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Abstract

A decanter centrifuge machine has been developed and currently at a complete stage of a
preliminary 3D design layout. The next phase is a production phase. In the production phase, an
ideal component that is identical with the 3D model will never be realized. Every manufacturing
process has unavoidable variations. If they are accumulated, they can be immense and may cause
serious problems. The machine may fail. Thus, the analysis of geometry specification is necessary
to be conducted. The main objective of this study is to design the geometry specification which
includes their tolerance to assure that the machine will work and achieve its performance,
considering variation in manufacturing process. The study consists of four stages, they are: (1)
reviewing the 3D design layout, (2) identifying functional key characteristics, (3) analyzing each
requirement to determine the geometric dimensioning and tolerancing schemes and (4) allocating
tolerances. Every scheme was built through six steps, establish the performance requirements, draw
a loop diagram, converting dimension to mean dimension, calculate mean value with stack
tolerance, determine the method of tolerance analysis and calculate the variation of performance
requirements. The tolerance analysis uses the worst case and statistical methods. They involve 45
fixed tolerances and 38 variable tolerances. The calculated variation data output of every
requirement is elaborated to finalize tolerance value that will meet all requirements. Finally, the
final tolerance values are allocated and set to component geometry. This analysis concludes that
every final tolerance of variable tolerance values must be tighter for the worst case method, and
only 42% for statistical method. Probability of machine will work and achieve its performance is
100% for the worst case method and 99.73% for the statistical method.

Keywords: Decanter centrifuge, Geometric dimensioning and tolerancing, Statistical method,
Worst case

Introduction

A decanter centrifuge machine has been developed and currently at a complete stage of a
preliminary 3D design layout. The next phase is a production phase. In the production
phase, an ideal component that is identical with the 3D model will never take place. Every
manufacturing process has unavoidable variations. If they are accumulated, they can be
immense and may cause serious problems. The machine may fail. Thus, the analysis of
geometry specification is necessary to be conducted. The main objective is to design the
geometry specification which includes their tolerance to assure that the machine will work
and achieve its performance, considering variation in manufacturing process.

The paper explains how analysis of geometrical specification conducted in a
design of decanter centrifuge machine. The analysis follows 4 stages, they are: (1)
reviewing the 3D design layout, (2) identifying functional key characteristics, (3)
analyzing requirements and determining the geometric dimensioning and tolerancing
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schemes, and (4) allocating tolerances. Conclusions are listed at the end, with suggestion
for further research.

Analysis
Analysis of geometrical specification follows 4 stages. They are described below.

Reviewing the 3D Design Layout

In this stage, a literature study of the existing decanter machine design was conducted. The
data were collected and reviewed from the existing 3D design layout (Figure 1). Results of
this stage are description of how the machine works, what are the main components, how
the process inside the machine occurred and machine specification.

The machine is used for liquid-solid separation process. The machine comprises
of a bowl, rotating at 3000 rpm, and inside the bowl is a scroll conveyor rotating at 3033
rpm. The different speed between bowl and scroll provides the conveying motion to collect
and remove the solid from slurry. Several important machine specifications are:

e bowl diameter (195 mm)

e bowl length (680 mm)

e Dbeach angle (10°)

input capacity (8.3 m®h)

output capacity (0.106 m3/h)

smallest dimension of solid grain that decanted (16um)
bowl speed (3000 rpm)

differential speed of bowl and scroll conveyor (33 rpm)

Identifying Functional Key Characteristics

This stage is very important, and it should be conducted comprehensively. The functional
key characteristics are defined as machine characteristics that assure the machine could
achieve its function such as: work principle, machine performance and connection between
components.

This stage covers two considerations. First is identifying key characteristics of
components that directly influence on how machine works. If these characteristics are not
obtained, then the machine will not work. Based on these considerations, consequently
bowl and scroll must rotate correctly (Figure 1). There are 11 tolerance requirements to
ensure this they are:

1) coaxiality of two end shafts that bear the bowl (0 = 1.163 mm)

2) coaxiality of two holes for two ends shafts that bear the bowl (0 £ 1.163 mm)

3) dimension of the gap to ensure floating bearing of bowl can work (10 £ 5 mm)

4) coaxiality of two end shafts that bear scroll conveyor (81.317 mm)

