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This paper addresses the issue of unstable machining quality of large-scale high-precision internal combustion engine block; the
key machining technologies of complex thin-wall internal combustion engine block are studied. This dissertation takes the L type
engine block that is used as research object; themodular and fast changing fixtures have been designed formachining engine blocks;
due to the fact that this kind of engine blocks has different number of cylinders, we establish amodel of precisionmachining scheme
based on virtualmanufacturing technology andmanufacturingmethod; on this basis, the scheme is applied to the actual production
process to verify the feasibility of the program.The research shows that the precisionmachining scheme established based on virtual
manufacturing technology can effectively solve the key machining technology of the engine block, and one purpose of using this
method is to improvemachining precision and efficiency of the assembly production.This study intends to propose finalmachining
technology project of high-precision products, and this will formulate and gradually perfect a machining process framework for
large engine block, which has engineering exploration value to promote machining technology.

1. Introduction

Virtual manufacturing (VM) technology is one of the most
important parts in the manufacturing system. Various con-
ditions and resources affect the total efficiency and precision
of the manufacturing system.The same is true of the internal
combustion engine manufacturing systems.

The engine block is the largest and most intricate single
component used in an internal combustion engine [1]; the
traditional machining methods need to make several times
on actual machining attempts that comprises a large portion
among the total time in a manufacturing process; the opti-
mization of these processes by means of VM can contribute
greatly to the total efficiency and precision of a mechanical
system [2]. By comparing the development trend with the
current situation of large equipment machining technology,
it can be concluded that it has become the inevitable require-
ment of the times expanding. So we should upgrade the
machining technical content of large-scale engine block as
soon as possible [3].

Recently, with the increasingly fiercemarket competition,
improving the machining technology of large-scale engine
block has become the urgent task for the further develop-
ment.

Most of the papers were to expand the study of machin-
ing program of large engine block from the point of VM
technology [4, 5]. Jeffrey applied the VM technology in the
manufacturing process of the internal combustion engine
block, the production process and the production system
model were established, and the virtual model of the internal
combustion engine block was analyzed; his research realized
the connection between the VM environment and the real
manufacturing environment [6]. In the aspect of simulation
technology, the machining process was optimized through
simulation and the simulation parameters based on com-
puter graphics display system and control technology, and
it can guide the actual machining process and improve the
processing efficiency [7, 8]. In respect of the total working
hours of internal combustion engine products, machining
hours are still occupying a large share.The application of VM
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Figure 1: Structure of L type internal combustion engine block. (a)
The bottom surface; (b) cylinder hole surface; (c) crankshaft; (d)
idler wheel hole; (e) camshaft hole; (f) flywheel surface; (g) pump
cover surface.

technology can effectively improve the machining efficiency
but also optimize the machining process, the tool path, cut-
ting parameters, cutting allowance, process structure, and the
interference between the fixture and the workpiece [9]. Ger-
shenson et al. put forward themodularization designmethod
from the three aspects of the independence of the compo-
nents, the independence of the process, and the similarity
of the process [10, 11]. However, fewer published literatures
are available for final machining of large engine block using
VM technology from the view of improving efficiency and
accuracy point; this shows that the combination of VM
technology and modular and fast changing ideas of the series
high efficiency machining technology needs to be further
studied, and this is the significance of this research work.

Motivated by the above works, the main objective of
this paper is to improve the total efficiency and precision
of the engine block’s mechanical system, and the processing
difficulty of large internal combustion engine block should
be solved. The method of virtual design and manufacturing
technology and the application of modular and quick change
fixture design are used to determine the reasonable process
parameters; the technical problems of the local processing
limitation in the machining field are simulated by combining
the digital manufacturing technology, and this makes a
beneficial attempt to the final machining technology of large
internal combustion engine block; this paper expects to
supply the theoretical information for final machining tech-
nology.

2. Introduction to Basic Theory

2.1. Introduction of L Type Engine Block. The holistic frame-
work of L type internal combustion engine block is shown
in Figure 1. Its gantry type structure makes it have excellent
performance on antitorsion and bending performance. It can
be defined as cylinder bore surface, bottom surface, flywheel
surface, pump cover surface, and so forth. The main bearing
cover which supports crankshaft is inverted at the lower part
of the crankshaft, the crankshaft hole is machined after the
combinationwith engine block, the camshaft hole is arranged
in the intersection position of cylinder hole and surface and
operating side, and the idler wheel hole and some positioning
holes are all designed on the flywheel surface.

