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Analysis and modelling

Purpose: In order to design forceps and bowl cutter property, it is necessary to optimise many parameters and
consider the functions, which these medical tools should fulfil. Of course, some simplifications are necessary in
respect of calculation methodology. In the paper a solution procedure concerning this problem has been presented.
The presented solution allows for precise determination of the geometrical dimensions according to the functional
requirements that forceps should fulfil. The presented numerical analysis describes a small range of the forceps
application but the used algorithm can be applied in any other type of forceps. Also in the paper, the numerical
simulation results of the bowl cutter being loaded are presented. Residual stress distribution on the tool surface is
presented. A position of the cutting edges and holes carrying away the bone chips is shown as a polar diagram.
Design/methodology/approach: The numerical analysis was carried out using ADINA software, based on the
finite element method (FEM). In the paper some fundamental construction problems occurring during the design
process of the forceps and bow! cutter have been discussed.

Findings: The iteration procedures in order to optimize the basic construction parameters of the medical tools
(forceps and bowl cutter). The calculations allow for determination of the geometrical parameters with reference
to the expected spring rate. The charts elaborated on the basis of the calculations are very useful during a design
process. The numerical calculations show an essential problem, namely a change in contact surface as a function
of load. The observed phenomenon can affect the functioning of the forceps in e negative way.

The numerical simulation make it possible to obtain the suitable geometry, better material properties and the
instructions heat treatment of these tools.

Research limitations/implications: These research was carried out in order to improve ergonomics, mechanical
properties and work condition of medical tools. For bow! cutter was improve geometrical sharp and distribution
of cutting holes.

Originality/value: This paper presents conception to obtain new medical tools, after optimizing the basic
construction parameters by numerical calculations. The prepared model could be a helpful for engineering
decisions used in the designing and producing forceps and bow! cutter.
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In these days design of modern medical tools must be
supported by interdisciplinary  knowledge. Relevant
knowledge of such science disciplines as medicine and high
tech mechanic engineering is required. Medical tools should
have different medical and mechanical properties. The most
important of them are durability and reliability. The main
designing problem for medical tools is their sterilization
during working life [1]. Their durability mostly depends on
their material properties and working conditions. As far as the
price of multiuse medical tools is concerned, one should have
in mind that the more durable they are the more financial
benefit they bring. The high quality of good medical care
directly depends on organization and effective use of available
resources and it is an international problem [2].

In publication [2] Peclitt presents the possibility of wide
use of “Engineering support of surgery”.

To perform further numerical and structural analysis two
test medical tools forceps and bowl cutter have been chosen.
First of these has most practical application but the other
tool (bowl cutter) has only one medical application for hip
joint alloplasty.

Forceps are one of the most popular medical tools. They
are used in many medical fields such as: stomatology,
laryngology, surgery, pharmacology, genetics etc. Moreover,
forceps are applied in other domains such as: electronics,
prosthetics, philately, assembly of tiny elements, laboratory
tests etc. Generally, shape and dimensions of forceps depend
on their application. Anatomical forceps with the flat holder
jaws and aclassic arm shape are the most representative
example of the forceps. These forceps may have different
working tips with a thickness of 1+5 mm. The whole forceps
length ranges from 67 to 490mm [3]. In microsurgery and
genetics the forceps with alarge width of the arms in
proportion to the pointed holder jaws are used. Some forceps
e.g. laryngological ones have curved working arms in order to
secure better observation of the surgical field. There is also
a group of the specialist forceps, which are characterised by
a special shape of the arms and holder jaws depending on their
use. Some forceps have working jaws with the specialistic
holder tips, which are designed for execution of the special
medical functions [4,5,6]. The forceps can be made of the acid
resistant steel, stainless steel, titanium or non-magnetic steel.
It depends on the forceps use. Some forceps are covered with
TiN layer. The working parts can be covered with diamond or
made of sintered carbides.

In this paper a tool for hip joint alloplasty was presented.
The surgery was meant to reconstruct a damaged joint.

