
WHAT ARE THE DIFFERENCES IN HIGH 
PERFORMANCE FLEXIBLE COUPLINGS FOR TURBOMACHINERY? 

by 
Jon Mancuso 

Director of Engineering 

and 
Joe Corcoran 

Manager. High Performance Engineering 

Kop-Flex, Emerson Power Transmission Corporation 

Baltimore, Maryland 

P- 
Jorr I?. iM(~nt,rr.so is Dir.ec,!or c?f firxirlec~r- 

irrg r\>i!h Xi)p-F/cr 1rr(,.. Ertrc~rsori Potc~t- 

-*r ~ 

Trtrt7srir i.ssiorr C'orl>c~r(r!iotl, irr Hultiriior-e, 
h4arylarzcl. tf? / i~,v 11zor.e ! / I C I I I  30 ?)cal:~' 
e\-perietrc.e irr tht~ co~rpling ,fic,/cl ctrrd is 
crrrrhor- c?f riicrrly pcrpers or1 corrl)litlg.s /or va- 
riotrs prblit.u!io17~, S O ~ . ~ C I ~ P . S ,  cltrd . s ) ~ I I I / ) ~ s ~ c I .  
MI: iMtrric,rl.,o i .s trlso crtr!lror cf (1  Amok n t ~  
c~o~rplirrg.~, Coupling and Joints: Design. 
Selcctian. ilnd Applicdion, irild e l tor-  tirtil 
crclthor of severcrl cl~uptet-.s it1 Mechanical 

Po\\ler Transmission Co~npo~ients  Handbook. He has beer1 in~:olved 
\ci!h rrrrtrly c/csigrz, rt~sectrcl~ projects t-c.lr~ritrg to colrplitzgs, rrrzcl is 
c,oirivorr!or- (?/'.sc,r~ertrl l)tr!c,r7!s rvi~h cnrr/)lir7gs nritl c,l~rrches. 

/MI:  Mcrr~c,r~so gr.crc/~~otc~d .fr.ortr Gtrrrr~orl L'rrir~er.si!)l with cr B.S. 
,- rlegrre (ilfeclrarric~trl Eri,yirreeritrg), aird Irc~s trrr M.S. clegrc,c, 

( ~ ~ l $ i i l ~ c ' ~ i l l j :  .FL.~PIICC)  finrir Prrrri,svlvrrrritr State Urriversity. H H ~  is 
c.linir.irrg tlrc. ASrME Corrrrlrittee orr Cocrl~lirr~.s crrld Cl~ttcl~es. In 
ctiIcli!iot~, he, is u ~net?lber uf' the AC;I~/I/\ Colrplirrg Cotnrtlittee crnd 
ttlso serves or1 the API Cr,~orri!ree on Cotrplingc; jbr. Spericrl 

Joseph F (Joe) Cot-cnr-errr is iMtrrltrgc,r oj 
Higlr Perji)nrmrlce Etrgirreerirr,q ,for KO/>- 
Fle.v, 111c.. (1 tiivi.siotr 01. E~r~ersoti Po\ver 
Trrrrrsririssiort (E'PT), in Bolri)rior~, ~Mnry- 
Itrr~rl. He is rc~.sporr.sihlr for. err1 c2r7,girreer.irtg 
~rorrl) !lzcr! srlects arrrl tlesicyrrs c~orrplirrgs 
trricl prorrss.e.v orclers rrrzcl irlclrriries for. lzi,q/i 
I>er$)nr~c~rrc~c c.olrp/irzgs, r r r c t ~ t z ~ ~  for rut-&- 
trzachinety 111 crdditiorz, 1Mc Corrorurz has 

f .  rrtrrrke!irt,y trrlti jield set-vice t-c..sl)ot~.sihilities. 
Pr.c,viorr.s lo 1ri.s 18 yec7r:s at b p - F l c r ,  hc 

and configurations, and when one is preferable to anolher in cel-tain 
applications. 

