Texobcny)Xusanuve
N 3aTAKKa 60NTOB

Preventative Maintenance

and Bolt Tensioning

C camoro Havana passuTvA HedhTerasoBon OTpacun
cylwecTBoBarna noTpebHOCTb B UHCTPYMEHTaX U
WHPACTPYKTYPE, MO3BONAOLLEN 0OHapyXXUBaTb,
[obbiBaTh U TpaHCNopTMpoBaTb HehTh U ras.

B coBpemMeHHON NPOMBILLNIEHHOCTY BPEMA B eLle
6onblUen CTENEHN CTOUT AEHET, U NpeaynpeanTenbHble
Mepbl CBA3aHbl ¢ 3aTpaTtamu. Moxem nn Mbl NO3BONUTL
cebe He TpaTUTb BPEMEHW ANA NpefoTBpaLLeHna noTepb
OEHEXHbIX CPeACTB, AaXe ecnu 3To ByaeT ConpAXEHO

¢ 3aTpaTtamu? B cOOTBETCTBMM C OLIEHKaMW, KaXKabIi
[onnap, NoTpayeHHbIN Ha TEXHNYECKOE 0OCNY>XXNBaHWE
N TEXHUKY 6e30MacHOCTU, NO3BONAET opraHM3aumum
CIKOHOMUTL 3-6 O0MNapoB, KOTOpble MOryT 6bITb
noTepsAHbl BCNeACTBME NpekpaLleHnA aobblyn, NpoCcToes
NHGPACTPYKTYPbI UK NOSy4EHNA TPaBM NMEPCOHASIOM.
OpHako npu 3TOM MOTYT BO3HUKHYTb CITIOXXHOCTY C
N3MeHeHueM BOCMpUATUA nNpobneM, Korga crapllee
pPYKOBOACTBO TpebyeT CHMXXeHNA pacxoados. B kayecTse
coctaBHou Yactu yeunun ROGTEC, HanpaBnieHHbIX

Ha ynydweHue aobbliun HedbTn 1 ra3a B Poccum 1 Ha
Kacnuu, a Takxke Ha noBblLLeHWe 3OPeKTUBHOCTA U
6e30nacHoCTM Ao6bl4M B AaHHOM pervoHe, Mbl pacCMOTPUM
BOMNPOChLI NpoBeAeHNA NpeaynpeamTesibHoro 1 nnaHoBoro
TEXHNYECKOro 06CNy>KMBaHNA B acrnekTe 3aTAXKY 6oNToB.

MpenynpeanTenbHoe TexHUYeckoe obcnyxusaHme
MOXXHO B 06LUMX YepTax onucatb Kak obcnyxusaHve
060pynoBaHNA 1 COOPY>KEHWI, BbINOHAEMOE
KBanMuumpoBaHHbIM NEPCOHAsIOM C LENbIO
noaaepXXaHvA yCrnoBui aKcnnyataunm o60pynoBaHnA
N NHAPaCTPYKTYpPbl NOCPEACTBOM MUCMOMb30BaHUA
naeHTUrKaumm, ocMoTpa, BbIABMEHNA U YCTPaHEHUA
noTeHUManbHbIX 4epeKToB A0 NX BO3HUKHOBEHWUA UK
[0 TOro, Kak OHU CTaHyT cepbe3HbIMU.

Mporpammva npeaynpeauTeribHOro TEXHUHECKOro
o6Cny>KMBaHUA AOMKHA NpeaycMaTpuBaThb UCronb3oBaHue:

* HepaspywatoLero KoHTpornA
e [leprnoamyeckoro MHCNEKTUPOBaHWA
¢ [1naHOBOro TEXHUYECKOro 06CnyXXMBaHUA
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Since the invention of using threaded bolts and nuts
to joinvarious components together was introduced

centuries ago,the methods of bolt tensioning and the
tool design technology have improved tremendously.

This article will provide basic information about the
methods of applying tension to a bolted connection.
There are three possible methods to tighten threaded
fasteners. Firstly, it can be done by torque, which is
the rotation of the nut or bolt head; by direct tension to
stretch the fastener, or by heat to expand the fastener.
Torque and tensioning (see figure 1) probably cover
99 percent of bolting applications, and it is these two
methods that are most widely used.

What is tension and how does it

affect a bolted fastener?
As with most materials, steel, which is predominantly
used in the manufacture of bolts and nuts has an
inherent “elasticity’, meaning it can be stretched between
two points and the tension that is imparted into the bolt
acts as a clamping force to hold the bolted components
together. Care must always be taken when stretching the
bolt to ensure that its “yield point” is not exceeded, as
this will cause the bolt to lose its physical properties
of elasticity.

Hooke’s law states that the amount of distortion
(lengthening, shortening, bending or twisting) applied will
be directly proportional to the applied force, provided the
applied force is kept within the material’s elastic limits.

For most industrial applications, a fastener should be
tightened until it has a retained tension of 40 to 70 percent
of its elastic limit. For a threaded fastener to correctly

hold (clamp) components together, it must be “stretched”
(tensioned) to a known accurate amount. A threaded
fastener that is under-tightened could work loose and come
apart, resulting in a “shearing force” developing between
the mating parts, which could cut the bolt in two. A loose
fastener may also lead to further mechanical looseness

of surrounding machinery parts causing unnecessary

i vibration and wear. Fluid and gas leaks could also occur



puc. 1 - figure 1

¢ TexHn4eckoro obCcny>KmBaHuA anA ycTpaHeHuA
nedekToB, 06HaPY>XEHHbBIX MPW UCTLITAHNAX UMK
WHCMEKTMPOBaHUM.

