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Fusion project, ITER - HPC based numerical modelling and visualization
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Analyses of the blod flow in an LVAD heart
pump, PhD work project :

dr. Primoz DreSar

Goal:

« Apply and compare advanced turbulence
models to accurately predict the flow
induced stresses on blood cells
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Motivation SCJ[ra | f

= Polymer gears exposed to various failure mechanisms:

Fatigue Wear Thermal overload Pitting

= Predominant failure mode depends:
= gearing geometry
= material pair
= |oad regime,
= Jubrication,
= environmental conditions,

= Temperature rise during running — influencing factor and
indicator of the expected gear service life
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Thermal state of polymer gears:

= Heat generation effects:
= Sliding friction effect (predominant)

= Deformational hysteresis — structural Temperature rise — two components:
and rolling friction
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= Heat dissipation:
= Thermal conduction through solids
= Convective heat transfer
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Example: sliding block

S

Temperatura T [°C]
[35]
(3]

(3=
=

= Contact conductance
= Radiation (minor effect)

500 1000 1500 2000
Cas t[s]

= Heat partitioning: Flash temperature rise Nominal temperature

= Distribution of generated heat between
both gear bodies
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Existing polymer gear thermal models
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Problem breakdown

* Processes taking place at two very distinct time scales:
1. Meshing cycle - typicallyt<101s
2. Running till steady state reached -t=103s

Sequential

Coupled

12
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Model development S Ctra N

Case study — LECAD gear geometry

= Polymer-polymer involute spur gear pair
= Pinion: POM (Ensinger Tecaform AH nat.)
= Gear. PA66 (Ensinger Tecamid66 nat.)

= Cut samples

Symbol

. Value
unit

Parameter

Gear ratio
Module
Teeth number

Pressure angle

Face width
Shaft diameter

13



Model development S C-t ra | N SUPERCOMPUTING

PARTNERSHIP

Mechanical contact problem (I) - model

= Goal: evaluate contact response during gear
meshing

= Transient FEM contact analysis

=  Geom. simplification: gear segment with
2D plane stress presumption

= Gear profile: involute

= Linear elasticity assumption
= Nonlinear analysis due to

» geometric and CD

/\* ¥ Y
_-0.000_-0.050 0.100 (mm)
0025 0075

» contact nonlinearities B Moment

IB] shaft/struct. support
'] Shaft/struct. support + Rot.
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Mechanical contact problem (ll) - results

Meshing cycle simulation Contact pressure
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Scalability of the FEM mechanical model
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Mechanical contact problem (ll) — convergence and accuracy
of results issues

= Correct contact modelling of key importance
= Convergence issues can occur in the analysis

Pressure Example: penetration tolerance influence
Lz?téll\j;zssure . . 1108 ‘ Gauss point pressure —a—
) Pitch p0|nt - Averaged pressure —e—
. 62.367 Max contact E 100}
55437 ::, o0l
~ 48.508 ”
— 41578 -~ g g0k
n 34,648 3 7l
27.719 g
20789 M
13.859 & sof
I 6.9297 40 J , , ‘ ‘ , ‘
0 Min le=5 5e-5 le—4 S5c—4 0.001 0.005 001 005 0.1
Penentration tol. P7 [mm]
= Contact response verification: Fy 1p + 1
O'H = ZE . ZH . ZE . Zﬁ . . -
> Hertz theory (VDI 2736) bw - dy i
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Thermal problem (I) — Local temperature rise > Parabolic heat flux function:

1
. 2c 2 2
-p(x) QI(xvt) :MUS(t)pc(t) 1 — 2
o 20
/ - \ » Contact temperature equality:
7 y ATia(—c(t) <z <c(t),z=0) =
T—»x ATi¢(—c(t) <x <c(t),z =0)
» Heat partitioning coefficient o ¥ " Pinion —a— :
' e 40 Gear —o—
t C(t ) : 35l w(x,1) {os E:
ATI,d = Ud/ / Tﬁ(ﬂi’, t’) fd(:(;',t')da:'dt' % 30 ?‘ C ]:3 \:i
I 0w : | e
—ec(t! b5y 5] =)
P & 20} g
Pinion ) é Ny "2
AT‘laf - Uf/ / [1 o 1@(33’;75’)] ff(CE,,t’)d.’E’dt, é Iji 1 %
T ’ 7C(tl) OO 0.601 ) : O:.60:2 0_603 -
Gear Heat partitioning coef. fime t[s)
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Thermal problem (lI) - Nominal (bulk) temperature rise
Geometric model:

FEM geometry:

Cyclic symmetry

Convection: Heat generation (based on mech. FEM):

Pinion
- 80
oty / ) o) N\E 70
o) Z 60
- ﬁ -
\j > 50
T B 540
= 5
L., T

Sliding/rolling
0 02 04 06 08 1 12 14 friction heat

Active tooth profile / [mm]
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Thermal problem (lll) — Obtainable results

Load conditions:

n M [N] —
[rpm] 0,4 0,6 0,8
956 Cl Cc2 C3
1147 C4 Ch C6
1134 Cr C3  C9

Flash temp (semi-analytical model):

60

wn
=
T

'y
=
T

Peak flash temp. AT [° C]
b (¥5)
C? <=

._.
<

<

M=0.4Nm —e—
M=0.6Nm —=&—

M=0.8Nm —o—

0.001

0.002 0.003

Time ¢ [s]

0.004

Nominal temperature:

Reference point

Temperature [°C]

39.071 Max
F 36.848
34.625

32401
30.178
27.954
25.731 1
23.507
21.284

19.061 Min

Analysed tooth

0.004 (m)
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Experimental validation — Free thermal flow (FTF) tests Measurement window.

=]
*®

Temperature gradients:

[
=

Load conditions:

n M [N] —
[rpm] 0,4 0,6 0,8
956 C1 c2 C3
1147 C4 ChH C6

(%)
=~

I3

Temperature T °q
[

Temperature rise A7 [°C]

1 434 C 7 C 8 Cg 0 SIOO Timlct]l(]:)[s] 15:00 2000
HS thermal camera | s Nominal temp. at root:
measurements: ~1900 fps

1of T T T ..'.. ]

Exp. — 0.4Nm —=—
i + T Exp. — 0.6Nm —=—

o Exp.—08Nm + |
A % Model — 0.4Nm —&—

Temperature rise AT [°cy

Temperature rise AT [OCJ

| % Model — 0.6Nm —a—
Qs ) ‘ Model — 0.8Nm — ]
0 100 200 300 400 500
Time # [s]
n = 1150min-1
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Model application to thermally dissimilar material pairs

» Case study: steel (42CrMo4) + POM-C

Load:
» M=0,6 Nm
> n=1147 min?

Partitioning coef.

\

——Temp.

oo
o0

——Heat partitioning

>

[A B C D

A

: - —
0.001 0002  0.005  0.004

I~

Partitioning coef. ye(¢) [/]

Max. flash temperature AT [°C]

[=3 —_ [ L =y wn =2} ~1 >0 k=l
T T —
&

43779

Steel gear

A

POM gear

A

OC]

Spr. kont. temp. AT

s High temp.

J divergence

4

2 / Pastorek — jeklo

Gnani z, — POM ———

0 500 1000 1500 2000
Cas 1 [s]

Presumption of
constant heat
partitioning inadequate

Time ¢ [s]
Parameter Symbol [Unit] POM (Tecaform AH) S. (42CrMo4)
Density plkg/m3] 1410 7800
Specific heat cp [J/(kgK)] 1400 ~470
Thermal conductivity & [W/(mK)] 0.39 ~42.5 22
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Model application to thermally dissimilar material pairs
= Necessary upgrade: modelling of a tooth pair in active contact

S
(98]
o

Shaft 1 : ' ‘ e . '
WasherN 4 ol Partitioning coef.
~ , @) i \‘ =
POM gear \ T 8t — = \\\k 108 =
Py IR i S - <
Washer 1.2 v, ///// : ey N 7t = 20} =
Nuts 1 G ) E 6l = 10.6 o
7 7"// VEs £ ///, J E — "_CJ
“Washer 271 8 S5t S5 ©
; : / [=9 § 1))
/ Stcy/gear g 4l = POM gear 104 .5
, / N\ _Washer2.2 = 3}f = 10 Steel gear g
’ y Perfect conduct. / 7 ~Nuts 2 g D3 —Exp. % E Part. coef. -
); ‘ element #Shaft 2 g 2 D3 - FEM —=— 1 5 {02 E
i S 1k D4—Exp. + |
0 ' D4 -FEM —— 0 0
0 500 1000 1500 2000 0 400 800 1200 1600 2000
Time ¢ [s] Time ¢ [s]

\ General form of the developed model

23



SUPERCOMPUTING

Discussion SCtrain |aomes:

Influence of viscoplastic (VP) properties on the temperature rise
» Case study: steel (42CrMo4) + POM-C
= Analysis of thermo-viscoplastic properties of POM-C

