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Abstract-In this paper the main reason for designing welding fixture for Bishoftu Bus body frame, Ethiopia is to produce the body of the bus in
Bishoftu Automotive and Locomotive Industry, Ethiopia. The bus is currently assembled in the industry by importing all components and
subassemblies. It is a common practice to build bus body on a truck chassis by welding individual components to the chassis. This process has a
big problem of repeatability and standardization in terms of shape and dimensional accuracy. The other practice is using a welding template or
use of a replica of the actual product as a template placed on a heavy welding table supported with clamping devices. This method is easy fast
and less costly method. The problem of this method is lack of accuracy and duplication of errors especially when manufacturing in large quantity.
The other practice is using modular fixturing method like that of Demmeler modular fixturing system. This is the best methods, which provides all
advantages gained from using modular fixtures. The only problem is its very high cost. The new design is composed of variable length square
frame with dovetail guide ways machined on four faces along the length. Determination of geometric and dimensional tolerances for the Bishoftu
bus body Frame is done by Variation of the process, variation of the fixture and variation of the parts. And we conclude that at minimum gap,
which is maximum material condition (MMC), there will be interference, which practically is not acceptable. In case of (LMC) List Material
Condition, which is the maximum gap, the gap extends beyond limit. Consequently, sizes are adjusted and corrected accordingly, and when
changing equal bilateral tolerances in to unilateral tolerances some problems also will reduced. The rest of the wider gap in case of List Material

Condition will remain unchanged.

Key words- MMC, LMC, Tolerance, BALI, Fixture, Side body frame.

1. INTRODUCTION

During the manufacturing process, many different
parameters need to be controlled such as, limiting waste,
assembly downtime, and labor compensation to be able to
produce at a minimal cost.

Industries assembling busses for domestic use by importing
all components from outside including the prefabricated
subassembly of side body frame which has a length of 12
meters and formed sheet metal which makes the most
difficult to transport. Different components of the bus
including the side body frame face damage from
deformation due to mishandling in transportation. This
incurs the cost of the bus and reduces the profit which the
industry could have earned.

e Dagmawi Hailu, Lecturer, Mechanical & Vehicle Engineering
Department Adama Science and Technology University, Adama, Ethiopia,
+251911382418. E-mail: dagmawi_hailum@gmail.com

o 2Dr Wassihun Yimer, Assistant Professor, Mechanical & Vehicle
Engineering, Adama Science and Technology University, Adama, Ethiopia,
+251911842801. E-mail: wassihunyimer@yahoo.com

e 3Er. Mukesh Didwania, Lecturer, Mechanical & Vehicle Engineering
Department, Adama Science and Technology University, Adama, Ethiopia,
+251941432556. E-mail: mukeshdidwania4u@gmail.com

However, at least the structural frame of the body and the
sheet metal can be manufactured locally which will reduce
the expense of Foreign currency for importing the
components and the shipment cost and helps the industry
to exploit its capacity

to produce its own brand bus in the future. In line with this
papers aims to determine the geometric and dimensional
tolerance of bus body frame welding fixture.

2. THEORETICAL BACKGROUND

A fixture is a device for locating, holding and supporting a
work piece during a manufacturing process. Fixtures are
essential elements of production processes as they are
required in most of the automated manufacturing,
inspection, and assembly operations. Generally, all fixtures
are consisted of main elements such as: locators, clamps,
supports and fixture body. [2]

Welding fixtures like other fixtures are effective ways of
reducing rejects due to human factors. Experimental results
by M. Vural, H.F. Muzafferoglu, U.C. Tapici [10] show that
the welding fixture they designed has reduced the amount
of distortion on the welded product (see figures 1).

Some bus motor and body manufacturers use similar
method of manufacturing brand buses by building bus
body frame on bus chassis and covering with sheet metals
[11] (see Figure 2a). This method of building bus body
frame is a tedious work and Ilacks accuracy and
repeatability.

The other most common way of manufacturing the bus
body frame is by manufacturing the main units of the
structure separately and assembles on the chassis. In this
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system, the first step is to build the platform, made by MIG
welding steel tubes to special templates (dedicated fixture).
The next stage is to make the roof panel, side framework
also built to a special template, which is another dedicated
fixture, with MIG welds. Next units to be built are the two
end panels, front and back similarly with their own
dedicated fixtures. Then the plate metal body is assembled,
with the main wunits (end panels, roof panel, side
framework) being positioned in accordance with the
template and welded together [6 & 12].