INTRODUCTION 
There are three main types o f  high performance couplings: high 

perfomlance gear, disc, and diaphragm. There are also high pcr- 
fo~niance quill shaft and elastomeric designs. Furthermore, thcsc 
can be in various combinations, cspecially an clasto~iieric on one 
machine shaft and a gear, disc, or diaphragm on the connected 
machine shaft, or cven :r gear type on onc shaft and a flexible 
clcnlent disc on the other. 

So, what is a high performance coupling? What is the difference 
between a high pcrforrnance coupling (also called special purpose) 
and a general purpose coupling? Once a train designer knows that 
he needs a high perforrnancc coupling, which type of high per- 
formance coupling should be selected'? An improper selection can 
mean ycars of troublesome operation, These topics are discussed in 
this tutorial. along with design details and hilure modes. 

OVERVIEW OF FLEXIBLE COUPLINGS 

Historically, rotating equipment wns first connected by means of 
rigid flanges (Figure I). Experience indicates that this method did 
not acco~nmodate the motions and excursions (that is, misalignment) 
experienced by the equipment. Shaft and flange fatiguc failures wcrc 
frequent. Then flanges were made thinner, which allowed them to 
flcx. From this start, the design of couplings has evolved to the many 
types and styles of today, all used to transmit thc rnaximurii amount 
of powcr \\rhile accepting the required amount of misalignment. 
(Note that nowadays, rigid flange couplings are still used to connect 
ecluipment that experiences very srii:ill shaft excursions.) 
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ABSTRACT 
'The~e are rn'lny type5 ok couplings uscd on h ~ g h  performance 

Lurbornacl~inery. Explained are the differences in thc various styles Figrrr.c. I .  Rigid Coul~lirig. 
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- . -~ - 
Thc thermal ell'ects of handling hot and cold fluids cause some - - J 

movement 111 the vcrtical and axial direction. There are diHcrentials 
of temperature in  driver media .such as gas xnd steanl. Vertical 
motions could be a I.CSLIIL of F L I ~ ~ O I T  htructure c ~ p a n s i o n ~  due to 
temperature tliffcrcnces, distortion due to solar heiitiny, axial 
growth, or :I co~nbination of these. Horizont:il motions nre us~~ally 
caused by pipins f'or,ccs caused by poor installation practicrs and 
expansions or contractions causrd by changes in temperature or 
pressure differential o f  thc media in the system. 

It is a fact of' lil'e tti;~t machinery appears to live and brwthe. 2nd 
will move. prow, and change fomi and position; this i.; one of the 
basic reasons for using flexible couplings. A flexible coupling is 
not the solution to a11 movement problelns that can or could cxist 
in a sloppy system. Usinp a flexible coupling in the hope that i t  will 
conipenhatc Ihr any and all niotions is niivc. Flexible couplings 
have their limitations. Thc cquipnicnt or system dccigrier must 
make calcul:~tions that will give a reasonablr estinintr ol' the outer 
bounditl-ies ol' the anticipated gyrations. Unless those houndarics I. 
arc defined, the equipment or systeni designer may just he tranh- 
fesring equipment failure into a couplil~g failure (Figure 4). It  is important for lhc cquipmcnt or systcm deqigncr not to 

One thing to remeniber is that when subjected to torque and mis- 
aliynment, "all" couplinps react on the connected equipment 
cornponenrs. Some produce grealrr reactionary forces than othcrs. 
and, i f  o\crloohed, can cause vibration, shaft failure\. bearing 
failures. and other operational and early failure of other cornpo- 
nents of the drive train (Figures 5 and 6). 

confuse the tern1 "coupling misalignment" capacity vcrsus 
"cquipnient misalignment tolera~lcc." The capability of a coupling 
15 ~iqually suh\tantially hisher than the ecpiprncnt can acccpt. 

Flexible cc.)uplings can usu:~lly bc classified two wt~ys. They can 
be classified by ho\v they I'unction or their usage. As to how lhcy 
function they can hc classilied into thi-cc basic functional lypcs of 
flexihlc couplings: 

Mechanical elcmcnt 

Elastornrric element 

Metallic elenient 

Thc mechanical element type generally obtain thcir flexibility 
from loose-lit~inz parts or rolling or sliding of mating parts or from 
both. The most common types are the ge;tr coupling and llle pricl 
coupling. T h q  usually require lubrication t~nlcsh onc moving part 
is made of a material that supplies its own lubrication n c ~ d  (e.g..  LI 

nylon gcnr coupling). The elas~orncsic clement types oblain their 
flexibility from stretching or. compressing a resilient material 
(rubber, plastic. ctc.).  here are two basic types: the shear type and 
the compression type. The mctallic elcmenl lypcs obt:~in thcir flex- 
ibility from the flexing of thin mcrallic. disc, or diaphragms. 

