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OEM Corporation specializes in the manufacture of high quatity sbrfrs for geoeml prpose
axial and certiflrgal fans. OEM produces straigh! cartcrlcss gound shafts up to 2 15/16"
in diameter, straight, centerless ground tubular shafts up to 2' in diamaer, and nachincd
ste? shrns up to 4' in diamccr. The following dcsign guiddincs have bcco dcvdopcd
bascd on OEMs years of enperiance in the manuhcture of frn shaft* atd rrc ineodcd to
provide OEMs orsorrcrs with information on the dedgq mEtcrid rdoction aod
spocificcion of fan sbaffs that will resrh in raost oconomical $haft dctign

There are numbcr of frcton thar nced to be emhurcd itr tbe dedgn of shafo br gurcml
purpose furs, which are covered in the sccond scction oftlrcsc guiddincs, that lcad to the
sdection of tho frn sbaft diamacr and rnaterid sdection 6r a partioiler applicaion OEM
recomncnds the fo[owirg specifications ud drrfting pmrcfices for g€o€nl Frposc ftn
shafts. Followilrg thesc rcoonncodations will result in tbc ms conomicd fu ibft
desigr and will minimize qucctiors of int€rpreidion ofdrawings.

The dcsiSrr spcdfostions aoi'cred are:

l. Mat€rid Spcdfioations
2. Shd Diaretcr Tolconcc
3. TIR Runon Toleonoc, ard Mel$remeot
4.Sur&oe Finistr
5. Flat and Keyseat Specificatioa and Tolerance
6. Dimsioning Recommcndations

l. Mdedd Spccifcations

In rnost &n sbaft application 1045 Steel has adequatc rnechanical propcrties to ncct the
requiremems br safe shafl desigtt ard selcction of 1045 Sted will rEsult ia the most
cconomical sbsft dcsign. The sclcction of highcr strcngth rnat€rids wil rcsuft in high6
costs 8td sbould be cvoided unless tlrc additionsl yidd strqgh is dictatcd by tbe shoft
application. Beca.tse the availability of bar stock in all diamcters and grdes is sornaines
limitcd OEM recornmends speci$ing a r8oge of rmrcrisls thd will allow OEM to prwide
ftc nost ecorcmicd material available.

The rccommcoded rnatcrial specifcation is:

Shaft Materid shall be l0l8 to 1060 Stcel.



2. Shafr Dirnacr Tolerance

OEM rommeods $aft diaoaer tolerano$ as shown bdow, and on the attschd OEM
dimensional chart.

Nornnal Siza gnd Toleretce

51/8 .6281.6238
31i4 .7494.74EE
r .998/.9E8
r 3/16 1.1873/1.1863
| 7^6 1.437311.4363
| i l /16 r.6E7311.ff i3
I 15/16 1.937311.9363
2yr6 2.1t7012.1855
271t6 2.$70n.$55
2tllr6 2.687012.6t55
2t5ll6 2.937012.9355

3. Runou TIR

OEM rcoommcods 8 sp€cification tot€ranoe on TIR of0.002"/foot ofcbaft leogth. OEII{
chooks rd $nighcns shrfts to thfu sp€oifcdior The TIR is mea$rod d thc Ldicstcd
whecl locatior or at the cemcr ofthe slt8ft with the shaft $ppotod in 'V' blocks 8t the
irdicdd bcrdrg locatiors. lt is rronrmcndcd thc the approxirnae utttGcl ald beadog
locrtions bc indicacd on the drawings as sbown in Figurc l.

4. Surhce Finish

OEMs' ccrtcrless gdndiqg proc$s providca 8n o(cdlm $r&oc finfuh suitablc for pillow
bloch borring application. OEM can dso provide shfts with iryrovcd $r&ae fnfuh for
sleevc beariag applic*ion d eddirional cost. Rccomrneodaions for $rhoe finishc at
kuucr nlroincn vrhrcs sh$ld be ohainod fiom tbc bcaring ruruficarcr. Cdtct OEM
for quotdions when spocifting rycdd sr&ce fioish requirwts.

