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ABSTRACT

This paper reports on the findings of a sngle-in depth exploraiory case sudy into the drivers of
risk and the management of supply chain vulnerability in aerogpace manufecturing. It examines
the problem from a multiple-organisation perspective, usng an assembler of military arcraft, the
Prime Contractor, as its point of embarkation. The paper examines managers perceptions of
supply chan risk, presented here with reference to the industry context. It goes on to provide a
aummary of supply chan rik management tools and mitigation techniques, identified by the
managers concerned as currently in use plus others that were believed to be bendfidd. Fndly, it
identifies the limitations of exiging tools and techniques and puts forward suggesions for
improved implementation.
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INTRODUCTION

Supply chan vulnerability is an ever-present fact of busness life. In recent years a number of
managerid  trends incdluding JT ddivery, wupplier rdiondistion progranmes and the
widespread outsourcing of non-core activities have dl served to increase the efficiency of supply
networks.  In some quarters however, there are concerns that these measures appear to have
increased supply chain vulnerability (McGillivray 2000; Svensson 2000).

Supply chan risk managment is defined as “the identification and management of risks within
the supply chain and risks external to it through a co-ordinated approach amongst supply chain
members to reduce supply chain vulnerability as a whole’ (Christopher et d 2002). For the
purpose of this sudy, we define the term ‘vulnerability’ in accordance with the dictionary
derived ddfinition of its rddionship to ‘rik’ - to mean where the supply chan/nework is ‘at
risk: wvulnerable; ‘likely to be lost or damaged'. Ealier research undertaken by Cranfied
School of Management confirmed that supply chan risk is inadequady undersood. It dso
identified a reguirement for a genadly appliceble tool kit, to a9 organisations in the
management of supply chain risk. The work forms pat of a wider crossiindudry programme of
research, funded by the UK Department for Trangport, into the devdopment of a managerid tool
kit to help organisations improve the resilience of their supply chains

METHODOLOGY
In line with best practice case sudy research, the sngle case study presented here represents ‘a
unique, extreme or revelatory dStudion’ (Yin 1989). It examines the phenomena in commercid



supply chains engaged in the manufacture of high peformance military arcraft - an extreme risk
environment. It is an industry context where supply chan risk has not yet been widdy
invedtigated. An extensve literaiure seerch undertaken early in the summer of 2002, reveded a
totd of 62 atides on supply chan riskivulingrability (Haywood 2002). Only one dedt with
agoects of aerogpace manufacturing, focusng on how the burden of risk within the indudry is
being passed on to smdler wesker suppliers (Cook 2001).

Primary data collection was through semi-sructured interviews with 47 managers drawvn from
different arcraft programmes and from five levels of the supply chan — i.e from end customer
through three tiers of suppliers, plus two industry bodies representing SMEs active in the higher
reeches of the supply chains. Each manager was asked to reved what they consdered to be the
vulnerabilities within ther supply chains, the sources of risk and the tools or techniques currently
used to mitigae those risks  Interviewees were adso invited to comment on dternative
techniques and suggest others that might be considered gppropriate.  Findly they were canvassed
for suggedions as to how implementation of exiding agpproaches might be improved dong the
whole supply chan. Ealier research indicated that supply chan risk and vulnerdbility is a
highly sendtive issue, consequently interviews were conducted on a one-to-one bads with
assurances given that the anonymity of al respondents, departments and organisations would be
protected. Daa andyss was completed following thematic coding of interviewee responses and
vadidated through a return to the literature, academic peer review, and group practitioner review
with other experienced aerospace manufacturing supply chain managers.

FINDINGS. SOURCES OF RIK

The cae dudy identified the sources of risk as the practitioners saw and understood them.
Interestingly, ther principd concans were not with the risks from fire, flood, protests or
terrorism. The managers focussed ingead on the risks to their own aress of responshility, in this
indance on the consequentid risks to supply chain performance arisng from other manegerid
practices and indugtry trends. In particular they emphasised those trends that were believed to be
compromising efforts to optimise supply chain processes.

