720 cycle, 117

A

Aboveground storage tank (AGST), 15

Abrasive cleaning, 5

Absorbed glass mat (AGM) battery, 233

AC generators, 241-244

Accelerator pedal position sensor, 168

Accessory drive belt replacement, 245

Adjustable wrench, 45

Advanced cam timing, 460

Air compressor, 64

Air distribution manifolds and nozzles, 298-302

Air drill, 65

Alr intake filtration, 313-314

Air operated grease gun, 66

Air pump system, 298

Air ratchet, 65

Airblow gun, 66

Air-conditioning refrigerant oil disposal, 20

Air—fuel ratios, 138

Airbag handling, 19-20

Alcohol additives, 136-137

Alternative fuels, 141-144, 143

Aluminum blocks, 500-501

Aluminum cylinder head straightening,
383-384

American Society for Testing and Materials
(ASTM), 130

Angle between heads, checking the, 562

Anhydrous ethanol, 143

Annealing, 319

Antidrainback valve, 216

Antifreeze can freeze, 186—187

Antifreeze/coolant, 184-185

Antiknock index, 134

API gravity, 151, 152

API ratings, 209

Arithmetic average roughness height (RA), 384

Asbestos, 13-14

Asbestosis, 13

Ash loading, 173

Assembly sealants, 586

Automatic transmission installation, 601

Automotive fuel refining, 129

Aviation tin snips, 53

B

Back flushing a radiator, 202-203
Back pressure, testing, 350
Balance shafts, 547-548
Balancing bosses, 492
Balancing factor, 549-550
Barrel, 88
Battery
absorbed glass mat (AGM) battery, 233
AC generators, 241-244
battery charging, 237-238
battery load testing, 235-237
battery ratings, 233-234
battery service, 234
battery voltage testing, 235
bench testing, 241
cranking circuit, 238-240
function, 231-232
jump starting, 238
specific gravity, 232-233
starter amperage testing, 241
starting system troubleshooting, 240
Battery Council International (BCI), 19
Battery handling and storage, 19
Battery hazardous and regulatory
status, 18-19
Battery load test, 249
Battery load testing, 235-237
Battery ratings, 233-234
Battery service, 234
Battery voltage testing, 235
Beam-type torque wrench, 46
Bearing clearance, 571
Bearing fatigue, 536
Bearings platter, 68
Bearings, engine
bearing fatigue, 536
clearance, 539
con formability, 536
construction, 537-539
damage resistance, 537
embedability, 537
manufacturing, 539
spread and crush, 539-541
Bedplate design blocks, 501-502
Bench grinders, 67

Bench testing, 241

Bench vise, 67-68
Bench/pedestal grinder, 67
Biodiesel, 153-154

Blasters, 365

Bleeding hydraulic lifters, 473
Block, 115

Block cleaning and preparation, 512-513
Block deck, 502

Block manufacturing, 500
Block preparation, 568
Blueprinting, 568

Bob weights, 549

Bolts, 29, 30

Boost control, 330-332

Bore, 121

Boundary lubrication, 208
Box-end wrench, 44

Brake dust and brake shoes, disposal, 15
Break-in precautions, 604
Breaker bar (flex handle), 45
British thermal units, 137
Bronze guide liners, 391
Bump cap, 2

Burping the system, 201
Bypass valve, 216

C

Calibration codes, 111

California Air Resources Board (CARB), 109

Cam bearing, installing, 569-570

Cam chucking, 446

Cam ground pistons, 481

Cam tunnel, 384

Camshaft, 119
advanced cam timing, 460
cam chucking, 446
camshaft belt drives, 445-446
camshaft chain drives, 444-445
camshaft drives, 442-443
camshaft lift, 447-448
composite camshafts, 441-442
degreeing the camshaft, 458-461
design, 439-441
fuel-pump eccentrics, 442
hydraulic lifters, 468-469

667
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installation, 456-458
lifter preload, 469-471
lifter rotation, 446-447
lifters or tappets, 467
location, 438
lubrication, 442
measuring and regrinding camshafts, 456
mechanical lifter service, 472
movement, 446
overhead camshaft, 438
overhead camshaft valve trains, 452
problem diagnosis, 438-439
proper lifter travel, determining, 471-472
purpose and function, 438
pushrods, 450-451
removal, 439
retarded cam timing, 460
rocker arms, 448-450
solid lifters, 467-468
specifications, 453-455
spline phaser system, 463
thrust plate, 446
timing specifications, 455-456
valve noise diagnosis, 472
variable valve timing (VVT), 461-465
variable valve timing and lift, 465-466
zinc dithiophosphate (ZDP), 456
Camshaft bearings, 541-542
Camshaft belt drives, 445-446
Camshaft chain drives, 444-445
Camshaft drives, 442-443
Camshalft for overhead cam engines,
installing, 579
Camshalft lift, 447-448
Cap screws, 29
Capillary action, 37
Case hardening, 526
Casting numbers, 111, 502
Catalytic converter operation, 304-305
Catalytic converter replacement guidelines, 309
Catalytic converters, 303
Catalytic cracking, 129
Cellulose ethanol, 142
Cellulosic biomass, 142
Ceramic monolith catalytic converter, 303-304
Cetane rating, 151
Chemical cleaners, 363
Chemical/microbe cleaning, 5
Chisels, 54
Christmas tree clips, 35
Chromium piston rings, 489
Clamping force, 563-564
Clean Air Act (CAA), 13
Cleaning methods and processes
abrasive cleaning, 5
chemical/microbe cleaning, 5
power washing, 4-5
thermal ovens, 5
Clicker-type torque wrench, 46
Close-end wrench, 44
Coal to liquid (CTL), 155-156
Code of Federal Regulations, 12