There are over 100 \,ailations of these lypcs of couplings. The 
thrcr basic types serve two basic types of applications. T'hcsc can 
hc broken into two categories: 

General purpoce couplings 

Special purpose (hiph pcrfonnnnce) coupling\ 

THE DlFFERENCE BETWEEN GENERAL PURPOSE 
COUPLINGS AND SPECIAL PURPOSE COUPLINGS 

General purpose couplings are ~ ~ s c d  on pumps and other 
cquipmenl that i f  shul down will not shut do\vn the plant or the 
process. They are mainly low spced, gcncrally motor speed 
designs. Like any other couplin~. these will transmit torque fro111 
one shaft to another while allowing misalignnicnt and axial [notion 
hel~veen thc cnda of the coupled shafts. 

General purpose typcs are more standardized and less sophisti- 
cated in design and are substantially cheaper and arc used in 
quantities substantii~lly greater than specla1 purpose typcs. 

Gencral purpose equipment uses couplings where Ihe flcxihle 
elenient can he easily inspected and replaced, sonicti~nes consid- 
cred "thruw away pi~rts."These types of' couplings arc usually vcrp 
tlcxiblr and require simple alignment techniques. I t  is usually suf- 
licient to alirn eq~lipment with these couplings to within 0.001 
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~ ~ ~ o t o r s .  especially synclirono~~.; or~cs. and also ga\ or stcall1 tul.bi11cs 
at 3600 1rp111 or 111orc. The horhepower is usually in excess 01' 1000. 
Ucw~lly, for the reason of expense. they arc not spared. Another 
point is that although these ~nktchines are high po\vered. they are also 
sensitive to almost eve~ything in their envil-onmcnt. That i s  Forces or 
moments that \vould sccm insignificant to high powerztl mill 
machinery become life thr-eateninp to sensitive milchines. As a rrsult 
of that sensitivity and the speed and the po\\cr, coupling criteria for 
thc r~iachines take on an entil-ely cliferent perspective. 

When the critical applict~tion is [i>und in a refincry or rctinery 
rclatcd sctting, the coupling corncs under the )\PI 671(IY'SX. Third 
Edition, :IS o f  March 2003) specification. That specification has 
definite recluirements for coupling constn~ction as well as coupling 
selection. For exnrnplc, the spccitication calls out certain service 
factors and certain torque selcc~iun variables. A disc or diaphragm 
coupling selected for the continuot~s operating torque mipht have a 
service fr~ctor as high as 1.5. If selected by motor size rather than 
driven equipment o u t p ~ ~ t  i t  could he as lo\\! as 1.2. Transitory 
torque may also he used for coupling selection. 

Note that a service factor is defined in API 071 (1998) as the 
factor applied to the normal operating cquipmcnt torque to account 
lor variations and unknowns in the rnachinc torque loading on the 
coupli~lg. I t  is not to be uscd to adjust the coupling rnanufaclurcr's 
coupling ratings. which are covered by design 1':lctors of safety. 

This is not intcndctl to be inconsistent, but to cncotlrtlpc a dialog 
between the equipment designcr and thc coupling rnanufscturcr. 
That dialog is necessary. Too much coupling can cause opcrational 
problems and high cost, j ~ ~ s t  as too littlc coupling could result in a 
f;~ilure (Figures 10 and 1 1). Paragraph 2.1.1 of API 67 1 ,  Third 
Edition (l998),  lists all the specilic selection critel-ia and which are 
used under what circumstances. 

