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KEYWORDS ABSTRACT

Drilling, Drilling is one of the most common methods during surgery on human bones with the aim of
Machining force, keeping broken bones together. Due to the complexity of the material under the machining process
Biomedical Engineering, and the sensitivity of the process, it is one of the most important and widely used mechanical
Sensitivity analysis, methods in the field of medical engineering. Cracking, breaking and serious damage to bone tissue
E-Fast. is a problem that may arise with increased machining forces during orthopedic operations. In this

article, a second-order linear regression equation was presented in order to predict the behavior of
drilling forces in terms of feed speed, tool rotational speed, drill diameter and their effective
interactions. Also, to check the influence of each parameter, E-fast sensitivity analysis method
was used. According to the obtained results, the rotational speed of the drill is the most effective
input parameter on bone drilling forces with 57% influence. After that, the feed rate with 23% and
the cutting depth with 20% are the parameters affecting the force in the bone drilling process.

Extended Abstract

1. Introduction

of treating bone diseases [1]. Purpose of bone fracture surgery is to hold the bones together so that the broken member

regains its previous place. In surgery, mainly to put bones together it is necessary to perform the process of drilling
and implantation [2]. During bone drilling studying and predicting the behavior of drill axial force it is very important during
surgery. If the axial force is excessive, the drill may penetrate through the distal cortex and damage the surrounding soft
environment or if the torque of the drill is more than the permissible limit, there is a tendency to jam the drill or even break it
in the bone [3]. An increase in temperature causes thermal necrosis and the destruction of bone cells. Also, this increase in
temperature will loosen the screws of the implant and damage the body [7]. Increasing the force applied to the bone tissue
causes the creation of micro cracks around the hole and damage to the bone tissue this case also causes the failure of surgery
and increases the duration of treatment and delays the complete recovery of the patient [9].

D ue to driving accidents, Sports injuries, old age and... Performing orthopedic surgeries, it is one of the main methods

According to the results of the studies, researchers have not yet reached a comprehensive and accurate opinion about how
the force behaves during bone drilling. Therefore, studying the factors affecting drilling forces is necessary and unavoidable.
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2. Modeling and experiment methods

In this research, taking into account the rotational speed of the tool, the progress rate and the diameter of the tool as input
variables a total of 27 full factorial experiments have been conducted and it is modeled by the response surface method and
using the central composite design. E-Fast sensitivity analysis method was used to express the influence of each factor.
Sensitivity analysis investigates the uncertainty in the output of a model and it states how this uncertainty in the output is related

to the uncertainty in the input
The regression equation governing bone drilling force is equation 1.

Cutting Force N =-149.2-0.04296*V-0.138*f-21.97*D+0.000012*V*V+3.684*D*D-0.000106*V/*f- o)
0.002633*V*D+0.259*f*D

3. Sensitivity analysis of input parameters on drilling force

In this section according to the modeling done and matching it to the experimental data and considering the effective factors
in the model, tried to explain the effect of rotational speed, feed rate and tool diameter on the axial force behavior.

3.1 The effect of the rotational speed of the tool on the drilling force

According to Figure 1, as the rotational speed of the tool increases, the drilling force decreases. The reason for this is
that by increasing the rotational speed of the tool, the chip is more easily removed from the hole. Therefore, it prevents the chip
from getting stuck in the hole and increases the friction between the hole wall and the drill bit. For this reason, the axial force
of the drill decreases during bone drilling [23].
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Figure 1. Effect of rotational speed on force

3.2 The effect of tool feed speed on the drilling force

With the increase in the feed rate due to the increase in the thickness of the deformed chip, The force on the bone
increases. The lower the feed rate and penetration speed of the tool in the bone, the more chip will come out. Also, the thickness
of the deformed chip is reduced and finally, the forces entering the bone are reduced. This is consistent with Figure 2.

