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Abstact
This wo* aims ,o i vertigare the ,noin paramerers allecting noire
a,rd ribrulion errcot rlefeil i1 spr.t ge!$. They arc tot ior,al ,rresh
st{fness lt rd transrrrission efiot ,kruargh a eotnplele ayel . fEM,ss
used lor lhe theorctical o\pect of the x)otk .

ll a allzed and forrrrutared .rll ihe r,ecessar? asl,ects dearirrg t irl,
mesh sriffness ohd transmission errurs ,lgr si4gle and donbL pairs
ofsprlr leeth it tesh .
The ett?eiare al parl iat'obed , ,nan rlactutirrg o.f aetual spur gea|s
entbodied ir, eqrein eatal dg ,o irryesigale the pafirnere$
menliottcd qbove .The exparfunen at ra$u&s wetu cohrparcd tuirh
,hose obtairaedfrarn ,he thenrerfual fotmnloriorLe .
Il is shoteh thol the tarsianal stiffrest in?,eases fu rte cdse of
dauble paits and decrea$es ir, lhe ease d swe pai. , Alto oae ,he
,aain eonclusions lereated ,bat ths transmi$io,, eraot taried
sinsoidllly frort double pab rrresh to swe pah ficsh as to the horse
elfecr.
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Readies ofpfuio, rnd ge:lratpointB M
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I. INTRODTI('TION
(lca.s are o,re ollhe most

criiical componcnts in
hdustriai routing machireN.
In rcoent ycars. lnanY dilllr.nt
ploceduacs have been
dereloped io model d1c

behaviour oi' ge{!s in
mesh.Exariples ol this can be
sern ir references(Kalrrantan
and Singh 1991; Kualg and
Y&1lg 1992t D rievricz et al.
I99.1). The torsional mcsh
nillicss is detincd ts th. ralio
bcl\\cen thc torsional load and
lh. anguler rotation olthe gcars
Lrod). TLe torsiorral tesh
sdlliress varics throrEhoul thc
rneslrirg posiii(}lr- The
developmenl of torsional mesh
slillness model oi goars ir
inesh can be used lo detemine
ihc lmnsmission eroa
lhrouuhout the mesh clcle-

\Yhen the pintun ro1a1.s to thc
pirch point I']d1e sirglc tlx)l]r
torsional mesh stilli]ess ol both
gea.s irre eqtlal because both oi'
rhe gerrs rre assumed ia, bc
ide.ii.al spir {.ars v.ith raljo
1:l
'J'hc singl. ioolh ro.sionl ficsh
slifiiess of the pirion and gear
.rl aoim B (tg.t) gi'en
resPeetilely by :

K': . f,nrol (lr
a,'

T1

^, -;i Sr:rr lll

The meshing sliliir.ss (K) ,rj.
single p3ir a d tiorrble pair in
rncsh can bc added using lhe
rules of series aod par{llol
combiaalions as shown ir1

figu.es (1) and (:) r\'here P and
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g derolc li ion snd gear
rcspeclivelt''.

2.,{NALYTICAL }1ODEL
Cear Sody iotation
Compatitilit-'!

Evaluating load share
bc$ecn n1eshing teeth gears is
a complex \\,hen more than one-
looth pair rre sinlultaneousl) in
conlact and ao ilcrativa
nrLmeiual lolution tnusl be
uscd. When lhe elears arc pul
i,rto rrcsh as sho*n ill ig.(2).
lh. Iine tenrent to bolh base
c)rcle is defined !s !h. line ()1'

aclion 1or inYoilrle gear: ln
one romplctc tooth nrcsh c)clr,
tha contacl slars at point A
lig.(.la). bel*,ee:l lhe tip ol rh.
oulpur gcar nd lhc rarol of thc
inpll gell (pinion), a sccond
loorh pair is already rin conla.r
.r poinl il . As the gear rotales
the point of contrct \rill o.!,e

alorg dre lirle ol'aclion APL .

whc lLe lirsr roorh fair
rc.r.les point Il. the 

"econd
loolh prir disergagcs at poinl L
lesrirS onl:'' lhe first rooth pair
in thc siagle conlacl zone,
Whcn tlris firsl tordh ptiir
rolxles to poinl I) the nerl toolh
pair rotates to poir! l). thc cxl
n)olh p:rir bcgins $gagcmcnt rl
poinl A r,hich sta.ts another
mesh cyclc. The 1o.que \,e.tors
are defired by-' lirllorr,'ingr

r: = R:xt--: , (r)

r! - ai xrl' , (1)

r,;';l,l --ri +r,i ,

= 1r;,r{ ) + (Ri',rrr," ),
(j)

r,:: :r"'+r:'.

