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Porsche AfterSales Training
 Student Name: ________________________________________________
 Training Center Location: ________________________________________________
 Instructor Name: ________________________________________________
 Date: ___________________
 Important Notice:The contents of this AfterSales Training brochure was originally written by Porsche AG for its rest-of-worldEnglish speaking market. The electronic text and graphic files were then imported by Porsche Cars N.A, Inc. and edited for con-tent. Some equipment and technical data listed in this publication may not be applicable for our market. Specifications are sub-ject to change without notice.
 We have attempted to render the text within this publication to American English as best as we could. We reserve the right tomake changes without notice.
 © 2006 Porsche Cars North America, Inc. All Rights Reserved. Reproduction or translation in whole or in part is not permittedwithout written authorization from publisher. AfterSales Training Publications
 Dr. Ing. h.c. F. Porsche AG is the owner of numerous trademarks, both registered and unregistered, including without limitationthe Porsche Crest®, Porsche®, Boxster®, Carrera®, Cayenne®, CaymanTM, Tiptronic®, VarioCam®, PCM®, 911®, 4S®, andthe model numbers and distinctive shapes of Porsche’s automobiles such as, the federally registered 911 automobile. The thirdparty trademarks contained herein are the properties of their respective owners. Porsche Cars North America, Inc., believes thespecifications to be correct at the time of printing. However, specifications, standard equipment and options are subject tochange without notice.
 Part Number - PNA P10 W04 Edition - 7/06
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Engine Type Designations
 911 Carrera/Boxster/Cayman Engine Repair Page 1.1
 911, Boxster and Cayman Engine Type Designations Since Model Year 1984
 Model Engine Displ. Engine Power Installed InYear Type Liters kW / HP *
 1984 930.20 3.2 170/231 911 Carrera - RoW930.21 3.2 152/207 911 Carrera - USA/Canada/Japan930.66 3.3 221/300 911 Turbo - Worldwide
 1985 930.20 3.2 170/231 911 Carrera - RoW930.21 3.2 152/207 FRG/USA/Canada/Japan (with catalytic converter)930.26 3.2 170/231 Sweden /Switzerland /AustraIia930.66 3.3 221/300 911 Turbo - Worldwide
 1986 930.20 3.2 170/231 911 Carrera - RoW930.21 3.2 152/207 911 Carrera USA/Canada/Japan930.26 3.2 170/231 911 Carrera Sweden./Switzerland/Australia930.66 3.3 221/300 R0W/Canada930.68 3.3 208/282 911 Turbo - USA (with catalytic convverter)
 1987 930.20 3.2 170/231 911 Carrera - RoW930.25 3.2 160/217 USA / Japan930.26 3.2 170/231 Sweden930.66 3.3 221/300 RoW/Canada930.68 3.3 210/282 USA (with catalytic converter)
 1988 930.20 3.2 170/231 911 Carrera - RoW930.25 3.2 160/217 USA/Japan/Canada/Australia/RoW (with catalytic conv.)930.26 3.2 170/231 Sweden930.66 3.3 221/300 Turbo RoW930.68 3.3 210/282 Turbo USA/Canada
 1989 930.20 3.2 170/231 911 Carrera - RoW930.25 3.2 160/217 USA/Canada/Japan/Australia/RoW (with catalytic conv.)930.66 3.3 221/300 911 Turbo - RoW930.68 3.3 210/282 911 Turbo - USAM 64.01 3.6 184/250 911 Carrera 4 (964) - Worldwide
 1990 M 64.01 3.6 184/250 911 Carrera (964) 2/4 with manual transmission - WorldwideM 64.02 3.6 184/250 911 Carrera (964) 2 with tiptronic transmission - Worldwide
 Engine Number Identification
 Digit: 1 2 3 4 5 6 7 8
 Example: 6 5 V 0 0 1 3 6
 Engine Type: (6 = 6 Cyl. Engine)
 Engine Version:
 Model Year:
 Serial Number:
 Engine number is stamped onthe bottom of the crankcase.
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Page 1.2 911 Carrera/Boxster/Cayman Engine Repair
 Engine Type Designations
 Model Engine Displ. Engine Power Installed InYear Type Liters kW / HP *
 1991 M64.01 3.6 184/250 911 Carrera (964) 2/4M64.02 3.6 184/250 911 Carrera (964) 2M30.69 3.3 235/320 911 Turbo (964)
 1992 M64.01 3.6 184/250 911 Carrera (964) 2/4M64.02 3.6 184/250 911 Carrera (964) 2M64.03 3.6 191/260 911 Carrera (964) RSM30.69 3.3 235/320 911 Turbo (964)
 1993 M64.01 3.6 184/250 911 Carrera (964) 2/4M64.02 3.6 184/250 911 Carrera (964) 2M64.03 3.6 191/260 911 Carrera (964) RS M64.50 3.6 265/360 911 Turbo (964)
 1994 M64.01 3.6 184/250 911 Carrera (964) 2/4 USAM64.02 3.6 184/250 911 Carrera (964) 2 USAM64.05 3.6 200/272 911 Carrera (964) RoWM64.06 3.6 200/272 911 Carrera (964) RoW & Taiwan with TiptronicM64.50 3.6 265/355 911 Turbo USA/CDN
 1995 M64.05 3.6 200/272 911 Carrera (964) RoW M64.06 3.6 200/272 911 Carrera (964) RoW M64.20 3.7 220/300 911 Carrera (993) RS RoWM64.07 3.6 200/272 911 Carrera (993) USA M64.08 3.6 200/272 911 Carrera (993) USA
 1996 M64.21 3.6 210/285 911 Carrera (993) /C4 /C4S RoW M64.22 3.6 210/285 911 Carrera (993) RoW Tiptronic M64.23 3.6 210/285 911 Carrera (993) /C4/C4S USAM64.24 3.6 210/285 911 Carrera (993) USA TiptronicM64.60 3.6 300/408 911 Turbo (993) RoW and USA/CDN
 1997 M64.21 3.6 210/285 911 Carrera (993) /C4 /C4S RoW M64.22 3.6 210/285 911 Carrera (993) RoW Tiptronic M64.23 3.6 210/285 911 Carrera (993) /C4/C4S USAM64.24 3.6 210/285 911 Carrera (993) USA TiptronicM64.60 3.6 300/408 911 Turbo (993) RoW and USA/CDNM96.20 2.5 150/204 Boxster (986)
 1998 M64.21 3.6 210/285 911 Carrera (993) /C4/C4S RoW M64.22 3.6 210/285 911 Carrera (993) RoW Tiptronic M64.23 3.6 210/285 911 Carrera (993) /C4 & C4S USA/CDNM64.24 3.6 210/285 911 Carrera (993) USA/CDN TiptronicM64.60 3.6 300/408 911 Turbo (993) RoW and USA/CDNM96.20 2.5 150/204 Boxster (986)
 1999 M96.01 3.4 220/296 911 Carrera (996)M96.20 2.5 150/204 Boxster (986)
 2000 M96.01 3.4 220/296 911 Carrera (996)M96.02 3.4 220/296 911 Carrera (996) 4 M96.04 3.4 220/296 911 Carrera (996) 2/4 M96.22 2.7 162/217 Boxster (986)M96.21 3.2 185/250 Boxster S (986)
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Engine Type Designations
 911 Carrera/Boxster/Cayman Engine Repair Page 1.3
 Model Engine Displ. Engine Power Installed InYear Type Liters kW / HP *
 2001 M96.01 3.4 220/296 911 Carrera (996)M96.02 3.4 220/296 911 Carrera (996) 4 M96.04 3.4 220/296 911 Carrera (996) 2/4M96.22 2.7 162/217 Boxster (986)M96.21 3.2 185/250 Boxster S (986)M96.70 3.6 309/414 911 Turbo (996) M96.70S 3.6 340/456 911 GT2 (996)
 2002 M96.03 3.6 232/310 911 Carrera (996) 2/4/4SM96.22 2.7 162/217 Boxster (986)M96.21 3.2 185/250 Boxster S (986)M96.70 3.6 309/414 911 Turbo (996) M96.70S 3.6 340/456 911 GT2 (996)
 2003 M96.03 3.6 235/315 911 Carrera (996) 2/4/4SM96.23 2.7 168/225 Boxster (986)M96.24 3.2 191/256 Boxster S (986)M96.70 3.6 309/414 911 Turbo (996) M96.70S 3.6 340/456 911 GT2 (996)