Whcthcr the coupling is a geal- type o r  a flexible element type. 
the rncthod of attaching to the machinery on either end can be 
flanged or a hub mounted on the shaft (Figure 12). API 671 (1998) 
allows either method by specifying the responsibility for flange 
dimensions and by specifying tits on hub type mounting. American 
Gear Manufacturers Association (ACiMA) standards such as 
AGMA 9002 (198h),  "Bores and Keyways for Flexible 
Couplings," and AGMA 9003 (1991). "Flexible Couplings- 
Keyless Fits,'' covcr hub tits, as do particulal- ecluipment purchaser 
or end user specifications. 

HUB TYPE 

FLANGED TYPE w 
Figrrrr 12. 1-lrrrzgetl C o r ~ r ~ c ~  [roll trtrel Shtr// ~Moiur~ccl.  

THE QUICI, SHAFT COUP1,ING 

If it wcre not for the niisalignrnent inherent in the machine 
installation and thc movement resulting from thermals and process 
changes, MY would bolt the two machines together and be done 
with it. The next simplest coupling to use \vould be the quill shaft. 
While i t  is simple. lightweight, requires no lubrication, and is 
inherently balanced, the cluill shaft has some limitations that are 
diflicult to overcome. 

The quill shaft dcsign is commonly uscd on large induslrial type 
gas turhine-generator applications (Figure 13). I t  consists of a high 
strength cylindrical cross section piece with flanged ends (Figure 
14). The shaft is sometimes connected to the Ilanged ends by a 
spline connection. That type of coupling would not mcct API 671 
(IC)98). The narrow cylindrical section is flexible enough to handle 
some radial and ;~ngular misalignment. The Icngth of the sh;~ft 
determines the amount of misalignment. 

BUlLL SHAFT MISALIGNED \ I 





Under extremely high misalignrncnt, trcmcndous forces are 
transmitted to the connected shafts and bearings through the 
couplings. This is especially true for a pear coupling, which has np 
to 10 times the bending moment under misaligned conditions 
compared to a metallic flexible elcnicnt coupling. Serious damage 
cnn rcsult if the situation is not recrified (Figure 29). 

THE METALLIC FLEXIBLE 
ELEMENT COUPLING-DISC 

There arc thousands of high pcrformilncc gear couplings in use 
today, but nc\vcr npplic:ltions use disc or diaphragm. Although 
similar, diaphragm and disc couplings are not the snme. Both typcs 
of couplings can do the job in most cases, but thel-c arc some 
instances ~vhcre one is technically preferrcd over the other. 

Metallic flexible element couplings, that is, diaphlxgm or disc 
couplings, rely on the flcxurc of mctallic rnatcrial to accom~nodatc 
misalipnmenl and axial displace~nent of hhaft ends. They accoln- 
modate this flexure differently, however. The diaphragm couplings 
accomrntdate tlexure horn the metal bctwccn its outside diameter 
(OD) and inside di:~meter (ID) (thc flex clement, shown in Figure 
43). Disc couplings nccotnniodate flexure from the metal between 
adiacent bolts-lhe flex clernents-that ar-e attached to opposite - .  
flanges (Figure 30). 0ptirniz;ttion of the flex elements can produce 
drasticallv diffcrcnt caoocitics and characteristics betufcen 
diaphragm and disc couplings o f  the same OD. 

The disc coupling is one style of coupling used to replace gear 
couplings on special purpose machinery. Thc principle ol'opcration 
is that torque is transmiltcd through a flexible element by tensile 
loading bctwccn altcrrlatc bolts that are o n  :I common bolt circle. 
One o f  the alternate bolts is the load trnnsniitter, and the other the 
load ~ecei\~er.  They are fastened to opposite sides of the torque path. 