170

150

[EEN
w
o

Drilling Force (N)
[
=
S}

10 20 30 40 50

feed rate (mm/min)

Figure 2. Effect of feed rate on force
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3.3 Effect of tool diameter on drilling force

According to Figure 3, as the diameter of the drill bit increases, the drilling force increases with a slight slope. As the
diameter of the tool increases, the contact surface between the tool and the bone increases with the ratio of the square of the
diameter and as a result, the created forces increase.
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Figure 3. Effect of tool diameter on force

4. Summary of the sensitivity analysis using the fast method of effective parameters in bone drilling

In general, in examining the sensitivity of force behavior during bone drilling, the rotational speed of the drill is the
most effective input parameter on bone drilling forces with 57% influence. In addition, the feed rate of 23% and the cutting
depth of 20% are other effective parameters of the force in the bone drilling process.

M rotztionzl speed (rev/min) @ Fead rate (mm'rev) @ dizmeter of tool {mm)

Figure 4. The effect of drilling parameters in E-fast method

5. conclusion

e By increasing the rotational speed of the drill, the drilling forces are reduced due to the ease of the chip exiting
the hole.

e  Due to the increase in the thickness of the deformed chip when the feed is increased, we will see an increase in
the drilling forces.

Drilling forces will increase with increasing drill diameter.

e  The rotational speed of the drill is the most effective input parameter on bone drilling forces with 57% influence.

In addition, the feed rate of 23% and the cutting depth of 20% are other effective parameters of the force in the
bone drilling process.

Mechanics of Advanced and Smart Materials Journal 3(1) (2023) 83 — 94



AF B AY Olris 1FoT Jlu ) o)loid ¥ 038 candigh g 4y e SoilSo

\§ Soouogh g 4B ply Slge Sl LIVL»»»WA'S' _I

"o YYAPFYY. Lo 2iouiigs g aid ity 3lgo Swlss els dlxo

Comd— 5l gy 4 Glggiuwl 55 EHgw G 2 HI0S 5l Jolge Conwlus )"JL’T

e Ll aal 2ol e Slal s ool s ol

sousanabadi@arakutacir « )l ol s ool pl ooy ple ol8iils (SilSlo  pusigeo 0uSLElS (SLilSa cusigen 09,5 )|  guslit IS

torabyalil991@agmail.com o)l pl ¢y a5 ¢ 5,85 olRKaSNS ¢ gwdige 5 (69 00Siild (SSlo cwdiges 05,5 i)l cwlid IS 7
omid.khalilil992@gmail.com «l ! « ST, (STl cxio ol8iasls (Sl 0aSLisls «Sslo  cwaigm 05,5 iyl cwlid IS €

ouS Sols 5519

ORI ol Baa b Gl plyzind 9, 2 (>l Joe plan 50 oy, 0 Spgm e il (S0 65 E 9 g
ol 5 615 e Atslp o esle Sy g 41 0Bl o 00 LS 5 0id S glaglgpand  SIOrileser
S oS 5 Sl el (S (qmaign 035 50 (SilSo (SS9, (0530358 2 5 2 iieten Sl (SS9 el RO T |
S Jes oz 50 (6 )5 miilo (slog s o381 b sl Sae a5 ) (IS ylgseinl Bl 4y (ga ool g RO |

Slg i 518, (i sskileds pgd dipe (grw )T, (ot dolae o Wlie (l jo ol dgzg A Gl IFTYITS il o b
ab &l gl S5 sl aiSeny g die sl lnl (Sligs S (Sepbn S o GBELIY Vv iS5 6
330,85 oolii] Cand (gl Cosla SIBT g, 5l eyl 51 G (6138 51 Gl ()0 (6l rizren VEXI-¥ITA 1oy )6
g 1 6395 bl NS 3 GSb s BY L e Jlyss Cae g seliewsdy gulis b gillas
2 55 syell aoy Yo b ip Goe g 000 Y b 5908 55 01l el plgseinl (6,5 9