 2004 M96.03 3.6 235/315 911 Carrera (996) 2/4/4SM96.23 2.7 168/225 Boxster (986)M96.24 3.2 191/256 Boxster S (986)M96.70 3.6 309/414 911 Turbo (996) M96.70S 3.6 340/456 911 GT2 (996) M96.79 3.6 280/381 911 GT3 (996)
 2005 M96.03 3.6 235/315 911 Carrera (996) 2/4/4SM96.05 3.6 239/325 911 Carrera (997)M97.01 3.8 261/355 911 Carrera S (997)M96.25 2.7 176/240 Boxster (987)M96.26 3.2 206/280 Boxster S (987)M96.70 3.6 309/414 911 Turbo (996) M96.70S 3.6 340/456 911 GT2 (996) M96.79 3.6 280/381 911 GT3 (996)
 2006 M96.05 3.6 239/325 911 Carrera 2/4 (997)M97.01 3.8 261/355 911 Carrera 2/4 S (997)M96.25 2.7 176/240 Boxster (987)M96.26 3.2 206/280 Boxster S (987)M97.21 3.4 217/295 Cayman S (987)
 2007 M96.05 3.6 239/325 911 Carrera 2/4 (997)M97.01 3.8 261/355 911 Carrera 2/4 S (997)M97.20 2.7 180/245 Boxster (987)M97.21 3.4 217/295 Boxster S (987)M97.20 2.7 180/245 Cayman (987)M97.21 3.4 217/295 Cayman S (987)M97.70 3.6 353/480 911 Turbo (997)M97.76 3.6 305/415 911 GT3 (997)
 * The HP number over the years has been listed in SAE or DIN. (Kw to SAE HP factor is x 1.34, SAE HP to DIN HP factor is x 1.014)
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Page 1.4 911 Carrera/Boxster/Cayman Engine Repair
 Engine Type Designations
 Notes:
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911 Carrera (996) & Boxster (986) Engine
 911 Carrera/Boxster/Cayman Engine Repair Page 2.1
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Page 2.2 911 Carrera/Boxster/Cayman Engine Repair
 911 Carrera (996) & Boxster (986) Engine
 Notes:
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911 Carrera (996) & Boxster (986) Engine
 911 Carrera/Boxster/Cayman Engine Repair Page 2.3
 Boxster/Boxster S Engines
 Boxster Engine M96.20 (1997-99)
 The 2.5 liter engine of the Boxster is a completely new water-cooled, 6-cylinder, 4-stroke Boxer type engine withthe following special features:
 l Four-part and vertically split “open-deck” crankcase withLOKASIL cylinder sleeves and iron-coated pistons
 l Crankshaft-bearing shells made of aluminum with nodu-lar cast iron components
 l Integrated dry-sump lubricationl Four overhead camshafts with camshaft adjustment
 (VarioCam)l Four-valve technologyl Three-part cylinder headl Hydraulic valve-clearance compensation
 Full-Load Curves M96.20
 Engine Data:
 Displacement 2.5 l (stroke 72 mm, bore 85.5 mm) -Power output SAE 201 hp (150 kW)at engine speed 6,000 rpmMax. torque 181 ft lb (245 Nm))at engine speed 4,500 rpmCompression ratio 11.0 : 1rpm limit 6,700Fuel grade 93 Octane (premium unleaded)
 Boxster Engine M96.22 (2000-02)
 The displacement of the Boxster engine has beenincreased from 2.5 liters to 2.7 liters beginning with themodel year 2000.
 The increase in displacement was achieved by lengtheningthe stroke from 72 mm to 78 mm. The pistons were short-ened by 3 mm from 56 mm to 53 mm to keep thecompression ratio at the same level as that of the previous2.5 liter engine.
 Full-Load Curves M96.22
 Engine Data:
 Displacement 2.7 l (78 mm stroke x 85.5 mm bore) Output SAE 217 hp (162 kW @ 6,400 rpmTorque 192 ft lb (260 Nm) @ 4,750 rpmCompression ratio 11.0:1rpm limit 7,200 Fuel grade 93 Octane (premium unleaded)
 Notes:
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Page 2.4 911 Carrera/Boxster/Cayman Engine Repair
 911 Carrera (996) & Boxster (986) Engine
 Boxster S Engine M96.21 (2000-02)
 The engine of the new Boxster S is a further developmentof the familiar 6-cylinder boxer type engine. The cylinderbore was enlarged by 7.5 mm to 93 mm to increases thedisplacement to 3.2 liters. This larger displacement guar-antees a significant gain in performance and torque.
 Full-Load Curves M96.21
 Engine Data:
 Displacement 3.2 l (93 mm bore x 78 mm stroke)Output SAE 248 hp (185 kW) at 6250 rpmTorque 225 ft lb (305 Nm) at 4500 rpmCompression ratio 11.0:1rpm limit 7,200 rpmFuel grade 93 Octane (premium unleaded)
 Notes:
 Engine Type M96.20/21/22 Component Locations
 1 - Belt Pulley2 - Power Steering Pump3 - Alternator4 - Oil Return Pump For Cylinder Head 4-65 - Coolant Pump6 - Coolant Duct Case7 - Engine Temperature Sensor8 - Belt Tensioner9 - TDC Mark10 - Front Engine Mount11 - Ignition Coils12 - Pressure Regulator
 Engine Type M96.20/21/22 Component Locations
 13 - Starter Ring Gear14 - Oil to Water Heat Exchanger15 - Oil Return Pump For Cylinder Head 1-316 - Engine Speed and Reference Mark Sensor17 - Oil Filter Housing18 - VarioCam Valve19 - Tank Venting Valve20 - Throttle Potentiometer21 - Ignition Coils22 - Oil Separator23 - Starter Housing24 - Exhaust Manifold
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911 Carrera (996) & Boxster (986) Engine
 911 Carrera/Boxster/Cayman Engine Repair Page 2.5
 Boxster/Boxster (2003)
 The engines for the Boxster and Boxster S for the 2003model year continue the development of previous engines.Particular attention was paid during development to reduc-ing fuel consumption while simultaneously increasingpower and torque.
 Changes at a Glance:
 l Crankcasel Valve train operationl Cylinder head constructionl Continuously variable camshaft adjustment
 Notes:
 Boxster M96.23 (2003)
 Advances in data compared with previous engine:
 Power SAE 225 hp (168 kW) at 6,300 rpmTorque 192 ft lb (260 Nm) at 4,700 rpm
 Full-Load Curves M96.23
 Boxster S M96.24 (2003)
 Engine data compared with previous engine:
 Power SAE 256 hp (191 kW) at 6,200 rpmTorque 229 ft lb (310 Nm) at 4,600 rpm
 Full-Load Curves M96.24
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Page 2.6 911 Carrera/Boxster/Cayman Engine Repair
 911 Carrera (996) & Boxster (986) Engine
 911 Carrera (996) Engines
 Engine M96.01/02/04 (1999-2001)
 The 3.4 liter 911 Carrera (996) has a water-cooled,6-cylinder, 4-stroke Boxer engine with the following specialfeatures:
 l Four-part, vertically split “open-deck” aluminumcrankcase with LOKASIL cylinder sleeves and graphal-coated pistons.
 l Crankshaft-bearing shells made of aluminum with nodu-lar cast-iron components.
 l Integrated dry-sump lubrication.l Four overhead camshafts with camshaft adjustment
 (VarioCam).l Four-valve technology.l Three-part cylinder head.l Hydraulic valve-clearance compensation.
 Engine Type M96.01 Cross-Section Cutout
 Full-Load Curves M96.01/02/04
 Engine Data:
 Displacement 3.4 l (stroke 78 mm, bore 96 mm)Power output SAE 296 hp (221 kW)at engine speed 6,800 rpmMax. torque 258 ft lb (350 Nm) at engine speed 4,600 rpm Compression ratio 11.3 : 1Fuel grade 93 Octane, premium unleaded
 Notes:
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911 Carrera (996) & Boxster (986) Engine
 911 Carrera/Boxster/Cayman Engine Repair Page 2.7
 Engine M96.03 (2002-04)
 General
 The 3.6 liter engine for the 911 Carrera (996) in modelyear 2002 is a further development of the previousengine.