Puckn, cBA3aHHbIE C OTCYTCTBUEM NPOrpamMmmbl
NpoBeAeHNA TEXHUHECKOTO 06Cny>XXMBaHUA, CTAaHOBATCA
0COB6EHHO ACHbI B CBA3W C MPOM30LLEALLMMY B NocneaHee
BPEMA ¥ NOSYHYMBLLMMU LUIMPOKYH U3BECTHOCTb
aBapvAMM 1 NPOCTOAMM, BbI3BAHHBIMU OTCYTCTBUEM
TEXHUYECKOro 06CNy>XMBaHMA N HENPaBWUbHbIM
NPUMEHEHNEM rpadhMkoB NPOBEAEHNA TEXHUHECKOIO
obcny>xunBanna. CBA3aHHbIE C TaKMMU aBapuAMN YObITKU
HaMHOrO NPEBbILAOT pacxoapl Ha Noboe NnaHoBoe

WM BHENNAHOBOE TEXHUYECKOE 06CMy>XXNBaHWE,

KOTOpOe noTpeboBanock 6bl AnA NpegoTepalleHna
aBapun. Kpome Toro, Takoe obcny>kmBaHue no3sonaeT
NpeaoTBpaTUTb rMbenb NIoAeN.

Yem 6onblue pasmepbl NpeanpuaTA 1 CTOUMOCTb ero
aKTMBOB, TeM bonbLie 6yaeT Bbiroga OT NPOBEAEHWA
TEXHUYECKOro 06CNy>XXMBaHMUA.

CambiM1 BaXXHbIMW KOMMOHEHTaMN YCrNeLwHon
nporpaMmMbl NPOBeAEHUA NpeaynpeanTenbHOro
TEXHUYECKOro obCcny>XnBaHuaA ABMNAETCA COCTaBMEHNE
rpacvMkoB NNy NnaHMpoBaHue, U BbINOMHEHNe

3TUX rpadnkoB. PaccMoTpeHue nporpamMmmbl

due to incorrect sealing in pressure joints, which could be
extremely dangerous if any of the materials to be sealed
are toxic, flammable

or explosive.

On the other end of the scale, an over-tightened fastener
could cause damage to the bolted components, and
excessive over-tightening will cause the bolt and/or nut
to deform, causing a loss of tension in the fastener as it
exceeds its elastic limit. This is called the yield point.

For most industrial applications, the equipment
manufacturers, as well as structural and piping
component designers will provide the torque or tension
specifications for the relevant fastener(s) that need to be
used inorder connect the component parts. It is vitally
important to adhere to these specifications to ensure a
correctly tensioned bolt.

Bl How is bolt tension generated?

As mentioned earlier, the two most common methods
to apply tension into a threaded fastener are by torque
(see figure 2) or by direct tension (see figure 3). Torque
is defined as the turning or twisting force exerted

on a nut or bolt head, and it is the product of two
measurements, for example force and distance. Force
is measured in units of Pounds or Newtons and is quite
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npeaynpeavTenbHOr0 TEXHNYECKOro 06CNy>XXnBaHnNsA
B KayecTBe NpocToro 6naHka, B KOTOPOM CTaBATCA
rafnoyvyku npuv BbIMNOMHEHUN NPOBEPOK M paboT,
ABMAETCA KNAacCMYeCKMM BapMaHTOM Heyaa4yHoro
noaxona, NPUBOAALLENO K 3HAYUTENbHbBIM
[ONrOCPOYHbIM pacxodam u npobrnemam, korga
CUCTEMbI HAYMHAIOT OTKa3bIBaTb.

BakHOWM cOCTaBHOM YacTblO NpeaynpeauTensHOro
TEeXHUYecKoro obcny>XuBaHmA ABNAETCA NPOBepKa
3aTAXKM BONTOB HA PasnMYHbIX 3Tanax Cpoka
cny>o6bl 06opyaoBaHua. OgnH U3 OCHOBHbIX METOA0B
COefVHEHVA MeTanIM4eCcKmX YacTen 3akroyaeTca B
NCNonb30BaHnM raek u 6ontos. bonTobl ¢ pe3bbon n
raku Ha4anu NpUMeHATbCA ANA COeaNHEHMA
pasnnyHbIX KOMMOHEHTOB MHOTO BEKOB TOMY Ha3ap.
C Tex nop 3Ha4YnTENbHO YCOBEPLUEHCTBOBANMNCH METOARI
3aTAXKN BONTOB M TEXHOMOMMA NPOEKTUPOBAHUA
npeaHasHa4eHHbIX ANA 3TOro MHCTPYMEHTOB.

B pmaHHou cTtaTtbe NpmBognTcA 6a3oBan nHdopmauma
0 3aTAXkKKe 6ONTOBLIX COeanHEHW. ViveeTca Tpu
BO3MOXHbIX METOAa 3aTAXKKN Pe3bO0BbIX COEANHEHNIA.
[nA 3Toro MOXeT NCMOMb30BaTbCA KPYTALLMA MOMEHT,
TO €CTb BpaLLEHNe ranku nnm rofioBkn 6onTa; MoxeTt
NCMoNb30BaTbCA HEMOCPEACTBEHHOE HATAXKEHWE ANA
PacTAXEHUA KPENEXHOro fieMeHTa unu Harpes anAa
pacLUMpeHna KPenexxHoro anemenTa. Ha kpytawmi
MOMEHT 1 HaTAXeEHue (CM. puc. 1), BEpOATHO,
npuxoantca 99 NPOLEHTOB Cly4YyaesB UCNOSb30BaHUA
60NTOBbIX COEANHEHWNA, T.€. 3TK ABa MeToda
NPMMEHAIOTCA Hanbosee WNPOoKO.

Y10 Takoe HaTAXKeHUe, U KaK OHO BrMAeT

Ha 6onToBoe coeauHeHue?
Kak 1 60MbLUMHCTBO ApYrux MaTepuasnos, cTarnb,
KOTOpaA NPevMyLLECTBEHHO UCMONb3yeTcA AnA
N3roToBneHnA 60NTOB U raek, obnagaeTt co6CTBEHHON
“YyNpyrocTblo”; 3TO 03HAYaEeT, YTO AeTallb MOXHO
pacTAHYTb MeXAy OBYMA TOYKamu, U BO3AENCTByoLee
Ha BONT HaTAXEHNE CO3[aeT CXKMmatoLwee ycunme,
yaep>xmBatoLLee BMECTE CoeavHAeMbIe bontamm
KOMMOHEHTHI. [Mpu pacTaxkeHnn 6onTa Bcerga Heobxoanmo
cobnoaaTb OCTOPOXKHOCTb, YTOObLI HE BblN NPEBbILLEH
“npenen TEKy4YeCcTn’, Tak Kak 3TO NpuBedeET K TOMY, YTO
60nT NoTepAeT hr3n4EeCKoe CBOMCTBO YNPYrocTy.