Severd of the managers interviewed rdated the sources of risk directly back to the Criticd
Success Factors (CSFs) for the focd firm's Srategic Supplier and Commodity Management
processes Cos Focussed Decisons, Extreme Qudity/Performance Requirements, Ddivery
Schedule Adherence; Cugstomer-Supplier Relationships  The CSFs reflect current ‘best practice
thinking on integrated supply chan management. As such they are in keeping with ‘lea
thinking and in this indance the CSFs echo the fundamentd characteridics of an agile supply
chan (Chrigopher 2001): Chegper process cods, better process qudity; faster demand
satisfaction; closer customer-supplier raionships.  However, the risks identified and the ‘in
context' examples provided, indicate tensons between process performance meesures. They dso
highlight the impects of drategic business decisons, condraints imposed by the complex safety-
criticd nature of the products and by industry or supply chan dructures as contributing risk
factors.

For example, evidence that suppliers were being sdected on the bads of price only was seen to
be increesng the risks to ddivery schedules for the customers concerned, and presumably those
downdgream. Interviewee 12 (Regiond Industry Organisaion) provided the following example



relating to oversess sourcing: 'One of my last jobs was as a quality director and | had to look at a
potential source in central Europe. It was a typical facility for the area, much of it old, some of
it getting new investment. Two other aerospace manufacturers were out there as well getting
parts manufactured - but one of them had a permanent team there and talking in the evening it
became clear from their technical team, who were out there manufacturing some quite simple
compressor blades, that it wasn't going well. They said to me, ' we thought we'd have been out of
here months ago but they can't seem to grasp the smplest things'.

Another cod-rdated example was consortium bids (CONBID), a procurement drategy where
consortium  manufacturers will aggregete their Europe-wide demands for metdlic rav materids
and then place a sngle demand upon the mills qudified to supply it, in order to leverage an
improved price. "Typical aluminium price per kilo will range between £3.50-£4.00. The mills,
which charge £4.00 have very good processes and gstems and even during the difficulties of
2001 were maintaining their deliveries, even if the lead-times extended a little. The cheapest
mill is possessed of staff who that utterly and absolutely arrogant and the most disinterested and
incompetent bunch of people | have ever come across. But CONBID is till placing over 50% of
their demand with them because they are a few pence a kilo cheaper, which is baffling when you
consider even for commercial airliners only 4% of cost is in its airframe and only 2% of a
military aircraft’'s costs are... so why you would be willing to take risks on that percentage of
costs baffles me entirely.’ [Interviewee 20 - Tier ]

The indudry is ds0 characterised by high fixed costs for suppliers and high switching cogts for
thar cugomes this had led to indudry consolidation, which is renforced by qudity
accreditation requirements. 'It's not the wide network you might expect; for example there are
only 2 undercarriage suppliers to speak of. In the 1990s a lot of new companies set up with all
of the capabilities and capacities you could think of, but without the quality approvals they were
unable to break into the market. So we have an industry that is quite narrow. For example, for
a new aircraft, we could almost write down now the suppliers that will support it. It's important
to realise that if you had a problem with one of those suppliers establishing an alternative source
of supply wouldn’t just be an overnight job’ [Interviewee3 - Tier 1].

Military arcraft require the gpplication of leading edge technologies to differentiaste them from
currently avalleble dterndtives.  Pressure to maintain competitive advantages by bringing these
leading edge technologies into production ahead of competitors can be a source of risk when
development of immature sub-sysems and assemblies must be integraied into equaly immeature
arframes. 'We design in anticipated technologies perhaps 10 years out, because we must be
leading edge for as long as possible - it's no good using mature technology now because
although it's less risky it doesn't produce the performance improvement military applications
demand. Obvioudly that brings a development risk, for example, now we have some aircraft
avionics equipment that isn't tolerating the temperature changes it should withstand and certain
functionality isn't there yet, the same is true with other aspects of aircraft equipment. The impact
has been dippage in a variety of delivery schedules. [Interviewee 22 - Prime Contractor]

In pats of the aerogpace manufacturing supply chain process capacity, rather than rawv maerid
or component avalability has produced a risk to ddivery sthedule adherence.  For infrequent or
low volume requirements cusomers consequently have to choose between the cost of reserving



future capacity or the risk of waiting for fulfilment for extended periods. In extreme cases
where there is only one source globdly, the totd fulfilment leadtime could be 12 months
(Interviewee 4, Tier 2). 'Capacity limits are also a risk for us, because you find the majority of
lead times in the industry are queue times. We find the better customers will manage that by
investing in capacity time ahead of their confirmed demand, so that if a late change occurs they
have an opportunity to get ahead of the queue.’ [Interviewee 3 -Tier 1]