5) coaxiality of two holes for two end shafts that bear scroll conveyors (81.317 mm)

6) dimension of the gap between right surface of scroll conveyor with inner surface of
bowl (12 £ 1 mm)

7) dimension of the gap between inner surface of big cylinder of scroll conveyor with
inner surface of bowl (1.5 £ 0.5 mm)

8) dimension of the gap between inner surface of beach section of scroll conveyor with
inner surface of bowl (1.5 £ 0.5 mm)

9) dimension of the gap between inner surface of small cylinder of scroll conveyor with
inner surface of bowl (1.5 £ 0.5 mm)

ASEAN Engineering Journal, Vol 8 No 2 (2018), e-ISSN 2586-9159 p.30



10) dimension of the gap between inner surface of front surface of scroll conveyor with
inner surface of bowl (7 £ 2 mm)

11) dimension of a gap to make sure floating bearing of scroll conveyor can work (5 = 2
mm)

Those tolerance values are adapted from recommendation of decanter centrifuge
machine handbook and bearing catalogue [3, 10, 11, 12].
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Figure 1. Decanter Machine

The second consideration is identifying key characteristics of machine
parameters that directly influence the processes inside the machine. If these characteristics
are not realized, then the machine will not achieve its performances. This consideration
consequently requires that the input capacity and smallest solid grain decanted must be
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achieved. Below are 5 requirements from machine parameters that influence them, they
are:

1) dimension of pool diameter (170 £1 mm)

2) dimension of inner bowl diameter (195 +2 mm)
3) dimension of clarification length (300 £5 mm)
4) dimension of beach angle (10 £0.5°)

5) dimension of scroll conveyor pitch (58 £0.5 mm)

These tolerance values are calculated based on the theory of centrifuge process.
There are a total of 16 requirements at this stage.

Determining Geometric Dimensioning and Tolerancing Schemes

Every requirement is analyzed to determine the geometric dimensioning and tolerancing
scheme. Four studies are conducted, namely: variation tolerance analysis, geometric
dimension and tolerance assigning method, stack tolerance method and geometric
tolerance analysis method. Every scheme is built through the following 6 steps:

1) Establishing the performance requirements.

2) Creating loop diagrams.

3) Converting dimension to mean dimension with bilateral tolerance.
4) Calculating mean value with stack tolerance.

5) Determining the method of tolerance analysis.

6) Calculating the variation of performance requirements.

These schemes follow the ASME Y14.5-2009 standard code [2]. The stack
tolerance calculation examines size tolerances and geometric tolerances. The tolerance
analysis methods which are used are the worst case method and the statistical method.

Each requirement, as the result from previous stage, is analyzed separately and
generates geometric dimensioning and tolerancing schemes. Example of requirement
analysis 1 is explained below. Requirement analysis 2 to 16 is not presented in this paper.

Requirement Analysis 1

To assure the bowl rotate correctly, coaxiality of the two end shafts that bear the bowl must
be 0 + 1.163 mm. Based on ASME Y14.5-2009, it may be stated as coaxiality of one end
shaft axis must not be more than @2.326 mm from another end shaft axis (Figure 2).

Considering the assembly process, there are two mating surfaces that fit the
screw conveyor to the bowl. They are front side cylindrical surface (830 mm) and back
side cylindrical surface (8205 mm). Figure 3 shows those mating surfaces.

Having two mating surfaces involved in one assembly fitting process should be
avoided. Since the front side cylindrical surface is a ball bearing surface (@30 mm) which
requires precision fit, it will be used as guide fit. Consequently, the back side of the
cylindrical surface must be in clearance fit condition and follow the guide fit. Therefore,
the guide fit will be the basic definition for requirement 1.

