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1. BbBegeHue

Ot rmegHa Todka Ha  TeopusATa  Ha
HageXaHoCTTa,  TOMSIOTEXHUYECKUTE  CUCTEMM
(TTC) npencTtaBnsBaT CbBKYMHOCT OT CbBMECTHO
AencTBalmn enemMeHTn, npegHasHavyeHn 3a camo-
CTOATENHO U3NbIHEHME Ha onpeaeneHn yHKUMK.

B 3aBMCUMOCT OT MpUUMHUTE 3a Bb3HMKBAHE,
oTkasute B TTC morat ga 6bagar nopogeHun oT
crnegHvTe rpynu TEXHOreHHU pUCKoBM dpakTopu [4]:

" KOHCMPYKMUBHU — NpPeau3BuMKaHuM  oT
HegocTaTbLm n HECbBbPLUEHCTBA B
KOHCTpyKumsaTa Ha TTC;

" MEexHOMo2UYHU  —  NpPegusBuKaHnm  oT
HECbBbPLLEHCTBA nnm HapyLlaBaHe Ha
TexHonornyHuTe npouecn B TTC;

= eKcrsloamayuoHHU — NPeausBUKaHW  OT
HenpaBunHa ekcnnoataums Ha TTC.

AHanu3bm Ha MexXHO2EHHUS (KOHCMPYKMUBEH,
mexHoroau4yeH) puck 3a 6esonacHoctta Ha TTC
BKMOYBA MAEHTUULMPAHETO Ha onacHuUTe Cbbu-
TS N ONpefensiHeTo Ha efleMeHmume Ha pucka
R;3a 6e3onacHocTTa Npu paboTa Ypes uspasa:

R77'=P77'.F77’. Cn

KbOETO i € MNOopeaHusT HOMep Ha TeKylus
TexXHoreHeH puckoB daktop (P®P), BnuseLy Bbpxy
6esonacHoctTa Ha TTC;

Pr; — BEPOATHOCTTA 3a MnosiBaTa Ha ONacHOCT B
paboTtHata cpena nog pJgencrteme Ha ~Tusa
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1. Introduction

From the standpoint of the theory of
reliability, heat transfer systems (TTS)
are a set of participating members for
self-fulfillment of certain functions.

Depending on the causes, failures in
TTS can be caused by the following
groups technogenic risk factors [4]:

- Structural - caused by faults and
imperfections in the construction of the
TTS;

- technology - caused by deficiencies
or violations of technological processes
inTTS;

- operating - caused by incorrect use
of TTS.

Analysis of technogenic (design,
technology) risk to the safety of TTS
includes identifying hazardous events
and the identification of risk elements Ri
safety at work through the expression:

(1)
where | the number of the current
technogenic risk factor (RF), affecting
the safety of TTS;
Pr; - the probability of occurrence of a
hazard in the work environment under



TexHoreHeH P®, Brnvsely Bbpxy 6esonacHoCTTa Ha
TTC (MHOeKC Ha BepOATHOCTTA);

Fr; - JecToTata Ha nosiBa Ha OnacHocTTa B
paboTHaTta cpega noa AEWCTBME Ha  (~TuA
TexHoreHeH PO, Bnusiel Bbpxy 6e3onacHocTTa Ha
TTC (wHOekc Ha YecToTaTa);

C7- TexecTTa Ha nocrieguumnTe oT peanuavpaHe
Ha onacHocTTa B paboTHaTa cpega nop AencTeue
Ha -Tns TexHoreHeH P®, Bnvsew, BbpXy
6esonacHoctTa Ha TTC (MHAEKC Ha TexXecTTa).

B wu3paza (1) BeposiTHOCTTa P; Oka3Ba HaM-
CWIHO BAMSIHME BbpPXY HMBOTO HA TEXHOMEHHWUS
PUCK.

2. AHanu3upaHe Ha HagexaHoCcTTa Ha
KOHCTPYKTUBEH enemMmeHT ot TTC

Ha npaktuka, B TTC eamH OT HaW-4yecTto
CpellaHnuTe  KOHCTPYKTUMBHM  efeMeHTn  OT
TpbbonpoBogHata cucTema, TpaHcrnopTMpalua
pasHoobpasHn cnynan ¢ pasnuMyHM No CTOMHOCT
TONMOTEXHNYECKN nNapameTpu, € naHLoBOTO
CbeanHeHne Mexay oTaenHute Tpbbonposoan m
apmarypa.