3akoH [yka rmacuT, 4To BO3HMKatowwanA aecdopmauma
(yonunHeHwne, yKopodeHue, nsrnb nnm 3akpy4mBaHume)
6yoeT npAMO NponopumnoHarnbHa NPUITOXKEHHOW curne,
€CNv NPUNoXeHHaA cvuna He byaeT NpeBbIwaTb
npenenos ynpyrocty marepuana. AnAa 6onbwmHcTBa
NPMMEHEHNI B NPOMBILLIEHHOCTW KPENEXKHbIA 3NIEMEHT
cnepyeT 3aTArMBaTth A0 TEX Mop, NOKa ero CoxpaHAemMoe
HaTAXeHne He byaeT cocTtaBnATb oT 40 go 70 NpoLEeHTOB
OT ero npegena ynpyroctu. [na Toro, 4tobbl pe3sb0Boi
KpEeneXXHbI 3MIEMEHT NpaBWIbHO yaepkuean (Cxumanrnl)
KOMMOHEHTbI, OH AO/MKEH BbITb “pacTAHYT” (HAaTAHYT) 4O
TOYHO 3a4aHHOIO 3HadeHuA. Ecnmn pe3bboBoi KpenexxHbIn
3MIEMEHT HEAOCTATOYHO 3aTAHYT, OH MOXET OTBUHTUTLCA
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puc. 1 - figure 1

simply the amount of force applied at a given distance
from the centre of the item being turned or twisted.
Distance is measured in units of length, for example
inches, feet, centimetres or metres. Torque is expressed
as a combination of the relevant units of force and
distance, for example pounds per feet (Ibf.ft) in the imperial
measurement system or Newton metres (Nm) in the metric
system. Torque is applied to a threaded fastener by a variety
of manual and power driven torque wrenches. Newton’s
law states that for every applied force there is an equal and
opposite reactive force. Therefore as the torque is applied
to the nut, it will create tension in the stud bolt which

will act as a “clamping force” within the effective thread
length. Initially this clamping force will pull the two bolted
components together and subsequently it will build up and
retain a known tension (load) within the fastener to maintain
the joint integrity.

The amount of torque needed to be applied to a
threaded fastener will depend on several factors,
including the design application, type of joint, size,
length and quantity of fasteners to be used. Also to be
taken in to account will be the type of thread lubricant.
In the absence of specific torque figures from the
equipment designer or manufacturer, the following chart
details the recommended torque figures for both metric
and imperial fasteners in standard grade material using
commonly applied thread lubricants. These figures are
calculated based on 70% of the minimum yield point of
the bolt, which is the maximum recommended.

B Direct tension

Direct tension is applied to the fastener using a hydraulic
tensioning device commonly known as a hydraulic stud
bolt tensioner (see figure 3). This is a high pressure
hydraulic cylinder, with accessories, designed to sit
against the joint, grip the fastener thread using a
compatible threaded puller, and via applied hydraulic
pressure, extend the cylinder piston against the puller, to
pull (stretch) the bolt or stud to a known tension in
tonnes or kN. When the pull force equals the desired



N OTOENNTBCA, YTO MPMBEOET K BO3HUKHOBEHMIO “yCUnma
cpesa” Mexxay CoeanHAEMbIMM YacTAMW, HTO MOXET
NpUBECTU K pasaeneHuto 6onTa Ha ase 4actu. Mnoxo
3aTAHYTbIA KPENEXHbIA 3NIEMEHT MOXET MPUBECTU K
OanbHenweMy ocrnabneHunto KpenneHna COCeaHNX YacTen
060pynoBaHnA, NPMBOAALLEMY K U3ObITOYHON BUBpaummn 1
K U3HoCy. HenpaBunbHOE YNOTHEHWE HaXOOALUMXCA No4
[OABIEHNEM COEOVHEHNA MOXKET TaKKe NMPUBECTU K YTEUKE
>XMOKOCTU 1 ra3a, YTo MOXET ObITb O4EHb OMacHbIM, ECIn
Haxo4ALMECA BHYTPU MaTeprasibl ABMAOTCA TOKCUYHBIMM,
OrHEOMNacHbLIMU UM B3PbIBOOMACHBIMA.

C Opyrovi CTOPOHbI, CIINLLKOM CUIIbHOE HaTAXEHWE
KPENEeXXHOro a1eMeHTa MOXET NMPUBECTU K
NOBPEXAEHUNIO coeanHAeMbIX 60ITaMM KOMMOHEHTOB,
a n3bblToYHAA 3aTAXKa BbI30BET Aechopmaumto
6onTa u/vnu ramku, 4To NPMBELET K OTCYTCTBUIO
HaTAXKEHUA KPEMEXHOTo 3N1EMEHTA, TaK KaK AnA Hero
OyneT NpeBbILEH Npeaen yrnpyroctn. 3To Ha3biBaeTcA
npenenom TEKy4eCTy.

[nAa 60nbWMHCTBA NPUMEHEHWNI B MPOMbILLITIEHHOCTHN
N3roToBUTENM 060PYAOBaHUA, @ TaKXKE MPOEKTUPOBLUMKMN
KOHCTPYKUMOHHbIX U TPYBOHbIX KOMMNOHEHTOB NPUBOAAT
3HaYeHUA KPyTALLEro MOMEHTa UMW HaTAXKEHWA AnA
COOTBETCTBYIOLUMX KPEMEXHbIX 3NIEMEHTOB, KOTOPbIE
[OMXKHbI NCNONb30BaTLCA NPV COEANHEHUN YaCcTeN
koMmnoHeHTa. O4eHb BaXXHO cobntoaaTtb 3Tu TpeboBaHus,
4yTOObI 06ECNEUNTDL NPABUNBHOE HaTAXKEHNEe BONTOB.

