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around 2008 [1], the company had been undergoing some

Abstract— Customer perceptions of products continuously form of rehabilitation in order to bring it back on track and
change over time. Marketing specialists are generally tasked he competitive. Most companies in Zimbabwe at that time
with the responsibility of rebranding and product changes. were affected by the global recession with some being

However this is normally technology driven, with inputs from . .
engineering designers and manufacturers providing the designs liquidated. Those that were fortunate enough to escape the

and feasibilities for either modifying existing designs or Cfisis still faced the challenges brought on by global
developing new ones. An opportunity arose at a timber competition. Although the government of Zimbabwe at the
processing company where a variety of products such as time put measures in place to protect local manufacturers,
domestic and commercial furniture are manufactured. This these were only useful for the local markets and yet better
paper reports on the development of a framework for o, qing can be realized by exporting. A team of engineering
formulating new products using the wide array of hard and soft . . . . .

wood that the company processes. A work study was academics _fr_om the _Un|verS|_ty of Zimbabwe set out _to assist
conducted, focusing on the company’s production capacity, and rehabilitate this holding company by setting up

sales history of their twenty-three products, market trends and Operating systems, reorganizing plant layouts and process
interviews with current customers. The research set out to flows as well as assisting the company in modern methods of
develop innovative and new product platforms (product manufacture as part of research at minimal or no cost to the

families) that are unique and represent the company while o, any hyt with the ultimate objective of improving
satisfying customer needs and requirements. A stage-gate

model of the New Product Development (NPD) framework was efficiency and productivity to enhance profitability. One of
formulated. Coupled with Quality Function Deployment (QFD) ~ the tasks that the team embarked on was to look at the
and weighted objectives, the use of the stage-gate model wacompany’s product portfolio and then set out to introduce
demonstrated in the development of a four wheeler coffee table new techniques that would see the company rapidly
into a prototype. Implementation of the stage-gate model and introducing new products or modifying existing ones.
further research into the four-wheeler coffee table were The four subsidiaries are involved in the manufacture of a
recommended as well as other areas related to NPD. . . . e .
variety of furniture with each one specializing in a particular

Index Terms—New Product Development, Quality Function ange of products to complement and not compete with the

Deployment, Stage-Gate Modelling. others. The division where this research was carried out,
specialized in the manufacture of children's furniture
I. INTRODUCTION (nursery), leisure and occasional furniture, dining room

HE timber processing holding company is divided intgUités and coffins. The company however faced stiff
four subsidiary business units that are all involved ifOMPetition from other local manufacturers, let alone the
processing timber to produce a wide variety of product8Pility to export and compete globally, hence the need to
Due to the economic recession that most countries suffefg@Me Up with new strategies and engineering techniques to
enable the company to rapidly prototype and produce
attractive and competitive products that could possibly be
considered for export. The unit is run by a production
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framework is thus a disciplined and defined set of tasks afifié cycle, will also be useful for assessing the environmental
steps, which describe the normal means by which a compampact of products and processes [4]. The sales history of a
repetitively converts embryonic ideas into saleable produdigical product follows a dome shaped curve (mirrored S-
[2]. This research aimed at establishing a basis for NPD sttaped curve) made up of five stages as illustrated in Fig. 1.
the subsidiary company with the objectives to:

Maturity

» Establish engineering strategies that guide product
innovation programs at the company,
» Find ways that the company may organize for NPD,
« |dentify the major sources of new product ideas,
» Market planning to commercialize new products,
 Establish the position of each of the company's
products on the product life cycle. i o Product
+ Demonstrate the use of QFD in NPD. Time
Fig. 1. Sales History of Typical Products

