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Abstract 

This thesis revolves around a case study at GE Multilin, a globai leader in the 

design and manufacture of microprocessor based protection relays and the headquartea of 

General Electnc's Power Management Division. The company was in the midst of 

introducing a new product line that would add enonnous complexities to the existing 

ordenng and manufacninng processes. As a part of this thesis. an investigation has been 

conducted to analyze how information systems and related technology could be 

irnplemented to aid in the development and improvement of information process flows 

that would aid in suppomng the introduction of the new product line at GE Multilin. 

Since this analysis took place at the same time that the company was beginning to 

establish its order entry to rnanufacturing processes, to sustain the introduction of its new 

product line, al1 information collected and recommendations generated were irnmediately 

shared with GE Multilin. 
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GLOSSARY OF TERMS 

Accpc: refers to the Order-Ship-Billing system used at the time the analysis was conducted 

Auto-label: refers to the labels placed on the product itself and on the shipping box. An auto- 

label also contains a job card for that particular unit. 

Auto-labelprogram: refers to the serial number and label generating system. The output of 

the progm.cn is referred to as an auto-label. 

Convert program: is used to generate open orders reports in a Microsofl Excel format. 

Foxpro: a database program used in a majority of systems, usually implemented by 

consultants for the Company. Al1 Foxpro based programs referred to in this analysis were 

written in version 2.1, the version released after the DOS version. 

GAIL: the acronym GAiL refers to the four systern f'uactiom that must be performed for an 

organization to work effectively: goal attainment, adaptation, integration, and long term 

development. 

Input: is the raw matenal that will be converted into output. Input is only that which is 

actuaily tnuisfonned or converted into output 

Job Release system: a Foxpro 2.1 based program used to indicate to the Shipping department 

when to pick up the fullshed units fiom the various work-celis. 

Key Variances: are those variances which set up long chah reactions of problems which 

quickly become critical to the system. 

Output: are exported by the system to the envuonment. Their values eams an organization 

access to resources necessary for its continued hctionuig. 



POURS: the pointsf-use-replenishmeat system. Is used to identify at what point the 

kanbans shouid be ceplenished. 

Repair database: used to store the various defects identified durhg the rnanufacturing 

process 

Scan: develops a system defuuton of the target organizational unit. It seeks to define the 

unit's inputs, outputs, transformations, boundaries, technical system, people, purposes, and 

problems. 

Social System Analysis: examines the work-related interactions among the various people in 

the organization. 

Technical System Anafysis: is anal yzed as a transformation process comprised of a senes of 

unit operations. The process is flow chaned from beginning to end providing a map upon 

which system problems may be identified and located. 

Test-Rigprogram: used to store and retrieve necessary information and to test the unit 

Throughput: is the state of the input as it is converted into the output. 

Variance: is any disturbance. deviation or unplamed event that can have a negative effect on 

the throughput. 

Variance Anafysis: is a chart relating al1 of the variances so one can see which causes other 

complications down the line. 

Work-cells: a team of individuals, that have ownership over al1 responsibilities with respect 

to a particular product h e  



List of Tables Page 

Table 2.3.1 : Configurator Features 10 

Table 7.3 : Cornparison between the Old & New Processes 97 

viii 



List of Fiaure Ca~tions Pane 

Figure 2. Io : Gened Order Entry Processes 4 

Figure 2. l b  : Basic Manufacturing Processes 5 

Figure 2.2.1 : STS Roadmap 7 

Figure 2.2.2 : The Organizational Change Process Mode1 9 

Figure 4.1. l : Order Code table for a MMII relay 28 

Figure 4.3. I : Order Code table for a L90 relay 36 



Utilizing Infornation Technology to Improve Order Enüy to Manufacturing information Pmcess Flows 

1 .O Introduction 

In today's cornpetitive business environment, companies across the globe are taking 

advantage of information technology to improve the manner in which they conduct business. 

information technology (IT) has been used in the past to simply automate existing business 

fwictions, and thus until recently has not been used to its full potential. implemented 

effectively, 1T can be used as a tooi to streamline business processes and at the same tirne 

integrate a business' critical activities. A well integrated information system not only 

improves overall business performance but can also identify key areas that require M e r  

investigation, ensuring continual improvement. 

The heart of this thesis is a case study of a project conducted at GE Multilin, the 

headquarten of General Electric's Power Management Division. GE Multilin, a global leader 

in the design and manufacture of microprocessor based protection relays, is introducing a 

new product line. The nature of the new product itself will add cornplexities in the ordering 

and manufactu~g processes. An investigation will be conducted to analyze how information 

systems and related technology can be implemented to aid in the development and 

improvement of business processes at GE Multilin. It is important to note that this 

investigation will take place at the same time that the Company will be establishing its order 

entry to manufacturing processes to sustain the introduction of this new product line into the 

organizat ion. 

To support the case sîudy, research will be conducted on three main topics; order 

enûy to manufacturing processes, STS methodology, and existing information 

systemsltechnology. The Fust main area of research will deal with defining and describing 

general order entty and manufacturing infomation process flows. This research chapter will 

aid in defming the boundaries and scope of the thesis. The second area of research will 

describe the methodology that cm be implemented in order to bring about information 

process flow improvement. Sociotechnicai systems (STS) design, a methodology that stnves 

for an optimal balance between the social and technical systems, will be described in detail 

and later applied to the case study. The third area of focus will investigate existing 

information systems and related technology used to improve information process flows. 
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The information and howledge obtained from the research chapters will aid in the 

analysis of the case study. The case study will consist of an analysis of how information 

technology can be implemented to aid in the developrnent of processes that will support the 

introduction of the new product line at GE Multilin. Order entry to rnanufacturing processes 

will be the main area of focus. STS methodology will be used in order to analyze the 

information process flows within the current order enûy and rnanufacturllig business 

processes at GE Multilin. By analyzing and identifjhg problem areas in the current process, 

the new process can be developed and implemented ensuring that these and other potential 

problem areas will be averted. information technology will play a strong role in aiding in the 

developrnent of the new processes. Since this investigation takes place at the same tirne that 

the Company is establishing its order entry to manufacturing processes to sustain the 

introduction of its new product line, al1 information collected during this analysis will be 

immediately shared with GE Multilin. Thus, this will aid in ensuring that GE Multilin will 

use iiiformation technology to its hi11 potential to aid in improving its new order entry to 

rnanufacturing processes as they are being developed. 

Recommendations will follow the analysis and focus on two key areas. The first area 

will deal with the development and implementation of the new information process flows that 

will support the introduction of the new product line at GE Multilin. The second will deal 

with identifjhg key areas for irnprovement with regards to the current information process 

flows. The recomrnendations will focus on how to implement IT tools in order to streamline 

business pmcesses and at the same t h e  integrate some of GE Multilin's critical activities. 

Al1 recommendations will also be immediately shared with GE Multilin to aid in ensuring the 

successful introduction of their new product line into the organization. Due to this, an over 

view of the results of hplementing various recommendations will be possible and thus will 

be provided in the thesis. A conclusion identifying lessons learned will end the thesis. 
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2.0 Research 

Research will be conducted on three main topics which include: 

1. General Order Entry and Manufacturing Processes 

2. Sociotechnical Systems 

3. Existing infomation Systems 

The fmt main area of research will deal with defming and describing general order 

entry to manufacturing information process flows. This wil1 aid in defining the boundaries 

and scope of the thesis. The second area of research will describe the methodology that will 

be used to aid in bringing about infomation process flow improvement at GE Multilin. The 

third area of focus will investigate an example of an existing information system that can be 

used to improve information process flows. 

2. f GenemI Order Enfry and Manufacturing Processes 
The main purpose of this section is to overview genentl order entry and 

manufacturing processes in order to defme the boundaries and scope of the analysis with 

respect to the case study at GE Multilin. 

A general order enhy process flow can be seen in Figure 2. la. The flow may differ 

fiom organization to organization but the general elements are the same. Quotation 

generation is usually the first step in the order entry process. This is where the negotiations of 

terms, such as pricing, occurs between the customer and the specific organization's sales 

force. Once this step is completed one of the possible results may be the customer placing the 

order on the company, the second step. Once the order has been accepted by the company in 

question, a validation process occurs, step three in this patticular case. in certain 

circumstances identification of whether the product can be sold to the particular customer 

may requùe to take place. This is usually to enmm that the existing sales channels are not by- 

passed. Thus certain products may only be sold to customen that the organization has an 

agreement or contract with, this is refemd to as "customer validation" in Figure 2. la. 

Whether the product requested can actually be manufactured and ordered is referred to as 

"product validation" in Figure 2.la. Pricing validation consists of verifyuig that the particular 
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customer is paying the correct arnount for the specific products in question. Credit validation 

andior authorization of payment aids in ensuring that the organization will collect its payrnent 

for the products that will be delivend to the customer. Members of the fuiance department 

are usually involved in this process. Once the validation is completed, the order is usually 

then entered into the organization's order entry system. Depending upon the organization and 

on the cùcumstmces this may either be a manual or automated process. Once the order has 

been entered, scheduling usually takes place with the help of manufacturing and a delivery 

date is issued. The final step is usually an order acknowledgement to the customer 

acknowledging that the order has been accepted and usually identifies the final price, 

products ordered, and delivery date for that order. The order acknowledgement may take the 

fom of a fax andor telephone call, andor e-mail. (Kalakota & Winston, 1996) 

Figure 2.1 a : General Order Entry Processes 

3. Priang Widation 
4. C d #  M W o n  

A basic manufacturing process flow, for a "make to order modei" cm be seen in 

Figure 2.2b. The flow may differ h m  organization to organîzation but the general elements 

are the same. The first step usually consists of viewhg the open orders and scheduling the 
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jobs in order to meet the requested delivery dates. Once a job is selected, the appropriate 

labels and instructions sheets are selected. Depending on the organization and on the 

particular circumstance this may either be a manual or automated process. The instruction 

sheets usually indicate what parts are required to be selected for the particular job in question. 

Once the correct parts are picked the assernbly of the actual product begins. The complexity 

of the assembly process varies depending upon the product being assembled. Testhg usually 

follows to ensure that the product was assembled correctly and that the product will meet the 

specifications originally identified by the customer. Once the job is completed it is usually 

identified in the particular order-ship-billing system , in order to indicate to shipping that the 

job is ready to be picked up and to the fuiance that the invoicing process should begin. If 

defects are identified d u ~ g  any of the rnanufacturing steps the product being assembled is 

usually sent to a repair station until the defects identified are eliminated. 

Figure 2.16: Basic Manufacturing Processes 
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2.2 The STS Design 6 the Organizational Change Pmcess Model 

The Sociotechnical system is a methodology, "an informed approach to organizational 

improvement", combining both philosophy and rnethod. As a philosophy "it supports the 

value of empowement as well as the systemic focus on product and customer." As a method 

it "helps provide custom solutions for performance by design" (Taylor & Feiten, 1993). 

2.2.1 The Sociotechnical Process 

A Sociotechnical system analysis of a particular organization or enterprise consists of 

applying a series of steps in which various system aspects of the organization are exarnined. 

Figure 2.2.1 illustrates the roadrnap of the STS process. The roadmap identifies seven major 

steps in four phases, identified by dashed horizontal lines that are required to implernented to 

achieve a successful Sociotechnical system. The seven steps include: 

Discovery: "Recognition of the Sociotechnical systems paradigm" 

Scanning: "ls the process of defuihg boundaries. It is key to understanding the 

purpose, the process, and the environment of any system". The scan develops a 

system defmition of the target organizational unit. It seeks to define the unit's 

inputs, outputs, transformations, boundaries, technical system, people, purposes, 

and problems. 

Technical System Analysis: This step employs a methodology "for understanding 

and then designing the product-creation or transformation process." The process is 

flow charted fiom beginning to end providing a map upon which system problems 

may be identified and located. 

Social System Analysis: Examines the work-related interactions among people in 

the organization. The role network, social system grid, and quality of work life 

criteria is used to understand the relationship among people and the system. 

Joint Optimization Design: Undentandhg regarding how it al1 cornes together. 

P r o v i s i d  Design: Understanding how to make the design relevant and realistic 

Inpfementation: Understandhg how to make the recommendations provided 

succeed and continue to succeed in the far future via continuous improvement. 
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optimization design and provisional design. The final sections of the analysis will overview 

the status of the implementation efforts and the lessons learned. 

2.2.2 Organizational Change Process Model 

Many models of organizational change exist in practice. The change process model 

was developed from experiences mostly within existing unionized organizations (Kolodny, 

1996). ui general, the model provides guidance For a wide variety of organizations attempting 

to proceed with changes in structure, process, ancilor services. Each organization is different 

in size and culture, thus the requùed timeline for an organization to engage in al1 steps and 

stages will vary. Most importantly, eveiy step in the mode1 is necessary and important, and 

must be followed completely to maxirnize effectiveness. 

initially, many organizations begin on this journey for organizational change they feel 

threatened in their current work practices. in essence, "they remain in these final years of the 

twentieth century, prisonen of a language that has its roots in a way of life and a way of work 

that are fast becoming obsolete" (Zubon). As a result, they recognize the need to change 

which involves a reassessment of their stnngths and weaknesses. Thereafter, the next step 

involves heightening awareness by addressing what needs to change and why there is such a 

need. information sharing is an essential step for building trust and acceptance as was 

evident in our on-going bulletins. 

Other parties are approached and involved which includes residents and their families, 

unions, management and cornmunity. Organization choices are examined by identifying and 

agreeing to the type of direction to take by identimg the values that will become the cote of 

theu beliefs which they will continuously test their decisions and actions on (Kolodny, 1996). 

The next step involves assessing what is in it for the key stakeholders in order to be able to 

proceed and begin the journey without resistance. The organizational change process model 

can be seen in Figure 2.2.2. 
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Figure 2.2.2 The Organizutional Change Process Mudel 

[Kolodny, 1996) 

Getting Agreement and Setting Direction 

Resources to continue the process must be clearly committed. Specific needs are 

assessed in which gaps between where the organization is now and where it wants to be is 

stated. A philosophy statement is developed or re-evaluated which is reflective of the setting 

in study, because it is important to reference a "set of concepts that can ptovide guidance 

each t h e  an unfamiliar situation arises" (Kolodny, 1996). in addition, management needs to 

commit to a continuation of the process. 

Making Changes 

Only now can one begin to analyre the organization. An open system which is 

continuously evolving will require the C'participation of those who are most farniliar with 

work" (Kolodny, 1996). Design or re-design is guided by Chem's principles (1976) and the 
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values developed. implernentation will involve sufficient detail and keeps in mind fùture 

change. 

Keeping it Going 

The final step involves evaluating and continuous monitoring to avoid falling back to 

familiar patterns. An open systern accepts the need for continuous irnprovement. 

Chern's Principles of STS Design 

nie design is directly linked to Chern's principles and will not succeed if the design 

content does not address the following principles. The principles address the best feanires of 

Sociotechnical designs in North America and Europe. The principles have been summarized 

and are intended to help guide the design. 

Compatibility 

in order to adapt to change, al1 employees must be given the oppomuiity to participate 

in the decision making process by assisting with the design of the jobs that they are 

responsible for. For this to occur, the organization must encourage employees to be 

innovative and autonomous. in order to maximize the creative capacities of the individual, 

employees must be involved from the outset and continue to participate beyond the job 

design stage. 

Minimum Critical Specification 

There is far too much specificity in organizations which inhibit adaptation or 

effective action. Specifjhg more than is needed rnay reduce possible options and 

alternatives. Each design decision must be challenged for simplicity and jobs should be 

desiged dictating only the necessary specifications. As a result, this empowea employees to 

apply innovative techniques and adapt accordingly. 
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Sociotechnical: Variance Control 

A variance is defined as any deviation h m  a goal or objective. Unfomuiately, 

traditional methods to control variances such as supervision and inspection aim to correct the 

actual consequences instead of reducing the number of variances. in a more effective 

manner, this pthciple states that if variances cannot be eliminated, they must be controlled as 

close to theu source as possible. For exarnple, an inspection process within manufacturing 

should be built into each worken job in order to control variances at the source. This design 

approach reduces the possibility of exporting the variances across the borders to the 

subsequent steps of the process. 

Multifunctional Principle (Multiskilling) 

Unlike traditional organizational theories, such as Taylorism, which relied on people 

to perfom highly specialized tasks, this principle emphasizes a worker's ability to adapt and 

be creative. in addition, this principle encourages an organization to invest Ui training 

programs to create a multiskilled environment, which also provides an ernployee with the 

opportunity for persona1 development. In this way, this kind of organization cari easily adapt 

in a turbulent business environment. 

Boundary Location 

This principle suggests the drawing of boundaries such that variances can be 

contained within a work group's boundary. Boundaries can be h w n  based on time, territory, 

and technology. in this format, knowledge and expertise can be shared and self-managed, a11 

with a view to achieving a common goal. 

Information Flow 

information systems should be designed to provide information in the right place, at 

the ri@ time, for the right action. Work teams should be supplied with the right amourit of 

infmation and feedback to control variances, thus creathg an environment where 

employees can rcspond and act quickly. Information must be available to those who will use 
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the information fmt, rather than having delayed information passed down fiom others who 

do not need to be involved. 

Support Congnience 

Systems of social support should be designed to reinforce behaviors that are 

congruent with the organization's design. Therefore, in a team based organization, which 

supports and encourages multiskilling, team achievements should be recognized with team 

rewards. 

Design and Human Values 

The design objective here is to provide a high quality of work life by designing jobs 

that are meaningful and challenging for individuals. If implemented properly, information 

technology can be used to aid in irnproving the organization's processes, product quality, and 

quality of work life. 

Continuous lmprovement 

in a STS environment, the design function is never complete. There will always exist 

changes and improvements that can be implemented to M e r  enhance the organization. The 

organization must continuously revise their strategies in order to keep up with issues 

affecting the quality of work life, reward systems, and a tearn envuonment. 

This section wili overview an existing technology that may be of use for organizations 

using a "make to order" mode1 with somewhat complex products, sirnilar to GE Multilin. 

2.3.1 What is a Configurator? 
A confgwator can be defined as "a niles-based system that allows you to identify 

andlor configure products fkom customer-specified requirements" (Tikka, 1997). To add to 

this definition a configurator can also be described as "a cornputer program that defines the 

characteristics of a product and uses this definition to detemine if, when and how to produce 
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it" (Lieberman, 1997). Thus the use of a configurator c m  aid customers and sales 

representatives in configuring complex products and services. 

2.3.2 Benefits of using a Configurator 
The entue organization can reap the benefits fiom implementing a configurator. To 

the customer, the configurator plays the part of a personal sales assistant leading them 

through complex interactions with ease 24 houn a day, if placed on the internet. Using this 

tool a product can be accurately configureci and priced in minutes, effectively creating a 

satisfactory and efficient buying experience that may aid in greatly enhancing the company's 

customer relationship. 

in the eyes of a sales penon, by utilizing the configurator they are ensured that the 

order has been placed according to currently accepted product designs. in addition most 

configurators enable a sales penon to export the ordering information produced, includirtg 

the order code, to the order entry system, eliminating any potential data entry errors. 

Furthemore, since the need to contact a product support engineer can he elirninated with the 

use of a configurator, the order processing time can be reduced from days to minutes. 

To the product support engineers, the t h e  that was previously spent validating orders 

can now be devoted to product improvement and development. The only time the engineer 

may have to interact with the system is to add product definitions or d e s  if there happens to 

be an upgrade or a new release to the product. 

To the manufacturing team, the configurator c m  be used to quickly and easily 

generate a concise bill of material that aids them in determinhg how to build the particular 

product configuration requested. The t h e  saved cm now be focused on improving their 

manufacturing processes. (Tkka, 1997) 

in addition to al1 these benefits the configunitor aids the overall business by reducing 

the cost of sales, increasing revenues, potentially opening new sales channels and decreasing 

the time to market. The use of a configurator may aid in reduchg costs by decreasing the 

amount of inaccurate orden which lead to higher costs due to the large percentage of retunied 

items. in addition since a configurator guides a customer easily and effectively through a 

configuration, this reduces the amount of tirne that a sales representative needs to interact 

with the customer, again decreasing costs. The use of a configurator may increase revenues 
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by enabling the sales force to proceed more efficiently, decreasing the sales cycle tirne, 

allowing the sales personnel to move ont0 the next prospective customer. In addition, the use 

of a configurator may "provide the oppomuiity to up-sel1 and cross-sel1 by suggesting 

complementary products and options" (Calico, 1998) thus increasing revenue. Furthemore, 

by using a web-based configurator companies can use the intemet as an additional 

disûibution/sales channel, knowing that their customen will receive correct product 

information and guidance while purchasing complex to configure products on-line. Lastly, 

the use of a configurator rnay aid in delivering consistent and correct information 

simultaneously to al1 channels (direct and indirect sales channels) and geographies, greatly 

irnproving t h e  to market, and at the same time ensuring consistency of information (Calico, 

1 998). 

2.3.3 Types of Configurators 
There are hvo main types of configurators, add-on configurators and fully integrated 

configuraton. Add-on configuraton are typically separate from the production and inventory 

control system. As a result of this, add-on configuraton maintain a redundant database of 

information required for the order process, such as the customer and part master file. On the 

other hand, integrated configurators can either use the same master file or can transfer data 

bi-dùectionally between the two systems, thus sharing information. Thus the integrated 

configurator has the advantage of not duplicating data in more than one place which can 

result in synchronization problems and the need to ensure that each system maintains the 

same version of common data (Lieberman, 1997). 
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2.3.4 Basic Configurator Functions 
Table 2.3.4 illustrates the basic configurator functions for both add-on and integrated 

configurators: 

Table 23.4: Configurator Feufures 

1 Function 1 Definition 

1 User dejhed 1 Allows it to ask 
1 vciriu&l& 1 questions about the 

1 1 numbers, text, & 

Discrere, 
continuous & 
tes variubles 

product king 
ordered and then 
val idates the answer 
Ability to support 
different types of 
variables, i.e. 

I code creation alpha numeric 1 identifier of the 

Configururion 

1 1 variables selected 

alphanumeric 
generation of an 

I 1 for a particutar 

1 1 a particular product 

Rule Creation 

defmition 
Vocubulary The ability to access 

product 
ability to capture 

data Eom external 
sources such as the 
database containing 
the customet or 

Speed design principles 

I 1 enables the program 
I 1 to run more 

efficiently 
Mulri- designing the 
platjhrrn  pro^ to run on 
capnbiliîy various platforms 
(Liebecman, 1997) 

Ability to describe 
al1 possible products 
components & 
options 

Bencfits 

independence fiom 
prograwing 

Available 

Add-On 
Configurator 
Available 

Simplicity, ease of 1 Available 

Permits inventory 
tracking, retains 
history, allows sales 
& fmancial analysis 

use 

Available if 
interfaced to 
production system 

elements 

Makes efficient use 
of system tesources 

Available 

platfionns, in local 

Integrated 

Available 

Availab le 1 

Available 

Available '7 
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3.0 Scan 

Scanning is a process used to describe the workplace and organization in systems 

terms. It is the key to understanding the purpose, process, and environment of any system. 

