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ABSTRACT

Bamboo is a sustainable and environmental friendly material that has the potential to improve the
global decline of natural resources. Bamboo is one of the popular flora in Southeast of Asia, it is
also traditional plants that grow abundantly in Vietnamese villages from north to south. Its ability
can replace some kinds of wood in decoration and household goods. Bamboo grow up rapidly
and can be harvested within 3 to 5 years of planting, in the meanwhile the harvesting time of other
hardwood trees must be from 8 to 10 years or longer. The inherent characteristics of bamboo is
lighter than other wood materials and has a value in social and environmental benefits. Its ad-
vances in manufacturing technology have created high value products such as bamboo flooring
and bamboo furniture that can substitute for wood flooring and wood furniture. According to the
biology studies, the bamboo has the characteristics that can replace the natural wood, but the
direction of development from the stage of cultivation to the stage of finished products has not
been exploited thoroughly. The production of bamboo plywood will become a great potential for
the bamboo plywood industry in Vietnam. Generally, the fabrication of bamboo plywood depends
on the following processes such as cutting, grinding to powder or pulp, drying and pressing pro-
cesses. In cutting and grinding processes, the trivial remains of bamboo after use, shoots... can be
chopped and grinded to powder that is dried and pressed into bamboo plywood by specialized
machine similar to the production artificial wood particleboard (PB). The aim of this paper is a rep-
resentation of a design, a computing the structure of a version of bamboo grinding machine that
is sustainable, responds to technical requirements and protect of environment. The result of the
design was applied for manufacture a typical bamboo machine in CAD-CAM workshop of DCSELAB
in the framework of a project between DCSELAB and PhuAn Village Corporation that has evaluated
with satisfaction the realistic proof of the design. The machine has been in the session of initial

testing and exploitation.
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INTRODUCTION

Bamboo is a sustainable and environmentally friendly
material that has the potential to improve the global
decline of natural resources, particularly its ability of
replacing the natural wood. From planting to harvest-
ing there are only 3 to 5 years in comparison of the
hard tree, it must be from 10 to 20 years to mature for
harvesting. The inherent characteristics of bamboo
in daily life, decoration and construction confirm its
valuable position in consumer market such as: leaves
for covering some kinds of traditional cakes, stem for
column of thatched cottage, bamboo mat, bamboo
plywood... Abundance and cheap price are the bam-
boo specificity that it can substitute for wood in floor-
ing furniture with social and environmental benefits.
Currently, according to the biology studies, the bam-
boo has the characteristics that can replace the natural
wood, but the direction of development from the stage
of cultivation to the stage of finished products has not
been exploited and applied logically in our country.

The closure and restrictive exploitation of forests in
many countries around the world are an opportunity
for the great demand of bamboo, but it is also a big
challenge for businesses in developing of quality bam-
boo in Vietnam .
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Figure 1: Schema of production of bamboo pow-
der in functional modules.
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With abundant bamboo resources, the production of
bamboo plywood becomes a great potential for the
domestic bamboo plywood industry. The first process
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Figure 2: Functional map of bamboo crusher.

after bamboo harvesting is grinding bamboo to pulp
or powder. All kind of bamboo waste such as bam-
boo shoots, bad stems, roots can be raw material for
the process?.

In the production process of bamboo plywood pow-
der, the bamboo-grinding machine plays a very im-
portant role in the production of bamboo powder, the
basic material for plywood. The schema of grinding

process is illustrated tin Figure 1°.

METHODOLOGY OF RESEARCH -
STRUCTURAL DESIGN*

Functional analysis of bamboo grinding machines is
illustrated in diagram in Figure 2. Figure 3 represents
the structure of the designed bamboo-grinding ma-
chine.

Generally, a bamboo grinding machines consists of
the following main components:

- Electric motors

- Mechanical transmission

- Feeder (feed hopper)

- Grinding spindle of the machine (disk of cutters,
hammers...)

- Discharge unit

RESULTS AND DISCUSSION -
COMPUTING STRENGTH MATERIAL

a. Initial data

- Productivity 200 Kg/h.

- Main raw materials: bamboo shoots, stem, roots.

- Size of raw materials: 20 - 100mm.

- Size of bamboo powder after grinding process: 0.5
- 3mm.
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- Specific density of bamboo: 800 Kg/m3.

- Average powder moisture 12-14%.

The general structure of the machine is as shown in
Figure 4.

Computing of the bamboo grinding machine

b. Cutting parts:

According to the principle of slice pieces”, the 4 cut-
ters are freely mounted on the disk via a hinge that al-
lows the cutter a free rotation of an angle +60° around
its radial position that formed in advance by the cen-
trifuge force in operation.

Cutting anglea of the cutter blade is selected about 12
- 159 because of cutting of tough and medium wood
materials.

Cutting speed is selected in a range of 30-60 m/s)

The power of cutting is determined by the formula®:
Nj =k x b x h x v/10?

