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Reduction in Delay in Procurement of
Materials using Six Sigma Philosophy

PRASUN DAS
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ABSTRACT  The management of a company was facing the profdem of procuring materials in o
scheduled fime owing fo ity many pending activities. A study was conducted fo reduce the delay
in procurement of incoming materigls using the siv-sipma methodology, The oljectives of the
study were fo undersiand and infermalize the methodology and alse fo reduce the fime faken by
critical activities through a disciplined approach. The defect levels for each activity and for the
overall system were estimated. The baseling sigma level was found fo be 18, Affer taking actions
ot e criffcal activifies, the average fimes taken for completing the activities along, with their
varigbilifies have been reduced satisfacionly. The vield of the overall process has improved fo
F050 from the level of 62%, leading to an improved sigma level of 2.4

Key Worps:  Six sigma methodology, case study, PERT analysis, PEMEA

Introduction

The Spinning Mill under consideration here was unable to control the delay in procurement
of materials (dyes and chemicals ). Realizing the seventy of the problem, the management
of the company took up this study on gquality improvement. This study was undertaken
o explore the feasibility of reducing the delay in procurement of incoming matenals
using the six sigma methodology, A number of papers have been published (Hahn er all,
1999; Locas, 2002; Sanders & Hild, 2000) showing the fundamentals and the successful
implementation of six sigma. The objectives of the study were to understand and intemal-
tze the methodology and also to reduce the tme taken by cntical activities through a dis-
ciplined approach. It may be mentioned here that the study was carned oul in five phases
of six sigma. The phases and the activities camied out are described in the following sections.

Define Phase
The primary objectives of the define phase were:

{a) specifying the scope of the project,
(b} developing a process map,
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{c) developing a problem statement,
(d) identifying the defect opportunities,
(e) formation of a team.

Project Scope

It wius decided o carry out the study on the procurement activities of dyes and chemicals,
starting from the generation of need of materials, to the clearing of payment of suppliers.

FProcess Flow Diagram

The core processes to be carned out in procuring materials by the concerned departments
are as shown in Figure 1.

Froblem Statement

Identify the reasons for discrepancies between the expectation (specification) and the
reality related to time aken for the relevant activities, and eliminate the same 1o the
greatest extent possible.

Identification of Defect Opportunities

o Unir: An indent/enguiry /quotation /P.Q. /invoice /GRN /bill/ payment advice.

® Defect: Any indent fenguiry /quotation/P.O. finvoice /GRN /bill /payment advice in the
entire process of procurement generates a defect if it is not processed within the stipu-
lated time frame and hence prevents fulfilment of the physical and functional require-
ments of the internal customer.

& Defect Opportunity: A type of potential defect on a unit of throughput (output) which s
important W the customer. In this case, any delay in completing an activity for proces-
sing 4 unit could cause a defect in the system.

Therefore, in this study, the number of opportunities for any of the above units s one (1),

& DPLE Defects per unit = Defect mie (D).

o DPO: amount of defects per opportunity = number of defiects /(the number of units =

the number of opportunities) = DPU, here (since number of opportunity = 1.

DPMO: amount of defects in a process per one million opportunities = DPO = 10°,

e KPIV: Key Process Input Vanable. In this study, it was considered as a significant
(entical) activity for procurement of matenals.

Raisi Preparation Receipt of Inspeotion Bill
R 2 "t el and Approval [
Inclent > ol P.OY, > materials H::f m;:f:;? Payinent

Figure 1. Flow diagram for core processes for procurement
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& KPOV: Key Process Output Varable. In this stady, it was considered as the Owverall
Delay in procurement of matenals. The delay 15 measured from the target (expected)
time of procurement, considered as the defect of the system.

o CTO: Cntical to quality charactenstics. In this study, tme taken in completing an
activity was identified as 8 CTQ) related to every unit under consideration.