The scan serves as both the guideline to begin the socio-technical design, and is often the 

most reviewed and revised aspect of the "systems" undentandhg as the overall process 

continues. Scanning is used to identify large oppomuiities for improvement. As an 

overview of the system, the scan provides an analysis ofthe general dimensions of the 

organization as well as the inputs and outputs of the social and technical systems. 

3. f Overview of GE Mulfflin 

GE Multilin, the headquarten of GE Power Management, is a global leader in the 

design and manufacture of micro-processor based protection relays for industrial and 

utility applications. A protection relay can be defmed as an intelligent electronic device 

(ED), micro-controller based, that protects and controls power system elements such as 

moton, generaton, transfomen, feedea, and Iines against system faults such as short 

circuits, thermal overloads and other faulted conditions. GE Power Management's 

product oflerings range from multifunction relays (digital and analog), single function 

relays (digital, analog, and electro-mechanical), cornponents (such as auxiliary relays and 

control transfer switches) to complete substation automation solutions. Its products are 

used in a wide range of applications such as protecting large motors, generaton, power 

feedea and transfomers in industrial and utility substations. By taking advantage of 

resources, both in engineering design and technical support, GE Power Management has 

become an ideal srnitegic partner for relays and related systems. Plants located in the US, 

Canada, and Europe, registered to IS09000 1, have allowed the organization to effectively 

compete in the global market and to meet the rapidly changing customer requirements. 

GE Power Management is a division of GE Industrial Systems, created in 1998 by 

the merger of2 GE businesses, GE Electrical Distriiion and Control and GE Industrial 

Control. GE industrial Systems is one of 1 1 GE businesses which include: 

1. Aircraft Engines 2. Appliances 3. Capital Services 
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4. Industrial Systems 5. information Services 6. Lighting 

7. Medical Systems 8. NBC 9. Plastics 

1 O. Power Systems 1 1. Transportation 

in 1978, Multilin began its operations with three employees, and a single product, 

an electronic motor protection relay. From these entrepreneurial roots the organization 

grew to become a premier supplier of micro-processor based protection relays for 

industrial applications. The company experienced significant growth throughout the 

1980's and 1990's. Multilin has grown approxirnately 25% annually between 1978 - 
1995, followed by a period of rapid growth: 42% in 1996,54% in 1997 and 32% in 1998. 

Currently the company has grown to over 250 employees and offen a diverse range of 

products for motors, feeders, generators and transfomiers. 

in 1995, Multilin was acquired by General Electric and became the headquarters 

of GE Power Management, a division of the former GE Electrical Distribution and 

Control, one of the tweive GE businesses at the tirne. Since 1995, GE Power 

Management has grown to encompass four sites in its operations located in Ontario 

Canada, Pennsylvania USA, Bilbao Spain, and Anasco, Puerto Rico. 

3.3 OtgpnizationaI Mission 
Although there is no formal mission or philosophy statement which can be found 

on walls, pamphlets, or brochures, there is still a common goal which is stressed on 

almost a daily basis. Whether it be the quarterly communications meeting conducted by 

the operations manager, or the daily moming manufacturing meetings, the same goal is 

repeated and reviewed: "to be the number one choice for customen when it comes to 

quality protection relays and quality service". Another phrase often heard when new 

projects are being approved is: "What's the impact to the customer?'. This philosophy 

stems fiom the belief that the customer is ultirnately in control of the friture of the 

company. Only by displaying competency in the ability to produce quality products and 

provide quality service will both the customer base and customer loyalty continue to 

flourish. 
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3.4 Values 

GE Multlin's culture promotes a strong sense of ownership and autonomy in al1 

the individuals who work there. This is especially evident in the manufacturing work- 

cells, where the team owns the entire manufacturing process with respect to their 

particular product lhe. GE Multilin's employees take pride and ownership in the 

multitude of projects they willingly undertake, as additions to theù regular duties, in order 

to improve their processes, product quality, and quality of work-life. The culture present 

at GE Multilin is also reflected in the Ianguage that is used on a day-to-day basis. Words 

such as "stretch goals" and "push back' are often heard being mentioned when projects 

are being discussed. A "stretch goal" is an objective that is defmed at the beginning of a 

project that exceeds the original purpose and goal of the project. "Push back" is usually 

used to indicate that it may be time to re-think the decisions that have been made in the 

pst, in order to improve the current situation. This again suggests a culture that promotes 

its employees to achieve excellence in not only their job functions but also in themselves. 

Another important part of the culture present at GE Multilin is the quality 

initiative. Even before GE acquired Multilin, quality was always identified as being a 

critical element for success. Total Quality Management (TQMJ was used to ensure the 

highest possible quality of their products. The quality initiative was strengthened when 

Multilin inherited 6-Sigma fiom GE, when they were acquùed. Unlike TQM which 

focused on the processes related to the manufacturing of the product, 6-Sigma focuses on 

reducing the number of defects in the entue organization. GE'S quality initiative, 6- 

Sigma, emphasizes the need to increase quality to meet the ever increasing customer 

requirernents and expectations. Achieving 6-Sigma would translate into approximately 

three defectdfai lures in a million products manufactured. The quality initiative has been 

ingrained in GE Multilin's culture since Multilin was acquired by GE in 1995. A Master 

Black Belt and various Black Belts lead the quality initiative in each GE business. They 

are responsible for training others in the 6-Sigma methodologies and also applying 6- 

Sigma tools on a daily basis in order to improve the overall quality of business processes. 

Over 80% of the employees have k e n  aained in the quality initiative, over the past four 

years. More than 50% have been "green belt" trained, which means that the individuals 
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trained are now capable of not only applying the techniques leamed in day-to-day 

activities, but are also capable of leading a team to irnprove processes and overall quality. 

GE expects that every employee will be green-belt trained by the year 2000. In addition, 

every "green belt" trained employee must complete at least one project per year 

contributing at least $25,000 in saving or revenues per project. 

Also present in the culture that evolved at GE Multilin is the sense of belonging to 

a team. A list of team values was created to clearly identify the key elements of GE 

Multilin's culture and is used to guide actions, behavior, and decision making within and 

among the teams. The team values are as follows: 

Integrity 

Conduct yourself with the highest standard of ethics penonally and 

professionally. 

a Conduct open and honest dealings inside and outside the company. 

Conduct fair and equitable treatment of employees, customers, supplien, and 

al1 memben of the comrnunity. 

Objectivity 

Ask probing questions and investigate the issues to gain a thorough 

understanding of the maner at hand. 

Make a clear-eyed assessrnent of the facts, in a candid way, based on real data 

and information. 

0 Face up to difficult issues and act in a timely, appropriate manner. 

Communication 

a Engage in accunite and complete dialogues with al1 parts of the business 

involved in your decisions. 

a Communicate in a timely fashioa and maintain an open mind to al1 points of 

view. 

a Encourage and support open and honest multi-directional communications. 

a Encourage communication as a tool for conflict resolution and lead by 

example. 
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Ensure your communications have an appropriate business focus, are clear and 

concise and are easily undentood. 

Teamwock 

Work together to reach common goals, believing that your individuality will 

add value to the team. 

0 Be responsible for your actions and relationships both within your core team 

and extemally. 

0 Remain flexible and open to change, taking prîde in everything you do. 

Innovation 

0 Bring new methods and ideas forward to achieve more with less effort 

a Maximize your creative thinking through involvement of others, diversity and 

experience. 

a Use Six Sigma tools and simple processes to lead us to lasting solutions. 

Fun 

a Achieve a sense of accomplishment fiom achieving goals, as a tearn. 

a Make a positive contribution to your team and recognize othen for their 

contributions. 

a Balance the demands of work with social, fmily, and community activities 

and involvement. 

Higb Performance 

Produce consistentiy strong results through a focus on our customen and 

quality 

O Constantly mise the bar on everyday performance, with a passion and quest for 

excellence. 

3,s Customem 
GE Multilin has a global customer base which varies h m  end usen, ihdustrial or 

utility companies and organizations, to consultants working on behalf of the end-user. 

The particular custorner's applicationslrequirements cm range nom protecting a hundred 

thousand dollar motor, to protecting power feedea and transfomers in industrial and 

utility substations. A large majority of the customer base have engineering backgrounds 
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and are very knowledgeable in particular applications that the product will be used in, and 

cm easily identiQ the specifc requiremenWfunctions needed. However, determining 

which product line and then selecting a particular configuration which best meets their 

requirements is a daunting task for many. 

3.6 Oryanizatlonal Strvctun, 
To best meet the needs of its customen, GE Multilin's over 250 employees are 

divided between 9 main departmenu. Each department has its own team leader, with 

separate budgets and profit targets. The departments include: 

1. Administration 2. Engineerhg/Technology 3. Finance 

4. Human Resources 5. information Management (M) 6. Marketing 

7. Sales 8. Service 9.6 Sigma 

1 0. Manufachuing 

GE Multilin is managed overall by a PresidenKhief Executive Oficer, who 

resides at the Markharn location. 

3.7 Sales 
GE Power Management's Sales Tearn is divided into two main areas: the interna1 

inside sales team and the extemal sales team located across the globe. The inside sales 

team's main fictions are to respond to inquiries fiom both customers and external sales 

representatives, generate quotes and process orders. 

To support its large customer base and to prornote continual growth, GE Power 

Management has established over 200 sales representatives located across the globe. With 

close ties to the inside Sales team, the sales agents offer customea assistance in tailoring 

the implementation of GE Power Management's product line to their particular needs and 

requirernents. The sales agents aid the customer in configwhg the product to meet their 

particular needs and also partake in the quoting process. 

Manufacturing's vision statement for the year 2000 and beyond is as follows: 

"To become the supplier of choice global&, m as result of our innovarive and versatile 

products, which are defctf iee and reliable, delivered on request and supporïed by teams 
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ofpeople who own their product(s) and cure persionately about their customer 's 

success ". 
in order to achieve this vision, Manufacturing has put in place the following mission: 

to deliver perfect products 

a to provide continued support of customer needs 

a to meet customer request dates for delivery and support 

a to operate effectively and deliver a cornpetitive total cost 

to continuously improve its capabilities to support the business and al1 its customen 

r to support our "team values" and take on rewarding challenges that develop 

excellence in ourselves 

GE Multilin embraces a focus factocy manufactuting model, which fosters the 

creation of self-rnanaged work-cells, a team of individuals that have ownership over al1 

responsibilities with respect to a particular product line. To meet each particular 

customer's needs/requirements, a make-to order model is used where each product is 

assembled and configund as per the customer's request. There are currently twelve work- 

cells at GE Multilin, with approximately 10-15 members per team. Al1 memben of the 

team are cross-hctionally trained with regards to the various processes that are involved 

in the manufacturing of the particular product. Memben of a work-ce11 hclude 

assemblers, technologists, product support engineers, and a work-ce11 leader. The 

assembling of the actual product is the main responsibilities of the assemblers, while the 

testing and inspection aspects of the process are the main duties of the technologists. The 

technical cornpetence to support the product is a strength based on the individual 

knowledge and cornmitment of the product support engineer. The values, goals, and 

overall leadership that is instilled upon the team is the responsibility of the work-ce11 

leader, who is also responsible for a wide range of duties such as scheduling, the creation 

of performance metrics, and customer relations. in addition to their every day duties and 

tasks, each and every work-ce11 member is also responsible for the conthual 

irnprovement of the overall team performance. Thus, al1 memben are encouraged to 

suggest, and aid in irnplementing, ideas that may hcrease productivity and work-ce11 

performance. 
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3.9 hfotmation Management 
The Computer Services department was founded in the early 90's in order to aid 

the growing staff with theu computer needs and was later replaced by the information 

Management Department in 1998. The Computer Services department was strictly 

focused on meeting user's requirements with regards to hardware and software needs, 

such as upgrading and servicing. Other responsibilities included policing user licenses 

and managing the Novell netwotk structure from a cenhalized server room. As user 

numbers increased, it became increasingly difflcult for the department to keep abreast of 

the ever changing user requirements. As a result of this, usen both in the manufacturing 

work-cells and in the offices created a d o r  purchased their own prognuns/databases to 

aid them in their day-to day jobs. The autonomous nature of the work-cells promoted a 

non-standardized approach of implernentation with respect to the various databases and 

prograrns irnplemented. 

As a result of increasing user requirements with respect to both computer related 

needs and information gathering, the information Managementhformation Technology 

department was formed in early 1998. The focus of the department was to be proactive 

with respect to user needs, rather than using a reactive mentality that was used by the 

Computer Services department. In addition the newly formed department would venture 

forth in areas where the previous department could not. The newly fomed department 

was divided into 5 main teams: End-User Computùig, Core Applications, infrasûucture, 

Special Projects, and Application Development. 

The End-User Computing team uses a call-center approach to aid usen in 

their day-to-day needs with respect to computer usage. Software and hardware upgrades 

are handled quickly and effectively. Unlike the Computer Services department, computer 

related repairs are handled off-site by a third-party Company. The End-User Cornputing 

tearn is also responsible for policing user licenses across the over 550 cornputers located 

in the building. The Core Applications team is responsible for maintainhg and supporthg 

the core user applications such as Accpac (the order-ship-billing package used), and 

ClariQ (the cal1 center package used). The In~tmcture team is responsible for 
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maintaining and supporthg the network structure. Currently the tearn has just completed 

migrathg the Novell structure to Microsoft NT. The Special Projects team is mainly 

focushg on the Y2K issue and other miscellaneous projects. The Application 

Development team is mainly responsible for developing applications that streamline 

business processes. Projects undertaken include automating the order entry to 

manufacturing process, eliminating duplication of data entry in the business processes, 

and standardizing the many databases located in the work-cells. in addition, the tearn is 

also responsible for developing and maintaining both the company's lntranet and btemet 

sites. 

3.10 New Praduct introduction 
To meet the ever increasing requuements of a global market, GE Multilin is 

continuously developing new product lines by: irnproving upon previous product 

offerings, adding new capabilities and features, and taking advantage of the latest 

breakthroughs in technology. Thek latest offering in product lines not only provides the 

customer with added features and functionality but also allows the customer to configure 

the product like never before. Previous products could be potentially configured in 8,000 

possible rnannen, while the new product offering has more than 16,000,000 possible 

configurations. The benefit to the customer is that he/she will only be paying for the 

features and functionality that they actually require. Previously, the customer would 

purchase a product that usually had much more functionality than would ever be utilized. 

Thus, the customer would be paying for features that would never be used. Custorners 

complained about this fact and GE Multilin listened when htroducing this product line. 

The entire design of this new product revolves around the fact that it can be configured in 

a multitude of diffennt manners in order to meet the specific user requirements. 

However, this arnount of flexibility brings to light obstacles that were not encountered 

before. They include: 

the customer now must be more knowledgeable in select@ which configuration most 

sui6 hisher needs 
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the Sales team must be knowledgeable in the multitude of possible configurations and 

theu potential usage in order to aid the customer in selecting a product that most meets 

hisher needs 

.the processing of an order will be more complex since the multitude of configurations 

being ordered must fmt be verified to ensure that they are indeed valid configurations 

that manufacturing can build 

The manufacturing of this product will be infinitely more complex than anything in the 

Past 

in order to overcome these obstacles the Sales, Manufacturing and hformation 

Management departrnents have begun to work together. Theu objective is to deliver a 

product that can be easily configured and manufactured, and that meets a d o r  exceeds 

customer expectations/requirements and is delivered on t h e .  
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4.0 Technical System Analysis 

The Technical Analysis will focus on the order entry to manufacturing information 

process flows at GE Multilin. In order to develop information process flows that will support 

the introduction of the new product line at GE Multilin, the current order entry to 

manufacturing information process flows will be analyzed in detail. in addition, key 

differences between the existing and new product lines will be identified and analyzed. The 

result of this analysis will lead to the identification of defects that may occur throughout the 

processes. A Variance Analysis Grid will then be generated and the key defectsl root causes, 

will be identified and analyzed. The results produced will aid both in the development and 

implementation of the new processes and aid in improving the existing ones. 

It is important to note that al1 current products that can be ordered and manufactured 

at GE Multilin share the same information process flows. Although the manufacturing 

processes rnay Vary depending on the product being manufactured, the information flows do 

not. Al1 products share common information systems in both the order enûy and 

manufacturing processes, and thus the infomation flows between systems are common for al1 

products. Therefore a generic analysis will be conducted for both the order entry and 

rnanufacturing areas, with respect to the existing product lines. An overview of the 

information flow for both order enûy and manufacturing, detailing the information systems 

used, can be seen in Appendix 1. 

4.1 Ovewiew of fhe Existhg Oder Entry Pmcess 
The status of the current quoting and ordering processes have been identified by GE 

Multilin as being the third largest factor contributhg to product re tms and rework. 

Although the make-toorder mode1 enables the company to meet the ever increasing user 

requirements, the current process also results in opportunities for error for both the customer 

and the company. The over 150 products offered by GE Power Management c m  al1 be 

configured in a multitude of combinations, sometimes ranging in the tens of thousand. This 

complexity can confuse the customer with respect to selectingkonfiguring the product 

properly to meet their particular needs. in addition, this complexity may also cause 

difficulties for the sales force in the quoting and ordering processes. The c m n t  process of 
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configuring a unit consists of either using the product catalog, product CD, or the Web to 

select the appropriate product and properly interpret a table describing the potential options 

that can be selected. An order code, an alpha numeric string, is manually generated by 

interpreting the table. Each character of the order code represents an option selected, and 

depending on the product, some options restrict the selection of other options or components. 

The order code is used to indicate to Sales what exactly the customer requires and at the same 

time indicates to Manufacturing how to build the product, Le. how to configure the product. 

Since the order code varies in length and may range fkom 8 to 20 characters in length, manual 

data entry becomes a difficult task. If only 1 out of the 20 characten is incorrectly typed into 

the order entry system, the product will be configured incorrectly by manufacturing and will 

result in a product retum, and thus customer dissatisfaction. In the current order entry process 

the order code is manually typed at least twice, at lest  once in the quoting process, and at 

least once in the order entry process. 

4.1.1 About the Order Code 
The order code generation process is a fundamental factor in the sales process. The 

order code tables are used by the customer, and the Sales and Manufacturing teams to aid 

them in the process of configuring the selected unit in the best manner possible to ensure that 

the customer's specific needs and requirements are met. The order code table displays the 

various options and configuration mies that pertain to each product. The tables are displayed 

in various documents which include the product catalog, the product manual, the product 

brochure, the product CD, documents on the intranet and on the internet. The product support 

engineer is the "owner" of the order code table, since he/she is the only individual that can 

authorize a change to the order code. However, each document that contains the order code 

may be maintained by a different individual. For exarnple the product catalog is created and 

maintained by the marketing department, while the product manual is created and maintained 

by the product support engineer. Another factor to note is that the fkequency that the 

document is updated depends directly on the document itself. For example the product 

catalog is only updated once a year while the product manual cm be up-dated at any time. 

This adds M e r  complexity when attempthg to synchnize the order code tables. The 

current process of updating the tables involves manually duplicating the original order code 
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table created by the product support in the various documents. It is important to note that the 

order code table cannot be easily ported ovet to the various documents due the fact that each 

document may be created in a different program. For example the product manual is created 

in Microsoft Word on a PC, while the product brochure is created in Quark on a Macintosh. 

This also increases the oppominities for error caused by manually re-creating the tables and 

related data. An exarnple of an order code table is as follows: 

Figure 4.1.1 : Order Cade table for a MMII relay 

M M m - * -  * - * - * 
MM11 Basic Unit 

PD Panel Mount with Display* 
P Panel Mount without Display 
C Chassis Mount (Black Box) 

1 Option 1 : Process control, process input 
2 Option 2 : Enhanced protection, power (kw) 

120 Control Voltage 120 VAC 
240 Control Voltage 240 VAC 

Note: only available when both options are available 

Figure 41.1 illustrates the order code configuration for a MMII, an intelligent motor 

control center. An example of a MMil order code that can be generated with the use of 

Figure 4.1. I is: MMII-PD-1-2-120. The order code is made up of various sections separated 

with dashes. The fust section represents the mode1 type, in this case a WU. The next 

section represents the panel types available. Three different panel types are available; a panel 

mount with display identified in the order code as a "PD", a panel mount without display 

identified as a "P", and a chassis mount identified as a "C". The "*" located in the description 

field beside the "PD" indicates that special niles/restrictions are required to be abided by in 

order to configure the unit properly when selecting "PD". in this case the "*" signifies that 

the "PD option is only available when "option 1" and "option 2" are both selected. This 

particular mle is explained at the bottom of the order code table, seen in Figure 4.1.1. The 

next section descn'bes an option that can be selected if required. in this case it is a '~rocess 

control" feature, represented by a "1" in the order code. If this option is not selected this 

section is left blank in the order code. Thus an example of a MM11 order code without option 

1 is: MMII-P-2-120. The next section represents the second option available, in this case an 
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"enhanced protection" feature. As in the previous section, since this is an option, if not 

selected this section is lefi blank in the order code. An example of a MMII order code 

without option 2 is: MMII-C-1-120. The last section represents the various control voltages 

that are offeted. in this case there are only two. 

Other product order codes may have more complex d e  sets associated to them. 

These rules ate usually represented by a brief description located underneath the order code 

table. 

It is important to note that the manner by which the order code is generated with the 

use of the table is a veiy manual process. Usualiy a customer or sales agent has a copy of the 

order code table in one hand and the brochurefproduct catalog in the other. As the order code 

is being created, confoming to the standard displayed in the table, the brochure or catalog is 

used to aid the selection of various options by reading the detailed desctiptions. Thus, 

generating a valid order code that meets specific customer requirements may be a dificult 

and time consurning task. 

4.2 Analysis of the Oder Enby Infbmation Pmcess Flow 

To thoroughly understand the uuier-workings of the information flow with respect to 

the order enûy process at GE Multilin, an information process flow diagram must be created 

and analyzed, as show in Appendix 2. By analyzing the system, key factors contributhg to 

defectslerors can be identified and later improved. The information process flow of the order 

entry process is as follows: 

1. Quotation Requested & Generated 

2. Customer submits Order 

3. Order Received & information Verified 

4. Order Entered hto ûrder entry System 

5. Confumation of Order 

4.2.1 Unit Operation I - Quotation Requested 8 Generated 

Input 
The customer can use a variety of rnethods to gather the necessary infornation that 

can then be used by the sales team to generate a puote. The customer can either use the 
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product catalog, the product CD, visit the Web Site, or speak to a sales agent to collect the 

necessary order code information. Depending on the knowledge that the customer has with 

respect to the product and the application that the product will be used in, the customer can 

configure the product hidhenelf and produce an order code. Otherwise the customer cm 

either cal1 or e-mail Inside Sales or a sales representative in order to receive help in 

configuring the product to fit their particular needslrequirements. Nevertheless, the input is 

the information requued by the sales team to generate a quote, which includes a valid order 

code, quantity, and requued ship date. The information can be sent to either a sales 

representative/agent or to inside Sales by fax, e-mail, or phone. 

