”G 21OOF
OoofantInld Ternparatum (Min. Aflowabfe) . . . . . . . 71SC l~QF
~afu%tztie Head (MaxAU8WW6). . . . . . . . . . . . . 17.4 m
Sp!itam Preeaure(Min. Recommended) . . . . . . . . . . .4S kPa 7W; “
CoolantSjatem Regulator:

8tartto Open Temparatum . . . . . . . . . . . . . . . . . . . 7741 “c .. 17&177@F
Ful!y Open Temperature,,....;,..........;.. 90W”C 19&201‘F

Exhauet Manlfdd Type . . . . . . . . . . . . . . . . . . . . . . . . Dfy
$bltfc Wefght on Exhaust tinnam~n

(Max. Allixuabfe) . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 kg 51 lb
Sydem Back Pressure (Max. Allowable). . . . . . . . . . 8.S kPa !34in H@

Fuef $ydem ~ “:... . . . . . . . . . . . . . . . . . . . . . . . . . . . Sleeve Meter
hfter Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oankiter
Priming Pump Type . . . . . . . . . . . . . . . . . . . . . . . . . . Manual
Fuef Suppfy Line Reafrfocian(Max, Allowable) . . . . . 20 kPa 6 In Hg
Fual Return Lfne Hestrlcflcm(Max. Allowabh) . . . . . 20 kPa 6 in Hg
fhrd Fuel PreJsaum. . . . . . . . . . . . . . . . . . . . . . . . . 240 kPa 35 psi
Fuel Row to Transfer Pump (Max.) . . . . . . . . . . . . . . 113,5 L/h 30.0 gph

Refill Volume with Filter Change . . . . . . . . . . . . . . . . 27L 2s qi
Sump Cnpacfty:

Low Mark Level . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 L
High Mark Level

mqt .
. . . . . . . . . . . . . . . . . . . . . . . . . . . 25L 26 qt

Oil Pressure SAE 10w30 Oil @ s9°C (210-~,
Normaf Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324-372 kPa 47.54-pal
Mtn. @ Low Idle . . . . . . . . . . . . . . . . ., ..,,,. . . . 69 kPa 10 psi

Fitter Type ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c#&r
011~ Reeommencfed . . . . . . . . . . . . . . . . . . . . . . .
Cfankcaae Ventilation Type . . . . . . . . . . . . . . . . . . . .
Oil ‘Cooler Type

TOAtrn&?ihere
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ler@h Overall . ..0...... . . . . . . . . . . . . . . . . . . . . , 1270,0 mm 50.00 In
Height Ovamll .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1009.2 mm 37s93 In
Width Ovarafl . . . . . . . . . . . . . . . . . . . . . . . ., . . . . ..O 759.3 mm 2S.87 in
Unit f)fy Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 929.9 kg 20S0 lb
Ffywheel Houalng 81za . . . . . . . . . . . . . . . . . ..O . . . . SAE 1
Sw’c Bending Moment@ Rear Face

Flywheaf Housing (Max. Allowable)
UmeMhn~Omwi~ Numkr., . . ..l 111II II III I

1356 N.m 12002 lb-in
4W3330

Rewmnwtded Sattery Capacity (Mtn.)
far 60 two. Orankfng @ 00C (32’5
and Above Ambient Temoertur=.

IQ Volt MOW ‘. . . . . . . . . . . . . . . . . . . . . . . . . . . .
24 Volt Moror

1140 CCA ‘
. . . . . . . . . . . . . . . . . . . . . . . . . . . , S70CCA

34

-,.“ ,,
,-.7..-,=...-= -, , ,. r--z--~ ! . . . -- - -- — --~
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NDUSTRIALENGINE PERFORMANCECURVE MODEL3306 PCNA TM8737=O0
)“

B

it
G
z

1-

575

so

an

222

24

E&&

m
2300

ltm
1600
1300
14W

-0,6 29,4 w 010
-0s 20$4 563
-0?6 a4 5s3 571
-0.0 29,4
-0,6 26,4 546 z
-0.6 2W w Li21

Ex&H

m+
m-m

28.7
2S.6
23.Q
19.7
104
S7.O

Woo -0.8 521 w
lm -0s E: i; “---

510
1s3

4A 11.1

.

I

E.f## :n#lgl al#-& :*k& * B!WC

m HP L.EF7 Psl GALA HPh
Z%xl 150 3s8 . 9.0 0422

la m E 8.1 0.404
16W 133 93 ok3a3
lt= 122 400. 95 :; 0,330
lSM 177 410 97 0s72

. 1800 111 416 38 :: 0s70
lAOO M 4m 101 S.o 0.261
1000 30 420 m 4,1 0-

#

hllllk: WiLlrul
E&m

y;y Gwllx;t E&ll
~

PmKs T:? T:$p T$#J w
fpm lN,Ng( gauge) mln mln

Z200 -1.1 1160 1la w 1012
-1.0 2 1130. 1Q60 314

moo -1.0 as - I.ld 1060 231 819
Im -1.0 05 ... 1020 sm 260
1300 -1.0 85 1015 975 643
la -0.9 65 1010 S70. a
1200 -0.8 65 S70 w 103 4s9
1000 -087 63 3s0 @lo la 392
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