& Baseline measures: Data signifyving the level of process performance as it was operating
at the initiation of an improvement project (pnor o solutions ). In this study, the basceline
sigma level was measured as an indicator of the existing process pedformance.

Team Formation

A team was formed to carry out the project with the Purchase Manager as the team leader.
The General Manager, Operations was the champion responsible for providing guidance,
support as well as the necessary impetus. The Stores Manager was the process owner as
well as the executive responsible for providing routine support and resources.

Measure Phase

The objectives of the measure phase were

(a) Toidentify the activities in the entire process of procurement, ineluding the suppher—
customer (intemal) relationships and the expected time of completion (specification)
of those activities (both controllable and uncontrollable) through PERT technigues.

(b} Todevelop adata collection plan to capture the performance related o ome of com-
pletion, thereby estimating the defect level.

{c) To estimate the baseline process performance through the sigma level, and fix the
target completion time for procurcment.

Identification of all Activities

Table 1 shows the flow of actvities.

Identification of Problem Areas of the Current Process

Since external lead ome (related actvity numbers 4 and 6) was not within the control of
management, the management felt interested in studying only the pedformance of internal
kead time for the different activities. Further, activity numbers 5 and 7 were felt less
important with respect to sending copies of the documents. Eventoally, the critcal path
shown in Figure 2, showing the interrelationship of the process of procurement, was
considered for the study along with the activity numbers.

Identification of KPIV, CTQ and KPOV
For a description of KPIVs and CTQs, see Table 2.

=KPOV:Y = f(X) =f(X;, X3, X3, X4, X5, X, X7)
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Tahle 1. Flow of activities (including Supplier—Customer relationship)

Sl Expected
Moy Supplier Activity description Customer required time
1 User Raising of indent and sending to stores Stores <2 davs

2 Stores Checking the completeness of indent, Purchase =3 days

materials availability in stores and
sending indent to purchase

3 Purchase Floating enquiry after receiving the YWendor =25 days
indents

4 Yendor Receiving quotations, making Purchase =220 days
comparative charts, then finalization {local)
of purchase orders (P.OL) = 30 days

{out stationed b

5 Purchase Sending copies of P.O. to Stores from Stores <3 days
the date of ordering

Li] Wendor Receiving materials from supplier Stores As per external
(vendor) lead time

7 Wendor Sending supplier invoice,/challan copy Purchase / =23 days
to Stores & Purchase from the date of Stores
receipt

b3 Stores Preparation of GRN after the receipt of User <2 days
goods & sending it to User depts.

4 User Inspection & approval of matls. from Stores =25 days
the dt. of GRN

10 Stores Physical issue of matls. to User depts. User =23 days
from the date of approval

11 Stores General payment advice to A/Cs. dept Afc. =15 days

12 Afc. Issuing cheques for general payment YWendor =25 days

13 Stores Advance payvment advice to A/ Cs. Afc. =23 days

14 Afe. Issuing cheques for advance payment Wendor =5 days

15 Purchase Sending cash purchase bills from the Afc. <7 days
date of incurring the expenditure

16 Afe. Passing of cash purchase bills Wendor =3 days

17 Afc. Payment of freight and Octroi bills Vendor <5 days

where the KPOV, ie. Y is defined as the Overall Delay in procurement of dyes and
chemicals for the Spinning Mill. The delay i1s measured from the target (expected) lime
of procurement, considered as a defect of the system. Every KPIV (X)) has its own
defect rate. This defect mte may represent the degree of non-performance, X)) of that
KPIV. The degree of performance to that KPIV, P(X), 1s defined by: P(X)=1— INX).
Similarly, the degree of pedomance of KPOV, 1.e. P(Y), is determined.

