
Xi'an ShiyouDaxueXuebao (ZiranKexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN:1673-064X 
E-Publication:Online Open Access 

Vol: 65 Issue 05 | 2022 
DOI 10.17605/OSF.IO/B73FG 

 

May 2022 | 146  

 

STUDY ON THE APPLICATION OF A GRANITE COMPOSITE 

MATERIAL IN FIVE-AXIS CNC-VMC MACHINE TOOL 

  
HC CHUANG* and CR CHEN 
Graduate Institute of Manufacturing Technology, National Taipei University of Technology, Taipei 
Taiwan 
 
ABSTRACT 
Five-axis CNC-VMC machines usually have a high-speed spindle, at a maximum speed of50,000 rpm, 
processing under such a high-speed cause vibration in the tool bed easily and affect the machining 
accuracy and surface quality of the product. Since the machine tool is made of cast iron; its dynamic 
properties is poor for suppression of vibration which cannot meet the processing needs of the current 
market. Therefore, a granite composite material (GCM)for the structure of machine tool bed was 
proposal in this study .Granite fragments, high-strength epoxy resion, and semented carbon fiber were 
used as the main ingredients, and maximized the filler by using the production process technology.  
After that GCM specimen was casted, and the specimen was examined for its mechanical properties. 
The results showed the GCM specimen has only 1/3 density of cast iron with maximum compressive 
stress of 125.8MPa.Finally, this GCM was applied to the digital controlled machine tool bed, and the 
result revealed that the maximum stress was reduced by 68.93% and the maximum strain was reduced 
by 72.6%,when compared with the graycast iron. Moreover, the inherent frequency of the first to 6th 
orders was significantly increased by 20-30%,which indicated GCM has a better anti-vibration effect 
than the gray cast iron and can improve the stability and accuracy of the machine tool. 
 
1. INTRODUCTION  
With the continuous development of modern manufacturing industry toward high 
efficiency and high precision, there are constant challenges of various types of difficult-
to-process materials; thus, machine tools are required to have higher dynamic and 
static performance [1]. The five-axis vertical machiningcenter (VMC) is composed of a 
base, a worktable, a bed, the main axis,an automatic tool changer (ATC), etc., which 
is suitable for the processing of large and complex parts. Among the structural 
components, the performance of the support has a great impact on the overall 
performance of the machine tool. The support of the machine tool mainly refers to the 
base and columns, which must have high structural stiffness and good damping 
performance, so only in this way can the parts with higher geometric precision be 
produced. Therefore, the performance of the support, whether be superior or not, will 
directly affect the machining accuracy of the tool [2-4]. Currently, there are two 
methods to improve the machine tool, by either optimizing its structure or applying new 
materials to manufacture machine tool [5-6].There are literatures mentioning such as 
Guo Lina [7], who optimized the reinforcement layout of the moving beam of gantry 
machining center, and Prabhu RajaVenugopal in 2019 [8] adopted granite as material 
with reinforcement of various types of steel bar to improve the tool’s static and dynamic 
properties.N.Kepczak and colleagues, in 2015 [9], used cast iron combined with 
mineral material to make a machine bed and the result showed a significant increase 
in the dynamic and static strength of the tool. Jung Do Suh et al. [10], due to the 
relatively poor damping characteristics of metal machine tools to result in stronger 
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vibration to affect the machining accuracy, installed some auxiliary dampers such as 
Lanchester power absorber and power dampers to increase its shock absorption 
capacity; however, a careful study found that the effect of such use was only effective 
to a specific range of frequencies that restricted its use. It was also found that these 
methods above did not fundamentally improve the performance of the machine tool, 
and their potential was still limiteThe Studer Company has adopted the latter choice 
and used synthetic granite to make its Granitan S103 machine tool.Md Mazedur 
Rahman [11] instead used a carbon fiber reinforced composite material in construction 
of the bed and the base. Yu Yinghwa [12] andXu Ping [13] used foamed aluminum and 
steel fiber in mix and casted with resin concrete. It was evident the use of concrete 
with larger aggregates by the two researchers above in the manufacturing process 
would yield mold with large voids. Thus, they required to use more epoxy resin in the 
process, resulting in relatively higher cost. Rami H Haddsad [14] using the combination 
of cement concrete and granite in the structure of the lathes, showed that it could 
significantly improve its anti-vibration capacity and the machining accuracy of CNC 
machine tools. However, the study found that cement concrete could easily form voids, 
holes, or even surface cracks, as well as other shortcomings, since rarely a vacuum 
pump would be used in the mixing process, where air bubbles could be trapped in the 
concrete, affecting the density of the material and producing holes within. As observed 
in many literatures, manufacturers around the world are paying more attention to the 
accuracy problem of five-axis vertical machining center, which has already affected 
the machining performance and precision, including some issues of dynamic and static 
properties of machine tools. At present, there are many methods to improve the 
accuracy of machine tools, including the application of new materials and modeling for 
simulation analysis or structural optimization.In this study, according to the excellent 
natural physical properties of Jinan black granite and the mixing of high strength epoxy 
resin and fillers, and by means of refined manufacturing technology, the cast mineral 
composite materials were used in the structural parts of the five-axis vertical machining 
center (VMC). Through dynamic and static mechanical analysis, and compared with 
gray cast iron machine tools, the results showed the product with lower density, higher 
damping ratio, higher compressive and flexural strength when compared with 
traditional cement concrete [15-16]. And, by practical verification, the 1st to the 6th-
order natural frequency of the machine tool of mineral composite has increased by20% 
to 30%;thus, providing better damping ratio and anti-vibration effect, which further 
improved the stability and processing accuracy of the machine tool and helped to 
enhance its overall performance. 
 
