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Abstract— Despite the fact that small to medium sized
enterprises play an important role in the Japaneseconomy, these
companies have severe problems with respect to camate
sustainability. We have investigated a small compan called
“Haneron” in detail. This company was founded as aechnology
oriented manufacturing company and it has survivednore than 30
years. The company developed strength in the areaf onixed
technology of analog, digital and mechatronics inhte early stage of
start-up. The case study shows that so-called diw&fication in
product/market expansion grid is effective if exishg technology is
applied to new products. Also, the case study showthat the
strategy to keep corporate size relatively small ahto change
business model in response to environmental and nia@t changes
is a key factor for the organization to survive. Anengineering
management approach for corporate sustainability wa discussed
and a hypothetical model to describe organizationusvival was
proposed.

Index Terms—Business, Management, Product development,
Research and development management,

I. INTRODUCTION

Small to medium sized enterprises have played aortant
role in the Japanese economy. The number of thesepeises
is more than 99% of the total number of Japanentgor
offices. About 64% of employees belong to thesepames. It
was generally said that the variety of activitifssmall to
medium companies is the source of economic vitdlitysed to
be said that small companies are much like big cmigs,
except that small businesses have lower sales)esnaalsets,
and fewer employees. J. A. Welsh, however, mentiadhat a
small business is not a “little big business”, apased to the
traditional assumption [1]. Many small manufactgrin
companies are subcontractors and Ulla Lehtingastigated
subcontracting as a modern form of manufacturirycarified
the phenomena of subcontracting as a part of sugipdyn
management concept [2]. He also classified subaoturs into
four basic groups: part supplier, component suppdigecialist
supplier and system supplier. He analyzed the draftthe
subcontractors and suggested that the evolutionpwasoted
by increasing their span of operation and adding kieds of
process and material purchasing.
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However, in the long recession period since thestoofrthe
“bubble economy” in Japan, small corporations hhed a
difficult time facing changes both in financing amensaction
structure in globalization. In this environment, aim
corporations have been encouraged management tiomgva
but a few were successful. D.J. Story addressgalitsue the
fact that close down ratio of small business ishargthan big
business [3]. Statistics shows that the ratio o$idlg down of
small companies is around 5.5 %, whereas the dtioew
venture creation is less than 4% in Japan. Matswshi
mentioned that obstructions to venture growth @menting,
people, and change of economic environment [4]. Yoo
proposed a 4-stage process model of venture gramth
analyzed growth of venture companies from the ypemt of
strategy [5].

Larry E. Greiner analyzed evolution and revolutianthe
growing process of organization [6]. He describéxk sof
organization as a function of age of organizatid@identified a
series of developmental phases through which corepaend
to pass as they grow. Each phase begins with aderi
evolution and ends with substantial organizatiorangfe.
According to Greiner, the task for management irchea
revolutionary period is to define a new set of migational
practices that will become the basis for managimg mext
period of evolutionary growth. N. Churchill, on tbéher hand,
proposed a framework of growth stage using sizepaision
and complexity as one dimension and company mgptasta
second dimension [7].

It is important to find a solution to venture compayrowth
problems. However, we believe it is also importenfind a
way to survive without increasing size of orgarimatIn other
words, find a way of management for corporate suestlity
while keeping constant organization size. In tlapgr, we will
discuss corporate sustainability from view pointexhnology
management.

We will discuss basically a technology oriented Kkma
manufacturing company. Here are a few researchtigneso
be answered for corporate sustainability. They are:

OBJECTIVES

1) Is it possible to manage a corporation long enough
without increasing size of corporation and sales
volume?What has to be changed for sustainability?

2) What is the key issue for sustainable management
for a small technology oriented corporation?

3) What technology can be the core competence of the

company?



The objectives of this investigation are to fing Kactors for
corporate survival in the light of technology maeagnt.