Kakum obpasom cosnaetcs

HaTAXXeHue 6onTta?
Kak ykasblBanioch paHee, AByMA Hanbonee
pacnpoCcTpaHEeHHbIMU METOAAMW MPUOXKEHMA
HaTAXEHNA K pe3b60BOMY KPEMEXHOMY 3/IEMEHTY
ABNAETCA NCMOMb30BaHME KPYTALLEro MOMeHTa
(cm. puc. 2) unmn HenocpeacTBEHHOTO HATAXKEHNA
(cm. puc. 3). KpyTawmin MOMeEHT onpenenaeTcA
Kak NoBopaYvMBaloLLan U 3akpy4mBaroLlan cuna,
NPUNOXEHHAA K ravike unm K rorioBke 6onra, u
OH M3MepAETCA NPOM3BEAEHNEM ABYX BEINYMH,
Hanpumep, cunbl U pacctoAHnA. Crnna namepaeTca
B (DyHTax Uin HBIOTOHAX, U 3HaYeHUe KpyTALLEro
MOMEHTa NpeacTaBnAeT cobon cuny, NPUNOXEHHY0 Ha
onpeneneHHoOM paccToOAHMU OT OCY NOBOPaYNBaAEMOrO
11 3akpy4dmBaemMoro npegmeta. PacctoAHve
N3mMepAeTCA B eAuHMUax 4JivHbl, HanpumMep, B Alonmax,
hbyTax, caHTUMeTpax unu metpax. PaamepHocTb
KPYTALLEro MOMEHTA BbIpaXXaeTcA B BUAE NPOM3BEAEHNA
COOTBETCTBYHOLUNX €AUHWL, UBMEPEHUA CUIbI U
paccToAHuA, Hanpumep, B Buae oyHToB Ha pyT (PyHT-
cbyT) B BPUTAHCKON CUCTEME €OMHWLL, MW B HBIOTOHAX Ha
meTp (HM) B MeTpuyeckon cucteme. KpyTawmin MOMEHT
NPUKNaabIBaloT K pe3b00BbIM KPENEXHBIM 3/IEMEHTaM
C MOMOLLbIO Pa3MNYHBIX PYYHBIX Y MEXaHU3MPOBaHHbIX
OVHaMOMETPUYECKNX KItouer. 3akoH HbtoToHa racur,
YTO ANA KaKOO0WN NMPUITOXKEHHOW CUSbl MUMEETCA paBHaA U1
NPOTMBOMOMOXHO HanpasieHHaaA cuna peakuun. Takmm
06pa3om, NpY NPUMOXKEHUN K raike KpyTALLEro MOMeHTa
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TexHonorwua i-Safe™ ncrnonb3yet
co4eTaHne NASHTUUKALMOHHBIX
paamo4acToTHbIX METOK U
CUCTEMY KOHTPONA C B36-
MHTepdencom ana:

OcpbopmneHuns akToB NpoBepKM
CHapAXXeHnsa

YyeT nmetouleroca
CTPaxoBO4YHOro obopynoBaHusA
MHdopmaumoHHoro
obecneveHnsa

Capital Safety Group ABnAaeTcA co3garenem Takux
6paHaoB, kak DBI-SALA, Protecta n Rollgliss. Komnanua
y>xe 6onee 50 net paspabatbiBaeT 1 BHeapAeT
TEXHUYECKME PELIEHVA B 061aCTy CTPAXOBOYHOMO
CHapsxeHus. CBAXWTECh C HaMu, U Mbl caenaem Bawly
paboTy Ha BbicoTe 6e30MacHON.

Northern Europe: +44 (0) 1928 571324
Europe, Middle East & Africa: +33 (0) 497 10 00 10

Email: information@capitalsafety.com

Web: www.capitalsafety.com

A CAPITAL SAFETY BRAND

AKcnepTbl B 0671aCTH 3aLUNTBbI
OT nageHunsA C BbICOTbI.



puc. 3 - figure 3

6yneT co3naBaTbCA HATAXKEHNE Pe3b60BON LUMUIBKW,
LEeVCTBYIOLLEE B KQYECTBE “CkmmatoLLen cunbl” B
npegenax acpheKTMBHON ANnHbI pe3bbbl. [NepBoHa4ansHO
Takana ckumarowana cuna ygeT cTArmBaTb BMECTe
coemHAeMble 6onTamMmm KOMMOHEHTbI, 3aTeM oHa 6yaeT
€034aBath M NoaaepKuBath onpeaesieHHoe HaTAXKeHne
(HarpysKy) Kpene>kHoro anemeHTa, nogaepxvsatoLlee
LeNOCTHOCTb COeANHEHNA.

BenuunHa KpyTALLEro MOMeHTa, KOTOPbIA AOMXEH BbITb
NPUNOXeH K pe3b60BOMY KpernexXxHOMY anemMeHTy, byaeT
3aBUCETb OT HECKOMNbKNX (DaKTOPOB, B TOM Yucne oT
NPOEKTHOro HasHa4YeHNA coeanHeHUA, TUna coeanHeHuns,
pasmepoB, ANNHbI U KONMYeCcTBa UCMONb3yeMbIX
Kpene>kHbIX 3aNeMeHTOoB. TakxXe Heo6XoANMO y4nUTbIBaTb
TMN pe3bb0oBOoM cMasKu. Mpn OTCYTCTBUN KOHKPETHbIX
3HAYEHU KPYTALLEro MOMEHTA, NPMBEAEHHbIX
KOHCTPYKTOPOM WMInx N3rotoBuTeNnem obopynqosaHuA,
MO>XHO MCMOMb30BaTh PEKOMEHA0BaHHbIe 3Ha4YeHnA
KpyTALLEro MOMEHTa, NPMBEAEHHbIE B CrieaytoLlen
Tabnuue AnA KpenexXHbIX 31EMEHTOB C METPUYECKOM 1
AIONMOBON pe3bbamu, U3roTOBMEHHbIX U3 CTaHAAPTHbIX
mMarepuanos 1 NPy UCrosib3oBaHMN PacrnpoCTPaHEHHbIX
pe3b60BbIX CMa30K. AT 3HAaYEeHNA Obln paccunTaHbl
ncxoaa usd 70% oT MUHMManNbHOro nNpeaena Teky4ecTu
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¢ bolt preload, plus an additional amount to compensate

i for bolt relaxation, the nut is run down the thread using a
i short tommy bar until it is tight against the joint face.