Table 1.
Material data for 1.4024 steel (EN)

The two factors that contribute to the successfulness of the
operation are: endoprothesis construction and operation
technique [7]. To sum up the success in alloplasty of hip joint
is directly dependent on the correct design of a medical tool.
Medical tools are usually made of special types of steel, which
are chosen according to the recommendation in works
[8,9,10], and suitable conditions of sterilization and corrosion
resistance.

A numerical simulation of the dental forceps was carried
out. Three dimensional geometrical models were created.
Three variants of the forceps geometry were analysed. Figure
1 shows these variants. In Figure 1a) a basic geometry of the
dental forceps is presented. Next, the geometry was modified.
In Figure 1c) and 1d) the views of the forceps parts, which
were subjected to modification, were shown. The changes
concerned thickness of this part of the forceps where the load
was applied. Thickness change aims at receiving more
agronomic shape and more favourable load of the forceps. The
modification was made only to one forceps arm. — Only one
arm was modified.

Thanks to the numerical simulation it is possible to obtain
information on the stress state in the forceps elements [11,12].
Additionally, in the numerical model contact elements at the
working tips were applied, which allows for more precise
analysis of behaviour of the working tips. Analysis results will
be wused in the design of the forceps geometry and
determination of the compressive force and heat treatment.
The calculation was carried out for 1.4024 steel (according to
EN standards). Table 1 presents some mechanical properties
and chemical constitution for the chosen type of steel.

In order to carry out the numerical analyse it is necessary
to predetermine performance requirements and working
parameters of forceps. According to functional analyses are
shown in Figures 2a), 2b), 2c). Elastic properties of the
forceps material were assumed in the numerical model. Mesh
of the finite elements was created from 27-node 3D elements.
In order to model the forceps about 42 000 nodes were used.
The assumed number of the elements and nodes secure the
right image of geometry and optimum calculation results.

Chemical constitution

Mechanical properties in room temperature

[% mass]
C% Si% Mn% Cr% Ro. Ry E N Hardness
[MPa] [MPa] [MPa]
0,12-0,17 <1,0 <1,0 12,0-14,0 250 600 2,2.10° 0,29 225 HV