=G;a rr! l+ tnP 'rP:,
(,1)

0:
Bn + Il'

3- Fi.ite Itlrrnent Uo{lel (X
(iear in l\lesh

A 1lnit. cleme.t n$del oI
1wo gea6 in rresh rs generated

using th. l.cility ol contact
nnallsis pro\,ided b) Fll4
p.ogran INSYS 15.,1). Th!'
\rhoie bod] ol gcers ir1 nrsh
\es rlodcled where as ntoll ol
tlre previous)1 lublishcd lrorks
\rcrc di|cc1cd loward r sp.cifiu
ana-s ,i gexr body. Tirc rnodel
emplo)'cd the qnadariti. 2l)
p,ain srrirr elemeri and the lll)
poinl-sn 4ce contart elemer!.
Jhc coataa! eleme t was
generatcd as a symnlcllia

(5)

e: 16l
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4.EXPE*MENTAL WORK

The rDain objectives ofthe
expeitnental work we.e
i.vestigate the torsioral nrcsh
stillness and transmission eroa
of a single pair of teerh ilr
contact.

The work is done otr tbe test rig
shoren in fig (7). The r;g
aansists of two ideatical spur
gears in mesh contained in a
gear box ofhard walls.
The test procgdure is
s'urrmaried as lollows :-
1. Holditrg one of ihe gear

fixed and applying a,
extemal lorque usi.lg
hanging statio load (38.3 N.
m) on the external puliey.

2. Fixing of saaia gauges or
the loaded tooth at the poiat
of corfact and reaordirg lhe
vake of $rain using the
sbain meter.

3. hrcreasing the apptied
tlrque in diila.ent val.es
and reco.ding th€ !al!l.s of
strain.

4. Cllanging lhe point of
contact ald repeadtg the
slcp 12) ard (l).

3.2- Apparatus :rnd
Proceduaes

The specilicrtions of
the gears are silo$n ir tablc ( l).
Onc ofshalis carrying the geats
is h.ls an ex:erral ,ulley of(120
mm) diat'rctef fitied fo. tic
ptlll]ose ol stati. torquc
applicalion. Thc orhcr sbxll
(second gear) is hcld staricua5,
by a slcel key. Appe.dix (A)
see ahe lest paocedure,

0-015 n1
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tResult And Discusslons
1- Stross Atrsl$is
From ligure Shonn (9-10)
shear stress analysis (sry) and
VoEtlisses shess where the
stress certoed in the root and
the path of contact , this st ess
decreases in the area of cenlet
that reason go to involutes
profile of leeth fiom the tip to
cente. of gear(hub). Figu.es (11
and 12) shows st&ss analysis in
X and Y direction for single
looth in contacl, show thet the
saess be elliptic*l arld
increesed gadually, fiose
staess causes fatigue ard pitting
which is the main rcason
aalsed noise and vibration.

2- Torsional Mesh Stifness
From figu.e sho$,n (13) the
tolsional mesh stiffuess ol the
gear esh of the input at
practical posilion was obtained
by calculatirg the $adient fiom
coresponding torqile versus
angulal displacement rclation-
ship. By changiry the mesting
position, tensio[al mesh
stiffless of the gear d!.ing the
elltire meshing cycle was
obteined. A11 together 58
meshing position were
investigated each rnesh positio,
ditredlg by 0.5 degrees. The
meshing measuremmt stafed at
reference 0 degree arld finished
at 28.5 degrees. Howevea, one
complete meshing cycle is