 During the development of this engine, particular attentionwas directed at reducing fuel consumption while simultane-ously increasing engine performance and torque.
 Changes:
 l Crankshaft - bearings and strokel Crankcasel Pistons with Graphal coatingl Valve gearl Cylinder headl Valve stroke control on intake side with axial variable
 camshaft timing (VarioCam Plus)
 Notes:
 Full-Load Curves M96.03
 Engine Data:
 Displacement 3.6 l (stroke 82.8 mm x bore 96 mm)Power output SAE 315 hp (235 kW)at engine speed 6800 rpmMax. torque 273 ft lb (370 Nm)at engine speed 4250 rpmCompression ratio 11.3 : 1Governed speed 7,300 rpmFuel grade 93 Octane, premium unleaded
 Notes:
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Page 2.8 911 Carrera/Boxster/Cayman Engine Repair
 911 Carrera (996) & Boxster (986) Engine
 Engine M96.03 S – M.Y. 2004 Special Model “40years 911”
 General
 Engine M 96.03S
 The engine of the special model “40 years 911” is anincreased power version based on the 911 Carrera 3.6liter M96.03.
 In this brochure, only the components deviating from thestandard M96.03 engine are described. This specialmodel was only offered with a manual transmission.
 Engine Modifications:
 • Intake air manifold with modified cross section• Adapted intake runners• Exhaust manifold with larger cross section and
 optimized flow characteristics• Cylinder heads with optimized inlet ports• Camshafts with greater valve stroke on inlet side and
 modified inlet/exhaust valve timing• Inlet valve springs adapted to increased valve stroke• Modified bulkhead box in oil pan• Additional radiator• Modified map for the DME control unit
 Engine Data:
 Displacement 3.6 LiterBore 96 mmStroke 82,8 mmPower output SAE 340 hp (254 kW)At engine speed 6800 rpmMax. Torque 273 ft lb (370 Nm)At engine speed 4800 rpmCompression ratio 11,3 : 1rpm limit 7300
 Cylinder Head
 The intake ports have been re-worked to to improve flow.This results in improved distribution of the mixture to theindividual cylinders.
 Notes:
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911 Carrera (996) & Boxster (986) Engine
 911 Carrera/Boxster/Cayman Engine Repair Page 2.9
 Engine M96.03 S – M.Y. 2004 Special Model “40years 911”Camshafts (cont’d)
 The valve stroke of the intake camshafts has beenincreased to 11.73 mm and the valve timing on the intakeand exhaust sides modified. The adjustment angle of thecamshaft adjuster is 42°.
 Valve Timing:
 Intake opens, large stroke 9 degrees after TDCIntake closes, large stroke 61 degrees after BDCIntake opens, small stroke 39 degrees after TDCIntake closes, small stroke 19 degrees after BDCExhaust opens 50 degrees before BDCExhaust closes 4 degrees before TDC
 Valve Springs
 The intake valve springs have been adapted to theincreased valve stroke. The intake valve springs consist ofa double valve spring set, with the inner spring differingfrom the standard engine in the spring rating. The colormarking is yellow.
 Notes:
 Oil Supply
 To ensure a reliable oil supply at the higher corneringspeeds, the bulkhead box in the oil pan has been modified.The cutouts (arrow 1) have been optimized, the beads(arrow 2) provide greater rigidity.
 Cooling System
 In order to ensure sufficient cooling with the increasedpower output, an additional radiator has been fitted at thefront center of the vehicle.
 Notes:
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Page 2.10 911 Carrera/Boxster/Cayman Engine Repair
 911 Carrera (996) & Boxster (986) Engine
 911 Carrera (996) & Boxster Engine Components
 Crankcase
 The crankcase comprises the two crankcase halves aswell as the vertically split (along center of crankcase) bear-ing case. The bearing case is made of aluminum, but 7bearing shells are made of nodular cast iron (see arrows).
 911 Carrera (996) and Boxster (986) Crankcase Components
 This construction means that changes in the bearing clear-ance resulting from thermal fluctuations are reduced by aconsiderable degree, which, in turn, reduces mechanicalnoise. An additional benefit is that, when the engine iswarm, the oil flow at the main bearings is not significantlyincreased by the constant bearing clearance (virtually iden-tical thermal expansion coefficients betweensteel/crankcase and nodular cast iron/bearing shells).
 Cylinder Sleeve
 To reduce the wear along the cylinder sleeves to aminimum, a production method was chosen whereby ahighly porous sleeve (25% silicon and 75% air) is castdirectly into the crankcase.
 When the sleeve is cast, the air escapes and the silicon remains locally along its path (hence the name LOKASIL).
 Bearing Case
 The engine has oil-spray nozzles, used for cylinder coolingto reduce the piston temperature. The injection nozzlesare inserted in the bearing case (arrow). To ensure that theengine oil pressure is retained at low engine speeds and athigh engine oil temperatures, the nozzle has an openingpressure of 1.8 bar.
 Crankcase Changes (911 Carrera 996 Model Year 2002and Boxster 2003)
 The constructional design of the four-part crankcase withseparate bearing sleeve and LOKASIL cylinder sleeves,along with the 96 mm bore was retained. To reduce pumplosses in the crankcase, the lower ends of the cylindersleeves (see arrow) were provided with arches which allowa low-loss circulation of gasses in the crankcase. This reduces the ventilation losses and consequently the powerlosses at higher engine speeds thereby increasing theoverall power in this engine speed range.
 New Version Crankcase Showing Cylinder Sleeve Arches
 The crankshaft bearings were modified due to thedisplacement increase and subsequent increase of powerunit loading. The bearing diameter was increased from 60to 63 mm, the lubricating-oil feed optimized by partialgrooving.
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911 Carrera (996) & Boxster (986) Engine
 911 Carrera/Boxster/Cayman Engine Repair Page 2.11
 Crankshaft
 911 Carrera (996) and Boxster (986) Crankshaft
 The drop-forged crankshaft has seven bearings and hascounter weights. The main bearing #4 is a thrust bearing.The axial clearance is determined by two stop disks whichare inserted into the bearing case halves of cylinder line 4- 6.
 Changes to Crankshaft (Boxster/Boxster S, M.Y.2000)
 The crankshaft stroke was lengthened from 72 mm to 78mm to increase displacement. A bore size of 85.5 mmgives a displacement of 2.7 liters while a bore of 93 mmyields 3.2 liters.
 Changes to Crankshaft (911 Carrera (996) M.Y.2002)
 The stroke of the drop-forged crankshaft was increasedfrom 78 mm to 82.8 mm. The crankshaft journals werealso thickened to 63 mm.
 Connecting Rods
 The forged connecting rods are broken apart at the largeconnecting-rod eye after processing. Due to the breakingpattern, the two parts are centered in relation to eachother. Since each breaking pattern has a different shape,no pairing number is necessary.
 911 Carrera (996) and Boxster (986) Connecting Rod
 Changes to Connecting Rods (911 Carrera (996) ModelYear 2002)
 Because of the altered stroke, the forged and crackedconnecting rods were shortened by 3 mm and have now alength of 142 mm (measured from respective borecenter).
 Belt Pulley
 Marks can be found on the belt pulley and the crankcaseto facilitate maintenance and repair work.
 911 Carrera (996) and Boxster (986) Crankshaft Pulley Reference Marks
 Notes:
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 Pistons
 The cast aluminum pistons are covered with an iron coating serving as the sliding layer. The piston-pin hole isoffset by 0.8 mm towards the intake side.
 Boxster (986) 1997-99 Original Piston
 Changes to Pistons (Boxster/Boxster S, M.Y. 2000)
 To achieve a compression ratio of 11.0:1 on the 2000Boxster “S” the piston length was reduced from 56 mm to53 mm. The piston-pin lock ring now has a torsion lock,similar to the lock ring used on the 911 Carrera pistons.