Data Availability

It was planned w put the date of receipton every unit (indent /enguiry /quotation /PO, etc)
by the concemed department prior o start of their activity. An activity completion time (in
days) was measured from the difference in receipt dates of two successive departments
through which the unit travelled. This exercise was carried out for a duration of about
six months for each of the activities related o KP1Vs and the respective departments /
owners of the processes. Alogether 395 samples (units) were considered.
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Figure 2. Departmental interrelationship for procurement

Measures and Issues

On the basis of the information collected from indent/enguiry /quotation /P.O./GRN/
invoice /challan, the following measures were cartied out (see Tables 3, 4 and 35).

(1) Estimation of mean and varnance through frequency distobution of activity com-

pletion time.

Table 2. Description of KPIVs and CT(s

KPIY Activity Mo, Activity description CT0) (Time/duration, in general)

X, 1 Raising of indent and Difference between date of requisition
sending to stores and date of receipt by Stores

Xz 2 Checking the completeness Difference between date of receipt of
of indent, materials indent by Stores and date of receipt
availability in stores and by Purchase
sending indent to purchase

Xz 3 Floating enquiry after Difference between date of receipt of
receiving the indents indents by Purchase and date of

inviting tender, enguiry

Xs ) Preparation of GREN after the Difference between date of GRN
receipt of goods & sending preparation and date of receipt by
it to User depts. User depts.

Xz k. Inspection and approval of Difference between date of GRN
materials from the date of preparation and date of approval on
GRN GRMN

Xs 10 Physical issue of materials to Difference between date of approval
User departments from the on GRN by User depts. and date of
date of approval receipt of matls on lssue note by the

User depts.
Xz 11-17 Payment {general, advance, Difference between date of billing and

cash purchase) process

date of physical payment through
cash/cheque
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Tahble 3. Summary statistics of CTQs of KPIVs

51 No. KPIY Min Max Avg sd =

1 X 0.5 15 253 435 1L.OK
2 X 1 14 533 331 2

3 X | 21 660 544 3

4 X, 0.5 5 216 1.41 LUK
3 Xz 1 11 606 1.53 233
i} Xs 1 12 336 215 2

7 X7 Li] 98 44795 28.26 12.83

MNore: 1., obtained from Table 4.

(2) Estimation of average expected time and its variance, using the PERT technigue based
on Most Pessimistic (), Most Optimistic (1, ), Most Probable (t,) times as perceived
by the management.

(3) Computation of Defect rate [I(X), 1.e. DPUJ, Performance rate [P(X)]. DPMO ete for
cach KPIV.

Sigma Rating and Baseline Measure

Using the findings of defect rates, INX), for cach KPIV, as obtained in the earier section,
the Sigma level of the entire system performance was estimated as follows.

Total number of units checked in the system = 395

Total number of defects observed in the system = 150

Number of opportunitics = |

= DPO = number of defects /{the number of unitsx the number of opportunities)
150/{395 = 1) = 0.379747

= DPMO DPO = 10° = 379747

= Sigma level == 1.8

Thus, the baseline sigma level for the existing process performance was found to be 1.8,

Tahle 4. Estimation of average expected time (£} and variance

51 Mo, KPIV o tn I ta 5, Variance
1 X, 0.5 1 2 1.0% .25 0.0625
2 X | 2 3 2 .33 0. 108
3 X 1 3 5 3 .67 0.4489
4 X 0.5 1 2 1.0% 0.25 0.0625
5 Xs 1 2 5 233 0.67 0.4489
] Xs | 2 3 2 .33 0. 108
7 X, 7 10 30 12.83 383 14,6689
Total - 12 21 50 24 .32 - 1590495

Notes: fe = (fo+ 4w + 1) /60 & = sd. of 1= {5, — fo) /6
Total expected length (.0 = % 1. = 2432 days with variance =16 days.
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Table 5. Computation of Defect rate [INX), i.e. DPUJ, Performance rate M X)), DPMO

