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L.3 Develop FAST diagram from logical analysis table
From Figure 14, the output or desired function “complete orders” is placed on the
immediate left of the left scope line and the input function “update requirements” will be
placed on the immediate right of the right scope line. Vertical dash lines show the scope
limits for the FAST diagram. The basic function “assemble orders” is placed immediate
right of the left scope line. The remaining functions that follow the basic function are
placed by selecting the answers provided in the how and why column of Table 2. From
the FAST diagram the critical path functions are those functions that follow the basic
function in sequential arrangement to complete the internal distribution process. The
functions that are not on the critical path and highlighted in gray are non value added
functions: Verify Line-Requirements, Share Tapes, Seek Storage-Location, Sort
Shipment, Separate Requirements, Trace Shipment and Track Material. The functions
that are present in the left corner above the critical path are design objectives or
requirements of the internal distribution system. The functions that are placed in the
upper right corner above the critical path is “all time occurring functions”, which give
information on the cost reduction process achieved by design or supplier changes from
the engineering department.
L. Effects of VHP internal distribution process from FAST Diagram analysis
The FAST diagram shows the following information:

1. The functions that are on the critical path add value to the internal distribution

system. Critical path functions are those functions that are result or cause output

function. It can also be said as those functions that link the input and output

functions.

58



2. The functions that are not on the critical path and highlighted in gray are non value
added functions: Verify Line-Requirements, Share Tapes, Seek Storage-Location,
Sort Shipment, Separate Requirements, Trace Shipment and Track Material.

These non-value added functions affect the process in several ways, such as
resulting in down time and waste in the VHP internal distribution system. The effects of
these functions on the process are analyzed in two ways: effects in the receiving area
while sorting and distributing and effects at the point of storage or location.

L.1 Effects in receiving area while sorting and distributing

This process consumes more time in sorting and distributing the SKUs to various
locations around the lines. On an average, the supplier delivers three SKUs every week.
This means that it takes a total of 210 minutes or 12600 seconds for completing the
internal distribution process. Of which, 135 minutes or 8100 seconds are taken for
completing the distribution process. The 135 minutes is consumed by the following
functions that do not add value to the distribution process: sort shipment, seek
information, and separate requirement. This means that the operators either have to wait
for the tapes in order to be distributed to specific storage locations if there is a delay in
sorting and distribution due to various unknown reasons, or walk all the way to receiving
area to get their requirements for that day. Apart from tapes, the receiving people also
have numerous raw materials that have to be received and moved to various locations
within the plant every day. As a whole, the existing process is unproductive. According
to the lean manufacturing principles, the current receiving process has two kinds of

waste: waiting and unnecessary motion.

59



Partnering with suppliers and reorganizing the information on packaging systems
of the shipment eliminates waste in the distribution process. This will be accomplished in
two ways:

1. Applying concepts of set theory
2. Optimizing the carton quantities of certain parts.
L.2 Effects at point of storage or location

After the SKUSs are sorted and transported to various points of location or use, the
manufacturing system is affected by high inventory and waste of time in search for tapes
within the specific point of location or use. The main problems are listed below:

1. Not transporting the tapes at the specific points of use or storage location.

2. Time consumed by workers and team coordinators in searching for tapes.

3. Accumulation of more tapes than the required amount at individual production
lines, which results in excess inventory.

4. Time consumed by team coordinators in evaluating the line demands for tapes due
to change in schedule and shortage of tapes.

The first three problems are caused due to functions: Accumulate tapes and
Search Tapes, which resulted in wasted time and evaluating line requirements resulted in
stopping the assembly lines temporarily till the required tapes are procured from other
teams or assembly lines. According to lean manufacturing, stopping lines frequently will
result in one type of waste called “waiting.”