Coil-on-plug ignition, 267
Cold chisel, 54
Cold engine, warming up a, 604
Cold tank cleaning, 364-365
Combination wrenches, 44
Combustion, 115, 162
Combustion chamber, 115
Combustion chemistry, 137
Composite camshafts, 441-442
Compressed natural gas (CNG), 148-149
Compression ratio, 124
Compression rings, 487
Compression test, 174, 342-344, 352-353
Compressor bypass valve, 332
Computer-controlled EGR systems, 288-290
Conformability, 536
Connecting rod bearing journal, 473
Connecting rod service, 494
Connecting rods, 490-493
Consolidated screening checklist, 23-26
Controlling NOy, 286
Converter-damaging conditions, 305-306
Coolant dye leak testing, 192
Coolant flow in the engine, 194
Coolant recovery system, 191
Coolant temperature warning light, 199
Coolants, 18
Cooling fans, 196
Cooling jacket, 502
Cooling passages, 502-503
Cooling system, 60, 115-116
antifreeze can freeze, 186—187
antifreeze/coolant, 184-185
back flushing a radiator, 202-203
burping the system, 201
cleaning the radiator exterior, 203
coolant dye leak testing, 192
coolant flow in the engine, 194
coolant recovery system, 191
coolant temperature warning light, 199
coolant, types of, 185186
cooling fans, 196
cooling system design, 180-181
cooling system maintenance, 199-201
electronically controlled cooling fan,
197-198
flush and refill, 201
heater core, 198
heater problem diagnosis, 198—199
high temperature engine problems, 179-180
hoses, 202
hybrid organic additive technology
(HOAT), 186
hydrometer testing, 187
inorganic additive technology (IAT), 185
low-temperature engine problems, 179
metric radiator caps, 190-191
organic additive technology (OAT), 185
overheating, common causes, 199
parallel flow system, 194
pressure cap, 189—-190
pressure testing, 191-192

purpose and function, 179
radiator, 189
radiator pressure test, 204
recycling coolant, 187
replacing coolant, 187-188
series flow system, 194
series-parallel flow system, 194
surge tank, 190
testing the thermostat, 183-184
thermostat replacement, 184
thermostat temperature control, 181-182
thermostatic fans, 196-197
water pump operation, 192
water pump service, 194-196
Corrosive, 12
Cotter pins, 36
Counterweights, 528-530
Cover gasket materials, 587-588
Crack plugging, 368-369
Crack repair, 367
Crack-welding aluminum, 368
Crack-welding cast iron, 367
Cracking, 129
Crank throw, 473
Crankcase ventilation, 294
Cranking circuit, 238-240
Crankpin, 473
Crankshaft
case hardening, 526
construction, 526-527
counterweights, 528-530
crankshaft centerline, 524
crankshaft oiling holes, 531
even-firing 90 degree V6 engine
crankshafts, 528
externally and internally balanced
engines, 530-531
five-cylinder engine crankshafts, 527
four-cylinder engine crankshafts, 527
grinding, 532-533
inspection, 531-532
journal hardness, 526
main bearing journals, 524-525
nitriding, 526
odd-firing 90 degree V6 engine
crankshafts, 527
purpose and function, 524
rod bearing journals, 525
sixty-degree V6 engine crankshafts, 528
stress relieving the crankshaft, 534
surface finish, 526
three-cylinder engine crankshafts, 527
thrust bearing, 525
tuftriding, 526
V-8 engine crankshaft, 527
welding a crankshaft, 533-534
Crankshaft balancing, 553-554
Crankshaft centerline, 524
Crankshaft installation, 573
Crankshaft measurement, 88
Crankshaft oiling holes, 531
Creepers, 77



Crest, 29
Crosshatch finish, 510
Crowfoot sockets, 46
Cups and plugs, installing, 568-569
Cutters, 53-54
Cylinder bore, checking, 359
Cylinder boring, 507-508
Cylinder head
disassembly of the, 381
reconditioning sequence, 382
resurfacing, 382-383
Cylinder head coolant passages, 380-381
Cylinder head flow versus horsepower, 429-431
Cylinder head preparation, 560
Cylinder heads, 115, 375-377
Cylinder honing, 508-511
Cylinder leakage test, 345-346
Cylinder measurement and honing, 514-516
Cylinder power balance test, 346
Cylinder ridge, removing the, 359-360
Cylinder surface finish, 511-512