 Boxster/Boxster S (986) New Style Piston Beginning in 2000
 Piston Ring Configuration
 1 - Rectangular ring, nitrided steel, 1.2 mm symmetricallycrowned
 2 - Taper face ring, gray cast iron, 1.5 mm3 - Three-part oil ring, nitrided steel, and 2.0 mm
 Changes to Pistons (911 Carrera (996) M.Y. 2002)
 The moulded light-alloy pistons have a diameter of 96 mm.The pistons are Graphal coated for acoustic reasons. Thepiston pin is on a fully-floating bearing and lubrication is viaoil spray. The piston-pin circlip is twist-locked and must befitted in the installation position as shown in the drawing.
 911 Carrera (996) Piston as of M.Y. 2002
 1 - Rectangular compression ring2 - Stepped taper-face ring3 - ST band oil scraper ring
 Notes:
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 Cylinder Head
 The cylinder heads have a range of special constructionfeatures, e.g. four-valve technology, camshaft adjustment,and hydraulic valve clearance compensation that helps toreduce necessary maintenance.
 Cylinder Head Cutout
 The four-valve technology improves cylinder filling. The implementation of liquid cooling in this engine which cancompensate the increased thermal load placed on the engine resulting from the multi-valve concept allows fourvalves per combustion chamber to be used.
 The cylinder head construction comprises the actual cylinder head, the camshaft housing, and the cylinder-headcover. Since the cylinder head comprises three parts, allof the oil channels can be formed in the casting processwhich means that virtually no holes have to be drilled. Thecleaning processes during production are no longer neces-sary and process safety is increased. The materials andproduction processes for the individual components areselected to suit the specific application. As a result, partsused for flat-base tappet bearings have a more wear-resis-tant material composition than those, which take the valveseats. A distinction is therefore made according to thespecific function and material.
 Cylinder Head Components
 Changes to Cyinder Head (911 Carrera (996) M.Y.2002, Boxster/Boxster S M.Y. 2003)
 The introduction of VarioCam Plus necessitated a new design of the cylinder head and the camshaft control. As inthe previous model the cylinder head is in three parts, con-sisting of basic cylinder head, bucket tappet guide housingand cylinder head cover. The oil protection tubes are nowpart of the bucket tappet guide housing and are sealed atthe cylinder head cover side with fitted sealing rings.
 The valve springs of the exhaust valves are single valvesprings and of tapered design, the intake valves aredesigned as a double valve spring set due to theincreased forces. For immediate lubrication of tappetswhen starting engine, the bucket tappet housing isprovided with oil chambers on the intake side.
 Changes to Cyinder Head Gasket (911 Carrera (996)M.Y. 2002, Boxster/Boxster S, M.Y. 2003)
 The multi-layer steel gasket is covered with high-tempera-ture resistant plastic in order to enhance the sealing quality of its surface. The advantage of this steel gasket isthat heat can be dissipated from the cylinder head very efficiently.
 Notes:
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 911 Carrera (996) & Boxster (986) Engine
 Intermediate Shaft
 The crankshaft drives the intermediate shaft via a duplexroller chain with a transmission ratio of 0.67: 1 (24 teethon the crankshaft and 36 teeth on the intermediate shaft).
 Intermediate Shaft
 Notes:
 Camshaft
 The intermediate shaft drives the exhaust camshaft via aduplex roller chain with a transmission ratio of 0.75: 1 (21teeth on the intermediate shaft and 28 teeth on thecamshaft). So, that the overall transmission ratio of 0.5: 1is produced for the crankshaft relative to the camshaft.
 Camshaft
 The exhaust camshaft drives the intake camshaft via asimplex roller chain with a transmission ratio of 1:1. Allfour camshafts are hollow-cast from high-quality hard-chilled steel.
 Chain Drive – Boxster (986) up to M.Y. 2002 & 911 Carrera (996) up to M.Y. 2001
 Chain Drive Components
 1 - Chain Tensioner2 - Tensioning Rail3 - Sliding Rail4 - Drive Wheel, Crankshaft (24 teeth)5 - Drive Wheel, Intermediate Shaft (36 Teeth)6 - Drive Wheel, Intermediate Shaft (21 Teeth)7 - Drive Wheel, Exhaust Camshaft (28 Teeth)8 - Drive Wheel, Exhaust Camshaft (28 Teeth)
 9 - Drive Wheel, Intake Camshaft (21 Teeth)10 - Duplex, Roller Chain11 - Duplex Roller Chain12 - Simplex, Roller Chain13 - Flat-base Tappet14 - Intake Valve15 - Exhaust Valve
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 Changes to Camshaft (911 Carrera (996) M.Y. 2002
 The camshafts are hard-chilled components and hollow-cast to reduce weight. The shank diameter of allcamshafts is 26 mm. The intake valve stroke is variable(3.0 mm or 10.0 mm).
 Changes to Chain Drive (911 Carrera (996) M.Y. 2002
 A separate intake and exhaust camshaft is used for eachcylinder bank. These camshafts are driven directly by adouble roller chain. The chains are guided by plastic guiderails and hydraulic chain tensioners located at theuntensioned end of the chain.
 Chain Drive Tensioner Layout
 The intake camshafts in the new 911 Carrera (996) alsohave a valve stroke control on the intake side in addition tothe VarioCam Plus system (the system is described in aseparate section). The respective solenoid valves arefitted in the cylinder head.
 This optimizes the compromise between maximum poweroutput and maximum torque while simultaneously reducingfuel consumption and improving running smoothness ofthe engine. A driving flange for the oil suction pump is attached on the input side of each exhaust camshaft.
 Valves & Valve Springs
 The exhaust and intake valves have a shaft diameter of 6mm. The valve springs are single, conical springs.
 Valve Spring Assembly
 Changes to Intake & Exhaust Valves (Boxster/Boxster S, M.Y.2000)
 The valve head diameter of the intake valve was changedfrom 33.3 mm to 37.1 mm, and the exhaust valve from28.1 mm to 31.5 mm.
 VarioCam
 VarioCam Adjuster
 VarioCam, the adjustment of the intake camshafts,produces a major part of the engine power output, the engine torque as well as the good exhaust values at idlingspeed in the case of engine speeds of 1,200 rpm* and5,120 rpm.
 Engine speeds below 1,200 rpm produce a slight overlapin the valve stroke curves for the intake valves in relationto the exhaust valves.
 This particularly affects low proportions of hydrocarbons(HC proportions) in the exhaust gas before the catalyticconverters. If the engine exceeds the 1,200 rpm mark theintake camshafts are adjusted by 12.5° (by 25° ifmeasured at the crankshaft).
 * The value 1,200 rpm increase to 1,480 rpm with engine oil tempera-ture at approximately 265° F. (130° C) and above.
 Notes:
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 VarioCam Plus (911 Carrera (996) M.Y. 2002) VariableCamshaft Timing With Valve Stroke Control
 The demands placed on the design of an engine, i.e.increased performance, improved driving comfort, obser-vance of legal emission limits and reduced fuel consump-tion, result in contradictory construction criteria.
 The idea behind the development of the VarioCam Pluswas to create a variable engine which can be optimizedboth for maximum performance and for frequent use in urban traffic or on main roads.
 A system to adjust the intake camshaft to vary theopening and closing time combined with a valve stroke adjustment system is the solution to this problem.
 Shifting Options Of VarioCam Plus System
 A - Cam stroke in mm B - ° Crank angle 1 - Exhaust medium2 - Intake medium, retard3 - Intake medium, advanced
 Notes:
 Camshaft Adjuster (911 Carrera (996) M.Y. 2002,Boxster/Boxster S, 2003)
 Camshaft adjustment at the intake camshaft is based onthe principle of the vane-type adjuster. The DME controlmodule determines the current position of the camshaft tothe crankshaft (actual angle) from the engine speedsensor and Hall sensor signals. The position control in thecontrol module receives the desired specified angle via theprogrammed map values (rpm, load, engine temperature).If there is a difference between the specified and actualangle, a regulator in the DME control module actuates ahydraulic solenoid valve according to the desiredadjustment. The intake camshaft timing can be infinitelyvaried within a range of 40° of crankshaft rotation.