J. Elimination of sub functions from the distribution process using Theory of sets

This part will explain the application of these concepts to eliminate the non value

added sub functions from the distribution process. These methods are represented in
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terms of sets or classes to explain the unorganized way of packaging the tapes and
solution provided using set theory to package tﬁe demand requirements of tapes to
eliminate non-value added functions.
J.1 Current packaging methods and its implication on the system

The current internal distribution process involves 47 different types of adhesive
tapes. A specific part number represents each type of adhesive tape. These tapes are
shipped in cardboard boxes. Depending on the type of adhesive tape used in individual
lines, both size and number of tapes per box may vary. 25 of the 47 types of tapes are
specific to individual assembly lines and not used on other assembly lines. The remaining
tapes are common and used on more than one assembly line. These tapes are stored at
specific locations on the assembly lines. The existing method of supplying adhesive tapes
consists of tapes delivered in carton boxes. The shipment consists of three skids of VHP
tapes that are not organized based on specific point of storage or location, which adds
extra work load for the receiving personal in terms of the following functions: seek
storage-location, sort shipment, and separate requirements. These three functions are the
sub-activities performed in distribution process (Figure 13), which consumes 45 minutes
to complete a single skid.
J.1.1 Mathematical representation of the problem

The following steps were performed to represent the packaging system in terms of
sets or classes:
1. The part numbers are represented in terms of variables: pl, p2, p3, p4 ... p47. Due to

the policy of the company the actual part numbers have been replaced by variables.

This is represented by a set called “Parts” such as:
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4.

Parts = {pl, p2, p3, p4 ... p47}----- )]

Let the three sets S1, S2, and S3 be three skids that are shipped by the supplier. Each
set represents package collection of different part numbers. Let “Skids” be a separate
set that represent the family of SKUs S1, S2, and S3 such as:

Skids = {S1, S2, S3}----- )

The sets S1, S2, and S3 have part numbers as their members and the variables vary
according to the shipment for each fiscal week:

i. S1={pl, p2, p4, p7, p8, p9, p10, p11, pl12, pl4, p20}----- 3)

ii. S2={pl, p2, p7, p24, p35, p44, p5, p3, p6, p7, p8, p9, pl0, pl1, p22, p30, p31,

p32, p34, p35, p36 }----- (4)

iii. S3={pl, p2, p4, p5, p3, p6, p31, p32, p34, p40, p41, p42, p43, p44, p45, p46,

iv. S1, S2, and S3 c Skids ----- 6)

‘R’ represents the universal set and it is the collection of all the Parts, SKUs (S1, S2,
and S3), and Skids.
R = {Parts, S1, S2, S3, Skids}----- @)

The supplier’s shipment to the company is represented by the equation 2, which is

the weekly demand requirement of tapes. This is represented as unpartitioned set as

shown in Figure 15:
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pS 1

p7 1

p9 1
pl0 1
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p20
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p28
p29
p30
p31
p32
p33
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2. Weekly usage demands are created based on the projected demand requirements

using the company’s manufacturing information system.
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3. This information is compared the carton quantities. If the average demand is less than
the carton quantity for a specific part number, then the supplier is requested to match
the carton quantity with the average demand for that part. This decision solely
depends on the economic feasibility available to the manufacturer ‘B” like cost of
manufacturing, procurement of raw materials, and requirement of other customers
similar to XYZ. Based on these decisions Table 4 is made, which shows the following
part numbers optimized for carton quantities.

Table 4: Optimized carton quantity tapes

Part No | Carton Quantity | Optimized Quantity
pl7 1000 500

pl8 1000 500

p4s 2400 1000

4. After generating the above information, the groups are assigned with a list part
numbers and carton quantities, and a specific storage-location is allotted within the
plant.

5. Using the concept of sets, functions, and relationship between sets, three skids of
ordered pair S1, S2, and S3 are generated to eliminate the waste from distribution
process. Each member of the ordered pair consists of part number, storage-location
number, and carton quantities.