2.2. VM Technology. VM technology is a kind of technology
which can simulate and predict the possible problems of the
product function, performance, and machinability; it pro-
vides the 3Dvisualization environment fromproduct concept
formation to manufacturing; this makes the manufacturing
technology out of the narrow world mainly relies on the
experience [12].

The main means of VM technology is the simulation and
virtual reality technology by high performance computer and
high speed network; the product manufacturing process will
be implemented, including product design, process planning,
manufacturing, performance analysis, quality inspection,
and process management and control. It is to become an
indispensable means of developing new products with the
help of the computer-aided design based on the 3D CAD/
CAE/CAM, and its function is to cover the entire life cycle.

Because of the complexity of the product design process,
the design will lead a significant impact on the whole man-
ufacturing process, so it needs a computer network collab-
orative work between the design department and the manu-
facturing department, through the comprehensive analysis of
the product structure, product manufacturing, and product
assembly using the performance evaluation system, so as to
provide all themanufacturing process of the design andman-
ufacturing information to users, as well as the corresponding
modification function.

2.3. Modular Designs. The purpose of serialization is to meet
the requirements of the demand side with the limited variety
and specification of the products to the maximum extent and
more economically and reasonably. Assembly is to use a lot of
general series components and a small number of dedicated
components for compounding complex products [13]. The
generalization is to borrow the mature parts of the original
products; it not only can shorten the design cycle and reduce
costs but also can increase the quality of the product reliabil-
ity. Due to the high degree of generalization, the parts can be
manufactured separately from the factory’s own department
or the specialized factory. Haba and Oancea’s products have
a clear use function [14]. This function is composed of the
product structure. There are several functions that can be
achieved for a structure, due to the fact that the relationship
between structure and function ofmechanical products is not
a one-to-one relationship [6, 15].

The modular design method considers that the product
has a certain function of the realization of the overall struc-
ture of themodule.We can achieve the overall product design
through the combination of various structural modules.

3. The Design of Modularization Fixture

3.1. Modular Division of Engine Block. For the series of L type
internal combustion engine block, their function of compo-
nents is clear and relatively stable. It could be finished the
machining step on NC Heavy-duty Gantry Milling machine
by two fixture states. Although the number of cylinder holes
is different with different engine block, the distance between
the cylinder holes is equal; this is just one part of the reason,
and other one is the same distribution between two sides, as



Journal of Engineering 3

(1)

(2)

Figure 2: Structure of modular fixture. (1) Quick change position-
ing plate and (2)modular unit.

(a) Modular unit

(b) The laser alignment device

Figure 3: The functional unit of fixture.

shown in Figure 1.Therefore, it is more appropriate to use the
modular design method to design the fixtures in two states
[7].

3.2. Modular Designs for Fixture. According to the above
modular division of the engine block, on the premise that the
large-scale gantry typemillingmachine is used as the process-
ing equipment, we designed the tooling structure as shown in
Figure 2.

In Figure 2, the fixture is mainly composed of a position-
ing base plate, a modular unit (see Figure 3(a)), and a laser
automatic alignment unit (see Figure 3(b)).

Due to the thin-wall and high-precision requirements, all
the machining parts are more than 80% of the engine block,
and deformation and damage to the workpiece surface are
easy to be caused, Therefore, the machining fixture of engine
block must be strictly in accordance with the design of the

Figure 4: The final model of engine block.

product shape and process steps; the strength casting parts
will be selected to increase the top of the support and com-
pression unit to ensure the workpiece force balance. So the
fixture with a positive and modular function is considered in
the design.

The modular unit comprises a positioning block, a sup-
porting bolt, and a locking device. Positioning block and
the supporting bolt are welded on the designated position
according to the internal structure of the internal combustion
engine; the model is fixed on the T groove of the machine
tool workbench by six-angle bolts and diamond blocks, and
the engine block is arranged on the assembly fixture; then the
special clamping plate is used to realize the rapid positioning
and clamping.

This fixture can realize a unified positioning datum,
which can meet the machining of different specifications of
the engine block, and it reduces the repeated installation and
disassembly time. So it provides a quick clamping positioning
fixture for machining the cylinder block production line.

