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Abstract: In this study, design of a small hybrid rocket is carried out using Failure Mode and Effects
Analysis (FMEA) and Criticality Analysis(CA), which is a method for qualitative and semi-quantitative
reliability analysis. In order to carry out FMEA, the structure of the hybrid rocket is divided into 31 parts
and 72 potential failure modes. As a result of the FMEA, the relationship between potential failure modes,
causes and effects, and their severity are evaluated qualitatively. Criticality analysis is followed for the failure
modes, in which the criticality number is estimated using the failure rate information available from the
handbook. Moreover, the failure modes with higher criticality and severity are chosen for improvement, and a
series of design or material changes are made for the improvement of the hybrid rocket reliability.
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Table 1 Specification of hybrid rocket

Expection Altitude (m) 800
Total length (m) 1.6
Total weight (kg) 7.5

External case diameter (m) 0.118
HDPE
Solid fuel (High Density
PolyEthylene)
- LNO
Oxidizer (Liquid Nitrous Oxide)
O/F 9
Burn time (sec) 3.0
Thrust (N) 500

| Nosecone | Payload | Ejection system |

Engine system

Fig. 1 Configuration of hybrid rocket
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Fig. 2 Structure deployment of hybrid rocket system
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Table 2 Identification number of bolt failure modes

Total system Hybrid rocket 1
(Part) system Joint & Seal 1-4
Sub-system Joint 1-4-1
Component Bolt 1-4-1-1
AAd BE #&
(broken) 1-4-1-1-A
AFAF S A}
1/}' }-1__ 1O 1-4-1-1-B
. (worn)
Failure mode A4 2e 7o e
(crack) I
A Be Za
AR EE EE D
(loose)

FAILURE MODE AND EFFECTS ANALYSIS

SYSTEM Joint & Seal
SUBSYSTEM Joint

Reference Drawing

Date 2016. 4. 03

SHEET 15 OF 35
COMPLED BY Hybrid Rocket Propulsion Lab.

Mission APPROVED BY Prof. J. K Kim
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Fig. 4 FMEA worksheet of bolt
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Table 3 Classification of severity and number of
failure modes in hybrid rocket system
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Table 4 Typical failure effect probabilities

Failure effect 0B value
Actual loss 1.00

Probable loss 0.10 < 8 < 1.00

Possible loss 0< B =0.10
No effect 0

Table 5 o value of bolt failure modes

Failure mode « value
A4 EE 3£ (broken) 0.662
Abal &4k (worn) 0.142
AAd BE #49 (crack) 0.107
A4 B2E Z9  (loose) 0.089
Total 1.00
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Table 6 Criticality of bolt failure modes

. Criticality

Failure mode (C %1077
AA BE < (broken) 16.38
YA E &2 (worn) 3.51
AA BE 4 (crack) 2.65
AAd Z2E &9 (loose) 2.20

Mr———T——T T T T T T T T T
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Fig. 5 Result of external ballistics (Altitude-Flight
time)
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Fig. 7 Criticality matrix of four components in
hybrid rocket system

3ob sheslo] AR Ao el HAn T
015 =0 = <X F9 HT A da APl
a2 Aa A FE(leak)® Qd] A7)
Ao d Wy 9 &go] HAsH = sl

Al BEE 9 o g BT F e 2GS
Haststr] 98 AA 2 A WA 55 Fdet
I 9k AE BEES Aol AAF &S 9
7] 93l v& F 24 BAEE e iy
g AEd EE AAI Aol FA ABE #%
AA AAEE st Advk =3 129 Ax
7k FEE 9] e A R B9 A,
S A2 (pre, post chamber), 915, =F(nozzle)
Atolo] 5 HAF sglom dAx Tk vE

S T fE AFEEE 2®He AdE UE AR
¢l vlolEl(viton) 0.2 A3t 129 FH7Gof A

AT 5 QRS s

7 NEEREXD
HALE fel A T Sl
23 Z

IR B

%Y
MEld B FMEA 73S 9
35709 FF

~J

[\S)