J.3 Mathematical derivation for partitioned skids

Let L3, L4, L5, L6, L7 and CU be the assembly lines 3, 4, 5, 6, 7 and counter unit

(CU) represented in terms of sets. Each set consists of tapes that are used in that specific

line as:

L3= {pls p21 p31 p49 pS’ p6s p349 p359 p36} ---- (8)
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L4 = {p7, p8, p26, p27, p37, p38, p39, p40, p43, p44, p4S, p46, p47} ----- 9

L5 ={pY, p10, p28, p29, p30, p31, p32, p34, p37, p41, pA2, p43... p47} ----- (10)
L6 = {pl1, pl2, p28, p29, p30, p31, p32, p34, p37, p41, p42, p43... p47} ----- (11)
L7 = {p13, pl4, pl5, p16, p30, p31, p32, p33, p35, p36... p47} ----- (12)

CU = {p17, p18, p19, p20, p21, p22, p23, p24, p25} ----- (13)

“Parts” represent the set that contains collection of all tapes:

Parts = {pl, p2, p3... p47} ----- (14

Storage location for the groups is shown by the set of L:

L ={I1,12,13, 4} ----- (15)

Demand requirements for these tapes are represented by a separate set that
provides the number of units to be built in each assembly line. This set is given by:
Demand = {dc, d3, d4, dS, d6, d7} ----- (16)

Where dc is the line demand for CU line and the remaining members are represented as
the line demands for lines 3, 4, 5, 6, and 7 respectively. The values of the variables
depend on the weekly schedule.

Quantities for each carton box are shown as a separate set called “Carton.”
Carton = {bl, b2, b3, b4... b47} ----- (17), where each element of the carton corresponds
to the carton quantities for respective pl, p2, p3... p47.

Let the number of carton boxes for each part number be represented by set ‘N’
and is given by N = {nl, n2, n3... n47} where each element of the N corresponds to the
number of boxes received every shipment for respective pl, p2, p3... p47.

N = {nl, n2, n3... n47} for all p;, n; = Total demand / b; ----- (18)

Total demand = (dc+d3+d4+d5+d6+d7) ----- (19)
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The 47 tapes are formed into four groups G1, G2, G3, and G4, which are
represented by the following operations:
1. Unique tapes are formed in a single group, which is shown as
Gl=((L3-U) v (L4-V)u L5-U)uv(L6-U)u (L7 -U)) ----- (20)
They have tapes that are only specific to lines L3, L4, L5, L6, and L7 and do not have
anything in common with other lines.
L3 -U={pl, p2, p3, p4, pS, p6} ----- (21)
L4 -U = {p7, p8} ----- (22)
L5-U= {p9, p10} ----- (23)
L6 -U= {pll, p12} ----- (24) and
L7-U={pl3, pl4, pl5, pl6} ----- (25)
Results of operation from equation 20 are shown in equation 26:
G1 ={pl, p2, p3... pl6} ----- (26)
The matrix representation of equation 26 is shown in a table that is used in
specific individual lines is shown by Table 5. Tapes that are unique to specific lines L3,
L4, LS5, L6, and L7 are grouped together.

Table 5: Unique line tapes

PART NO L3 |14 |L5|Le [L7 | CU [ Total
pl
p2
p3
p4
pS
p6
p7 1
p8 1
p9 1
pl0 1
pll 1
pl2 1

el el Ll N T Y [y Sy [N IR NN U
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13
pl4
15
plé

— | — | —

2. All tapes in CU line are unique to that line so they are assigned to separate group
called “G2.”

G2 = {pl7,pl8, pl9, p20, p21, p22, p23, p24, p25} ----- (27)

Table 6 represents the group G2 for counter unit (CU) lines.

Table 6: CU line tapes

Total

@)
c

PART NO L3 (L4 |L5!Le|L7
pl?7
pl8
pl9
p20
p21
p22
23
24
p25

3. All tapes that are common to L4, L5, L6, and L7 are grouped in a separate set called
G3 and it is given by the intersection operation as shown below:
G3=(L4 "L5NL6 N L7)={p43, p44, p45, p46, p47} ----- (28)
This is represented by Table 7 which shows matrix for tapes used on all assembly

lines.