The Process 
Once a customer requests a quote, the Inside Sales team or a sales representative 

ensures that the order code is valid, signifjhg that the configuration request can be built by 

Manufacturing. Occasionally this requires a phone cal1 to be placed to a Product Support 

Engineer who can ver@ that the configuration is indeed feasible. Once this is determined an 

Excel spread sheet, located on the network, is used to determine the correct pricing for the 

particular configuration requested. A sales member manually compares the order code sent by 

the customer to the breakdown listed on the Excel spreadsheet and manually adds the 

necessaxy options to the base price. Depending on the customer, a discount schedule may be 

used in the quoting calculation. If a sales agent is quoting the customer, an old version of the 

Excel spreadsheet rnay be used, thus requiring the Inside Sales tearn to re-check the quote 

once it is sent in. An inside Sales p e a o ~ e l  then evaluates whether the ship date requested is 

feasible. This is performed by identifjhg how many orden for that specific product are 

currently requested for that particular ship date. This process involves analyzing a calendar 

placed in a central location and manually writing the number of unitsfproducts required for 

that particular day and the product type. If the orders for that particular day exceed the 

capacity indicated by the work-ce11 leader for that product line then another ship date must be 

provided to the customer. A Word document is then used to generate the quote and it is then 

sent to the customer. The format of the quote sent to the customer is not standardized, thus 

the look and feel of the quote may change depending on who generates the quote. 
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Output 
The output is a quote that is sent to the customer. 

4.2.2 Unit Operation II - Customer Submits Order 

lnput 
The primary input is the information contained in the quote that the customer receives 

and approves. 

Process 
The customer reviews the quote and then determines whether to proceed to the 

ordering process. If the customer does decide to order the product then the customer can 

either acknowledge and approve the quote or make modifications to the original quote and 

resend it in for verification. The customer must also select a method of payment, either via 

P.O. or credit card. If the customer is a "fmt time buyer" then a credit check is necessary if 

the payment method chosen is via P.O. 

Output 
The output is al1 the necessary order information, including payment rnethod, that is 

sent to inside Sales, or a sales agent who will then route the information to inside Sales. 

4.2.3 Unit Operation III - Order Received & Information Verified 

lnput 
The prhary input is the ordering infonnation that is sent to hside Sales either by fax or 

letter, by either the customer or a sales agent. To begin the order process, the order request 

must contain al1 required pieces of information. Examples of required information include 

"bill to" and "ship to" addresses, date required, full order code, quantity, and price. A "GE 

Multilin Purchase Order Checklist" identifying the requued information, shown in Appendix 

3, can be downloaded tiom the Web site and can aid in ensuring that the purchase ordedorder 

request sent in contains al1 the essential pieces of information. 
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The Process 
Al1 purchase orden sent to GE Power Management are routed to the inside Sales 

Department at GE Multilin. Purchase orders are verified by an inside Sales penon by 

manually checking whether or not al1 required pieces of information have been delivered. If 

information is missing or incorrect, the respective customer or sales agent is contacted in 

order to complete the purchase otder. For example if an order code is invalid, signimg that 

the configuration ordered does not exist, the inside sales team contacts the agentkustomer 

and aids them in creating a valid oider code. Again a Product Support Engineer may be 

requued to intervene in order to verify the validity of the particular configuration. The 

method of payment is then veritied and a credit check may be required. This process usually 

involves contacting a member of the Finance Department. If the purchase order is complete, 

the sales agent or customer is usually contacted to veriQ the order. Instances where the order 

code is valid but not necessari'y what the customer actually intended to order are usually 

identified with this final cal1 to the customer/agent. 

Output 
The output for this unit operation is the information contained in a verified order 

request. Al1 order requests are then given to the appropriate inside Sales personnel to start 

entering the information into Accpac, the order-ship-billing system. 

4.2.4 Unit Operation IV - Order Entered lnto Order Entry System 

Input 
The input to this unit operation is the information contained in the hard copy of an 

order request that has been verified by the inside Sales tearn. Al1 hard copies of the order 

requests are given to the appropriate person to await manual entry into Accpac. 

Process 
The information contained in each order request is manually typed into the order entry 

system. If the customer has never previously conducted business with GE Power 

Management before, al1 customer information is required to be entered into the Accpac 

customer master file. in addition, a reference and credit check are required to be performed 

before the order is entered into the system. There are three main screens in Accpac that inside 
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Sales uses to enter the order related information. The first screen provides the user with the 

ability to enter the specific customer number, which is then used by the system to reference 

the information contained in the customer master file, Thus al1 customer related information 

such as Company name, address, and contact information is automatically filled out by the 

system. Ship to, ship via, and other shipping information is entered into the second screen, 

while al1 product information, such as order code, quantity, and item number, is entered into 

the third screen. 

Certain pieces of information are more complex and are potentially prone to more 

oppomuiities for error than othen. For example, compare entering the ship date to entering 

an order code. The ship date is entered in the followhg format mlddfyy~ such as 1/25/98, 

while the order code can be more than 15 characters in length, such as 269-PLUS-W-100P- 

IZOVAC. Due to the amount of characten and complexity of the order code, it is one of the 

pieces of information more prone to error. This point is illustrated clearly in the Pareto chart , 

Appendii 4, illustniting defects amibuted to data entry on the behalf of the sales team. The 

more complicated and lengthier pieces of data are the ones more prone to data entry erron. 

Once al1 the information has been entered, a job number is automatically assigned by the 

system uniquely identifying the order. 

It is important to note that once a job has been entered into the order entry system, 

there is no mechanism stopping someone else from entering the same job again. Thus, the job 

can be entered again by another sales personnel, not knowing that it has already been entered, 

thus duplicating the job. This sometirnes occurs when the sales agent sends in a job request 

and the customer that the sales agent is representing also sends in the same job request. 

Duplicating a job in the order entry system may resutt in manufacnuing duplicating the order. 

Also important to note is îhat occasionally customers andor sales agents contact the 

inside Sales department io make changes to an order that was recently submitted. By 

providing the lnside Sales team with the conesponding Job number, Manufacturing is 

contacted to ensure that the order has not been already completed, and to advise them that 

changes are king made to the specific order. A special code is then entered into Accpac by 

the b i d e  Sales team, which is used by manufacturing to identi& "changed" orders. 
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Output 
The output is the order related data stored in the order entxy systern. The data resides 

in the Accpac system and can be retrieved by either the Sales or ManufacRuing tearn in 

electronic or hard copy format. 

4.2.5 Unit Operation V - Confination of Order 

Input 
The input is the order related data that has been entered into Accpac. Reports cm be 

created fiom the data entered through the use of the reporthg hc t ion  found in Accpac. 

Process 
An lnside Sales person prints an order confmation report which contains al1 the 

order information entered previously. This is then faxed to the customerlagent to agah verify 

the order and to signiw that the order was successfully processed. If the customer does not 

respond back in a certain amount of the,  the order is automatically deemed correct and 

passes the order entry stage. The order is then flagged as being entered completely into the 

system, thus allowing Manufacturing to view the order. 

It is important to note that once a sales person is in the process of printing or viewing 

the order confmation report in Accpac, they are locking out everyone else fiom viewing the 

job in Accpac and fiom exporting the details of that job from Accpac. Thus, it is important 

for anyone printing the order confmation report to undentand this fact and quickly exit the 

details screen once their task is compleied. This rnakes it necessary for new employees using 

the system to be trained in the proper usage of the system. 

Output 

The output is an order request that has passed the verification stage and is entered into 

the order enûy system allowing it to be viewed by the respective work-cell. 

4.3 Key DNhrrnces beîween the Existing and New Pmduct Un« 

There are three main differences between the new product line and the existing 

product lines worth noting with respect to the order entry pmcess. 
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The fmt main difference berneen the existing and new product lines is the length of 

the order code itself, as seen in Figure 4.3.1. The length of the new product line may range 

fiom 35 to 70 characten in length in cornparison to the existing product lines which range 

from 8 to 20 characten. Thus it is apparent that manual data entry becomes an even more 

difficult task since the number of characters that must be correctly typed has more than 

tripled. Again it is important to note that even if just one of the 35 to 70 characters is 

incorrectly typed hto the order entry system, manufacturing will be building a product that 

does not meet the customer's needs and specifications. 

The second main difference is the number of possible configurations, with respect to 

the order code, between the existing and new product Iines. For the existing product line, the 

average number of configurations per product are in the huadreds. For the new product line 

the number of configurations per product may range from just over a million to over eighteen 

million unique configurations. With respect to the order entry process, this increases the 

already existing problem of validating whether or not the order code submitted is indeed a 

configuration that Manufacturing can build. 

The third main difference is regarding the modularity between the pmducts in the new 

product line. Existing products are very rnuch different fiorn one another. A power supply for 

one product in the existing product lines may not be compatible with another product. 

However the new product line is modular based, thus s ignimg that the same power supply, 

CPU, digital input outputs, digital signal processors, analog input/outputs, and 

communication modules are compatible within the various products. This causes added 

complexity in ensuring that the order code tables are up-to-date when portrayed to the 

customer. With over 10 different products in the new product line, changing one module 

description requires manual changes to ten order code tables. instead of just changing one 

description, which would be the case in the existing product lines, 10 descriptions must be 

changed and ensured that they are accurate. It is also important to note that the order code 

table may be recreated manually several times, once in the product catalog by a marketing 

penon, once in the product manual by a product support person, and once in the product CD, 

i n m e t  and the intemet by an M person. Thus the opporwiities for emr with respect to 

updating the new order code increases dramatically. 
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4.3.1 About the Order Code 

An example of a product that belongs to the new product line being introduced is an L90, a 

Line Differential relay. The order code structure can be seen in Figure 43.1. 

Figure 43.1: Order Code table for a L90 relay 

ORDERING 

U Baur unit 
R s u B  t FE485 
R W S  + lOBarrF IMMSIUCAZ and ModûufTCP/IPI 
RS486+RsdudsYtOBoaF~~ridModBurm 
No r o h n  options 
Horizontal 
Fmplite wkh lrypad and diriplay 
125i25ûV 
Standard 4C7I4VT 
2 FomA, 2 Forrn-G 8 digital inputs 
2 F o m k  4 Form-C. 1 digital inputs 
8 FormC outpuu 
18 digital inputs 
4 Form-C. 8 digitif inpuu 
8 Fast FarmC outpuis 
4 FormA, 8 digital inputs 
6 F o m A  4 digital inputs 
4 Form-C 4 Fast FomC 
No Module 

7A û2O nm, multi-modo, LED, 2 Terminal 
78 1310 nm, rnulti-mode, LED, 2 Terminal 
7C 1310 nm, ringlemodr. ELID, 2 Terminal 
70 1310 nm, iinglamade. LASER, 2 Tminal 

Figure 43 .  I illustrates the order code configuration for an L90, a line differential 

relay. An example of an L90 order code that can be generated with the use of the table is: 

L90-M)O-HCH-F%A-H6B-LdG-N6D-S6K-U6B-W7A The first three characters indicate the 

product type. The next character, "D, indicates the CPU type which in this case is an 

RS485+Redundant 10BaseF. The next two characters, "OO", indicate the software options. 

The next three characters, "HCH", indicate the mounting type, faceplate type, and power 

supply type respectively. The rest of the order code describes the particular modules selected 

and the particular slot where they are located in the chassis. For example "FSA" refen to an 

8A module, in this case a particular digital signal processor, located in slot F of the chassis. 

The "H6B" refen to a 6B module, in this case a particular digital input output, that is located 

in slot H of the chassis. The rest of the modules cm be interpretcd in the sarne manner. 
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4.4 Ovewiew of dhe Manufacacring lnhmation Process Flow 

The manufacniring environment at GE Multilin consists of twelve work-cells, with 

approximately 10-15 members per team. With the exception of the new product line behg 

introduced, whose work-ce11 will evenhially be responsible to produce over 10 different 

products, each work-ce11 manufactlues/assembles approximately one to two different 

ptoducts each. Thus, although the Manufacturing processes will vary between work-cells due 

to the fact that the products vary, the information process flow will not. Each existing work- 

cell shares a common infomation process flow and thus also shares the same infomation 

systems, which include Accpac: the order-ship-billing system, Convert: the job reporting 

system, Auto-label: the serial number and label generating system, POURS: the point-&use- 

replenishment system, the Test-Rig software program: used to store and retneve necessq 

information and to test the unit, the Repair database: used to store the various defects 

identified during the Manufacturing process, and the lob Release system: used to indicate to 

the Shipphg department when to pick up the finished units. Thus the flow of information 

between these systems is cornmon for al1 work-cells and this is the area of analysis which the 

next section will focus on. 

4.5 Analysis of the Manufacturing Information Process Flow 

To thoroughly understand the inner-workings of the information flow with respect to 

the manufacturing processes at GE Multilin, an infonnation process flow diagram must be 

created, as show in Appendix 5. By analyzing the system, key factors contibuting to 

defectderrors can be identified and later irnproved. The information process flow of the 

Manufacturing process is as follows: 

1. Generating the Orders Report 

2. Scheduling the Orders 

3. Generating the Order Contirmation Report 

4. Generating the Auto-label 

5. Auto-label Verification Process 

6. Assembling the Unit 
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7. Testhg the Unit 

8. Closing the Job 

9. Repairing the Unit 

4.5.1 Unit Operation I - Generating the Orders Report 

Input 
The input i s  the order related data that has been entered h t o  Accpac by the Inside 

Sales team. 

Process 
Every moming and every aftemoon a work-ce11 member mns the "orders" macro in 

Accpac, which expons al1 open order information entered by the Sales team into a text file 

that is accessible through the network by al1 work-cells. The text file is comma delimited and 

contains al1 the open orders for the entire Company. To properly run the macro, no other user 

can be viewing any of the particular work-cell's open order details in Accpac. If someone is 

viewing the details of an open order, for example a Sales member, the text file generated will 

not contain the order information being viewed. It is important to note that once the text file 

is generated, it replaces the previous file located on the network. 

The next step involves running a Fox Pro program, called "Convert", that parses the 

"orders" text file and creates a report for each of the individual work-cells. The report 

contains al1 of the open orders for each of the respective work-cells and can be customized to 

highlight late shipments, shipments due today, new orders entered since the last printout, and 

any orders that have been editedlchanged. Once the report is generated it is then printed so it 

can be used for scheduling purposes. If the macro is not run properly, the resulting report will 

not display al1 the jobs for the particular work-cell. in addition, not al1 work-cells are under 

the impression that running the macro on a daily basis is necessaiy, although they do run the 

Convert program regularly. This may be due to the fact that the Convert program does not 

indicate to the woik-cells that the text file being used does not contain the latest up-to-date 

information. Therefore, the relationship between the macm and the Convert program is not 

well understood. If the text file is not updated by ninning the rnacro, the program will use the 

previous file and will generate an out of date report, unknowingly, to the work-cells. 
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Output 
The output is a hard copy report detailing al1 the open ordets for a particular work-cell. 

4.5.2 Unit Operation II - Scheduling the Orders 

lnput 
The input is a hard copy report, generated by the Convert program, containhg al1 

open orden for the particular work-ce11 in question. 

Process 
The information contained in the printed hard copy of the open orden is the primary 

aid in scheduling jobs. The open orders report is analyzed to provide the following 

information: jobs that are due in the near future, jobs that are late, and new jobs recently 

entered into the system. This infonnation provides the work-cells with sufficient information 

to make pertinent decisions with regard to kanban sizes, the need to schedule overtirne, 

regular reporting information and more importantly scheduling the jobs to be completed by 

the end of the dayfweek. in order to make proper decisions, it is highly essential that the 

infonnation presented in the report be accurate. Jobs that are selected to be completed are 

usually manually highlighted and fuially crossed off the report when the Manufacturllig 

process has commenced. Missing information can easily lead to late jobs, ultimately leading 

to a decrease in customer satisfaction. 

output 
The output is the selection of jobs that are deemed to be high in priority to be 

completed. 

4.5.3 Unit Operation III - Generating the Order Confirmation Report 

lnput 
The input is the information regardhg the jobs that were identified as having high 

priority to be completed. 
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Process 
Once the jobs have been selected to be worked on, an order confürnation sheet, the 

same that the customer receives, is printed fiom Accpac and provides the work-cells with al1 

the information required to start the manufacturing process. To print the report a work-cell 

member must perfom the following steps in Accpac: select order invoice menu, select print 

order confmation, select edit, enter the Multilin job number twice, and modiQ the last job 

number entry field. This process must be completed in order to print each order confmation 

report. 

The report contains essential information such as ship to and bill to addresses, 

custorner P.O., payment terms, order date, ship date, item number, accessories, comments, 

quantity, and the full order code. The report essentially inforrns the work-cells with regards to 

what exactly they are building and who they are building it for. 

Output 
The output is the information pertaining to what exactly is required to be built in order to 

fiitfill the order. 

4.5.4 Unit Operation IV - Generating the Auto-label 

Input 
The input is the order related infomation contained in the order confirmation report. 

The Process 
The order confirmation repori is used to identim which product type will be built and 

also aids in entering data into the Auto-label program. Depending on the product type, the 

user selects which Auto-label forni to use. This is a manual selection which is directly 

dependent on the product type selected to be rnanufactured. Once the proper form is selected 

the infomation contained in the order confmation report is entered manually into the 

system, such as Multilin job number, customer name, customer P.O., scheduled ship date, tag 

#, quantity, order code and options. The order that the infomation is presented in each order 

request does not necessarily match the order in which the information is entered into the 

system. Thecefore this entails that some tirne must k spent searching for the information 

befoce it is manually entered. Once the information is entend, an Auto-label is produced for 
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that specific product type behg manufactured, as seen in Appendix 6. The Auto-label 

consists of three major components, the labels that are placed on the unit, the shipping labels, 

and the 'Tob card". The information that was manually entered is used to fi11 out the 

information on the labels. The Auto-label program also stores al1 the information entered 

into the appropriate database and provides each Auto-label created with a unique serial 

number, thus each unit manufactured will have a unique serial number. It is important to note 

that the user has to manually check whether the serial number has been incrernented 

conectly. No automatic check exists to venfy whether the serial number created is unique. 

For a large number of orden the data is entered once and the program increments the serial 

nurnben for each subsequent unit in the order, maintainhg the same order related 

information for al1 the Auto-labels produced thereafter. Thus for an order of a twenty units 

that are configured exactly the sarne and contain the sarne customer information, the order 

related data must only be entered once. 

It is important to note that each work-ce11 has their own Auto-label program, their 

own forms, and their own databases to maintain. Although the information that is stored in 

the databases are very sirnilar fiom work-ce11 to work-cell, the database format has not been 

standardized. Therefore, work-ce11 A rnay name the seria! number field in their database "sn" 

while work-ce11 B may cal1 it "serialnum". The importance of this fact is that perfonning 

reporting functions from several work-ce11 databases becomes a difficult task due to a lack of 

standardization in theù database field names. Also the databases created do not al1 follow 

normalization rules and are not indexed properly making querying a tirne consuming process. 

Also, there is no documentation regarding how and why a particular form was created in a 

specific manner. Therefore duplication in the forrn calculations may occur when a work-ce11 

mernber inherits the form fiom someone else. 

The job card, a component of the Auto-label, is used as a record for the work-ce11 

containhg pertinent information such as the job number, order code, h w a r e  revision, serial 

number, and customer information. Other pertinent information is manually recorded on the 

physical job card thughout the manufacturing process. 
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output 
The output is a completed Auto-label which contains al1 the unit and customer related 

infonnation and also contains the job card which is essential in the manufacturing process. in 

addition, the output is also the related unit information that is stored in the database. The unit 

information cm be extracted by querying on the unique identifier which in this case is the 

unit serial number. 

4.5.5 Unit Operation V - Auto-label Verifkation Process 

Input 
The input is the Auto-label itself containhg the unit specific information and the job 

card. 

The Process 
The fust Auto-label of each order is printed and then inspected for validity by 

comparing it to the information presented in the order confmation report. information such 

as order code, job number and customer information is manually inspected to ensure that they 

are identical. The order in which the infonnation is presented in the Auto-label does not 

correspond to the order that the information is presented in the order confmation report. 

Therefore this entails that the user musi search for the information when attempthg to 

compare the two. in addition to data verification, the print out is also checked to ensure that 

the actual labels are fm from defects. Occasionally the text that is printed is outside the 

actual label boundaries, and is one example of a defect. The entire verification process is 

handled by visual inspection. If a defect is discovered, the defect is corrected. If the defect is 

an incorrect piece of infonnation, the data can be retyped and a new Auto-label can be 

generated. 

Output 
The output is a verified Auto-label and vecified information related to a specific unit 

that is stored in the database. 
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4.5.6 Unit Operation VI - Assembling the Unit 

Input 
The input is a verified Auto-label and verified information related to the specific unit 

which is stored in the database. 

The Process 
It is important to note that there are multiple of manufacturing processes within this 

unit operation. The manufacturing processes Vary depending on the work-ce11 and the product 

being manufactured. However, the information process flows for "assembling the unit" 

remain consistent between work-cells and is the focus of this malysis. Therefore the 

manufacturing processes within this unit operation will only be highlighted to aid in 

providing clarity and understanding to the information process flows for this unit operation. 

Since the work-cells follow a "make to order" philosophy, the order code is essential 

in indicating what exact configuration of the unit is required to be built. The Auto-label 

provides this information. Depending on the configuration, the particular process sheets are 

selected to aid in picking the correct parts and in properly assembling the unit. Since each 

work-ce11 contains multiple work stations that are specific to each task, with regards to 

building the unit, the process sheets specific to each task can be found at the respective work 

stations. 

The Auto-label travels with the unit as it is being assembled fkom workstation to 

workstation. To thoroughly understand the process lets take a look at a real-life example: 

building a 269 unit. Once the Auto-label has been generated it is then given to the personnel 

responsible for the next manufacturing process, which in this case is the "preparation for 

calibration" stage. There the individuals responsible for this task identify the particular 

configuration required and select the proper process sheets to aid them. Using the correct 

pmcess sheets, they then pick the correspondhg parts and assemble the components that are 

identified. The Auto-label is used twofold, to provide the necessary labels for this stage that 

are placed on the parts assembled, and to record the full name ofthe individual that 

completed this process step and the individual that inspected the work performed. The date 

that the work was perforxned and inspected is also recorded on the job card. The next process 

step, for building a 269, is "assembling the faceplate". The Auto-label for this particular unit, 
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containing al1 the infonnation manually recorded on the job card from the previous stage, is 

then given to the personnel working at this workstation. Using the information present on the 

Auto-label the appropriate process sheets are selected, the correct parts identified and picked, 

and the faceplate is assembled as indicated fiom the process sheets. The required labels are 

peeled off the Auto-label and placed on the unit as specified by the process sheets. Once the 

faceplate is assembled correctly the individual(s) record their name(s) and date on the job 

card. The individual responsible for inspecting the work perfomed also records hislher name 

and the date inspected. This is then repeated for the other process steps until the testing 

process is reached. It is important to note that the Auto-label, including the job card, travels 

along the various process steps, collecting the necessary information regarding who was 

responsible for each step and who inspected the corresponding work. 

It is important to note that there may be multiple units flowing through the work-ce11 at any 

point in t h e .  Each unit is accompanied with its conesponding Auto-label. However, there is 

a potential for Auto-labels to be misplaced, thus an Auto-label intended for unit A may be 

accidentally placed on unit B. Depending at what process stage this occurs, the unit may be 

incorredly built. Although these errors are often discovered at the testing stage, the time 

requùed to repair the unit may delay the shipment, thus resulting in unsatisfied custorners. 