At)

1o
> Ly
B ool o 2

1x
ot
ol
s
N

12 ool
‘0,

ol

ol

T 38
£

tr

&

i
<
=
>
i)
o
lo,
jubad
)
H
ML o
ay o
=

of o e
N
(i

o
2
Moo

==

S
D)
A

mo N =
dpx

o oH o T
o
e b
oL [U?L' ﬁ,
Jo
¥
32
i
o

fru

s o
>,
)

o

s

i
jg .
e

(I
M
1%
Oy, M
::l
/R
§:
oft
o
il
5
BN
ﬁ/

N
)
i)
o
e
T 0%
il o)
=
=
o
Y
X
o)
=2
i)
rE
o,
ofrt

4
o:o(=t
QL
£l

>~§9’

2 1%

=2
>
oo -
A,

o

WA
rlr
>
b K
p‘L

= o o
lo

1o

N oo
N
P
Sl
)
2
2
>,
1 oy =

T 32
Lo

i 2
M
2
il
Xl
ofy
re
_0|L
o
|
)

g 17 K
fitl
P

2

il
Y
e
&
t
rot
N
By

ox ML @
i

i to wo
O 2 fo do )y 2 R o¥2

Moot
Loy o Mo X
B St 5
(o]

>

fu
)
m HE
(2

o

°

B ATE YA} Frgatsel
dow Sgsgon, ol A= YU THA kY
< UD140024GD).

Anes

(References)

(1) Martin, F., Chapelle, A., Orlandi, O. and Yvart, P.,

2010, “Hybrid Propulsion Systems for Future Space

Applications,” 46th AIAA/ASME/SAE/ASEE  Joint

Propulsion Conference & Exhibits, Nashville, TN, pp.
1~21.

(2) Virgin Galatic, World Wide Web

http://www.virgingalatic.com/statement-from-virgin-

location

galatic/
(3) Stamatelatos, M, Dezfuli, H., 2011, Probabilistic
Risk Assessment Procedures Guide for NSA

MAnagers and Practitioners, National Aeronautics
and Space Administration, Washington D.C., pp.
1~15.

(4) Shin, M. H., Cho, S. Y. and Kim, H. W., 2016,



76

R

e
A

“Structural-Functional and Failure Modes Analysis
and Reliability Modeling on KSLV-II 75-ton Engine
System,” 2016 KSPE Spring Conference, Korea, pp.
102~116.
(5) Moon, K. H., Kim, J. K and Choi, J. H., 2015,
Mode, Effect
Criticality Analysis for Reliability Analysis of Solid

“Semiquantitative  Failure and
Rocket Propulsion System,” Trans. Korean Soc.
Mech. Eng. A, Vol. 39, No. 6, pp. 631~638.

(6) Korea Agency for Technology and Standards, 2007,
Reliability Terms Handbook, Korea Agency for
Technology and Standards, Korea, pp. 177~185.

(7) Department of Defence, 1980, Procedures for
performing a Failure Mode, Effects and Criticality
Analysis, Department of Defence, Washington D.C.,
pp. 9~21.

(8) Wells,

W. W., 1996, Solid Rocket Booster

i

-3

rH

fo

=
T

Reliability ~ Guidebook-Volume I, of
Automative Engineers, Inc., Warrendale, pp. 189~
203.

(9) Robert, B., Stephen, P. and Michael. R., 1993,
Failure Mode, Effects
(FMECA), A DoD Information Analysis Center,
NewYork, pp. 16~34.

(10) Reliability Information Analysis Center, 1997,
Failure Mode / Mechanism Distribution 1997, A
DoD Information Analysis Center, NewYork, pp.
13~370.

(11) David, M., William, F., John, R., Peter, Z. and
Scott, M., 2011, Nonelectronic Parts Reliability Data
2011-Volume 1, Reliability Information Analysis
Center, NewYork, p. 106.

(12) Apogee components, Inc., World Wide Web

location, http://www.apogeerockets.com/

Society

and Criticality Analysis