Table 7: Common tapes for line 4, 5, 6, and 7

PART NO L3|L4(L5|L6|L7|{CU | Total
p43
p44
p45
p46
47

—_— ] — ] —
bt | | | —
— =t f— |
el el Ll
FN PN SN N N
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4. Set G4 is one that has all the tapes that are common to more than one assembly line
but are not common to all lines 3, 4, 5, 6, and 7. This is given by the following set of
equations:

Let X1 be the set of all common tapes which is given by the intersection operation as

shown in equation 29.

Let X2 be the set of common tapes for lines 4, 5, 6 and 7.
Let X1=((L3NLHUL3INLSHUL3INLO)UL3INL7)1L4NnL5)U@L4NL6)U
L4nL7HULSNL6)ULSNL7)U L6 NLT))----- (29)
Let X2=(L3NL4NLSNL6NLT)----- (30)
G4 =X1-X2 ----- 3D
G4 = {p26, p27, p28 ... p47} — {p43, p44, p45, p46, p47}
G4 = {p26, p27,p28 ... p42} ----- (32)
The matrix representation of common tapes that is used in more than one line but

not in all lines 3, 4, 5, 6, and 7 is shown in Table 8.

Table 8: Any line combination tapes

PART NO L3 (L4 |L5])L6|L7|CU | Total
p26 1
27 1
p28
p29
p30
p31
32
p33
p34 1 1
p35 1
p36 1
p37 1 1 1

— | —

el e )

Ll I i
WIW W W NN NN N[N [
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p38 1 1] 1 3
p39 1 1] 1 3
p40 1 1] 1 3
4l 1| 1] 3
p42 1] 1] 1 3

Skids

Figure 16: Partitioned Package System

Now the new packaging system can be considered as a single set called Skid,
which has four disjointed subset S1, S2, S3, and S4 as shown in Figure 16. S1, S2, S3,
and S4 are disjointed sets and their members are ordered pairs of one-one function
between the groups, carton, and N, and have a constant function relationship with set L.
The mathematical relationship is given below:
S1=(G1 x (Carton x N)) x L
S1=({pl, p2... pl6} x ({cl,c2... c47} x {nl, n2, n3... n47}) x {11, 12,13, 14}
S1={(pl, cl,nl, I1), (p2, c2, n2, 11), (p3, c3, n3, I11)... (p16, c3, n4, 1)} ----- (33)
For S2 = (G2 x (Carton x N)) x L
S2=({pl7, pl8... p25} x ({cl,c2... c47} x {nl, n2, n3... n47}))x {11, 12, 13, 14}
S2 = {(pl7,¢cl7,nl7,12), (pl8, c18, n18, 12), (p19, c19, n19, 12)... (p25, c25, n25, 12)} --

— (34)
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S3 =(G3 x (Carton x N)) x LL

S3 = ({p43, p44, p45, p46, p47} x ({cl, c2... c47} x {nl, n2 ... nd47}))x {11, 12, 13, 14}

S3 = {(p43, c43, n43, 13), (p44, c44, n44, 13)... (p47, c47, n47, 13)} ----- (35)

S4 = (G4 x (Carton x N)) x LL

S4 = ({p26, p27... p42}x ({cl, c2... c47} x {n],n2 ... n47}))x {I1, 12, 13, 14}

S4 = {(p26, c26, n26, 14), (p27, c27,n27, 14)... (p42, c42, n42, 14)} ----- (36)
Equations 33, 34, 35, 36 provide the information for organizing the packaging to

the supplier. In other words, the subset S1 will provide the following information to the

supplier:

1. List of parts that should be packed separately,

2. Carton quantities for each part,

3. Number of boxes for each part number, and

4. Storage-Location for that skid.
This information is also visually provided on each side of the skid S1, S2, S3 and

S4. This way, the operator does not need to do the following:

1. Gather storage location for each part shipped from the MIS. This will eliminate the
function “Seek MIS.”

2. Since the skids are arranged in specific groups, sorting and separating operation
performed earlier will be eliminated in the new process.

