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ABSTRACT

A laboratory test specimen and test methodology was designed to simulate
connecting rod fracture at high speeds applicable to fracture splitting. This specimen
accommodates a variety of cross-sectional areas, notch types, notch preparation methods,
and dimensions. It also allows for systematic variation and evaluation of microstructures
that could imitate microstructures found in forged connecting rods. Different splitting
speeds, cross-sections, and notch preparatim; methods were all tested with a 0.69 wt %
carbon steel (C70). The microstructural features and the fracture features of the test
specimen were measured and quantified, and Charpy V-notch and quasi-static tensile
tests were performed on standard tensile test specimens to characterize the test material.
Four medium carbon steels of 0.4 wt% carbon were then designed for potential
connecting rod applications. In three of these alloys, one element (or pair of elements in
the V,N case) was systematically increased relative to the base chemistry. These alloying
elements include manganese, silicon, and vanadium in combination with nitrogen. The
test results provided key insights into steel alloy and process design for hypoeutectoid
splittable connecting rod applications: the ferrite should be strengthened (this was
accomplished by a combination of increased amounts of Mn and V,N in this study), the
prior austenite grain sizes should be as large as possible ( ~150 pm was found to be
adequate in this study) to facilitate pearlite formation, and fast cooling rates should be
employed after forging (while still obtaining a fully ferrite-pearlite microstructure) to

achieve a fine ferrite grain size and interlamellar spacing.
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1.0 INTRODUCTION

1.1 Background
Splittable, wrought, forged microalloyed steel connecting rods (con-rods) are a

relatively new class of connecting rods where two notches are made on the split line of
the rod and cap 180° opposite from each other, and the rod and cap are fractured in a
controlled manner. This method of controlled fracture not only results in reduced
machining cost, because the split connecting rod needs no additional rod/cap contact face
milling, but also provides more intimate mating and interlock between the rod and cap.
The two fractured surfaces create more contact surface area compared to a machined
surface and enable the connecting rod to withstand higher stresses [1]. A schematic
illustration comparing the conventional method of machining connecting rods to the

fracture splitting process is shown in Figure 1.1.

Figure 1.1 Schematic illustration comparing the conventional method of connecting
rod machining to the fracture splitting process [2].

While the current alloys used for splittable wrought forged connecting rods have
proven to be acceptable in their current applications, they do have some limitations and
efforts are underway to find alternative materials. The limitations of the current alloys

include strength and machinability. A commonly used alloy for splittable connecting



rods, C70, has a high carbon content, and forms a fully pearlitic microstructure that has
adequate splittability; however, the maximum reported yield strength of C70 is
approximately 550 MPa [3,5,6]. This strength level is sufficient for some passenger
vehicles, but for some uses, such as heavy duty truck applications, a higher yield strength
is desired [4,5,6]. In addition, the high carbon content of C70 has been reported to
decrease machinability and reduce the tool life [5,6,7,8]. New microalloyed splittable
steel alloys could be designed to address the aforementioned limitations. The new alloys
need to have a higher yield strength than C70, be easy to split (i.e., low toughness), and

be manufactured economically.

1.2 Scope
There were three main objectives of this thesis research. These are:

1. Create a sample geometry and test method to imitate connecting rod fracture.

2. Evaluate the effects of splitting speed on fracture features including fracture

facet size and percentage of ductile voids for alloys with varied microstructures.

3. Examine the splitting response of medium carbon microalloyed steels which

are intended to have enhanced machinability and fatigue performance over current

high carbon splittable steel alloys.

The initial focus of this research was on the effects of splitting speed on the
fracture characteristics of splittable steels in view of a very limited amount of literature
discussing these effects. In this work, laboratory specimens were fractured at different
speeds and the resulting fracture surfaces were compared to the splitting speeds. The
alloys used for these tests were C70 (a commonly used commercial alloy for splittable
connecting rods) and experimental alloys with a lower carbon that were designed for this
project. The chemical compositions of these alloys are given in Table 1.0. A more
detailed description of the experimental design and test configurations is presented in
Chapter 3.0. It is important to note, that while the medium carbon experimental alloys
were designed to have enhanced rﬁachinability and fatigue performance, only the splitting

performance of these alloys was studied in this project.