Suppliers are increasingly expected to provide desgn advice for their cusomer's process and a
totd management solution for ther product. Some suppliers, both large and amdl, are unwilling
to accept this wider role or accept it without the cgpabilities required to successfully achieve it.
Interviewee 7 (Prime Contractor) illustrated how this could impact on the ddivery schedule:

'Sometimes you're too much for a suppliers business - we're demanding they become more
involved in our processes and, particularly for smaller suppliers, they don't necessarily have the
skills we expect but they accept the task because they are so reliant upon us and can't afford to
lose the business. Of course it's a problem for us because if they fail it's left to us to sort out the
mess while we try to keep the programme on schedule. | think we could do more here, not just
sorting out the business with the supplier once a problem happens, but also understanding
beforehand where you fit in the pecking order, what they are really capable of and do you want
to modify that by expanding into the relationship or retreating away fromit.'

‘Offsst’ is a sdes and marketing technique used extensvely, but not exdusvely, in the arms and
aerogpace manufacturing indudries (Davis 2002). It is a form of counter trade involving a series
of commercid mechaniams employed when export sdes are dependent on other compensatory
factors such as the financing of trade compensaion of indigenous indudry, devdopment of
indudrid base. Interviewees indicated that, in practice, Offset dso means ther find customers
had a grester than usud influence upon the prime contractor's supply chain desgn decisons.
Offset risks could dso be compounded by the complexity of aerogpace manufacturing
rddionships To compensate the customer's indigenous industry or develop its industrial base,
prime contractors may be obliged to incorporate customer specified sources of supply into their
supply chains. This can expose additional sources of risk. For example, incorporating suppliers
from a potential customer’s country into an existing supply chain may increase the geographical
length of the supply chain, thus impacting lead-times and possibly increasing transport costs if
faster modes of transport are used to maintain the same leadtimes. Alternatively, existing
suppliers may be replaced with less effective or unreliable suppliers, resulting in higher costs
from management responses such as additional buffer stocks of inventory, higher levels of
supplier liaison or higher levels of supplier development. The highly competitive and price
conscious nature of the over-supplied international aircraft sales market also means these
potential additional costs must be tolerated within thin profit margins. [Interviewee 8 — Tier 1]

The link between interviewees perceptions of ‘sources of risk’ and process CSFs was upheld by
members of the industry focus groups involved in the vdidaion exerdse, with one important
exception.  Some focus group members damed that many of the risks were actudly related to a

‘price raher than a ‘cos’ focus. The findings of this pat of the andyss have snce been
corroborated by unrelated research, undertaken in North America, into perceptions of sources of
risk amongst purchasing managers in aerogpace and dectronics companies (Zsdisn 2002).



The second theme to emerge was that managers frequently defined a source of risk with
reference to acknowledged or perceived congraints imposed by the nature of the product and the
dructure of the industry. Cost pressures -induding those reaed to technology development,
peformance and qudity - were driving indudry consolidetion on a globd scde extending the
san of the supply chans  Politica/geopaliticd  influences and other market-driven trends were
ds influencing demand and ultimatdy forcing further reconfiguraions of the networks. On an
operationd leve these were undermining efforts to maximise efficiency.

IDENTIFYING AND ORGANISING AVAIALABLE TOOLSAND TECHNIQUES

A wide vaidgy of supply chan management tools techniques and higher-level principles were
being utilised within the networks to identify, manage and mitigate the effects of risk within the
upply chans. The tools were wdl known managerid devices, appropriaie for one or more of
three caegories of supply chan management activity: Supply Chain Planing; Supply Chan
Management; and Supply Chan Change Management. Figure 1 illusraes how the three
categories relae to one ancther, overlap and combine.
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Figure 1. - The Spectrum of Supply Chain Management Activity.

The extreme left of the spectrum is occupied by pure supply chan planning, which in an ‘ided
world would be unencumbered by the legacy commitments of exiging production facilities or
supplier contrects.  The right by pure supply chain management actives Thee ae the day-to-
day activities undertaken in the management of a mature established supply chain.  The centre of
the spectrum is occupied by supply chan change management activities. It represents the times
when planned modifications to exiging supply chan processes are  implemented. Many
interviewees fdt tha the supply chains were mogt vulnerable during periods of change, as the
rik profiles afecting their supply chains were dso changing. Technology upgrades, TQM and
other process improvement initiatives, together with pressure to reduce costs and outsource non
core activities, mean that change is dmogt condant. In practice, the practitioners felt that the
apply chains never reached that maure, dable ‘seady dat€ in ther indudry. As a result they
reported that the mgority of ther time was actudly occupied with supply chan change
management related activity, hence the relative importance indicated in Figure 1.