3a cbegunHaBaHe W dMKcuMpaHe Ha [BaTta
dnaHeua eguH cnpsMo Apyr ce u3nonsysat
pe3boBM CbeQUHEHUS, YNSITO HAAEXOHOCT 3aBUCK
rMaBHO OT pascerBaHETO Ha HaToOBapBaHETo, OT
rpaHuuaTa Ha M3gpbXIMBOCT Ha GonToBeTe, OT
pascerBaHeTO Ha yaapHaTa UM SKOCT MpWU HUCKK

TeMneparypu, Kakto WU OT Hedoctarb4Hata
HaaexagHoCT Ha npunaraHute cpeacrtea  3a
3acTonopsaBaHe.

OT cbLleCcTBEHO 3Ha4YeHne TyK e onpeaensHeTo
Ha HagexaHocTTa Mo KpuTepust 3a SIKOCT Ha
mMaTepuana Ha 6ontoBeTe Mpu CTaTU4HO M NpwU
NPOMEHNNBO HaTOBapBaHe, KOETO ce cBexaa Ao
onpegensiHe Ha pa3ceriBaHeTO Ha
NMbpBOHAYanNHOTO 3ataraHe Ha 6Gonta W Ao
TOMHOTO onpedensiHe Ha pascerMBaHeTO Ha
KOHUEHTpaumsiTa Ha HanpexXeHusaTa.

Mpu npecmsATaHUsATa KaTo CriydYamHU BENTUYMHMA
ce npuewmar [1,2,3,4]:

" @BHWHOMO HamosapeaHe — OoT4uTa ce, Ye
camo y-Ta 4acT OT HaTtoBapBaHETO Cce npegasa Ha

the action of the ith technogenic RF
affecting the safety of TTS (index of
probability);

F7; - the frequency of occurrence of the
hazard in the work environment under
the action of /Fith technogenic RF
affecting the safety of TTS (index of
frequency);

C; - the seriousness of the
consequences of the implementation of
the hazard in the work environment
under the action of the ith technogenic
RF affecting the safety of TTS (severity
index).

In the expression (1) the likelihood Pti
has the greatest impact on the level of
technogenic risk.

2. Analyzing the reliability of frame
member TTS

In practice, TTS one of the most
common components of the pipeline
system, transporting various fluids with
different value of heat engineering
parameters is flange  connection
between pipes and fittings.

Connecting and fixing of the two
flanges relative to one another are used
threaded joints whose reliability depends
mainly on the variance of the load, the
limit of resistance of the bolts, since the
dissipation of the impact of their
toughness at low temperatures, and lack
of reliability of the means for locking.

Essential here is the determination of
the reliability criterion for material
strength bolts under static and cyclic
loading, which is to determine the
dissipation of the initial bolt tightening
and precise determination of the
variance of the stress concentration.

The calculations as random variables
are accepted [1,2,3,4]:

- external load - reported that only x-
Part of the load is transmitted to the bolt;

32



GonTa; y ce Hapuya KOe(UUMEHT Ha OCHOBHOTO
HaToBapBaHe 1 Ce Onpeaenst Ype3 OTHOLLIEHWNETO:
A
14
A+ A

X:

KbAeTo A, e nogatnmeocTTa Ha bonTa;
A, - nogatnveBocTTa Ha onaHewLa;
¥ = 0,2 — 0,3 — npu goctaTb4yHa cuna Ha
3aTdraHe Ha 6onToBeTe M matepuan Ha cnaHeua
CTOMaHa UIm YyryH.

" cumama Ha HavaslHomo 3ams2aHe Ha
bonmoseme - C YyBenuyaBaHeTO W HapacTBa
HagexaHocTTa Ha pabota Ha  pe3boBOTO
cbeaMHeHne (pecn. Ha (PnaHLOBOTO CbeaMHEHNE)
nopagu noBuWaBaHe Ha 3gpaBuHaTa (pecn.
XEPMETUYHOCTTA) Ha crrnobkata M 3Ha4MTErNHO
HamansiBa 4acTTa Ha MPOMEHMMBOTO HaToBap-
BaHe, nNpvnaraHo KkbM B6onTa; Heobxogumara cuna
Ha 3araraHe Ha OonToBeTe ce onpegens
WHONPEKTHO Ype3 U3MepBaHe Ha: yObIMKEHNETO Ha
bonta (c pasceviBaHe Ha cToWHOCTTa +3-5% U
KoeduumeHT Ha Bapuauusa 0,02), Ha brbna Ha
3aBbpTaHe Ha ramkata (C pascerBaHe Ha
CTOMHOCTTa *15% W1 Koe(pmMuMeHT Ha Bapuauums
0,05), KakToO M u4pe3 YycykBawus MOMEHT npu
3aTaraHe Ha ramkarta (C pascerBaHe Ha CTOWMHOCT-
Ta +25-30% v KoedpumumeHT Ha Bapuaums 0,09);

= gpaHuuyama Ha  U30pBbXIueocm  Ha
Mamepuara Ha 6onmoseme;