3. Carton boxes are packed in a way that the label information, such as part number,
carton quantities, and serial number provided on the box will be easily visible to the
receiving operator. This will bring down the time for the verification process from 25

to 10 minutes per skid without eliminating any sub functions.
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Organizing and providing information according to the line requirements
eliminated the sub functions in the distribution process: sort shipment, seek information,
and separate requirement, which reduced the time consumed from 76 to 17 minutes per
skid.

K. Problems that affected at point of storage or use

Waste caused at the point of storage or location was studied to identify the
behavioral aspect of team coordinators in sharing tapes. This behavioral pattern on tape
usage is analyzed by applying concepts of the “tragedy of commons” from systems
thinking in order to restructure the organization system at assembly level to eliminate the
problem.

Reorganizing the packaging methods provides benefits in the receiving section
and specific storage location for the skids. This prevents the operators from searching for
tapes that were specific to individual lines S1, S2 and S4. The new system does not
prevent in bringing down the inventory for tapes that are common to lines L4, L5, L6,
and L7. Team coordinators need to stop their assembly lines due to shortage of tapes and
search for their requirements in other assembly lines. This results in the following
problems:

1. Lines L4, LS5, L6, and L7 have mixed model production. Each assembly line had
more than 600 different components to assemble a variety of models. Shortage of any
raw materials will result with change in production schedule temporarily. Due to this
frequent change in production schedule, operators produce sub-assembly components
that use these tapes ahead of schedule. This is a pure case of over production, which

causes an increase in WIP inventory.
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2. A minimum inventory of two days worth of tapes is maintained for all part numbers.
Due to over production of sub assemblies, usage requirements also deplete the buffer
stock for all tapes that are common for L4, LS, L6, and L7.

The behavioral pattern on the usage of tapes can be clearly explained using the
mental model “tragedy of commons” from systems thinking (Senge, 1990) as shown in
Figure 17. Each assembly line wants to have a smooth operation, without any disturbance
like shortage or out of raw materials. Therefore:

1. The assembly line must change their production schedule temporarily until they have
sufficient parts to run the remaining models as per the schedule.

2. Team coordinators can borrow tapes required from other lines that are using it.

Frequent decisions taken due to lack of availability of tapes create unwanted
practices such as accumulating of more tapes at each workstation, building sub-
assemblies for models that are not required, and hiding tapes at their workstations instead

of sharing with other assembly lines.
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Figure 17: Lines 4, 5, 6 and 7 usage patterns
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From the Figure 17 consider line 4, which shows the initial gain of acquiring
more tapes by over production and accumulation. This activity occurs simultaneously in
line 5, 6, and 7. This result in a negative effect to the organization once they are out of
two-day buffer stock. At this stage the operations in line 4 is either temporarily stopped
or schedules are changed untill necessary parts are procured from other lines. Lines 5, 6,
and 7 will simultaneously experience the same effect as line 4, due to their initial gain.
To avoid searching tapes or changing schedule, the team operators try to accumulate and
hide more tapes at their workstations. This reduces the overall productivity by increasing
the waiting time and cost of operation. All of these cases cause the company to order

more tapes than their demand requirements, which is shown in Table 9:

Table 9: Demand Vs Order for common tapes for lines 4, 5, 6, and 7

Part No | Demand Order Month

p43 24863 | 30208 April
p43 23057 | 25160 May
pd4 89276 | 103704 | April
p44 97237 | 115904 | May
p45 18145 | 22116 | April
p45 19851 | 31770 May

p46 102139 | 107720 | April
p46 111735 | 143824 | May
p47 58921 | 128700 | March
p47 91619 | 85800 | April
p47 102711 | 118220 | May
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Section V: Conclusion & Recommendations

A. Conclusion

The main root cause for the increase in WIP inventory and tapes ordered is due to
over production and frequent change in production schedule. These problems were solved
by implementing systems thinking mental model “tragedy of commons” and also with the
help of comparison of tapes ordered versus demand requirements.