The work-cells use a kanban system to replenish the parts used. Al1 parts used in assembling 

the units are picked from shelves located at the perimeter of each work-cell. The parts are 

stored in bins which each contain a removable identifier, containing the part number and bar- 

coded part number. A trigger to replenish the bins is sent to the Warehouse department when 

the bins reach a certain level, with respect to the parts they contain. Once a bin reaches a 

certain level, the identifier is used to scan the part number into the Warehouse system, which 

is in the form of a mobile bar-code reader. The bar-code reader saves the part number into 

memory, and twice a day the part numbers are downloaded to the POüRS (point of use 

replenishment system) located in the warehouse department. Supplien utilize POüRS in 

order to know when to replenish the various parts they supply. Once the parts are received 

from the supplier, the bhs are then brought to the respective work-cell. 
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The Output 
The output is an Auto-label containing a job catd with additional information 

recorded on it, detailing work-ce11 members responsible for the various processes completed. 

The unit is now ready for the testing stage. 

4.5.7 Unit Operation VI1 - Testing the Unit 

Input 
The input to this stage is the unit itself, and most irnportantly the information 

contained on the Auto-label, and more specifically on the job card. 

The Process 
The individual responsible for testing the unit examines the job card to ensure that the 

unit is ready for testing by determinhg whether the previous processes have been completed. 

Once the unit has been deemed ready the unit is placed in the Test lüg. Depending on the 

type of Test Rig, the individual either manually types the necessary information into the 

software program or uses the serial number of the unit to extract the information fiom the 

Auto-label database, thus automathg the data-entry process. Key pieces of information 

necessary include the serial number itself, order code, date manufactured and firmware 

revision. The Test Rig programs the correspondhg unit with this information. This allows the 

end-user to determine the configuration of the unit without disassembling the unit. Once the 

information has been entered, the unit is tested. The various tests perfonned on the unit 

directly depend on the product type. At the end of the test, the test-rig prints a test sheet 

which identifies which tests the unit has passed and failed. If the unit passes al1 the necessary 

tests, it continues to the next manufachiring stage which is pack-up, if not the unit is sent to 

the repair station. The name of the individual(s) that perfonned the tests and the date the tests 

were performed are then recorded on the job card. 

The Output 
The output of this unit operation is the Auto-label, containing information regarding 

who perfonned the test and when, and the test sheet, containing information regarding the 

tests p e r f o d  
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4.5.8 Unit Operation Vtll - Closing the Job 

Input 
The input to this unit operation is al1 the information collected throughout the 

manufacturhg process with respect the particular unit being built. The Auto-label database, 

the job card and the test sheet contain the majority of the information collected throughout 

the process. 

The Process 
Once the unit has passed the final manufacturuig process, the "pack-up" stage, where 

the unit, instruction manual, and necessary software are placed in a shipping box, the last of 

the labels from the Auto-label are placed on the shipping box. The job card is then peeled 

away fiom the Auto-label and placed on the back of the test sheet, creating a report 

containing al1 the information collected from manufachiring the unit. This is then stored in a 

filhg cabinet within the work-cell. The Auto-label itself is then considered scrap. The serial 

nurnber of the unit, which can be read fiom the shipping label placed on the box, is manually 

entered into Accpac, to indicate that this particular unit has been completed. The serial 

number of the unit is also manually entered into the job release database indicating that the 

unit has been completed. By entering the unit into Accpac, Accounting uses this as a trîgger 

to invoice the customer. By entering the information into the Job Release database the 

Shipphg department uses this as a trigger to know when to pick up the unit(s) fiom the work- 

cell. In addition the information entered into both systems is used to perform various 

reporting huictions. 

It is important to note that for both the Accpac and Job Release system, an individual 

from the work-ce11 must type the serial number of the unit into both systems. A tendency 

occurs to enter all unit serial numben into both systems only once the entire job has been 

completed. Only once al1 the units for a particular job have k e n  completed do either the 

Shipping or Accounting departrnents perform theù respective duties. Since some jobs may 

contain over 200 units, over 200 serial numbers must be manually entered into both systems. 

No verification regarding whether the serial numbers have been entered correctly occurs in 

either systems. In addition, no vetification regarding whether al1 necessary serial numbea 

have been entered ever occurs. If al1 the serial numbers have not been entered, both systems 
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do not consider the jobs closed since they compare the number of serid numbers entered to 

the number of units that were ordeted for that particular job. Thus this will delay both the 

invoicing of the job and the shipment itself. 

The Output 
The output to this unit operation is the information contained in the Auto-label 

database regarding the unit itself, the information contained on the test sheet and job card 

regarding the tests performed and individuals that were involved in the manufacniring 

process, and the information contained in both the Accpac and Job Release System indicating 

that particular job has been closed. The data stored may be used for reporthg hctions and 

may also be invaluable when and if the unit returns fiom the field for upgrades or for repairs. 

4.5.9 Unit Operation IX - Repairing the Unit 

Input 
The information contained on the Auto-label and the Auto-label database i~ the input 

for this unit operation. 

Process 
During any of the processes involved in manufacturing the unit, the unit may be 

required to be sent to the repair station. This may be due to the unit failing visual inspection, 

due to damage to components during assembly, or the unit failing the tests conducted. Once 

the unit is brought to the repair station, a non-confocmance tag is issued. The non- 

confonnance tag is brightly colored, and placed on the unit making it easily distinguishable 

60m working units. A repair person copies several key pieces of information fiom the Auto- 

label to the non-conformance tag such as job number, order code, ship date, type of problem 

discovered, date the problem was first identified, and by whom the problem was identified 

by. The unit is then placed on the repau shelf until a repair personnel decides to investigate 

the issue M e r .  Once the problem is investigated m e r  and a solution is deterrnined the 

information including the solution itself and the individual responsible for repairing the unit 

is either entered manually in the repair database or stored on a repair sheet and filed in a 

cabinet. 
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A majority of work-cells have abandoned the use of the repair database since they 

claim "it takes too long to enter al1 the information it requires, and most of the information it 

requires is irrelevant and redundant". Therefore the majority of work-cells rnanually record 

the information on a repair sheet and then file the information in a filing cabinet. This method 

has certain constraints since it becomes very difficult to answer questions such as how many 

units have failed test A, or how many units have failed due to irregularities in parts C and D. 

Storing the repair information on sheets of paper eliminates the possibilities of finding 

patterns in failed units and also makes reporting a very manual, and tirne-consurning task. 

The use of a database would allow users to query on the data stored and could automate the 

reporting functions. However, since the current database requùes the user to te-enter most of 

the information stored in the Auto-label database plus extra information, and its reporting and 

querying features are lirnited and dificult to use, most users have deerned it as "not a worth 

while tool to use". 

Output 
The output of this unit operation is the information pertaining to the root cause of the failure 

and how the problem was solved. The infonnation may either be in electronic or hard-copy 

fom, depending on the specific work-cell. 

4.6 Key Diffemnces between bhe Existing end New Product Lines 

There are three main key differences between the new product line and the existing 

ones worth noting, with respect to the manufacturing information process flow. 

The first main difference is the number of products that the new work-ce11 will be 

responsible for manufacturing and assembling. The average number of products per work-ce11 

for an existing product Iine is one to two. The new work-ce11 will be responsible for over 10 

products. Thus this entails that the new work-ce11 will have an increase of volume of orden 

in cornparison to an existing work-cell. In order to meet the customer's required delivery 

dates without increasing the normal work-ce11 staff count, it will become increasingly 

important to strearnline the flow of information and reduce unnecessary re-work. Reducing 

tirne spent in data-entry, searching for idormation such as the correct process sheet, figuring 
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out which parts to pick, will becorne crucial if the customer's expected delivery date is to be 

met. 

The second main difference is the added cornplexity contnbuted by the increase in the 

number of possible configurations, with respect to the order code. This will have a significant 

impact in the assembly process. An increase in configuration combinations also increases the 

number of process sheets that must be available to choose From, which is currentiy a manual 

process. Using an incorrect process sheet will result in assembling an incorrect product. In 

addition, the number of parts that must be selected h m ,  also increases in cornp~son to an 

existing product, potentially increasing the cycle t h e  in assembling the product. Also, the 

current assembly process lacks a validation process with respect to whether or not the correct 

parts were selected and assembled properly. With millions of possible configurations, 

selecting the correct parts and assembling the parts correctly becomes a very dificult and 

daunting task. 

The third main difference is the length of the order code. The length of the new 

product line may range from 35 to 70 characters in length in comparkon to the existing 

product lines which range from 8 to 20 characten. This will increase the opportunity for 

errors with respect to data entry. in addition this also complicates matters when deciphering 

the order code in an attempt to undentand what exactly is required to be built. Due to the 

modularity of the new products, over 9 different components/modules may be required to be 

assembled in order to build a single product. For example, an order code such as: L90-A000 

HCH-H6A-L6B-N6D-S6H-U6JJW7A requires a cpu module of type "A" to be assembled, a 

chassis to be assembled in the "Horizontal" mounting position, a "C" type faceplate to be 

assembled, five different digital input/outputs to be assembled of types "A", " B ,  "D", "H" 

and 'T', and a communications module of type "A". The order code also identifies the slot 

positions that the modules must be placed in the chassis. In addition, these 

components/modules must be assembled in a particular rnanner to produce the fual product. 

4.7 Variance Contml Anrlysis 

The process variances within each unit operation were identified using the 

information gathered in the order enûy and manufachuhg analysis, the technical interview 
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questionnaires and information process flow diagrams, as seen in Appendix 7. As a result, 

several key variances were identified. After identifjring the key variances, information on the 

severity and consequences of their occurrences were identified, as seen in Appendix 8. This 

infonnation refers to where and how the key variances occumd and who detected them. in 

addition, the analysis conducted regarding the key differences between the existing and new 

product lines was also used to aid in identiwg the variances that will have a greater impact 

with respect to the information process fiow of the new product line being introduced. Thus, 

twelve key variances were identified through the technical system analysis based on criteria 

of the number of future impacts, andor their potential severity nom a fuiancial, quality, on- 

t h e  delivery, accuracy of reporting, and customer satisfaction perspective. The twelve key 

variances are as follows: 

N.B.: (number indicates actual variance number) 

incorrect Order Code Table Displayed in Documents (1) 

incorrect Order Code Generated as pet Customer's Requirement (2) 

incorrect Price Calculations (4) 

incorrect and infeasible Ship Date Calculations (5) 

hcomplete and incorrect Manual Data Entry (Accpac) (1 5) 

improper verification of Job Entry to System (1 7) 

Incorrect Usage of the Accpac Reporthg Tool(19) 

incorrect and hproper Usage of the "Orders" Macro and b'Convert" Program (21) 

bcomplete and incorrect Manual Data Entry (Auto-label) (26) 

hproper Database Design and Standards (30) 

Improper interpretation of the Order Code (38) 

hcomplete and Incorrect Manual Data Entry (Test-rig) (46) 

Non-Standarâized data Collection Method (57) 

These variances were highlighted due to their systematic influence on other variances 

within the cwent information process flow and potential influence on the new product line's 

information process flow which could possibly connibute to several or al1 of the following; a 
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degradation in the quality of the product being manufactured, rise in costs, a decrease in on- 

t h e  delivery, a degradation in the accuracy of reporting, and a decrease in customer 

satisfaction. 

4.7.1 Quotation Requested and Generated 

N.B. (fmt number indicates the variance; subsequent nurnbers indicate the variances 
affected) 

Incorrect Order Code Table Displayed in Documents (1 : 2,3,7,9,  10, 1 1, 14, 15,20, 
22,25,26,27,33,35,38,39,40,43,46,48,50,62,63,64,66) 

This variance describes the cunent difficulty in ensuring that the over 150 order code 

tables are up-to-date and correct in al1 the various documents that they are displayed in. The 

order code tables are displayed in the product catalog, product manual, product brochure, and 

other documents located on the htranet and Internet. Due to the fact that the order code 

tables rnay be incorrect and not up-to-date the order code created as a result of these tables 

rnay not meet the customer's needs and requuements (2). Since the order code generated 

rnay be incorrect an incomplete and invalid quote rnay be created (3). Since the quote rnay be 

invalid and incorrect the customer may need to make modifications to the quote generated by 

the sales team (7). in addition, the quality of the order verification (9) and order code 

validation (10) process rnay suffer since it rnay be difficult to identiQ the fact that the order 

code is incorrect and invalid. Even once identified it rnay be difficult to correct the rnistake 

without a sigiificant t h e  delay associated with re-contacthg the customer. The quality of the 

pnce validation rnay suffer as well since it rnay be difficult if not impossible to confum a 

price to an invalid order code (1 1). In addition the quality of the customer's order verification 

process (14) will suffer if the order code is incorrect and invalid, shce even if the error is 

identified the entue order code generation process must be redone. Also an incorrect and 

invalid order code will dùectly impact the quality of the data entry process. Even if the order 

code is rnanually entend correctly an invalid and incorrect order code would still be stored on 

the order-shipbilling system (15). Again as mentioned earlier, an incorrect and invalid order 

code rnay make it difficult for the customer to identify the e m r  in the order confinnation 

process (20). The customer rnay be under the impression that since the information present on 
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the order confirmation has undergone various validation and verification processes the data 

must be correct. An incorrect order code stored on the order-ship-billing-system will directly 

affect the quality of the "open orders" report (22) generated, since it will contain incorrect 

and invalid data. Since the data present in the "open orden" report is the same as the data 

contained in the "order confmation" report (25). this report will also contain incorrect and 

invalid data. Thus since the data contained in the "order confmation" report is manually 

entered into the Auto-label system, the data will be incorrect (26) thus generating an incorrect 

Auto-label (27). Since the Auto-label may contain incorrect data the quality of the Auto-label 

inspection may suffet (33) since it is very difficult to identify an incorrect order code at this 

point in the process (35). Since the order code may be incorrect, properly interpreting the 

order code in the manufacturùig process may be an impossible task (38). This directly 

impacts the process of selecting the correct process sheets (39), and parts (40) in order to 

assemble the product correctly. Thus since the order code is incorrect the labels used on the 

unit displaying the otder code will also be incorrect (43). In addition. since the data fiom the 

Auto-label is then manually entered into the test-rig (46) system which then creates the final 

test sheet (48), incomct data will be also be present in these processes (50). Again since the 

ordet code is incorrect the quality of the data entered in Accpac and in the lob Release system 

will also be inaccurate. Not having correct and up-to-date order code tables in the various 

documents may result in rework in the order code generation process, additional phone calls 

to the customer to confm the order code, rework in both the multitude of manual data entry 

processes and the manufacturing/assembly processes. Thus the rework and delays resulting 

fiom this variance contributes to an hcrease in overall costs (63), a decrease in quality levels 

(62), and a decrease in on-the delivery (64). In addition another consequence of this 

variance is a decrease in customer satisfaction due to the fact that product delivered, even if 

on-tirne, will not meet his/her needs and requirements (66). 

With the introduction of the new product line this variance will be hcreased in 

magnitude. This is due to the modularity of the product lhe, every product within the new 

product line shares certain modules that are described in the order code tables. Adding and 

editing a module will entai1 changes to every order code table within the product line that 

shares that particular module. Thus there is an interdependency between order code tables 
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that did not exist for the existing products. If the current manual process of maintaining the 

order code tables is used for the new products being introduced it may become an impossible 

task to ensure that the order code tables are up-to-date and correct within the various 

documents distributed. 

O Incorrect Order Code Generated as per Customer's Request (2: 3.4,7,9, 10,11, 14, 
15,20,22,25,26,32,33,35,38,39,40,43,46,48,50,62,63,64,66) 

This variance describes the process of interpreting the order code tables to configure the 

product to meet the particular specifications and requirements that the customer needs. It is 

impoctant to note that the manner which the order code is generated with the use of the table 

is a very manual process. Usually a customer or sales agent has a copy of the order code table 

in one hand and the brochurelproduct catalog in the other. As the order code is being created, 

conforming to the standard displayed in the table, the brochure or cataiog is used to aid the 

selection of various options by reading the detailed descriptions. Two possible problem 

scenarios can occur during this process. The fmt is that a valid order code is generated that 

does not best meet the customer's requirements, incorrect but valid options are selected. The 

second problem that may arise is that an invalid order code is generated that either does not 

follow the product rules or the order code is misspelled when generated. Thus due to this 

van*ance an invalid order code (does not follow the product rules or is misspelled) or 

incorrect order code (valid but configuration does not meet the customer's requuements) is 

used to create an incomplete and invalid quote (3). Since the order code is either invalid or 

inconect the price being quoted may also be incorrect (4). Thus the quote the customer 

receives may require some modifications if hdshe identifies the errors (7). in addition, the 

quality of the order verification (9). order code validation (IO), and price validation processes 

(1 1) may suffer since it will become increasingly dificult to identifi the fact that the order 

code is incorrect and invalid. Also, the quality of the customer's order verification process 

(14,20) will suffer if the order code is incorrect or invalid, since even if the error is 

identified, the entire order code generation process must be redone. Also an incorrect and 

invalid order code will directly impact the quality of the data entry process (1 5). An incorrect 

or invalid order code stored on the order-shipbilling-system will dkctly affect the quality of 
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the "open orders" report (22) generated, since it will contain incorrect and invalid data. Since 

the data present in the "open orders" report is the same as the data contained in the "order 

confirmation" report (25), this report will also contain incorrect and invalid data. Thus since 

the data contained in the "order confmation" report is manually entered hto the Auto-label 

system, the data will be incorrect (26) thus generating an incorrect Auto-label (32). Since the 

Auto-label may contain incorrect data the quality of the Auto-label inspection may suffer (33) 

since it is very difficult to identi@ an incorrect order code at this point in the process (35). 

Since the order code may be incorrect, properly interpreting the order code in the 

manufacturing process may be an impossible task (38). This directly impacts the process of 

selecthg the correct process sheets (39), and parts (40) in order to assemble the product 

correctly. Thus since the order code is incorrect the labels used on the unit displaying the 

order code will also be incorrect (43). in addition, since the data fiom the Auto-label is then 

manually entered into the test-rig (46) system which then creates the final test sheet (48), 

incorrect data will be also be present in these processes (50). Again since the order code is 

incorrect the quality of the data entered in Accpac and in the Job Release system will also be 

inaccurate. Thus, customea' or sales members' inability to easily generate correct and valid 

order codes may result in rework in the order code generation process, additional phone calls 

to the customer to c o n h  the order code, rework in both the multitude of manual data entry 

processes and the manufacturing/assembly processes. Thus the rework and delays resulting 

fiom this variance contributes to an increase in overall costs (63), a decrease in quality levels 

(62). and a decrease in on-the delivery (64). In addition another consequence of this 

variance is a decrease in customer satisfaction due to the fact that product delivered, even if 

on-tirne, will not meet hisher needs and requirements (66). 

With the introduction of the new product line this variance will also be increased in 

magnitude. The nurnber of possible combinations, ranging in the millions, will make it 

difficult for both the customer and sales mernben to easily and quickly configure the product 

correctly to best meet the requirements and specifications identified. The fact that this is a 

ncw product line and limited training may be initially conducted may also contribute to 

making it even harder to configure the product correctly. in addition the fact that the order 

codes for the new pmducts king introduced can be up to seventy characten in length in 
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cornparison to the current maximum of twenty characters, manually creating the order code 

correctly (typing or hand-writing) will become an increasingly difficult task. 

r Incorrect Price Calculations (4: 6,7, 11, 15, 19,54,62,63,66) 

This variance describes the manual process of generating price quotations. Currently the 

order code provided is used to identify the options selected. The pnce addea for the options 

are combined with the base price of the product and a price discount may be added depending 

on the customer. The price adder information is provided by inside sales in a spread sheet 

format to the various sales agents, while discount information is created and maintained by 

the respective sales agents and may be stored in multiple format types, such as Microsofi 

Excel or Word. This manual process of calculating prices may lead to incorrect quotations 

(6), which may cause the customer to either decline the order or dernand the quote be redone 

(7). If the error is even identified in the manual price validation process, the sales agent 

associated to the order must be contacted who then in turn must contact the customer 

explainhg the situation, thus delaying the order entry process (1 1). If the error is not 

identified during the validation process, it will be entered as i s  in the order-ship-billing 

system (1 5). The customer then has one final opportunity to identiQ the incorrect pricing 

when hdshe receives the order confmation report (19). An inaccurate invoice will be the 

end result of this variance (54). Thus due to the fact that the price was calculated incorrectly, 

there may be a financial loss if the ptice calculated was lower than the actual p h  (63). Also, 

the overall quality of the transaction has decreased (62). In addition, if the customer discoven 

that helshe has paid more than usual, customer satisfaction will decrease (66). 

With the introduction of the new product line, manually calculating pnces will 

become a more complicated task The modular nature of the product adds a multitude of 

different options with varying prices, thus adding complexity to the price calculation process. 

Incorrect and Infeasible Ship Dace Calculations (5: 15,20,62,64,66) 

The current process used to generate ship dates is very manual and allows lnside Sales 

members the ability to overbook jobs. The cunent process involves manually analyzing the 

lead tirne required to build the products and the current job schedules. Occasionally, the 

work-ce11 leader for the particular product requested is requkd to be contacted in order to 
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generate a feasible ship date, although this may add delays in the quoting process. Having 

such a manual process a h  has an impact on how the sales agents can quote the process. To 

schedule a job correctly they require to contact the inside sales team, they then manually 

generate the ship date, again delaying the quoting process. Entering an incorrecthfeasible 

ship date decreases the quality of data entry (15) and results in an irnproper confmation of 

the order by the customer (20). This results in an overall decrease in the quality of the 

purchashg experience with respect to the customer (62). in addition, not being able to 

generate a correct and feasible ship date quickly and easily may result in not delivering the 

product on time (64), and decreasing customer satisfaction (66). It is important to note that 

this variance will have the sarne results and consequences if the same process continues to be 

used when the new product line is introduced. 

4.7.2 Order Entered into the Order Entry System 

Incomplete and Incorrect Mnnual Data Entry (15: 20,22,25,26,32,33,35,38,39, 

40,46,48,50,62,63,64,66) 

This variance describes the manual process of re-entering the information contained in 

the quote into the order-ship-billing system. Information such as the order code, price, 

required ship date, billing and shipping information are manually entered. It has been 

identified that the order code is more prone to error with respect to manually data entry due to 

its length and complex nature. No automatic validation exists for the order code when 

entering it into the system. in compari'son the date field is checked to ensure that a valid date 

is entered, however this does not ensure that a feasible or correct date is entered. Thus even if 

the infonnation present in the quote is valid and conect, the manual data entry aspect of the 

order entry process may invariably cause inaccurate and incorrect data to be entered into the 

system. Thus the order confmation report generated by the system will be also be inaccurate 

(20), tequiring the customer to identify the enors. An incorrect order code stored on the 

order-ship-billing-system will directly affect the quality of the "open orders" report (22) 

generated, since it will contain incorrect and invalid data. Since the data present in the "open 

orders" report is the same as the data contained in the "order confurnation" report (25), this 

report will also contain incorrect and invalid data. Thus since the data contained in the "order 
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confirmation" report is rnanually entered into the Auto-label system, the data will be incorrect 

(26) thus generating an incorrect Auto-label (32). Since the Auto-label rnay contain incorrect 

data the quality of the Auto-label inspection rnay suffer (33) since it is very difficult to 

identiQ an incorrect order code at this point in the process (35). Since the order code rnay be 

incorrect, properly interpreting the order code in the manufacturing process rnay be an 

impossible task (38). This directly impacts the process of selecting the correct process sheets 

(39), and parts (40) in order to assemble the product correctly. Thus since the otder code rnay 

be incorrect the labels used on the unit displaying the order code will also be incorrect (43). 

in addition, since the data fiom the Auto-label is then rnanually entered into the test-rig (46) 

system which then creates the h a 1  test sheet (48). Thus, incorrect data will be also be present 

in these ptocesses (50). Again since the order code is incorrect the quality of the data entered 

in Accpac and in the Job Release system will also be inaccurate. Thus erron in the manual 

data entry process rnay result in rework in the order code generation process, additional 

phone calls to the customer to confm the order codelship date, rework in both the multitude 

of other manual data entry processes and the manufacturing/assembly processes. Thus the 

rework and delays resulting from this variance contributes to an increase in overail costs (63), 

a decrease in quality levels (62), and a decrease in on-time delivery (64). in addition another 

consequences of this variance is a decrease in customer satisfaction due to the fact that 

product delivered, if delivered on-time, still rnay not meet hisher needs and requirements 

(66). 