Sales Volume

Growth

Following the recession, the company had limited success
with new products on the Zimbabwean market due to the Slow growth and minimal profits mark the introduction
non-existence of a formal NPD process. Little or nstage as the product is being pushed into distribution. If
investment had been made for research and developmensig¢cessful, the product enters a growth stage marked by
new product development other than brand modifications 6pid sales growth and increasing profits. During this stage
extensions. Considering the strong competition and the stétie company attempts to improve the product, enter new
of the Zimbabwean political and economic scenarios, tharket segments and distribution channels, and may reduce
company’s offerings were facing shortened life spans arig prices slightly. This is followed by a maturity stage in
ought to be replaced by newer products. The risks wihich sales growth slows down and profits stabilize, the
innovation are as great as the rewards since new produdtation of which is dependent on the product and market.
can fail, thus the need for a formal and robust NPBinally the product enters a decline stage in which sales and
framework which is technology driven [2]. The key toprofits deteriorate and it is the time to start thinking of
successful  innovation lies in  developing betteintroducing a new product. The company’s task during this
organizational arrangements for handling new product ideatage is to identify the declining product and decide whether
and developing sound research and decision proceduregoamaintain, harvest, or drop it. The product can also be sold
each stage of a defined NPD model. This research therefé@eanother firm or liquidated for salvage value [5].
focused on developing a framework that encompasses all @.e Quality Function Deployment
processes and strategies necessary for successfully

developing new products to satisfy the customer as well as"" . comprehenswe_ me_thod for m_at_chm_g customgr
bring in profits, growth and prosperity to the company. requirements to engineering characteristics is the quality
function deployment method (QFD). In engineering design

methods for new product development, QFD is an important
methodological approach to increase customer satisfaction
A. New Product Development and reduce the product costs and development cycle time.

Organisations are increasingly recognizing the necessfifcording to the House of Quality (HoQ) chart, the most
and advantages of developing new products and servicBeco9nized and widely used form of QFD is the voice of the
However new products can fail and companies have f'Stomer which can be translated into engineering
develop sound organizational procedures in an NPD proceS8aracteristics [3], [6]. The technique is one of those modern
The NPD process consists of several stages such as; iffRQ}S that has been successfully employed in industries
generation, idea screening, concept development and testigund the world for various product development activities
marketing strategy development, business analysis, prodbfy QFD was originally developed at Mitsubishi's Kobe
development, market testing and commercialization. THEIPYards in 1972. In Japanese, QFD means strategic
purpose of each stage is to decide whether the idea shoul@g@ngement (deployment) throughout all aspects of a
further developed or dropped. Customers usually specWOdUC_t (functions) of appropriate characteristics (qualities)
requirements and preferences for a product which can Bgcording to customer demands [11]. QFD was subsequently
further broken down into market segments and then groupifoduced to the USA at a motor vehicle manufacturing

into homogenous preferences [3]. Segmentation of tff@mpPany and has been successfully applied at other

product market is necessary in order to achieve better vagfinPanies since then [11].

settings of engineering characteristics for new products. One! "€ QFD method recognizes that the person who buys (or

of the requirements set by the company at the onset of {80 mostinfluences the buying decision for) a product is the
research was to minimize the chances of poor ideas movif{gSt important person in determining the commercial
forward while good ideas were being rejected. success of a product. If custqmers glo not buy .the-product,
Each commercialized product exhibits a life cycle marketfi€n no matter how well designed it may be, it will be a
by a changing set of problems and opportunities. Integratifgmmercial failure. Therefore, ‘voice of the customer’ has
life cycle assessment, which considers the product's whaECMity in determining the product's attributes [6]. This

Il. BACKGROUND AND LITERATURE REVIEW
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means taking care to identify who the customers are, to listeapabilities of translating customer specifications into
carefully to what they specify, and to determine thengineering characteristics [3], [16]. Quite often engineering
product’s engineering characteristics to enable the smoathsigners develop their products paying little or no attention
development and design and ultimately selling of the produtet the environment, yet the production of the eventual
[7], [8]. Companies can speed up the effect of new produgisoduct may have a negative impact on the same, hence the
on corporate growth and profits by managing the way theyeed to integrate life cycle analysis into green design during
develop products better. The art and science of NPD hée product development and design process [17]. The
advanced enormously in recent years and is providing theeory of inventive problem solving technique (TRIZ) was
foundation for positive re-engineering of this criticalsuccessfully applied in conjunction with QFD to develop an
function within a wide range of companies. The leadingmproved Grey Quality Function Deployment (GQFD)
edge concepts and techniques of NPD can be summarizedvagh can assist new product designers and developers to
follows: identify important engineering characteristics during the
» Focusing on the ‘fuzzy front end’ of NPD by bringing product development stage [18]. Some of the principles and
order and efficiency to a previously chaotic andechniques outlined in this literature review were applied in
meandering early part of the new product process [4]. this research at the timber processing company in the
» Paying close attention to both the voice of the customdevelopment of the four wheeler coffee table.
and the voice of the user, and employing new techniques

to capture their input at early stages of NPD [6]. Ill. CASE STUDY OF THETIMBER PROCESSINGCOMPANY