D

Damage resistance, 537

Dampening, 547

Dash warning lights, 351

Dead-blow hammer, 50

Decibels, 3

Decking a block, 520-521

Decking the lock, 506

Deflector valve stem seals, 426

Deglazing hone, 509

Delta Pressure Feedback (EGR) sensor

(DPFE), 291

Depth micrometer, 94

Detonation, 132

Diagonal pliers, 51-5

Dial bore gauge, 94

Dial indicator, 94

Die grinder, 65

Dies, 32-33

Diesel emission testing, 175

Diesel engine construction, 162-163

Diesel engines, 161-162

Diesel exhaust particulate filter (DPF)
diesel particulate filter regeneration, 171-172
differential pressure sensor (DPS), 171
DPF regeneration, 172
DPF service regeneration, 172-173
exhaust gas temperature sensors, 171
regeneration, 171

Diesel exhaust smoke diagnosis, 173—-174

Diesel fuel, 151

Diesel fuel specific gravity testing, 151

Diesel injector nozzle operation, 167

Diesel injector nozzles, 165

Diesel oxidation catalyst (DOC), 169170

Diesel particulate filter regeneration, 171-172

Differential pressure sensor (DPS), 171

Digital EGR valves, 289

Direct injection, 161

Distillation, 129

Distillation curve, 131
Distillation index, 131
Distributor ignition, 261-264
Door panel clips, 35

Double overhead camshaft (DOHC), 119
Double-cut file, 53
Double-knock, 484

Dressing the grinding stone, 418
Drive sizes, 46

Drive-on ramps, 80

Driveability index, 131-132
Dry sump system, 224-226
Dump valve, 332

Dye-penetrant testing, 366

E

E-85, 143
E-diesel fuel, 154-155
Easy outs, 55
EGR valve position (EVP), 288
Electrical cord safety, 5
Electrical hand tools, 59
Electrical system, 603
Electronic ignition module, 257
Electronic service information, 103
Electronically controlled cooling fan, 197-198
Embedability, 537
Engine air temperature requirements, 314-315
Engine balance, 547
balance shafts, 547-548
balancing an engine, 548
balancing factor, 549-550
bob weights, 549
dampening, 547
primary vibration, 547
rocking couple, 547
rod weighing, 551-553
rotating assembly, 550
secondary vibration, 547
Engine block service, 505-508
Engine blocks
aluminum blocks, 500-501
bedplate design blocks, 501-502
block cleaning and preparation, 512-513
block deck, 502
block manufacturing, 500
casting numbers, 502
cooling jacket, 502
cooling passages, 502-503
crosshatch finish, 510
cylinder boring, 507-508
cylinder honing, 508-511
cylinder surface finish, 511-512
decking a block, 520-521
decking the lock, 506
deglazing hone, 509
engine block service, 505-508
lubricating passages, 503
main bearing caps, 503-505
monoblock design, 500
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oil gallery, 503
plateau honing, 509
Siamese cylinder bores, 502
sizing hone, 509
sleeving the cylinder, 508
Engine classification and construction,
117-119
Engine compression, 325
Engine condition diagnosis
back pressure, testing, 350
compression test, 342-344, 352-353
cylinder leakage test, 345-346
cylinder power balance test, 346
dash warning lights, 351
engine noise diagnosis, 340-341
engine smoke diagnosis, 338
exhaust restriction test, 349-350
head gasket failure, 350-351
oil pressure testing, 342
oil pressure warning lamp, 342
power balance test procedure, 346-347
running (dynamic) compression test, 345
vacuum tests, 347-349
visual checks, 339-340
wet compression test, 344-345
Engine construction
block, 115
cooling system, 115-116
cylinder heads, 115
fuel system and ignition system, 117
intake and exhaust manifolds, 115
lubrication system, 116
oil galleries, 116
rotating assembly, 115
Engine disassembly
blasters, 365
chemical cleaners, 363
cold tank cleaning, 364-365
crack plugging, 368-369
crack repair, 367
crack-welding aluminum, 368
crack-welding cast iron, 367
cylinder bore, checking, 359
cylinder head, remove and disassemble
the, 361-362
cylinder ridge, removing the, 359-360
dye-penetrant testing, 366
engine removal, 370-371
flourescent-penetrant testing, 367
harmonic balancer, removing the, 360
hot tank cleaning, 365
magnetic crack inspection, 366
main bearing and crankshaft, removing
the, 361
mechanical cleaning, 362-363
oil pan, removing the, 359
overview, 358-359
pistons, removing the, 360
pressure testing, 367
solvent-based cleaning, 363
spray washing, 363-364
steam cleaning, 364
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thermal cleaning, 364
timing chain and camshaft, removing
the, 360-361
ultrasonic cleaning, 365
vapor cleaning, 365
vibratory cleaning, 365
visual inspection, 366
water-based chemical cleaning, 363
Engine displacement, 122-124
Engine installation
automatic transmission installation, 601
installation, 60
manual transmission installation, 600—-601
preinstallation check list, 600
starter, 601-602
Engine oil additives, 211-212
Engine painting, 590
Engine removal, 357-358, 370-371
Engine rotation direction, 121
Engine smoke diagnosis, 338
Engine stands, 69
Engine start, 603
Engine-driven vacuum pump, 168
English customary measuring system, 87
Environmental Protection Agency
(EPA), 12, 109
Ethanol, 136, 142
Ethyl alcohol, 136
Ethyl tertiary butyl ether, 136
European oil ratings, 211
Even-firing 90 degree V6 engine
crankshafts, 528
Excessive temperatures, 405
Exhaust gas recirculation passages, 317-318
Exhaust gas recirculation systems, 286
air distribution manifolds and nozzles,
298-302
air pump system, 298
air pump system diagnosis, 302-303
catalytic converter operation, 304-305
catalytic converter replacement
guidelines, 309
catalytic converters, 303
ceramic monolith catalytic converter,
303-304
computer-controlled EGR systems, 288-290
controlling NO,, 286
converter-damaging conditions, 305-306
crankcase ventilation, 294
Delta Pressure Feedback (EGR) sensor
(DPFE), 291
diagnosing a defective system, 292-294
diagnosing catalytic converters, 306—308
digital EGR valves, 289
EGR valve position (EVP), 288
linear EGR, 290
OBD-II catalytic converter monitor, 308
OBD-II catalytic converter performance, 305
OBD-II EGR monitoring strategies, 2900-292
orifice-controlled systems, 295
PCV monitor, 208
PCV valves, 294

