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Redesign of the coal gate on a 20 ton/hour chain
grate boiler at pt sopanusa
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Abstract— A chain grate boiler is a type of boiler with a moving grate system to transport solid fuel
through the furnace. The coal gate regulates the distribution flow of coal from the hopper to the
furnace. In the 20 tons/hour capacity chain grate boiler at PT Sopanusa, the existing coal gate
experienced mechanical failure due to damage to components in the roller chain, shaft, and bearings,
so that it could not operate as a coal distribution regulator. To overcome this problem, it is necessary
to redesign the coal gate on the 20 tons/hour capacity boiler chain grate hopper at PT Sopanusa. The
main components, such as the chain, sprocket, worm gear, shaft, bearing, and pin on the coal gate, need
to be redesigned to avoid mechanical failure of the coal gate. After redesigning the main components
of the coal gate, a coal gate design that is compatible with the boiler chain grate construction will be
obtained. The results of the coal gate redesign are as follows: a lifting chain with Chain Grade 80 type,
4 mm diameter, and a sprocket diameter of 320.92 mm; a worm gear with a ratio of 30:1 using
hardened steel for the worm and phosphor bronze for the gear; a shaft with S45C material, 60 mm
diameter; bearings using single row deep groove ball bearings, unit number ASB Bearing UCP 212;
and pins made of SAE 1045 material with dimensions of 60x20x12 mm to support the manual coal gate
mechanism on the 20 tons/hour capacity boiler chain grate at PT Sopanusa.
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1. INTRODUCTION

A boiler is a piece of equipment or machine in the form of a closed vessel made of steel and used to produce
steam. Steam is obtained by heating a vessel containing water using the results of burning fuel such as coal
[1]. Based on the combustion method, there are several types of boilers that are commonly used, one of which
is the Chain Grate Boiler, which is a type of boiler with a grate system that moves continuously to transport
solid fuel through the furnace [2]. This combustion system allows for even distribution of solid fuel and good
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control over the combustion rate. Therefore, a device that can move linearly is needed to open or close the
distribution flow path for feeding solid fuel evenly, located just before the furnace. This device is a coal gate,
which is used to regulate the even distribution of coal feed from the hopper to the furnace [3]. The coal gate
mechanism on the chain grate boiler can be raised or lowered manually by the operator using a mechanical
steering wheel outside the boiler [4].

The existing coal gate on the 20 tons/hour capacity boiler chain grate at PT Sopanusa experienced a
mechanical failure, whereby the existing coal gate could not be raised or lowered to regulate the even
distribution of coal feed from the hopper to the furnace. The mechanical failure of the existing coal gate was
caused by stiffness in the roller chain components, deflection in the shaft, and damage to the bearings [5].
The stiffness of the roller chain is caused by the roller chain not being suitable for direct lifting operations.
The damage to the shaft and bearings is caused by the operating temperature inside the hopper, which reaches
300°C [6]. This indicates that the existing coal gate at PT Sopanusa requires efforts to overcome these
problems.

Referring to the problems that occurred with the existing coal gate, this research will redesign the coal gate
on the boiler chain gate to avoid mechanical failure of the coal gate. This design begins with the replacement
of the roller chain component with a chain hoist to open and close the coal gate, and the shaft and bearing
components are placed outside the hopper, which has a working temperature of 60C lower than inside the
hopper [7]. Since the chain used is a chain hoist, the sprocket component also needs to be redesigned. Overall,
this research involved the design of each component of the coal gate, namely the chain hoist as the lifting
mechanism for the leaf door on the coal gate with two chain slings, the sprocket as the mount for the lifting
chain, the shaft as the power transmission connected to two sprockets, the worm gear as the transmission that
transfers rotational power from the manual mechanism to the shaft, pins as connectors and power
transmissions between the shaft and the sprocket and gear, and bearings as shaft supports, with two bearings
[8]. With this planning, it is hoped that the type of material and dimensions of each component and the design
of the coal gate can be obtained in accordance with the operating conditions of the 20 tons/hour capacity
boiler chain grate to solve the problems that occur in the existing coal gate.