i The hydraulic pressure is then released and the threaded
fastener is prevented from returning to it’s original length,
i by the tightened nut, subsequently leaving the required

i tension retained in the fastener.

i Hydraulic stud bolt tensioners are commonly used in
multiples linked to a single hydraulic pump unit, particularly
i in applications where reliable leak free joints are required.

i By using a number of tensioners simultaneously, the

i operator is able to ensure an even pull down of the joint
components, resulting in uniform gasket compression

i and consistent leak free joints. As with torque, the actual

i amount of tension to be directly applied to the threaded

i fastener by the hydraulic stud bolt tensioner should be

i confirmed by the equipment manufacturer or designer.
The majority of hydraulic stud bolt tensioners operate

i at a maximum hydraulic pressure of 1500 bar and this

i maximum pressure/tension load should never be exceeded.

B Correct Tool Selection
i Understanding the two most common methods of
i applying tension to the fastener (torque or direct tension)
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nAa 6onTa, YTO NpeacTaBnAeT cobon PpeKOMeHa0BaHHbIN '
A peA P A HYDRAULIC

MaKCUMyM.

Tool Supply - Rental
Repair - On Site Service
New catalogue Calibration Service

Available now
)) Bolting...

Precisely! ((

B HenocpepncrtBeHHOe HaTAXKeHUe
HenocpencTBeHHOE HaTAXEHWE NpUKNaabiBaeTcA

K Kpene>XHOMY 3/IEMEHTY C UCMONb30BaHNEM
rMApaBNMYECcKOro YCTPOMCTBA HAaTAXKEHNA, 0ObIYHO
Ha3bIBAEMOIO r’MapaBINYeCKUM YCTPONCTBOM
HaTAXKeHNA pe3bboBbIX LWNUIeK (CM. puc. 3).
YCTPONCTBO COCTOUT U3 rMAPaABINYECKOrO LMuHapa
BbICOKOrO AAaB/IEHNA BMECTE C MPUHAASIEXXHOCTAMM,
KOTOpOE yCTaHaBMMBAETCA HA MECTO COEANHEHUA,
3axBaTblBaeT pe3bby KPENEeXXHOro a/ieMeHTa ¢
MOMOLLIbIO COBMECTUMOTO pe3bboBOro 3axeara, 3aTem
npuKnagbiBatoT rMapaBnMyeckoe AaBneHne, U NopLIeHb
uMnuHapa pacTarmeaeT 60NT N pe3bboBYIO LINWUIbKY b, ;n,-r.‘\ _
[0 3aaHHOr0 3HAYEHNA HATAXEHNA B TOHHAX Unn KH. r A LT ~ ,'."‘V Hydraulic Torque Wrenches
Mocne Toro, Kak pactarneatollee ycunue 6ynet paBHO [
3HaYEHMIO XKeNaemomn npeaBapuTesibHOM Harpy3km 6onrta
NAoC AOMOMHUTESIbHAA BENNYMHA, KOMMEHCUpyoLan
ocnabneHne HaTAXKeHNA 6oNTa, ranky HaBMHYMBAIOT Ha
pe3bby C MOMOLLbIO KOPOTKOW PYKOATKM ra€yHOro Ko4a,
roka oHa He 6yaeT NMOTHO NpuXarta K CoOeaANHAEMOMY
KOMMOHeHTY. Nocne 3Toro cépacbiBatoT rMapaBIMHeCcKoe
OaBneHne, n pe3bboBON KPENeXXHbIN 3JIEMEHT HE MOXKET
BEpPHYTbCA K CBOEN NPe>XXHEN ANIMHE 13-3a 3aTAHYTON
ravku, B pesynbTaTe 3TOro KpenexXHbl 311eMeHT byaet
HaxoamMTbCA Npu TPEBYEMOM HaTAXKEHWUN.
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[npopaBnuyeckne yCcTponcTea HaTAXEHMA pe3bboBbIX
LUMMNEK UCNONb3YOTCA BMECTE rpynnamm no HECKOMbKO
LUTYK, MPUCOEAMHEHHbIX K OOHOMY M'MApaBINYeCKOMY
Hacocy, 0COBeHHO B Tex cnydasx, Korga Tpebyetca
NosyyYnTb HAAEXHOE COeaNHEHMNE BE3 yTeuek.

Mpy 0AHOBPEMEHHOM MCMONb30BaHNM HECKOMbKMX
YCTPOWCTB HaTAXEHMA, ornepaTop MoXeT obecneunTtb
PaBHOMEPHOE MPUSIOKEHUE YCUITNA K KOMMOHEHTaM
COEAMHEHMA, YTO NPUBOAUT K PABHOMEPHOMY CXaTuto
NPoKnaaKkun 1 K cTabunbHOMY MOSyYEHUO COeANHEHWIA
6e3 yTeuek. Kak 1 B cnyvae ucnonb3o0BaHvA
KPYTALLEro MOMEHTA, (PaKTUYECKOE HaTAXEHWE,
npuknagbiBaemMoe K pe3bboBOMY KpenexxHoMy
SMEMEHTY I'MAPaBINYECKMM YCTPONCTBOM HaTAXEHMA
pe3bb0BbIX LWNUNEK, AOMKHO ObiTb NOATBEPXKAEHO

N3roTOBUTENEM UMM KOHCTPYKTOPOM 060pyaoBaHuA. " 3 - IV
BONbLWWHCTBO rMAPaBAMYECKUX YCTPONCTB HaTAXKEHNA - g
pe3bb0BbIX WNUNEK OEUCTBYIOT NPU MaKCMMasibHOM ' -
rmapaesnmyeckom gasnexHmm 1500 6ap, n 310

MaKcMMalbHoe gaeneHue / Harpyska HatAa>xeHuA
HUKoraa He AOJKHbI NpeBbIlaTbCA.

