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Abstract:

Pl anetary roller screws sasethti me akeynome om
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studihes epanpetly establishes the connecti on
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peri odviagel [tyhe growth dforebwvead wutmhen he
machining errors, the def orcnmaatnigoen dcroaenfaftiiccia

at a ceAftfwmaem poapger modificatidmonogimiad fati
capaarieg yr e mar k aTohmyr oipnopsrecdv eadpnpar| oyatcihs babnwdr e s u | t
| omdhar actodprliasnteitcasr y arndlhlee perbogficfineown d a ment al

i nsights needdeesd gtho, g uwisdealtlhaet i osnc raend use of

Keywopldanet ar y;loaldlipade st gr @e@teif 6hat egae | i f e
machining error

1.l ntroducti on

Pl anetary rol |sd(hFRSMrewcomeshé@esthey compoi
of | i neiam enodiimeaeri ng avpeprnicc aisomyg. dWivteh ofpl
electric aircrafts, a ut dhesoddviolded,,g hr odycod wsr, a cayn
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ontact and r aolhlei mai eme t bfadita cavelr w0 |- 4 e d

ut inteekcp®Eeei eednrnadp o bpebdk-ledbr i catamea model
ound that the speed and surface roughness
riction coefdfaireiae droanterso d e pcroemsteéanctfh7e] accur at
ynami c wigtulag ¢ @uns afsreidc toine . B @,r maamgde s howed t h
he dependence of slip velocityiam tehe allea
8dnal yhed t her mal o éthhaderRaScM redmusttaitcisve wor ki n
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memperature rise IlLeevhmeolrp goddalsaskiecnabdfaol ur
redict the hFeRRSM.gue | i fe of

For itnlve stoifg atth eo nme c h aonti héeRRIS,Mb le deaxvd cotrl y
st atbhceosnhn elzc & ti weteent er n a l d g fheex mat niash d&aadd
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of raorpet esented in ondéormotympfoVeatheapac:
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2. Mec hamiod Il

2.1 nigdxadmpti ons

Figshdws a gsdboRBSMoroft he poubrtpacisne at opr act i
anal yti cal model and rheydpuoctehlteasngisidg:biet yna dteh e
1) Al contactarcdefcommd tdise g r ma twilbontkdy occur

i n t hearcaauwioad totrhme ther t z contact theory;
2) Centrifugaglyrbecopiaarethmmegnti gi bl e due to t

speed of, the screw
3) The orpeeli|&#, aMmsequence nrcu @l@sceksvi s e ;

4) Theeparaatgil en o fi#vaintyh rrod# ppd dliewh oacsthiul d b e
cal cul:ated by

j :%'1) ( 4,2,..n) (1)

whenies the tot al number of rollers.
2. Zontaad dnd deformation anal ysi s

2. 2EQui vcad rethna@atddlef or mat i on

As shdwmg.iwihhbBPeRSMs s ubj adtitogaddt th@ciocanlt a ct
def or mat idoind & € rdenngilreee n e rRit gesdh @ivbso Iciid c | e
represents thehneynti d mdbt tce ddeal ned toens otfhe new pc
of nuuwender extheooaardilngdtsd ORepfuhpose t o obt e

the | oad heamadiatly,l oad of each roller is gi
contdedtor mand oasent acso | fveetdoave ver , when the
subjected to both axial and readnat tbadsarm
Furthettsmbewt ramdlfy cult mnor mahtcatttdet bemat
ol |l threads i n accor dademanewd rt diettdh etocaexti ray r
| oad of e afcihragdluinmeerd, tikdastfi stahliaijoahx i aall t hread
aried e nt iacnadla d iheel deitfroo lmlaenri e o $6F i bed
a:(i,j) = (os (2

y,i's the pogdArtoilamdracnagn ebyw fwr i tten

Y=+ (3

byvar yi nighdi al deff daahmeaetaidl b @.wn
Ther ptfheeg @i vcaolnetnatc t  dfp fodsrcrm-aeonl 6 @ r-r @inlde m u t



i nt eird atclee n o rcmaanlc ddeic nbéyatt iean
dfiy = g,,sin Mos A dcos cow 4

Whebies the c@ns$acheahgliex angle of roll er.
And tthheequi vead retnac@®,licmadt he noraeaah heérect
obtained accaeadrediionrgnatto otnhtehRIR&dld onshi p of