Requirement 1 is influenced by several components as may be seen in Figure 4.
In Figure 4, the value of preliminary geometric tolerance is assigned according to 1SO
2768-mK standard code [13]. The value of ball bearing fit tolerance is assigned according
to recommendation of ball bearing catalogue [10]. The next step is creating the loop
diagram. Figure 5 shows the loop diagram for requirement 1. Then, all dimension values
are converted into mean values with a bilateral tolerance. Calculation of coaxiality of two
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end shafts is completed by following calculation of stack tolerance. The calculation is
analysed using the worst case method and the statistical method. Table 1 displays
dimension value involved in calculation for requirement 1. Table 2 displays dimension
value conversion and the calculation for requirement 1. Table 3 displays tolerances
calculation of worst case analyses for requirement 1. Table 4 shows final tolerances of
worst case analyses for requirement 1. Table 5 displays tolerances calculation of statistical
analyses for requirement 1. Table 6 shows final tolerances of statistical analyses for
requirement 1.
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Figure 2. Requirement 1
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Figure 3. Mating surfaces that fit the screw conveyor to the bowl
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Figure 5. Loop diagram for requirement 1

Table 1. Table of Dimension Value Involved in Calculation for Requirement 1
Lower Upper

Description ID Nominal Limit Limit
Tolerance of concentricity dia. 0.6 length 304  AA 0 -0.300 0.300
Shaft size dia. 40 g6 AB 40 -0.025 -0.009
Hole size dia. 40 plus 0 minus 0.008 BA 40 -0.008 0.000
Tolerance of run out dia. 0.008 length 18 BB 0 -0.004 0.004
Shaft size dia. 80 plus 0 minus 0.009 BC 80 -0.009 0.000
Hole size dia. 80 N7 CA 80 -0.039 -0.009
Tolerance of concentricity dia. 0.6 length 615  CB 0 -0.300 0.300
Hole size dia. 62 N7 CC 62 -0.039 -0.009
Shaft size dia. 62 plus 0 minus 0.009 DA 62 -0.009 0.000
Tolerance of run out dia. 0.008 length 16 DB 0 -0.004 0.004
Hole size dia. 30 plus 0 minus -0.006 DC 30 -0.006 0.000
Shaft size dia. 30 g6 EA 30 -0.020 -0.007
Tolerance of concentricity dia. 0.4 length 245  EB 0 -0.200 0.200

Table 2. Table of Dimension Value Conversion and Stack Tolerance Calculation for
Requirement 1
Bilateral

ID Sensitivity Mean Value Type Tolerance Gap

a d t axd
AA 1 0.0000 variable 0.30000 0.00000
AB 0.5 39.9830 fixed 0.00800 19.99150
BA -0.5 39.9960 fixed 0.00400 -19.99800
BB 1 0.0000 fixed 0.00400 0.00000
BC 0.5 79.9955 fixed 0.00450 39.99775
CA -0.5 79.9760 fixed 0.01500 -39.98800
CB 1 0.0000 variable 0.30000 0.00000
cC 0.5 61.9760 fixed 0.01500 30.98800
DA -0.5 61.9955 fixed 0.00450 -30.99775
DB 1 0.0000 fixed 0.00400 0.00000
DC 0.5 29.9970 fixed 0.00300 14.99850
EA -0.5 29.9865 fixed 0.00650 -14.99325
EB 1 0.0000 variable 0.20000 0.00000
Total -0.001250
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Table 3. Tolerances Calculation of Worst Case Analyses for Requirement 1

ID Variation Fixed Variable Resize Variation Resized
Tolerance Tolerance Factor
axt axt axt Fwe thvwe
AA 0.30000 n.a. 0.30000 1.40437 0.42131
AB 0.00400 0.00400 n.a. 1.00000
BA 0.00200 0.00200 n.a. 1.00000
BB 0.00400 0.00400 n.a. 1.00000 n.a.
BC 0.00225 0.00225 n.a. 1.00000
CA 0.00750 0.00750 n.a. 1.00000
CB 0.30000 n.a. 0.30000 1.40437 0.42131
CC 0.00750 0.00750 n.a. 1.00000
DA 0.00225 0.00225 n.a. 1.00000
DB 0.00400 0.00400 n.a. 1.00000 n.a.
DC 0.00150 0.00150 n.a. 1.00000
EA 0.00325 0.00325 n.a. 1.00000
EB 0.20000 n.a. 0.20000 1.40437 0.28088
Total 0.83825 0.03825 0.80000 1.12350
Mid Position -0.001250
Variation Max. 0.838250
Max. 0.837000
Min. -0.839500
Resize factor 1.404400
Max. resized 1.160500
Min. resized -1.163000
Table 4. Final Tolerances of Worst Case Analyses for Requirement 1
ID Final Variation  Final Tolerance Machine Accuracy Note
AA 0.42131 0.4213 IT13 0.4050 OK
AB 0.00400 0.0080 IT6 0.0080 OK
BA 0.00200 0.0040 IT4 0.0035 OK
BB 0.00400 0.0040 ITS 0.0040 OK
BC 0.00225 0.0045 IT4 0.0040 OK
CA 0.00750 0.0150 IT7 0.0150 OK
CB 0.42131 0.4213 IT12 0.3500 OK
CC 0.00750 0.0150 IT7 0.0150 OK
DA 0.00225 0.0045 IT4 0.0040 OK
DB 0.00400 0.0040 ITS 0.0040 OK
DC 0.00150 0.0030 IT4 0.0030 OK
EA 0.00325 0.0065 IT6 0.0065 OK
EB 0.28088 0.2809 IT12 0.2300 OK