Manual torque multipliers
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B Py4Hble AMHaMOMEeTpUYeCcKMue K4u

PyuHble AMHAMOMETPUYECKME KITHOUM, BEPOATHO,
ABMAIOTCA Hanbosee pacnpoCTpaHeHHbIMM
WHCTPYMEHTaMM 418 TOYHO 3aTAXKU Pe3b6OoBbIX
KPEneXHbIX 3/IEMEHTOB, OHU MPOEKTUPYIOTCA 1
M3roTaBIMBAKOTCA HA OCHOBaHMM 3aKoHa [yka, T.e. cuna x
paccTofHue.

B PyuHble ycunurtenu KpyTALero MomMmeHTa
Py4Hon ycunutenb KpyTALLEro MOMEHTa NpeacTasnaeT
cob0n MexaHn4eckoe yCTPONCTBO, KOTOpPOe
yCcunmBaeT npeaBapuTeNnibHO 3a4aHHbI BXOAHON
KPYTALLMIA MOMEHT, NpUKaabiBaemMblil OnepaTopom

C MCNOMb30BaHNEM KannbpoBaHHOIO Py4HOro
AVHaMOMETpPUYECKOro Kuo4a. B cBA3n ¢ 6onblumnm
BbIXOAHbIM KPYTALMM MOMEHTOM, MOSly4aembiM C
NCMNONb30BAHNEM PYYHbIX YCUUTENEN KPYTALLEro
MOMEHTa, B UX KOHCTPYKUMM AOMKHA 6bITh
npeoycMoTpeHa BCTPOEHHaA peakTuBHaA onopa,
nornowjaoLlan BO3HNKAIOLLYO CUy peakuun (3aKoH
[yka). [lo ucnonb3oBaHUA MHCTPYMEHTa HeobxoaMMo
NpaBuIbHO PacMONOXUTb PEaKTUBHYIO OMNopy Y
NPOYHON TOYKU, Yepes3 KOTOPYIO NepefaeTcA cuna
peakumun. Tak Kak BbIXOAHaA MOLLHOCTb HE MOXET
npeBbIWaTh BXOAHYIO MOLHOCTb, KONMYECTBO BbIXOOHbIX
060pOTOB BYAET MEHbLUE KONUYECTBa BXOAHbIX
060pOTOB.

NMHeBMaTU4ecKue ycunurenm

KpyTALLero MOMeHTa
lMHeBMaTUYECKUE yCUNUTENN KpyTALLEro MOMEHTa
[ENCTBYIOT aHaNorM4yHO PyYHOMY YCUIUTESIO KPYTALLEro
MOMEHTa, 32 TEM UCKITIIOYEHUEM, YTO BXOOHOW KPYTALLMIA
MOMEHT CO34a€eTCA NHEBMATUYECKMM NPUBOAOM, a
He pyYHbIM AMHAMOMETPUYECKUM KITHOYOM, B CBA3U C
3TUM UHCTPYMEHT OeNCTBYeT bbicTpee 1 6onee NpocT B
MCronb3oBaHMN. BbIXogHOW KPyTALLMIA MOMEHT 3aaaeTcA
npeaBapuTenbHO U perynnpyeTcA nocpeacTBoM
N3MEHeHVA AaBfiIeHVA NoAaBaeMoro B MHEBMATUYECKMIA
npuBOoA BO34yxa, 3TO 3a4aeT BENMUYNHY BXOAHOIO
KPYTALLEro MOMEHTA, NPUIIOXKEHHOIO K MiiaHeTapHoON
nepepadye. o mepe yBenu4eHnA BbIXOQHOTO KPYTALLErO
MOMEHTa CKOPOCTb BpaLLEHUA NMHEBMATUHECKOrO
npuBoaa NOCTENEHHO YMEHbLIAETCA U Yepe3 HEKOTOPOoe
BPEMA OH OCTaHaBNMBAETCA, T.€. BO3HMKAoLLAA
NPOTMBOMOJOXHO HaMNpaBfieHHaA cua peaxkumm
CTaHOBUTCA 9KBUBASIEHTHOWN BXOOAHOMY KpyTALLEMY
MOMEHTY MHEBMATUYECKOro NpuBoaa.

[MapaBnuyeckune

AWMHaMoMeTpu4eckKue Koyu
[nopaBnmMyeckne AMHaMoOMeTpUYECKne Kouu
crneumanbHO NpefHasHavaoTcA AnA NPUMEHeHUN B
orpaHW4eHHOM NPOCTPaHCTBE U/ ANnA TexX cryyaes,
B KOTOpPbIX TpebyeTcA 0CO6EHHO HOSbLLION BbIXOAHOM
KPYTALLMIA MOMEHT. B KOHCTPYKLUMU rMapaBnm4eckoro
AMHaMOMETPUHECKOro KJto4a UCMOoMb3YHTCA HAMHOIO
60nblUMe MOMEHTbI CUIbl, 3a4aBaeMble rapaBInyecKnm
MOPLUHEM C UCMONL30BAHNEM MAPaBINYeCcKo
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we can now look at the various types of tools available to
accurately and successfully complete the given task.

B Hand Torque Wrenches

Probably the most commonly used tool, for accurately
tightening threaded fasteners, hand torque wrenches are
designed and manufactured on the basis of Hooke’s Law
i.e. force x distance.

B Hand Torque Multipliers

A hand torque multiplier is a mechanical device that
multiplies the preset amount of input torque applied by
the operator using a calibrated hand torque wrench.
Due to the greater output torque produced using hand
torque multipliers, it is necessary to incorporate an
integral reaction foot to absorb the opposing reactive
force generated (Hooke’s Law). Great care must be
taken to ensure that the reaction foot is correctly
located against a suitably strong reaction point prior to
operating the tool. Because the power output cannot
exceed the power input, the number of output rotations
will be lower than the number of input rotations.