Table 1.0 Chemical compositions (wt%) of the alloys used in this study.
Alloy C Mn | P S Si Al V |N(@PPM)
C70 0.69 | 0.54 | 0.014 |0.064| 0.17 | -- | 0.037 87
Base Alloy 0.38 | 1.04 | 0.077 {0.063| 0.62 -- 0.102 90
Base + V,N 0.4 1.03 | 0.067 10.066] 0.58 -- 0.193 171
Base + Mn 0.38 | 1.41 | 0.076 [0.061] 0.6 -- 0.095 90
Base + Si 0.4 1.01 | 0.067 |0.058] 0.86 -- 0.098 94







2.0 LITERATURE REVIEW

The following sections review some relevant topics related to this research. They
are intended to give the reader some pertinent background information for the research in
this thesis. The first section (Section 2.1) gives a brief background on splittable
connecting rods, discusses some recent developments surrounding these connecting rods,
and identifies areas of opportunity for the advancement of splittable connecting rod
technology. One area of advancement involves the creation of new alloys. As a result,
the effects of alloying elements on microstructural constituents and mechanical properties
are presented in Section 2.2. Finally, Section 2.3 discusses some relationships between
microstructural constituents and fracture behavior, which is pertinent to the splitting

characteristics of the connecting rod.

2.1 Splittable Connecting Rod Developments
Connecting rods that function in internal combustion engines are subjected to

high cyclic loads comprised of dynamic tensile and compressive loads [1]. Therefore,
they require precise and accurate tolerances between the rod and the cap to enable fluid
motion between the piston and the crankshaft. Connecting rods must be capable of
transmitting axial tension and compression loads, as well as sustain bending stresses
caused by the thrust and pull on the piston and by the centrifugal force of the rotating
crankshaft. Figure 2.1 presents schematic illustrations of a connecting rod and its
location and function in an engine. |

There is a need in many engine applications for high-performance connecting
rods, which also must be designed and manufactured economically. Currently, there are
two main methods for manufacturing automotive connecting rods. The first method is
forging from billet stock, or wrought forging. In this process, a heated solid billet is
placed into multiple dies and repeatedly hammered to the desired net shape. With the
advent of microalloyed forging steels, the desired mechanical properties can be achieved
in the as-cooled state [9]. The second method is powder forging. The powder forging

(PF) process, is an extension of the conventional press and sinter powder metallurgy



(PM) process. A porous preform is densified by hot forging with a single blow. The

forged component must then be heat-treated to obtain the desired properties[10].
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Figure 2.1 Schematic illustrations of a connecting rod [11]. (a) Connecting rod . with
various features defined. (b) Location in engine.

In the early 1990s a process was developed for the room-temperature fracture
splitting of the caps from the rods for powder forged connecting rods[12]. Two notches
are made on the split line for the rod and cap 180° opposite from each other, and the rod
and cap are fractured in a controlled manner. The method of controlled fracture results in
reduced machining cost as the split connecting rod needs no additional rod/cap contact
face milling. Subsequently, splittable powder forged (PF) connecting rods became the
preferred method of connecting rod manufacture in the 1990s.

As the automotive industry moved toward smaller engines capable of higher
revolutions per minute (RPMs) in the late 1990s and early 2000s, materials for
connecting rods had to be able to withstand greater cyclic loads and internal stresses. As
a result, several studies comparing PF and microalloyed forged steel connecting rods
were performed. These studies showed that forged steel connecting rods outperform PF
connecting rods in fatigue, strength and ductility [3, 6, 9,13]. When a high-fatigue
strength microalloyed steel was developed énd used for connecting rods by Nakamura et
al. [9], they found that the tension/compression fatigue test of prototype connecting rods
showed a 26% higher fatigue strength relative to PF rods. Repgen [6] noted that a direct
comparison of forged vs. hot formed powder metal connecting rods with similar cross

sections showed a 21% higher fatigue level for the forged part. Finally, Afzal et al. [13]