Due to the complexity and length of the order code this variance is most likely to 

increase in fiequency when the new product line is introduced. Even if only one of the 

seventy charaeters in a particular order code is mistyped the result is either a delay in the 

process in order to fix the order code or, worse case, a product assembled that will not meet 

the customer's original specifications. 

lmproper Verifkation of Job Entry to System (17: 20, 22,25,26,32,41,51,52,63) 

This variance describes the ability to duplicate a job previously entered into the system. 

Due to an improper implementation and use of the order-ship-biliing-system there is no 

automatic check to ensure that an orderfjob currently king entered has not already been 
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entered. This occasionally occurs when a sales agent sends in an order and later on the 

customer that the sales agent is representing also sends in the sarne order. Sometirnes the 

error is identified by the customer when helshe receives two order confirmations for the same 

order with different Job #'s (20), thus requiring a Job to be deleted fiom the system. If not 

identified at this point, duplicating a job in the order enûy system may result in a duplicate 

order being scheduled by manufacturing (22). An order confirmation report will be generated 

(25) for the duplicate order, and the infmation contained in the report will be manually 

entered into the Auto-label system (26), thus creating an Auto-label (32). The information 

present in the Auto-label will aid manufacturing in assembling the product (41), thus 

duplicating the order. The related product information will be entered into the test-rig, 

Accpac (51) and the Job Release system (52), thus producing a test report, an invoicing and 

providing pertinent shipping information respectively for the duplicate order.. Although 

actually shipping a product has never occurred, the fùrther along the process the duplicate 

order is identified, the greater the opportunity to increase costs (63) due to the time associated 

with assembling and testhg the unit and the raw materials used. tmportant to note, is that this 

variance will have the sarne results and consequences if the same process is continued to be 

used when the new product line is Uitroduced. 

4.7.3 Confirmation of Order 

Incorrect Usage of the Accpac Reporting Tool(19: 21,62,63,64,65,66) 

When an Inside Sales member is in the process of p ~ t i n g  or viewing the order 

conhation report, in Accpac, he/she is inadvertently locking out everyone else from 

viewing the job in Accpac and fiom exporthg the detailslinfomation of that job Born 

Accpac. Thus if the "orders" macro is nui at this time (21), an incomplete "open orders" 

report will be generated. The result is that complete orders may be skipped from the report 

and changes to orders may not be identified in time. Although the next t h e  the "orders" 

macro is rn the missing information may be identified in the report (65), this may result in 

rework (63), thus reducing overall quality (62) and may also delay the orders h m  being 

manufactured and shipped. Thus, this may result in a decrpase in the probability of the 

customer receiving the order on time (64), decreasing customer satisfaction (66). This 
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variance will have the same results and consequences if the existing process is used when the 

new product line is introduced. 

4.7.4 Generating the Orders Report 

a Incorrect and Improper Usage of the "Orders" Macro and HConvert" Program (2 1 : 

22,64,66) 

This variance describes the lack of knowledge displayed by the work-ceil with regards to 

the interdependency between the 'Qrders" macro and the "Convert" program. The "Orded' 

rnacro, must be nin first, thus exporting the "open orders" infonnation fiom Accpac to a text 

file located on the network. The "Convert" program is then nui and manipulates the data 

found in the text file to generate the "open orden" report. Occasionally the "Convert" 

program is run without running the "Orders" rnacro. Thus an out-o'date report is generated 

(22) since the "Orden" macro was not run. The result rnay entai1 that complete orders rnay be 

missing fiom the report. Although the next time the "orders" macro is run the missing 

information rnay be identified in the next report, îhis ultimately delays the order h m  being 

manufactured and shipped. The result is a decrease in the probability of the customer 

receiving the order on t h e  (64), thus decreasing customer satisfaction (66). This variance 

will have the same results and consequences if the existing process is used when the new 

product line is introduced. 

4.7.5 Generating the Auto-label 

Incomplete and Incorrect Manual Data Entry (26: 32,33,35,38,39,40,42,43,46, 

48,SO, 62,63,64,66) 

information that was already entered into the order-ship-billing system, such as order 

code, required ship date, and related shipping infonnation, is re-entered into the Auto-label 

program. Since the Auto-label rnay contain incorrect data (32) the quality of the Auto-label 

inspection rnay sufier (33) since it is very difficult to identify an incorrect order code at this 

point in the process (35). Shce the order code rnay be incorrect, due to the fact that it is more 

prone to data-entry enors, properly interpreting the order code in the manufacturing process 

rnay be an impossible task (38). This directly impacts the proeess of selecting the correct 
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process sheets (39), and parts (40) in order to assemble the product correctly. Thus since the 

order code may be incorrect the labels used on the unit displayhg the order code will also be 

incorrect (43). Also the infocmation presented on the Job Card will also be incorrect (42). In 

addition, the data fiom the Auto-label is then manually entered into the test-rig (46) system 

which then creates a final test sheet (48). Thus, incorrect data will be also be present in these 

processes (50). Again since the order code is incorrect the quality of the data entered in 

Accpac and in the Job Release system will also be inaccurate. Thus errors in the manual data 

entry process may result in rework in the order code generation process, additional phone 

calls to the custorner to confm the order codelship date, and rework in both the multitude of 

other manual data enhy processes and the manufacturing/assernbly processes. Thus the 

rework and delays resulting fiom this variance contributes to an increase in overall costs (63), 

a decrease in quality levels (62), and a decrease in on-time delivey (64). In addition another 

consequences of this variance is a decrease in customer satisfaction due to the fact that 

product delivered if delivered on time, still may not meet his/her needs and requirements 

(66)- 

Due to the compiexity and length of the order code, this variance is most likely to 

increase in fkequency when the new product line is introduced. Even if only one of the 

seventy characters in a particular order code is mistyped the result is either a delay in the 

process in order to fuc the order code or, worse case, a product assembled that will not meet 

the customer's original specifications. 

0 Improper Database Design and Standards (30: 3 1,50,5 1,52,62,65,66) 

The variance describes the lack of use of proper database design methodologies and the 

lack of standardkation between the multitude of Auto-label databases. The existîng databases 

allow duplicates in its primary key, the serial number field, thus allowing the creation of 

duplicate serial nurnbers (3 1). The duplicate serial numben are then entered into the Test-rig 

@O), Accpac (51) and Job Release system (52). Thus if the unit ever retms for servicing, 

complications in attempting to retrieve the data will arrive due to the fact that duplicate 

records will exist in the system. This will impact the quality of the service provided to the 

customer (62), thus decreasing customer satisfaction (66). in addition, the lack of 
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standardization between field names in the various Auto-label databases makes consolidating 

Auto-label reports a daunting task (65). This variance will have the same results and 

consequences if the existing process is used when the new product line is introduced. 

4.7.6 Assembling the Unit 

Improper Interpretation of the Order Code (38: 39,40,41,62,63,66) 

This variance describes the manual process of interpreting the order code displayed on the 

order conformation report and on the Auto-label to aid in the assembly process. By 

interpreting the order code incorrectly, incorrect process sheets will be selected (39), 

incorrect parts may be selected (40), resulting in improper assembly of the product (4 1). 

Ulthately this may lead to an increase in cost (63) due to the need for rework, a decrease in 

quality (62) since the customer did not receive hisher intended product, and a decrease in 

customer satisfaction (66). It is important to note that this rarely occun for existing products, 

however this variance was identified as being key mainly due to the fact that there is an 

increase in probability of this problem occurdng when the new product line is introduced, if 

this process remains the same. This is due to the added complexity that the new product line 

will bring to the process. Due to the length of the order code and the number of possible 

configurations, properly interpreting the order code manually to aid in selecting the correct 

process sheets and parts will become a more difficult and tirne consuming task. 

4.7.7 Testing the Unit 

Incomplete and Incorrect Manual Data Enhy (46: 48,49,50,53,62,63,64,66) 

Product information that was already entered into the order-ship-billing system, and in the 

Auto-label program, such as the order code, required ship date, and quantity, must be re- 

entered Uito the Test-rig program. As a result a final test sheet containing incorrect data may 

result (48) and the Job Card may not be properly updated (49,50). Again since the order 

code is incorrect the data entered in Accpac and in the Job Release system will also be 

inaccurate (53). Thus enors in the manual data entry process may result in rework in the 

order code generation process, additional phone calls to the customer to c o n h  the order 

codelship date, and rework in both the multitude of other manual data entry processes and the 
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manufacturhg/assernbly processes. Thus the rework and delays resulting from this variance 

contributes to an increase in overall costs (63), a decrease in quality levels (62), and a 

decrease in on-tirne delivery (64). In addition, another consequences of this variance is a 

decrease in customer satisfaction due to the fact that the product delivered, if delivered on 

time, still may not meet hidher needs and requirements (66). 

Due to the complexity and length of the order code, this variance is most likely to 

increase in Grequency when the new product line is introduced. Even if only one of the 

seventy characten in a particular order code is mistyped, the result is either a delay in the 

process in order to fur the order code or worse case a product assembled that will not rneet 

the customer's original specifications. 

4.7.8 Repairing the Unit 

a Non-Standardized Data Collection Method (57: 6 1,62,63,65,66) 

This variance describes the lack of a common method/standard to collect data regarding 

defects and other repair related infomation. Some work-cells use a database to collect the 

infomation while othen use a spreadsheet. The same information contained in the Auto- 

label database is manually re-entered either in another database or into a spreadsheet. Thus 

the data entered may be easily mistyped and incorrect (61). in addition, no standard exists 

regarding what pieces of information must be collected when the defect is identified and 

when the problem is solved. Thus this makes reporting dificult when attempting to 

consolidate data acms databases and spreadsheets (65). In addition, the overall quality of the 

reporting process decreases (62) and costs may increase (63) due to the e m  time and effort 

required to collect the necessary data. If and when the product r e m s  for servicing it will be 

difficult to identiQ whether or not the unit had been previously repaired during the 

manufacthg process. This rnay delay servicing the unit since valuable historical data may 

not be easily available, thus decreasing customer satisfaction (66). This variance will have the 

same results and consequences if the existing process is used when the new product line is 

introduced. 
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4.8 TèchnicaI Analpis Key Variance Control Table 
The technical analysis key variance control table, as shown in Appendk 8, can be 

used to illustrate the extent to which each key variance affects and is affected by the social 

system. It aids in identifying where important organizational and infonnation loops exist or 

are required. The control table identifies the unit operation where the variance occurs, 

location of observation, the operation where it is controlled and by whom, the actions 

required to control it, the required information flow necessaty for diagnosis and control, and 

suggestions for job and technology redesign. In addition, the table found in Appendh 9 is 

used to identiq the interdependencies between the recommendations suggested and the key 

variances that they affect. This table is necessary since the key variance control table has 

limited capacity to identify the highly interdependent information processes. The table 

identifies the interactions and interdependencies between both technology and organizational 

changes and the variances that they affect. 
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5.0 Social System Analysis 

This analysis focuses on how information technology affects and influences the work- 

related interactions among people. Data collection for understanding the social system can 

take many forms. interviews combhed with observation provided a logical and measured 

basis for guicihg change. Analysis was based on the following areas; quality of working life 

(QWL), goal attainment (G), adaptation (A), integraiion (0, and long terrn needs (L). QWL 

criteria questions were used as a benchmark to gather information about the values and 

concerns expressed by the Sales and Manufacturing teams about the quality of working life. 

S. 1 Quality of Working Life 
Al1 GE Multilin employees agree that there still exists a strong entrepreneurial culture 

whose roots trace back to the "early Multilin days" before General Electric acquired the 

Company. This ever present and thriving culture promotes a strong sense of ownership and 

autonomy in al1 the individuals who work there. Exarnples include the manufacturing work- 

cells, who own the entire rnanufacturing and related processes with respect to their particular 

product lines, and the multitude of cross-huictional tearns that are assembled to solve various 

issues that are identified as being critical to the customer. in addition, each individual is 

empowered to undertake projects in order to improve their processes, product quality, and 

quality of work life. Many employees interviewed stated that they take pride in the ability to 

be able "to make a difference" and this is one of the main reasons why many perfonn a 

multitude of projects that are in addition to their regular duties. 

Another important part of the GE Multilin culture which has a great deal of impact 

and influence on each of the employees on a daily basis is the quality initiative known as 6- 

Sigma. Even before GE acquired Multilin, quality was always identified as being a critical 

element for success. Total Quality Management (TQM) was used to ensure the highest 

possible quality of their products. Thus when GE acquired Multilin, the previous usage of 

TQM allowed the introduction of 6-Sigma to be quickly embraced by al1 employees. Unlîke 

the TQM initiative which focused mainiy on the processes related to the manufàcturuig of the 

product, 6-Sigma focuses on reducing the nurnber of defects in the entire organimtion. The 6- 
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Sigma initiative is now deeply embedded in the GE Multilin culture and employees embrace 

it as a tool that can be used to aid them in improvhg theù processes, product quality, and 

quality of work life. 

Unlike 6-Sigma, information technology is not viewed by many as a tool that can be 

used to aid in improving theù processes, product quality, and quality of work Me. This may 

stem from the fact that until recently an W T  department has never existed. The Cornputer 

Services department played a very limited role in its place, and they themselves did not fully 

undentand how to use information technology to its full potential. Many questions regarding 

whether IT could be applied to aid in improving processes resulted in answers such as "it 

cannot be done" or "it will be too expensive". This forced employees to look elsewhere to 

hi11 fil1 theù IT needs. Some developed theu own systems isolated from everyone else and 

othen outsourced their projects. Since there were no forma1 guidelines on how to scope 

projects, clear goals and objectives were not identified. There were no review processes in 

place to analyze whether or not IT solutions would indeed solve the problems identified, thus 

IT was often used as the "silver bullet". in addition, there were no roadmaps or guidelines to 

follow. End users' input was rarely used to develop the systems, and there was no feedback 

mechanism in place during development a d o r  testing to aid in ensuring that the fuial 

product delivered would meet the original objectives. Thus the final product delivered rarely 

met the end users' needs and requùements and was usually abandoned since there was no 

feedback process in place to evolve the systems that were implemented. 

5.2 Team Dynamics of the new Worû-Ce11 
To ensure the successful introduction of the new product line, a strong work-ce11 team 

has been put in place. The new work-ce11 team shares many similarities and also possesses a 

few key differences with respect to other work-ce11 teams. 

There are four main similarities that the new work-ce11 team formed shares with the 

existing work-ce11 tearns. The Fust is the fact they are al1 self-managed tearns, a group of 

individuals that have ownership over al1 responsibilities with respect to their particular 

product line. The teams own everything related to theu product line fiom customer relations 

and creating performance metrics to assembling and testing the products. The second main 

similarity is the fact that al1 team memben are cross-üained in the various work-ce11 
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functions thus increasing the team's ftexibility. The thud main similarity is that a majority of 

team members are 6-Sigma trained and undertake 6-Sigma related projects to aid in 

improving their processes and quality of work-life. The fourth main similarity is that al1 

memben of the team work closely together to overcome any obstacles that might arise. The 

daily morning meeting is one method used to identify new issues early and address them 

before they become major problems. 

The tùst major key difference is the fact that approximately half of the team is formed 

by individuals that are new to the Company. Thus, these individuals bring fi-esh ideas and a 

different perspective to the team. This provides the team with the ability to easily challenge 

the "status quo" if it is identified as requiring irnprovement. The second main key difference 

is the fact that the rest of the team is comprised of sorne of the best individuals fiom other 

work-ce11 teams. These individuals bring with hem vast knowledge and experience collected 

over years of working in other work-cell teams and also bring with them the GE Multilin 

culture and tradition that can be shared with the newcomers. The third main key difference is 

the fact that a majority of the team have had generally good experiences with using IT 

solutions in the past to streamline business processes and improve their quality of work-life, 

and thus are comfortable in using IT systems and solutions. This is unusual since in every 

other work-ce11 team there is usually only one or two individuals that that are comfortable in 

using IT solutions. The rest of the team depends on them with respect to being coniinually 

trained and reminded on how to properly use and troubleshoot the vatious systems. 

5.3 Goal Aminment 
Each year senior management convenes and reviews the accornplishments of the 

current year and sets the goals that must be achieved for the following year. Discussion 

ensues regarding the strategy required to "become the nurnber one choice for customen when 

it cornes to quality protection relays and quality services". Factors such as product strategy, 

markets, financials, and the usage of 6-Sigma are discussed in detail. The output of this 

meeting is a forma1 document, which details the past years "hits", successes, and 'hiisses", 

failures. This document is then reviewed by bigher level executives who perform a formal 

review of the state of the particular business. The particular business's reward for remaining 
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customer focused and "meeting the numben" include the promise for growth via increased 

headcount and/or by acquisitions. 

As the year progresses communication meetings are held on a quarterly basis to 

review the current state of the business with respect to the projected plans. Al1 employees are 

invited to participate in the meetings held by the Operations Manager and the Chief Financial 

Onicer. The goals for the year are reviewed and critical factors for success are discussed in 

detail. Success stories related to customer satisfaction are also shared throughout the meeting. 

A "question period" follows each meeting where healthy discussions regarding business 

strategy usually ensues. 

In order to achieve the overarching organizational goal, manufacturing has created 

their own vision and mission staternent that puts the organizational goals in terms that the 

manufacturing teams cm easily understand. Their mission statement identifies specific goals 

that each work-ce11 can easily comprehend and thus work toward, such as "meeting customer 

request dates for delivery and support." Every moming each work-ce11 tearn gathen together 

to discuss their teams' specific goals such as "eekly production rates" and any issues or 

problems that have been identified as being critical factors in achieving their goals. Due to 

the autonornous nature of each work-cell, each tearn is empowered to undertake 6-Sigma 

projects to address the various issues and problems identified during the morning meetings. 

An individual is usually identified as the "ownef' of the project but the entire tearn is 

involved in order to make the project a success. Each rnember of the team takes pride in the 

fact that helshe can help in achieving the goals identified in the mission statement. Each 6- 

Sigma project is tracked and reviewed at the various stages of the project's lifecycle by either 

the Master Black Belt or one of the various Black Belts. This process ensures that the 

particular project retains its original focus and purpose and will indeed aid the overall 

business in achieving the organizational goals identified. 

Unlike the Manufacturing team, the inside Sales team has no penonalized vision or 

mission statement but the underlying goal of "customer satisfaction" is still very apparent. 

The inside sales tearn works closely together to identiQ and solve the various issues and 

problems as they arise. Since the hside Sales tearn deals directly with the customer, they are 

usually the fust to hear about the various issues and problems that lead to customer 
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dissatisfaction. To deal with the arising issues, the entire tearn is engaged with 6-Sigma and 

various projects are always under way to aid in improvîng dieu interaction with the customer 

and the extemal sales force. 

Although each team's goals and subsequent strategies created to achieve those goals 

are apparent h m  the perspective of each of the respective team memben, they are not 

apparent for members of other teams or departments. For example specific work-ce11 goals 

and strategies may not be apparent to the members of the inside sales tearn and vice versa. 

The only tirne that these goals are shared between both parties are when cross-functional 

teams are created to solve specific issues that have been identified as mission critical. By 

working together both teams share valuable information that the other team was usually 

unaware. Unfortunately once the particular issue has been resolved, the cross-functional 

tearns are usually disbanded. Thus when this occurs, the information sharing between 

departments usually cornes to an abrupt stop. 

How information technology plays a role in aiding both the manufacturing and sales 

teams in attaining their goals and objectives is not well defmed or clearly undentood. There 

are no formal approaches, procedures, or road maps to using information technology to bring 

about process improvement. Most teams view information technology in a limited and 

restricted marner, and this explains why IT is viewed as only a rneans to automate manual 

processes by a majority of the employees. This may be due to the fact that the M T  

department is still viewed as serving the same function as the previous Computer Services 

department. Most employees refer to the iMT team as the Computer Services department 

and do not understand the differences between the two. 

5.4 Adpalion 
To cope with the increased customer demand in quality protection relays, the 

Company experienced significant growth throughout its history and has adapted significantly 

well. Multilin has grown 25% annually between 1978-1995, followed by a period of rapid 

growth: 42% in 1996,54% in 1997 and 32% in 1998. During this growth period each new 

employee was given the opportunity to embrace the unique Multilin culture, making them 

feel like an important part of a winning team. 
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Another exarnple of the entire organization's ability to adapt to change is its quick 

adoption of the quality initiative. Even before GE acquired Multilin, the organization had 

embraced and adapted well to the Total Quality Management (TQM) initiative. TQM was 

used to en sw  the highest possible quality of theu products. When the 6-Sigma rnethodology 

was fust introduced, the organization quickly realized, that unlike TQM which focused solely 

on the processes related to the manufacturing of their product, 6-Sigma focuses on reducing 

the number of defects in the entire organization. Thus the entire organization rallied behind 

6-Sigma and quickly had over 80% of their employees trained and thus almost instantly 

started to reap the benefits. Thus, it is apparent that as a whole, GE Multilin can adapt very 

quickly to embrace new ideas and methodologies in order to be successful. 

The culture created by the manufacturllig teams, which fosten the creation of self- 

managed work-cells that have owneahip over al1 responsibilities with respect to a particular 

product line, allow them to adapt quickly and easily to change. Al1 memben of the team are 

cross-functionally trained with regards to the various processes that are involved with the 

manufacturing of the particular product. This provides the work-cells with the extra 

flexibility needed to be able to deal effectively with fluctuations in production demands and 

the occasional sick leaves. in addition, the cultute present encourages al1 team members to 

suggest, and aid in implementing, ideas that may increase productivity and work-ce11 

performance, This ensures continual Unprovernent on the part of the work-cells and increases 

their ability to adapt effectively with change. 

Similar to Manufacturing, the members of the inside Sales team are also cross- 

fùnctionally ûained, thus allowing them to react quickly and eflectively to customer 

demands. The ability of the team to work together to identiv and elirninate potential issues, 

using 6-Sigma methodology, before they become major problems ensures continual 

irnprovement on their pari. 

