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A Study on the Application of STPA in Rotorcraft Fuel System
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Abstract "System theoretic process analysis" (STPA) is a new hazard analysis technique based on "system
theoretic accident model and process" (STAMP), but its use in domestic munitions-industry applications
is scarce. In this study, there were no tools that provide guidance during the analysis, but we introduced
a process that can be applied from a quality management. STPA basically consists of 4 steps. Step 1
defines losses and hazards of the system and the purpose of the analysis. Step 2 models the control
structure in the form of a control loop using controllers, controlled processes, control actions, and
various feedback. Step 3 identifies unsafe control actions. Step 4 identifies causal scenarios. This study
researched the application of STPA to a rotorcraft fuel system by adding a step of quality factor
verification. A rotorcraft fuel system is a highly dangerous system in which several sub-systems interact,
and it has controllable components. The added final step is used to check quality factors that may affect
the risk based on the causal scenario. The results show that the methodology can be applied to complex

systems. Also, it can be used for basic data for quality management.
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Table 1. Losses and hazards of rotorcraft

Losses Description

L1 Loss of lift or serious injury to people

12 Damage to the aircraft or objects outside the

aircraft

L3 Inability to complete the mission
Hazards Description

H1 Controlled flight of aircraft into terrain

H2 Inability to control the aircraft

H3 Aircraft departs designated taxiway, runway, or

apron on ground
H4 Object is subject to unnecessary stress
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Table 2. Loss and hazards of rotorcraft fuel system

Hazards Description

Loss of operation of transfer pump when fuel tank
groups are imbalance
Unfueled the engine

Loss of caution warning when fuel is leaking

H2-1

H2-2
H2-3

Table 3. Safety constraint(SC) of rotorcraft fuel

system
Safet}f Description
constraint
scl Operation of transfer pump when fuel tank groups
are imbalance
SC2 To supply fuel the engine
SC3 Caution warning when fuel is leaking
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Fig. 5. Control structure of rotorcraft fuel system(1)
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Table 4. Control actions(CAs) and unsafe control actions(UCAs) of rotorcraft fuel system

Control Actions Not provided Provided Too late Too long
(UCA 1-A) (UCA. 1-B) X (UCA 1-0) (UCA 1-D)
(CA 1) . Fuel transfer pump is . .
Fuel transfer pump is not . . Fuel transfer pump is Fuel transfer pump is
Fuel transfer pump - continuously activated R .
controlled when fuel tanks activated too late when activated too long when
command X when fuel tanks are . . N X
are imbalance. fuel tanks are imbalance. | fuel tanks are imbalance.
balance.
(UCA 2-A) Fuel (Eocoét Z_SI)H is (UCA 2-0) (UCA 2-D)
(CA 2) Fuel boost pump is not - pump Fuel boost pump is Fuel boost pump is
A continuously activated . .
Fuel boost pump |controlled when the engine ’ activated too late when the| activated too long when
when the engine allows to K .
command not allows to suck up fuel ... | engine needs to suck up | the engine not allows to
. suck up enough fuel within . . - .
within range. range fuel within range. suck up fuel within range.
(UCA 3-8) (UCA 3-B) O eragf IIAS 311_0? active
(CA 3) Operator does not check | Operator does not active P R
, . X when fuel quantity (N/A)
Fuel quantity data when fuel quantity when wrong fuel quantity |, L .
. S . Lo . information is provided too
information is missing. information is provided. late
(UCA 4-p) (UCA 4-B) (UCA 4-C)
(CA 4) Operator does not check | Operator does not check | Operator does not check
(N/A)
Fuel pressure data when fuel pressure when wrong fuel pressure |too late when fuel pressure
information is missing. information is provided. information is provided.
Table 404 g0l B, A= $SPBE, A2 d 235 (GI) BURA &0l
= L o
ojgle] gt 8 UCA A= thadt Zh =794 g0l tA= STPAS 4] 245 99l At
- dEolS HIE ¢ HIAA 2 A, I3 38719 go= wpgroa AA o] 930 ABkS = 2 gl Bz
B o550 bﬂ-}\ﬂ = =
ks A B 7B e AiHolAS SIgtch. Table 5
- dE Y HI L HPG A AL ARE A & jugE =5 seE 991 AU Q0] JEkS u]X]
of B 37 Ex]g_/\e slolst ZAujolch, Aul= z+ UCAY] th3iA
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Table 5. Quality factor for causal scenario

AlUg]2(loss Scenario)2& E&H, Ao] LZZE 7|4t UCA Quality factor for causal scenario
o7 Xﬂcﬂ Eg%}o] 9H %cﬂ';ﬂﬁ]’;" Xﬂlﬂo*bxl —6—]'016]«‘:- Fuel Control Panel(FCP)
_ _ Fuel transfer pump motor
E}ﬂli, 31:’1'74]9] UCAE %SH Eakll *]Urﬂi— &% UCA T-A Fuel line
2~ 9lt}. Table 42 E3) Z2+9] 9ol AU oS = Fuel Signal Conditioning Unit(FSCU)
- — = Fuel Control Panel(FCP)
Sflof SHATE, £ =RollAl= ofke] oflAQ1 UCA 1-A°| UCA 1-B Fuel sealing valve
q.]—g;ﬂ/ﬂ E]-»Q—jll- Z:_]_—o] Z‘]]A]'B']-E]- Fuel Signal Conditioning Unit
a = - Fuel Control Panel(FCP)
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_ Fuel boost pump
°1§_5’~:L 2RRl(line)] +, A= ATAFA ] 45 Bleed valve
= UCA 2-A Engine fuel valve
i‘”—jl— Mtl— Check valve
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- _ - - Engine
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