» Use of multifunctional, empowered project teams to Tpe holding company employs about 50 staff mainly
drive NPD in shortened time spans [9]. artisans with the General Manager at the helm and the
* Creating new product platforms (product familieSproguction Manager responsible for all new product
rather than isolated efforts [3]. development decisions. Their major source of new product
* Designing ‘stage-gate systems’ with flexibility t0gesigns and ideas are magazines and in some cases,
provide discipline to the overall NPD process [5]. interaction with customers. The subsidiary case study
* Implementing new product portfolio management S@ompany uses pine or hardwood such as teak and
that resources are allocated effectively [8]. manufactures to order, over 20 different products but these
* Emphasizing speed with ‘time to profit’ rather thangre not branded. There was minimal or no quality control but
time to market’ [8]. products merely checked by warehouse/dispatch clerk. The

costing of products had not been consistent, in some cases
In QFD, engineering characteristics and desig[éading to higher or lower prices compared with

requirements  affecting the product performance agmpetitors. These were some of the challenges observed at
identified in order to improve the product performance angie onset of the research, as such consideration of these
optimization to customer specifications and needs [10]. Kctors had to be taken into account during the execution of
recent years, the concept and technique of QFD has begg project. The sales history of the company, the trends
used in conjunction with fuzzy approaches in new produgiawn from records, interactions with staff and customers
development and design by incorporating failure modes agger a period of a year, in 2012 was analyzed, from which it
effects analysis into the QFD processes [12]. The use \ghs evident that some of the products were in high demand
fuzzy cognitive network process and aggregative grading,q sales growing (G), some with stagnant sales as these had

clustering as applied by Reference [13] enabled ratingached their maturity (M) stage while the rest recorded
flexibility for the expert judgment to handle uncertainty inyecline (D) in sales.

new product development. This has assisted engineering TABLE |
designers and product development specialists to cope with ANALYSIS OF THECOMPANY'S PRODUCTS
: Product Sale Per Quantity Deemed PLC
the sometimes vague nature of the p-roduct dgvelopment Month/s Soid/Month Stage
process. Today's product marketplace is full of innovative Baby Cot C4 113594.33 40 G
; ; ; ; P Baby Cot C3 43436.32 19 D
product oﬁermg§ owing to dynamically charlglng customet —Baby Cot C1 41564 01 5> G
desires and rapid changes and advances in technology and juvenie Bed 31301.50 12 M
manufacturing systems [14]. This presents challenges hut Bunk Bed 51085.60 19 G
| tuniti for desi dd | f duét Baby Tender 111010.18 32 G
also opportunities for designers and developers of produets—gpy chair 18425 81 Ta v
to keep abreast of these advances to remain competitive| A Chest of Drawers (6) 44044.20 6 M
e ; f Chest of Drawers (4) 31572.65 14 M
HoQ was proposed to critically anal_yse factors involved ip D BIR Cabiets 10816 09 - M
QFD in the development and planning for new products {0 s/b BIR Cabinets 12569.63 13 M
reflect the knowledge and differences among various  FlatLid Coffin_ 100706.50 L M
. . . s Open Face Coffin 62025.27 42 M
customers regarding their requirements [15]. However thiS— 3 Tier cofin 2160782 21 M
was limited to non-homogeneous assessments of the 2 Tier Coffin 53526.23 34 G
. : [P . Adl Casket Coffin 83668.73 5 M
evglgatlon of r.equwements whereas |t. is vital to seek——_ o= 9933 52 7 v
opinions from different market segments in the new produft vivard b/Room Suite 20797.13 1 D
development cycle. QFD is also a critical and effectiv Headboard 29674.71 5 M
. . . . . , L/Door Wardrobe 10266.73 2 D
engineering design tool to integrate ergonomics needs amnd Kist 2863.50 1 D
comfort when designing products that are used by peoplelin__ Swinging Crib 6124.37 5 D
. . . Play P 3222.21 2 D
everyday life such as furniture as this also has the 2y Ten
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Table | shows the summary of the company’s product®ompany wide, from the general hand to top management.
and what the researchers deemed to be the Product LA® new product development was the preserve of the
Cycle (PLC) stage, derived from the sales trends and recoRIi®duction Manager, it became necessary and critical to
part of which are shown in Fig. 2 for 6 of their most populantegrate the process with the rest of the staff for the success
products over a period of a year in 2012. of launching new products. Creation of an empowered NPD
committee could alleviate this problem. This committee
would also be responsible for assessing the company’s
current offerings and trimming any excess products. The
search for line extensions and improvement of current
product lines could also be a priority for this group.