{'ég:l,f(i’,j)m
19=0, #, ®
where theldadexxes thaoupgdlhheontt larce aadrdg, whi |l e
represents ¢hwaprreohea thm&a dtykmbso It ot all cont ¢

stiffness ncodfefoitadiremt@alnlde mutwhechadepends o
desi gn poatrhReR&Melrts can be determined by

-t
Krn + KfS

Quiy =9(K ;) (5)

(6)

whekKeandiartehe cont aocft ssctoileflier e gaisndt-emuftla € e
interface,annibsgpreexpir @dlé ¢ d

é E 2 s
Tk, = Ke JGEVA T,
1 P, 4

|

\ 3
’:\Krn = Ke“ 3 (BE) a’n
i pm,, \ 4

wh e Keea nKt a rtenceo mpl et e el | i pti coB airtrend rl aelr oafn dt h
roklnluetr i nt ee § geaaatnidveertel e majaxn ssemief f i ci ent s
contacotf et he pseree wnauntd irnotlelrefrgEree p rr eesepretcs i v e
effective YByunagBdmoadrueei ;cur vaft usreao lelwed
roknluetnt er fraecsepecti vely

According) tA, (ke | (i brisom equavabent cont

(7)

ot hPeRSWMi B ki al | oad aaoedt aiane &l by oad
€c 2 “of sinpcos/ =
IFr - a_l QQH(M)Sln cos/ =0
b ®
IF,-& a8Qf,cosb cosj =(
[ =1z

whe FrankKhare the radi alonl otahde, amMRASM & cst itvhéelo a d
tot al thread number of any roll er.
Hencet he axi alf awnmngtaanotibleleacaad cul at ed by:

t
F. =da Q. cosb cosjf (9)
j=1
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2. 2TRheortnitbaeddd defiol@ati on
Accor dtihneg etgowiolnidtarhiiogh.at)B e a xu radtehileCo a d

wor ksithagpe be calcul ated by

n j-1
=Fy.; Fa & aQysinbcos/ @apy

i=1k 2

F

(i, J)

WheFgan d,,are the axial force of Qyhe screw



the nor mal conomptiésrwbthwhhehfolIowing C

F a aQn(,J)smbcos/ =0

i i=1j % l
1 n t ( 1
liFa- a aQ..cosb cosj =(

i=1 ] %

And ,t httlme axi acloinddefro mma ttihen mtaksbecirneiwng err
rolilnegreatf atclkke c omathakca n ploe neaxpr essed by:

1
Csin= &~ ¢ S pcos ( gy xf Caif i) (O

sinb cos

whedeand, ,are the Hertz cjoknjdidthreafdoi masicor
roller int ereg(i'%a:msg(i’j_l)lae:epd!mmimhéIny.nq'j%lejldr ors of

1'" hr e & tisecirmeod | er i nt er S§ame It d&anale w purtcott ihveer| vy .
intecdmckkre written as
1
Cniy = § 7 nC Snb Cos /( vdy v (v € nip) 13

wheuog, and,,,,are the Hertz cpanjd'ctthrdeeafdorinat i
nutol I er interBacendyeapeatkimadlhy.ni ng error s
Panjd't hr etaldeoilmuetr i nterface, respectively

Combi ned Wwipt hahlBlgs(t heg total wakhamadlkif or mg
errcoam be calculated by:

CJ):(€+Q¢ (- C+)CS|anOS/( n(ul?l |]))d (i,j 1) n(J) (1;|'
wherge, and, , denotteottiaret z cont act'aaptf'or mati o
threddololfer, reg sapnedr . irveeprye steoneta imanlehi ni ng
er rooff snjdl't hr eidrdololfer, respectively.