This method and the fixture used here are both easy to
manage, time saving, and less costly. This system is of great
merit when considerably large amount of buses suitable for
line or mass production are required.

(c) Locating and clamping components on a fixture (d) designed fixture
on an experimental set up.

Figure 1 Fixture designed for welding square pipe with a set up for
experiment.
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Figure 2a -2b Manufacturing of TATA Motors Buses (Standard
Versions) [15] & Description of the shape of the post

3. METHODS AND MATERIALS
3.1. Study Methodology

To realize the stated objectives pertinent study
methodology has been followed. From primary and
secondary sources the relevant data are collected. As a
primary date source observation of the factory assembly
process and operations of the Bishoftu bus and expert
discussion with factory engineers has been done. Review of
literature, engineering data books and scientific journals
including other researchers study outputs in similar areas
are served as a secondary data source. Bishoftu bus side
frame structure drawings with all its components imported
with bus parts are also reviewed. As a method of the study
the flow chart of the fixture design had been maintained to
realize the step wise and proper flow of the design process.
Accordingly applied the method of tolerance analysis;
following the worst case model; to determine the
dimension of the side frame structure.

3.2 Dimensional and geometric variations and
tolerance analysis of side body frame parts
The analysis of dimensional and geometric tolerances and
stack up of individual parts and assemblies plays a major
role in the product design that without it a designed
product cannot be produce according to design
specification and leads to large amount of rejects and repair
work. To prevent such a failure, variations and tolerances
has been analyzed and the detailed discussion is provided
in this section.
For the determination of geometric and dimensional
tolerances, the functional and manufacturing requirements
and related sources of variations are in three groups:
Variation of the process: includes loading the part,
clamping the part, loading additional part to the sub
assembly, re-clamping the sub assembly, welding the part
and cooling (shrinkage and thermal distortions).
Variation of fixture: tolerances of fixture should be 5-29%
of the tolerance of the corresponding dimension of the part
to be hold on. Most industries use 10%. [5]
Variation of part: variation of parts starts from the
variation of the raw material. Due to the nature of the work,
lateral variation of the raw material remains unchanged for
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almost all components for all dimensions except for length. factors discussed above and others. The cyan colour
However, other factors are also considered to determine (dashed line) indicates the boundary in which errors are
appropriate tolerances for the parts and assembly. These allowed to vary the size of the object.

factors are discussed. The variations and tolerances are
demonstrated in Figure 4. Nominal size of the object is
indicated in black (solid) lines whereas the blue line is used
to identify dimension lines from others. The red (doted) in
the figure indicates effect of variation caused by various

TABLE 1
TOLERANCE FOR HEIGHT AND WIDTH OF COLD FORMED STEEL RHS OF THE BUS BODY FRAME
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70X50 50 - 80; D=63.25 0.004047 | 1T14 = 400i 16188 | 1 1 0.5 ~a9
50X50 50 - 80; D=63.25 0.004047 | 1T14 = 400i 1.6188 | 0.7 0.7 0.35 a9
50X40 50 - 80; D=63.25 0.004047 | 1T14 = 400i 16188 | 0.7 0.7 0.35 a9
30X20 30 -50; D=38.73 0.00342 IT14 = 400i 1.368 0.5 0.5 0.25 b9
kS
50X30 50 - 80; D=63.25 0.004047 | 1T14=400i 1.6188 | 0.7 0.7 0.35 a9 X
&
40X40 30 -50; D=38.73 0.00342 IT14 = 400i 1.368 0.6 0.6 0.3 b9
60X50 50 - 80; D=63.25 0.004047 | 1T14 = 400i 1.6188 | 0.7 0.7 0.35 a9
30X10 30-50; D=38.73 0.00342 IT14 = 400i 1.368 0.5 0.5 0.25 b9
60X40 50 - 80; D=63.25 0.004047 | 1T14 = 400i 1.6188 | 0.7 0.7 0.35 a9
75x50 50 - 80; D=63.25 0.004047 | 1T14 = 400i 16188 | 1 1 0.5 ~a9
50X40 50 - 80; D=63.25 0.004047 | 1T14 = 400i 1.6188 | 0.7 0.7 0.35 a9
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TABLE 2