4. Process Scheme Is
Based on VM Environment

4.1. Design of Final Model of Engine Block. The main com-
ponents of machining error are from clamping error and
machine error; because of the inevitable error of machine
tools, it is an effective way to improve themachining accuracy
by virtual machining model.

According to the above method, the three-dimensional
final mold is established in accordance with the finishing
drawing; considering the deformation and finishing compen-
sation of large-size engine block among finishing process,
the overall tooling design is adopted in the virtual process
to prevent the local deformation of the engine block in this
study. An engine block model built up by applying boundary
conditions is shown in Figure 4.

4.2. Simulation Model of Machining Process Based on VM
Technology. From the manufacturing point of view, it is not
the only one process route and process method to draw
up a part; even if there is a conventional process, there are
also some alternative process plans which are interchange-
able. It will be fundamentally changed that the traditional
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Figure 5: The simulation model of virtual manufacturing.

manufacturing modes of design, trial manufacture, modifi-
cation design, and scale production by using VM technology.

Prior to the manufacture of the machine, first of all,
we use a prototype production of virtual manufacturing
environment to replace the traditional samples for testing and
its performance and manufacturability are predicted and
evaluated, thereby shortening the product design and man-
ufacturing cycle, reducing product development costs and
improving the ability of the system to respond quickly to
market changes.

In this research, the computer-aided design is associated
with the whole development process of the engine block.
The machine model and related accessories model are estab-
lished through precise drawing, as shown in Figure 5, and
the limit parameters of machine are set to simulate the
actual machining process by using computer software, such
as the placement of the workpiece, process arrangement,
and process optimization; the whole machining process is
simulated throughNX so that all kinds of problemsmay arise
in the simulation of the actual processing. Therefore, we can
formulate preventive measures according to the simulation
results, in order to minimize the risk and also to evaluate the
processing difficulties and optimize the process.

The simulation model was based on the 1 : 1 scale; the
assembly process and the actual positioning datum were
simulated according to the actual assembly process.

On this basis, the whole process of the engine block was
simulated, and the key parts of the machine were studied;
the processing method of the key parts of the engine block
was summarized based on the experience of the existing box
parts. In view of the length, the paper described the machin-
ing process of the deflection curve of the center hole of the
crankshaft hole in the body structure.

4.3. Crankshaft Hole Machining Simulation with Disturbance
Compensation. The crankshaft hole is the key part of the
diesel engine, and its straightness is very demanding. If
the internal combustion engine will run, the crankshaft
hole straightness must be in accordance with the crankshaft
deflection and the model design deflection curve shown in
Figure 6. Therefore, it is very difficult to find the compensa-
tion law of straightness. In this paper, based on the research

0# 1# 2# 3# 4# 5# 6# 7#

001 −0.040 0−0.08

(mm)

Figure 6: The design deflection curve of crankshaft hole of engine
block.

Table 1: Machining compensation value of crankshaft hole center.

Crankshaft hole 0# 1# 2# 3# 4# 5# 6# 7#
Compensation value/mm 0 −0.005 0.02 0.05 0.06 0.05 0.03 0

object of the L type engine block with seven cylinder holes,
the machining process is simulated and analyzed.

In Figure 6, 0#–7# represent each cylinder of the 7 cylin-
der engine blocks; the corresponding values are the center
deflection value of each cylinder.Therefore, it is required that
the center line of the crankshaft hole is not a straight line in
the height direction of the engine block but is a curve with
deflection, and the maximum is located in the middle.

In the process of simulation, the machining process of
crankshaft hole is from 0# crankshaft holes to the last one,
that is, the order processing. In the simulation, it is found that
the accessories will interfere because the distance between
0# and 1# is too small, so the processing sequence is set as
0#–2#–7#, and then the machine tool accessories are turned
over, then to process the 3# crankshaft hole center to find the
correct processing of 1#. The results of Figure 7 are obtained
by simulating the machining process by using Table 1 data.

The basic trend of the compensation value is consistent
with the requirements, but the position of 2# crankshaft hole
is in the opposite direction; the analysis of the process can be
seen:

(1) In regard of the program, the maximum compensa-
tion value be set at the position of 3# crankshaft hole
but from the measurement results obtained that the
lowest compensation value is located in the position
of 4# crankshaft hole, and the compensation value
of 1# crankshaft hole is 0, while the actual value is
0.02mm. We can draw the conclusion that the cur-
vature of the crankshaft hole center does not change
according to the law of the compensation value.