2.MATERIALS AND METHOD 
2.1. Properties of materials 
2.1.1. Jinan black granite 
The mineral composite material in this study was mainly composed of Jinan black 
granite, adhesive and fillers, all structured as shown in Figure 1. in which, 01 is the 
fillers, 02 is the Jinan black granite and 03 is the adhesive.The characteristics of the 
black granite in Jinan (see Table 1); the materials were from Huashan Town, Licheng 
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District, Jinan City, Shandong Province, China. Jinan black is the trade name of 
commercial granite. It is generally in block form, which must be first crushed and 
screened accordingly by particle size, typically as 0.2-0.4mm (Z); 0.4-0.6mm (Y); and 
0.7-3.5mm (X). By plotting through a ternary scatter diagram, the best mix ratio of the 
three particle sizes was 36% (Z):24% (X): 40%(Y), as shown in Figure 2. (Y = medium 
granularity; X = coarse granularity; Z = fine granularity) 
  
 
 
 
 
 
 
 
 
 
 
 
 
2.1.2. The adhesive 
In addition to Bisphenol epoxy resin, the adhesive would also contain curing agent, 
toughening agent and diluting agent, in which the brand of Bisphenol epoxy resin was 
HEXION, model: EPON58005, with heat resistance and shock resistance, providing a 
viscosity of 2500P at 25 ℃. The curing agent mainly regulated and promoted the 
curing reaction of epoxy resin; a necessary component to produce curing bonding. 
Some elements that require accelerated chemical reaction to cure, such as resin, will 
not harden into a solid state without a curing agent. In this study, Triethylenetetramine 
was used as the curing agent; it is a moderately viscous yellow liquid with strong 
alkalinity with a density of 0.98g/mL, boiling point at 266℃ and freezing point of 12℃at 
25℃. Supplier of the agent was Guangdong Mingtu Chemical Co., Ltd.The diluting 
agent helped to reduce the viscosity of epoxy resin and increase its fluidity, allowing 
epoxy resin to penetrate layers of granite and fillers more easily, which further 
prolonged the curing time to achieve a better binding effect [17]. The main function of 
the toughening agent was to improve the ductility of epoxy resin and prevent its 
fracture under impact due to its inherent properties of brittleness [18: 19]. In this study, 
Benzyl butyl phthalate was used as the toughening agent to increase the ductility and 
impact resistance of the mineral composite. Supplier of the agent was Nan Ya Plastics 
Co., Ltd. 
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2.1.3. Fillers 
In the granite composite material, adding proper filler can reduce the amount of resin, 
reduce the cost, improve the dimensional stability and increase the mechanical 
strength by eliminating the curing stress [20] in the process of molding and mixing, 
preventing cracks and voids, and increasing the service life. In this study, A1203 and 
calcium carbonate were used as the fillers, and they showed the characteristics of 
slow heat transfer at room temperature but a high heat transfer coefficient at high 
temperature, which should improve the thermal conductivity of granite composite [21-
22]. 
2.1.4. Reinforcement materials 
Both carbon fiber and glass fiber can enhance the strength and toughness of the 
mineral composite, even though carbon fiber shows better result. 
The damping ratio of mineral composite will increase with the increase of fibrous 
component, because these fibers will increase the internal voids of the mineral 
material, leading to higher damping ratio. This study would use 1.7% carbon fiber as 
fillers [23-24]. 
 
2.2. Laboratory equipment 
The experimental equipment used in this study. Including the followings: a. pressure 
test machine,model YAW-3000-D, with hydraulic drive, and the manufacturer was 
Shandong Jinan Fangyuan Test instrument Co., Ltd.;b. planetary concrete mixer, 
model JJ-5and the manufacturer was Jufeng Test Machine; c. standard cement 
maintenance boxfor constant temperature and humidity,model BG/T 1761-40A and the 
manufacturer was Beijing JiweiTest InstrumentCo., Ltd.;d. electric blowing dryer box, 
and model DHG-9030 and the manufacturerwas Shanghai Bluepard Instrument Co., 
Ltd. 

