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Concurrent Engineering in the Space Industry
Ross Findlay, Systems Engineer at DLR (German Aerospace Centre)
Lecture notes 
Concurrent design vs. concurrent engineering -> also apply further down the development, for whole process
DLR method slightly different to the one applied at ESA / NASA
Key is collaboration: online and offline communication/exchanges, e.g. ad-hoc tiger teams vs. organised sessions (with a facility and special layout, workstations/screens for all)
Interaction through models, data, video-conferencing
Session: set goal -> resolve
Study consists of various design sessions, led by a team leader, with frequent presentations  and exchanges 
Each design session for one iteration  of the design process
Typical study length at ESA: 2 months, DLR: 1 week
Guide: design model: centralised database, consists of many workbooks (e.g. mission, thermal, dynamics, cost, power)
Interfaces function via EXCEL 
Track evolution of the design -> problems -> discourse
Other tools interface with EXCEL
Input / output sheet; input from database, output: results (e.g. equipment list)
What is most up-to-date: task of systems engineer
For analysis and calculations
Process
Mission requirements analysis -> mission analysis (environment) -> subsystem design -> design verifications -> risk analysis -> cost assessment
Iterations (dependencies)
Systems Engineer leads 
Trade-offs (but design done by all)
· Can raise issue online -> offline meeting to resolve (e.g. adjust requirements)
On-line walk-through (e.g. 3D modelling)
Cost engineering: experts know best -> directly involved
Evolving CE beyond taking loose design and put on paper
Take list of feasible solutions -> put together detailed plan to actually build things. 
Phase A: ESA: applied to 170 Studies  (conceptual design only)
Reduced time by 1/4, cost by 1/2.  
But more people involved early on
Invest early -> fix problems that could cost later.
Phase B: tested on 3 projects, about one week each (half days, students)
More qualitative results
Performance / robustness (system improved a lot)
Team satisfaction: establish interactions early & felt progress & fun/exiting
But: not all the time: also needs other phases without CE. 
Only 2-3 days: reduced problem scope to organise. 
Time / cost: work through one requirement in 3/4 of an hour and fix.   
Proven for conceptual design -> hope to take it to detailed design. 
Based on simultaneous interactions / right people in same room
Leadership:  flexibility vs. time/agenda management. 
Needs experience in CE leading
But should not be involved directly in this project. 
Discussion notes
Q: (from software perspective) Understand about importance of communication, what is different than before with CE? 
Communication at different level
Space: often done by documents / email 
CE to get people together / design together / model together
Data / variables -> solutions
Only get information asked for
Check assumptions
Integrated model, same room
Q: difference to agile approaches? 
it links
Q: What are experiences with international video conferencing over distance? 
People tend to present only
Should have experts & user base in the same room
Discuss and look at same data / share
Time zone issue
Cultural aspects: more or less forward / passionate, but not big problem, slightly more issues with Asia, did not always work since culture more different, e.g. very hierarchical structures: only talking to person above
Q: Optimum number of participants? 
For sub-systems: one expert from each subject: must not miss anyone. 
Need responsible for technical management: team leader
Customer should be present (also an expert)
Tailoring depending on project needs, but roughly 14-18 (16) people, wider: 10 to 22
The more the more difficult to manage for team leader: avoiding chaos
Q: During conceptual phase – what if requirements are not yet mature?  We need 60% of time to get requirements right – is CE just for implementation? 
Requirements might have had already 2 years of work
Sometimes more open idea, but should have top-level requirements fixed
Q: Customer always there?
Mostly 
Whoever asked you to fix the problem is the customer. 
Also needed: a user representative. 
Q: fix problems: what happens to the data sheets? 
May use existing database
Becomes deliverable to customer – used to contract externals
2 Problems: 
ESA tool, EXCEL based, not always ideal; only for sessions, other tools needed for input; goal is to get professional (integrated) tools
Time to update the values, again EXCEL not good, only for interfacing; but no need to update during session: is the working model that is being built
Q: Identify problems in system: during proposal stage very formal communication with customer, cannot involve the customer: sensitive / competition
Contact end user and invite, somebody who understand customer needs
Need to consider what the users want / need
But: cannot change requirements too much at this stage


Workshop: small groups discussed merits & applicability in own organisation, then shared with plenum. 
Differences between project/industry: size, complexity
Issues for companies to implement CE? Implement through hybrid model. 
Advice: peer review papers good to convince people
There are experts at every level / stage, not only at system level
Don’t need facilities
Experience with regulations? -> bring on lawyer or somebody who knows the standards. 
Inefficiencies for involving new technologies? Limited? Discard newest? 
Advice: we start with blank templates (no info in it) -> setup based on people and what they asked for:; adapt during process (still have no standard components/not really needed) -> relatively open
Difference between HW / SW; SW might allow for more radical approaches to change, while HW cannot change to easily, 
SW development already applies working practices similar to CE/ similar intentions: much communication & teamwork, similar experiences; 
we are in later phases (problem already there) 
-> not applicability problem, but acceptance problem: old methods in place (e.g. can’t be systematic / knows nothing of advantages applicable to all domains)
Different perspectives: start on top then convince people vs. start one side and then expand it
Good database is needed -> build -> lessons learned -> quantitative way
Closed loop of information, experience lost otherwise
Put people together & concentrate on activities
Not always focused -> other projects -> hybrid models -> work more focused on projects
Problem: Systems Engineer: expert or not?  Danger of too many interactions when limited background -> specialised vs. not
Because of structure of satellite domain: initial phase: 
Problem with different working speeds? Analyst slow / designer quicker
Advice: Comes down to team leader experience -> information to each at the right time, time for off-line work, schedule for the day, meet objectives for each day, schedule around slower domain. 
DLR: compact: reduce work scale
Risk person and customer there. 
Workaround: do not plough through all problems
From aircraft industry (different to space industry) -> higher volume of products -> different working philosophy, databases are large and powerful (e.g. digital mockup), likewise: high volume products, while DLR more science-based 
Cultural differences: e.g. open plan offices enable more communication anyway – while in Germany not so common
Open plan offices not enough: not so focused and danger of disturbing others; need to get timely information about the project
Should be involving / energetic 
But also use it as a philosophy for team working

Thanks to all!!
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