TOLERANCE FOR LENGTH OF THE FRAME COMPONENTS

1099

Expected tolerance for each factor (mm)
Manufacturing process - Selected
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3E m 53 me8 | T8 @ 5258 s ==
30-50 0.106165 0.2 15 1 0.2 15 0.751028 0.376
50 - 80 0.126218 0.2 15 1 0.2 15 0.75437 0.377
80-120 0.147732 0.2 15 1 0.2 15 0.757955 0.379
120 - 180 0.165774 0.2 15 1.6 0.2 15 0.860962 0.43
180 - 250 0.196922 0.2 15 1.6 0.2 15 0.866154 0.433
250 -315 0.21942 0.2 15 1.6 0.2 15 0.869903 0.435
315-400 0.2408 0.2 15 1.6 0.2 15 0.873467 0.437
400 - 500 0.264416 0.2 15 2.4 0.2 15 1.010736 0.5005
500 - 630 0.290575 0.2 15 2.4 0.2 15 1.015096 0.507
630 - 800 0.321252 0.2 15 2.4 0.2 15 1.020209 0.51
800 - 1000 0.35565 0.4 15 2.4 0.2 15 1.059275 0.53
1000-2000 0.43964 1 15 4 0.2 15 1.43994 0.72
2000-8000 0.757745 1 15 6 0.2 15 1.826291 0.91
8000-12000 1.321048 1 15 8 0.2 15 2.253508 1.13
TABLE 3

LIST OF MAJOR PARTS OF THE FRAME FOR TOLERANCE ANALYSIS AND THEIR RESPECTIVE LENGTH AND TOLERANCE -WITH RESULT SECTION
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Front Left end Post 0.34 2538 +0.0
1 A5401-11100359 J50X30X2.0/Q235-B 2 2539 1.826291 | 0.91 068
2 A5401-14000035 Driver Side Door Fixture 1 924 1059275 | 053 0.20 923 +0.0
Assembly -0.40
3 A5401-11100361 Post J60X40X2.0/Q235-B 2 1715 1.43994 0.72 v/ Sk 305(31
4 A5401-11100362 cushion pipe J30X10X1.0/Q235-B | 1 13785 | 1.439% 0.72 v/ T 305?‘
5 A5401-11100363 cushion pipe J30X10X1.0/Q235-B | 1 893 1.059275 | 0.53 et B 304%
6 A5401-12000033 window post J80X40X2.0/Q235-B | 1 12035 | 1.4399% 0.72 Ll AL 305?‘
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8 | A5401-12000034 \év'”dow post JBOX40X2.0/Q235- | ;| 15035 | 143004 | 0.72 v/ A 3053
9 A5401-11000269 Rear left side fixture post 1 2427 1.826291 | 0.91 e ) JEJOG%
U-channel cold rolled steel 0.27 1196 +0.0
10 A5401-14100532 2.0/0235-B 1 1197 1.43994 0.72 054
11 A5401-11100378 Bottom post J60X50X2.0/Q235-B | 1 11655 | 1.439%4 0.72 v/ L 3053
Subordinate ridge 0.34 2421 +0.0
12 A5401-15000041 J50XA40X2.0/Q235-B 1 2422 1.826291 | 0.91 068
13 A5401-13100280 Bracing F40X40X1.5/Q235-B 1 11635 | 1.439% 0.72 v/ L :)053
14 A5401-11100367 Bottom post J60X50X2.0/Q235-B | 12 | 1167.5 | 1.43994 0.72 v/ Ly BOS?‘
Oblique support 0.19 777 +0.0
15 A5401-13100279 FA0XAOX1.5/0235-B 1 778 1.020209 | 0.51 038
16 A5401-13100276 Bracing J50X40X2.0/Q235-B 4 515 1.015096 | 0.507 L8 2 :)03%
Oblique support 0.20 952 +0.0
17 A5401-13100282 FA0XA0X1.5/0235-B 3 953 1.059275 | 0.53 04
subordinate ridge 0.34 4143 +0.0
18 A5401-15000042 J50X40X2.0/Q235-B 1 4144 1.826291 | 0.91 068
Oblique support 0.27 1255 +0.0
19 A5401-13100274 FA0XA0X1.5/0235-B 2 12555 | 1.4399%4 0.72 054
20 A5401-11000271 Bottom post J60X50X2.0/Q235-B | 2 12075 | 1.4399% 0.72 L A :)053
21 A5401-11000270 Post J70X50X2.0/Q235-B 2 12075 | 1.439% 0.72 e/ Ly 3053
Subordinate ridge 0.00 -- +0.0
22| A5401-15000040 J50X40X2.0/Q235-B 2 B B -0.00
Left fixture beam 0.42 9925.5 +0.0
23 A5401-15000043 P75X50x25x10x2/Q235-B 1 9926.5 | 2.253508 | 1.13 084
Oblique support 0.19 552 +0.0
24 A5401-13100273 J50XA0X2.0/Q235-B 3 553 1.015096 | 0.507 038
25 A5401-11100366 Post J70X50X2.0/Q235-B 1 681 1.020209 | 0.51 TR L 203%
26 A5401-11100365 Short Post  J50X40X2.0/Q235-B | 2 453 1.010736 | 0.5005 TR = 303%
Angle Iron cold rolled steel 0.16 252 +0.0
27 A5401-14100419 3.0/0235-B 1 253 0.869903 | 0.435 032
Driver doorframe Beam 0.27 1161 +0.0
28 A5401-15100400 F50X50X2.0/0235-B 1 1162 1.43994 0.72 054
Subordinate ridge 0.27 1023 +0.0
29 A5401-15000030 J50XA40X2.0/Q235-B 1 1024 1.43994 0.72 054
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Since there is nothing to be done on the periphery of the
part, part variation across sections (see figure 3 c) is said to
be fixed and there is no chance to change it thus, it remains
as received from the supplier of the parts. Based on the
information tolerance for width and height of the cold
rolled steel RHS are determined in two ways (see Table 1).
Part variation of length (Figure 2 a, b) are determined based
on factors, the details are prepared in Tables 2 and 3.