 1 - rpm Speed Sensor-2 - Hall Sensor3 - Camshaft Actual Angles (L&R)4 - Camshaft Regulation Value5 - DME Specified Camshaft Angletmot - Engine TemperatureMl - Engine Loadn - Engine Speed9 - 4-way Proportioning Solenoid Valve10 - Camshaft Adjuster
 Notes:
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 Camshaft Vane-Type Adjuster (911 Carrera (996) M.Y.2002, Boxster/Boxster S, 2003)
 Camshaft Vane Adjuster Front View Cutout
 The vane cell adjuster mainly consists of the stator (red,above the chain sprocket, crankshaft-fixed), the rotor(green, camshaft-fixed) and the inserted vanes (yellow, inserted in rotor) and two covers. The stator is fitted withthe chain sprocket on the outer diameter. It interlocks withthe crankshaft via the chain drive. The rotor is securelybolted to the camshaft.
 Repositioning between rotor and stator is possible (innerbearing of adjuster). This repositioning is limited by thevanes inserted into the rotor and by the stops on the stator. The vanes also split the recesses on the stator intotwo chambers each. These chambers can be filled with oilvia oil holes and oil guides in the rotor. To ensure efficientsealing, small springs are fitted between vanes and rotor.
 Camshaft Vane Adjuster Side View Cutout
 The chambers are each sealed laterally by a chainsprocket fixed cover. The adjuster is locked at a stop (retard stop). For this a spring-loaded pin in the retard stopof the adjuster moves into a hole in the cover. This createsa interlocking connection between the stator and rotor during the engine starting process. Noise during this oil-pressure-free period is avoided by this locking process.
 In the adjuster, two chamber types with differing directionsof action are employed. Filling one chamber type causesrotation of the rotor against the stator. Filling the otherchamber type, the rotor and with it the camshaft can bereturned to its initial position. The oil of the non-pressurized chamber returns via the 4-way proportioningvalve back into the crankcase.
 Camshaft Vane Adjuster Filling
 If during the filling of a chamber the oil supply and the oilreturn flow at the 4-way proportioning valve is interrupted(center position of valve) , the adjuster remains in the currently assumed position. The chambers lose oil throughleakage and the adjuster leaves its position. The 4-wayproportioning valve is activated accordingly via the controlunit and the adjuster returns to the desired position.
 Camshaft Vane Adjuster Center Position
 Cutout View of Boxster (986) (without VariCam Plus) Cam Timing Function
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 Solenoid Hydraulic Valve
 The camshaft adjustment solenoid oil control valve is a 4-way proportional valve that connects control lines (A andB) to the stator chambers with the oil supply line (P). Whenone control line is receiving pressurized oil from the supplyline, the other control line is opened to exhaust to thecrankcase (T).
 If oil pressure is admitted to control line A, the adjustermoves to advance valve timing. If oil pressure is admittedto line B, the adjuster moves to retard valve timing. Bothcontrol lines are closed when the valve is in the center orneutral position. This holds the camshaft in the current adjustment.
 The solenoid oil control valve is capable of rapid large adjustments and also slow fine adjustments based on sig-nals from the control module.
 Solenoid Valve Operation
 Notes:
 Non-return Valve
 Non-return Valve Operation
 1 - Direction of Adjusment - Retard2 - Direction of Adjustment - Advance3 - Camshaft Adjuster4 - 4-way Solenoid Valve5 - Non-return Valve6 - Oil Pump7 - Oil Sump
 Due to the valve operation, the camshaft requires a highdrive torque at times, at other times the camshaft runs independently (changer-over torque). If a non-return valveis operated in the P-line and the 4-way valve is energized (adjustment in advanced valve timing direction), theadjuster, with the camshaft running on, independentlydraws oil via the feed line, the 4-way proportioning valveand the non-return valve. If the camshaft then stays behinddue to the high drive torque, the non-return valve closesand the oil cannot escape. During this period, thecamshaft is taken over the oil cushion by the chain sprock-ets, as when free-wheeling.
 The advancing and retarding of the camshaft repeatsitself, so that the camshaft independently moves progres-sively towards advanced valve timing. As the abovedescribed principle only functions on very leak-tight adjust-ment systems and low friction valve gears, oil pressure isrequired. To avoid the necessity of an extremely large oilpump, the above described principle is exploited, with ahot engine and low engine speed i.e. with low oil pressure,through the use of the non-return valve. The non-returnvalve is used to increase the adjustment speed at low oilpressures.
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 Variable Camshaft Timing – VarioCam Plus (911Carrera (996) M.Y. 2002) Variable Camshaft Timing WithValve Stroke Control
 Flat-base Tappet Cutout
 Functional Description Of Valve Stroke Adjustment
 The valve stroke adjustment system consists of switchableflat-base tappets which are actuated by means of an elec-trohydraulic 3/2-way valve. Since two different camshapes are used on the camshaft, it is possible to selectthe different cams (by switching the flat-base tappets) sothat their respective valve stroke characteristics act on theengine.
 These flat-base tappets are mounted on the inlet side ofthe engine. The flat-base tappets consist of two nestedtappets which can be interlocked hydraulically by means ofa pin. Once interlocked, the inner tappet comes into con-tact with the small cam and the outer tappet with the largecam. An element for compensating the valve clearance isalways integrated in the power flow of the tappet.
 Notes:
 The variable camshaft timing has a variable adjustmentrange of 0 - 40° kW. The valve stroke control facilitates decreased or increased valve strokes. When idling or nearidling, the engine control is optimized by switching the intake valve stroke to a small cam with 3.6 mm and an adjustment of the valve timing for minor valve overlap.This results in a frictional loss reduction owing to the smallvalve stroke, decreased charge-exchange losses byextremely decreased opening times and few exhaustfumes from previous combustion in the combustion cham-ber for an even and rapid combustion. These measuresproduce a clear reduction in consumption together withnoticeably improved idling quality.
 As the valve timing is variable, the decreased valve strokecan be maintained in the partial load range and the valveoverlap can be optimized.
 In full-load conditions, a high torque and high peak poweroutput is achieved through low-loss charge exchangeprocess and precision designed cam contour at an intakevalve stroke of 11 mm. Furthermore, the opening andclosing times of the valve lift are also adjusted towards advanced.
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 Engine Lubrication
 Oil Circuit Layout
 1 - Oil Sump2 - Oil Intake Snorkel3 - Oil Pump4 - Pressure Relief Valve5 - Full-flow Oil Filter6 - Intermediate Shaft7 - Oil/water Heater Exchanger8 - Camshaft9 - Crankshaft10 - Oil Return Pump11 - Chain Tensioner12 - Oil Pressure Sensor13 - Valves For Piston Cooling14 - Oil Level Probe15 - Hydraulic Valve Tappet16 - Oil Temperature Sensor
 Notes:
 Oil Supply (Boxster/Boxster S)
 In order to ensure a reliable engine oil supply even with extreme longitudinal and lateral acceleration, the Boxsterhas an integrated dry-sump lubrication system (without external oil tank); i.e. the oil sump is situated below thecrank gear.
 Boxster (986) Integrated Oil Dry-Sump System Components
 A special die-cast method means that it is possible to castthe oil channels into the crankcase. As a result, drilling aswell as the subsequent cleaning processes are no longernecessary.
 The oil pump (3) driven via the intermediate shaft (6)draws the oil out of the oil sump (1) via the oil suction tube(2) and then transfers it to the lubricating points.
 Boxster (986) Oil Collection Channel
 The oil repeller leads the returning oil back to the oil sumpvia the oil collection channel and collection edges.
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 Changes To The Oil Supply System (911 Carrera (996)M.Y.2002)
 To ensure a reliable engine oil supply even during extremelongitudinal and lateral acceleration, the 911 Carrera (996)also has integral dry sump lubrication (without external oiltank).
 By restricting the axial play tolerance of the impellers, thedelivery rate of the oil pump has been increased byapprox. 5 %.
 Oil Return Pump
 Since there is no drop between the cylinder heads and oilsump in the Boxer engine, the oil is drawn out of each ofthe cylinder heads by and oil return pump.
 Oil Pump
 Oil Separator
 The oil drawn off via the return pumps is fed into “swirlpots”. In these containers, the oil is centrifuged anddefoamed, i.e. the gases, which the oil has picked up onthe way to the lubricating points, are removed. Thisensures that the oil always has a good consistency, whichis necessary to guarantee the reliability of the hydraulicvalve clearance compensation. Gases could bring aboutchanges in the engine timing, which would have an effecton the performance and exhaust-emission behavior of theengine.