Total 1.16175
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Table 5. Tolerances Calculation of Statistical Analyses for Requirement 1

RSS Fixed Variable Resize  Tolerance
Variation Tolerance Tolerance Factor Resized
laxt| @r2)x (t"2) (axpn2 (axtn2 Frss tkv_rss_

ID Variation

resized
AA 0.30000 0.090000 n.a 0.09000 2.4767 0.74301
AB 0.00400 0.000016 0.00002 n.a 1.0000 0.00800
BA 0.00200 0.000004 0.00000 n.a 1.0000 0.00400
BB 0.00400 0.000016 0.00002 n.a 1.0000 0.00400
BC 0.00225 0.000005 0.00001 n.a 1.0000 0.00450
CA 0.00750 0.000056 0.00006 n.a 1.0000 0.01500
CB 0.30000 0.090000 n.a 0.09000 2.4767 0.74301
CC 0.00750 0.000056 0.00006 n.a 1.0000 0.01500
DA 0.00225 0.000005 0.00001 n.a 1.0000 0.00450
DB 0.00400 0.000016 0.00002 n.a 1.0000 0.00400
DC 0.00150 0.000002 0.00000 n.a 1.0000 0.00300
EA 0.00325 0.000011 0.00001 n.a 1.0000 0.00650
EB 0.20000 0.040000 n.a 0.04000 2.4767 0.49534

Total 0.220187 0.00019 0.22000

Position  -0.001250
Variation Max.  0.469241
Max.  0.467991

Min. -0.470491

Resize Factor  2.476687
Max. Resized  1.160500
Min. Resized -1.163000

All of 16 requirements are analyzed separately and generate 19 geometric
dimensioning and tolerancing schemes. Requirement analysis 2 to 16 are not shown in this
paper, but the result is displayed on Tables 7 and 8. Sometimes a requirement generates
more than one scheme. After all 19 schemes are determined and all variation of
performance requirements are calculated, all result will be collected and analyzed for final
stage. These 19 schemes involve 18 components, 83 dimensions, 45 fixed tolerances and
38 variable tolerances.
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Table 6. Final Tolerances of Statistical Analyses for Requirement 1

ID Final Tolerance Machine Accuracy Note
AA 0.7430 IT14 0.6500 OK
AB 0.0080 IT6 0.0080 OK
BA 0.0040 IT4 0.0035 OK
BB 0.0040 ITS 0.0040 OK
BC 0.0045 IT4 0.0040 OK
CA 0.0150 IT7 0.0150 OK
CB 0.7430 IT13 0.5500 OK
CC 0.0150 IT7 0.0150 OK
DA 0.0045 IT4 0.0040 OK
DB 0.0040 ITS 0.0040 OK
DC 0.0030 IT4 0.0030 OK
EA 0.0065 IT6 0.0065 OK
EB 0.4953 IT13 0.3600 OK

Total 2.0498

Allocating Tolerances

The final stage is to summarize all calculated variation data in 19 schemes and optimize
them. From 83 dimensions which are calculated in the previous stage, the tightest tolerance
value is used as the solution value. Table 7 displays tolerance value of variable dimension
for each scheme for worst case analyses and the tightest tolerance value. Table 8 displays
tolerance value of variable dimension for each scheme for statistical analyses and the
tightest tolerance value. The tightest value will be round down and converts to two
decimals considering measuring equipment in the workshop. They are simulated and
examined wherein they meet all requirements. Table 9 shows final dimensions tolerance
which are collected from round down value of dimensions tolerance in table 7 and table 8.
They are set to component geometries and become reasons to define the proper machining
process for each component. They are dimensions tolerance in decanter centrifuge
preliminary design that have to be modified to assure that the machine will work and
achieve its performance, considering variation in manufacturing process.
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Table 7. Tolerance Value of Variable Dimension for Each Scheme for Worst Case
Analyses (AA to RA, Scheme 1to 7)