©)

Hz+;

Figure 3 Linear variation of horizontal components; (a) 3D
representation of part, b) effect of variation on length and tolerance, c)
lateral variation and tolerance specification.

4. ANALYZING TOLERANCE STACKS OF THE

SIDE BobY FRAME OF THE BuUs

Now the tolerance for individual components are given
considering the most of influencing factors that are meant
to affect the tolerance required for the parts. What is left
now is analyzing tolerance stacks and make corrections
accordingly whenever necessary. Paul J. Drake, Jr. provided
six standard procedures of analyzing tolerance stacks.

1. Establish the Assembly 2. Draw a Loop Diagram 3.
Convert All Dimensions to Mean Dimension with an Equal
Bilateral Tolerance 4. Calculate the Mean Value for the
Performance Requirement 5. Determine the Method of
Analysis 6. Calculate the Variation for the Performance
Requirement

Step one: Establish the Assembly Requirements

The assembly requires a welding gap to be determined
based on requirement of the type of welding and wall
thickness of the material to be welded. For Gas Metal Arc
Welding (GMAW) process and for the range of thickness of
the structural pipes the welding gap required ranges from 0
- 1.5mm. [8]. this holds true for all welding joints of the bus
body frame (see Figure 4). No additional requirement is
required for this case.

[ T) [T

Wk / ::* 5] ‘ .

/~ AN
y . 3 Note:

[T N Welding gap, which is the assembly

\ requirement ranges 0-1.5 mm for all joints
made of structural steel tubes for the entire
frame

Figure 4 Welding gaps established for assembly requirement

Step two: a Loop Diagram for vertical dimensions is done
separately. And for the horizontal loop diagram is not
prepared because the type of fitting required, the assembly
requirement, the nature of the parts and the sizes are
similar and the operation is the same for the whole frame.
Thus, no special care is needed for the horizontal
components. Figure 5 shows parts considered for the
loop diagram for vertical dimensions and Figure 6 shows
the loop diagram.

Step three: All Dimensions are Converted to Mean
Dimension with an Equal Bilateral Tolerance (refer Table 4
Result section by shaded).