Mo, of Defect

&l units Mo, of rate Performance

Mo, KPIY Sample (Unit} checked defects (DPU}) rate [PiX)}] DPMOY
1 X, Indent 109 25 0.2294 0. 7706 229358
2 Xa Indent L) 37 .3304 0.60606 330450
3 X3 Indent /Tender 15 6 0,200 O.0000 B L
4 X GRN 35 13 0.3714 06280 371428
5 X GRN 35 24 0.6857 0.3143 683714
[ X5 lssue Note 6od 28 (0.4375 00.5625 437500
T X5 Bill /Payment 28 17 0.6071 0.3928 607143

advice
Total - - 3495 150 0.379747 0.6203 -

Target Completion Time

Based on the findings on the performance of the identified actvities w.r.l. ime of com-
pletion and the most expected tme, as perceived by the management, the target com-
pletion time for the combined seven KPIVs has been fixed at 25 days (i.e. average
expected time), on average, with a fluctuation of + 8 days at 953% level of confidence.

Analyse Phase

It has been found that the overall sigma level for the process s 1.8, In the analyse phase,
attempts were made to identify the root causes of this problem and find out the contri-
bution of each cause.

The primary ohjectives of the analyse phase wene

(a) to identify all possible causes contnbuting o the system discrepancy,
(b) 1o estimate the contnbuation of each canse, and
(e} o segregate the most eribical cavses (vital few) for remedial measunes.

Identification and Contribution of Causes through PFMEA technigues

The potential causes (reasons for delay ) under each KPIV were listed using the concept of
PFMEA and ranked on the basis of occurrence [O], severity [S] and detectability [D]. The
scales for [0-5-D] were discussed with the management and fixed as shown in Table 6.

In a brainstorming session, all causes were assigned an individual Risk Priority Number
(RPN = [O] = [§] = [D]) The geometnie mean of RPNs for each KPIV were caleulated
o realize the significance of them relating to the overall system discrepancy (delay) for the
procurement process. The higher the RPN value, the higher the contribution of the particu-
lar cause for delay in the procurement of materials,

Altogether 24 causes for delay in procurement (see Table 7y were identified, allotted
[0-5-D] scale values and mnked in descending order of magnitde, based on RPN
values. A total of 11 cavses corresponding to the KPIVs X, X5, X5 and X5 and leading
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Table 6. Interpretation of [(3-5-D] scales

Cccurrence [0 Detectability [D] Severity [5]
Estimates the probability that Estimates the ability to detect Estimates the effect of the
the failure mode will occur the failure mode before it failure experienced by

due to the cause given reaches to the customer the customer
Remote (1) Wery High (2) Minor (3)
Low (2-4) High (3} Major (6)
Moderate (5-6) Moderate (4-35) Critical (9)
High (7-8} Low (6-T)
Yery High (%) Eemote (B-49)

o i high (unexpected) level of average tme along with a high vanability in completing the
activities were considered for the next phase of the study, where RPN scores were found to
be above 100,

Improve Phase

The objective of this phase was o work on the oot cavses (identified in the analyse phase,
and see Table B) and eliminate them so as to achieve lasting improvement. The steps
undertaken in this direction were as follows.

The following actions were decided by the management for the possible improvement
of the procurement process:

Activity description (X;: Raising indent and sending to Stores)

The user departments were instructed o vse a general indent as an “urgent” indent only
after understanding the actual need of the materials. It was decided to make all the respect-
ive users aware of the effective interrelationship between produc ton planning and the pro-
curcment plan. Further, the user departments were provided with the List of the lead time
for enguiry, ordering and procurement, which will match the actual urgency, procurement
type, destination (local /out-stationed) of the supplier and the subsequent processing of the
indent to ulimately reach the Purchase department.

