`


Conrod Dynamic Forces Report
[image: image23.jpg]



Paul Anthony Cook 0550424

Abstract
This report investigated the change in tensile and compressive forces experienced by connecting rods; in conventional four-cycle piston engines; in relation to RPM, conrod length, piston assembly mass and crank radius.
It was found, as perhaps could be expected; that increases in RPM, crank radius and piston assembly mass; resulted in increased tensile/compressive forces acting on conrods.

However, increases in conrod length resulted in a reduction of forces acting upon them.
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Introduction
A conrod is subject to all forces between its free rotating gudgeon pin and big end. They are mainly compressive and tensile; and to a lesser extent, thermal and vibrational.
The main forces during each stroke of a four-cycle engine are:-
1. Intake stroke: Tension, working to increase the size of the cylinder chamber, to reduce the pressure and draw fresh air and fuel in through the intake valve.

2. Compression stroke: Compression, working to decrease the size of the now-sealed cylinder chamber and compress the air/fuel mixture contained within.

3. Power stroke: Compression, after the combustion of the fuel dramatically increases the pressure in the closed cylinder chamber; the power is transmitted down to the crankshaft.

4. Exhaust stroke: Compression, working to increase the pressure and push the hot combustion by-products out of the now-opened exhaust valve.

As most of these forces are compressive, the key parameter in the design of a connecting rod is prevention of buckling. (Lion, 2012)
From computation, the results of which to be portrayed graphically, this analysis sets to demonstrate relationships between the tensile and compressive forces acting upon a conrod; as functions of its engine’s parameters: RPM, piston mass, crank radius and conrod length.
For such purposes, the engine chosen was that of the Nissan R35 GT-R. However, the resulting data was acquired by use of an upgrade forged piston/conrod set, the GT800 package, marketed by H KS Co. Shizuoka, Japan.
Methodology
The dimensions of the chosen engine; acquired from manufactures literature readily available via internet search and reproduced in the appendices; were given as follows:-

Mass of piston, gudgeon pin and rings:  497 gms.

                                                            
Mass of conrod: 722 gms.

Length of conrod: 165.1 mm.
Crank radius:   94.4 mm.
These were applied to the computational program contained within the Excel worksheet: “ConrodAssignment.xlsx” obtainable at:-http://moodle.uwtsd.ac.uk/course/view.php?id=2199 
From that program, the forces acting upon the specified conrod were automatically calculated and represented graphically as illustrated below; initially for the actual engine’s true dimensions; and subsequently for theoretical experimental dimensions. This done in order that a comparison and relationship between conrod forces as a function  of RPM, piston mass, conrod length and crank radius may be determined.
From the manufacture’s “Engine Output Features” graph; maximum power output occurs at 6,700 RPM. This was the maximum value used for subsequent calculations. Maximum torque occurs at 3800 RPM. This value was used when determining variation in forces with respect to conrod length, piston mass and crank radius.
Fig.1            Conrod forces acting at 6700 RPM, standard engine dimensions.
Y axis: Force/Newtons


                     Maximum tensile force on conrod = 36167N
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             X axis: Time/Seconds
Fig. 2            Conrod forces acting at 5700 RPM, standard engine dimensions.
Y axis/Newtons                                                                Maximum tensile force on rod = 26197N [image: image3.png]=—Acceleration
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Y axis: Time/Seconds



Fig.3        Conrod forces acting at 4700 RPM, standard engine dimensions.

Y axis: Force/Newtons                                               Maximum tensile force on rod = 17838N [image: image4.png]c
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Fig.4             Conrod forces acting at 3700 RPM, standard engine dimensions. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 11061N [image: image5.png]Force
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.                                                                                                                             Y axis: Time/Seconds.
Fig.5             Conrod forces acting at 2700 RPM, standard engine dimensions. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 5892N [image: image6.png]/
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Y axis: Time/Seconds 

Fig.6             Conrod forces acting at 1700 RPM, standard engine dimensions. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 2334N [image: image7.png]=—Acceleration
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Y axis: Time/Seconds.

Fig.7                  Conrod forces acting at 3800 RPM, crank radius increased by 20 mm. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 15229N [image: image8.png]=—Acceleration
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Y axis: Time/Seconds.

Fig.8                Conrod forces acting at 3800 RPM, crank radius increased by 40 mm. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 19173N [image: image9.png]Acceleration

Force

40000

30000

20000

-30000

-40000
-50000




.








X axis: Time/Seconds.


Fig.9            Conrod forces acting at 3800 RPM, crank radius decreased by 20 mm. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 8486N [image: image10.png]=—Acceleration
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X axis: Time/Seconds.

Fig.10             Conrod forces acting at 3800 RPM, crank radius decreased by 40 mm. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 5687N [image: image11.png]=—Acceleration
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X axis: Time/Seconds.

Fig.11             Conrod forces acting at 3800 RPM, conrod length increased by 30 mm. 
Y axis: Force/Newtons                                               Maximum tensile force on rod = 11013N [image: image12.png]=—Acceleration
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X axis: Time/Seconds.

Fig.12              Conrod forces acting at 3800 RPM, conrod length increased by 60 mm. 
Y axis: Force/Newtons                                        Maximum tensile force on rod=10169N [image: image13.png]=—Acceleration
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X axis: Time/Seconds.

Fig.13              Conrod forces acting at 3800 RPM, conrod length decreased by 30 mm. 
Y axis: Force/Newtons                                        Maximum tensile force on rod=12252N [image: image14.png]=—Acceleration
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                      X axis: Time/Seconds. 
Fig.14             Conrod forces acting at 3800 RPM, conrod length decreased by 60 mm. 
Y axis: Force/Newtons                                        Maximum tensile force on rod=13512N [image: image15.png]=—Acceleration
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X axis: Time/Seconds.