To be able to react effectively to change on a much more global scale the 

Manufacturing and Inside Sales teams take advantage of the fact that theu employees are 

cross-trained in order to balance fluctuating production and sales demands. For exarnple, if a 

particular work-ce11 is struggling to deal with a sudden increase in demand for their product, 

rnembers of other work-cells with the required ski11 sets are called for to help. The same can 
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be said when the inside Sales team requires additional assistance. Cross-trained memben of 

the manufacturing work-cells that c m  be freed up corne to their assistance. To deal with 

larger challenges, cross-functional groups are created to quickly and effectively deal with 

rising issues that cross departmental boundaries. 

In order to adapt to changing processes, various tearns would identify the need for 

new systems. Due to the fact that an iM/IT department did not exist until recently, the various 

teams would take ownership in the implementation of IT related projects. The particular tearn 

would identify the need for a system and then would detetmine the best means to achieve the 

system on their own. This is consistent with the autonomous nature displayed by the teams. 

Two potentially different courses of action would then result. Some teams, with technically 

sawy memben, developed their own systems isolated fkom everyone else. Other teams who 

lacked memben with such ski11 sets would outsource the projects. Regardless of the course of 

action, due to a lack of knowledge with respect to implementing IT related projects, projects 

were usually not scoped propetly and essential issues such as documentation, scalability, 

flexibility, standardization, and security issues, were not adequately addresses. Thus a 

majority of the projects implemented did not meet the deliverables originally promised. 

Teams that delivered systems using in-house talent would evolve the system in order to meet 

the system's objectives. Teams that developed systems in this manner would add new 

components and modules to the original system until the in-house talents were either 

ptomoted to other jobs or le@ the Company. Once this occurred, the particular system would 

stop evolving, due to a lack of in-house technical knowledge and a lack of proper 

documentation. Within a few months the team would be usually incapable of evolving the 

system to adapt effectively to future needs, and thus the system would be abandoned by 

many. Teams that outsourced their project would be heavily dependent on the particular 

third-party selected for changes to the system. Due to a lack of experience in implementing IT 

solutions, the scope of the project would change frequently thus usually making the pmject 

cost-prohibitive to continue. Thus most teams were left with systems that did not address the 

original scope of the project and thus were usually abandoned. in addition, since there was no 

process in place to capture "lessons leamed" in past IT projects, the same mistakes were 

repeated decreasing the chances of successful IT project implemcntation drastically. 
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5.5 lntegnüon 
To survive in a competitive business environment with increasing user requirements a 

flat organization is essential in order to react quickly and effectively to the various user 

demands. GE Multilin is already a very flat organization and this provides the various tearns 

with increased responsibility and challenge in order to meet customer needs. Cross training 

has been embraced for the sake of both job efficiency and job enhancement. In addition, 

employees are empowered to help better defme the2 jobs and roles in the Company 

contributhg to personal job satisfaction. 

Communication among team memben is exemplary, however communication among 

different departments and teams, such as Sales and Manufactunng has been descnbed by 

many as "inadequate". Meetings between departments are only held as reactive measures to 

address critical problems and issues that have occurred or are continuing to occur. There are 

no processes currently in place to encourage a proactive mentality with regards to identifjkg 

potential issues and problems before they arise. Poor communication across departments also 

has resulted in duplicate efforts with respect to projects. Occurrences of different teams 

unknowingly working on the sarne problem, which most often crosses departmental 

boundaries, are not rare. 

Poor communication is also prevalent in IT projects. There have been cases where 

individuals from different Manufacturing work-cells have been unknowingly working on the 

sarne project, thus duplicating effort. This may be partially due to the autonomous nature of 

the work-cells since individuals are currently encouraged and empowered to undertake 

projects that will improve their processes, product quality, and quality of work-life. 

Unfortunately, there is currently no process in place to share ideas between departments or to 

identiQ which projects are being worked on. 

Another problem that often surfaces with respect to IT projects is ownership of 

information. It is frequently said that "information is the glue that holds an organizational 

structure together". Information can be used to integrate process activities, both within a 

process and across multiple processes. in addition, information collected from one process 

may prove essential for another. There is currently a lack of procedures and structure with 

respect to collecting and gathering information at GE Multilin. Since information cuts across 

numerous departmental lines, each department feels like they own the infornation. This 
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results in duplicate information being housed in various systems which may easily lead to 

integrity issues. In addition, thete is no current process in place to share information across 

departments, including success and failures with respect to IT projects. 

5.6 Long Tem Development 
New employees are welcomed to GE Multilin with a plant tour, and an informal 

orientation that includes envuonmental & safety training. The next few days are spent with 

their team mernbers who ûain hem on the vm*ety of duties and tpsks that await them. Cross 

training usually starts almost immediately, which results in employees becoming certified to 

perform a variety of job huictions. There is usually no formal training or classes for new 

employees with respect to their job duties and function. Most new employees express 

dissatisfaction with the initial orientation program. Most new employees interviewed stated 

that they would have liked an overview of the short term and long terrn goals of the 

organization and they would have Iiked to spend more time meeting with the other teams and 

individuals that they were lilcely to interact with. 

Al1 employees attend 6-Sigma training, otherwise known as "green belt" training. 

There are two, one week classes that employees must attend, and al1 employees must 

complete at least two "6-sigma projects" within the same year to become "green belt 

certified". "Green Belt" training also provides the attendees with the opportunity to interact 

with individuals fiom other departments and disciplines. There are approxhately ten to 

fifieen attendees per class that represent a van*ety of disciplines. Meeting individuals fiom 

other depactments will aid the attendees in making contacts that may be invaluable when 

working on cross-functional projects. Only a few individuals a year are selected to participate 

in "black belt" training, a more thorough and extensive course in 6-Sigma methodology, 

which may eventually lead to a position in the 6-Sigma department. 

Fonnal training courses, with respect to particular job hctions and duties, are few 

and far in between. However employees are encouraged to attend off-site classes, afier hours, 

intended to aid them to M e r  their career development. Employees are also encouraged to 

subscriie to work-related journais, magazines and seminars to aid them in m e r  career 

development. Courses related to improvuig leadership skills, and team dynamics are offered 
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via other GE training facilities, however only certain employees identified by upper 

management as prime candidates can attend. 

There are very few IT related training courses offered at GE Multilin. The training 

courses offered, take place after work, and are taught by a third party training Company. 

Topics include fiindamentals in Mictosoft Windows 95, Word, Excel, Corel and Visio. Many 

employees cornplain that the courses are too basic and are not challenging enough. Also 

many employees indicated that how the courses are taught, do little to identiS, how to better 

use the tools in actual work environments. 

5.7 Rewards and Recognition 
Individual goals are set at the beginning of each year with the employee's direct 

supervisor, and are re-evaluated and measured throughout the year, and are then reviewed at 

the end of each year. Before the review phase each employee must complete a form 

identiwng past achievements, goals accomplished during the year and future objectives. The 

direct supervisor then provides each employee with a written review recognizing 

achievements and identifying areas for M e r  improvement. Annual salary raises are given 

according to the individual's yearly performance. 

Employees interviewed, in the Sales and Manufactwing departments, stated that 

rewards and recognition usually only occurs once a year after their review process. The 

recognition that employees receive as the year progresses, for meeting their various goals and 

objectives usually results in nothing more than a "pat on the back". They also stated that the 

use of incentives would aid in enticing them to work harder toward their goals. The only 

forma1 reward ceremony is the annual 6-Sigma "green belt cornpetition", where teams present 

a 6-Sigma related project that was conducted during the year in front of judges and their 

peers. Prizes are given to al1 who enter and special recognition and reward are given to those 

that the judges feel have captured the essence of6-Sigma. 
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6.0 Recommendations 
Recommendations will be provided using the information gathered fiom both the 

research and analysis conducted. The recommendations will focus on two key areas and will 

address both social and technical issues identified in the analysis. The two key areas of focus 

are: 

1. Identifying key areas for improvement with regards to the current order entry to 

manufacturing information process flows. 

2. Development and implementation of new information systems that w il1 support 

the introduction of the new product line. 

6.f Basic Assumptions: Rok of the /W/T department 

in order for GE Multilin to stan ushg information technology to its full potential, it is 

essential for the IMIIT department to identify its new role to the entire organization and 

immediately differentiate itself from the Computer Services department's past. Many 

employees are not even aware of the fact that the WIT department has been created and is 

composed of 5 main teams: End-User Computing (replacing the Computer Services 

department's role), Core Applications, Infiastmcn~e, Special Projects, and Application 

Development. Each of the five team's main functions and goals must be cleariy defmed and 

identified to the organization to ensure successful integration with the other departments and 

teams. 

To be successful the WIT team must clearly identify to the organization the role that 

information technology plays in aiding the Company in attaining their goals and objectives. It 

must become apparent to the organization that IT is a tool that can be used to aid in 

improving theu processes, product quality, and quality of work life. To ensure the success of 

present and future projects utilizing information technology, the WIT team must quickly 

identify itself as a partner to the various teams and departments with respect to implementing 

information technology solutions. 

6.2 /denti@ing Key Amas Ibr Impvement widh regards to fhe cumnt O&r 

Enlry fo MInuhcfuring Process Flows 
The following recommendations are with respect to improving the general order entry to 

manufacturing information process flows. The following recommendations will address both 
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social and technical issues identified in the analysis. These recommendations can be 

irnplemented independently tiom the recommendations that will be provided in the next 

section, related to the introduction of the new product line. 

nie recommendations in this section will be divided uito 7 main categories, which 

include: 

A. The lMnT Team as a Partner in bringing about Process Improvernent 

B. Training 

C. Communication 

D. Streamlinhg the Order Entry Information Process Flows 

E. Streamlining the Order Entry to Manufacturing Process Flows 

F. Streamlining the Manufachlring Information Process Flows 

G. tntegrating Information Process Flows 

6.2.1 The IMIIT Team as a Partner in bringing about Process lmprovement 

The following recommendations will ensure that the N I T  team will intepte 

successfully in the organization and will quickly identify itself as a partner to the various 

teams and departments with respect to implementing information technology solutions. This 

will ensure that IT will be used as a tool, by the various teams, to aid in improving their 

processes, product quality, and quality of work life 

Recommendation #1 

It is recommended îhat a monthly newsletter and the htranet be used as tools to heighten the 

otganization's awareness ofthe M T  department's role as a partner in bringiag about 

process improvement. 

Information such as the IMnT team's mission and vision statement could be easily 

made available to everyone via the intranet and the monthly newsletter. This will provide the 

team with the opportunity to differentiate itself from the Computer Services department's 

past. 
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Recommendation #2 

It is recommended thara formal pmcess be established to-aid the organization in identifyîng 

and scoping out projects that may be able to use IT to briag about process impmvement. 

Any forma1 processes, methodology, roadrnaps, and procedures developed by the 

[MAT team should be posted on the Inhïinet, thus making them easily available to everyone 

24x7. 

Recommendation #3 

It is recommended that a process be established that would enable the various teams to place 

IT related nquests quickly and easily on the W T  d e m e n t .  The requests could range 

fiom requiruig haining on specific systems to fixing bugs. 

This would establish a formal feedback channel fiom the organization to the iM/IT 

department, allowing the M I T  team to act quickly to resolve any issues identified before 

they become serious problems. in addition, this would tiirther allow them to differentiate 

themselves for the Computer Services department, who could not handle such requests 

effectively. 

Recommendation #4 

It is recommended that the IM/IT team immediately aihiin ownership with respect to the 

technical implementation and evolution of al1 systems/prograrns currently used in the 

organization and any that will be introduced in the friture. 

It is essential for the M I T  tearn to identify its role to the organization as a partner in 

bringing about process improvement. Thus any other depattment/team that requires to make 

modifications to any current system or tequires a new system/program must work directly 

with the M T  department to do so. The current autonomous nature of the tearns with respect 

to making theu own decisions regarding developing and evolving the various systems and 

programs must be put to an end. 



Utiluig Information Technology to Improve Order Entry to Manufachuhg Information Process Flows 

Recommendation fM 

It is recommended that as each new system is hplemented aa "orner'', other than the IMllT 

team, be identified as being mponsible to eosun that the system continues to meet the 

orgaahtion's ne&- 

Only the tearns and individuals using the systems/programs on a regular basis can 

easily identiQ whether or not the systems are still achieving the desired results and goals. 

Thus, making them "ownen" of the particular system and related information process flow 

pmvides them with the needed ability to maintain and evolve the systems to continue to meet 

the necessary goals and objectives. Any issues identified by the "owner" as being critical 

should be immediately brought to the attention of the M T  department. 

Recommendation #6 

It is recommended that a control mechanism be put in place for each system implemented to 

ensure that it will continue to meet the original goals and objectives specified. 

An example of a control mechanism may be the creation of a Pareto chart on a regular 

basis. The initial Pareto chart can be used to identiQ the fact that defects have been reduced 

and subsequent charts generated c m  be used to identiQ whether or not the process remains 

stable or in control. 

6.2.2 Training 

The following recornmendations ensure that the appropriate teams and individuals are 

provided with the necessary training in order to fully take advantage of the existing 

information systems and any h u e  systems that are introduced to the organization. 

Recommendation #7 

It is recommended b a t  r varîety of1T related courses be o f f e d  to employees that cleady 

identify when and how towc the toois in theiraaual wodr environment. Employees should 

be encoaraged to bruig wodbmIated asniples to class to be discussed and worked on. 
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This addresses the issue raised by a large number of employees stating that the 

cunent courses offered did little to identily how to better use the tools in theù day to day 

activities. 

Recommendation #8 

It is recommended that a process be established to educate new users to the various systems 

and programs that they require in order to perfonn their daily duties. 

This will ensun that new employees and any employees who bansfer fiom one 

tearn/departrnent to another will have the proper training necessary to perfonn their job 

fiinctions, 

Recommeadation M 

It is recommended that for any system inhoduced to the organization, whether it be a 

pmhased system or a "home grown" progrdsystem, the necessary documentation to 

continue to operate the system properly should be available at al1 times. 

User manuals and related documentation should be available on the Intranet for 

anyone to download and print. With respect to custom designed systems and "home grown" 

systems any and al1 documentation regarding system architecture and design should be 

readily available to the IMnT team to aid in trouble shooting and to aid in detemiinhg the 

dificulty of making future enhancements as they are required. 

6.2.3 Communication 

The following iecommendations will aid in improving the various teams and departments' 

abilities to communicate and share information arnong themselves. 

Recommendation #IO 

It is recommsaded that the Intranet k used to share departmentai mission and vision 

statements, goals, and o k  rdated mfomation. 

This addresses the issue raised by a variety of teams regarding not knowing andlor 

fully understanding the goals of other deparmients and teams. 
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Recommendation #Il 

It is recommended that that the Intranet be used as a resource to share information across 

departmental boundaries such as projects currently behg worked on, minutes of past 

meetings, and other related documents. 

Each deparûnentlteam should own their uitranet pages and keep them updated with 

the latest information related to projects being worked on and other related information. This 

will ensure that the various tearns are aware of what each other are working on thus 

decreasing the chances of two tearns working on the sarne project unknowingly. In addition, 

lessons learned implernenting new systems and applications can also be easily shared with 

others via the Inbanet. 

Recommendation #12 

It is recommended that the Intranet and the monthly newsletter be used to recognize the 

achievements of teams and individuals d u h g  the course of the year. 

This will address the concem of the various teams regarding the lack of recognition 

they receive when they achieve and surpass the various goals and objectives set throughout 

the year. 

6.2.4 Streamlining the Order Entry Information Processes 

The following recommendations will aid in streamlining the current order entry 

information processes and should be able to be hnplemented rather easily and quickly. 

Correct & Feasible Ship date Calculations 
Recommendation #13 

R is recommended that a scheduliug package be used to automate the process of issuing ship 

dates. 

Further investigation is required to determine whether there is such a scheduling 

package available in the current order-ship-billing system. 
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Elirnination of Duplicate Order Entry 
Recommendation #14 

It is recommended that a modification be made to the Order-Ship-BiUing System to ensure 

that each customer purchase order number is unique. 

This will ensure that the same order cannot be accidentally entered twice by different 

inside Sales members. 

Correct Usage of Accpac Reporting Tool 
Recommendation #1S 

It is recommended to train any and al1 individuals that are currently using the reporting tool 

or wül be using the tool in the fiiture, in the proper usage of the tool and also made aware of 

the tesultiag consequences of inappropriate usage. 

Training individuals in the proper usage of the reporting tool will elirninate any 

possibility of inadvertently locking everyone else fiom viewing the job in Accpac and h m  

exporthg the details/infonnation of that job fiom Accpac. 

6.2.5 Streamlining the Order Entry to Manufacturing Information Process Flows 

The following recommendations will aid in streamlining the processes that transfer 

information from order enûy to Manufacturing. 

Recommendation #16 

It is recommended that the "0rders"macro be scheduled to run early in the moming and 

duriag Lunch, thus decreasing the probability that a member of Inside Sales is [ocking the Job 

in the Order-ShipBilhg System. 

This will decrease the nurnber of orden that are not exported fiom the Order-Ship- 

Billing systern when the "Orden" macro is nui. 

Recommendation #17 

It is recommendeâ that an e m  log k automaticaiiy generated identifyuig the jobs that were 

not exported h m  Met.-SbigBihg System via theMOtderSn mam. 
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This will identiw to Manufacturing which jobs were not exported correctly and 

provide them with the opportunity to te-tun the macro thus exporting the remaining orden 

that were not exported the first tirne. 

Recommendation #18 

It is recommended that the Wrders" macro and "Conveit' program be integrated into one 

application. This new application will ensure that every t h e  a new "open orders" report is 

generated, the latest "open ordea" data will be used 

This will ensure that for every "open-orders" report generated via the current 

"Convert" program, the latest "open orden" data expoited via the current "Orden" macro 

will be used. 

Recommendation #19 

It is recommended that until the cecornmendation above is implemented, a process/iistniction 

sheet should be created that explains the interaction and interdependencies between the 

"Orders" macro and the "Convert" program. 

This process sheet should be placed in an area that is clearly visible when a 

Manufacnuing member i s  about to use the "Orden" and 'Convert" program. 

6.2.6 Streamlining the Manufacturing Information Process Flows 

The following recommendations will aid in stream lining the general Manufacturing 

information process fiows. These recommendations can be implemented independently or in 

conjunction with the recommendations provided to support the introduction of the new 

pmduct line. 

Recommendation #20 

It is ncommended to standardize the nPmùig convention o f  the common fields in the Auto- 

labd databases. 

This will make reporting across multiple Auto-label databases a very quick and easy 

task. 
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Recommendation #21 

It is ncommended that the Auto-label databases bemodified to ensure that they are 

nonnalized and properly indexed. The serial number field should also be specified as behg 

ueique thus ensuring that serial number dupIication does not accideataIly occur. 

This will increase the efficiency of querying on the databases and will also ensure that 

the senal numben will increment correctly. 

Recommendation #22 

It is recommended that the Auto-label prognun's interface be modified to improve its 

usability. 

Several of the program's screens can be grouped and some of the required fields to 

fil1 can be easily elhinated thus streamlining the process of printing labels. For example, 

instead of typing the date the label was printed, the program can automatically generate and 

store the date before printing each label. 

Recommeadation #23 

It is recommended that the infornation collected via the defect log be standardized across the 

Manuficturing work-cells. The amount of information that mut  be rnanualiy entered should 

reduced to only include critical pieces of information. In addition, the defect log should be 

modified to automatically generate the meeics currently manually created using the 

information stored in its database. 

6.2.7 lntegrating Information Process Flows 

The following recommendations will aid in integrating the various information 

process flows. 

Recommendation #24 

It is recornmended that a process be estabüshed to ensure that when common applications are 

used across vmwous teams/depaizments, the databases and intdces are standarducd 

This will ensure that reporthg across the various databases can be easily perfonned 

since common field names are used. Aiso, standardking on a common interface decreases 
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the amount of tune spent training individuals who move €tom one departmentheam to 

another. 

Recommendation #25 

It is ncomrnended that each teiddepartment maintain a map oftheu cunent iofonnation 

process flows and make this available via the htranet. Systemslpmgrams used should be 

identified on the rnap as well. 

This wiii ensure that all the teams are aware of the various sysiems/programs 

currently used in the organization, thus eliminating the possibility of creating/purchasing 

redundant systems accidentally. in addition the rnap can also be used to identify areas for 

hprovement and may also make implementing new systems easier since the current 

information has been already collected and gathered, thus saving valuable t h e  and 

resowces. 

6.3 Deve/opme?#t end imp/ementation of new infornation processes that wi// 

support the Introduction of the new product lhe 

The following recommendations are with respect to the development and 

implementation of the new information process flows required to support the introduction of 

the new product line at GE Multilin. The recornmendations will focus on how to apply IT 

tools in order to strearnline the order entry to manufacnuing processes with respect to the 

new product line. 

It is important to note that the recommendations identified to support the introduction of 

the new product line can also be later applied to the other product lines. Once the 

recommendations have been successfully implemented, with regards to the new product line, 

and a control mechanism has been put in place to ensure that they will continue to be 

successful, the best practices can be then shared to the other product lines. Thus each new 

system introduced must be designed to be portable between product lines and work-cells. 
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The recommendations in this section will be divided into 4 main categories, which 

include: 

A. Streamlining the Order Entry information Process Flows 

B. integrating information Process Flows 

C. Streamlining the Manufacturing Information Process Flows 

D. Training Required to Support the New information Process Flows 

6.3.1 Streamlining the Order Entry ! nformation Process Flows 

Correct Order Code Tables Displayed in Documents 

These recommendations are necessary to ensure that the order code tables for the new 

product line will always be up-to-date and correct, thus aiding to ensure that the order codes 

generated from these tables by customers and Sales Agents will be correct. Once these 

recommendations have been implemented successfully, a translation strategy should be 

defmed and implemented for the other product lines. This will ensure that the over 150 order 

code tables, representing the other product lines, will be up-to-date and correct in al1 the 

various documents that they are displayed in. A process flow displaying how 

recommendations 26 through 30 interact together cm be seen in Appendix 10. 

Recommendation #26: 

It is recommended that the information related to the order code tables be created and 

mauitained in a single location. The intonnation contained in this single source could then be 

exported to multiple formats, such as Excel and Quark. 

This will ensure that al1 the order code tables in the various fonnats will contain the 

latest and correct information. 

Recommendation #27: 

It is recommended that a configurator type system be used to contain and maintain aii the 

iaformm*on related to the order code tables. 

Thus the configurator type systern would act as the single source of information for 

order code tables as identified in Recommendation #26. 
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Recommendation #28: 

It is recommeaded that the Product Support Engineers be identified as "owners" of the 

information related to the order code tables. Thus, each Pmduct Support Engineer woulà be 

nsponsible for updating the order code related information of each of theit correspnding 

products. 

Recommendation #29: 

It is recommended that a pmcess/system be put in place that would allow authorized 

individuals with the ability to export the order code related information to ma t e  the order 

code tables required in the various formats, such as Excel, Word, and Quark. 

Each order code table created would be generated via the system thus ensuring that 

the correct most up-to-date information is used. Each order code table created would also 

contain a date stamp identifying when it was created. 

Recommendation #30: 

It is recommended that a process be put in place that identifies to the individuals authorized 

when the order code related information has been updated by the Product Support Engineers, 

thus allowing them to te-create upto-date tables. 