it lesetl (6 157w ainl 8 18 g5

Aoddio - )

oleys slagssy prisbel | (Sl ensi Gl bl g (o SIS (50555 Sl Suily s e o

g 5 ol lalaaitnl TaloaSs SouSs JUS s (olyiinl (S2uSs ol pll jl Gun V] ol Slssel slags Lo
4 5k bl (ol 58w LS 6l Baes >y sl Jos o 0] Cawd 4 | 595 LS Sl Coadge ouds auSls
1570 o ) (i 9 aalllae lssil (5, 5E g plSim 4o (V] el (I35 Cilal 5 (5,5 g T3 plox
958 Jlaas 723 Gayb 5l ate el (S il 9ol i (55970 S9 SST Bl e Sl b Jlens (P e 50 o
S by e 595 15 4 Jaled Bl lme o 5l iy e jglaS STL g wlep col O SBLbl e Laome 4 9 990
o olaladl g58s 5l 4z i B o b Wlgs oo g9 J S St | g yeSose LT 510 sgzg lgseral o s
5l oalil b astdlss ll5an g 550,50 [F] aylas (6,255l galy sloidly 5 Glssinsl 4 (395 ol 5 (2 Jos >
Oyl (6,18 ile S 53 9y 5 Les 58, 0] wrssy sgup 1) olyeid COb 4 5 Jloel by, (Sl ptmmms S
58,55 olml el oo 2ol @ 055 )8 380 aalllae 950 Wb dige Azl 4 e lp g Sl Coal Sl Ly

! Orthopedic surgery

SAPSYTE QNN 10al gt ol g
sousanabadi@arakut.ac.ir : g xS Gy (0]



mailto:sousanabadi@arakut.ac.ir
mailto:sousanabadi@arakut.ac.ir
mailto:torabyali1991@gmail.com
mailto:omid.khalili1992@gmail.com

A leds asl 5 sl 013 0LT (usgen (ol

8l el 5 il g o 1 el Los el ool i w9 0l sl Joks 558, 0 5 5
TN 5205 al33 1, Olyid 6 A5 85 15,5 5 s S b s 3y pliions V] s alys o 4
Gl g 99,5 o0 lpFeial S8l 4 ol 5 g SLEI o oS 5 5 S sloml s plggeinl S8L 4y Jloel (595 il
Jloe! reizman 1] 00,5 o oy olS (52542 50 2506 5 Sloys ooy e Glil 5 (2 Jee G 2 ge 55 390
6 5 5l et wdians L1 & drgs b b laiias] B0 8 dle (i 4TS ey el Sae 45l s (5900
wose 3 g sloyS sl YL Hlaiiin] o5 E s AT slog s 45 Slake o s obml Syl g (6 5E e
Lo o1 L aglge oy o g &l amyo Jole 98 4 aunly ylgseinl céb p o)l > )....L Dy asle> iy 1 6 )5 g
SYsb & E g ey Daa b 39, 513 595 3l pledinl (5,5 E g plSim 53 &l 4z 5 48 S pgeyn 1) ) | sl e
il g e Sialil a8 axsls ol ol V] 005 oo g oy 00y slacdl 4y oy el Sl 29
b ey g8l a5 abls ol e 5 J Ll VO Y] 008 o lssid (5] g an] B 0 5y el g
Sz ) Ao 958 5 (0 ey JMhe (1S olSen 5 Sola V] 005 e anlp s 50 5 IR cage
22 55 ey G Il S0 S o5 izdly o e 5 Slrbog VY] wisgas Bl 555 liee nteS 4 e
DAL ol 150 o8 (6,555 5 atisls (5,970 (590 Sl puss

el ()¢ pBn 50 950 18, (Kisa (50)b) s (1 Kaagh ead plonil Slalllas 5l Jol> bs b Gillas
5 bl bl s (5,55 5ol 5 gm slagi 5o Jage Al 18 e 35 5 e 85 S 4
Sree oot sl 31 b 3 S rer 5 ki 39 oy o IS ool slo el 5, 1 dallin b gty o
Joe S zgys 0 el pae ool Tt o0l T (gl ol 3BT b, 5l alge 5 S (6,8 il
Py ) 03,5 o0 LS e (63959 )0 Combd pae 4 ARy (25,5 )0 Cunbd pae l aS wlei oo L g 03ges o0
55 o0 )18 ookl 3 90 Jae (29,5 50 Fhe S 5 S5 slaylel il lulid sl
Sl -