Activity description (X ;: Floating enguivy after receiving the indents)

It was decided 1o review the status of the presence of complete specificatons of cach
material, mcluding its code number, and then make it available online o the Purchase
department to redoce unnecessary paper work. The Purchase department was instructed
o update the list of all approved suppliers after every six months through their periodic
assessment based on guality, delivery, price and other service commitments. This list
must accompany the matenals” details supplied by those suppliers and be available
onling to Purchase and Stores departments. The existing supplier assessment system has
been modified through a quantitative approach.
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Table 7. Contribution of causes of delay

Failure Geometric
Sl maode mean of
No (KPIV} Causes of failure (delay) 8] D 5 RPN RPN
I X, C1. variation in indent type 7 4 5 140 172.68
C2. absence of clarity in 5 3 4 ol
authority
C3. need misunderstood L] b 3 240
C4. lack of knowledge w.r.t. lead 4 7 T 441
time
2 Xa C3. incomplete delivery time, not o 3 5 90 92.95
duly signed, missing dates etc.
Ch. stock mismatch ( physical vs. 3 4 b3 96
on-line SAF)
3 Xz C7. not updated approved vendor 7 3 7 245 159.56
list
CH. delay in indent grouping L] i 4 72
CY. unnecessary paper work 3 3 5 125
C10. lack of knowledge w.rt L] 7 7 44
material specs.
CI1. absence of invoice/ challan 2 3 i i6 61.72
copy
4, X C12. mismatch between PO, & 3 4 7 B4
invoice ‘challan
CI3. delay in unloading of 4 2 4 32

material s

Cl4. lack of communication 5 & 5 150
Cl5. manpower problem il 4 4 kil 128.96
5. X: Cl6. lack of commu nication 7 7 o 294
CI7. error in the process of 4 7 T 196
sampling, testing ete.
CI8. absence of date of approval 5 2 5 50
Cl4¥. manpower trouble 4 4 4 is 61.30
b. Xa C20. delay in paper work in 4 b 5 120
stores {indent /GRN /stock
register/Bin card etc.)
C21. storage and handling issue 2 5 3 i
T Xz C22. late approval of matls. by 7 5 Li] 210 22741
the user depts.
C23. late receipt of PO, by 5 5 5 125

Stores from Purchase
C24. lack of proper control at bill B b 7 448
passing section

Activity description (Xs: Inspection and approval of materials from the date of GRN)

A lack of communication between Stores and vser depantments regarding the receipt of
materials, which eventually delayed the process of mspection and approval, was sorted
out. Adoption of a scientific bulk sampling inspection scheme for the most critical cat-
cgories of dyes and chemicals was thought of to reduce the tme of decision making for
approval of materials due to taking samples in an ad-hoc manner and thereby increasing
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Tahle 8. Description of root causes

5l. No. Avg I Cause of failure (delay) RPN
X 2.53 108 C1. variation in indent type 144
C3. need misunderstood 240
C4. lack of knowledge w.rt lead time 441
X 6.6 3 C7. not updated approved vendor list 245
Y. unnecessary paper work 125
C 10, lack of knowledge w.rt material specs. 2494
Xs .06 2.33 C16. lack of communication 294
C17. error in the process of sampling, testing etc. 196
Xz 445 128 C22, late approval of matls by the user depts. 210
C23. late receipt of PO by Stores from Purchase 125
24, lack of proper control at bill passing section 448

vanation of the performance level. Documentation such as rejection report, date of noti-
fication of approval, inspection status through colour tags were decided o put in a proper
place to mmprove the process of communication.

Activity description (X:: Payment process)

It was observed in the measure phase that 60% of bills had taken more than a month to
piss. The following actions were decided.

(a) Advance pavment. After receipt of authorized payment advice from the Purchase
department through Stores, the Accounts department must 1ssue the chegues within
three days (instead of five days).

{b) General pavment. Suppliers must send their invoice copy /challan o the Purchase
department within three days, mentioning the code numbers of materials and suppli-
ers. Afer sending payment advice from Stores within en days (instead of fifleen
days), the Accounts department must issue cheques for payment within five days.
Some other activites, like material approval, sending copies of P.O. ele, were
streamlined.