E-mail could be used as a "trigger" to identify when the order code tables presented 

to the customer in a variety of formats should be updated. Thus HTML, Word, Excel, and 

Quark documents could al1 be updated at the same tirne. 

Correct Order Code Generated as P er Customen' Requirements 

These recommendations will ensure that even with the order code combinations 

ranging in the millions, the customer and the Sales Agents will be able to easily and quickly 

configure the new product line correctly to best meet the requirements and specifications 

identified. Once these recomrnendations are translated to the other product lines, customers 

and Sales Agents will be able to configure any product easily and correctly. 

Recommendation #31: 

It is tecommendsd that a con@urator type system be used to aid customers ih the order code 

geaeration process by asking them a select aumbet ofquestions and automatidy 
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determinhg the comct order codeconfiguration that bestmeets their needs. This should be 

available to the customer via the Intemet and on CD. 

The order code related information displayed by the configurator type system to the 

customet will always be up-to-date since the Product Support Engineen will be updating and 

maintaining the information contained within the sarne configurator. This will ensure that the 

45 character created will be correct and Manufacturing will be able to build it. 

Recommendation #32: 

It is ncommended that the configurator interface used by the customer to configure the 

product, ta hislher needs and automatically geneiate the correct order code, be designed with 

the customer perspective in mind instead of the traditionai engineeriaglmanufacniring 

perspective. 

The current order code table format displayed in product catalogs and brochures was 

originally designed by the engineea developing the product to identify to Manufacturing 

which configurations were possible to manufacture/assemble. The cunent order code table 

format was not originally designed to be used by the customer, and thus does not display the 

information in such as manner to quickly aid the customer in detemining which options best 

meets hisher needs. in addition, pertinent information that was assumed to be obvious for 

internal employees, but not for customers is missing from the current tables. However, it is 

important to note that the current order code table should still be used for internal purposes, 

which it was originally designed for. 

Correct & Consistent PricelQuote Generation 

These recommendations will ensure that customen and Sales Agents will be able to 

generate quotes for the new product line easily and quickly, even though the modular nature 

of the new product line will add major complexity to the price calculation process. Once 

implemented successfùlly for the new prduct line, these recommendations can be used to 

aid customer and Sales Agents in genemting cornct and consistently fomatted quotes for 

any product. 

Recommendation #33: 
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It is recommended that the same contigurator type system be used to provide the customer 

with the abiiity to automaticaiiy calculate the price of the patticular product configured. 

This feature should be Web based allowing the customer to generate correct quotes 

twenty-four hours a day, seven days a week. By allowing the customer with a means to 

identiw hiderself ,  customer specific ptices and discounts may be provided. Fwther 

investigation is required to determine where and how the pricing information would be stored 

and maintained. 

Recommendation #34: 

It is recommended that the same configurator type system be provided to b i d e  Sales 

members anci Sales Agents to aid them in automatically calculating correct pricing for 

specific configurations and in generating consistently fomatted quotes. 

Thus, quotes provided to the customer using the configurator type systern will always contain 

the correct information and will always be fomatted in the same manner. 

Configurator Related Issues 
The following recommendations will aid in ensuring that the configurator type systern 

be selected will meet the requirements and implemented successfùlly. 

Recommendation 1535: 

It is recommended to investigate the possibiiity of storing and maintairing pricing data in the 

configurator type system. hside Sales should mtain ownership of this process. 

An investigation should be conducted to detemine if pricing information should be moved 

from the excel spreadsheet to the configurator type system or another system. If required, a 

"spread sheet" like report can be created exporting the data from the configurator type 

system. 

Recommendation #36: 

It is ncommeaded that befon the configurator type system is implementeâ, a process should 

be estabüshed identifying, crinCd inputs and outputs tu the syotem and the individuais 

responsible for ujuiathg the information contahed in the configurator- 

A preliminary process flow can be seen in Appendk 1 1. 
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Recommendation #37: 

It is recomxnended that a cross-fhctional team be cteated to compile a complete list of 

fèatures and fh&*onality haî the confi:gurator type system wouid require before the 

selectionlpurc hasing phase commences. 

The tearn should comprise of individuals fiom the Extemal and interna1 Sales force, fiorn 

Engineering, and fiom Manufacturing. 

6.3.2 I ntegrating Information Process Flows 

Complete & Correct Order Entry 
The following recommendation aids in ensuring that even though the complexity and 

length of the order code is Uicreased with respect to the new product line, the order related 

data, including the order code, will be entered correctly into the Order-Ship-Billing system. 

Once implemented successfully for the new product line, this recommendation can be used to 

ensure that all order re!ated data will be entered correctly into the Order-Ship-Biliing system. 

Recommendation #38: 

It is recommended that an investigation be conducted in the possibility ofusing the internet 

andlor EDI to provide customers aud Sales Agents with the ability to place orders directly on 

the Order-Ship-Billing System. An online configurator should be used to ensure that correct 

order codes are created and quoted comctly. 

This would eliminate the need for manual data entry thus elirninating al1 variances 

and errors caused by data incorrectly entered into the Order-Ship-Billing System. 

Complete 8 Correct Manufacturing Data Entry 
The following recommendation ai& in ensuring that the order related data including 

the order code, will be entered correctly into the Auto-label system. Once implemented 

successfully for the new product line, this recommendation can be used to ensure that al1 

order related data will be entered correctly into the Auto-Label system. 
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Recommendation #39: 

It is recommended that the Auto-label pmgram be modifieà to allow the user to select a 

particular order and then use the data akeady exported h m  Accpac, via the "ûrders" macro, 

to fiil the auto-label fonn with the pacticular order nlaied data selected, without the need of 

manual intervention. 

This will eliminate the variances and errors resulting form incorrect manual data entry 

in the manufacturing process, such as assembling an incorrect unit due to an incorrectly 

typing the order code. 

Recommendation #40: 

It is recommended that the Test-rig system be modifiecl to automatically exttact the product- 

related information already entered into the Auto-label system without manual data entry. 

The serial number field can be used as the primary key, enabling the extraction ofthe 

particular product relaîed data h m  the Auto-label system. 

This will eliminate the variances resulting nom incorrect manual data entry in the 

testing process. 

Recommendation Ml: 

It is recommended that the barcodes of the serial numbers of finished products be scanned 

into the Order-ShipBilling and Job Release system instead ofrnanually entering each one. 

This will eliminate the variances caused by manual data entry enors, such as not 

closing the jobs in the systems resulting in a delay in shipment. 

6.3.3 Streamlining the Manufachiring Information Process Flow 

The following recommendations will aid in strearnlining the manufacturing 

information flow processes with respect to the new product line. Once Unplemented 

successfully, these recommendations can then be ûanslated to other prodwt lines. 
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Streamlining the Auto-label Generation Process 

Recommendation M2: 

It is recommended that once an Auto-label form is created, documentation is written 

identifying and descr i ig  the various fom calculations and Unportant field names. Once the 

fonn is modified so should the documentation. 

This will aid in maintainhg the form and will also aid individuals that have not 

originally created the form to make modifications easily and quickly. Thus the 

documentation will identiw why a particular form was created in a particular manner. This is 

extremely important with respect to the new product line due to the fact that the Auto-label 

form will be more complex and have more calculations than any other form created thus far. 

Validation in Product Assembly 

Recommendation #43: 

It is recommended that a system be put in place that automatically deciphers a product's 

order code and displays the necessary process sheets and parts that must be selected to 

properly assemble the product. 

This aids in streamlining the process of assembling the product by decreasing the 

tirne spent deciphering the order code and determinhg the correct process sheets and parts 

for this particular order. 

Recommendation M4: 

It is recommended that the same system mentioned in the recommendation above have the 

ability to validate whether the product was assembled correctiy. niis could be perfomed by 

scaming the unique serial number of each part used in the assembly pmess into the system, 

wbich would then compare them to the actuai parts that should be used and identify 

inconsistencies. 

This recommendation aids in decreasing the time spent inspecting the assembly of the 

product and also aids in increasing the quality of the assembly process. 

Recommendation #4S: 

It is recommended thnt the same system mentioned above be used to automatically capture 

the infionnation-ttaditionalIy hand Wtitten on the job-ca& thus strramlining the proces, 
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information such as the full name of the individual that completed the process step, 

the individual that inspected the work perfomed, and the date that the work was perfomed 

and inspected can automatically be saved using the system. Using a login screen will aid in 

identiQing the individuals using the system, and thus aid in captuhg theit full narne. 

6.3.4 Training Required to Support the New Information Process Flows 

The following recornmendations ensure that the propw processes are established and 

the proper teams are trained in supporting the new information process flows. 

Recommendation M6: 

It is recommended that a process be established to ensure that the aecessary teams and 

departments be properly trained when new systems are Uitroduced. 

A combination of hands on training and resources such as documentation and user 

manuals should be available to all. The intranet c m  be used to post and print documentation 

such as user manuals 24x7. 

Recommendation #47: 

It is recommended that as the systems are implemented, users should be trained on how to 

provide feedback with regards to issues identified when h t  using the systems. A feedback 

mechanism shouId be put in place proviâiig the users with an easy means to convey 

feedback to the M T  deputment. 

Once a system has been irnplemented a feedback cycle is important to ensure 

continua1 hprovement. Therefore a feedback mechanism should be put in place to allow 

users to voice their concems and requests. The feedback can then be used to irnprove the 

system, determine how to prioritize the release of upcoming features and functions, and 

improve the aid in identiQing and eliminating software bugs. The "owner" of the information 

process flow in question should be the contact person with the W T  tearn with regards to 

taking action on the feedback provided. 
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7.0 Post lmplementation 
Since the analysis conducted took place at the same time that the Company was 

establishing its order entry to manufacturing processes to sustain the introduction of the new 

product lhe, al1 the information collected and recommendations generated were immediately 

s h e d  with GE Multilin for implementation. A cross-functional tearn was established to aid 

in implementing the recommendations and included memben from the Sales, Manufacturhg, 

Finance, information Management, and Engineering departments. At the tirne the product 

line was officially released into production, a large number of recommendations were 

implemented as seen in Appendix 12. It is important to note that the organizational change 

process model, shown in Figure 2.2.2, was used as a roadrnap throughout the implementation 

stage. 

7.1 New Information Pmcess Flow Established 

As a result of implementing the recommendations, a new information process flow 

was established to support the introduction of the new product line, as seen in Appendix 13. 

At the tirne the product line was officially released into production, a new information 

process flow was in place, addressing 4 major areas which included: 

1. Streamlining the Order Entry information Process Flows 

2. Integrating information Process flows 

3. Streamlining the Manufacturing information Process Flows 

4. Training 

7.1.1 Streamlining the Order Entry Information Process Flows 

At the time the product line was officially released into production, a "home gmwn" 

Web based configurator system was implemented to aid in supporthg the release of the new 

product line. The main goals of this project were to eliminate the defects associated with 

improper product configuration by both the customer and Sales force and eliminating 

redundant data entry in the order entry process (recommendations #26 through #37). The 

cross-functional tearn redized that the "need for right-the-fit-tirne product configuration 

had never been greatef' and that ''cornpanies lose 2-3% of revenue in rework and penalty 

costs due to errors in the initial product configuration" (PC Ai, 1996). 
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The tearn identified three main criteria that would aid them in achieving their goals. 

The first was the fact that the configurator would have to be Web based in order to be easily 

accessible by both interna1 and extemal usen. The second was the fact that the configurator 

would have to be "an add on" to the existing order entry system, since purchashg an 

integrated configurator would not be feasible since none existed that would easily integrate 

with either the current or the fiiture order-ship-billing system at the tirne. The third was that 

although the configurator would have to be "an add on", it still would have to interact with 

the order entry system by passing data electronically, eliminating the redundant data entry 

factor. Due to theses criteria and other factors, it was decided to build the configurator 

intemally, instead of purchasing an "off-the shelf package". 

The configurator would need to possess al1 the features listed in Table 1, of section 

2.3.4, including the ability to access external databases and interact with extemal programs, a 

feature that the existing "addsn" configurators did not possess. An additional feature 

required included the ability for usen âom the Sales and Manufactunng Teams to easily 

maintain the program, thus allowing them to take owneahip of the infornation processes. 

The maintenance piece would allow them to easily edit and update the product definitions 

and rule sets. 

As a result of the analysis conducted and the work petformed by the cross-functional 

tearn, the configurator system was implemented successhilly. It succeeded in meeting its 

objectives which included: 1 ."eliminating the defects associated with irnproper product 

configuration" with respect to the Sales force and the customer and 2."eliminating redundant 

data entry in the Sales process". Thus by using the configurator both customen and Sales 

agents cm now quickly and easily configure the new product line correctly to best meet the 

requirements and specitications identified, even though the order code combinations range in 

the millions. In addition, a quote can be generated online by both the customer and Sales 

force 

7.1.2 Integrating the Order Entry and Manufaduring Information Process Flows 

At the tirne the product line was officially released into production, recommeodations 

#38 through #41 were hplemented successfully. By using the configunitor the Inside Sales 

team no longer needs to manually enter the order code into the OSB system, the order code is 
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easily transferred between system using a "cut & paste" type method. Without the use of the 

configurator there would be an 80% probability of miss-typing an order code, twelve out of 

tifteen orders would be entered incorrectly resulting in a delay in shipment and/or an 

incorrectly configured product delivered to the customer. With the use of the configurator, 

manual data enûy is eliminated reducing the defects to zero. 

in addition, the Auto-label program was redesigned to provide usen with the ability 

to select a particular order and automatically retrieve the orden related information fiom 

Accpac and thus generating the labels without any manual intervention. Thus, information 

such as the order code, Company name, P.O.# are autornatically filled out on the labels by the 

system. Thus, al1 variances attributed to incorrect manual data entry in the manufacturing 

process are eliminated. Also the time it took to generate a label is reduced h m  over eight 

minutes to less than a minute. 

Also, the Test-rig system was modified to automatically extract the product related 

information already entered into the Auto-label program , thus eliminating the need for 

manual data entry. Thus, al1 variances attributed to incorrect manual data entry in the Testing 

process are el im inated. 

Another process in which manual data entry was eliminated, included the "Closing 

the Job" process step. instead of rnanually typing each product serial number Uito both the 

OSB and Job Release system to signify that the particular order was completed, the setial 

numben are now scanned into the systems. Thus, variances caused by incorrectly typing the 

serial numben into the systems are eliminated. 

7.1.3 Streamlining the Manufacturing Information Process Flows 

At the t h e  the product line was officially released into production, recommendations 

#42 through #45 were irnplernented successfully. A process was established to carefully 

document the creation of the Auto-label form and the various calculations and field names 

contained within. Thus even though the Auto-label form contains the most complex 

calculations, since it must be capable of handling over 10 different producu, it is the easiest 

to maintain making modifications easy and quick to irnplement. 

A new manufacturhg system was irnplemented, code named "InfoTrack" that aids in 

validating the assembly process of the new product line. The systern automatically deciphers 
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a product's order code, once the serial number of the product is scanned into the system tkom 

the printed label generated nom Auto-label, and automatically displays the correct process 

sheets and parts that must be used to properly assemble the product. The system also 

validates whether the correct parts are used in the assembly process, by providing the user 

with the ability to scan the bar code ofeach part into the system and comparing them with the 

actual part that should be used. If an incorrect part is used, the system identifies the 

inconsistency and displays the correct part numbet that should be used. Thus, even though 

millions of possible configurations exist with respect to the new product line, the new system 

makes selecting the correct parts and assembling the parts conectly an easy and quick task. A 

cornputer was installed at each work bench of the new work-ce11 in order to allow the team io 

use the system at each process step. The system could be used by several manufacturing 

membea working on the same product but at different and independent process steps. The 

system clearly identified each step that is required to be perfonned and illustrates which steps 

have been completed and which stiil have not. As each process step is completed the 

manufacturing member completing the process scans his/her personal identification into the 

system, thus eliminating the need of the traditional job card. Cycle time for each process step 

is also collected via the system providing essential data for continuous process irnprovement. 

7.1.4 Training 

At the time the product line was oficially released into production, recommendations 

#46 through #47 were implemented successfblly. Al1 work-ce11 members of the new product 

line were fblly trained regardhg how to effectively use the new information process flow. in 

addition, a feedback mechanism was implemented to provide manufacturing members with 

the ability to give invaluable feedback with respect to debugging and continually improvhg 

the information process flow to the IMnT team. 

As the specifications and requirements for the new systems were being created, the 

cross-fùnctional tearn ensured that valuable inputs h m  the various other work-cells and 

departments were added to ensure that the ncw systems being developed could be easily 
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translated to the other product lines. Two months after the new information process flow was 

successfully implemented, a transition strategy was developed to translate the new 

information process flow to the other eleven product lines. Shortly thereafter, an "owner" 

was identified for each product line to ensure the successfùl and smooth implernentation of 

the new infonnation process flow. Product line by product line was translated to the new 

process flow with the help of the W I T  tearn. The configurator system, the redesigned Auto- 

label program, the modified Test-rig prognun and other related recommendations were 

successfully implemented for each product line, as seen in Appendix 14. As the new systems 

were introduced, each respective "ownef' was trained on how to maintain and easily update 

the information contained within the systems. in addition, each "owner" trained also aided in 

training other "owners" and team memben on how to implernent and maintain the new 

systems successfully. Also, a feedback mechanism was implemented to ensute continuous 

improvement. As a result of the transition strategy, the new information process flow was 

implemented across eleven other product lines within six months. 

An analysis was conducted comparing the old information process flow of a 

particular product line to the new information flow implemented. It is important to note that 

the cornparison analysis conducted was conceptual in nature and not a data based analysis of 

actual results. The cornparison identifies the number of opportunities for error in the old and 

new process. An error or defect is defned as an incorrect piece of information that could lead 

to a late delivery or miss configured product. The results of the analysis can be seen in Table 

7.3 * 
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Table 7.3: Cornparison Between the Old and New Processes 

Manufacturing 1 17 (Data Entry) 1 O - 1 

Area of Impact 

Order Eiitry 

1 3 (Product Assembly) I l 

Defects (old procesr) 

5 @ata Entry) 

4 (Database Maintenance) 

3 (Fom Selection) 

Defects (new process) 

O 

1 

O 

2 (SN data entry) 

By implementing the new information process, the number of defects were reduced 

O 

Total 

fiom approximately 34 opportunities for error per unit to approximately 2 opportunities for 

error. As more recommendations are implemented, identified fiom both the thesis analysis 

34 opportunitieslunit 

conducted and the feedback provided by the tearns, the number of defects may be fiirther 

2 opportuniticdunit 

reduced. 
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8.0 Lessons Learned 

By having had the oppominity to conduct an analysis and at the same time aid in 

implementing the recommendations that resulted fiom it, six essential lessons were leamed: 

1. Using a Sociotechnical Approach 
It is essential to consider both technical and social aspects when analyzing a process 

or systern for the purpose of improving or streamlining it. Only by doing so can énough 

information be collected to implement IT solutions effectively to ensure their continued 

success and evolution. If either the technical or social aspect of a process or system is not 

fully analyzed, the chances of successfully improving and streamlining that process or 

system is severely reduced. The resulting solution may either lack the technical foundation or 

structure to continue to be a viable option or it may not integrate hilly into the organization's 

culture. Thus using a sociotechnical approach ensures that the resulting solution takes buth 

technical and social issues into consideration. 

2. The Need for a Well Defined Plan 
The development of a well-defined irnplernentation plan, with short and long-term 

goals aids in keeping the project on track. By defining the goals and objectives up front, there 

is less of a chance that the project will be strayed off course due to factors such as "scope 

creep". nius, developing and following a well-defmed plan will increase the chances of a 

successful irnplementation. 

3. The Need for Training 
The development of a training schedule ensures that a11 users will utilize the system to 

its full potential. Training may either take the fom of courses, or the distribution of 

instructions or manuals. Whatever the method used, training is essential for the long-term 

success of the project. On-line documentation may be enough, but it may be wise to ensure 

that an e-mail address or phone nurnber be available so that usea c m  cal1 for support when 

needed. 
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4. Promoting the System 
Occasionally, training usen on how to properly utilize the system may just not be 

enough to ensure continual usage. Promoting the capabilities of the system and illustrating 

the advantages of using the system may be requùed to ensure continual usage. Most usen 

always ask ''what's in it for me?" when confkonted with a new tool, thus describing the 

benefits up front may ease the transition. A similar approach may be used to convince 

customers to quickly adopt new tools such as an online configurator. 

5. Creating Ownership 
For every information process flow or system implemented in the organization, an 

"owner", a person or penons responsible for the continued success of the process or system, 

should be identified. The "owner" identified should be an individual that has great familiarity 

with the process andlor systern in questions and uses it on a regular basis. 

To ensure the continued evolution and success of new information process flows, 

systems should be designed with ease of maintenance in mind thus providing the oppomuiity 

to put ownership back to the individuals/stakeholden that currently own the process. Only 

the teams and individuals that use the systemslprocesses on a regular basis can easily identiQ 

whether or not the systems are still achieving the desired results and goals. Any issues 

identified by the "owners" should be brought to the attention of the MAT department so that 

they be resolved before the issues become serious problems. 

6. Continual lrnprovernent via User Feeâback 
Once the system has been implemented a feedback mechanism is essential to ensure 

continual improvement. By providing users with the ability to voice their concems and 

nquests issues can be resolved before they evolve into serious problems. Providhg an option 

for the user to remah anonyrnous may increase the amount of feedback received. A process 

should be established to properly capture the feedback provided in order to use it to improve 

the system, determine how to priorithe the release of upcoming features and fùnctions, and 

improve the detection and dimination of software bugs. 
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In Conclusion 
In light of the above, to ensure continued success with respect to using information 

technology to streamline business processes, the iM/IT team must continue to identify itself 

as a partner to the organization in implementing IT solutions. Taking the above lessons 

learned into consideration will aid in identifjhg and implernenting IT solutions successfùlly. 

If implemented successfully, these solutions will ultimately aid in streamlining business 

processes, in improving product quality, and in improving the quality of work life for the 

entire organization. 
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Appendix #4 Delects attributed to Data Entry 
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Appendix #5 : Manufacturing Information Process Flow 
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Appendix #8: Tecbnical Analysis Key Variance Control Table 
~ o t e :  When iden 

Key 
Variance 

1. incorrect 
Order Code 
îaMt diipbyd 
in documents 

ping the unit opemion the letter d e r s  ro either the Sol 

Creation of 
order code 
tables (outside 
the order entry 
and 
manu fachiring 
processes) 

le of Unit Oper 
Wbere 
Obstrved 

S3. Order 
Received & 
Information 
Veri fied 

M2, Scheduling 
the ûrders 
(invalid order 
codes may bc 
identified by 
visual 
inspection) 

M6, Assembling 
tbe Unit (al1 
remaining 
invalid order 
codes are 
identified at. this 
stase) 

The customer 
will identiQ 
proâucis that 
have not been 
configured as per 
original spec, 
thus incorrect 
order codes 

tion 
Where 
Con trol ted? 

At the point 
where the order 
code tables am 
manually re- 
created for 
otber 
documents 
(manuals, 
brochures, 
product 
catalogs, etc.. .) 

r (S. or Munufacti 

Con trolled 
by whom? 