 Oil Separator Components
 Oil Filter
 An exchangeable filter cartridge is used as the oil filter.
 l Oil capacity is 8.25 liters.l The engine oil must be changed every 15,000 miles.l The filter cartridge must be changed every 30,000
 miles.
 Oil Level Sensor
 Information regarding the oil level displayed on the instru-ment cluster is provided via a measuring sensor screwedinto the crankcase.
 Oil Level Sensor
 Notes:
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 Cooling System (Boxster/Boxster S)
 The principle of cross-flow cooling with integratedcooling-water channeling was implemented to ensure thatthe cooling water is distributed evenly to all of thecylinders. A temperature drop between the individual cylin-ders is thus prevented. The cooling fluid is suppliedthrough integrated lines.
 As already described in the casting techniques under oilcirculation, all of the cooling channels in the engine areproduced in the casting process. Additional lines or hosesin the engine are no longer required which, in turn, resultsin high reliability and low servicing requirements.
 Boxster (986) Cooling System Layout
 1 - Water pump2 - Crankcase3 - Thermostat4 - Radiator5 - Heat exchanger, heating6 - Oil-to-water heat exchanger7 - ATF heat exchanger (Tiptronic only)8 - Electric shut-off valve (Tiptronic only)9 - Expansion tank10 - Shut-off valve11 - Venting line (engine)12 - Venting line (radiator)
 Cooling System (911 Carrera (996)
 To achieve uniform distribution of coolant for all cylinders,the same principle of cross-flow cooling circuit with fully integrated coolant ducting is used on the 911 Carrera(996). This prevents temperature differences between theindividual cylinders. The coolant is fed through integrallines.
 On models with manual transmission, the cooling takesplace via two coolers (4). These are fitted in the wings infront of the front wheels. On models with Tiptronictransmission, an additional 3rd cooler (14) is located inthe front of the vehicle. This facilitates cooling of the ATFvia an additional oil/water heat exchanger in the commonwater circuit. To avoid icing up of oil separator at low temperatures, the oil separator is flushed with coolant. Because of the special coolant, a coolant change on the911 Carrera (996) is also not necessary. Ensure to fill upor top-up only with the coolant specified by Porsche.
 911 Carrera (996) Cooling System Layout
 1 - Water pump2 - Crankcase3 - Thermostat4 - Radiator5 - Heat exchanger, heating6 - Oil/water heat exchanger7 - ATF heat exchanger (only Tiptronic)8 - Electric shut-off valve (only Tiptronic)9 - Expansion tank10 - Shut-off valve11 - Bleeder pipe (engine)12 - Bleeder pipe (radiator)13 - Oil separator14 - Cooler (only Tiptronic)
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 Service Tray (Boxster/Boxster S)
 In the luggage compartment (bottom right), there are thefilling spouts for the cooling fluid (right, blue cap) with expansion tank as well as for the engine oil (left, yellowcap) and the oil dipstick.
 Notes:
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 Notes:
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 Notes:
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 Boxster (987) M96.25 (2005-06)
 General
 The engines have been revised in the course of developingthe new Boxster generation. The Boxster now has a 2.7liter engine with a power output of 240 hp (176 kw). Evenmore impressive than the actual power ratings is the extraacceleration which the new engines offer in the low andmiddle rev range.
 Important changes:
 • All-aluminium bearing cradle• Reinforced bearing shells• Crankshaft with deeper center bore at flywheel end• Mechanical vacuum pump• Tension and idler pulley in plastic on vehicles with
 manual transmission• New oil level measuring system• Optimized cooling system• Extended maintenance intervals
 Full-Load Curves M96.25
 A - Power rating in hpB - Power rating in kWC - Torque in NmnM - Engine speed in rpm
 Engine Data:
 Displacement 2.7 LiterBore 85.5 mmStroke 78 mmPower output 240 hp (176 kW)at rpm 6400 rpmMax. torque 199 ft lbs (270 Nm)at rpm 4700 – 6000 rpmCompression ratio 11,0Cut-off speed 7200 rpmIdle speed 680 +/- 40 rpm
 Notes:
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 Boxster (987) M97.20 (2007)
 General
 The Boxster (987) engine from the 2006 model yearserves as the basis for the 2007 model year Boxster. Itwas possible to increase both the horsepower and torquewith further development measures. This was primarilydue to the 2007 Boxster model getting the VarioCam Plussystem.
 Engine Data:
 Displacement . . . . . . . . . . . . . . . . . .2.7 LiterBore . . . . . . . . . . . . . . . . . . . . . . . .85.5 mmStroke . . . . . . . . . . . . . . . . . . . . . . .78 mmPower output . . . . . . . . . . . . . . . . . .245 bhp (180 kW)at engine speed . . . . . . . . . . . . . . . .6,500 rpmMax. torque . . . . . . . . . . . . . . . . . . .201 ft lb. (273 Nm)at engine speed . . . . . . . . . . . . . . . .4,600 to 5,500 rpmCompression ratio . . . . . . . . . . . . . .11.3Cutt-off speed . . . . . . . . . . . . . . . . .7,300 rpmIdling speed . . . . . . . . . . . . . . . . . . .680 +/- 40 rpm
 Notes:
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 Boxster S (987) M96.26 (2005-06)
 General
 The liquid-cooled 3.2 liter 6-cylinder horizontally opposedengine in the new Boxster S features outstandingbalancing of masses. Structural design measures havebeen applied to achieve a high level of rigidity for thecamshaft and crankshaft drive. The engine features theminimal vibration and typical sports car sound which are aPorsche hallmark.
 Important changes:
 • Crankshaft with deeper center bore at flywheel end• Reinforced pistons• Mechanical vacuum pump• Tension and idler pulley in plastic on vehicles with
 manual transmission• New oil level measurement system• Optimized cooling system• Extended maintenance intervals
 Full-Load Curves (Boxster S 3.2)
 A – Power rating in hpB – Power rating in kWC – Torque in NmnM – Engine speed in rpm
 Engine Data:
 Displacement 3.2 LiterBore 93 mmStroke 78 mmPower output 280 hp (206 kW)at rpm 6200 rpmMax. torque 236 ft lbs (320 Nm)at rpm 4700 – 6000 rpmCompression ratio 11,0Cut-off speed 7200 rpmIdle speed 680 +/- 40 rpm
 Notes:
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 Boxster S (987) M97.21 (2007)
 General
 The Boxster S (987) for the model year 2007 will beequipped with the engine of the Cayman S (987). Theliquid-cooled 3.4 liter 6-cylinder horizontally opposedengine in the Cayman S is based on the current enginefamily of the 911 Carrera and Boxster. Structural designmeasures ensure high rigidity for the crankshaft andcamshaft drive.
 Important changes:
 • Displacement of 3.4 liters.• Introduction of VarioCam Plus.• Revision of the exhaust system and the air filter.• Revised exhaust system.• Adaptation of the Motronic system
 Full-Loads Curves
 A – Power rating in bhpB – Power rating in kWC – Torque in Nm (ft lb.)D – Engine speed in rpm
 Engine Data:
 Displacement 3.4 LiterBore 96 mmStroke 78 mmPower output 295 hp (217 kW)At engine speed 6,250 rpmMax. torque 251 ft lb. (340 Nm)At engine speed 4,400 - 6,000 rpmCompression ratio 11.1 : 1Cut-off speed 7,300 rpmIdle speed 680 +/- 40 rpm
 Notes:
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 Cayman (987) M97.20 (2007)
 General
 In model year 2007 the Cayman (987) will be available inthe North American market along with the Cayman S(987). The Boxster (987) engine from the 2006 modelyear serves as the basis for the 2007 model year Cayman(987). It was possible to increase both the horsepowerand torque with further development measures. This wasprimarily due to the 2007 Cayman model getting theVarioCam Plus system.