positive and negative backpressure EGR
valves, 287-288
positive crankcase ventilation (PCV) system
diagnosis, 296-297
pressure feedback EGR, 288
system operation, 287
tap test, 306
Exhaust gas temperature sensors, 171
Exhaust manifold design, 318-319
Exhaust manifold gaskets, 320
Exhaust restriction test, 349-350
Exhaust valve, 117
Expandable pilots, 417
Externally and internally balanced engines,
530-531
Eye wash station, 8

F

Fasteners, 37-38

Federal EPA bin number, 111
Feeler gauge, 91

Files, 53

Fire blankets, 7

Fire extinguishers, 6—7

Firing order, 273

First aid stations, 7
Fischer-Tropsch Diesel (FTD), 155
Fitting wrench, 45

Five-cylinder engine crankshafts, 527
Flare-nut wrench, 45

Flat tip screwdriver, 48

Flat-top pistons, 480

Flex Fuels, 143, 145-146
Flexible fuel vehicles, 143

Floor jack, 77
Flourescent-penetrant testing, 367
Flow testing cylinder heads, 429
Flush and refill, 201

Forged pistons, 482

Four-cylinder engine crankshafts, 527
Four-stroke cycle operation, 117
Freewheeling, 445

Fretting, 564

Front-wheel drive versus rear-wheel drive, 108
Fuel and emission control, 602
Fuel compensation sensot, 144
Fuel composition sensor, 144

Fuel safety and storage, 19

Fuel tank and lift pump, 163-164
Fuel-pump eccentrics, 442

Full floating, 485

G

Gas-to-liquid (GTL), 155

Gasket failures, 564

Gaskets and clamping force, 562-564
Gasoline, 129

Gasoline grades and octane number, 134
Generator (alternator) output test, 251-252

Gloves, 2

Glow plug resistance balance test, 174-175
Glow plugs, 167

Grain alcohol, 142

Grinder, 384

Grinding, 532-533

Gudgeon pins, 482

H

Hacksaws, 56

Hall-effect sensors, 271

Hammers, 50

Hand tool list, 57

Hand tool maintenance, 60

Hangers, 321

Hard copy manuals, 102-103

Hard copy versus electronic service
information, 100

Harmonic balancer, removing the, 360

Hazardous waste, 12

Head bolt torque sequence, 582

Head gaskets, 350-351, 580-581, 581-582

Heat of compression, 161

Heated intake air, 168

Heater core, 198

Helical insert, 38

Helicoil, 38

HEPA vacuum, 14

HEUI system, 164-165

High energy ignition (HEI), 256

High mileage, 407-408

High-altitude octane requirements, 139

High-efficiency particulate air (HEPA)
vacuum, 14

High-pressure common rail (HPCR), 164

High-velocity seating, 406

Hoisting a vehicle, 81-83

Horsepower and altitude, 126

Hoses, 202

Hot tank cleaning, 365

Hotline services, 104

Hybrid organic additive technology
(HOAT), 186

Hydraulic lifter service, 473

Hydraulic lifters, 468-469, 585

Hydraulic presses, 68

Hydrocracking, 129

Hydrodynamic lubrication, 208

Hydrometer testing, 187

Hypereutectic pistons, 482

I

Ignitable, 12
[gnition coil testing using an ohmmeter, 269
[gnition coils, 256
[gnition system operation
coil-on-plug ignition, 267
distributor ignition, 261-264
electronic ignition module, 257