Fig. 3 shows the proposed procedure that the company
must go through when introducing new products. The
committee must successfully complete a prescribed set of

[
2
=]

-
n
=

[
=)

Sales Volume (Units)
- =

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec tasks (in a set time) in each stage before proceeding to the

Month next one. Gates are there to make the following decisions;

—e—Baby Cots @ Bunk Beds ---8--- Drawers develop, drop, hold or recycle. The committee needs to
— @— - Cabinets ---3-- Headboards =—e— Cribs

agree on a decision after each stage although the production
manager has the final say. Use of the proposed NPD model
requires training of all employees of the company for a buy-

in, otherwise lack of interest and moral can sabotage the

During the execution of the research, visits were made Hecess of implementing the ~stage-gate model. The

a number retailers where the company’s products a?gmmittee must also focus on continuously improving the
marketed and sold and the following was revealed model so that developments can be made faster. Activities at

each stage of the NPD process are carried out in parallel and
not in sequence. This helps in integrating the committee and
with time every member should be able to carry out any
activity. The company should not drop projects no matter
what stage the development process is. This helps in
gvoiding costs associated with developing a weak product.

Fig. 2. Sales Trends for the Company’s Popular Products

» Level of stocks in shops too high.

» Normal and average daily turnover less than $1 000.
» Majority of shops selling on cash basis only.

» Beds are the fastest selling type of furniture.

» The ordinary person now prefers to buy cheap furnitur
» There has been a general increase in suppliers.

» The range of designs available to the retailer is very

broad but less appealing and not very aesthetic. @ @
» Swinging cribs and playpens are now a luxury.
IV. THE PROPOSELSTAGE-GATE MODEL —
The foregoing analysis indicated that the company had

potential but was experiencing a decline in sales volumes

The ability to grow into a leading furniture manufacturing P @ — @ COMMERGIA-
company was there considering the large variety of products HISATION

and services its units can offer, hence the need for new

strategies to win the market share. Formalizing the NP'D"

process was critical in that it reduced the risks associated Fig. 3. Proposed NPD Stage-Gate Model for the Company
with commercializing new products generated from poor

ideas. Having a formal process on paper was not good. DEVELOPMENT OF THEFOUR-WHEELER COFFEETABLE
enough but the process had to be fully operationalized i.e.rrom the research, there was a realization that the
functional. The thrust in coming up with the NPDmgajority of Zimbabwean families have their meals in the
framework for the company was to develop innovative neyunge rather than the dining room. Coffee tables in the
product platforms (product families) that were unique anfunge are usually meant to be positioned in one spot but
represented the company while satisfying customer neegiéigging these resulted in the failure of the leg joints leading
and requirements. Considering the low success rate of ¢ frequent repair. This feature and other design and
company’s ‘new’ products it was essential to come up wittystomer requirements were juxtaposed with technical
new product families that would have a competitive edgspecifications and were then entered into the HoQ and
over other companies’ offerings. There was also a needd@ployed throughout the design, development and
create products that customers can identify with theroduction. Table Il is an extraction of these from the full
company. Identification did not have to be necessarily froljoQ. The requirements were assigned priorities, emphasis
branding but from the style, design, quality etc. Producingiseing placed on those that affected the life of the coffee
family of products leads to continuous improvement whilgaple. Correlations were also established to see how