ID Tolerance Value on Scheme

1 2 3 4 5 6 7

AA 04213  0.1501 - - - 0.3948 -
AC - - -
AE - -

0.4652 - - -
AF - - 0.7443 - - -
AG - - 0.4652 - - -
AH - - - - - - 0.6650
Al - -
CB 04213 04213 - - 0.6305 - -
CD - - - - - - -
CE - - - - - - -
CK - - - - - - -
CcL - - - - - - -
CM - - - - - - -
CN -
EB  0.2809 - - - - - -
ED - 0.1000 - -
EE - - - 0.2791 - - -
EF - - - 0.4652 - - -
EG - - - 0.2791 - - -
EH - - - - - - -
El - - - -
FE - - - 0.1861 - - -
FF - - - -
GF - - - 0.4652 - - -
GG - -
HB - 0.1501 - -
HD - - - 0.4652 - - -
HE - - - - - - -
HF - - - - - - -
HG - - - -
IF - - - 0.4652 - - -

IG - - - - - - -
LA - - - - - - -
MA - - - - - - 0.6650
NA - -
PA -
QA -
RA -
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Table 7. Tolerance Value of Variable Dimension for Each Scheme for Worst Case
Analyses (continued, AA to RA, Scheme 8 to 14)

ID Tolerance Value on Scheme

AA - - - - - - -
AC - - - - - - -
AE - 0.1679 - - - 01912  0.2053
AF - - - - - - -
AG - - - - - - -
AH - -
Al - 0.1007 - - - 0.1147  0.1232
CB - - -
CD  0.1868 - 0.0400  0.0825 - - -
CE - - - - 0.3096 - -
CK - 0.1679 - - - -
CcL - - - - - 03059  0.3284
CM - - - - - - -
CN - - - - - - -
EB -
ED  0.0747 - 0.0160 - 0.1239 - -
EE - - - - - - -
EF - - - - - - -
EG - - - - - 0.1147  0.1232
EH - - - - - 0.1147 -
El - - - - - - 0.1232
FE - 0.0671 - - - 0.0765  0.0821
FF - - - - - -
GF -
GG  0.1868 - -
HB  0.1121 - 0.0240 - - - -
HD - - - - 01912  0.2053
HE - - 0.0400 - - - -
HF - 0.0336 - -
HG - - - 0.0825 - -
IF - - - - -
IG - - - - 0.3096 - -
LA - - - - - - -
MA - - - - - - -
NA - - - - - 0.1147 -
PA - - - - - - -
QA - - : : - - -
RA - - - - - - -
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Table 7. Tolerance Value of Variable Dimension for Each Scheme for Worst Case
Analyses (continued, AA to RA, Scheme 15 to 19)

ID Tolerance Value on Scheme
. Round
15 16 17 18 19 TIghtest hon

Value

Value
AA - - - - - 0.1501 0.15
AC 0.2083 - - - - 0.2083 0.20
AE - - 0.4058 - - 0.1679 0.16
AF - - - - - 0.7443 0.74
AG - - - - - 0.4652 0.46
AH - - 0.2435 - - 0.2435 0.24
Al - - - - - 0.1007 0.10
CB - - - - - 0.4213 0.42
CD - - - - - 0.0400 0.04
CE - - - - - 0.3096 0.30
CK - - - - - 0.1679 0.16
CL - - - - - 0.3059 0.30
CM - - 0.4058 - - 0.4058 0.40
CN - - - - 0.5000 0.5000 0.50
EB - - - - - 0.2809 0.28
ED - 0.1057 - - - 0.0160 0.01
EE - - - - - 0.2791 0.27
EF - - - - - 0.4652 0.46
EG - - - - - 0.1147 0.11
EH - - - - - 0.1147 0.11
El - - - - - 0.1232 0.12
FE - - - - - 0.0671 0.06
FF 0.2083 - - - - 0.2083 0.20
GF - - - - - 0.1679 0.16
GG - 0.2463 - - - 0.1868 0.18
HB - 0.1586 - - - 0.0240 0.02
HD - - - - - 0.1912 0.19
HE - - - - - 0.0400 0.04
HF - - - - - 0.0336 0.03
HG - - - 1.7000 - 0.0825 0.08
IF - - - - - 0.1912 0.19
IG - - - - - 0.3096 0.30
LA 0.0694 - - - - 0.0694 0.06
MA - - - - - 0.6650 0.66
NA - - - - - 0.1147 0.11
PA - - - - - 0.1887 0.18
QA - - - - - 0.1887 0.18
RA - - - - - 0.2516 0.25
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Table 8. Tolerance Value of Variable Dimension for Each Scheme for Statistical
Analyses (AA to RA, Scheme 1to 7)