j‘i‘d(.j): iy Tnfliy ey T8 6
Tn(u) € Tl nii8 T N ot

Furt her mordeef drhmnea tmecarrebil alnedhneurto lilnetrer f ac e
can adasloc blgat ed

(3

e L P
}Csm) Zé],)ASAS = RS
i i (15
,II\CN(i,j)_ZII\IE(IJ)A\l Ay /QR?N Fﬁ)
whepes theAsgpndvahe t hseecdri onsl areas of sc

respedé¥anRigal rye; otnhien anl o fr asda diesw urde s pR, g tsi v ehley
ext errandalfusnut .



Accor dagnlgp (t ot he t ot alc anxiadlaslacaedflgart nvadt i on

o FN(i,j)p(As +A)
" 2EAA,

ay

BaseBgen (14) tarrde@l i mloc hienrirgogrs b e
obt abyed

(6, - £,)sin dos &kja_.Qn(lk)Sln bcos pA+A)

213 _ 23
Q”(ivj‘l) Q”(ivj) Krs+Krn 2ESA‘SA1( Krs +Krn) (1 B
2. 2TBeor etnit aalt | oad iamTd def or mati on

According to the aefgug(lbhi)Btrh e mannid@a®ldi It o0 @ a
wor ksithagher deibye d

[} n j-1

’li FS(' i = F a_.l k?.QnU k) Slnb COoSs /

! @y
2 Fuar = a éQn(ivk)Sinb cos /

I i=1 k 2

whe@gcomplieslivith Eq. (
According),ta hki @axi &It hskerfreoom nmaetriciaamtient Sac e
bexpresseldd , bwhdEd.e (rimatl easf itnthenema®ed can be

1
Cniy= § - nC m/( N(i,ql) I\-I(i,j-q)) ( NG € NT -1))6 29

Combi ned wipt haziligs(t he t ot al axi al def or ma
errors can be calcul ated by:

Ciiy = Sipy ~ NG :— (nefly v f G af ) @)

sinb cos /

Wit h 1E)gsalnd, (t he t ot alc amxieadlslacalflenart malt iboyn

F.p @a aQn(lk)(As"‘Aw) Qiip A LpSInbcos/

_ aQ _e'_l—lk 3
Ciiy = 2EA, 2EA A, 22

According to Egshe(R4agdumsnidvdg b&@Jaat ben wi
obtained as:

Qz/s _ Qz/s (e(i,j-l) - ﬁ ))Sin dos /+Fapsinb cos /
e e K + K ZESA‘I(KTS +Krn)
23
Qa aQn(l k)(A% + A}) Qr(. h) Ag LFS"-] b CO§ /

ei=lk 3
2ESA§A1( Krs+ Krn)




2. Peformati on c oceofeffifciiceinetntand | oad

2. 3.1 Deformation coefficient

Compawiitnlg t he contact | badst wboadmuowi ehrer
be either | arger or s maéaitcehra.n glehde wi amt & chte dve
of mahcehng ererfmrranati on errors are difficuldt
def or rphdti6ilbleace, I n order to e¢WVWRRIMtwi tclont a
machining errors,ehhei defotmaduoedcaertfeéexp!

a.
t = _nGi (2 )1_
(.5
T d
Wherdﬁi’j)anab;(i,j)denote the nor mal contact defor
with error, respectively.
IfEq(.5) is substitytisdriepreseanted2a)s;
2
aQl. . ¥
t =@l (25
(i.}) %
gn(i,i)E
wherQd ,an@,,are the normal contact load wit

respectivel y.