OEM reonrmcnds thc follorving zurftoc finistr spocifc*iott:

Shefl Siza Surfacc Flnirh

Urdc( l' 25 lvfcroinch
l' to I 8/16" 32 Mioroinch
I 7/16' to I I l/16' 42 llfcroirch
I 15116 and over ,16 Mcroinch



5. Flnt and Keyseat Specifcation and Tolerance

Keyscas

The lenglh ofa keyscat slrould be specifod d€dning the u$blc keyseat leogtb not
irrcluding thc arner radius at the cnd(s) ofthe kcyscat. Tfrc rcoonrnended lcngth and
position toleraace for kglseats is +/- 0.060"
Thc dcpttr of the kqseat should be ryecifiod as thc diimcosion frron tte bottm of the
kcysca to the opposite sirtc of the shaft, udicb can bc acorntdy mcasrcd. Tlp
reoomn€odod tolcranoe on this keysca dimension ard kcyscat wirlth are slpwn on tbc
rtached OEM dimensional chart. The keys€al dimeasions are based on tho use of 'Bar

Stock'kcys.

Flats

The lcngth of 0ts shold be specifiod as rhc overall lcngth of the fd ircluditg the ndius
u the eod(s) of the flat. The reoomnrcodcd tolcrrncc on the lcoglh and position of a fl is
+/- 0.060"
The depth of ttrc fut should be spocfiod as the dimcosion from thc bdtom ofthe flat to
tlrc oppodte side ofthc slraft, which crn be acorddy mcasrrd. Thc twuncodcd
tolcrnrce on thig dimsrsion is shovm on the attached OEM dincoionsl chart.

6. Draeing Dincndoning

OEM rccom'neods thd the shsff drNuring s[ear 1[s slgfr ,litnen.io'nq rnd cpocifcations as
shorvn h fgrrre l. Udng thcse guiddincs wi[ minfunize qu€sioos of dnwlng ltcrpaaion
baween OEM and thc qrstomer.
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Shaft Desigr Considerdions
For

General Rqose Fms

There are a rnrmbcr design characteristics that n cd to bc evaluded to d€tcrntirc thc shsft
size ard matcrial sdcction for a &n application. This disa$ion is limitod to tbe dcsign of
straight solid shsfts up to 2 t 5/16" in diamaer with onc fan whcd moumed bawccn
bcarirys, or mouned cantilerrer outboard of thc bcaring. Thc same gcocral prirciplcs
apply to other frn applications, however the process is nore comPlcx whcn dealfug with
suttiple frn whccls on a singlc sbaft, eppliccions requiriog step shdst or for operrtion at
high speods or at dcvatcd tcmperanres.

Ttrere are four design charactaistics that n€ed to b€ anbated for daermination ofthc frtt
sh8ff diam€tcr and natcdd rcquircocm.

A Critic.l Spcd
B. Tordonsl Stiftcs
C. Combinod Torsion and Beodittg Stress
D. Bclring Sdoction for A@urte Bcadng IjF

In addition to the aborrc dcsig ctraracteri*ics tlrere is one arca Oa is oftco ovrrtookcd in
thc phydcat dcign of thc frn, and that is tb loodim of thc &iwa pllcy to tbc drive side
bearing; For frns the prcdorninalc factor in daarining ttrc fin $afi dze is the lod on tbe
drive side bcariog Thc load oa the drive side bcariag can be nfuistizod by mtfiing the
pulley as closc to the bcari4g as is practical. In addition to reducing thc load on thc
b€aring the bending monea on thc shrft is a|so rcdrcd. It is good gco€il! practice to
desigr thc frn ss$r6ly to keep thc driven prlley ts closc rs practiol to thc &ive *le
bc.dn&

l. Shaft Critic.l Sped

TIre shrft, fan whel and pullcy assembly will bave ntural ficqucocy depcndcc on thc
wdgh and bcdirn ofthe oorymts. Opcration rt this utml fu+qry, c.llcd iltc
cdtical spcc4 will allow tb asceably to vibrte cxccssivdy do to cvcir a 3odl u$ahnoe
in ttrrotdng asccmbly, ard cm lead to frnfrihrc. The stnfr dcsign sbdild bc E&httd
tbe naxinun opce'uing spcod is no rnore tlrao t07o of thc critial sPcd.