 

Figure 3.Manufacturing process of granite mineral composite material 
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2.3. Production technology and manufacturing process 
First, the Jinan black granite was crushed and screened of particle size before they 
were washed anddried. Epoxy resin, diluting agent, and curing agent were mixed in 
the ratio of 15, 7, 4 and [25] for 3 minutes, and the toughening agent was added 
appropriately to produce the final adhesive. Then, after weighing the aggregates, the 
adhesive, the fillers, along with the reinforcement of carbon fiber in proportion, all 
ingredients were mixed evenly, before they were coated into a steel mold layer by layer 
with parting agent, tamping with a guide bar after each loading. The top was scraped 
to flat smooth surface to reach the top of the mold. The temperature of the standard 
cement maintenance box was controlled at 22 ±3℃ and the relative humidity was 50 

±5%. The mold would only be released after 36 hours of curing, where a 
100mmx100mmx100mm test piece was extracted to further incubation in the box 
before tested for its performance after 28 days. The manufacturing process is shown 
in Figure3. 
 
2.4. Performance test 
2.4.1. Test of mechanical performance 
According to GB/T 5081-2002, the “Standard for Concrete Mechanical Properties Test 
Method”, a YAW-3000-D universal servo tester was used to test the mechanical 
properties of the mineral composite material, with the test device shown in Figure 4. 
The performance parameters after testing are shown in Table 2. 
 
 
 
 
 
 
 
 
2.5. Structural and performance analysis of a five-axis vertical machining center 
2.5.1. Establishing a 3D model of CNC body 
Based on the CAD drawing of the existing five-axisvertical machining center,model 
850, a 3D model of actual size in SOLIDWORK software was constructed,as seen in 
Figure 5.Then, it was imported into ANSYS Workbench for finite element 
analysis.Despite small features such as chamfer, round hole,automatic tool change 
and relatively less influence on the overall modelingby these small components,due 
to more resulting irregularities in divided parts duringthe finite mesh division, which 
would furtherreduce the quality and prolong the calculation time,the 3D modeling was 
appropriately simplified toignoreboth small features and small components.The 
simplified 3D model of the body is shown in Figure 6. 
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2.5.2. Material properties and boundary conditions               
Cast iron (HT300) and the granite mineral composites were set with relevant 
parameter values and specific material properties based on their inherent 
characteristics once imported in ANSYSWorkbench (see Table 3).By taking into 
account of forces applied on the body during the machining process, a vertical 
downward load of 1000N was applied to the supporting surface of the guide rail above 
the two types of base, and a load of 1000N in the horizontal direction was also applied 
to the column guide rail (as shown in Figure 6). The base was connected with the 
ground through anchor bolts, and the degree of freedom of the underside of the lathe 
was set to be fixed according to the actual circumstance of the machine. 
 
 
 
 
 

  

Figure 5. VMC Outline 
drawing(model 850). 

Figure 6. VMC of 
simplified drawing. 
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universal servo 
tester. 
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2.5.3. Mesh division of the body 
According to the actual structure and size of the body, its three-dimensional model was 
created by SOLIDWORK, saved in STEP format, and imported into Ansys Workbench 
software. The two types of body were divided into a mesh of 50mm unit, where the 
cast iron body had 164,508 nodes and 84,752 elements, and the mineral composite 
body had 64,752 elements and 125,704 nodes. For the actual mesh division of the 
body, please refer to Figure 6. 
2.5.4. Analysis of static characteristics of the body structure 
The stress and strain diagrams of two types of the body could be obtained by Ansys’ 
finite element analysis. The maximum stresses of cast iron and mineral composite 
body were 0.1814974MPa and 0.053054MPa, respectively. The stress of mineral 
composite body was 68.9% lower than that of cast iron. The maximum strains were 
0.05772μm and 0.015802μm, respectively, and the maximum strain of mineral 
composite body was 72.64% less than that of cast iron. Considering that the density 
of mineral composite was only 1/3 of the cast iron (see Table 3), the stiffness of 
machine tool could be further enhanced by increasing the wall thickness of mineral 
composite bed, as shown in Figure12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

  

Figure 6.Stress diagram of 
cast iron material. 

Figure 8. Strain diagram of 
cast iron material. 

Figure 9. Strain diagram of 
mineral composite material. 