electronic ignition troubleshooting, 269
firing order, 273

Hall-effect sensors, 271

high energy ignition (HEI), 256

ignition coil testing using an ohmmeter, 269

ignition coils, 256
ignition timing, 277-280
magnetic sensors, testing, 270-271
mutual induction, 257
optical sensors, 271
pickup coil testing, 270
polarity, 257
primary ignition circuit, 257, 258-261
secondary ignition circuit, 257
secondary ignition tests, 276
self-induction, 257
spark plug service, 273-275
spark plug wire inspection, 272
spark, checking for, 267-269
testing, 271-273
troubleshooting, 280
waste-spark ignition systems, 264-267
[gnition timing, 277-280, 591
ILSAC oil ratings, 210
Impact screwdriver, 49
Impact wrench, 64-65
Incandescent lights, 66
Indirect injection (IDI), 161
Inertia forces, 479
Injection pump, 161
Injector pop testing, 175
Inorganic additive technology (IAT), 185
Intake and exhaust manifolds, 115
Intake and exhaust ports, 378
Intake and exhaust valves, 400
Intake manifold alignment, correcting, 386
Intake valve, 117
Interference angle, 414
Interference fit, 485
Internal combustion engine, 115
Internet, 103

J

Jack stands, 77

Jam nuts, 36

Japanese oil ratings, 211
Journal hardness, 526
Julian date, 104

Jump starting, 238
Jump-starting, 5-6

K

Key-locking inserts, 40
Knock, 132

L

Labor guide manuals, 101
Lead-acid battery waste, 18

Left-handed threads, 37
Lifter and pushrod installation, 584-585
Lifter preload, 469-471
Lifter rotation, 446-447
Lifters or tappets, 467
Light emitting diode (LED), 67
Linear EGR, 290
Linear measurements, 87-88
Linesman’s pliers, 51
Lip seal installation, 572
Locking nuts, 36-37
Locking pliers, 52
Lubricating passages, 503
Lubrication guides, 98
Lubrication system, 116
antidrainback valve, 216
API ratings, 209
boundary lubrication, 208
bypass valve, 216
dry sump system, 224-226
engine oil additives, 211-212
engine oil properties, 209
European oil ratings, 211
factors affecting oil pressure, 219-220
hydrodynamic lubrication, 208
ILSAC oil ratings, 210
Japanese oil ratings, 211
oil brand compatibility, 212
oil change intervals, 214
oil change procedure, 214-215
oil coolers, 226
oil filters, 216
oil pans, 223-224
oil passages in the block, 221-223
oil pressure regulation, 219
oil pressure warning lamp, 227
oil pump checks, 220-221
oil pumps, 218
oil temperature, 213-214
positive displacement pumps, 218-219
pour point, 209
pour point depressants, 212
pressure regulating valve, 219
principles, 208
purpose and fundamentals, 208
SAE rating, 209
synthetic oil, 212-213
turbocharged engine, changing oil in a,
216-218
valve train lubrication, 223
viscocity index (VI), 209
viscosity, 208
windage tray, 223
Lugging, 604

M

M-85, 148
Magnetic crack inspection, 366
Magnetic sensors, testing, 270-271

Main bearing and crankshaft, removing the, 361

Main bearing caps, 503-505
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Main bearing clearance, 570-571

Main bearing housing bore align honing,
517-519

Main bearing journals, 524-525

Main bearing tightening, 574

Mallets, 50-51

Manifolds, 586

Manual transmission installation, 600-601

Material Safety Data Sheets (MSDSs), 13

Mechanical cleaning, 362-363

Mechanical lifter service, 472

Methanol, 136, 147

Methanol-to-gasoline (MTG), 156

Methyl tertiary butyl ether (MTBE), 136

Metric bolts, 29-30

Metric radiator caps, 190-191

Metric system of measure, 87

Micrometer, 88

Milling, 384

Misaligned valve seats, 406

Model year, 108

Moly-chrome-carbide rings, 489-490

Molybdenum piston rings, 489

Monoblock design, 500

Mufflers, 320-321

Multigroove adjustable pliers, 51

Multilayered steel gaskets, 581

Multiple-valve combustion chamber, 377-378

Mutual induction, 257

N

Narrowing the valve seat, 419-420
Natural gas vehicles (NGVs), 148-149
Necking, 405

Needle-nose pliers, 52

Nitriding, 526

Nitrous oxide, 333-334

Normal and abnormal combustion, 132
Normal operating temperature, 603
Nut splitter, 55