" egekmueHus KoegbuyueHm Ha
KOHUeHmpauusi Ha HarpexeHusima - BbB Bpb3ka C
aucnepcusata Ha paguyca Ha 3akpbriieHve Ha
pesbata Ha  GonToBeTe; onpegens  ce
eKCnepuMeHTarnHo  unn  4ypes  TeopeTUYHUS
KoeUUMEHT Ha KOHLEHTpaLMsa Ha HanpexeHusTa
a no dopmynara:

a=1+1,1+P/R,

KbaeTo P e crtbnkarta Ha pesbata Ha 6onta Ha
bonTa;

R - paguycbT Ha 3akpbriieHne npu BnaguHuTe
Ha pes3bara Ha 6onTa.

CpegHaTa CTOMHOCT Ha O Cce onpegens no
dopmynara:
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X is called the coefficient of base load
and is defined by the relationship:

()

where 4, the susceptibility of the bolt;

A, - Susceptibility of the flange;

yx = 0,2 - 0,3 - with sufficient force to
tighten the bolts and flange material of
steel or cast iron.

- Under the initial  tightening,
increases its increased reliability of
operation of the threaded connection (or
flange connection) due to increase in
strength (or tightness) of the assembly
and significantly reduces the proportion
of variable load applied to the bolt , the
force required tightening is determined
indirectly by the measurement of: the
elongation of the bolt (scattering value
3-5% and a coefficient of variation of
0.02), the angle of rotation of the nut
(scattering value * 15%, and ratio of
variation 0.05) and by the torque in
tightening the nut (scattering value + 25-
30% and a coefficient of variation of
0.09);

- endurance limit of the material of
the bolts;

- effective concentration factor of the
stresses - in relation to the dispersion of
the radius of curvature of the thread of
the bolt, be determined experimentally
or by theoretical concentration factor of
the stresses by the formula:

3)

where P is the thread pitch of the
screw of the bolt;

R - radius of curvature in a depression
of the thread of the bolt.

The average value of a is determined
by the formula:



F=1+11 | 4
RmaX+Rmin

a BapvauuaTa Ha koeduLMeHTa Ha KOHLIeHTpaLms
Ha HanpexeHusiTa e:

)—il,l.

1
v,=—I(a, -0, )= —.
(Y77

o 65 max min

3. BeposATHOCTHa oOuUeHKa 3a 0e3oTka3Ha
paboTa Ha KOHCTPYKTUBEH efleMeHT OT
TTC

Kato pesynTtaT OT aHanu3a Ha HagexgHocTTa
Ha (NaHUOBOTO CbeaWHEeHVMe Ype3 BUHTOBA
Bpb3ka credBa [a Cce M3BbPLIM BEPOSITHOCTHO
npecmsitaHe Ha paboTocnocobHocTTa U Ha
HageXxaHocTTa Ha 6oNTOBOTO CbeauHeHVe, KOeTo
ce CBexaa [0 oueHka Ha eeposimHocmma P 3a
b6e3omkasHa paboma Ha CbeOUHEHUEMO:

P = Py. Ps. Ps. Py,

kboeto P; e BeposiTHocTTa 3a GesoTkasHa
paGoTa Mo  KpuTepus  3a  HeoTBapsiHe
(HepasxepmMeTu3mpaHe) Ha crrobkarta Ha dnaHeua
- onpegens ce TabnMyHO B 3aBUCMMOCT OT
KBaHTUNa

7 -1

Up| = - —7—,
[—2 2 2
n U3 +Up

KbOeTo n, € KoeduMUMeHT Ha 3anaca 3a
HeoTBapsiHe (HepasxepmeTusnpaHe) Ha crnobkaTa
Ha hriaHeLa Npy cpegHo HaToBapBaHe.

P> e BeposiTHOCTTa 3a 6e3oTkasHa paboTa no
KpuTepus 3a HemsMecTBaHe Ha crrobkata Ha
eQMHUYHO OONTOBO CbeAMHEHWE, HATOBApeHO C

navecteawa cvna F; onpegenss ce uype3s
KBaHTWUINA.
n, —1
Upp=- ———
—> 2 2
", U, + Up

KbOETO KOe(ULMEHTBT Ha HEeuM3MecTBaHe Ha
crnobkarta Ha eauHWMYHO BOMNTOBO CbedvHEeHMe no
CpeaHo HaToBapBaHe €

and variation of the concentration ratio
of the voltages is:

(5)

R

min max

3. Probabilistic assessment for
reliable  operation of the
construction element of the TTS

As a result of the analysis of the
reliability of the flange connection via
screw connection should be made
probabilistically calculate the efficiency
and reliability of bolting, which is an
assessment of the probability P for
reliable operation of the compound:

(6)
where P, is the probability of reliable
operation criterion for unopened (does
not depressurize) the assembly of the
flange - determined tabulated according
to the quartile

(7)

where n, the ratio of the stock of
unopened (does not depressurize) the
assembly of the flange at an average
load.

