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A BSTRACT: This paper presents a particular problem of safe-life prediction of the 

stirrer blade - a work of resea.rch team of the Czech Technica1 University (CTU) . 

Only internal forces on input  and output shaft of single blade were determined 

experimental1y, in operation. The pressure field acting on blade s urface was assessed 

as a linear combinatiol! of 6 unit 1000 sta tes of finite element (FEM) model of it .  

Coeflicients of linea.r cOmbination are to minimize di/ference bctween tIJe internal 

forces determined experimental1y and by FEM. 

1 Introduction 

This paper describes a particular problem of safe-life prediction of rubber mixture stirrer blade. 

The interest is focused at operational loads identification and numerical stress analysis of the 

stiner blade. Complete task, is being solved by a team of researchers worki ng at Department 

of Elasticity and Strength of materials of Faculty of Mechanical Engi neering, CTU in Prague i n  

collaboration w i t h  manufacturer o f  the stirrer blades. 

Tbe task was formulated as to evaluate safe-l ife i ncrement in consequence of i nternal surface 

of blade cast improvement. It requires to determine strain or stress field , depend i ng on time, 

during tbe typical st irring process. Operat ional load ing spectra are the basic input of tbe task. 

Inertial forces of the blade itself may be neglected i n  comparison to the rubber mixture resis

tance. Assu ming this, the motive torsional 1II0menta in the input shaft is to be equi l ibrated 

by tbe 1II0menta of resistance forces. Remain i ng components of resistance forces are caught by 
bearings (fig. 2 ) .  Rubber mixture rheological response is not simple. It may change d uring the 

stirring process depending on time of stirriog, temperature and other parameters. Tbaťs wby 
the idea to determine loads experimentally was preferred. As the stirring fuoction of blades was 
found satisfactory, no external surface changes are required. This fad enabled to identify tbe 
forces on tbe original stirrer, directly in operat ion,  without manufacturing the improved one. 
Unfortunately, no quantities, except i nternal forces 00 input and output sbaft, could be experi
mentally determined under operational conditions. Tbe forces measurements is described in [I] . 
Resistance forces are assumed in form of surface norma! forces (pressures) on tbe stirrer blade 

external surface. Tbey are constructed as a l inear combination of "unit" surface loads (see fig. 2) 
tbe coefficients of wbich are determined to generate internal forces corresponding witb measured 
ones. 
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Fig_ 2: Loa d i ng state St . 
I I Ilegra I i l ltemal forccs are detCrt l l i l led fro l 1 l  1 I0dal i l llemal forccs i l l  cross-scctiol ls B a l l d  C 
cOl l lpll tcd hy FE al lalysi, fo r lhis load statcs . RC�ll l l i l l g  st irrer · · ·hlade load is assel l lbled as a l i l lear 
cOlllbi l 1atiol1 of load sta t.es 5, -.056 , 1 I 1ternal forccs associatcd to s i l lglc load slate are sllpcrsc r i p t.ed 

by load st.ale nUl llber. For i l lst.a l lce 

/ll:v, lJ 
s iglls bCl ld i llg 1 I 101nel l t. a c t i l l V;  abol1 t. y .  i'lxis  detcn n i l lcd fnl l l l  i l lternal forccs fro l l '  load st .at.c Sl 
in 1 I0des associat.ed to cross-scct. ion B. RCS ll l t i l 1g bCl1!.I i n g  UIOI I IC l 1t  Moy,1I is 

6 
M"Y,8 = L M;"',fJ q; 

i = 1  

Let's de nolc vect.or of  CO l l lputed i l 1t.ernal forces as /11 

i1 = { M"Y,H MOL,n M"Y,c Múx,c Mk:,B F" c } T 

vcclor of l i near cO ll lbi uation coeflicicuts as 

T q2 q" q4 qs qfi } 
al1u l I Ialrix of forccs frol11  "ul 1 iC loaus i l l  fOrln  
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2 Modelling 
P ro�ral l l l l l  ANSYS w a s  IIs"d O l l  server "j ll /I I / ) {u:;". '· / I U,I". ("7.·· 1 . 0  do  1. 1 t"  a l lal}'sis .  S l. i rr"r hlade 
body is  I l Iod"l Icd i l l  3D cUl I l. i l l l l l l l 1 l  IIs i ll� isopa\'il l l lel.r ic  I.we l l l,y - ,"ode d e l l l c l I l .s .  I3rick d e l l lc l Il .s 
( l I Iapped ) l I Iesl t i l ll'; poss i h i l i l.y was prefcrred d l l \' i l l/!: �e() l l I e l.ric I l Iodcl crcal. io l l  at I. I le sal l le  I. i l l l e  

w i l. l t  f lex i b i l i ty ( 1.0 cllable desigl l  c : l tal lges i l l  fl l l. l I \ 'e ) .  Tl t is  d, , ,"al lds Icad to t l tc  I I s i l l �  of I I mcros 
st \' l Icl. l I \'ed as pro fi lc gellerator ( 2D)  and 1. 1 t" fi l lal hody gel leral.or (3D ) .  I l I p l l l. al ld  Oll l .pl lt  s l tafl.s 

are created inl.erael. i vely. FE lIIesh of fi l lal sl. iner hladc body is show l I  i l l  Fig. 2. I I. consisl.s 

of 19000 elements and 57000 node5. Li near iso trop i c  mal.erial sal. i sfy i ng Hook 's l aw is quantified 

by YOll ng's elastic mod l l l l ls  E = 2 1 0000 M Pa ant! Poisso n 's rat io Jl = 0 .3 . Mot i ve torsional 
l I Ioment is l I Iodel led v ia  tangenl. ia l  d i recl. ion fi x i ng of  node5 assoc ial.ed with left shaft face. T h i s  

prod uces no d a l  reactions resnl l. i ng j us t  i nto t h e  motive torsional lllolllent eq u i l ibrat i l l g  ( I.ogether 

w i th remaining react ions ) resistance forces Oll  lhe blade. AII gcomet ric boundary cond i t ions are 
shown in Fig. 2 .  