 Engine Data:
 Displacement . . . . . . . . . . . . . . . . . .2.7 LiterBore . . . . . . . . . . . . . . . . . . . . . . . .85.5 mmStroke . . . . . . . . . . . . . . . . . . . . . . .78 mmPower output . . . . . . . . . . . . . . . . . .245 bhp (180 kW)at engine speed . . . . . . . . . . . . . . . .6,500 rpmMax. torque . . . . . . . . . . . . . . . . . . .201 ft lb. (273 Nm)at engine speed . . . . . . . . . . . . . . . .4,600 to 5,500 rpmCompression ratio . . . . . . . . . . . . . .11.3Cutt-off speed . . . . . . . . . . . . . . . . .7,300 rpmIdling speed . . . . . . . . . . . . . . . . . . .680 +/- 40 rpm
 Cayman S (987) M97.21 (2006-on)
 General
 The liquid-cooled 3.4 liter 6-cylinder horizontally opposedengine in the Cayman S is based on the current enginefamily of the 911 Carrera and Boxster. Structural designmeasures ensure high rigidity for the crankshaft andcamshaft drive.
 Important changes:
 • Displacement of 3.4 liters.• Introduction of VarioCam Plus.• Revision of the exhaust system and the air filter.• Revised exhaust system.• Adaptation of the Motronic system
 Full-Loads Curves
 A – Power rating in bhpB – Power rating in kWC – Torque in Nm (ft lb.)D – Engine speed in rpm
 Engine Data:
 Displacement 3.4 LiterBore 96 mmStroke 78 mmPower output 295 hp (217 kW)At engine speed 6,250 rpmMax. torque 251 ft lb. (340 Nm)At engine speed 4,400 - 6,000 rpmCompression ratio 11.1 : 1Cut-off speed 7,300 rpmIdle speed 680 +/- 40 rpm
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 911 Carrera (997) & Boxster/Cayman (987) Engine
 911 Carrera (997) M96.05 (2005-on)
 General
 The engine of the 911 Carrera (997) corresponds largelyto the 3.6 liter engine of the 911 Carrera (996) frommodel year 2004. The increase in power is mainly fromoptimization of the exhaust system and the consequentlyimproved volumetric efficiency.
 Important changes:
 • Optimized cooling system• Fine tuning of performance critical components• Mechanical vacuum pump• Extended maintenance intervals• Oil spray collector• Oil level measurement
 Full-Loads Curves
 A - Power output in hpB - Power output in kWC - Torque in NmD - Engine speed in rpm
 Engine Data:
 Displacement 3.6 LiterBore 96 mmStroke 82.8 mmPower output 325 hp (239 kW)At engine speed 6800 rpmMax torque 273 ft lb. (370 Nm)At engine speed 4250 rpmCompression 11.3 : 1Cut-off speed 7300 rpmIdle speed 670 +/- 40 rpm
 Notes:
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 911 Carrera S (997) M97.01 (2005-on)
 General
 The engine of the 911 Carrera S (997) is based on the 3.6liter engine. The increase in displacement to 3.8 liters hasbeen achieved by enlarging the bore diameter from 96mm to 99 mm.
 Important changes:
 • Displacement increased to 3.8 liters• Fine tuning of Vario Cam• Incorporation of a vibration balancer• Optimized cooling system• Increased compression• Fine tuning of performance-critical components• Mechanical vacuum pump• Extended maintenance intervals• Oil spray collector• Oil level measurement
 Full-Load Curves
 A - Power output in hpB - Power output in kWC - Torque in NmD - Engine speed in rpm
 Engine Data:
 Displacement 3.8 LiterBore 99 mmStroke 82.8 mmPower output 355 hp (261 kW)At engine speed 6600 rpmMax torque 295 ft lb (400 Nm)At engine speed 4600 rpmCompression 11.8 : 1Cut-off speed 7300 rpmIdle speed 670 +/- 40 rpm
 Notes:
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 911 Carrera (997) & Boxster/Cayman (987) Engine
 911 Carrera (997) & Boxster/Cayman (987) Engine Components
 Crankcase – Cayman S (987)
 The crankcase concept, featuring a high level ofcomponent integration, separate crankshaft bearing withcast-in cast iron elements and Lokasil cylinder barrels, hasbeen adopted from the 911 Carrera. In order to reducehorsepower loss caused by compression of the air belowthe piston during downward movement, air passages (seearrow in 911 crankcase image) have been incorporatedbetween the individual cylinders.
 In order to attain a displacement of 3.4 liters, the 96 mmbore of the engine from the 911 Carrera has beencombined with the 78 mm stroke of the engine from theBoxster. This results in an extremely short stroke, which isconducive to true sports car performance.
 Crankcase – 911 Carrera S (997)
 The larger piston diameter in the 911 Carrera S (997) 3.8liter engine displaces more air during the downwardmovement, the cross-sections of the connections betweenthe individual cylinders have been increased.
 Crankshaft – Boxster/S (987)
 In order to reduce weight on the crankshaft, the centerbore is deeper on the flywheel side. This results in aweight reduction of approx. 0.6 lbs (0.3 kg).
 Pistons – Boxster S (987) 3.2
 The pistons of the Boxster S (987) have been reinforced inthe area of the valve reliefs. This results in a weightincrease of 0.28 oz (8 g). The increased piston weight isoffset by lighter wrist pins designed with a conical designand thinner walls.
 Torsional Vibration Damper – 911 Carrera S (997)
 The higher cylinder gas pressures in the 3.8 liter engineleads to torsional vibrations in the engine as a result of thetransmissions of these forces via the pistons and thecrankshaft drive (connecting rod and crankshaft). Toreduce these torsional vibrations, the vibration dampermaterial was changed from steel to aluminum.
 The previous 3.8 liter torsional vibration dampers weremade from steel, which was a disadvantage since theheavy weight compromises revving ability and spontaneity.To reduce this disadvantage, the 3.8 liter engine of the911 Carrera S incorporates a torsional vibration dampermade of aluminium. This reduces the crankshaft drive'smass moment of inertia and enhances the engine's revvingability and spontaneous response.
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 Valve Train – Boxster (987) 2007, (Cayman (987) 2007
 Timing Intake opens, large lift, early/late . . . . . . . . . . . . . . .19° before TDC/21° after TDCIntake closes, large lift, early/late . . . . . . . . . . . . . . .13° after BDC/53° after BDCIntake opens, small lift, early/late . . . . . . . . . . . . . . .TDC/40° after TDCIntake closes, small lift, early/late . . . . . . . . . . . . . . .58° before BDC/17° before BDCExhaust opens . . . . . . . . . . . .36° before TDCExhaust closes . . . . . . . . . . .2° after TDC
 Valve Train – Boxster S (987) 2007, (Cayman S (987)
 Timing in retarded setting at 1 mm valve lift andzero play:
 Intake opening, large stroke . . . . . . .11° after TDCIntake closing, large stroke . . . . . . . .60° after BDCIntake opening, small stroke . . . . . . .39° after TDCIntake closing, small stroke . . . . . . . .19° before BDCOutlet opening . . . . . . . . . . . . . . . . .50° before BDCOutlet closing . . . . . . . . . . . . . . . . . .4.5° after TDC
 Notes:
 Valve Train – 911 Carrera S (997)
 While the 3.8 liter engine retains the same valve lift andthe same diameters for the intake and exhaust ports, thetiming has been duly adapted to the modified gasexchange. This enables high torque and power outputcombined with a smooth torque curve.
 Timing in retarded setting at 1 mm valve lift andzero play:
 Intake opening, large stroke 9° after TDCIntake closing, large stroke 61° after BDCIntake opening, small stroke 39° after TDCIntake closing, small stroke 19° after BDCExhaust opening 50° before TDCExhaust closing 4° before TDC
 Notes:
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 911 Carrera (997) & Boxster/Cayman (987) Engine
 Vacuum Pump
 The 911 Carrera/S (997), Boxster/S and Cayman S (987)engines employ a mechanical vacuum pump instead of aconventional vacuum amplifier to provide the vacuum forthe brake booster. This pump is driven in tandem configu-ration together with the oil extraction pump of the leftcylinder head of Boxster/Cayman engines (see arrow) andright cylinder head of 911 Carrera engines.
 This design enables a high and constant level of vacuumsupply and subsequent effective brake boost even whenthe most unfavorable underlying conditions apply, e.g. lowexternal air pressure at high altitudes, and in highlydynamic driving involving a high proportion of full-loadoperation, e.g. on race tracks.