We selected Haneron Inc. for the case study. Bhéssmall
manufacturing company located in Osaka. It is pictf
technology oriented venture company in Japan. Dumder
used to work for a big manufacturing company asmgineer,
then left the company and established a privatearation. The
company has survived longer than 30 years, overwprai
number of difficult economic situations in JapaheTistory of
the company can be divided into five stages, frbentirth of
the company to the present. Each stage is 4 tars yeng. The
first stage was establishment of private compamnduvhich
several products were developed and manufacturedstesm
products. After 7 years of producing these customapcts, the
founder established Haneron Inc. in factory auttonat
equipment business. The company changed its bssimedel
to OEM in the third stage. When the factory autoomasystem
business declined, the company again started ®algits own
products in stage 4, and moved eventually, to ajinad brand
business in stage 5. The products and system gmcblburing
stage 1 to 5 are all technology oriented productd bhad
specific commonalities in the fundamental technpl&®yoducts
developed in each stage are as follows:

CASE STUDY

A. Stage 1: Establishment of one-man enterprise

The founder of the company originally worked foe thig
corporation which fabricated a variety of electrand
electronics products including home appliances
semiconductor devices. He worked specifically
development of control circuits in the R&D depariheifter 5
years experience in the company, he left the cognam
prepared for 3 years to establish a private one-emaerprise.

He received an order for a small size sequenceraltart
from a chemical company when a customer plannezktend
his fabrication line. A state-of-the-art controleas constructed
using large relay devices with AC 100V specificatitimers,
counters, and temperature sensors. He developeihpan
circuit board with bipolar transistors to handlalag circuits,
and a control circuit board with digital integrateidcuit called
TTL. An output circuit board was developed utiligibipolar
transistors for driving the power-relay. Noise immity was a
key issue for the relay controller which is opedaite chemical
production facility with a severe electric noisevieonment.
Another issue with the controller was that everydurct was a
custom design dedicated to specific customers areap with
the idea of system configuration with a standarduti board
and portion of customer specific function. Howetrgs was not
implemented at that time because a bigger compeiitme in
with the same idea.

3) Nut runner controller

This product was an air powered nut fasteningesyst
controller for automobile engine assembly lineshe Bystem
controls torque utilizing signal sensed from stigdiniges. Since
automobile manufacturers had engines with a diffeneimber
of nuts, the nut runner controller was divided immther
machine and children units so that it can be agglexibly as a
multi axis system.

4) Security system for explosive warehouse
This system was for explosive warehouses located in
mountain areas. If any one warehouse is broken aitom is

argbunded in the administration office. This was eedisystem
ine thand a pair of wires was connected among all theelarses.

Low power consumption was a must because the system
operates on batteries. It is outdoor system arfthdt to be
moisture-proof.

The corporate mission was to develop and manufactur This was to provide a low cost system solution @nage

electronic control instruments. In this stage heetlgped five
major products as custom products responding toestqg from
his customers.

1) Automatic seal engraver

His first business after retirement from a big campwas to
develop an automatic seal engraver. This machindoris
registered personal seal which is used in Japaroffiial
documents in place of signature. A registered semdgulated
by law to be unique in order to be distinguishearfiothers with
same name, otherwise the seal can not be registéies
machine captures a handwritten signature image pyao
sensor through a microscope and engraves the séaliah by a
caver. The signature image and the seal mategahaunted on
rotators which are synchronized with each othemhyulley.
The carver, consisting of a chisel and solenoidngpu,
engraves the seal material point by point, regylitina unique
seal.

2) Electronic Relay Controller (sequence contmjlle

explosive warehouses. Actually, the same system beas
produced for 30 years without any design change.

5) Calculator test tool (automated key hitter)

He started development of an automated key hitieraf
calculator function test system in response togaiest from a
calculator company. This replaced manual input byndn
operators, resulting in productivity improvement.

B. Stage 2: Establishment of Haneron Inc. and fabrizaof
factory automation equipment

The private one-man enterprise was concerned with
development and manufacturing of custom electronic
controllers for 7 years in the early stage. Whenfdunder got
an order to develop a automated test system fdaiomes's
calculator production line, he established Hanemn, and
hired 4 people. Since the system is closely comdett the
fabrication line, he dispatched two engineers éociistomer for
joint cooperative effort.

In this phase, the new company developed and metouéal ;



1) automated assembly line controller and testesysior
calculator, 2) Silicon wafer tester, 3) final tediar calculator,
4) Liquid crystal display device tester, 5) Autoioatdjuster for
electronic thermometer, and so on.

The final tester for calculators utilized the au&ted key
hitter which had been developed in stage 1.