1 0  Q t k Q  
B 

h r l  d e 1 h r i  d e l  
Q t k Q 

Fig. 1 :  St i rrer- blade model,  k i nelllatic co n d i tions and loads. 

3 Ident i fication 

T h e  idea of identification of resista nc� forces is based on presurnption of l i nearity. T h i s  al lows 

us to express resu lting fields of d isplace\JIents al ld strcsses as a l i near combi nat ioll of sllch fields 
obtained for s i ngle "unit"  loads ( proced ure known as princif>/e ar s/lf>erf>os;tion) . Oifferellces 
between cO l l lputcd and llIeasnred i ntemal forecs are to be I l I i n i l l l ized by coeHicients of the l i near 
colnbi nation.  
Only several sitcs on shafts of the st i rrer blade were sni table for strain- gange i l lstallation. That's 
why i ntegral ,internal forces ( membrane and shea\' forces, bending and torsional molllents) were 
used to compare cOlllputation and experi ment. This e1 i lll i nates loeal infl uellces and decreases 
demands to the FE lIIesh dcnsity under strain-gauges. Bending moments M"'J,n and Mo%,8 i n  
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A � l M� ,B M;",B M3 M�,B M�,B M?,B ) oy,B 
M�z B M�z B M�z B M:z B M;z B Moz B 

1 ' 2 ' 3 ' 4 ' 5 ' 6 ' 
Moy e Muy e M

Dj,c Moy e Muy e M
'í1',c (3) 1 ' M�x'e M:z'e M;z'e Moz,e Mox e Mox e 

Mlz ,B 2 ' 
M1;n M:;B M�z'B M:z'n Mk:,B 

F;,e F;,e F:� �� F;� F;� 
Then 

M = A q 
Matrix A components values are determi ned from stress-fields computed by FE for single load 
states SI-S6 .  Coefficients of l inear combination representing instantaneous loads in time t of 
single stirring process are determined from condition that vector M must equal to the vector 
ME(t) of corresponding i nternal forces obtained from measurement in instant t. Vector ij(t) of 
coefficients of l inear combination may be obtained as solution of linear equations 

(4) 

4 Solution 

FE-analysis of load states was done as fully linear, using iterative "PCG" ( precond itioned gradi
ent) solver with precision 1 x 10-6 • Internal forces were determined using the theorem of dividing 
body on two separated parts by cross-section. By application o f  preceding procedure on aU six 
load states we achieved matrix operator A in form f'%! -3.677 1.263 2.260 0.001 -0.000 } -0.181 -0.041 0. 194 0.678 0.000 -0.000 

A = 1.0 X 107 
• -�:�:� -5.536 0.561 1 .841 0.001 -0.000 (5) 

-1 .330 0.794 0.174 0.000 -0.000 
-8.788 -5.187 -5.113 -2.958 0.006 0.003 

0.018 0.010 -0.017 -0.010 0.000 0.000 

5 Stirrer-blade stress under extremal loads 

Coefficients of load states linear combination were evaluated in one of critical phases of stirring 
described in [1 ] . Vector of measured internal forces was evaluated asi 

ME = { 57300000 O -53100000 O 60000000 -636000 } T 

Lillear equations set 4 solution was obtailled as 

q = { 1 .255 1 .905 4.237 3.213 4627.5 7727.9 } 

(6) 

(7) 
Displacement, strain and stress-fields were computed for previously determined combination of 
load states SI-S6. Largest displacement magnitude 0.416 mm acknowledges a'posteriori small 
displacement presumption. Von Mises'es equivalent stresses do not exceed value of 200 MPa 
in macroscopic volumes. Material is in plastic state in several sites on internal surface of right 
blade and in fiUet area between right and left blades . Influence or this non-linearities in micro
volumes on global stress state may be neglected, however. It may be said, generaUy, that resulting 

'forces are measured in (N] and moments in (N mm J. 
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displacements and stresses under extremal load acknowledge t he Iinear computational scheme. 
There are peak stresses between 250-300 MPa on internal surface or right blade (generally more 
stressed one) d istributed near rrom leading cdge. Lert blade (significantly less stressed ) has peak 
stresses about 1 50 MPa. Peak stresses locations correspond with peak points or bending moment 
in y-axis.  

6 Conclusion 
Stirrer blade loads identification is a particular solution included in complex task - safe l ife 
analysis of stirrer. From this point of view the output of presented soiution is to be used as one 
of inputs for following analyses. Fol lowing concl usions may be outlined from results of presented 
work: 

• FE mesh created compromises precision requirements and available computer and program 
capacity. Technique of submodelling may be used to increase the precision or loeal stresses. 

• Designed set of loading states seems to be representative enough. Matrix operator A (see 
equations 3 and 5) may be used for superposition coefficients evaluation in various phases 
of rubber-mixture stirring process. Time dependencies of stresses in critical localities of 
stirrer blade - the basic input or safe-l ife evaluation - will be determined this way in 
future. 

• Superposition of critical phase of stirring process is described in section 5 .  Equivalent 
stresses in this phase may be considered as the worst stress in operation. 
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