 Belt Drive – Boxster/S & Cayman/S (987)
 Boxster (987) and Boxster S (987) with manual transmis-sions feature tension and idler pulleys made of plastic inorder to reduce weight. This results in a weight reductionof approx. 1.1 lbs (0.5 kg). It has not been possible toimplement this change on vehicles with Tiptronic, due tothe different mass on the power output side of Tiptronicvehicles in comparison to vehicles with manual transmis-sion, which would result in vibration and subsequent noise.
 Belt Service Life – 911 Carrera/S (997), Boxster/S &Cayman/S (987)
 On the basis of the excellent service life with the beltdrive, Porsche has extended the replacement interval from48,000 miles (80,000 km) to 60,000 miles (90,000 km).
 Notes:
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 911 Carrera/Boxster/Cayman Engine Repair Page 3.13
 Oil Supply/Oil Level Measurement – 911 Carrera/S(997), Boxster/S & Cayman/S (987)
 The oil supply system as a whole has been adopted fromthe previous models. A change applies in the area of oillevel measurement. Continuing with the positive experi-ences with electrical oil level measurement and achangeover in measuring habits away from manualmeasurement via the oil dipstick to electrical oil levelmeasurement, the new engines do not have an oil dipstick.
 The hole on the crankcase for the oil dipstick is closed with a plug.
 In order to speed up the process of measuring the oil levelin certain operating states and in the interests ofmeasuring convenience, map compensation has beenintroduced. Previously, all of the engine oil had to return tothe oil pan after the engine was shut off before the oil levelcould be measured. To enable accurate measurement ofthe oil level, the necessary time required to achieve thisstate was ensured by means of a waiting time for oil levelmeasurement, determined according to the oil tempera-ture and the length of time the engine has been off.
 With map compensation, the actual measured oil level inthe oil pan is compensated to take in account the oiltemperature and the length of time the engine has beenoff. The oil that has not yet returned to the oil pan is elec-tronically calculated and theoretically added, and thecalculated oil level is displayed in the instrument cluster asquickly as possible. This results in a substantial reductionin measuring times compared with the previous system.
 Cooling – Boxster/S (987)
 Due to the increase in power of the new Boxster (987) andBoxster S (987) models and the resultant higher thermalload, the cooling system had to be revised. The Boxsterand Boxster S with manual transmission are equipped withtwo radiators from the 911 Carrera (997).
 Similar to the previous Boxster (986) models, the newBoxster (987) radiators are mounted in the front fenders infront of the front wheels. These radiators have beenenlarged in terms of both surface area (approx. 5 %) anddepth (approx. 20 %). The two powerful electric fans alsoinclude a control system designed to meet the coolingrequirements in conjunction with a modified exhaust airconcept. This ensures flow optimized control of theexhaust air flow and aerodynamic optimization of thecooling system. This new feature permits infinite control ofthe fan speed as a function of the coolant temperatureand the system pressure in the air conditioning systeminstead of two-stage control. It has the advantages ofrequiring less current and therefore creates less of a loadon the vehicle electrical system, in addition to quieteroperation.
 The coolant pump is identical to that used on the 911Carrera (997) and ensures a higher coolant flow rate. Themore efficient operation means that the smaller oil/waterheat exchanger of the Boxster (987) 2.7 liter engine cannow be used on the Boxster S (987) as well, resulting in aweight reduction of 12.7 oz (360 g).
 The Boxster S (987) with Tiptronic S features an additionalradiator at the front of the vehicle. This enables cooling ofthe automatic transmission oil via an additional oil/waterheat exchanger in a common coolant circuit.
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 911 Carrera (997) & Boxster/Cayman (987) Engine
 Cooling – Cayman/S (987)
 The familiar cross-flow cooling system is also employed onthe new Cayman/S, providing for the efficient and evendistribution of coolant to all cylinders. The coolant pump,which is identical to that on the 911 Carrera and theBoxster, ensures a high coolant flow rate.
 Aerodynamic optimization of the cooling-air guides on the911 Carrera and Boxster has improved the performanceof the cooling system adopted from these vehicles,thereby enabling this system to meet the high coolingrequirements resulting from the stated power output.
 The Cayman/S with manual transmission is equipped withtwo radiator modules like those of the 911 Carrera (997),located in the front fenders in front of the front wheels.Two powerful electric fans also possess a control systemdesigned to meet the cooling requirements in conjunctionwith an adapted exhaust air concept. This ensures flow-optimized control of the exhaust air flow and aerodynamicoptimization of the cooling system.
 This new feature permits infinite control of the fan speedas a function of the coolant temperature and the refrig-erant pressure in the air conditioning system. It has theadvantages of minimizing the required current input,thereby imposing only a minimal load on the vehicle elec-trical system and also generating a low level of noise.
 On the Cayman/S with Tiptronic S, an additional thirdradiator is used at the front of the vehicle to facilitatecooling of the automatic transmission oil via an additionaloil-water heat exchanger in the common water circuit.
 Cooling – 911 Carrera/S (997)
 Since the 911 Carrera (997) is available in two enginetypes and the 3.8 liter engine has a higher cooling require-ment than the 3.6 liter engine, the entire cooling systemhas had to be revised. A coolant pump with an approx.13% increase in capacity is employed to this end. Thisincrease in capacity results from an approx. 3 mm largerimpeller and an enlarged coolant inlet on the crankcase.This necessitated corresponding modifications of theseals. The oil-water heat exchanger has been enlarged toincorporate two additional cooling fins. The efficiency ofthe front radiators also had to be improved.
 Enlarging the radiators was not an option due to lack ofspace. A third radiator for cars with manual transmissionsalso was deemed unviable due to weight concerns. Takingthese concerns into consideration, optimizing the existingcooling concept was the best option available.
 Fine-tuning has improved the radiator core and increasedthe efficiency of the supply and exhaust channels in thebody. In addition, variable speed control for the radiatorfans has been introduced for the 911 Carrera (997)models.
 The total of all the implemented measures resulted in asubstantial improvement in cooling capacity. In order toreduce the extent of diversification, these modificationshave been incorporated into both engine types.
 Notes:
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 911 Carrera/Boxster/Cayman Engine Repair Page 4.1
 Metric Conversion Formulas
 INCH . . . . . . . . . . . . . X 25.4 = MMMM . . . . . . . . . . . . . . X .0394 = INCHMILE . . . . . . . . . . . . . X 1.609 = KILOMETER(KM)KM(KILOMETER). . . . . . . . . X .621 = MILEOUNCE . . . . . . . . . . . X 28.35 = GRAMGRAM . . . . . . . . . . . . X .0352 = OUNCEPOUND(lb) . . . . . . . . . . X .454 = KILOGRAM(kg)kg(KILOGRAM) . . . . . . . . . X 2.2046 = lb(POUND)CUBIC INCH . . . . . . . . X 16.387 = CUBIC CENTIMETER(cc)cc(CUBIC CENTIMETER) . . . . . X .061 = CUBIC INCHFOOTPOUND(ft lb) . . . . . X 1.3558 = NEWTON METER(Nm)Nm(NEWTON METER) . . . . . . X .7376 = ft lb(FOOT POUND)HORSEPOWER(SAE) . . . . X .746 = KILOWATT(Kw)HORSEPOWER(DIN) . . . . X .9861 = HORSEPOWER(SAE)Kw(KILOWATT). . . . . . . . . . X 1.34 = HORSEPOWER(SAE)HORSEPOWER(SAE) . . . X 1.014 = HORSEPOWER(DIN)MPG(MILES PER GALLON) . . . . X .4251 = Km/l(KILOMETER PER LITER)BAR . . . . . . . . . . . . . . X 14.5 = POUND/SQ. INCH(PSI)PSI(POUND SQUARE INCH) . . . . X .0689 = BARGALLON. . . . . . . . . . . X 3.7854 = LITERLITER. . . . . . . . . . . . . X .2642 = GALLONFAHRENHEIT . . . . . . . - 32÷1.8 = CELSIUSCELSIUS . . . . . . . . . . X 1.8+32 = FAHRENHEIT
 TemperatureConversion

Page 48
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 Conversion Charts
 Notes:
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