C. Stage 3: Change to OEM business model

Specification of the automatic test system for tetedc
calculators depended strongly on a specific cust@ame it was
difficult to extend this business to other custosres a generic
product. Another issue was that customer specifcyction
generally required extremely short delivery timeo e
Haneron top management decided to change theindsssi
model to OEM. He utilized past human networks antred
PLC (program logic controller) OEM business forambbile
industry. The company had some knowledge of theraoibile
industry through the experience with the nut run#dso the
company had the strength to handle high-variety-‘olmme
manufacturing. So the company decided to start @EMness
for PLC, specifically 1/0O portion of PLC.

D. Stage 4: Development of new business opportunity

Factory automation was the back bone of Hanerarsgss.
However, almost all industry including factory amiation
business had had a hard time since the burst obtible
economy and wave of globalization in early 199@8knost all
stable OEM business in factory automation was gand,the
company had to find new business opportunitiess s
similar situation in the early stage of the compafhe
company developed an artificial dialysis machinet the
business was not successful because of insuffieigmrience

The DMA receives text data from external sensordsl an
transforms the text data into e-mail format with BMprotocol
and sends out the e-mail through the packet tratesmpacket
network and internet. Reversely, it is also possibl control
machines by e-mail received with POP protocol framail
server.

Data to e-mail conversion

RS232C

DMA
Sensors Non-procedural
thermometer
water level meter
wattmeter
RS232C
TCP/IP

Packet N/W -
Packet Transmitter

Data acquisition ssg
through e-mail s

Fig. 1. Remote surveillance system using the D& Adaptor concept

Since the packet network (DoPa) is linked to therimet, the
e-mail containing the data is sent to a PC whidvoimected to
the internet. The e-mail containing the data carrdoeived
through a cellular phone. Therefore a remote madnijo
system, which sends data captured from remote sersal
remote equipment to a PC or cellular phone thropgtket
network and internet, can be implemented. This ephc
provides a simple and low cost solution to remotmitoring
system.
Haneron had sufficient experience of measurement,

controlling, communication, both in software anddveare, in
the area of factory automation system. However ctirapany

in this field. The 2 trial was a test system for TFT liquid crystaldid not have experience with respect to networkqual, so

display for color TVs. The project was joint coogtire effort
between Hanelon and a big company. Other projectade a
controller for home use elevators and an automadbéleking
system. The fleet tracking system consists of @robumenter
and terminals. The center system locates vehiabels gives
instructions according to changes in schedule. ddrger and
vehicles are connected through packet net workis. fioject
was a forerunner of an original branded product.

E. Stage 5: Creating original brand

formed an alliance with big mobile communicatiormgany,
which helped verification in the field.

IV. ANALYSIS OF THE CASE

A. Technology point of view

Fig.2 shows the relationship between the producis fthe
view point of technology. The fundamental skill sedas a
combination of analog, digital and mechatronic$itetogies,

The company developed a product called DMA (Datal Mayhich supported the company’s qualitative growtinf stage 1

Adaptor ) under it's own brand. The concept of DN#Ato
utilize a mail system to send control data in terf of e-mail
text. The company had accumulated know-how and letye

to stage 5. During Stage 1, i.e. early period ofgte one-man
enterprise, the company developed many produdtsyAactor
that supported these products development was gndilgital

about packet communication through OEM experiencgng mechatronics technologies. The company edtablithe

NTT-DoCoMo, a big mobile communication companydpdn
had a strategy to expand a packet communicationcsefor
machine to machine data communication. Hanelonidered
that the remote control system could be simplifiggombining
packet communication network and internet technplog
The remote control or remote monitoring systemwshn
Fig.1 is composed of sensors, DMA products and itexis

core competence of integrating these three techiedo
Know-how on noise immunity, which is crucial to &gdigital
mixed circuits, was accumulated through the devekm of
electronic relay products. Development of the nutner
product helped to foster the technology to handleriety of
custom products by introducing the concept of alboation of
mother board and child units. Allthe technology eleped
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Fig2. Technology relevancy of products developedameron Inc.

during Stage 1 contributed to development of theraated test
system for the calculator production line in Stagdoint effort

with the customer was a good opportunity for Haneto

develop tacit knowledge regarding the test systamthie

customer’s manufacturing facility. In Stage 2, walogy for

capturing images, mechatronics and microprocesgaication

technology were integrated into the calculator fiomc test

system. In stage 3, Haneron manufactured 1/O perghh
sub-systems in program logic controllers for anoeuthile

production line. The I/O units feature a varietyspgcification

depending on the customer, and the company hadierpe of

handling high-variety low-volume manufacturing. Retc
communication technology was also introduced ig&t@& The
corporation’s experience in the custom controleysproduct
business was longer than 25 years, providingdipgoortunity to

get in to original brand business utilizing theecapmpetence
established through stage 1 to stage 3.