TIME 10.00

<0-Z<g

In Figure 3 the

ﬁ..: S e O () 7] Y
g Eg238 £8480
nmnﬂ“.ﬁ tywew
2 "5 E woEES
3 Sp2= °S5S382
g @ O O @ S o 0T 5
& » & E E2E 00
»n < bt
5 e" g g 82
P O L =23 8 g c
- 2 S OEZ S w® 55
b ST L 08.E5Z 2w
g 5 “ L os=Tg e oo
= 5 v EE2E8EEEES
— g w O £,55E2 588
[} = - nanl 9 Erg o =T
3 z 552252258
_ ;rm .he.ﬂmtwetg
m R o< I & O o=
2 SESS ml.w.cva.m.mm.us
o k S 2 23 Ewse s
FH ’ 3 8
- m 2gllace s,
Eaap -
g HHH A S2EZ8Es2=33
= g o R = BN R =
o O M i ESE8agge’”
; i% gitd £Les5, 25521
= —~ [ \ pmawodmw.laomo
c a Eees 2 ;ffspicdpii
= [ | ()] w 2 g8 E8°cfgaek
c IS [ | o o g Sz @ R
< 5E Iay 5 Z2275.5z87%
mm [ 2 b &mﬁ&cmam%&,a
= O A& | iz k= SgE 2k SW.J
o _ _ 2 s o ehmwtm 20
o £ y=sas 2 ZogisEZEoil
S g S 3] SEyEngo Dt
R [ | o S wu » o D= )
< o | | o} %prvbnnfeapmh.mo °
= 2 __ | o 8 254922 gasEs 9
. { o E ®m © O o v E -
o= [ | v &£~ g5 59222 w©
\ ﬁm _ w ShbkEo® & 528 3
i =5 : :
W S S -
&.: Q o = §
2 — 72} O »n G
, - S pepzz 3enps -
-] = 550288 EZ,08Q3 -
¥ S 2 mNmtr 5 5@ E ®
3 |51 S s @ g S5 8 o o 2
L2 Q S8 i) = 3 o g
= = — T o mCTCC B
EE s I2s 2 sg2de ot
2¢ £ gLlZ5E ggfg7 -
£ . 25£3s TEsig :
g 2 N 2°E25 5285¢ =
3 o5 v > E£888FE Togeg 8
mm mm > e LL amseg .|V.4S...|.0dﬂlf c
EAS < g eE SSE 5% 53 S
& bg = - = o O [} @©
z5 R=] L teWOR rmrwh <
& =g v sE g7 EE5g3 7 2
> (] (5}
x E= e o 2.8 g
£ 2 A “sEE2 E8E g -
28 9 = 58872 & ] 28 2
i = RS o = £ o e 3 c
i 2= SEmEE s2E0 ;
I g5 2248E 22«wwsol o)
8z & o = 0 a = » o 05 & c
& o A T = o<Do & = @ 35
e E B = < B
o8 n O 4 = 5 kS 8
i 2 8 2 2498 H 09270 o
=9 g's T 258G .2 SE g9 g
L r_.m %demd T o S 2 5
©g nm.l eah a ChS.Ua c
3 3 — 5% 3 EC &8 & G
. 2k v £2558 2T 55 5
i 3 2 FomE R gEBE o
3 2 £ E's =gTEe y
i S @ SEsE S50 E g
5 s 8 — < o n 0 2 8H 3
‘ ES S8 0OE5E 2. 3
S g L w Q& n
238 »E 0o § S b O S
23 o a2 32%5¢ 3
- & = 090 emeSﬂ 3
— = ed..mn...u nﬁdeS 2
. O S8 282K °8388 ©
e = .2 = Ao © 90 o
.ILW o Qo © o = w»n £
9 S B n a.mma >
ISERSIE = as 28 P

geometry.



Journal of Achievements in Materials and Manufacturing Engineering Volume 24 Issue 1 September 2007

A ALD wersiom 330 13 Py 2076 Lisnsed om ADINA FAD ln.
RLALTACAT SIMCLATIGH DF BT FORCEr e Y 20 K LACK:

v

e

&

SMOOTHED
EFFECTIVE
STRESS

A
D
J
N
A

RST CALC
[1ME 10.00

PRESCRIBED
FORCE
TIME 10.00

| B0
&

A
D I
] HISTRIBUTED
GONTAC
N FORCE
+2.000
A [IME 5000
[] 3.814
P
e T ————— e T o
frg—
NS ——— =g
Fig. 4. Contact Forces distribution [N] in surface of working jaws
A o
n 005
i i
xj 019 e a.com T e
B EREe STl
T e e oy l
— PRESERIETD B
0 — FORCE
025 l 08500
g -0
z
;? -0.35 -
ana]
045
40
-0.55 —
00 — Lv
e R e R R . R R B R R e R R
PRZEMIESZCZENE [mml

Fig. 5. Curve of changes of applied compressive force in function on the distance between the tips of the working jaws and the point of load
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At the end of the working jaws there are: a hole in one arm
and pin in the other arm. These elements prevent forceps jaws
against shifting. Taking into consideration stress distribution,
these elements pose some kind of notch and result in stress
concentration. At the forceps surface in the vicinity of the hole
there is local concentration of the effective stresses. When the
hole is too big as compared to the forceps thickness, this place can
be affected by a crack. The other arm with the pin is not affected
by crack but it is exposed to corrosion [13,14]. In order to
improve corrosion resistance pins are generally made of the
material with lower carbon content.

2.2.Nlumerical analysis of the bowl
cutter

In the first part of a bowl cutter designing process distribution
of cutting edges was established. Figure 6 shows points, where
holes with cutting edges will be made in further stages. These
points are arranged along three spirals.