2. PREVIOUS RESEARCHES
2.1 Boiler Chain Grate

A Boiler Chain Grate is a type of boiler that uses a moving grate system for the combustion of fuel, typically
coal. In this system, bulk fuel material is poured into a hopper and then placed on a grate that moves
continuously from the front to the back of the boiler [9], [10].

Figure 1 Boiler Chain Grate

2.2 Goal Gate

The coal gate is a component that functions to control and ensure the even distribution of coal on the grate
towards the combustion chamber in the chain grate boiler. Even distribution of coal affects combustion
efficiency and emissions [11]. The coal gate mechanism is a gate or door that can be raised or lowered linearly
automatically using an actuator or manually by an operator [12]. In the manual coal gate mechanism, the coal
gate can be raised or lowered with mechanical control such as a lever or wheel outside the boiler manually
by the operator [13].
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Figure 2 Goal Gate

2.2 Chain Hoist

A chain hoist is a mechanical device designed to lift and lower heavy loads using chains. This mechanism
involves chains wrapped around a drum or wheel, with the load connected to the end of the chain. The main
dimensions of a chain hoist consist of the chain bar diameter, inside length, and outside width [14].

Figure 3 Lifting Chain

2.3. Shaft
2.3.1. Torque Shaft Design

M, = 9,74 x 105‘;—01 [15]

Where:

M:;= Design Torque, (kgf.mm)
M, = Design Power, (kW)

n = Rotations per minute, (rpm)

2.3.2. Stress and Safety Requirements for Solid Shafts

1M

[
|(16 -Mb)2 (16 'Mt)z Oy

Tmax = |

J\m-ds? m-ds? s
Where:
ds : Shaft Diameter, (mm)
My : Bending Moment on the Shaft, (kgf.mm)
M; : Torque on the Shaft, (kgf.mm)
Oyp : Tensile Yield Strength, (kgf/mm’)
sf : Safety factor
2.4. Peg

2.4.1. Pivot length due to shear stress

2.M,.sf
b= Wdkes,,
Where:
L : Bolt length, (mm)
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M; : Torsional moment, (kgf.mm)

sf : Safety factor

W : Bolt width, (mm)

d : Shaft Diameter, (mm)

ks : Conversion factor from shear stress to tensile stress, (0.7)

Oyp : Tensile Yield Strength, (kgf/mm’)

2.4.2. Pitch length due to compressive stress

4. M,.sf

" H.d-Ke.syp
Where:
L : Bolt length, (mm)
M; : Torque moment, (kgf.mm)
sf : Safety factor
H : Width of the dowel, (mm)
d : Shaft diameter, (mm)
ke : Conversion factor from compressive stress to tensile stress tension, (1,2)

Oyp : Tensile Yield Strength, (kgf/mm?)

2.5Worm Gear

A worm gear is a transmission element that can transmit power and rotation to intersecting shafts [16]. A
worm gear has a gear that is cut at an angle like a helical gear and is paired with a threaded rod called a worm
[17], [18], [19].

Figure 4 Worm Gear

2.5.1 Worm Dimensions
Dy =3"p.
Ly = (p.(45+002-Zy)) + 30 mm

Where:
Dw : Worm pitch circle diameter, (mm)
Pe : Circular pitch, (mm)

Lw : Worm Face Length, (mm)
Zw : Number of Worm Teeth

2.5.2 Gear Dimensions

Do=m-Z;

b = 2,38 p. + 6,5 mm
Where:
D¢ : Gear pitch circle diameter, (mm)
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Zg : Number of Gear Teeth
b : Face width of the gear, (mm)

2.5.3 Worm Gear Efficiency

_ tan/ (cos ¢ — utani)
~ cosgtand +pu

n

Where:

n : Worm Gear Efficiency

A : Lead Angle, (°)