Thc misalignment is uccornmodated by the flexing of the 
elements between acljacent bolts (Figures 30 and 3 1). Thc element 
nlust be thin to bc flcxiblc. Stacks of elements provide parallel load 
paths. and the diameter of the bolt circle is an indicator of the 
a~ilount of torque to be carried. The nmourlt of misalignment is 
related to the chord length between bolts and the thickness of the 
discs arid disc packs. 
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Desi~ning for s t l r ~ ~ g t h  is a function of the disc pack rnaterials and 
tlic shape o f  tlic disc at critical points such as the bolt altachments. 
The high performance discs arc ninde from cold-rolled stainless 
steel (generally 300 series). Spcciol disc5 arc made ol' Mo~~el(*, 
Inconel@. PH stainless, and other special materials. Sometime< discs 
are coated to mini~nizc or even eliminate the effects of fretting at 
high ;~ngles. Corrosion, if it is a factor, is controlled by material 
selection. Bending, which come5 from the ~nihalignment, is con- 
trolled by geometry, individual disc thickness. over;~ll disc pack 
stiffness, the number of bolts. and the fatigue strength uf the design. 

API 671 (1998) covers thc strength issue by specifying a fatigue 
factor of safety using the proportional increase method with the 
modificd Goodman diagram or the constant life cur\'es. Those ref- 
erences are used with rnatcri:ll fatigue strength and ultimate 
strcngth. I t  is an issue best left to the coupling dcsipner. but nnc Ihr 
which the designer needs to have complete application inl'orma- 
tion. Axial movement. axial thrust, and maximu~n allowable 
anpular misalignment are important to know when a coupling is 
selected or is being designed. 

The criterion for coupling selection for torque reqi~irements 
versus torquc capabilitics is again hascd t311 paragraph 2.3.1 of API 
671 (1998). For the disc coupling i t  is i~nportant to understand :ind 
know the misalig~inlent rrquirements intcrmesh with the torque 
requirements. The angular misalignment and axial displacement 
both distort or bcnd the elements. With each rc\rol~~tion of rhc 
coupling the bending from misaliqnment is rcvcrsed or flcxetl. That . - 
bending is the source of the fatigue loading. The coupling manu- 
facturer will t:elp selcct the coupling so that thc cffects o f  the 
bending are within tlic coupling c;~pabilities. 

The coupling ~nanufacturer can also provide various charts to 
show you the coupling capabilitics. Those capabilitics can include 
the relationship bet\\~ccn parallel offset and/or angular coupling 
misalignment and axial nlisalignrnent (Figure 36). Other capabili- 
ties and restrictions would include the axial t h r ~ ~ s t  versus axial 
displacement (Figure 37). Each of these itcn-1s is needed to be surc 
the right sizc and type of coupling are selected and to he sure the 
designers and operators of the equipment train are awarc of the 
coupling c~lpnbilities and limits. 
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Disc C o l r p l i r l ~  F t r i l ~ r r ~  ~Morl~s 

Flexing metallic clcmcnt couplings gcncrally fail in eitlicr of two 
basic c ~ ~ u s c s :  over~nisalign~nent or overtorque. Over-mis~~lignment 

with 01- \vitho~lt excessive axial ~nisalignrnent. Thcrc are, oTcoursc, 
co~nbination hi lure^, misalignment and torquc, but there is usually 
only onc that is primary. 

An angular misalignment applies an alternating stress on the 
~netallic flexible element or elcrncnts. The elcment(s) bends back 
and forth cach revolution to accommodate thc machinery angular 
or  parallel offset mis;ilipnrncnts. Su the failure modc from these 
excessive misalignments is bending fatigue. 

As liientioned bclbre, one o f  the bencfits of multiple disc pack 
couplings is multiplicity. If one or 21 few discs break, the others can 
still carry the load, at lea51 I'ur a short period ol' time, depending on 
the magnitude of the lo;td. Pn a disc pack col~pliny, the outer discs, 
the ones farthest from the center of' the pack, cxpe;ience the highest 
stress from angular rnisalic~nment. ns they arc the farthest from the 
center of bending. 

So, if an outer disc breaks, the load is redistributed to the inner 
discs, which then might have :I higher torque load, but a lcsser mis- 
alignment load. After eno~tgli discs break. therc can be enough 
unbalance to caLlsc h~gher  machine vibrations, so that a decision 
can bc made to shut ttic connected machines down and investigate 
the problem. 

Note in Figi~ws 38 a d  39 that the outer discs have Failed. from 
excessive rnisalignmcnt. but the inner discs are still intact. Thc 
connected 11i:lchincs wcrc still opcrnting. though \\iith higher 
viblntion Ic\,els. and were sal'ely shut down. 