(¢} Cash purchase bills. The Purchase department will send these within three days from
the date of mcuming the expenditure after being duly approved by the concerned
authorty.

(dy Freight and Octroi bills. These must be made within three days (instead of five days).

Status of Improvement

After taking the actions on the above problems, along with holding the stability of the
other activities, information on activity completion time was collected in the same
manner, for the next two gquarters. The collected data were scrutimzed 1o venly the
status of improvement, if any. Tables 9 and 10 give a comparative picture on the findings
observed.

As can be observed, the discrepancy of the entire system is approximately 24%. Inother
words, the system’s performance (yield) 15 about 76%. Thus, there is a significant
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Table 9. Improvement status

Before After improvement

improvement Quarters-(1 + 2}

51 No. KPIY fe Avg s Avg s
1 X, 1.08 253 435 1.5 204
2 X 3 660 544 i iy
3 Xs 2.33 600 1.83 45 208
4 X, 12,83 4475 28.26 258 1452

mmprovement of process performance from the level of 62% (eadier, Table 5). The
mmproved sigma level based on the reduction in defect mte (DPO or DPMO) from the
kevel of 38% to 24% was computed theoretically and found to be armund 2.4.

It may be concluded from the above findings of the Improve phase of this study that all
the activities (KPIVs) in the entire process of procurement of materials have been more or
kess affected by taking necessary actions on the significant (root) causes of the four KPIVs,
namely X, X3, Xs and X7 The averge time taken in completing the activities along with
its varability has been improved (reduced) satisfactonly.

The next phase, i.e. the Control phase of this study aims at *holding the gains’ obtained
through the improve phase.

Conirol Phase

In this phase, the management has started restructuring the indenting process, Stomes and
Purchasing process, material inspection and approval process and the bill passing process
through implementation of the following control schemes in a structured manner.

(1) increasing awareness about the lead tme of all matenals by the relevant personnel,

(i) stringent monitoring of indent for proper fulfilment while raising the indent,
(iit) reviewing and vpdating the supplier approval list in every guarter,

Table 10. Improved defect rate and DPMO [two quarters combined|

No of
Sl units No of Defect rate DPMO DPMO
MNo KPRV Sample { Unit) checked  defects ({DPL) {present})  (previous})
1 X Indent o7 o (. 1343 134328 2249358
2 Xz Indent 67 15 0.2238 223850 339450
3 Xz Indent/ Tender 10 2z 0. 2000 20 LY
4 Xs GRN 22 b 0.2727 2727 371428
3 A5 GRN 22 o (401 Ak 6R5T 14
Li] Xs Issue MNote 36 12 0.3333 33331 437500
7 Xz Bill/ 16 5 0.3125 312500 67143

Payment advice
Total - - 240 58 0.2417 241667 374747
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{iv) evaluating the effectiveness of raining provided to the inspectors on the scientific
sampling process and testing methods,
(v} assessing suppliers” delivery performances from time 1o tme,
(vi) ensuring all types of payment in schedule time,
(vit) knowledge about the expected required time for each activity in the whole procure-
ment process and working upon it accordingly,
(viil) strengthening the internal communication process along with the necessary report-
ing structures among the personnel/departments engaged in material procurement.

Conclusions

It is observed from the results obtained from this study that there is further scope for
improvemaent, in general, with respect to the total time of completing the critical activities
of procurement, as identified. Hence, by identifying specific unaddressed issoes, if any,
and maintaining the present level of stability of the system, studies can be initiated by
selecting critical items from each of the different categones, hike general, spare parts,
building, packing, dyes & chemicals and capital. However, to start with, the expected
required time to be taken, the responsibility and other enticality details of each activity
should be known a prion to every concerned department for procurement. The study
will be based on lead time enlisted for each item as standard by the company.
However, the management has started thinking of adopting Six Sigma philosophy as a
bottom line improvement strategy For other entical business processes in the organization.
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