Figure 7. Stress diagram 
of mineral composite 
material. 
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2.6. Analysis of dynamic performance of the body structure 
2.6.1. Test principle and device 
During the machining process, a five-axis vertical machining center will produce 
vibration, with its placement resulting in a sinusoidal change over time. The vibration 
frequency is only related to the inherent characteristics of the bed,such as stiffness, 
mass, shape, size, where the harder and the smaller the bed is, it will have higher 
natural frequency and will be more difficult to vibrate in resonance. In order to further 
study its dynamic characteristics, this study adopted the hammering experiment to 
conduct the modal analysis of the solid body.The testing system was composed of a 
vibrator (hammer), a signal acquisition device and a modal analysis module. First, by 
manually operating the hammer, the researcher would tap the base and column 
structure of the machine tool to create resonance. The signal of the hammer and the 
vibration of the bed were captured by the force sensor and the acceleration sensor, 
respectively, in which the signal information were input into the DHDAS software 
through thesoftware through the DH5922 dynamic signal testing analyzer for analysis. 
The dynamic signal testing analyzer is shown in Figure 10. 
2.6.2. Vibrator 
Vibrations in modal experiment could be categorized into naturaland manual control; 
due to poor controllability and measurability of natural striking of the body,this study 
would adopt a way of manually controlled strikes, by using a force hammer produced 
by DongHua Testing Technology Company Limited, model: LC-100,on the main 
material - steel, with sensitivity of 1mV/N and an added counterweight to achieve an 
impact force of 100kN, which was adequate to produce a vibration frequency of the 
body. The testing procedure of the detection system in this study is shown in Figure 
11. 
2.6.3. Signal acquisition device 
This experiment used the DH5922 dynamic signal test analyzer produced by East Hwa 
Company to measure the body’s vibration and the responses. The sensor, model YDL-
3H, was used to collect signals of forces. The piezoelectric sensor, model DH131E, 
would help to collect signals of unidirectional acceleration. These sensors were small 
in size, light in weight and had high sensitivity, which could be mounted on the body 
at a fixed response test point with the use of magnetic attachment. In order to measure 
the vibration signals in the X, Y and Z directions, three acceleration sensors were 
arranged at each measuring point to collect the signals of acceleration in the three 
respective axes. The force hammer was deployed at each strike point to knock on the 
body to produce vibration. In order to reduce the error impact caused by the uneven 
strike position and pulse force, it was tested three times at each measuring point, 
before taking the average value of these measurements. The distribution map of 
measuring points is as seen in Figure 12. 
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2.6.4. Modal analysis system 
The DHDAS modal analysis software was used to pick up the vibration and response 
signals of the force hammer on the body structure, and the collected data were 
imported to identify and calculate the peak values using the peak search method. The 
resulting first six-order natural frequencies of the body structure are listed in Table 4. 
It was learned that the vibration frequencies of order 1 to 6 of mineral composite 
material were much higher than those of cast iron, with an average increase of about 
25% to 40%. Generally, the higher the natural frequency, the better it could improve 
the static and dynamic performance of the machine tool to significantly reduce 
vibrations in the machining process, as well as avoiding resonance, toimprove the 
overall processing accuracy of workpiece. 
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3. Results and analysis 
(1) Jinan black granite with excellent natural  
physical properties was selected as the main aggregate.  
From analyzing the ternary scatter plot, it was found that the best mixing ratio was 
36% (medium size particle): 28% (small size particle): 40% (coarse particle). Then, 
adhesive and fillers were added, along with 1.7% carbon fiber in the mixing process. 
The compressive strength of the material could reach 125.8MPa, and the flexural 
strength could reach 33.4Mpa, comparable to the high compressive strength grade 
C120 of concrete [26] 
(2) The static analysis of bodies of cast iron and granite mineral composite was 
carried out using ANSYS Workbench simulation software. The maximum stresses 
obtained were 0.1814974MPa and 0.0563054MPa, respectively, indicating that the 
stress of mineral composite body was reduced by 68.9%, compared with that of cast 
iron. The maximum strains were0.05777µmand0.015802µm, respectively, indicating 
that the maximum strain of mineral composite body was reduced by 72.64%, 
compared with the cast iron. In terms of static performance, the stiffness and strength 
of granite mineral composites have been greatly improved. 
(3) For deformation of materials, there was only slight difference between mineral 
composite and cast iron, but the density of mineral composite was only 1/3 of that of 
cast iron. The stiffness of machine body and the stability of machine tool could be 
further improved by increasing the wall thickness of granite mineral composite. 
(4) By using DH5922N dynamic signal test analyzer, the vibration frequency of the 
solid body of granite mineral composite material was much higher than that of cast 
iron in the orders of 1 to 6 (see Table 4). The results showed that the overall stiffness 
of the machine body of granite mineral composite material has improved, which greatly 
reduced the vibration generated during processing. 
 
4. CONCLUSION 
The application of granite mineral composites in five-axis vertical machining center 
greatly improved the dynamic and static performance and stability of the machine tool. 
The improvement of damping ratio significantly improved the shock absorption, which 
has proven to be an effective way to increase the machining accuracy and speed of 
machine tool for wider range of application. Granite mineral composites can yield 
better economic benefits to the machine tool manufacturing industry. 
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