[0} : Normal Pressure Angle, (°)
n : Coefficient of Friction

2.6 Bearing

2.6.1 Bearing Life Prediction

c\?  10°
Lion = (F) * 60 xn
Where:
Lion  : Bearing Life, (Hours)
C : Dynamic Load Rotating, (N)
b : Bearing type constant (ball bearing (b=3), roller bearing
(b=3.33))
P : Equivalent Bearing Load, (N)

: Shaft Rotation, (rpm)

2.6.2 Equivalent Bearing Load
P=FE(V-X-F.+Y"E,)

Where:

P : Equivalent Bearing Load, (N)

F, : Load Condition Constant

A% : Rotating Factor (Inner Race Bearing Rotates (V = 1), Outer Race Bearing Rotates (V =
1,2))

X : Radial Factor / Radial Constant

F: : Radial Load, (N)

Y : Thrust Factor / Axial Constant

Fa : Axial Load, (N)
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3. METHOD
3.1.Research Flowchart
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Figure 5 Research Flowchart

3.2 Existing Coal Gate
The existing coal gate has a design in which the shaft, sprocket, and bearing components are located inside
the hopper, causing these three components to be exposed to extreme temperatures [20]. The chain component

uses roller chain type [21].

Figure 6 Existing Coal Gate Design

3.3 Coal Gate Design Sketch

The coal gate design sketch is a redesign of the existing coal gate design, in which the shaft, sprocket, and
bearing components are designed to be located outside the hopper, and the chain type is replaced with a chain
hoist [22], [23].
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Figure 7 Coal Gate Design Sketch
4. RESULT AND DISCUSSION

This chapter discusses the coal gate design that will be developed to address the mechanical failure issues in
the existing coal gate. The main objective of this chapter is to explain the design process and considerations
taken in determining the specifications of the components in the coal gate by calculating and planning each
component, namely the leaf door, chain hoist and sprocket, shaft, bearing, worm gear, and pin.

4.1 Leaf Door Weight Calculation Analysis

The leaf door on the coal gate consists of SS400 steel plate and castable. The leaf door is 2625 mm long, 100
mm wide, and 900 mm high.

Figure 8 Leaf Door

4.1.1 Mass Calculation Analysis of SS400 Steel Plate

The mass calculation result for the SS400 steel plate on the leaf door with a plate thickness of 16 mm,
consisting of three size variations, is 265.19 kg.

4.1.2 Castable Mass Calculation Analysis

The castable used is type TNC-12, which has a bulk density of 2.1 ™™, The mass of the castable on the leaf
door is 259.81 kg.

4.1.3 Leaf Door Mass Calculation Analysis

The results of the mass and weight calculations for the leaf door, which consists of SS400 steel plate and
castable, are 525 kg or 5150.25 N.

4.2 Chain Hoist and Sprocket Planning
4.2.1 Chain Hoist Design

The chain hoist is planned to have two links, so that the load borne by each chain link is 2575.125 N. Based
on this, the selected lifting chain is Chain Grade 80 type AS2321 Short Link Chain Grade T 80 with a chain
rod diameter of 4 mm, which has a Working Load Limit (WLL) of 500 kgf or 4905 N.

1 . Specifications for AS 2321 Short Link Chain Grade T 80

. Working
Nominal . External .
Size Pitch Width Lpafl Weight
Limit

(mm) (mm) (mm) (tonf) (kg/m)
4 12.0 13.2 0.5 0.349
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4.2.2 Sprocket Design

In accordance with the hoist chain design and the client's request to open the coal gate 500 mm, half a sprocket
rotation is required. The sprocket design results in a pitch circle diameter of 320.92 mm with 42 sprocket
teeth.

4.3 Force and Torque Analysis on the Coal Gate Lifting Mechanism
4.3.1 Lifting Force Analysis on the Chain

The chain lifting force to lift the leaf door on the coal gate when it first moves (Fc) is 2587.18 N with a speed
of(v) 0.05 m/s and acceleration of(a) 0.025 m/s’to lift the coal gate up to 500 mm.