A. Size of organization

The founder of Haneron had a policy with respect t
corporation growth. He controlled size of orgarmakeep the
appropriate. He also controlled corporate busingge to
around 10 million dollars. He preferred to manag&DR
activities by himself and to have complete resgulitsi for his
products from their birth to the end of life, urgthge 2. Small
organization size was an advantage to this managestgde.
Churchill [7] suggested corporation developmenthgtages;
existence, survival, success, take-off, and resomaturity. If a
company stays at the survival stage, it can haweugn
customers and it can satisfy them sufficiently withproducts
or services to keep them. The organization canirbpls and
decision making can be quick. The issue is whetlggnerates
enough cash to stay in business and to financartoaereturn.

V. [IMPLICATION FROM THE CASE STUDY

A. New product strategy

The well-known Ansoff's matrix is constructed by niet
axis and product axis, and provides four typestraftesgy [8].
That is to say, market penetration in existing ratkwith
existing products, new market development with texgs
products, new product development for existing rerkand
diversification into a new market with a new proddde fourth
strategy is typically implemented by M&A, otherwiseis
considered to be risky unless the company has $dimgein
common with current business. However, the castysthows
that the company was successful in using diveeibo
strategy. It developed a wide variety of producid succeeded
in business. A new product does not always utiliEav
technology. So, if we divide new product and neghi®logy,
Ansoff's matrix can be modified to a three dimemnsiomatrix
by adding another technology plane as shown irBFiganeron
fhc. has strength in this common technology, whisha
combination of “Analog, Digital and Mechatronics’A
diversification strategy utilizing existing techogly can be
considered to be effective for small manufactudogipanies.
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B. Modification of Greiner’s organization growth model

Greiner’s growth model is shown by the straightydiee in
Fig.4., under the assumption that a company most gnd pass
through all stages of development. Churchill ineldd
dispersion and complexity factors in addition teesiand also
took early stage problems into account. Churchiifiedel is
shown by dotted grey line in the Fig.4. Both modetsume
corporate growth.

Our understanding is that the biggest issue formalls

start-up, or small venture company, is organization

sustainability rather than growth in terms of semed sales
volume. To keep employment is also important isduee take
this position, we can modify Greiner’s growth maodestead of
going through stages of revolution, we can chotrsgegjically
to keep constant business size. This is also showiy. 4.

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
. collaboration
large evolutlon }aﬂer Greiner : /
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Fig.4 Corporate survival model and growth model

The example of Haneron indicates that a corporatasto
change its business model in order to survive, élveize of
organization is kept same. The company startednasman
enterprise, then, subcontracted for manufacturecustom

products, then moved to an autonomous business | mdithe
own original brand. This is considered to be soingthike
metamorphosis of enterprise.

VI. CONCLUSION

Statistics shows that a problem for small busiieserporate
sustainability rather than corporate growth. A t¢gbismall
technology oriented manufacturing company which has
survived more than 30 years was investigated. Tmepany
changed its business model in response to envinotaand
market changes. Starting from a one-man enterpitise
developed and manufactured custom roducts, thed&aun
established a corporation to handle custom FA syst&hen he
changed the business model to OEM, utilizing stifertg
handle high-variety low-volume manufacturing. Agaim tried
to escape from the subcontractor business, andllyfina
established an autonomous business with originahding.
Through almost every stages, he took a diversifinagtrategy
with new products and new markets. The case stuolysthat
so-called diversification in Ansoff's matrix is efftive if
existing technology is used for new products. Alse case
study shows that the strategy to keep corporate reiatively
small and to change a business model in response to
environmental and market changes is a key factosdovival.
The company changed its business model but kepednix
technology of analog, digital and mechatronics asoee
competence. An engineering management approach for
corporate sustainability was discussed and a hgtio#ht model
to describe organization survival was proposed.
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