24-91 deglees. The total length
of dosble cortact zone
(dista&ce AB+DE) is 20 flm
(18.5) degrees ard tbe length of
sirgle contact zone (distarce
BD) is 7.2 inm, (6.3 degrees).
The graph of tensional mesh
siil&ess meshing
position hdicat€s ihat tlrc
changes according to the
meshing position of tio gears-
Wler the meshiog position was
subjected to double teeth pair in
oontact, the forsional ftesh
stilliless increa.sed and
decreased ss the rneshing
appro3ched one looth pair in
contact. This result apper
closed 10 study of(Siricha et al.
1998, Tradesard el al 1998).

3-Tra$mlsslo, Elmr
TIe static tansmissior e.ror of
the gear in mesh is lelm used to
desc.ibe the diJferenee between
the theorelical aod aatual
angular position between a

linion nnd a gear. Trammission
eno. is corNidered to be olle of
tle mai0 impo.tant causes of
gear noise and vibftiion.
Iigues (12 and 15) show the
relationsltp between inptt load
(.38.1,'./6.2, 114.3, r52.4 Nm )
and one tooih mesh cycle.
As expected, the amplifude of
the tansmissior error is
direcdy i€lated to the
magdtude ol applied torque,
wbich is simiiar to other
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published $ork o 1r slaric
t.anstrission error a\{u.fl) xrd
Y;ldirim I99,t. Vcler er al
r 995) .
'lhe translnission error of eirch
hzrlf ot the clclc Dlesh is not
rellecred at thc pitch potut hut
riaries Ilrrougl]out the anlcr
mesh ct,cle. Fot thc second helf
oftle double prir contact zone.
thc transmisjion arror is
slightlv higher 1!an rhc lirst
half ol the doublc pair c(nl1:Lct
z0t1e. l'his is because tlte
contacl poi|L molas closei to
i1s 1ip. liansmission error
chxngc lake plac. rt &e en!."y
and c\il ol inesir, .rnd el tirc
t.arsition pojnl bct\.cen two
teelh !o onc lo(th in cLrfllac!,
and \ice-!e.sil. l hesc sudden
chanl]es llle highor. so it should
ganerale rrore vibration ind
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ln.t! u!r imu.l ,i!, 0
{n) cu[fr-luiir] /oEr 3{ru0 :

imtlrtd !e n .hiq!flr, E

G)

Fig,(3i One complete tooth rn€rlirg.y.le
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tr'ig (4) Singl! prir codsct zone at point B

.J p16;--5'-

Fig (t Double pair contsct zotre al point A and D
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fig (6) (e) Tow gear in mesh (t)) point-to-Sur!:ace elemrnt

(a)
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trig (7) Tes. .ig

Fig (8) th. sar.in earg. orr toott at contr€t
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I a!?: I,:;

s ;';
t :ti;"

Fig (9) Shesr Sfless Aralysis

G !,.
f tl r:tr;::,
E .;1 lI

aig {10) YoB misses stre.r aralyris
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Fig (lli Von mis€s 3t ess analylh for do.rbl€ prir of t€eth in eoatect

E.;r'r
i -l:

fig 02) Principle t&eca urlysic for .louble p{i. oa ae.th in
s!trct
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tr'ig.(l3) Torsional mesh stillness d.ri[g one tooth mesh .yclc

3i.l N.m
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Fig (14) Ir'mrnfusim error duriag om t00tl ,lesh cytls with rpp[ed
Torq0c 38.1 N.n
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Fig (15) Tra.$nission error drriry otr. looth m6sh cyclo
wilt arrlied

Fig (lq Trammi.sion error &ring ore looth mesh cycle {itl
applied Torque l1rr.3 N.m

62
6

58
56
54

5
4.8
4.6

283

1234567

34567



b-9.f, L$1!rd!!l,!!L?Ll!.!.:&:

I
8
7

6
5
4
3

2

1

0

234
()nc toola n.sh .idc {deg.)

I'ig (l 7., Tra!.miisior error dudng on€ tooti mesl cyclt
with epplied Torqne 152,4 N,n!
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