Nuts, 31-32

O

O-ring valve stem seal, 426
OBD-II catalytic converter monitor, 308
OBD-II catalytic converter performance, 305
OBD-II EGR monitoring strategies, 200-292
Occupational Safety and Health Act, 12, 13
Octane improvers, 135
Octane rating, 132, 134
Odd-firing 90 degree V6 engine
crankshafts, 527
Offset left aviation snip, 53
Offset right aviation snip, 53
Offset screwdriver, 49
Oil brand compatibility, 212
Oil change, 605-608
Oil change intervals, 214
Oil change procedure, 214-215
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Oil control rings, 490

Oil coolers, 226

Oil filters, 216

Oil galleries, 116

Oil gallery, 503

Oil pan, 589

Oil pan, removing the, 359

Oil pans, 223-224

Oil passages in the block, 221-223
Oil pressure, 590-591

Oil pressure regulation, 219

Oil pressure testing, 342

Oil pressure warning lamp, 227, 342
Oil pump checks, 220-221

Oil pump installation, 589

Oil pumps, 218

Oil temperature, 213-214

Opacity test, 175

Open-end wrench, 44

Optical sensors, 271

Organic, 137

Organic additive technology (OAT), 185
Orifice-controlled systems, 295
Overhead camshaft, 438

Overhead camshaft valve trains, 452
Overhead camshaft, removing the, 381

Overhead camshaft, timing drives, 583-584

Overhead valves, lubricating, 381
Oversize stem valves, 388-389
Owner’s manuals, 98
Oxygenated fuels, 135-136

P

P-series fuels, 149—-150

Painting the engine, 562

Pal nuts, 36

Parallel flow system, 194

Particulate matter, 168—169

PCV monitor, 298

PCV valves, 294

Peen, 50

Penetrating oil, 37

Personal protective equipment (PPE), 2

Petrodiesel, 154

Petroleum, 129

Pickup coil testing, 270

Ping, 132

Piston and rod assembly, 4904-495,
576-578

Piston and rod removal, 478-479

Piston fittings, 575

Piston head size, 482

Piston heads, 480-481

Piston pin, 473

Piston pin fit, 484

Piston pin offset, 483-484

Piston pin retaining methods, 485-486

Piston pins, 482

Piston ring cross-sections, 488

Piston ring expanding tool, 479

Piston ring grooves, 486

Piston ring service, 4905-496
Piston rings, 478, 486
Piston service, 490
Piston stroke, 117
Piston strut inserts, 482
Pistons, removing the, 360
Pistons, rings, and connecting rods
balancing bosses, 492
cam ground pistons, 481
chromium piston rings, 489
compression rings, 487
connecting rod bearing journal, 473
connecting rod service, 494
connecting rods, 490-493
crank throw, 473
crankpin, 473
double-knock, 484
flat-top pistons, 480
forged pistons, 482
full floating, 485
gudgeon pins, 482
hypereutectic pistons, 482
inertia forces, 479
interference fit, 485
moly-chrome-carbide rings, 489-490
molybdenum piston rings, 489
oil control rings, 490
piston and rod assembly, 494-495
piston and rod removal, 478-479
piston design, 479
piston finish, 481
piston head size, 482
piston heads, 480-481
piston pin, 473
piston pin fit, 484
piston pin offset, 483-484
piston pin retaining methods, 485-486
piston pins, 482
piston ring cross-sections, 488
piston ring expanding tool, 479
piston ring grooves, 486
piston ring service, 495-496
piston rings, 478, 486
piston service, 490
piston strut inserts, 482
positive twist, 488
reverse twist, 488
ring gaps, 488
rod twist, 493
scraper ring, 488
slipper skirt, 482
taper face ring, 488
Pitch, 29
Plastic intake manifolds, 316
Plateau honing, 509
Pliers, 51-53
Polarity, 257
Pop rivet, 36
Poppet valve, 400
Port-fuel injection intake manifolds, 316
Portable crane and chain hoist, 68
Porting, 378