reducing the risks associated with coming up with a singjgplementing any one technical issue would affect the
product. This strategy had to be known and understogghers.
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TABLE Il
SPECIFICATIOI?IS FORNHEELER COFFEETABLE EXTRACTED FROMHOQ This prototype was further developed using the proposed
Te"hSmcal stage-gate model in its simple form and was produced and
ecs
P 2| ] w é recommended for further development to reduce the cost.
- ° Ll al w é”g Although the cost and price for the new coffee table was
J B 3 § %’ ?_é’ 3 g .| higher than the original coffee table, it proved quite popular
E & % Hlw B g § %|  with some of the company’s regular customers, evidenced by
n [ ey o~ o o > . . . . ..
H g8 a2 ‘é gl B | a&| & the rise in sales volumes in the first 6 months, a definite
o} ol .
Customer g % S é § E 5 S| S § é growth trend. A family of such products can be generated
Requirements | 7 #=| =™~ . it from this prototype to cater for all classes of income earners.
gz:y Eg gfeean g S ° . . f For further strength, durability and support, the design was
Eas§ to Polish 131 o1 * e slightly modified to include an additional circular plate at
Safety 5| o o 3 0 o | e the bottom, similar to the top plate while the top plate was
Moisture Free | 5] e = o opened up for a glass for a better outlook and aesthetics as
Aesthetic 5] e *| o | * lel  showninFig. 5.
Light Weight 2 . . * o
Long Lifespan 5 m] ol o .
Durable 5 [ . o | o m] m] .
Fits in Lounge 5 . ° *
Key: 1 —Low, 5 — High e —Strong o-—Medium *- Weak

QFD was used to come up with a prototype of the four
wheeler coffee table shown in Fig. 4. Complementary tools
such as the morphological charts, value engineering and
weighted objectives were also used in conjunction with QFD
to design and develop the coffee table. An in-house testing
and evaluation to see how the requirements were met anc
compared to the old product, was carried and also entered ir
the HoQ. The part deployment matrix to determine the
minimal number of components, the process planning matrix

for !dentlfylng process parameter§ critical t(.) achmvmg the The additional plate not only strengthened the coffee table
desired values and the production planning matrix th%t

ut can also be used as additional space on the table. Table
converted the process parameters

to manufacturi .
. : ? shows the complete parts list for the four wheeler coffee
instructions for the operators were developed and formed t eb . : " : .

able including the additional materials incorporated after

basis for producing the coffee table in-house. further development.

Fig. 5. Proposed Image of the Final Wheeler Coffee Table

TABLE llI
PARTSLIST FOR THEFOUR WHEELER COFFEETABLE
Part Description Material Dimensions
No. mm
1 Table Top{2} Pine @ 1000 x 30
® 2 Legl4} Pine 270 x 50 x 50
3 Leg Support{4} Pine 530x 70 x 20
4 Joint Bracket{4} Mild Steel 55x20x 2
5 Top Bracket{4} Mild Steel 5x10x 20
\ 6 Leg Wheel{4} Thick Rubber @ 30; 50 x 50
@ 7 Glass Top{l} Glass P800x10
VI. DISCUSSION ANDRECOMMENDATIONS
The designed stage-gate model for the NPD process
involves the following nine stages; idea generation, idea

Fig. 4. The Four Wheeler Coffee Table screening, concept development (technical), marketing

) ) strategy, business analysis, product development, market
A number of machines and operations were u_sed fgsting, commercialization and product life cycle concept

produce the four wheeler coffee table as follows; cutting ﬂWhere each stage is preceded by a gate with committee
circular top (1) using a band saw, creating the mortises Members as the gate keepers and the Production Manager
(1) for fitting legs (2) using a router and similarly for the IeEiwaving the overall say. The rigidity of the model is there to
supports (3) which are machined with tenons at their en%oid errors in the product development process.
are then glued together with the legs and the joint brackets-, o\ ihe sales analysis of the company’s products as
(4) screwed o_n across. The wheels were screwed on the lgﬂﬁwn in Table |, the majority are in the maturity stage of
and the combined support glued and screwed to the table faR product life cycle. Analysis of market trends showed that

using additional top brackets. the company should focus more on manufacturing and

ISBN: 978-988-14048-0-0 WCE 2016

ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the World Congress on Engineering 2016 Vol 11
WCE 2016, June 29 - July 1, 2016, London, U.K.

developing product families of children’s furniture. Theand manufacture of these products is still largely manual,
results and benefits of NPD cannot be realized in a shdhiereby slowing the process resulting in costly products.
space of time but with time and experience some of stepsNtodern machinery that are computer numerically controlled
the stage-gate model can be skipped or combined, hemd# be useful to enhance time to market. Although this is
speeding up the NPD process. At the end of the developeapital intensive, it can be considered as an option especially
NPD stage-gate model, the company must consider tfrem the financial returns as a result of the adopted model.
product life cycle by recording sales history and trends to
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