B Pneumatic Torque Multipliers

A pneumatic torque multiplier operates in the same way
as a hand torque multiplier, except that the input motive
force is provided by a pneumatically driven air motor
instead of a manually operated hand torque wrench,
making the tool both faster and easier to operate. Torque
output is preset and adjusted by regulating the input

air pressure, supplied to the pneumatic motor, which

will control the amount of input torque applied to the
planetary gear train. As the torque output increases,

the air motor will gradually slow down, until it eventually
stalls, i.e. the opposite reactive force generated becomes
equivalent to the input torque of the air motor.

B Hydraulic Torque Wrenches

Hydraulic torque wrenches are specifically designed for
applications where limitation of space and/or particularly
high output torque is required. The design of a hydraulic
torque wrench utilises the far higher leverage forces
generated from a hydraulic piston, using high pressure
hydraulic power supplied from an air or electric driven
pump. The hydraulic piston is connected to a ratchet

via a reaction pawl assembly which allows it to engage
the ratchet teeth in the advance mode to rotate the nut
or bolt head, and subsequently release during piston
retraction to re-engage in the next forward push position.

B Hydraulic Stud Bolt Tensioners

Hydraulic stud bolt tensioners provide the most
consistent and accurate method of applying tension

to bolted connections. Comprising of four component
parts (only 2 for subsea applications) for example
bridge, nut rotating socket, threaded puller and cylinder,
hydraulic stud bolt tensioners offer a safe, accurate
method of ensuring consistent joint integrity. Designed
to directly stretch the bolt by applying a known load to



MOLLHOCTU BbICOKOIO AaBfieHnA, pa3BMBaeMo HACOCOM
C NHEBMATMYECKUM UMW INEKTPUHECKM NPUBOLOM.
MapaBnMYeCcKuUii NopLLUEHbL COeAMHEH C XpanoBbIM
MEXaHM3MOM Yepes y3en cobadvkun, KOTopbIn

no3BonAeT nepeaaBaTb ycunune 3ybbAm XpanoBoro
Koneca B pexxume ABUXEHUA Bnepes, YTobbl
NnoBoOpayMBaTh raky Uim ronoBky 6onta, Npy ABMXXEHUM
NMOpLUHA Ha3af cobayvka oTcoeamHAeTcA, YTobbl CHoBa
BOWTM B 3aUEN/IEHUN NPU CNeayoLeM ABVKEHUN
NopLUHA Bnepea.

MapaBnuyeckue ycTponcTea HaTAXKEHUA

pe3b60oBbIX Wnunek
[npopaBnnyeckme ycTponcTBa HaTAXEHNA Pe3bboBbIX
wnunek obecnevmsaloT Hanbonee ctabusnbHoe
N TOYHOE HaTAXeHNe 6ONTOBLIX COEQUHEHWM.
[npopaBnnyeckme ycTponcTBa HaTAXEHNA Pe3bboBbIX
LUNWUIIEK, KOTOPbIE COCTOAT U3 YeThbIPEX KOMMOHEHTOB
(TonbkO ABYX ANA NOABOAHOIO MPUMEHEHNA),
Hanpumep, MocTa, rHe3Aa Af1A BpalleHua ranku,
pe3bboBOro CbeMHUKA U UMNNHApPaA, obecnevnBatoT
6e30MnacHoe 1 TOYHOE MNOyYeHne HaaeXHbIX
60nTOBbIX cCOeANHEHWI. Takne ycTponcTea
npegHasHavyatoTcA ANA HEMNOCPEACTBEHHOMO
pacTaxeHua 6onTa Npu NPUIOXXEHNN 3a4aHHON
Harpy3ku ¢ UCNofib30BaHNEM MMAPABINYECKOrO
unnmMHapa n pe3bboBOro CbeMHMNKA, Npu 3TOM BO
BPEMA pacTAXeEHMA pe3bbbl CTOMOPHYIO ranky
BpaLLatoT C MOMOLLbI KOPOTKOM PYKOATKN Frae4yHOoro
KIo4a, Noka oHa He 6yaeT NIoTHO npuxara K

the fastener using a hydraulic cylinder and threaded
puller, the securing nut is rotated using a short tommy
bar, whilst the thread is being stretched, until it is firmly
tightened against the joint face. Immediately after the
hydraulic pressure (load) is released, the bolt tension
is retained because the threaded fastener is prevented
from returning to its original length by the tightened nut.
Hydraulic stud bolt tensioners can be linked together
in multiples to ensure an even “pull down” or tension
applied to all bolts simultaneously. This is particularly
critical in applications where a sealing gasket is used
and consistent leak free connections are required.

Bl Nut splitters

Hydraulic nut splitters provide the perfect answer for
the removal of worn, damaged or corroded fasteners
that cannot be opened using torque or tensioning tools.
The nut splitter design incorporates a powerful hydraulic
piston to drive a precision engineered, angled splitting
wedge into the flat face of the nut. The splitting wedge
is manufactured from high grade tool steel for maximum
life and can be easily removed for re-sharpening or
replacement. The angled design of the splitting wedge
allows the nut to be split with minimal damage to the
threads on the bolt or stud.

B Impact Wrenches

Air driven (pneumatic) impact wrenches are probably
one of the most commonly used tools in the bolting
industry today. Ideally suited for run down or fast removal




coeanHAEeMOMY KOMMOHEHTY. HemeaneHHo nocne
cbpoca rngpaBnnyeckoro gaBreHna (Harpy3ku)
HaTAXeHne 6onTa coxpaHAeTCcA B CBA3W C TEM, YTO
pe3bb60BON KPENEXXHbIA 3NIEMEHT HE MOXET BEPHYTbLCA
K CBOEW NpeXXHEN ANNHe u3-3a 3aTAHYTON ranku.
[WapaBnnyeckue ycTponcTBa HaTAXKEHUA Pe3bb0BbIX
WNMNeK MOryT 6bITb COEAUHEHbI Fpynnamu no
HECKONbKO WTYK AnA obecrnevyeHna paBHOMEPHOIO
npy>XMma nnmM ogHOBPEMEHHOMO HaTAXKEHNA

Bcex 60nToB. OTO 0COBEHHO BaXKHO B crnyyae
NCMNoNb30BaHWA YNNOTHAOLWEN NPOKIAAKN U HANN4YumA
TpeboBaHUN CTabUNbHOrO NONy4YeHnA COeaUHEHNIN
6e3 yTeuek.