Step four: Mean value of gap for assembly requirement the
first step in calculating the variation at the gap is to
calculate the mean value of the requirement [9]. The mean
value at the gap is:

dg =Xica:d; (1)

Where: %g = the mean value at the gap. I dgis positive, the
mean “gap” has clearance, and if dg is negative, the mean
“gap” has interference.

M = the number of independent variables (dimensions) in
the stack up

di= sensitivity factor that defines the direction and
magnitude for the i"™ dimension. In a one-dimensional stack
up, this value is usually +1 or -1.

di = the mean value of the I dimension in the loop
diagram
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Figure 5 Parts and requirements selected for vertical loop diagram

Note:

1. Numbers in the circle indicate serial number of the part
in the assembly drawing of those parts in the loop.

2. Dimensions in rectangle indicate sizes of parts in the
loop.

3. The 'R' in circle indicates assembly requirements.

— A (+40)
C B (+2497)
C (-50)
D D (-1715)
B E (-50)
i | _ F (-681)
$ G {40)
= Assembly Requirement 5

+G 4 Gap—=0=<R5<1.5

Figure 6 Vertical loop diagram for Requirement 5

By using Equation 1, the mean value of Requirement 5 (Gap
5) is determined as follows:
Gop > =a,d, + a.d, +aqds+ agd, +agds +agds +ads

Gap3 = (+1+40) 4 (+1+ 2497) + (=14 30) + (=1 1715) + (-1 30) + (~1+ 681) 4 (-1+40)

dy = Gap 5= 1.0mm

TABLE 4
DIMENSIONS AND TOLERANCES USED IN REQUIREMENT 5

5 | . |SE|2
a8 5 c = o Sl 7]
Y= o [} [y B‘ b L ; 2 8
c E |Z2| & | 2 g |+ | 285
5 S |=| E|E2] & |¥P| £03
g c |8 2 |5| § |ET|8Ec
= < = & & 2 58 | ¥ L =4
g g |&| 8 c | 28| =238
3 > s = = T 505
[a) On | £228
<E=»
. Ab401- . -
Sub_ordlnat 150000 | Al 40 1 Fixe 03
e Ridge d
30
A5401- ) 0.34
FrontLeft | 411003 | B| 2497 | +1 | YA | 001
end Post able
59
. 140000 | C| 50 -1 0.35
Fixture 35 d
Assembly
Ab401- Vari 0.27
Post 111003 | D| 1715 | -1 0.72
able
61
Driver A5401- Fixe -
doorframe 151004 | E | 50 -1 d 0.35
Beam 00
Ab401- . 0.2
Vari
Post 111003 | F | 681 -1 0.51
able
66
. Ab401- -
Subordinat | 155000 | G| 40 | -1 | fixed | 03
e Ridge 30

Step five: Method of Analysis There are many Tolerance
analysis models working in different situations of these
models the mostly commonly used models are a “worst
case” (WC) model, and a “statistical” model. For two
reasons the worst-case model is selected:

e  Firstis for its advantage

e The second is the absence of sufficient data for

statistical model.

The advantages of using Worst Case Tolerance Model are
that “all piece parts are within the tolerance limits. While
this may not always be true, the method is so conservative
that parts will probably still fit. The disadvantage is when
there are a large number of components or when there is
only a small “gap”, the Worst Case Model yields small
tolerances, which will be costly” [26]. The cost will not be a
problem in our case because the welding gap will give us
an extra room to make more error. Thus, the worst-case
model is selected. The following equation is used to
calculate the expected variation at the gap [9].
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Lye = E?:j_lﬂitil (2)

Where: fiwe= maximum expected variation (equal bilateral)
using the Worst Case Model.

ti= equal bilateral tolerance of the fmcomponent in the stack
up.

The variation at the gap for Requirement 5 is:
by = [(+1)031+](+1)0.92] + 1(-1)035 + |(-1)0.72] + [(-1)0.35] + |(-1)0.51|+ |(-1)0.3|
fpe = 3.4dmm

Using the Worst Case Model, the minimum gap is equal to
the mean value minus the “worst case” variation at the gap.
The maximum gap is equal to the mean value plus the
“worst case” variation at the gap.