B. Recommendations

Plan to standardize buffer stock for sub-assemblies to synchronize assembly
operation with frequent schedule changes, which will help to produce sub-assemblies for
all models in standard small quantities. For example line four produces 12 different
models M1, M2, M3, M4, M5, M6, M7, M§, M9, M10, M11, and M12. The production
schedule for the same line calls for M1, M3, M7, M8, M10, M11 and M12. In this case,
operators can built sub-assemblies other models in small quantities, which will prevent
from building sub-assemblies not in production schedule. This will help in planning
things properly when there is a shortage in tapes or any other raw materials.

A new management structure should be designed and roles and responsibilities
must be assigned to team coordinators and line operators to avoid internal conflicts
arising due to sharing of tapes. There are six team coordinators for lines 4, 5, 6, and 7.
Two of them are assigned to both lines four and six and one is assigned to both lines five
and seven. These team coordinators procure tapes for their lines requirements at the
beginning of every fiscal week. In the middle of the week, either their resources start

depleting due to over production or accumulation of tapes. This eventually results in:
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I. Searching and borrowing tapes from other lines, which sometimes result in internal
conflicts among the team coordinators.

2. Stopping the assembly temporarily lines in extreme cases.
B.1 New management system

The new management system requires a common tapes leader who will
coordinate procuring and sharing of tapes, a demand planner whose role will be to plan
and provide requirements per line schedule, a line stock keeper who will document the
stock available for the common tapes in all lines, and the remaining team coordinators
will assist leaders, demand planner, and stock keeper.

The team leader will report the usage requirements to both the material flow
planner and industrial engineering and help implementing the improvements that will
bring down the inventory for the VHP tapes. The proposed organization system is shown

in Figure 18:

Material Flow Planner Industrial Engineer
| et ’I
Team Coordinator (Helper) Fo-s=-- > Common Tapes Leader
Demand Planner Stock Keeper
A A
] )
' '
e ——— e cereccc e ‘I et e R R T TR -
E Team Coordinator (Helper) ¢ i+  Team Coordinator (Helper)
/

Figure 18: New Share Systems
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B.2 Organization Policy
In order to bring the inventory level down, team coordinators and operators must
be committed to the organization policy given below:

1. Team coordinators from each line must be committed to prevent over production.

2. Each workstation should have material stock worth no more than eight hours. Team
coordinators must ensure that operators strictly follow this requirement.

3. The team coordinators must conduct a 10-minute meeting everyday on planning the
allocation of tapes.

4. The team coordinators must take notes on the inventory available at the beginning
and end of each shift. This information will be discussed in the allocation planning
meeting.

5. The operators should not hide tapes in their workstations and unused tapes should be
stored at specific storage location.

B.3 Benefits of the proposed organization system

Team coordinators will not focus on their individual line requirements but work
together as a single system in achieving the overall productivity in all assembly lines.

Roles and responsibilities will increase the level of employment empowerment and open

communications among the teams. This will help in mutual sharing of tapes.

~
C. Limitations of this research
In this thesis, functions were created and defined by a single external observer.
So, there are chances that some functions may be missed during the observation and their

implication in cost of operation and inventory due to over production. This thesis has not

analyzed the increase in cost of operation due to over production and increase in
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inventory. This thesis was prioritized for the analysis on the inventory of common tapes,
and not concentrated on inventory analysis of tapes that are specific to individual lines.
Therefore, it is not known whether there is an over production of sub-assemblies.

This thesis has not been concentrated in developing a system that will integrate the
internal MIS with the supplier network.

D. Future research on this project
This thesis can be further expanded in those areas of limitations:

1. Generally lean manufacturing projects begin with identifying waste using value
stream mapping, but this project used the FAST diagram (Womack and Jones, 1996).
One of the areas of expanding this research can be by developing a comparative
analysis on waste identification using both FAST diagram and value stream mapping.
This will show which tool is good for implementing better lean manufacturing
principles.

2. This research can be further continued by studying the inventory analysis for all tapes
and their effects in cost of manufacturing.

3. The current system has an internal MIS, which provides the demand requirements for
all individual assembly lines. According to the results of this research, a new supply
chain system can be developed to integrate the internal MIS with the supplier

information system.
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