ID Tolerance Value on Scheme

1 2 3 4 5 6 7

AA 07430  0.4429 - - 0.5475 -
AC - - -
AE - -

1.5563 - - -
AF - - 2.4900 - - -
AG - - 1.5563 - - -
AH - - - - - - 1.1547
Al - - -
CB 07430  0.7430 - - 0.6579 - -
CD - - - - - - -
CE - - - - - - -
CK - - - - - - -
CcL - - - - - - -
CM - - - - - - -
CN -
EB  0.4953 - - - - - -
ED - 0.2952 - -
EE - - - 0.9338 - - -
EF - - - 1.5563 - - -
EG - - - 0.9338 - - -
EH - - - - - - -
El - - - -
FE - - - 0.6225 - - -
FF - - - -
GF - - - 1.5563 - - -
GG - -
HB - 0.4429 - -
HD - - - 1.5563 - - -
HE - - - - - - -
HF - - - - - - -
HG - - - -
IF - - - 1.5563 - - -

IG - - - - - - -
LA - - - - - - -
MA - - - - - - 1.1547
NA - -
PA -
QA -
RA -
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Table 8. Tolerance Value of Variable Dimension for Each Scheme for Statistical
Analyses (continued, AA to RA, Scheme 8 to 14)

ID Tolerance Value on Scheme

8 9 10 11 12 13 14

AA - - - - - - -
AC - - - - - - -
AE - 0.4702 - - - 06312  0.6456
AF - - - - - - -
AG - - - - - - -
AH - - -
Al - 0.2821 - - - 0.3787  0.3874
CB - -
CD  0.4866 - 01513  0.1167 - - -
CE - - - - 0.6061 - -
CK - 0.4702 - - - - -
CcL - - - - - 1.0100  1.0330
CM - - - - - - -
CN - - - - - - -
EB - - -
ED  0.1946 - 0.0605 - 0.2424 - -
EE - - - - - - -
EF - - - - - - -
EG - - - - - 0.3787  0.3874
EH - - - - - 0.3787
El - - -
FE - 0.1881 - - - 02525  0.2583
FF - - - - -
GF -
GG 0.4866 - -
HB  0.2919 - 0.0908 - -
HD - - -
HE - - 0.1513 - - - -
HF - 0.0940 - - - - -
HG - - - 0.1167 -
IF - - - - -
IG - - - - 0.6061 - -
LA - - - - - - -
MA - - - - - - -
NA - - - - - 0.3787 -
PA - - - - - - -
QA - - : : - - -
RA - - - - - - -
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Table 8. Tolerance Value of Variable Dimension for Each Scheme for Statistical
Analyses (continued, AA to RA, Scheme 15 to 19)