5 Cod (gl Comlas 2B () oS ) e 9 00D iS5 oy Syee Joe Gialesl (o lb il il o
bl (b -1 -Y

sl RSl 09,5 sle el sl ok (2 idiat pasiS 5 lelid dagilejl (>l b, 5l ealitul Ban

3 e Olsieay “"é.wl.é v oy, S low il ¥l coaS g andl pals bas i ¢ bilas 5w U cul Jgame SO g

L;a.b.m alayl, 8L glaieay G’OL’) @‘5_» dloul (gl a5 el 6)L°—‘ 9 G'al") sy, 3 slas gozo ‘Q,...:Loj u;’"‘)‘b sl g,

18] 05,000 )15 0 calizes adgs slaan T silutine 5 (29,5 5 3959 Loyl o

2 8999 Sbiie ;15U Calghys el oad a8 A o ate HlaS g (59 0 (S S B 6095 Sl

el 28513 s 3590 e (5970 S90
Wby g Slgo - Y-

Sl o Hlpl Slhge S s g ot 75 Ol Hh8 o el b el (6,87 g anl)E 40 gy 8, cwyp )0
3590 55 g )0 lginl Gl o eall dlonl (g9, Jlade (y iion paiored (el oul 413 S A o MT)S ©95,9
el ool ool o Lo Q- Tojw Jsb @ 35 o, 056 olgseeal 5l o tole;l plosil jo .ol 48,5 )13 Lo g oy 0

2 E-Fast
3 Response Surface Methodology

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



G- 51 b9 4 gl 6 E ygu (5975 2 S 15T Julge ol 5IUT  AA

J8 51 6 )58 g slo il )l ol oo el Glusl G 50 99250 (laglgmminl 4y o5 (lgsminl (Sl 5 (K508 slo S s
IV T as Cbal gy 5)) slades o> 50 )1 sloosl 5 39290 SVl Galal 2 ate Jlad 5 1,90 S pos

B asl andss ol oley Saw glasriwl b ogei; floj 31 Ul ool QT 2 o ddllas cds golidl Lo o
il il Gl iz Joe e 50 plegeil (55 E g a4 (g ey caleds

alo3T plowil oguis 9 g 3lwJoro =YY

GialoyT YT slaws (6099 slo i plgicds jlnl ad g (g9 iy F 5 lpl (S99 e ls Sai o b ragh cnl 5o
).».v \ Jsu\? )\b w‘ AW LS)L"“JM 6;).0 us).c C)Ja )l ooLa...,..;l la 9 CL...J[J C_'a...q uqs) LY 9 c\.d)f u)ﬁ..a JL)5..515 J93
ol Como 5 285 0 YU jsbateds o iolej] plmil jo el oo 00,5 ialesT YV jo sl (59,5 sl yuae polie
2 6l 2l o oad sl (55505 plsrear oad sl 98 e 5eSiles 5 Cesl 0ad LSS b aws alojl e (iales]

olal g0 o yioles] oaid g lallas olow! 5l 6,5 gl jsbateds a5 ol ;S5 & o3V el ool 5,155 il
L7 ] ol oas plonl

Sl piio o 12 (6,825 905 (79,5 Tl Sl 90 i po (o guw S dolae SO ks mlans b, 5l eolail b
b &)1 (6 )5 wble sl il L) (5099
el Vb, & ygots sl 65 g Soy 2 @S (ymsS ) silolae