Positive and negative backpressure EGR
valves, 287-288

Positive crankcase ventilation (PCV) system
diagnosis, 296-297

Positive displacement, 327

Positive displacement pumps, 218-219

Positive twist, 488

Positive valve stem seals, 426

Pour point, 209

Pour point depressants, 212

Power, 125

Power adder, 333

Power balance test procedure, 346-347

Power washing, 4-5

Premature bearing failure, 570-571

Preoiling an engine, 592

Pressure cap, 189-190

Pressure feedback EGR, 288

Pressure regulating valve, 219

Pressure testing, 191-192, 367

Primary ignition circuit, 257, 258-261

Primary vibration, 547

Propane, 148

Punches, 54

Pushrods, 450-451

R

Radiator, 189

Radiator pressure test, 204

Radioactive, 12

Ratchet, 45

Reactive, 12

Recalls and campaigns, 103—-104

Reconditioning procedure, 410-411, 413-415

Recycling coolant, 187

Reformulated gasoline (RFG), 139-140

Regeneration, 171

Reid vapor power, 130

Relief valves, 332

Relieving, 378

Removers, 55

Replacement valve guides, installing,
395-396

Replacing coolant, 187-188

Resource Conservation and Recovery Act
(RCRA), 12-13

Retarded cam timing, 460

Reverse twist, 488

Right-to-know laws, 13

Ring end gap, 575

Ring gaps, 488

Rivets, 36

Rocker arms, 448-450

Rocking couple, 547

Rod bearing journals, 525

Rod twist, 403

Rod weighing, 551-553

Rolling acceleration test, 175

Root-mean-square (RMS), 384

Roots-type supercharger, 327

Rope seal installation, 572-573



Rotary engine, 120
Rotating assembly, 115, 550
Running (dynamic) compression test, 345

S

SAE rating, 209
Safety glasses, 2
Safety stands, 77
Scan tool diagnosis, 174
Scraper ring, 488
Screwdrivers, 48—49
Seal drivers, 58
Seal pullers, 58
Secondary ignition circuit, 257
Secondary ignition tests, 276
Secondary vibration, 547
Self-induction, 257
Self-tapping inserts, 39
Self-tapping screws, 34
Series flow system, 194
Series-parallel flow system, 194
Service
electronic service information, 103
hard copy manuals, 102-103
hard copy versus electronic service
information, 100
hotline services, 104
Internet, 103
labor guide manuals, 101
lubrication guides, 98
owner’s manuals, 98
recalls and campaigns, 103-104
service information, 98-99
service manuals, 98
specialty repair manuals, 104105
technical service bulletins, 103
vehicle service history records, 98
Service information, 98-99
Service manuals, 98
Sheet metal screws, 34
Short block, 560-561
Short block preparation, 558-560
Siamese cylinder bores, 502
Siamese ports, 378
Single overhead camshaft (SOHC), 119
Single-cut file, 53
Sixty-degree V6 engine crankshafts, 528
Sizing hone, 509
Sleeving the cylinder, 508
Slip-joint pliers, 51
Slipper skirt, 482
Small-hole gauge, 91
Snap acceleration test, 175
Snap rings, 35
Snap-ring pliers, 52-53
Snips, 53
Socket, 45
Socket extension, 46
Sodium-filled valves, 402
Soild-busing inserts, 39
Soldering guns, 59

Solid lifters, 467-468, 585-586
Solvent spray, 14

Solvent-based cleaning, 363
Solvents, 1618

Soot, 168-169

Spark, 132

Spark plug service, 273-275
Spark plug wire inspection, 272
Spark, checking for, 267-269
Specialty repair manuals, 104-105
Specific gravity, 232-233

Spiral bronze insert bushings, 394
Spline phaser system, 463

Spray washing, 363-364

Spread and crush, 539-541

Stall acceleration test, 175

Starter, 601-602

Starter amperage draw test, 250
Starter amperage testing, 241
Steam cleaning, 364

Steel-toed shoes, 2

Stellite, 402

Stoiciometric air—fuel ratio, 138-139
Stone wheel, 67

Straight blade screwdriver, 48
Straight cut aviation snip, 53
Straightedge, 91-92

Stress relieving the crankshaft, 534
Strip feeler gauge, 575

Stroke, 122

Stud, 29

Summer blend, 130
Superchargers, 326-327

Surface finish, 384-385, 526
Surge tank, 190

Syn-gas (synthesis gas), 147-148
Synthetic fuels, 155-156
Synthetic oil, 212-213

T

Tap test, 306

Taper face ring, 488

Tapered pilots, 416

Taps, 32-33

Technical service bulletins, 103
Telescopic gauge, 90

Tensile strength, 31
Tertiary-amyl methyl ether, 136
Test lights, 59

Tetraethyl lead (TEL), 132
Thermal cleaning, 364
Thermal ovens, 5

Thermal shock, 405
Thermostat replacement, 184
Thermostat temperature control, 181-182
Thermostatic fans, 196—-197
Thickness gauge, 91

Thimble, 88

Thread pitch gauge, 33

Thread repair inserts, 38-39
Threaded fasteners, 29

Index 673

Threaded inserts, 39
Three-cylinder engine crankshafts, 527
Throttle-body injection intake manifolds,
315-316
Thrust bearing, 525
Thrust bearing clearance, 574
Thrust plate, 446
Tier 1, 109
Tier 2, 109-110
Timing chain and camshaft, removing
the, 360-361
Timing chains and gears, 574-575
Timing covers, 588
Tin snips, 53
Tire disposal, used, 20
Tool sets, 57
Top dead center (TDC), 117
Torch, setup and lighting a, 70-71
Torque wrenches, 46-47, 125
Torque-to-yield bolts, 582-583
Total indicator runout (TIR), 419
Toxic, 12
Trial assembly
short block, 560-561
valve train, 561
Trouble lights, 66—-67
Tube-net wrench, 45
Tuftriding, 526
Turbocharging and supercharging
airflow requirements, 325
boost control, 330-332
compressor bypass valve, 332
dump valve, 332
engine compression, 325
nitrous oxide, 333-334
positive displacement, 327
power adder, 333
principles of, 325-326
relief valves, 332
roots-type supercharger, 327
superchargers, 326-327
system installation and calibration, 334
turbochargers, 328-330
vent valve, 332
volumetric efficiency, 325
wastegate, 331
wet and dry systems, 334