Figure 9 Leaf Door Lifting System Diagram When Initially Moving
4.3.2 Torque and Rotation Analysis on the Sprocket

With a lifting force (Fc) of 2587.18 N and a sprocket pitch circle diameter of 320.92 mm, the torque on the
sprocket is 415.24 Nm and the sprocket rotation is 5.953 rpm.

4.4 Worm Gear Design

With the torque required to lift the leaf door being 415.24 Nm, a transmission system using a worm gear with
a speed ratio of 30:1 is obtained, using a single threaded worm made of hardened steel with a worm pitch
circle diameter Dy=Dy; = 56.52 mm and a worm face length Lw=115.16 mm and a gear with 30 teeth made
of phosphor bronze with a pitch circle diameter D =180 mm and a gear face width b=51.34 mm. With these
design results, the worm gear efficiency n=47.66% is obtained, so that the worm gear has self-locking
properties and is safe to use for lifting applications on coal gates.

4.5 Shaft Diameter Calculation
J Z
1825 Y
X
~
4 vj\

Wp ™s0
r 80

.

W(Z

Figure 10 Free Body Diagram of the Shaft

Based on the shaft calculations, the maximum bending moment is 2,626.05 Nm or 267,691.13 kgf.mm, which
is used to determine the minimum shaft diameter. The minimum allowable shaft diameter is 47.46 mm, so a
shaft diameter of 60 mm is used to exceed the minimum diameter and match the bearings available on the
market.
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4.6 Bearing Design

From the bearing planning calculations, it was found that a single row deep groove ball bearing with the unit
number ASB Bearing UCP 212 with a bore diameter of 60 mm, outside diameter of 110 mm, and width of
26 mm was used for two bearings with a predicted bearing life of approximately 149,163.4 working hours
for bearing A and 32,253.5 working hours for bearing B.

4.7 Pinion Dimension Calculation

Based on a shaft diameter of 60 mm, a pin width (W) of 20 mm and a pin height (H) of 12 mm were selected.
In accordance with the minimum pin length (L) calculation for shear stress and compressive stress, the
minimum pin dimensions used are (L x W x H= 60 mm x 20 mm X 12 mm).

5. CONCLUSION

Based on the planning and calculations in this final project, the following conclusions were obtained:

1. The results of the planning and calculations for the coal gate machine element components in the 20
tons/hour capacity boiler chain grate at PT Sopanusa are as follows:

a. The chain hoist was designed using Chain Grade 80 type AS2321 Short Link Chain Grade T 80 with
a diameter of 4 mm and a lifting force of 2,587.18 N for a load of 2,575.125 N per chain link.

b. The sprocket was obtained using cast iron material with a pitch circle diameter of 320.92 mm.

The worm gear is designed to have a speed ratio of 30:1 using a single threaded worm made of
hardened steel with a worm pitch circle diameter DW = 56.52 mm and a worm face length LW =
115.16 mm. The gear has 30 teeth made of phosphor bronze with a gear pitch circle diameter DG =
180 mm and a gear face width b = 51.34 mm. The efficiency of the worm gear is 47.66%, giving the
worm gear self-locking properties.

d. The shaft on the coal gate uses JIS S45C material with a shaft diameter of 60 mm and a pin using
SAE 1045 material with dimensions LxXWxH = 60x20%12 mm.

e. The bearing on the shaft support uses a single row deep groove ball bearing, unit number ASB
Bearing UCP 212, with a bore diameter of 60 mm, an outside diameter of 110 mm, and a width of 26
mm. There are two bearings with a service life of approximately 149,163.4 working hours for bearing
A and 32,253.5 working hours for bearing B.

2. Based on the results of the planning and calculation of the coal gate components, a suitable coal gate
design was obtained for the hopper on the 20 tons/hour capacity boiler chain grate at PT Sopanusa, with
hopper dimensions of 2.7 meters long, 0.5 meters wide, and 1.7 meters high.
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