Fig. 6. The design of cutting edge holes distribution on the bowl
cutter surface

Cutting edges distribution on the bowl cutter surface is of key
importance in the cutting process. Badly designed or inaccurately
made cutting edges will have a negative influence on the
effectiveness of a bone cutting process. The graph of cutting edges
distribution was a base for creating of a numerical model. Figure 7
shows finite elements net put on a geometrical model. The
numerical model has been built with 3,348 coating elements and
3,360 solid elements. The first elements are shell type with
6 degrees of freedom and the second of 3D solid type with
3 degrees of freedom. Totally 8,382 nods of MES net were
generated. In this work, the modeled bowl cutter was made of
1.4028 steel according to the European Standards. The basic
property of this steel has been shown in Table 2.

The results of the numerical analysis presented as a stress
distribution (Fig. 7), show state of the stress on the surface of
a bowl cutter, which is the result of a static load/force. Its maximum
value is on cutting edges and around holes carrying away bone
chips. The biggest stress reduction is observed in the middle of
cutting edges and ey = 114MPa.

Numerical modelling of structure and mechanical properties for medical tools
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Fig. 7. The numerical model of a bowl cutter. The map of stress
reduction on a bowl cutter surface, [MPa]

The stress state on the surface of a bowl cutter in every point does
not exceed a yield point, suitable for the type of steel chosen for a
numerical analysis.

In accordance with the initial assumptions the edges of the MES
net elements were about 3mm long. During further numerical
analyses the length of element edges was gradually decreased (MES
net was being consolidated) and maximum dislocation was being
cooperated with the previous model characterized by less thinness of
MES net. These procedures were repeated until the moment when the
difference in maximum dislocation was smaller than 0.Imm. The
constructed numerical model had optimal number of elements in
reference to its required precision. The load of a bowl cutter was
chosen in accordance with required proportion between the area of
a cutting surface and the resistance of a bone. The place of fixing of
the bowl cutter was in the part of a fixing ring.

3.Description of the results
achieved during own
research studies

3.1. The methods to prolong/
increase life resistance of bowl
cutter

The numerical analysis showed in this work does not take into
account the consumption of cutting edges of a bowl cutter. This
problem will be the subject of further research. In Figure 8 state
of stress reduction with a wide legend area was presented. The
wide legend area is a reason for connecting some of the stress
areas, which are situated near holes. During the designing process
suitable location/placement of the depending on the size of holes
is the most important task.

Design errors and the composite state of stress may sometimes
result in buckling of some area of the bowl cutter. This phenomenon
is very difficult to analyze using traditional methods, because this
effect is caused by stress whose value does not exceed a yield point.
The buckling results from reduction of a material tautness in places
near holes of a bow! cutter. It is a critical deformation and the tool
becomes completely useless. In this case the numerical analysis is
helpful in determination of a suitable sheet thickness.
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Table 2.
Properties of 1.4028 steel (EN)
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Chemical constitution

Mechanical properties

[% mass]
C Si Mn Cr Ro.2 [MPa] [MRF;a] [MEPa] N Hardness
0,28-0,35 <1,0 <1,0 12,0-14,0 750 2,2:.10° 0,29 235 HV
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Fig. 8. The state of reduced stress on bowl a cutter surface, [MPa]

For the analyzed bowl cutter the input sheet thickness was
g=1[mm], which made it possible to obtain the optimal
working conditions. During the pressing process the bowl cutter
sheet was thinned by about 30%. The thinned sheet was not the
same in every areas of a bowl cutter. Because of that, it was
necessary to carry out a numerical analysis taking in
consideration the change of a bowl cutter surface thickness. The
pressing process ought to be the properly designed and carried
out. Graphite grease was used in order to guarantee the good
condition of a bowl cutter pressing.