U

Ultra-low-sulfur diesel (ULSD), 152
Ultrasonic cleaning, 365

Umbrella valve stem seal, 426
Underground coal classification (UCG), 156
Underground storage tank (UST), 15
Unified National Coarse (UNC), 29
Unified National Fine (UNF), 29
Universal joint, 46

Upper and lower intake manifolds, 318
Used oil storage, 15-16

Used oil, disposal of, 15

Utility knife, 54



674 Index

\Y

V-8 engine crankshaft, 527

Vacuum tests, 347-349

Valve adjustment, 593-596

Valve and seat service
cylinder head flow versus horsepower,

429-431
deflector valve stem seals, 426
dressing the grinding stone, 418
excessive temperatures, 405
expandable pilots, 417
flow testing cylinder heads, 429
high mileage, 407-408
high-velocity seating, 406
installed height, checking, 424
installing valves, 427-429
intake and exhaust valves, 400
interference angle, 414
misaligned valve seats, 406
narrowing the valve seat, 419-420
necking, 405
o-ring valve stem seal, 426
poppet valve, 400
positive valve stem seals, 426
reconditioning procedure, 410-411,
413-415

sodium-filled valves, 402
stellite, 402
tapered pilots, 416
thermal shock, 405
total indicator runout (TIR), 419
umbrella valve stem seal, 426
valve design, 400-401
valve face, 400
valve face grinding, 412-413
valve guide pilots, 416417
valve inspection, 403-405
valve keepers, 410
valve materials, 401-402
valve rotators, 410
valve seat, 400
valve seat cutters, 420
valve seat grinding, 419, 432-435
valve seat grinding stones, 417-418
valve seat replacement, 421-424
valve seat testing, 420-421

valve seat width, 414-415
valve seats, 402-403
valve size relationships, 400
valve spring, 400
valve spring inserts (VSI), 424
valve springs, 408-409
valve stem height, 424
valve stem seals, 425-427
Valve design, 400-401
Valve duration, 377
Valve face, 400
Valve face grinding, 412-413
Valve guide inserts, 391-393
Valve guide knurling, 389-390
Valve guide pilots, 416-417
Valve guide replacement, 390-391
Valve guides, 387, 388
Valve inspection, 403-405
Valve keepers, 410
Valve materials, 401-402
Valve noise diagnosis, 472
Valve rotators, 410
Valve seat, 400
Valve seat cutters, 420
Valve seat grinding, 419, 432-435
Valve seat grinding stones, 417-418
Valve seat inserts, 387
Valve seat replacement, 421-424
Valve seat testing, 420-421
Valve seat width, 414-415
Valve seats, 402-403
Valve size relationships, 400
Valve spring inserts (VSI), 424
Valve springs, 400, 408—-409
Valve stem height, 424
Valve stem seals, 425-427
Valve stem-to-guide clearance, 387
Valve train, 473-475, 561
Valve train lubrication, 223
Vapor cleaning, 365
Vapor lock, 130
Variable fuel sensor, 144
Variable intakes, 316
Variable valve timing (VVT), 461-465

Variable valve timing and lift, 465-466

Vehicle emissions control information
(VECI), 109

Vehicle hoists, 77-80

Vehicle identification, 108, 146—-147
Vehicle Safety Certification Label, 109
Vehicle service history records, 98
Vent valve, 332

Vernier dial caliper, 91

Vibration damper, 589

Vibratory cleaning, 365

Viscocity index (VI), 209

Viscosity, 208

VISE GRIPS, 52

Visual checks, 339-340

Visual inspection, 366

Volatility, 129-130

Voltmeter testing, 246-48
Volumetric efficiency, 325

W

Washers, 34

Waste chart, 21-22

Waste-spark ignition systems, 264-267

Wastegate, 331

Water pump, 590

Water pump and timing belt replacement,
609-615

Water pump operation, 192

Water pump pliers, 51

Water pump service, 194-196

Water-based chemical cleaning, 363

Welding a crankshaft, 533-534

Wet and dry systems, 334

Wet compression test, 344-345

Windage tray, 223

Winter blend, 130

Wire brush wheel, 67

Work light, 66

Workplace Hazardous Materials Information
Systems (WHIMIS), 13

World Wide Fuel Charter (WWEFC), 140

Wrenches, 44-45

Z

Zinc dithiophosphate (ZDP), 456
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