August 5 th in 1864: A ship had fallen out of position
in the attack column. Admiral David G Farragut :
= osked: “What's the trouble?” The reply “Torpedoes” |N COS

Council on Systems Engineering

mcussenm made Farragut shout back: “Damn the torpedoes! e
e Four bells, Captain Drayton. Go ahead!”
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)amn the Torpedoes!”




ﬁ IN COSE

Whitehead

— Stralght & short-
running; slow (200 m
/ 6 knots)

IIIB[]SB

) June ELI 29

21st Century’s
Modern Torpedoes
— Highly sophisticated

(50+ km / 70 knots)
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m‘cﬁe) The 5 Cases  INCOS E

- June 2429

e German torpedoes’ failures in WW2
 American torpedoes’ failures in WW2
 The loss of USS Scorpion , 1968

e The Falkland Islands conflict, 1982

 The explosion onboard Kursk , 2000

Each Case Describe:
INTRODUCTION TO THE CASE & THE PROBLEM —What happened; Failures
TECHNICAL CAUSES - Why it Happened
ORGANIZATIONAL CONTEXT - “Behind the Scenes” knowledge — emerged
over time

Summary: Lessons Learned
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D Do Evolutionary —_
it Product Development  'NCOSE

the Right Way

* Implemented in the torpedoes
discussed in the five cases

* New technology was introduced
too early

*German & USA exploders WW2
*Batteries for MK-37 in 1968

*Rationale for early adoption
« (Gain competitive advantage

A

* Results were disastrous

New methods for early product development are intro duced, together
with extensive testing and verification before oper ational use.
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Do Product
Verification Properly

« Extensive verification and testing
was sacrificed — components & full
system

— The engineers’ strong belief in their
own abilities — skimpy tests

— Executives’ pressure to deliver a
product quickly or in times with
limited funding — shortcuts

 German exploders WW2

— Leaders convicted and sentenced
to prison for 2-4 years

o USA exploders WW?2
— 2 tests in 1926; “one failure only”
« Batteries for MK-37 in 1968

A typical contemporary torpedo in
service has been through verification
of all its subsystems, in an

— Bypassing their own safety evolutionary way by real torpedo
procedures firings in sea trials in more than 200
— Compensate for huge backlog test runs, before declaring operational

readiness for the fleet.
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Involve all
Stakeholders

« Very few stakeholders involved
— Multiple roles — e.g. planning &
performing tests; accepting results
— Same organisation responsible for
all activities — birth to finalization

— German & USA exploders WW?2
* The users were not aware of
the assumptions embedded in
the design — nor asked for
stakeholders’ needs/opinions

— Batteries for MK-37 in 1968

: » Disregarded the negative
Involvement of the primary naval :
. results of QA and safety testing
stakeholders, such as the submarine : :

. — ordered series production
flotilla, the procurement agency and
the navy’s subject matter experts,
are part of organizational doctrines.

« “Stunning degree of negligence on
almost all levels of command”
— From Kursk’s official investigation

report
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Cooperate - and
Share Information

o Complete lack of collaboration

— German & USA exploders in WW2; ordnance
organization only

— Batteries for MK-37 in 1968; secrecy —
bypassed their own safety procedures

 Crew reported failures
— Were not believed
— Blamed of being incompetent
» Crew never told about potential
workaround a problem
— Crew “cheated” — did things on their own

 Engineers warned about dangerous
design — MK-37 battery onboard USS
Scorpion
— Diaphragm on MK-37 Battery
— Producer failed type test - 250 batteries
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Constructive dialogues are held
continuously through all the life
cycle stages of the weapon and
information is exchanged on a
regular basis. Continuous
involvement of the torpedo
producer via through-life support
agreements is quite common.
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Do Maintenance and
Training
Continuously

» Errors introduced in the workshop

Operator training under different
degrees of difficulty and environ-
mental conditions. Behavior of
torpedoes can be simulated with
surgical precision and full tactical
team trainers are available.

However at sea training is still vital.
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Falklands 1982; gyro wires wrongly
connected — systematic error due to not
following maintenance procedures

US torpedoes WW2; wear and tear and
several malfunctioning parts

 Lack of Maintenance

Kursk 2000; Inner tube door partly open
due to greasy environment

Torpedo leaked due to a bad welding
and corrosion of metal, rubber and
plastic components and gaskets —
unauthorized allowed re-use of old
gaskets

« Skipped training

Too many failures on the Argentinean
submarine San Luis; practice /exercise
torpedoes were never fired

Kursk 2000; crew not trained to use and
handle the torpedoes or HTP

A one-year training program was
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Tailor the SE
Processes and
Activities Deliberately

» Explicit Tailoring
— Deliberately choosing not to execute

processes or activities because they
do not add value

— What we should do

» Accidental tailoring
— Cost and schedule dictate what gets
done; Depression & Cold War

— What was done in the cases
discussed - and that caused the
events and failures with the shocking
results

INCOSE HBK V3 discusses tailoring; Does not “dictat  e” which processes
or activities to perform. Rather, users of the hand book are encouraged to
balance between the risk and the processes performe  d for each project
individually.
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Concluding Remarks

Very often explanations offered
as to why systems fail blame
individuals, a team, an
organization, or the inherent
complexity of the system.

A submariner’s Point of view:
There are only two kinds of ships

“System complexity, team Submarines and Targets

structure and beliefs, and
cognitive limitations are not
alternative explanations for
failures, but rather
complementary and mutually

reinforcing concepts.”
(Michael A. Roberto; 2002)
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