Fig.15          Conrod forces acting at 3800 RPM, piston assembly mass increased by 200 gms. 
Y axis: Force/Newtons                                                     Maximum tensile force on rod=16316N [image: image16.png]Acceleration
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X axis: Time/Seconds. 
Fig.16          Conrod forces acting at 3800 RPM, piston assembly mass increased by 100 gms. 
Y axis: Force/Newtons                                                      Maximum tensile force on rod=14013N [image: image17.png]Acceleration
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X axis: Time/Seconds.
Fig.17      Conrod forces acting at 3800 RPM, piston assembly mass decreased by 100 gms. 
Y axis: Force/Newtons                                                      Maximum tensile force on rod = 9319N [image: image18.png]=—Acceleration

Force

15000

10000

-15000

-20000

-25000

-30000





.








X axis: Time/Seconds.
Fig. 18     Conrod forces acting at 3800 RPM, piston assembly mass decreased by 200 gms. 
Y axis: Force/Newtons                                                      Maximum tensile force on rod  =  6971N [image: image19.png]Acceleration
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X axis: Time/Seconds.
Analysis and Conclusion
In addition to that  conveyed in the abstract of this report; as concluded by the above graphical data it is seen that limitation of conrod forces is achievable by the limitation of piston assembley mass, crank radius and RPM; within the confines of desired engine performance and longevity.   

As would be expected, the maximum tensile forces occur around TDC; and the maximum compressive forces aroun BDC. 
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	Code No. 21004-AN016
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To improve the performance of R35 GT-R using the factory pistons and connecting rods, the durability of these factory parts restricts the improvement.

GT800 Package can release the restriction by replacing the pistons and connecting rods with the HKS Piston Kit and Connecting Rod Set which enables higher performance.

This HKS Piston Kit and Connecting Rod Set are the best to use with GT800 Package to upgrade the engine properly.

 

 

■Feature

[image: image22.jpg])

Y v hkSEpower co.p



<POINT-1> High Output Part

· The bore sizes of both Piston Kit and Connecting Rod Set are the same as the factory sizes so they can be replaced with the factory parts.

· To avoid piston land breakage, HKS pistons are made with forged material instead of casting like the factory pistons.

· It’s recommended to use with other items of the GT800 Package.

· In-house test at 900PS confirmed the durability and safety.

· The setting range is widened by reducing the compression rate from 9.0 factory ratio to 8.7. This is effective to increase the engine output using the aluminium block specs and/or bigger cylinder bore.

 

<POINT-2> Factory Replacement Type

· The weight of the connecting rod is the same as the factory since the affect of the V6 engine’s peculiar vibration should be considered.

· The piston is light-weighted to approximately 25g.

· The weight is optimized to install with the factory crankshaft so it is not necessary to use a dummy weight to balance.

 

<POINT-3> ) Expertise on the Factory Parts & Reliable In-House Products

· The 3D profile for the piston was chosen from various profile tests. The forged material exclusively for HKS and the optimal piston shape are utilized.

· With the results of our analysis on the factory connecting rod, the durability is improved by approx 46% maintaining the balance.

· All parts are MADE IN JAPAN (in-house product).

 

 

■Specification

	 
	HKS
	Stock

	Bore x stroke
	φ95.5 X 88.4mm
	φ95.5 X 88.4mm

	Compression ratio
	ε 8.7
	ε 9.0

	 
	Gasket thickness
	HKS t 0.8
	t 0.80

	
	Displacement (cc)
	3799
	3799

	Piston
	Bore dia.
	φ95.5
	← same

	
	Compression height
	34.30 mm
	← same

	
	Concave portion on top
	8.01 cc
	4.49 cc

	
	Material 
	Forged (no hollow channel)
	Casting (with hollow channel)

	
	Reference weight 
	420 g
	445 g

	Pin 
	Size 
	φ23 X 60mm
	φ23 X 62.5mm

	Ring
	TOP B size
	1.2 mm
	← same

	
	SEC B size
	1.2 mm
	← same

	
	OIL B size
	2.0 mm (3 piece)
	← same

	Connecting rods
	S. end hole size
	φ23
	← same

	
	L. end hole size
	φ59
	← same

	
	Center hole
	165.1mm
	← same

	
	Material 
	SCM + thermal refining
	Steel cast 

	
	Reference weight 
	About 722 g
	About 724.6 g

	
	Set weight dispersion 
	Less than 1.0g
	－

	
	Bolt 
	M9 X P1.0 / 14.9T
	← same


 

 

■Engine Output Features (800ps Spec.)
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■VR38DETT PISTON + CONROD KIT

	Product
	Engine
type
	Displacement
(ml)
	Type
	Boring/
honing 
modification
	Full flow 
modification
	Code #
	Price
	Remark

	Forged 
piston kit
	VR38DETT
	3799
	φ95.5-23
	Not required
	Not required
	21003-AN009
	 
	 

	H-beam 
connecting rods
	VR38DETT
	3799
	φ59-23
	-
	Not required
	23004-AN004
	 
	for standard stroke


 

	Product
	Engine
	Capacity (ml)
	Type
	Boring, Honing
	Full Flow Modification
	Code No.
	Price
	Remarks

	
	
	
	
	
	
	
	
	

	Forged Piston + H-beam Con'rod Set STEP1 
	VR38DETT
	3799
	φ95.5-φ23
	NO
	NO
	21004-AN016
	
	Discontinued.
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