Input structural parameters and load condition
Assume the initial value and convergence precis

\ 4

Calculate the radial contact deformatieg) and
the equivalenhormal contact deformationf; ;,

QnE(i,j) = (0111E(i,j) /(Krs +Krn ))3/2

v

n t
F.-a é_Q,'f(i'j)sinbcos{ tacc No

i=1j 4

tacc

=14

n t
‘Fr - & aQy cosb cosj

v Yes |

Calculate the axial l0ai

Use EQs.(19)~(23) to calculate
normal contact loa®n,)

T-C

Use Eqs.(11)~(18) to calculate
normal contact loadQn(,)

\ 4

Output maximum contact stre@saxand fatigue life L

v

End

Fig.4.Cal cul ation flow of static model
Furthermore, 3théeheadgéfenénee between tnh
mi ni mum def or maifrioolnl & eifritirccodmaced ©O6 pr esen
def ormati on ciosefdalcdwelnat,e dvhhbyc:h

U =max( (i,j)) 'min(qf)) (2 ﬁ
23. 2 |l oad coefficient
| n oridnetruittmivweetthiepatdec hpatto®y fodceifeinnte d
as the ratio of the contact |l oad to the mi]

i s ntroduced tvoar e @d li uwcantnet atctide R8.Mb d oad



coef fviacriieenst wi t h the contact dioaececwleywil at i on
t hneonuni f bomidt gapfaci ty

0
— Qﬂ(i,j)

K =—————
1 mln(Qr?(i,j))

2y

2. 4. Fatigue | ife analysis

Fatigueneéetilbé& maest | mpor ttahRRSHMer poamancal
appl i dmattihoinss part ,t hPelR8Mfias i guecls$sedobased
anal ysis. Accodrndien@ptpo btaltehPsRitBrde s det er mi n

by contact stress and rotate speed. Common
t PeRSM i s the maxi mum contact stress, which
3Q
S — nmax 2
wheRQenadenotes the maxi mum cont bneatjsobamir ce i n

axaasnd miernaxribosf t he cocnatnec tc aed Icflullfals e d by

- 3QnmaxE = 3Q1maxE
a mag—zér b ngsf—zér ()

whemeg s expressed as:

2K (e)
= 3
= ) R
And then, the fatigue curve of materi al |
Ny = K'N, 3}

wheMies the circul at ikerne pbraessee notfs tthhee nsattreersisa
contact fleatnidg urea xli inmuint Osm0anntda cits swirrietstsen by :

k5:_ (3)2
Furthermore, the absolute rotating speed

exprefdB8lH as

L WKk, 2)

T T +D) (3

wheknel e notthees rati o bet ween dsamdwr smlolmé mah o ii
di amixdaed i s expressed by

= (3 #



Therefore, the fatigluleS5]life in hour is e:

N, (k +1)
— HKT\ (35
60nK., (K., + 2)
Based on the above analysis, the entire
contact forces of the planetary roller scr.
3. Numeri cal exsaonpd ssisomnd di

Il n arockcatileg | | di ty afn gtrioepoesea@dbme numeri cal
exampl es are present efchetsypatnpbbespecohtacpal e
fatigue | ife amdeddedoirdnan ii mqfc wlhoeif @i f &tciton s
exter nanlachoeardreiogr s andl aboaevbD@dtisdoatts .t he det ai
par ametthPeRS Mof t hi s exampl e, t haenrde 1a92e t2hdr etahdr
in all roll ers

Table 1.
Design pat BPRIMT s

Rol |l er Screw Nut
ParambBnhet } Symb Valu Symb Val u Symb Val u
Nomi nal rad Re 4 Rs 12 Rq 20
ContactU)ng b 45 b 45 b 45
Starts S 1 S 5 S 5
Hel i x angl e & 4. 5! e 1.5 an 0.9
Pitch ( mm) P: 2 Ps 2 Pn
Number N 8 Ns 1 Nn 1
Extermadl us / / / / Ron 27 . 5
Table 2.