The principles, tools and mitigation draegies were aranged by dass of supply chan activity
and in rdation to the CS—defined sources of risk, into a 12-cdl marix is shown in Fgure 2. It
is important to recognise that Figure 2 represents only a summary of what is or could be in use
somewhere in the network. Each cdl contans a sst of one or more tools techniques or
principles. Collectively they offered the basis for a cohesive process risk management toadl kit.

However, Fgure 2 provides further evidence of contradictory requirements within the supply
chan. For example, to mitigae cod-rdated risks lean manufacturing techniques were being
used (Set 5), while esawhere someone is using inventory, cgpacity and capaiility bufferson a



SUPPLY CHAIN RISKS

SUPPLY CHAIN MANAGEMENT ACTIVITIES

Supply Chain
Planning

M anagement

Supply Chain Change

Supply Chain
Management

SET1
* Trade-Off Analysis to
achieve lowest total process
cost.
* Supply Chain
Mapping/Situational
awareness - to understand
quality and delivery cost
pressures on direct/indirect.
Customers/suppliers
* Design supply chain for
maximum simplicity.
* Design product components
for maximum simplicity .

SETS
* Lessons learned feedback
and corporate knowledge
database.
* Process innovation.
* Supplier Development
Programme within
collaborative customer-
supplier relationships.
* Lean manufacturing
techniques, to benefit from
higher resources utilisation
and lower inventories.
* Current supplier database -
costs, qualified components'
characteristics,capabilities and
performance.

SET9
* Open-book accounting.
* Contingency funds for impact
of risks.
* ecommerce techniques to
improve demand data
transmission and reduce costs.
* Appreciate Frozen Horizons.
* Standardised quality
requirements.

SET 2
* Supplier Quality Audits.

* Lessons Learned feedback
and corporate knowledge
database.

* Supplier Development
Programme within
collaborative customer-
supplier relationships.

* Net Good Assets register.
* Current supplier database -
costs, qualified components'
characteristics, capabilities and
performance.

SET10
* Supplier managed quality
adherence.
* Supplier quality review.

* Analysis of past
performance.

* Supplier's Risk Management
Audits.

* Supplier capability
assessment — effectiveness
and efficiency.

* Supply Chain Mapping —
inventory, process
capacities/capabilities, lead -
times (intra/inter-
process/organisation) and
lead-time flexibility.

SETY?
* Lessons Learned feedback
process and corporate
knowledge database.
* Process innovation.
* Supplier Development within
collaborative customer-
supplier relationships.
* Lean manufacturing
techniques, to benefit from
improved process integration
and proactive mitigation of
process risks.
* De-conflict with critical path.
* Temporary inventory,
capacity and capability
process buffers to create
management space.
* Current supplier database -
costs, qualified components'
characteristics, capabilitiesand
performance.

* Inventory, capacity and
capability process buffers.

* Project plan, including
milestones.

* Critical Path Analysis.

* Risk Register informed by
supplier KPIs and reviews.

* Root Cause Analysis

* Appreciate Frozen Horizons.

* Process innovation.

* Formal project risk processes,
eg Prime Contractor’ LCM
process.

* Shared supply chain management
data

* Continuous staff training to
maintain effectiveness of current
tools.

Relationships

SET4
* Supply Chain Mapping —
relationships and influences.

* Processrelationship analysis

SETS
* Lessons Learned feedback
and corporate knowledge

bank.
* Collaborative customer-

supplier relationships.

* Current supplier database -
costs, qualified components'
characteristics, capabilitiesand
performance.

* Processrelationship analysis

* Categorise suppliers using
Pareto Analysis and manage

differently.
* Collaborative customer-

supplier relationships.

* Use knowledge from network
relationship mapping to resolve

supplier commitment difficulties
indirectly.

Key: Techniques currently in use. Techniques recognised as desirable but not yet in use.
M odifications/additional techniquesidentified during the validation process

Figure 2 - Summary of Tools and Techniques



regular or temporary basisto mitigate ddivery or schedule adherence problems (Set 7 and 11).