P> is the probability-to-failure criterion
for unbiased assembly of single bolting
loaded with a biasing force F;
determined by quatrtile:

(8)

where the ratio of unbiased single
assembly bolting an average load
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7= L Fur
> B.F

P3; e BeposiTHOCTTa 3a Ge3oTkasHa paGoTta Mo

KpUTEpUa 3a cTaTW4yHa AKOCT; onpedens ce upes
KBaHTMNA:

n,—1
—2,.2
v,

ot

Up3 = -

KbAETO KoepUUMEHTLT Ha 3amnaca Ha SIKOCT Mo
CpeOHU HanpexeHus e:

R 2=
_ o, 4dp0't

2
+ UPAC

(9)
P3 is the probability-to-failure criterion
for static strength, determined by
quartile:

: (10)

where the ratio of the stock of strength
at average voltages is:

n,= =

EPAC - 4(kF13AT+zF)

P4 e BeposiTHocTTa 3a GesoTkasHa paboTta no
KpUTEpUs 3a CbMNPOTUBMEHNE Ha YMOpa.

CpepHarta CTONHOCT 3a JEencTBaLloTo
HanpexeHne Ha ymopa ce onpegens no
dopmynara:

_ 4

o, = g|:0’SZF+_£(EAT +0,SZF):|

k

V4 o

BepositHoctTa P4 3a Ge3oTkasHa pabota no
KpUTEPUsT 3a CbNPOTMBMEHME Ha Yymopa ce
onpedenss B 3aBUCMMOCT OT KBaHTWNa Ha
HOPMWPaAHOTO HOPMAIHO pasnpeneneHue:

-1

Upy = - ————
[—2. 2 2
n,v,, +0v,

Upes BeposiTHocTTa P 3a 6e3oTkasHa paboTa Ha
CbeAVHEHNEeTO Ce onpedens BeposTHOCTTa 3a
oTka3a Ha  (naHUoBOTO  cbeauHeHue  Po,
BCNeACTBME HA KOWTO € Bb3MOXHO Bb3HWKBAHE Ha
aBapwvHa cutyauus B TTC:

Po=1-P

Taka nonydeHaTa BeposiTHOCT Py no cbluecTBo
npeacTaensiBa BeposTHOCTTa Py OT u3pasa (1) 3a
nosiea Ha onacHocTt B paboTHata cpega noA
JenctBne Ha i — Tnsa TexHoreHeH P®, snusely
BbpXy 6e3onacHocTTa Ha TTC.
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(11)

P4 is the probability-to-failure criterion
for fatigue resistance.

The average for the current tension
fatigue is defined as: is the probability-
to-failure criterion for fatigue resistance.

(12)

Probability Pg4-to-failure criterion for
fatigue resistance is determined by the
quartile of the normalized normal
distribution:

(13)

By the probability P for reliable
operation of the compound the
probability of failure of Pg flange
connection, resulting in the possible
event of an emergency in the TTS:

(14)

The resulting probability Pg essentially
represents the probability Pz of the
expression (1) of hazards in the work
environment under the action of i-th
technogenic Po affecting the safety of
TTS.



4. U3sBoau

C HacToslmMs TpyA aBTOPLT NpUeMa, Ye:

e AHANM3MpaHeTO Ha HaAEXAHOCTTa Ha BCEKM
OT €NIEMEHTUTE Ha TOM/IOTEXHMYECKA CUCTEMA
MOXe Aa Ce MpueMe KaTo eTan OT aHanM3a Ha
TEXHOreHHUS pUcK 3a 6e30MacHOCTTa Ha Tasu
cucTeMma;

e OueHkaTa Ha TEXHOTEHHMS pUCK 3a
6e3onacHOCTTa B TOM/IOTEXHMYECKaTa CucTeMa
MOXE [a Ce NOCTUrHe 4pe3 BEpOATHOCTHO
oueHsiBaHe Ha 6e30Tka3HaTa pabota Ha
KOHCTPYKTUBHUTE W eNeMeHTU W noabupaHe Ha
noaxoasLmTe 3a TOBa KpUTEPUN.
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4. Conclusions

In this work the author assumes that:

* The analysis of the reliability of each
of the elements of the heat system may
be regarded as a stage of the analysis
of the technogenic risk for the safety of
this system;

« Assessment of technogenic safety
risk in heat engineering systems can be
achieved by probabilistic assessment of
trouble-free its constructive elements
and selection of suitable criteria.
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