Mat epad rad neett PeRS M
Par amduneirt Sy mls¢ Val uePar amduneir Sy mls« Val u

Young med E 2. 120! Poi €s om € 0. 2¢
Circul at i No 2.1519 hardnears HRC 62
contact f Co 2450 point cor m 6
(N/m md) of the

3. Effects of external | oads

Figdepitcthtes@d pawcndtghTeT anr@wolr ks inathes n
mac hiemrirng s, as& HERSIMso0 ad saitmaeme emrecta n dswioi on
1Y he axkKsa30KkMaand tHe3dkmdRal t hed&ageB0ikaNl | oad
and the FadiikaNnFIl g,a dlBoad cwiptaltodty nadi al (I
represédirhde@tdt doayh iltlihemét t h r a dd earldbbthechbed | . s 1 i ne
Square, circle, upperamoiad kagrlred o al do wecearp atcriitayr
ofl#,2#and, B8n df, #Haln dt, HBH50 IWietrh Irogaddraelspecti vely.
As shdéwn .ai)d c b sked wteiide | oad cafplaloist grcur v



arseuper i wpa@adRERISMsS not subj ecWietdhi tnahreefacdieal f
the threattenuombseareomtot lo@aEed a,le labsuet the sl opes
curves .Thicsnedsaebolnysi st ent with RédfelDdlbserva
Nevertthtdoasls di curvaéwhedPRSMapp!l i ead dwiatl h
forlcre.a | ead, the contact forces of the 8 p
the same, but are eit hoerr tlhaer gpeasiotri osnmad n gelr
18 0hMe contfarcda#nm lod & &0 lgloeard d a t I wiatskee asee r e
of adi aforl ad&oce position angle ffoofmb80A&Trto 3
t ofr blglreard u ak Fwiatshee gr owt h. oThirsadial mhioady d
fact t hiangr i deeroagashisab f | oenthllse&ethse Hert z cont @
deformmatrigem ati Simal ¢ etr , p owshiitcihomr easrudltes i n t
of cont.Motepeedsoad capafandr @lulreres wift B r a
force are the same as thaanaofmdamlys o obd er
considered as the meanAoafd &hilghly)bl 4 kows wti hd
| oad caphtbhblelt st dengCd myiakh d .at)Be const act f or
do not al waiytsh dtehcet erpaseeanmiphe bodef easé and t he
iaaredabes phenomenon owrcdiehi® nsatidatexey, abaedc d tss e
applied neaoft hienl isiecodelwedréh reeradd t her dlalseér t hr e
nut sideloddst habutlihebo mmltil.yor m

Fi gsh&®wt he comft#rlot | eopadn t hFeorcy@dmdnTg pr oc
T-TcasBi g.ci@@hnnbted wluynd thlae samtehre hocemtdact | o
oft PeRSWMi t hout dadhi ahiarh gtelcee cywhi lngvwedmh ocess
periodndefr | y aldiealc hlacmmagd ng t r esnidmwif & it otnh e c t
ball s ¢ r[ elvMoorf e oRveefr ., t seendent ahte fs@amee posit
reduce obvious| yt hwietahd itmhiey bae)reE & g(dhbsyd i ¢ fe
t haki do)Gagdl)6 decr ease at.Tfthianvetobafnidr mehce n i
byi gBe&ause itnhgpendahogdpaicsitngywi #ach ,roll er
tihpat akler o lalsem x amp | e .

311Ef fethe axi al | oads

Figrepiresents theapaagadaynsotn tohfr elaoda dn umber
same radi al | oad andt HT&kCe cds &f B hgmat) 7 a xtihael I
PRSM with different axial | oad shows the di
forces over t hreads are undoibtaxdlay il marde
Meanwhil e, with the increase of thread num

And thegnb)7 shows t het HTebadaveapac itftiyea dpehiat
value of contact force and the dowrhweard tr
T-T state iBi dragirdeare s$ bmea external | oad. Fur
forces decrease at first a@abtk tcloerc | iurdeerde & shea
|l oad capacity bectohige sstmatre, eared tumeleuni f or
down with i ncadcase of axi al I
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