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Reliability of Compressed Air Supplying System

by Y. Sato*
T. Kondoo*
N. Sugimoto*
K. Fukaya®

On pneumatic engineering method, reliability of compressed air supplying system is closely related
to the safety of work in pneumatic workrooms.

Therefore in order to improve the system, its reliability was studied in this paper.

The system was grasped and set in the following manner through field investigations. System
mission is always to provide the place like pneumatic workrooms with (i) proper pressure and (ii)
suitable quality air coping with the proper consume.

Four central functions directly linked to the system mission were extracted and named System
Object Functions. (S.0.F).
 These functions are System Manageing Funciton, Compressed Air (C.A.) Producing Function, C. A.
.Sending Function and C. A. Regulating Function. The first function is mainly composed of human
activity and the others are mainly composed of mechanical equipment. Each function was broken
down to the tip functions and their failure modes and effects were analyzed.

The final system state caused by malfunctions was evaluated in five steps, and these are Sl:none
of the S.0.F. is stopped and the malfunctions are corrected rapidly, S2:none of the S.0.F. is
stopped but the malfunctions are not corrected rapidly, S3:0ne or more of the S.O.F. are stopped
but they are recovered rapidly, and the malfunctions are corrected rapidly, S4:one or more of the
S.0.F. are stopped but they are recovered rapidly, but the malfunctions are not corrected rapidly, S5:
one or more of the S.O.F. are stopped and they are not recovered rapidly.

In order to calculate the probability that‘the final system state caused by malfunctions becomes
SI(1=1,2,3,4,5) and to clear the time or logic series of the relation between malfunctions and h-
uman activity, a kind of probability tree named Evaluation Map of Man-Machine System Reliabil-
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ity was Pproposed.

It is to pass the routes of the map choosing the courses according to the probability that tie
incident on the path will occur, and to get the final system state having some probability, On this
hereditary stochastic process the probability on the path is calculated by FTA based on reliability
data. By using this map, not only the reliability of the system can be calculated but also it is
easy to evaluate the effect of safety devices on the system.

When some probable problems happened in this system, the probability of the final system state
was calculated, and the effect of safety devices on system reliability was evaluated.
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Relation between the safety of the work in pneumatic workrooms and

the reliability of compressed air supplying system.
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Table.5—5 FMEA about the emergency equipments.
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Table.5—7 FMEA about the Compressed Air Sending Function
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(L., P,,,) No. Evaluation
(J Pisy) — -t s
(L27 PZLI) 2 SZ
(Ily Plil) (Kl Plkl) (Ll, Pll?) 3 S3
(J2, Pan) (L%*Pui)é 4 S4
(K27 PZkl)
(Hy, Pim) 5 S5
(Ju Pus) ol 51
(_LZ’_P% 7 S2
(IZ, PZil) (Kl Plkz) (Lly Pll4) 8 SS
(Ja, Paj2) _(Lz,__% 9 S4
(K29 P2k2)
(Gh Plgl) 10 SS
(Jl, Plja) (Ll’ Plls) 11 S].
_(_14’—1)“5)9 12 S92
L, Pi: 5
( 1 1 2) (Kl, Plka) (Ll PILG) 13 S3
(Ja, Poss) » M 14 S4
(KZ’ P2k3)
(Hy, Pam) 15 S5
(L. Pus) Sran
(L29 P217) 17 Sz
(IZ’ P2£2) (Kl P1k4) (Lh PllB) 18 S3
(Jz, Pass) (Le, Pass) g S4
(I<2’ P2k4) 20 SS
Direction of time or logic series ‘
G, | A part of function is fallen into malfunction.
H: : Member in charge notices the malfunction. H,: Nobody notices.
I, : Function for emergency work on. I, : Funetion for emevgency doesn’t work.
J. 1 5.0.F. is continued. J. : S.0.F. isn’t continued.
K, : S.0.F. is recovered rapidly. K, : S.O.F. isn't recovered rapidly.
L, : Malfunction is recovered rapidly. L. : Malfunction isn’t recovered rapidly.

Py is the probability that the event G~L will occur. (x=12 y=g. h- 1 z=1,2: 8)

Fig.5—5 Evaluation Map of Man-Machine System Reliability
AT — 80 15 HE I SR L9
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Table.5—9 Temperature drop at the dec-
ompressing in decompression
Chambers.

RFZEIC BT 5 HEROBEET

Atomo- Decompression |Decomp- |Initial  [Drop of
spheric | Data ression |tempera- |tempera-
tempera- | No. P~P, velocity [ture ture

ture(C) (atm) atm/min)) (°C) | (C)
1 [3.00~1.00¢ 2.40 | 36.7 | 21.1

A 2 13.00~1.80} 0.29 | 34.4 | 12.2

. 3 |1.80~1.52} 0.17 { 27.8 | 3.3
b 14 |1.52~1.23) 0.17 | 27.8 | 3.3
5 11.25~1.00] 0.17 | 27.7 | 3.3

95 5 6 |3.10~1.10| 3.00 | 34.4 | 10.0
f 7 12.20~1.50| 4.20 | 27.8 4.5
27.0 | 8 |1.49~1.00| 1.47 | 27.8 | 5.0
9 12.60~1.00| 2.74 | 31.7 | 15.0

1 12.65~1.00] 1.10 | 20.0 | 22.2

B 2 12.60~1.60| 0.35 | 28.0 | 21.3

. 3 11.60~1.30| 0.51 | 14.0 4.3
"’fite 4 11.32~1.00( 0.43 | 10.2 | 4.2
5 [2.60~1.60| 0.55 | 20.0 | 14.7

6 [1.60~1.30| 0.42 | 16.6 6.0

1451 7 | 1.32~1.00| 0.64 | 14.3 6.0
8 |2.70~1.55| 0.97 | 21.0 | 15.6

9 {1.53~1.23| 0.60 | 16.0 | 4.6

1 (2.52~1.38| 0.35 | 15.5 | 14.9

C 2 11.43~1.18| 0.25 | 10.8 4.8

. 3 |1.15~1.06| 0.07 9.0 4.0
b 1 4 |2.50~1.57| 0.80 | 14.0 | 17.0
5 11.42~1.20| 0.66 7.5 4.5

6 [1.23~1.00| 0.40 6.0 5.0

3.5 7 12.50~1.38|0.75 | 17.2 | 15.0
8 |1.42~1.20| 0.38 | 14.0 5.2

9 {1.33~1.09|0.36 | 12.0 | 5.0
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4 ot BEIOROE(LIC M 3 8 10 258 T 2
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