2ener:illy means excessive angular or parallel offset ~nisnlignrnent, F i ~ l r r r  38. O r r ~ c , ~ .  I)i.\.c. Firilltro. 
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They come in various prolile shapes: 

Corltouretl or tapercd (Figure 43 A) 

modified prolile. All types of diaphragm couplings attach the 
flexible member to other components with bolts, splines. or welds, 
and both transmit torque in the same manner. 

All shapes have some typc of prolile modific;~tion that hclps 
reducc size, increase flexibility, and control stress concentrations. 
A contoured diaphragm coupling typically uses a single diaphragm 
"platc" for the flexible rncrnbcr; thc plate has a contoured or a 
wavy profile, ivhich usually has a variable thickness from OD to ID 
to provide an optimum stress condition. 

A convoluted and flat-profile diaphragm coupling typically uses 
~nultiple diaphragm "plates" that have a "wavy" profile or other 

Convoluted or wavy (Figurc 43 B) Diaphragms are made of high strength materials. Some are 

Flat-profile, spokes (Figure 43 C), or cutout (Figure 43 D) corrosion resistant (15-5117-4 PH), others use high quality 4300 
steel or other alloys and coat the diaphragms for corrosion protec- 

The contoured diaphragm coupling has as its flexible elemcnt a 
thin profiled diaphragm machined from a solid disc of heat-treated 
alloy. This diaphragm is contoured so that it has a nearly uniform 
torsional shear stress throughout thc profile, which is therefol-e 
thicker at the hub, or  ID, and thinner near the rim, or OD (Figure 
41). The purpose of contouring the profile is to kcep the diaphragm 
as thin as possible consistent with the transmitted torque. This 
keeps the misalignment bcnding and axial bending stresses as low 
as possible for n given torque capacity. 

The thickness of a diaphragm can be changcd to permit a 
tradeoff between torque capacity and flexibility. A thicker 

@ A 

diaphragm has greater torquc capacity, but is not as flexible and 
vice versa. Smooth fillet junctions are provided between the 
flexing portion and thc rigid integral rims and hubs. \vhich conncct 
to the rest of the coupling, to reduce stress concentration. 

In one configuration, the diaphragm hub is electron beam 
welded to the spacer tube in u permanent conncction (Figure 44). 
In another configuration the diaphragm incorporates an integrally 
machined tlange (Figure 45). 

tion. Some diaphragm couplings are shot-peened to reduce the 
residual strcsses that are imposed during the manufacturing 
process and to prevent the development of' surface crack initiation 
points. 

Diaphragm couplings usc a single "plnte" for the flexing 
members; the plate is relati\,ely thin and called ;I diaphragm. Each 
diaphragm can be deformed much like an automobile axle rubber 
boot. This deflection of thc outer diameter relative to the inner 
diameter is what occurs when the diaphragm is subject to angulal- 
and axial misalignment. 

Angular misalignment twists the outer diameter, relative to 
the inner diameter, and produces a cornplex shape on the 
dil~phragm where it must strctch one way at one point and then 
stretch thc other way at IXOdegrees. In between these points. the 
diaphragm is subject to a combination of stretching and twisting. 
Axial displacen~ent attempts to stretch the diaphragm, which 
rcsults in a combination of clongation and bending of the 
diaphragm profile. 

Convoluted diaphragms accommodate niisalignrncnt somewhat 
differently. They use multiple thin "plates" that are made to be 
wavy from OD to ID. They react similarly to the contoured 
diaphragm under misalignment except that they "unfold" the wavy 
prolilc of the plates instead of stretching thc diaphragm. 

!\ SPACER TUBE 

ELECTRON 
BEAM WELD 
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Like thc disc rnetallic flexible elcnient cnupliny. thr diaphragm 
type will genrrully fail from either overmisalign~iient or over- 
torque. This type also dcpcnds on thr hending (IT metal to 
accommodate angular. offset. and ;rxial rnisnljgnmcnr. Like the 
clisc type. the angular and offset rnisa1ignment.s are sccn nc :~lter- 
na[ing atrrsscs in the diaphragm. 