(2) In terms of the process, the 1# crankshaft hole will
be machined based on the datum which is according
to the 3# crankshaft hole center. This method makes
the 1# crankshaft hole consistent with the position
of the 3# crankshaft hole, as shown in the results of
the measurement curve, so the process will affect the
processing results of the crankshaft hole.

In order to get a curve that continues to rise from zero
to the lowest point, it is necessary to improve the virtual
machining process. Therefore, the processing sequence is
changed to that the 0# crankshaft will be machined firstly,
skipping 1#, then machining the rest of the number 2# to
number 7# in order, and finally turning the machine tool
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Table 2: The compensation value of crankshaft hole center.

The position of crankshaft hole 0# 1# 2# 3# 4# 5# 6# 7#
The compensation value/mm 0.03 0 −0.03 −0.05 −0.06 −0.05 −0.03 0

The crankshaft position
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Figure 7: Distribution diagrams of the simulation of crankshaft
hole.
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Figure 8: The distribution contrast diagram of crankshaft holes.

accessories; the 1# crankshaft hole was machined according
to the center of completed 2# crankshaft hole; this method
can ensure that the compensation value of 1# crankshaft hole
is always zero, and the compensation value of 2# crankshaft
is close to the value of 1#. On the basis of this process, the
results are shown in Figure 8 (contrast Figure 7) by means
of repeated simulation, the compensation value shown in
Table 2.

In Figure 8, the solid line is measurement results before
process improvement, and the dotted line is after improve-
ment results. According to the improved processing tech-
nology, the machining allowance of the crankshaft hole is
reduced, and so is the cutting force; on the contrary, the
stability of the straightness data is improved. At the same
time, the compensation value of the program is modified to
ensure that the lowest point of the curve is near the middle
position, and there is a trend of decreasing on both sides of
the peak.

Figure 9: The sample of fine processing of L type engine block.
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Figure 10: The distribution diagram of crankshaft hole of sample
processing.

5. Premachining Experiment

According to the technology of the modular chemical assem-
bly structure and simulation module, in strict accordance
with the basic production tooling drawings, a L type internal
combustion engine block was be machined by using large
gantry milling tool in accordance with the optimized process
scheme; the finished machining engine block is as Figure 9;
the sizes of this finished engine blockweremeasured by three-
coordinate detection system and compared with the size of
the drawing. Taking the high accuracy crankshaft holes as
an example, the following measurement results are drawn, as
shown in Figure 10.

Comparison of the simulation results shows that prema-
chining results based on VM technology are the same as
simulation results, the crankshaft hole straightness of the
improved process to achieve the desired results; both the
straightness compensation amount or changing tendency
meet the requirements.

6. Discussions

This provides a contrast with the existing comparison be-
tween the premachining test results and the simulation
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results, as the use of virtual manufacturing technology with
the development process of the engine block can be seen.
Through the establishment of processing equipment, special
accessories, and final machine model, the parameters of
machine tools are set, and we can do the following sequence,
that is, the simulation of the actual process, optimization of
processing technology, evaluation of processing difficulties,
and other measures. Therefore, these work can improve the
success rate of the first piece of machining and effectively
solve the key technology of the body; this will ensure that the
actual processing results are consistent with the simulation
results; both the size precision and the shape precision have
reached the design accuracy of the drawings.

7. Conclusions

This paper is a contribution to the subject of process planning
for the final machining on internal combustion engine block.
The key machining process technology of L type internal
combustion engine block was studied based on VM technol-
ogy; the main conclusions were as follows:

(1) The simulation of the machining process based on
virtual manufacturing technology can accurately
evaluate the machining difficulties, make effective
measures, and optimize the processing technology.
According to the secondary prevention, this study has
broken through the key machining technology of
large internal combustion engine block.

(2) It is proved that the simulation of the machining
process based on virtual manufacturing technology
can effectively guide the field processing, which is an
effective attempt for the virtual manufacturing tech-
nology.

(3) According to the modular and quickly changed fix-
tures of the processing tools to meet the same type
of different types of machine body positioning, it can
greatly improve the efficiency of the clamp.

This paper aims to establish a final machining method
of large internal combustion engine block with virtual man-
ufacturing technology. It would be of considerable interest
not only to continue these studies, in relation to final process
frame, but also to promote the processing technology of large-
scale machine.
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