Herein: b: Cutting thickness is about 0.5mm;

h: thickness of the raw bamboo material is 25 +
50mm;

k: specific deflection coeflicient is 1;

v- velocity of the hash, v = 30m/s.

We have: Nj =k x b x h x v/102 =1 X 0.5 X 50 x
30/10% = 7.5 kW

The revolution on the spindle is calculated according
to the formula : @ = % ;

Herein : v;, = 30m/s

Radius of cutter point on plate R = 100mm = 0.1m
The revolution of the tool shaft is:

n=30x o/m=30xV,/(rxR)=30x30/(r x
0.1) = 2864 rpm.
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Figure 3: Structural diagram of bamboo crush machine.

Figure 4: Structure of the designed bamboo-grinding machine® 7- Machine cover; 2-Cutter Frame; 3-Cutters;
4-Material input; 5-Shaft; 6-Circular Filter screen
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Selected transmission ratio for the drive system is 1,
we have the number of motor rotation
n = 2864 rpm

¢. Grinding parts:

Because of the product size of 0.5-3mm with the im-
pact velocity of the machine is about 25-60m/s, com-
bined with the condition of cutting speed, the cutting
speed...The selected weight of each cutter is about 30-
50N.

Selective shape of cutter is triangle with 3-4 rows of
cutters.

The power of the grinding machine is determined by
the formula:

Ny =0.15xD*xLxnxi =0.15x0.22 x0.1 x
2864 x 3 = 5.2kW

Herein: D- rotor diameter, D = 60 x v/(7 X n) =
60 x 30/(m x 2864) = 0.2m.
Length of rotor L = 0.1m.
Revolution of shaft n = 2864 rpm.
Number of cutters rows i = 3.
Motor and transmission selection:
The belt feeder is used to transfer power from the en-
gine to the grinder. With the transmission rate is 1, to-
tal performance coefficientis n = n1.n2 = 0.99 x
0.96 = 0.95; n1 x N2 — efficiency of the drive and
belt transmission P.; =Py + Py = 7.5 + 5.2 = 12.7kW;
The 3K200MS8 electric motor that has parameters of
motor power of 15kW and revolutions of 2800 rpm is
selected. The grinding module include motor and belt
transmission is displayed in Figure 5.

CONCLUSION

The research performed an efficient design process
to produce bamboo-grinding machine that meet the
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technical requirements. Experimental results show
that complete grinding bamboo machine responds all
the technical requirements of the production system
of bamboo plywood powder.
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Figure 5: Experimental bamboo grinding machine.
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Nghién ctru thiét ké may nghién bt tre
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TOM TAT

Tre la vat liéu bén vimng va than thién véi moéi truong, co ti€m nang cai thién su suy giam tai nguyén
thién nhién. Tre rat phd bién & viing néng thén clia hdu hét cac nudc Bong Nam A, dic biét [a &
Viét Nam. Kha nang clia n6 c6 thé thay thé mét sé loai gb trong trang tri va do gia dung. Tre moc
lén nhanh chéng va cé thé thu hoach trong vong 3 dén 5 nam sau khi tréng, trong khi do thai gian
thu hoach clia cac cay go cuing khac phai tir 8 dén 10 nam hodc lau hon. Cac dac tinh vén c6 cla
tre nhe hon cac vat liéu gb khac va co gia tri vé Igi ich xa hoi va moi truong. Nhing tién bd cla
cong nghé san xudt da tao ra cac san pham cé gia tri cao t tre nhu san gé tre, d6 ndi that tre co thé
thay thé cho san g6 va dé gb. Theo cac nghién cuiu sinh hog, tre cé dac tinh cé thé thay thé go tu
nhién, nhung hudng phaét trién tir giai doan trong trot sang giai doan thanh pham chua dugc khai
thac triet dé. Viéc san xudt van ép tre sé trG thanh tiém nang Ién cho nganh cong nghiép vén ép tre
tai Viet Nam. Thong thuong, viéc ché tao van ép tre phu thudc vao cac quy trinh sau day nhu cat,
nghién thanh bot, qua trinh sdy va ép. Trong qué trinh cat va nghién, phan con lai cla tre sau khi
strdung cé thé dugc cét nhé va nghién thanh bot dugc sy kho va ép thanh van ép tre bang may
chuyén dung tuong tu nhu van dédm gé nhan tao (PB). Muc dich chinh clia bai bao nay la trinh bay
no6i dung cong doan thiét ké va ché tao mot may nghién bét tre viing bén, dap ting dugc cac yéu
cau ky thuat va bao vé moi truong. May dugc ché tao tai xudng CAD-CAM clia phong thi nghiém
DCSELab dugc danh gia la thda man va dap Uing dugc cac yéu cau ky thuat ctia Tap doan Lang Tre
Phu An.

Tuwkhoa: Go tre, Bot tre, Mdy nghién
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