Failures from angular misalignment start as cracks in the 
diaphragm web. Axial ~iiisalignment can contribute to the stress 
and failure. though it does not stress the diaphragm il l  an nltcrnat- 
ing fashion (Figures 56, 57. and 58). Finally, torclue overload will 
cause onc or more ripples in the diaphragm (Figure 59). 

APPLICATIONS AND CONSIDERL4TIONS 

In liiost applications, a well-designcd high performance coupling 
will do the job no niarter which Iypc or style i t  is. As long as i t  
meets the rorqLre and rnisaligr~nlent rciluirements, and ~11c weight 
and any other mass elastic charncrcristic lirnitations, it will operate 
well. as long as it is not opcralal outside its staled limits. Cost and 
delivery then become significarit fi~ctors. However, thcrc are somt: 
cases whcrc one type of coupling or the other is \\tell suited. 

For many years, gearcotiplin.gs have bccn uscd on steam turbines, 
gas turbines. compressors, and pumps. When [lie horsepowel; 
spceds. and opcraling temperatures increa.;ed, many problems with 
gear couplings dc\lcloped. Gear couplingc are no\\! usctl wry rarely 
for new applications o f  spccial purpose applications. Where thcy are 
uscd is az accessory coupling\ for sonie pas turbincc. Thcy have 
been proven in there applications to bc thc most cost-cffcctivc. 
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couplings (disc or diaphragm). 4 s  cxplaincd bel'ol-c, the diameters 
of the gear couplings are less than the flexible nietallic clement 
disc or diaphrag~n couplings, as are thc corresponding \4~ci@1ts. For 
both tlie accessory and the load couplings. the bcndirlp rnornent for 
the gear couplings is larger than the d ~ y  couplings. This is espe- 
cially true for the load application. 

Tiihlc .i. G'rr.~ 7io-bitla Ar.c~c~.v.o)rv trr~tl Lotrd C'urrl)lit~,q (htiiptrr.ivotl. 

520 Kt-& Conl~nwus Axial FQW Cmma eendlns 
&> yom,s 91 A ~ J I ? !  K D J J ~  

Gw!o_" Cpnllnup-@ & G ~ ~ B E (  

L C 3  L"L!Lll!W8 L o _ C ~ ~ 5 ~  

L O 2 2  
Ubl 

12.75 190 1 8 . m  440 A / -  025 19W 

1275 1q0 1 R . W  1450 +!- 0 25 4SCd 

. 

1 12.62 2?0 1 8 . m  1090 +"025 loo0 

Note that tlie axial forcc (and to a lesser extent the hcnding 
monent) of the gear couplings is dependcni on the torque and cocf- 
ficierit of friction. Since thc accessory couplings were dcsigned for a 
relarivcly snlall cont i r~~~ous  load, hilt u large startup load (not sh(~\\;n). 
the axial force from the pcar couplings is comparable to the dl>! 
couplings. For the l o ~ d  couplings, with much higlicr continuo~~s 
torclue loading, the axial forces are ~nucli lower for the dry couplings. 

High Speecl Getrr to Cortrl)ressor 

A cornparison of various types of couplings for a 6000 
hp/10.000 rpni-normal conditions-high speed gear to ccntrifu- 
gal compressor coupling application is in Tahlc 4. Assumed is a 
typical I8 inch shaft separation. with 2.5 inch identical shafts on 
both ends. Also notc that the service factor applied to select the d ~ y  
couplings is 1.5, while for the gear is 1.75, both values pcr4PI  67 1 
(1998). So the normal torq~le given is 37,800 Ih-in, and the 
selection k~nlue  for Ihc gear coupling is 66,180 Ib-in, whilc for thc 
disc it is 56,700 Ih-in. The rcasons for the difference in factors is 
complic~~ted, hut has cu do with successfully uscd expericnccb. 

fitblr 4. High Speed Gec~r Catnll~,rs.ror Al~pliccr~ion Corizpcrri.sorz. 
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Turbomachinery L;lboratoly, Texas AKrM University, College blancuao. J. R., Cutler, D.. I3'Ercole. S., Findlay, R., Gibbons. B.. 
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