Product Support 
Engineer (the 
Product Support 
Engineer 
originally 
generates the 
order code table 
and is 
ultirnately the 
person who can 
identiS, 
whether other 
copies of the 
table are 
incorrect) 

fng (M) proces 

Activi ties 
Requi red 
to control 

Visual 
inspection of 
the copied 
tables, 
comparing 
the copies 
with the 
original 

the number refers ta 
Info related to 
Control 
Activities 

The original order 
code table is 
required and the 
timddate the table 
was last updated, 

which one 

Suggestions 
For Jobs or 
Orgaaization 
Redesign 
An "ownef' should 
be fomally 
identified who 
would be 
responsible to 
ensure tbat the 
particular "order 
d e  table" be 
updated. The 
Prduct Support 
Engineer seems to 
be the best choice. 

A process should 
be put in place that 
ai& the "ownef' to 
identify to others 
when and what 
changes should be 
made to the order 
code table. Each 
new order code 
table created 
should be inspected 
for validity before 
king released. 

Suggestions for 
changes in tbe 
Techiology 

A configutator type 
system could be 
usai to contain al1 
the information 
related to the order 
code tables. The 
Product Support 
Engineers (owners 
of the information) 
would update fie 
order code 
information. 
A system would 

then be put in place 
that would allowv 
authorized 
individuals to 
create the order 
code table required 
in the various 
formats neeâed, 
such as Excel, 
Word & Quark, 
Each order code 
table cteated would 
be generated via 
the system thus 
enswing the 
accuracy of the 
data. 



Key 
Variance 

2. Incorrect 
Ordcr Code 
gercmted as 
pcr cwtomer's 
requiremerb 

S 1. When the 
quote is 
generated 

e of Unit Opei 
Wbcm 

S 1, Quotation 
generated & 
requesied 
S5. Confirmation 
of Order 
When the 
customer 
receives the 
order and 
attempts to use 

tien 
Wbtre 
Con trolled? 

S 1. When quote 
is generated 

S2, When 
Inside Sales 
receives the 
order 

Con t rolled 
by whom? 

Acîivities 
Required 
to control 

Info related to 
Con trol 
Activities 

By either a 
Sales Agent or 
an lnside Sales 
member 

Assessing the 
customer's 
needs and 
requirements 
and then 
generating an 
order code 
that best fits 
the 
descript ion 

Information 
regarding the 
customer's needs 
and requirements. 

Suggestions 
For Jobs or 
Orgaikation 
Redesign 
When a Sales 
agent or an lnsidc 
Sales member 
receives an order 
code fiom a 
customer, they 
should not assume 
ihat the order code 
given m e t s  the 
customer's needs. 
If possible they 
should ask the 
customer if they 
need assistance in 
ensuring that 
order code 
generated meets 
their needs. 

Suggestions for 
changes in tbc 
Tecb nology 

Utilix a 
bbconfigurator" type 
system that could 
"walk the 
customer" througb 
the ordet code 
generation process 
by asking a variety 
of questions to 
adequately 
detemine which 
options most meets 
the customer's 
needs and 
requirements, By 
allowing users to 
access this system 
via the Intemet, 
customer's would 
be able to 
configure the 
product to best 
meet their needs, 
24 hours a day, 7 
days a week. 



Key 
Variance 

Nai 
Wbtrc 

S 1 , Quotation 
Requested & 
Generated 
(either by a 
Sales Agent or 
lnside Sales) 

ie of Unit Opei 
Whtrt 
Obscwed 

S 1, Quotation 
generated & 
requested 

tion 
Wbere 
Con trolled? 

S 1. When quote 
i s  generated 

Controlled 
by whom? 

lnside Sales 
controls the 
price structure 
and cteates the 
price list while 
the Sales Agent 
determines 
which discount 
is applied to 
which customer 

Activities 
Requi red 
to control 

A sales 
mernber 
manually 
compares the 
order code 
provided by 
the customer 
to the 
breakdown 
listed on the 
Excel 
spreadshee t 
and manually 
adds the 
necessmy 
options to the 
base price. 
Depending on 
the customer 
a discount 
schedule may 
be used in the 
quotation 
prwss .  

Info related to 
Con trol 
Activities 

An up-to-date 
price list and the 
customer's 
speci fic discount 
schedule are 
required. 

Suggestions 
For Jobs or 
Orynizatïon 
Rdesign 
Train individuals 
to place the price 
list and discount 
schedules on the 
company lntranet 
so that the upto- 
date lis& are 
available to all. 

Suggestions for 
chaigcs in U c  
Technology 

Utilia a 
"configurator" type 
system to 
automaticall y 
generate the comt 
pnce while the 
order code is  being 
configured. By 
having this system 
available on the 
Intemet, with the 
appropriate 
security measUres, 
customers could 
generate their own 
quotes, with prices 
customized to 
them, In addition, 
Sales Agents 
across the globe 
could access îhis 
system to generate 
correct and 
consistent quotes. - 





Masuril htr 
Entry (Accpac) 

Wbere 
Occurs 

S4, Order 
Entered into 
Order-Enûy 
System, 

ie of Unit Opei 
Wbere 

SS. Confirmation 
of Order 
(customer may 
identiQ 
inaccurate 
information) 
M4. Generating 
the Auto-label 
(a manufacturing 
member may 
identiS, invalid 
&ta at this sâage) 
Ma. Assembling 
îhe Unit (Invalid 
order code will 
be idmtified at 
this stage) 
By the customer 
when they 
receive a product 
that was not as 
originally 
speci fied, 

tion 
Wbere 
Con t rolled? 

S4. Order 
Entered into 
Order-entry 
System 

Con troiled 
by wbom? 

The lnside 
Sales member 
responsible for 
data-entry 
controls this 
process. 

Ac tivities 
Requirad 
to control 

Comparing 
the data 
entered with 
the data 
contained in 
the original 
order 
submitted 

Info related to 
Con t roi 
Activities 

The original order 
And the data 
entered into order- 
enûy system are 
required. 

Suggestions 
For Jobs or 

Redesign 
Training is 
required to 
enforce the 
process of visual 
inspection. 
~ l s o  training is 
required to ensure 
that once an order 
is entered, the 
information is 
verified to be 
correct by 
manually 
comparing the 
data with the 
original order. 

Suggestions Co 
changes in the 
Tecbnology 

Providing the 
customer with the 
abitity to enter the 
order diuectly into 
the order-entry 
system, thus 
eliminating mama 
data entry, EDI or 
the Internet may 
provide the 
customer with this 
ability. The 
appropriate 
veri fication and 
validation checks 
must be in place 
before custorners 
could place orders 
directly into the 
system. 



Key 
Variance Wbtre 

Occurs 

M. Order 
Entered into 
Order Entry 
Sy stem 

S5. Confirmation 
of the Order (the 
customer will 
receive 2 order 
confirmations 
with différent job 
numbers but the 
same P.O.) 
M2, Scheduling 
the Order (the 
work-cell leader 
may notice that 2 
exact orders 
were placed and 
must be 
delivered on the 
same &y) 

r 

tioa 
Where 
Con trolled? 

Th is  variance is 
controlled at the 
point of  data 
entry . 

Controlled 
by wbom? 

Inside Sales 

Name of Unit Opera 
I 

Activities 
Required 
to con trol 

Info related to 1 1 

Enswe that 
the same 
customer 
purchase 
order number 
is not used 
more than 
once. 

3 

Con trol 
Activities 

The purchase 
order number is 
required, 

Suggestions 
For J o b  or 
Organization 
Redesiptn 
All orders should 
be verifid by the 
local Sales Agent 
first, thus the 
order should only 
be entered once 
the Sales Agent 
forwards the 
order. 

Suggestions for 
changes in the 
Tech nology 

Accpac should be 
rnodi fied to 
automatically 
check to ensure 
that the customer 
purchase order 
number is unique 
and has never been 
entered before, 



Key 
Variance 

Nam 
Wbere 
Occurs 

SS, Confirmation 
of Order 

M2, Scheduling 
the orders 

tioa 
Wbere 
Con t rol Id? 

S5. Confitmaiion 
of order 

M 1 , Generat ing 
the Orders 
Report (running 
the 'orders" 
macro) 

Con trolled 
by whom? 

Inside Sales 

Manufacturing 
team member 
responsible for 
generating the 
orders report 

Activities 
Requird to 
control 

Lirnit the 
amount of time 
a job is 
viewed, or 
print the job 
details instead 

Ensure thai no 
one is viewing 
an order before 
running the 
macco 

Iafo related 
to Control 
Activities 

Information 
regarding the 
usage of 
Accpac and 
potential results 
of misusage 

ln format ion 
regarding the 
interactivity 
between the 
macro and 
Accpac 

Suggestions 
For Jobs or 
Organhation 
Reâesign 
Train lnside Sales 
in the proper 
usage of Accpac. 
A job should be 
prinred instead of 
viewed live, if no 
changes are king 
made. 
Specific times in 
the day, such as 
early in the 
moming and at 
lunch, shauld be 
identified as time 
intervals when the 
macro should be 
run. If the macro 
must be run at 
other times, Sales 
may be required 
to be contacted to 
ensure that no one 
i s  viewing the iob. 

Suggestions for 
changea iu the 
Technolagy 

The macro should 
be set to identiS, 
which jobs werc 
not properly 
exporteâ fiom the 
system. An emor 
log should be 
generated sa 
manufâctuting 
would be able to 
identify when to re- 
run the macro, 



Key 
Variance 

Nam 
Wbem 
OCCurS 

M 1. Generating 
the Orders 
Reprt 

: of Unit Oper 
Where 
Obstrved 

M2, Scheduling 
the Orders 

tion 
Where 
Con t rolled? 

M 1, Generating 
the Orders 
Report 

Controlled 
by wbom? 

The 
manufacturing 
member 
ninning the 
''conve~t" 
program 

Activities 
Requireà to 
con t rol 

Ensure that the 
"orders" 
macro has 
been run first 
before running 
the "Convert" 
program, This 
ensures that 
the latest data 
will be used to 
generate the 
"open orders" 
report. 

lnfo related 
to Control 
Activities 

The 1st time 
the "orders" 
macro was run. 

Suggtstions 
For Jobs or 
Orgaaization 
Redesign 
Create a 
process/instniction 
sheet that explains 
the interactions 
between the macro 
and the "Convert" 
program. The 
process sheet 
should be placed in 
an area that i s  
visible when 
performing the task 
at hand. 

Suggestions for 
changes in tbe 
Technology 

Automate the 
"orders" macro to 
run early in the 
moming and 
during lunch, An 
error log should be 
automaticaliy 
generated 
identifLing jobs 
that were 
potentially skipped. 
An analysis should 
be performed 
regarding merging 
the 'borders" macro 
and "Convert" 
program into a 
unified program. 
At a minimum the 
last time the 
"orders" macro 
was run shauld be 
clearly identified 
on the "open 
orders" report 
genetated by the 
"Convert" 
program. 



Variance 

M4, Generaiing 
the Auto-label 

: of Unit 
Where 
Controlld? 

M6, 
Assembling the 
Unit (Invatid 
order code will 
be identified at 
this stage) 

M4. Order 
Entered inio the 
Auto-label 
~ o g r m  

By the customer 
if they receive 
an incorrectly 
configured 
product, 

Con trolled 
by whom? 

The 
Manu facturing 
member 
responsible for 
data-entry 
controls ihis 
process. 

Activities 
Reguired 
to con trol 

Comparing 
the data 
entered with 
the data 
contained in 
the order 
confirmation 
report 

Info related ta 
Control 
Ac tivi ties 

Order 
confirmation 
report and the data 
entered into order- 
enby system 

Suggestions 
For Jobs or 
Organization 
Redesign 
Enforce the 
process of visual 
inspection and 
ensure that once 
an order is 
entereâ, the 
information is 
verified CO be 
correct by 

comparing the 
data with the 
original order 

Suggestions for 
changes in the 
Techaohgy 

The Auto-label 
program may be 
able to be modified 
to allow the user b 
select a particular 
order and then 
automatical ly 
export the 
necessary 
information ahady 
stored in Accpac to 
complete the auto- 
label form, without 
manual 
intervention. 



&Y 
Variance Wbere 

Obstrved 

When the Auto- 
label databases 
were first 
designed and 
when new ones 
are introduced. 

Report ing 
across multiple 
databases 

tion 
Wbere 
Con trolled? 

When the 
databases are 
first designed 

Con trolled 
by wbom? 

Activi ties 
Requireà to 
control 

Manufactwing 
work-cell 
members 
responsible for 
developing and 
maintaining the 
Auto-label 
databases 

Proper design 
methodologies 
should be used 
(Le.: 
Nonnalizaîion 
rules should be 
app l ied) 

Info related 
to Control 
Activities 

Database design 
methodologies 

Suggestions 
For Jobs or 
Organization 
Redesiga 
Training the 
individuals 
responsible for 
database 
development is 
required. The IM 
department shoutd 
be responsible, or 
at lest involved, 
in the design and 
development of 
such databases. 

Suggestions for 
cbanga in tbc 
Tecbnology 

The Auto-label 
databases should 
be upgraded to at 
least Access 2,0, 
Currently the 
databases are 
designed in Fox 
Pro (version 2.6). 
This old version of 
Fox Pro i s  limited 
in capability 
compared to the 
newer database 
programs available 
now. 



Variance 

M. lmproptr 
Interpreîarior 
of h e  Order 
Code 

: of Unit Oper 
Wbert 

Md, 
Assembling the 
Unit 

M6, 
Assembling the 
Unit 

Customer 
receives 
incorrectly 
con figwed 
product 

tion 
Where 
Con trolled? 

M6. 
Assembling ihe 
Unit 

by whom? 

Manu facturing 
team 

Activities 
Required to 

Correct l y 
translating the 
order code to 
aid in 
collecting the 
parts and 
pracess sbeets 
required, 

Info related 
to Control 
Activities 

Correct order 
code and correct 
order code 
breakdown and 
interpretation 

Suggestions 
For Jobs or 
Organization 
Redesign 
Work-ce Il 
members should 
not only be 
irained regarding 
the order code and 
the variety of 
related options 
and modifications 
but should also 
have a product 
catalog handy at 
al1 times. The 
product catalog 
explains the order 
code and related 
options and 
modifications in 
detail. 

Suggestions for 
changes ia the 
Tecbnology 

A system can be 
developed ?hat 
automatically 
deciphers the order 
code and displays 
the necessary 
proas  sheets and 
parts ?hot must be 
selected to properly 
assemble the 
product, Thus the 
system would 
ultimately validate 
whether the 
product was 
assembled 
correctly , 



Key 
Variance 

46, Incompkte 
& Correct 
Manul ûata 
Erîry (Tesî-ri@ 

Nam 
Wbere 
Occurs 

M7. Testing the 
Unit/product 

! of Unit Oper 
Wbere 
Obstrvd 

M7, When the 
product f i i l s  the 
wst. 

tien 
Wbere 
Con trolled? 

M7. When 
manuall y 
entering the 
daia. 

Con trolled 
by wbom? 

Activities 
Required 
to control 

The 
Manufacturing 
member 
responsible for 
data-en try 
controls this 
process, 

Comparing 
the data 
entered with 
îhe data 
coniained in 
the order 
confirmation 
report 

Info related to 
Controt 
Activi ties 

Or der 
confirmation 
report and the data 
entered into order- 
entry system 

Suggestions 
For Jobs or 
Organivtion 
R e d e s i ~  
Train employees 
to enforce the 
process of visual 
inspection and 
ensure that once 
an order is 
entered, the 
information is 
verified to be 
correct by 
manually 
comparing the 
data with the 
original order, 

Suggestions for 
changes in the 
Tee hnology 

The Test-rig 
program may be 
able to be modified 
to automatically 
extract the 
in format ion already 
entered in the 
Auto-label system, 
The serial number 
would be the key, 
and be useû to 
extract the data 
fiom the Auto- 
label database, 



Key 
Variance 

Nam : of Unit O~cration 

M9, Repairing 
the 
Unii(Pr0duct 

Consolidating 
data across 
databases, 

When product 
r e m s  from the 
field for 
servicing. 

Whcre 
Con trolled? 

M9. Repairing 
the product 

Con trolled 
by wbom? 

Work-cell 
members who 
identifL a defect 
and the 
individuals who 
attempts CO 

solve the issues 
identified 

Activi ties 
Rqui red 
to control 

Capturing the 
data related to 
defects in a 
standard 
format 
and retyping 
the 
information 
already 
contained in 
the Auto- 
label 
database, 

Info relateà to 
Control 
Activi ties 

Data related to 
defects (both the 
initial problem 
identified and the 
particular solutioti 
needed to resolve 
the problem). 
The information 
contained in the 
Auto-label 
database 
regarding the 
product 
characteristics 
such as the order 
code, 

Suggestions 
For Jobs or 
Organization 
Reàesign 
A standard 
process to collect 
data regarding 
defects should be 
created. input 
needed to create 
the process should 
come fiorn 
individuals 
located across the 
various work- 
cells, Current best 
practices should 
be leveraged and 
improved. 
Communication 
across workccells 
should be more 
widely promoted. 

Suggestions for 
changes in t k  
Tcebnology 

A standard data 
collection system 
should be 
implemented. The 
data collected 
should only be 
mandaîary if it ai& 
in meeting the 
original goals of 
the system, The 
goals include: to 
aid in generating 
reports that share 
common data 
across work-cells 
and to ease the 
process of 
identi Qing 
problematic issues 
when the product 
r e m  fjom the 
field for servicing.. 



Appendis IY9: Interdependencies behveen Recommendatioos Suggested & the Key Variances Identifid 

1 EDI or INET connection to 1 1 1 

~efbnolog .  Changes 

Configurator Type System 

Scheduling Package (Ship 

OS8 
Accpac Fin - P.O.# or 

, uniqueness 
Accpac Macro Error Log 

. 
AuteLabel Modifications I I I I 

I I I I 

Roduct Assembly Validation 1 1 1 1 

1 
4 

, System 
Back-End System Integration 

2 
d 

4 
4 

Standard Data Collection 
System 

5 

d 

iances 
19 

Job & Orginkational 
Design Changes 

Creating wowners"/ownership 

New "validation" processes 

Training 

Key Variances Affected 
1 
4 
d 
4 

2 

4 
4 

15 

4 
4 

4 
d 7  

4 

17 

d 
4 

5 

4 

19 

d 

30 
d 

4 

21 

4 
4 

26 

d 
4 

57 

4 
.! 

38 

4 

46 

d 
4 





Appendix #ll:Configurator Information Process Flow 

1 Product Support Engineers [lnside Sales ~embers 1 

PRcing 
Information 

Input 1L. riiairiiniri info + 
Utilizing i ~iforrnat ion for: 

Order Code Tables I 

Authorized lndividuals . 

I Order Code Tables 
for 

Cd's I Order Code Tables I for the I 

Authorized lndividuals 

Order Code Tables I 

Authorized lndividuals Authorized Individuals 



Appendix 12 

Statu of recommendations at the time the new product was released into production. 

Genera 
IM/IT Team as a 
partner in bringing 
about Process 
lmprovement 

# l  lmplemented 
#2 In development 
#3 lmplemented 
#4 Irn~lemented 

#6 In development 
#7 Not im~lemented Training 

- 

Communication 
lm lemented 

l mplemented Streamlining the 
Order-Entry 
Information 

#14 ( lmplemented 1 
# l S  1 lmplemented I Processes 

Strearnlining the ;ii 1 ImpIerne",'ed 1 
In develo ment 
In develo~rnent 

O€ to Mfg. 
l nformation 
Processes 
Streamlining the 
Mfg . lnformation 
Processes 

New ~roduct line onlv 

lntegrating Info. 
Process Flows 

New product line specific mcommendations 1 
Streamlining Order 1 #26 / Ii nple 

nple 
nple 
i de\ * 
nple 
nple 
n p le 
nple 
nple 
n ple 
n i e  

ted 
ted 
lted 
,ment 
ited 
ited 
lted 

Code Tables 
Displayed in 
Documents 

ited -1 
ited 



Integrating 1#38 ihn& 
Information Process #39 
Flows 

Streamlining the 
Mfg. Information 
Processes 

Training 

1 -  

#40 
#4 1 
#42 
#43 
#44 
#45 
#46 
#47 

.- - 

In 
In 
In 
In 
In 
In 
In 
In 



Appendix 13: New Information Process Flow 

Using the configurator customers & sales agents 
can casily customize products to mmt specific 
rcquirements & spifications 

1 Configurator Interface 
-- - 

The configwator autornatically creaics the 
particular order code cnswing that it is valid, 
and allows Jnsidc Sales the ability to 
"cut & pasta" it into the OSB system. 

Exports open orders fiam the OSB systcm 
and creates an cxcel sprcad sheet for use 
by Manufacturing & transfcrs the data to 
an Acccss âatabase io be used by Auto-labcl. 

1 Job Release 1 
I system 

The serial numbers of each finished prduct 
is then scannd into both the job rel&c system 
and the OS6 system to close the pmicular order. 

- / Auto-label InfoTrack 1+1 TestRig 

Using the database crcatcd by the Convert Using che data stored in the Auto-Label Using the data stored in the Auto-Label 
program, order related data i s  automatically database, InfoTrack aid in validating the database, InfoTrac k aid in validating the 
used to complete the labels thus eliminating proper assembly of the product. The proper assembly of the product, The 
rcdundant data entry. correct parts and instructions shects correct parts and instmctions sheets 

are displaycd as the product is being built. arc displaycd as the product is being built. 



Appendix 14 
Recommendations that were translated to other Product lines. 

General recomi 
IMIlT Tearn as a 1 #l 1 I 
partner in bringing 
about Process 
lmprovement 

Training 

Communication #10 1 
# 1 1  I 
#12 1 

Streamlining the #13 I 
Order-Entry #14 I 
I nfomation 
Processes #15 I 

Streamlining the 
O€ to Mfg. 
l nformation 
Processes 1#19 ( I r  
Streamlining the )#20 Ili 
Mfg. Information 
Processes 

lntegrating Info. 
Proœss Flows 

idations 
emented 
en - 
en - 
en - 
en - 
en - 
3Vf - 
en - 
en - 
en - 
en - 
im - 
len 

qented 
qented 
iented 
iented 
nented 
sloprnent 
iented 
nented 
riented 
nented 
plemented 
nented 

lemented 
- 

lemented 

llemen ted 
evelopment 
evelopment 
~lemented 
ilemented 
llemented 

[ Recommendations tnndated trom new product line 
Strearnlining Order 
Code Tables 
~ i s ~ l a ~ e d  in 
Documents #29 

npk 
iple 
nple 
I de\ * 
npte 
nple 
nple 
n pl0 
nple 
nple 
nole 

ented 
-- - 

ited 
ited 
pment 
i ted 
lted 
7ted 
ited 
~ited 
eited 
i ted 
?ted 



Streamlining the 
Mfg. Information 
Processes 

Training 

lm plemented 
Implementd 
lm~lemented 

lntegrating 
lnfomationProœss 
Flows 

#38 
#39 
#40 
- - 

#41 
#42 

lmplernented 
lmplernented 

#43 
#44 
#45 
#46 

Only for one product Iine 
Only for one product line 

. Only for one product line 
lm~lemented 
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