Bl lankopesbl

[MapaBnmyeckne rankopesbl naeanbHO NoAXoaAT

ANA yaaneHna N3HOLWEHHbIX, MOBPEXXAEHHbIX U
KOPPOANPOBAHHbIX KPEMEXHbIX 3/IEMEHTOB, KOTOPbIE HE
MOryT 6bITb OTAENEHBI C MOMOLLBIO NMPUKIAAbIBAKOLLNX
KPYTALLMIA MOMEHT UM HATAXEHNE NHCTPYMEHTOB.

B KOHCTpyKUMM rankopesa UMeeTCcA MOLLHbIN
rmapaBnNyecKni ULMNMHAP, BOABMBAOLMIA TOYHO
CMPOEKTUPOBAHHbIN YITIOBOW pacKasbiBalOWMN KIMH

B MJI0CKYIO MOBEPXHOCTb ramku. [inAa obecneyenns
MaKCMMaJbHOrO CpoKa Cry>k6bl pacKanbiBatoLLUA KIWH
N3roTaBMBAETCA N3 BbICOKOCOPTHON MHCTPYMEHTabHOM
CTanu, U ero MOXHO fIerko CHATb AJ1A NOBTOPHOMO
3aTa4yMBaHMA UM 3aMeHbl. YrnoBana KOHCTpYKUmMA
pacKanbiBarOLEro KfiMHa No3BonaeT pa3aenuTb ranky ¢
MUHMMaITbHBIM MOBPEXAEHNEM pe3bbbl bonTa

VKN WNUABKW.

B YpapHble raeyHble KJ1Ho4um

BepoATHO, B HacToALlee BpeMA AnA 3aTAXKN 60n1ToB
Hanbonee LLUMPOKO MNCNOJSb3yOTCA NHEBMATN4eCckune
yoapHble rae4Hble KoY. Takue knto4un noeanbHO
noaxonAT AnA 3aBUMHYMBaAHUA UNA 6blCTp0I’O
OTBMHYMBAaHNA OONTOBbLIX Coe,D,VIHeHVIVI, npunyem Bce
mMogenu paboTatoT Npy CTaHAAPTHOM OaB/EHUN
BO3ayxa 6 6ap.

B Paspenutenu chnaHues

Pasgenvutenu cpbnaHues naeansHo nogxoaAat

OnA passeaeHua naHueB C LEenbio NpoBeaeHna
TEXHUYECKOro 06Cny>XMBaHMA Nocne Toro, Kak obinm
N3BreYeHbl 6ONThI.

Kak yka3blBanochb Bbille B AaHHOW cTaTbe, ABYMA
Hanbonee pacnpocTpaHEeHHbIMU METOAAMUN 3aTAXKN
60NTOBbLIX COEAUHEHNI ABMAETCA NPUOXKEHNE
KPYTALLEro MOMEHTa C NOMOLLbIO AMHAMOMETPUYECKUX
KIHOYEN U UCnonb30BaHe HENOCPEACTBEHHOMO
HaTAXKEHUA C MOMOLLBIO FMAPaBIMYECKMX YCTPOWCTB
HaTAXeHUA pe3bboBbIX WNuek. HezaBucnmo ot
BblOpaHHOIO MeToAa, ANA CTabuUnbHOro NoMy4YeHns
TOYHOrO coeamHeHua 6e3 yTeyek ¢ NepBOro Xe pasa
O4YeHb BaXXKHO MPOBOAUTE MPOBEPKY [0 COEAMHEHNA
6ontamu. Npn 3TOM HEOHBXOAMMO NPOBEPUTL OTCYTCTBUE
NobbIX NOBPEXKAEHWIN NPOKNAAKN U YMNIOTHATENBHBIX
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of bolted connections, all models operate using a
standard 6 bar air line pressure.

B Flange Spreaders

Flange spreaders provide the perfect answer for
separating flange joints for maintenance after
bolt removal.

As mentioned earlier in the article, the two most
common methods used for the tightening of bolted
flange joints are either by torque using torque
wrenches, or by direct tension using hydraulic stud
bolt tensioners. Regardless of the method selected,
a pre-bolting inspection is essential if an accurate
and leak free joint is to be achieved first time, every
time. The inspection must include checking for any
damage to the gasket and sealing surfaces, ensuring
that the stud bolts and nuts are the correct size and
material, are not damaged in any way and that the
correct lubricant is to be used. Additionally it is vitally
important that the two flanges are correctly aligned to
each other and that the stud bolts can be easily fitted
through the bolt holes. If any of the above checks are
not satisfactory immediate remedial action must take
place before starting to bolt up the joint.

noBepxHocTen, y6eanTbeA B NPaBUIIbHOCTY pasmMepoB
1 MaTepuasnoB LMNWIeK U raek, OTCYTCTBUAN B HUX
NOBPEXAEHWUI U B UCTIONb30BaHUM NMPaBUIbHON
cMazKu. TakxKe UCKITYMTENIbHO BaKHO 06ecneynTb
npaBUNbHOE BblpaBHWBaHWE ABYX chnaHues apyr
OTHOCUTENbHO Apyra, N y6eauTbCA B TOM, YTO
LUNWUIBKM MOXHO JIerKo BCTABUTL B OTBEPCTUA ANA
HUX. Mpy HeyoOBNETBOPUTESbHLIX peaynbTaTtax fobbIx
BbILLEYMOMAHYTbIX MPOBEPOK 40 Havana BbiNonHeHNUA
coeiMHeHVA 60NTaMn HeOOXOAMMO HeMeANEHHO NPUHATD
Mepbl ANA yCTpaHeHWA BblABMNEHHbIX HEAOCTATKOB.
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