Typical g@d ptrposp fras 66 36trrliing carnidgp or pilov block bcditrg tnd thc
shaff oan bc conddcrcd as srp'ported d the ends rathcr tlun 6x€d. Fon this codition the
cdtical ryed of the shaft crn be caloilscd Aom the bllowing forrula fur hns whcrc tbc
&n whcel is nounted bawecn bearings.( tbis oqu*ion assunrs thc de0ecion of tltc sbd
do to thc wcigh of thc pullcry is 'cgtgible.)



Nc=1,550,500 fltffi

F Shaff Diametcr-inchcs
L= Shaft L€ogth Between Beariagsincbes
W= Wcight o'fFan Whccl-lb
Nc=Critical Sp€d-RPM

For cantilever shaft the cdtical spcod crn be caladated Aon:

Nc= 1s7.7{i[

5 lt[odmm Sbaft Dedection-inches

In desips where the naximrm operatiag speod is close to E07o of tbe critical speeds
daerminod using tbc above formdas it is recomeodcd that more detailed meibods of
csloddiog sbafr critical speeds be usd.

2. Torsionsl Stiftess

The ghd diamaer should be large cnougb to linit thc twist in thc shrft to a maxinrm of
one degree in a leogth of 20 timcs tbe Saft dias€t€r. Tb sha0 size rryfud te 6i rhie
condition cen be colculaod from:

F4urN
F ShafrDianaoincbcs
ts TrrnsniUcd Honepowcr
N= Specd-RPM

&rc€pt for frn dcsigns roquiring loag small diamao shafts the torsiotrd stiftcss
r€quir€mcds cri[ u$8[y be n€t wh€o the shaft sizc is based on beari4g life or critical
spod.

3. Conbincd Torrion and Bending Momcot

Jfte minirnrrrn s[5ft dianacr requircd to limit tho *ress from tho conbinod torsion and
beoding load to safe lerds can be calculated from:

D- Sbafr Dianaer-inches
r It[sinrm Allocnble Shcar Strecs-psi
M= Maxirum Bcnrting }ioM-inc,h:pouds
N= Speed-RPM



The ma:rimum allowable slrcar stress for shaft material is talcn as 13.5olo of the ultirmte
tensile stengh.(for shrfrs with flats ud/or keyseats.)

l0l tSteel-Allowable shcar stress= 860opsi
l0{SSteel-Allorvable drear *ress= l2000Fi

The shaft size requircd for safe stress lelds is gencrally rnuch le5s thtn thtt lequird br
adoquate bcadng life or safe opcmting speo4 so thc use of stods with allounble shcu
sress higk than l0l8 st€el is sn ulnec€ssary cost.

4. B€ad4g Lifc

The bearing size ard qrye required to provide adcqure LlO bcaring lift is depcodcm o4
thc load m thc bcrring frorn bdt F ll !d the fu uthcd weigb, thc opcratiry ryeod ud
thc load rating of th€ bcaring. The load on the drira side bcadng fion thc bdt pll is the
prodoninae ftctor in dacrmining tbe b€aring dzc utd t'?c rcquircd to Provide adeguate
LlO b€adng life. the bcariag manufaorea handbooks dcdne the mcthods of caladating
bdt Prr[, bcding loa4 ad thc LlO [f€.

Crencral purpoce fois are usurtly designed to have m LlO lfc in thc range of 240ffi to
30,000 houn, ad innose applicaions thc dcaid bcafug tr wi[ bctbcdacrniaing
fictor for the shaft size ldection.

Summary

All of the abovc factors should be wEtud€d in thc proccss of dcsiping thc shrft for fu
rpplic*ions, orco tbough the bcadng dze rcquired or tho crfiol pccd sc thc md
predominate ftctors leading to tlrc shaft dianacr sdectim. It is also tsonmcndcd thst
nore detaihd ncthods' $cn as FEA smbrcis, of eraluaing tbcse clrractcti*ics bc ucod
on critical apptcations.

Rrfcmnces:
UaOincry lfnaUool, 23rd Editio'4 Idustthl Prcas
Fan Engincedrg; Brftlo ForgaCo., hfilq NY
Rod;n Vibranion Corp. 1932 Adington Blvd., Suitc 223,

Charldstile Va" 22903
Tel. t04-2963175