= Analytical modelling — Anand model

= Development of nonlin. regression model for parameter identification

#500mm/min Experiment O

Model

= Full gear meshing analysis

Symbol [Unit] Value
so [MPal 17.167
Q/R [K~!] 16210.803
A [s—1] 1.03108E+11
£ /] 7.2047
m [/] 0.107544
ho [MPa] 21055.185
5 [MPal 100
n /] 0.01276
a [/] 1.447
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Contact area 4, [mmz]

Influence of viscoplastic (VP) properties on the temperature rise

300 ‘ ‘ ‘ I I ‘ I. : - - -
g 2s0] e rare — | VP effect— drop in material stiffness: o .
£ | > Lower contact pressure S . e
o > Increase in contact area 5 7l
2 150 g of
5 s S
= 100} 1 2 4t C3—Exp.
g 50 i 2 | p(x) g 5l C3-FEM-LE —— |
S | & €3 — FEM — VP-20°C —=—
N T T A D - \,é/p Ve S 24 C4-Exp. +
0 005 01 015 02 025 03 035 m — ¢ 4~ FEM = LE 1
Time ¢ [s] ok ‘ C4-FEM-VP-20C —=—
/ ) - 0 500 1000 1500 2000
1 \ . - . ; ‘ ‘ - l_'_l = Time ¢ [s]
. LE — E=3900MPa —— |
. VP T=20°C —— i _ )
08} oG 1 I » Little to no VP influence on
§ 2t the nominal temperature
51 | Gm = [L* Pm * Vs > Linear elasticity
0.4} i presumption acceptable
Qm = {m - Ac = Mpm'UsAc
0.2 “ — —
E Offsetting effect l T
0

0 005 01 015 02 025 03 035

; e
TITC T [5]
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Model use for polymer gear thermal optimisation

‘ Example 1: metal rings for Al washer
: improved heat transfer: |

» 15 % drop in root
temperature attainable

— 12F
s
— I~
: 10} 1
T tura[°C 7 c
ook g 8 Temperatura [*C] Lowered temperature
22.667 Max
! gradient at the root

||||||
11111

!

g,
g
g 9
2 ‘
s 2 Basic form —— ]
Thermally optimized
0 : - : :
400 800 1200 1600 2000
Time ¢ [s]
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Model use for polymer gear thermal optimisation

Max. flash temperature AT [° C]

Example 2: tooth profile optimisation

Theoretical geometry

0

0.001 0.002

Time ¢ [s]

0.003

10.8

10.6

0.4

10.2

Partitioning ratio  [/]

Max. flash temperature AT [° C]

(o]
n

20

15F

10F

0
0

Modified geometries

[l Ca=0.05 ——

Ca=0.08 ——
Ca=0.1 ——

0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035
Time ¢ [s]

Profile modifica- Progressive tip Starting
tion parameter relief width diameter
Configuration Ca[mm] dca [Mm]

Config. (1) 0.05 21.5
Config. (Il) 0.08 21.23
Config. (IlI) 0.1 21.1
Generated frictional heat
4.5 - -
a Improved
el efficiency
> 3r
%ﬁ 2.5¢
% 1.5}¢
£t
0.5}
0

Theoretical

Cfe.(l)

Cfg.(ID) Cfg.(I1D)
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Insights on polymer gear testing
* Free thermal flow (FTF) testing

Example:

Same material pair

Same line distributed force load:
F, =21.3 N/mm

Very different thermal response
(difference in generated heat)
35 T ‘ r : : :

Type: Temperature

)
=]
: Unit: *C
< Time: 4400
) 16. 06, 2021 10:14
= 38224
ggggg fj n 34615
zzzzz = = 31006
,,,,,, g = ooe
2 23788
;% | | 20.179
& b=2mm; M=04Nm —=— - £ 16.919 Max
b=6mm; M=1.2 Nm —=— 12962
0 . ‘ . ‘ ; . . . 9.3528
0 500 1000 1500 2000 2500 3000 3500 4000 5.7439 Min
Time ¢ [s]

FTF tests: only gears with same
geometry should be compared
28
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Benefits of the developed model:

« High versatility — applicability to any type of cylindrical spur gear
pair

» Applicabilty to wide variety of material pairs

« Possibilities for thermal gear optimisation

« Computational efficiency

Open challenges

» Precise coefficient of friction (COF) characterisation

» Necessity for high-end (commercial) FEM software

* Not yet upgraded to use on helical and other gear types
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