ID Tolerance Value on Scheme
. Round
15 16 17 18 19 TIghtest hon

Value

Value
AA - - - - - 0.4429 0.44
AC 0.3429 - - - - 0.3429 0.34
AE - - 0.8504 - - 0.4702 0.47
AF - - - - - 2.4900 2.49
AG - - - - - 1.5563 1.55
AH - - 0.5103 - - 0.5103 0.51
Al - - - - - 0.2821 0.28
CB - - - - - 0.6579 0.65
CD - - - - - 0.1167 0.11
CE - - - - - 0.6061 0.60
CK - - - - - 0.4702 0.47
CL - - - - - 1.0100 1.01
CM - - 0.8504 - - 0.8504 0.85
CN - - - - 0.5000 0.5000 0.50
EB - - - - - 0.4953 0.49
ED - 0.2261 - - - 0.0605 0.06
EE - - - - - 0.9338 0.93
EF - - - - - 1.5563 1.55
EG - - - - - 0.3787 0.37
EH - - - - - 0.3787 0.37
El - - - - - 0.3874 0.38
FE - - - - - 0.1881 0.18
FF 0.3429 - - - - 0.3429 0.34
GF - - - - - 0.4702 0.47
GG - 0.5623 - - - 0.4866 0.48
HB - 0.3392 - - - 0.0908 0.09
HD - - - - - 0.6312 0.63
HE - - - - - 0.1513 0.15
HF - - - - - 0.0940 0.09
HG - - - 1.7000 - 0.1167 0.11
IF - - - - - 0.6312 0.63
IG - - - - - 0.6061 0.60
LA 0.1143 - - - - 0.1143 0.11
MA - - - - - 1.1547 1.15
NA - - - - - 0.3787 0.37
PA - - - - - 0.5572 0.55
QA - - - - - 0.5572 0.55
RA - - - - - 0.7429 0.74
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Table 9. Modified Tolerances of Decanter Centrifuge Preliminary Design

Final Final
Component Name ID First Dimension Dimensions Dimensions
Worst Case Statistical
AA r|n0.6J]AJ| rjn0.15]A rjn0.44|]A
AC r|n0.6J]A rjn0.2]A r|n0.34|]A
AE 121+0.5 121+0.16 121+0.47
Rear Shaft AF 456+0.8 456+0.74 456+2.49
AG 195.5+0.5 195.5+0.46 195.5+1.55
AH 44+0.3 44+0.24 44+0.51
Al 91+0.3 91+0.1 91+0.28
CB rjn0.6]A rjn0.42]A rjn0.65]A
CD n193+0.5 n193+0.04 n193+0.11
CE n122+0.5 n122+0.3 n122+0.6
Screw Shaft CK 315+0.5 315+0.16 315+0.47
CL 615+0.8 615+0.3 615+1
CM 239.5+0.5 239.5+0.4 239.5+0.85
CN 58.5+0.3 58.5+0.5 58.5+0.5
EB r|n0.4]A r|n0.28|A r|n0.49]A
ED r|n0.4]A r|n0.01]A r|n0.06]A
Front Shaft A EE 74.5+0.3 74.5+0.27 74.5+0.93
EF 275+0.5 275+0.46 275+1.55
EG 86+0.3 86+0.11 86+0.37
EH 77+0.3 77+0.11 77+0.37
Front Shaft B
El 38+0.3 38+0.12 38+0.38
FE 25+0.2 25+0.06 25+0.18
Flange
FF 105+0.3 105+0.2 105+0.34
GF 350+0.5 350+0.16 350+0.47
Rear Bowl
GG n195+0.5 n196+0.18 n196+0.48
HB r|n0.6JA r|n0.02|A r|n0.09]A
HD 206+0.5 206+0.19 206+0.63
Beach Bowl HE N195+0.5 N196+0.04 N196+0.15
HF 10+0.2 10+0.03 10+0.09
HG t|n0.6]A|C t|n0.08]A|C t|n0.11]A|C
IF 144+0.5 144+0.19 144+0.63
Front Bowl
IG n124+0.5 n125+0.3 n125+0.6
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Final Final

Component Name ID First Dimension Dimensions Dimensions
Worst Case Statistical

Weir Plate LA djo.2 d]0.06 djo.11

Rear Bearing MA 35+0.3 35+0.66 35+1.15

Cover

Front Bearing NA 37+0.3 37+0.11 37+0.37

Cover

Bearing Support PA 70+0.3 70+0.18 70+0,55

Block

Bearing Support QA 7020.3 7020.18 70%0.55

Block

Body RA f|no.8]A f|n0.25]A F|n0.74]A

Conclusions

Based on the evaluation of the decanter centrifuge preliminary design, it was found that:

1) Several of the tolerances in the decanter centrifuge preliminary design have to be
modified as shown in Table 9.

2) Every final tolerance of variable tolerance values must be tighter for the worst case
method, and it is only 42% for the statistical method. Probability of machine will work
and achieves its performance is 100% for the worst case method and 99.73% for the
statistical method.

For further research, this analysis should be continued with the verification
analysis of tools design and validation analysis of gauge capacity.
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