Heat treatment is a key element in a bow! cutter production
process. Heat treatment enables changes of material structure
and its mechanical properties such as: spring rate, yield point,
impact resistance and durability. Heat treatment makes
it possible to obtain a very hard structure with a high spring rate
and a long working life, but these structures are brittle and they
tend to crack. The load of a bowl cutter depends on
the surgeon’s strength and the geometry of a bowl cutter can
be affected by non linear change of strength and the bowl cutter
structure sometimes is very brittle and sometimes leads
to spalling of a cutting edge or cracking of a bowl cutter.
On the other hand, too plastic material will be characterized by
lower consumption resistance. Taking into consideration what
has been mentioned above heat treatment ought to be designed
so as to obtain suitable proportions between mechanical
properties of steel. In this case, maximum reduced stress
Omax = 114MPa obtained during the numerical simulation
is two times lower than limit of a yield point of the research
material (Ro, =250MPa) and six times lower than its limit
of strength (R, = 750MPa). These parameters guarantee optimal
strength properties.

Occasional paper ,

3.2.The ways of improving durability
of foreceps

In order to improve working durability heat treatment of
forceps has been designed and carried out.

During further research two ways of thermo-chemical
treatment have been chosen:

o heat treatment in fluidized bed,
e vacuum heat treatment.

The parameters of these processes have been chosen
separately for type of forceps material. The better quality and
property have been obtained after heat treatment in fluidized bed.
Figures 9 and 10 shows structures of forceps materials before and
after heat treatment in fluidized bed.

Fig. 9. Microstructure of material before heat treatment, nital etched
in scale 1:2 000

Fig. 10. Microstructure of material after heat treatment, nital etched
in scale 1:2 000
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In Figures 11 and 12 it is possible to see the distribution of
microhardness in surface area of forceps materials before and
a after heat treatment in fluidized bed.
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Fig. 11. Characteristic of microhardness HV 0.025 in surface area
before heat treatment
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Fig. 12. Characteristic of microhardness HV 0.025 in surface area
after heat treatment

The structure of forceps after thermo-chemical process in
fluidized bed is characterized by tempered martensite metallic
matrix with microhardness 535 HV 0.025 with participation of
precipitate of carbides types Cr,Cg and Cr;Cs). Differences in
forceps structure before and after heat treatment depend of the
quantity grows of carbides precipitate and is result from the
activity of carbonized atmosphere.

4.Conclusions

The environment, in which medical instrumentarium works,
imposes new restrictions on the procedure of design. Among other
things, material corrosion and resistance to different sterilisation
conditions must be just into consideration, of course in agreement
with all mechanical parameters.

During numerical analysis in order to improve working
properties of bowl cutter the, was carried out optimization
procedures enabled to choose a suitable material for a bowl cutter
such as 1.4028 steel according to European Standards. This steel
after heat treatment gained required mechanical properties,
acorrosion resistance and a resistance to the conditions
of a sterilization.

To obtain required properties of material used for a bowl
cutter pressing 1mm steel was chosen. The selected thickness
provided the suitable spring rate of a bowl cutter and also it
enabled to take into consideration the change of sheet thickness
after pressing.

Numerical modelling of structure and mechanical properties for medical tools

Analysis and modelling

Depending on a bowl cutter working conditions, the
recommend heat treatment ought to guarantee a structural strength
to be three times higher than yielded point and not higher than
R, =750MPa with a good impact resistance. The structure of
material after the heat treatment process will result in low material
consumption and good working life of a medical tool.

On the other hand, in order to improve ergonomics of e.g. the
dental forceps, the two following solutions were proposed:

o forceps with thinning in the area of the force action,
o forceps with thickening in the same area.

Calculation results suggest that the stress distribution does not
change considerably, but ergonomics of the forceps is better — it is
easer and more comfortable to take hold of the forceps
by a dentist.

Modification concerns only one arm of the forceps, which
gives the possibility to hold the forceps in an easy and proper way
without looking away from the operative field. It is especially
important in the case of the asymmetric forceps, for which proper
position in the hand is essential.
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