IMPROVING REACH AND EFFECTIVENESS
Three key issues were identified as bariers to effective implementation of a supply chan

vulnerability toolkit. The fird was daff training, there was quite a widespread recognition thet
exiging tools could be much more efective if implemented correctly. The secondy was
widesoread confuson over terminology. It quickly became dear tha interviewees interpreted
the term 'supply chan' in a number of different ways. The research reveded that there was
absence of a common understanding of the scope or extent of supply chain risk management.
Thee induded: an organisttion's internd logigics network; its Tier 1 suppliers only; Tier 1 plus
internd  departments involved in data sharing; organisations upstream of the foca firm that were
taking a customer-orientated view of the supply chain. The third issue was vigihility.

Interviewees representing every tier in the supplier chain indicated that they choose to look for
risks only as far as ther respective Tier 1 suppliees  When initidly invited to congder whether
the limited upstream and downstream reech of ther risk management techniques was sufficient,
interviewees responded unanimoudy that it was. They reconddered only when presented with a
definition of supply chan risk management that emphessed the need to consder risk
management from a totd supply chan view.  Some of the additiond risk management
tools'techniques identified by interviewees as dedrable, but not known to be in use (Figure 2,
itdic text), reflect a requirement for toolsftechniques to be applied with a wider, multiple-
organisation supply chain perspectivein mind.

Three possble methods for improving the reech of the exiging tools were subsequently tabled by
the researchers for consderation by interviewees and focus group members One of these
methods, involving a truncated (but as yet undetermined) interlocking and commonly accepted
goproach, encompassng the focd firm, its immediate cusomers and suppliers, emerged as the
favoured way forward. Such an gpproach would dlow organisdtions to identify rdevant sources
of risk within ther locus of control or immediate supply chain vicinity and enjoy the confidence
that others were doing the same. To ensure widespread application, it was suggested that it be
anexed to one of severd exiding indudry-wide peformance accreditation schemes. The
effectiveness of the toolkit could be improved further by the introduction of a shared data
environment. A successful precedent had been crested in the defence sector with the
edablishment of a shared data environment for organistions involved with a sngle shipbuilding
project. It was fdt tha this would dgnificantly reduce the commercid risks atached to sub-
optima supply chain peformance and lead to conssquentid improvements in profitability and
longer-term supply chain hedth.

Whilg there was dearly support for the method in terms of it's proven potentid for reducing
demandrdlated and process peaformance rik, there were equaly cdear indications that the
organisations would be unwilling to share dda rdding to other sources of risk. There were dso
ome riks eg. those associated with Offset, that the supply chan managers were unable to
manage. These emerged as a result of drategic busness decisons teken dsewhere in ther own
organisations or in those of customers or suppliers.



SUMMARY AND CONCLUSIONS

The risks reedily identified by aerogpace supply chan managers were the consequentia risks to
supply chan peformance aisng from other manegerid practices and indusry trends In
paticuar managers emphassed those trends that were bdieved to be undermining efforts to
optimise supply chain processes The demands of the marketplace, congant changes in product
oecifications, together with other continuous improvement initistives within  the organisations
and the wider indugtry as a whole meant that the supply chains never actudly reached a dable
‘sdeady dat€’. Furthemore, product and supply chan complexity meantt tha  dthough
interviewees were adopting a process-based view of risk within ther supply chains this was
catanly not an ‘endtoend supply chan or network-wide perspectivee. None of the
organisations concerned routingly monitored beyond their immediate cusomers or suppliers

The audit of risk management tools and techniques currently in use within the supply
chain/networks reveded a host of wel-known process reengineering and control tools.  Concerns
expressed by some that the avaldble tools and techniques were not being applied in a condgent
and coherent manner across the networks dso proved to be wel founded. The evidence from
this study suggests tha inter-organisationd cooperation to reduce demand related forecasting
and inventory management risk would be dggnificantly improved by more wide oread and
formdised collaboration, preferdbly involving a shared daa environment. This would fadlitate
improved event management capabilities dlowing mitigating action to be teken to ded with
upply-Sde disuptions.  However it was very clear that competitive commercid interests were
likdy to deter organistions and individuds from sharing other forms of risk manegement daa
In addition this would not overcome problems aisng from a disconnection between supply
chain management objectives and changes in business drategy.
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