Minimum gap = dg — &y,
Maximum gap = dg + by,

The maximum and minimum assembly gaps for
Requirement 5 are:

Minimum gap for B5=1 - 344 = —2.44
Maximum gap for R3=1+3.44 = 4.44

This result shows that the minimum requirement is
negative value, which means there is interference.
Nevertheless, assembly does not allow as this interference
and maximum value is beyond limit, which is 1.5mm.
Thus, correction should be done on the tolerances.

Step six: Resizing Tolerances in the Worst Case Model
Resizing is a method of allocating tolerances. In allocation,
we start with a desired assembly performance and
determine the piece part tolerances that will meet this
requirement. The resize factor, (Fwc), scales the original
worst-case tolerances up or down to achieve the desired
assembly performance. Since the designer has no control
over tolerances on purchased parts (fixed tolerances), the
scaling factor only applies to variable tolerances [9].

Thus, Equation 3-4 becomes

by = F:ll“jtj,fl +E:=1|uktkv| (3)

Where: %= sensitivity factor for thei™" fixed component in
the stackup

Bi= sensitivity factor for thekm, variable component in the

stackup

tif= equal bilateral tolerance of the f *, fixed component in

the stack up )

o= equal bilateral tolerance of thekm, variable component
in the stackup

p= number of independent, fixed dimensions in the stack
up

g= number of independent, variable dimensions in the
stack up

The resize factor for the Worst Case Model is:

Fo— dg—gm—Liq ast; ]
wWe T

(4)

Il axtisl

Where: g, = minimum value at the (assembly) gap. This
value is zero if no interference or clearance is allowed. But
in our case clearance is required. If we assume minimum
clearance for welding gap to be 0.5mm.

Then:

_1-05-((+1)03] +(+1)0.35] + |(-1)0.35] + |(-1)0.3]) _ -08
e (+10.91] +[(-1)0.72] + [(-1)0.51]) "1k

Fw::=—l}.3'.'-'4

The new tolerance (fiueresize) 1S equal to the old
tolerances multiplied by the factor (F,.]

tkv,w:,reslzed = ch th (5)

Where: Bemweresizeé = equal bilateral tolerance of the k"
variable component in the stack up after resizing using the
Worst Case Model.

After multiplying the original tolerances with the resize
factor Fw. , new tolerances for variable dimensions for
Requirement 5 is shown in Table 3 Result section (by
Shaded).

5 RESULT AND DISCUSSON

As it was discussed all the requirements of assembly are of
same gap, the operation GTAW welding process is same
operation, and material properties and related dimensions
are same as those considered for the Requirement 5.
Therefore, the resize factor Fwc is applied for all variable
sizes tolerances of the frame to avoid redundant work.
Consequently, values of the resized new tolerance for all
components in Table 3 is provided in same Table 3 Result
section (by shaded) and the corrected size and practicable
tolerance (unilateral tolerance) for variable dimension and
tolerances is corrected and labeled in the same table.

As a check, the new maximum expected assembly gap
requirement, using the resized tolerances, is:

IJSER © 2015
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Eocresized = 03 + 034 + 035 + 027 + 030 + 0.2 + 0.3=211
The variation at the gap is:

Minimum gap (MMC) = d; — bye pegigeg =1 — 211 = —-1.11
Maximum gap (LMO) = dy + b resizes =1 + 211 = 3.11

6 CONCLUSION

From this, we learn that, at minimum gap, which is
maximum material condition (MMC), there will be
interference, which practically is not acceptable. In case of
(LMC) List Material Condition, which is the maximum gap,
the gap extends beyond limit. To solve these problems the
following considerations and measures are taken. Since
reducing tolerance more than what is done so far will
increase the cost of manufacturing highly tolerance of part
remains same as resized previously. To avoid interference,
adjusting the dimensions of the variable tolerance parts by
+1.1mm to bring the MMC (minimum gap) to -0.00 is one
solution. In this case, the maximum gap will grow to
4.21mm. Concerning the List Material Condition gap, even
though the recommended gap is 1.5mm for welding RHS
structural steel of the sizes in question from experience this
4.21mm gap is not too big to create difficulty in the welding
process, and is less susceptible to welding defects.
Consequently, sizes are adjusted and corrected accordingly
(see Table 3 Result Section by shaded), and when changing
equal bilateral tolerances in to unilateral tolerances some
problems also will reduced. The rest of the wider gap in
case of List Material Condition will remain unchanged.
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