Cutting Force N =-149.2-0.04296*V-0.138*f-21.97*D+0.000012*V*V+3.684*D*D-0.000106*V*f-

0.002633*V*D+0.259*f*D M
o0 (5 350313l (598 y20lie g oy plowil (s LT Y Jgur
] oyl Olygs L s Sar5 wo sl gy ol e RUTEREE $ar5 Wyl gy
apmy  mm/miny @mm) (N apmy  mm/miny @mmy N
) o \ YO  AAf \0 Yoo Y- f AY
Y VO - \e YO VA Y2 O Y- 0 yray
¥ YO \ YO o sRY VY VO Y- 0 Vool
¥ O - \ f IR VA Yoo Y- 0 A4
0 VO - \e f YA V4 O o YO  \e¥
2 YO \ f FAA Y- VO o YO APA
v O - \e 0 yiay Y Yoo o YO o vraA
A VO - \ 0 AY.Y YY O o f VYA
q Yo \e 0 vo£ Yy VO o f yevy
V. O - Y- YO WY YY YO o \ NA
N V0. Y- YO AMD Yo O - - 0 VFEA
VY Yo Y- YO o vay \i2 VO - o 0 VYE
VY o - Y- f \YYF Yy YO« - 0 VY
Ve V0. Y- f .Y

Y oslous /Y 0590 INFoY Jlu /o 5 iyl Slgo Sl



M s dal gl ole « Sal5 G3LT cpmigus i

S5 y5m 51!
Olsiil digei /

: b1,
aijle
EEEE
i mm SRS
Frogeliys

Olgdin! (8¢ yom Sialosl plaxil b, ) JSi

Cond (5 Copwlms Jodoxi gl g, =¥ -F

e (795 5 69959 Dbl o bLs ) &) 5 Jaw 4y g pdpolazel (alidl g Jae (50,5 ool sy ol 5 JUT
Sl S 5 w0 o L) Sl 5 (6355 Syt 4 (Frsly AsSe Joo WS o0 (e Orized 9 s 03l
Sl y Gy wul 8,518 axgis 00 Jter & (seges Camles LT sl 5l lojem ailige Laosls
e (295 (IS o)y 50 (63959 lasel)l 5l Sy e e D90t Culus (a3 Ls o) cnl 5o adbioe by
las3g)9 5l Sepm @is €95 5 SO0 RS @
$39)9 polie Slp dged 05 @
$39)5 Saigel acgorme 51 S o sl Joe (9> Al @
ST 0 899y H5S L e )—‘-’L’ Sdule @
25) pyo saiye 23l 5 sl 4 pe Sl ammlone 1y aBlgin mlly S0l 2 (sages Comlan RIUT lashs,
2S5l 3 oolituls 9o (wdlioe ;00 sla el (o S e p el
ol 3hadibior milly w5z sl p oS el Jate 1 s 5 (g ol sl SIUT (sla g 51 (S cend (6l 2,
Dl go dl)l Al o diz o Cado gl By 0 )5 0,8 sl CSESs 1l g (oSl slaJae 5 sl sl Ol se s,
()25, 5 Lsos,5 e (C15Sh 5 () (B8 4555 50 5l Jiins g ol eyl il 2 g b5, Silen s 02
anaiz sla ISl 5l S slagmilyly 5 S mlyly 0)s] Cawd 4 (6l 45 Jige gy DS by, ool Abliee
g, (§lwosls cge 9 05,5 hawd un ST b LKl 4 ) gamaiz sle 101 Jasl b cay o b )8 oo ool
92 5wz oo jl oalaiwl L1 (K™) (694,952,955 gum N (glad cud (gl [hg, 00,8 oo ol s o li dulxe
LYY ] a8 o 998 oS el b ¥ olas 5 slacgass b sodiiy a5

1 1
x; = > + - arcsin(sin(w;s + ¢;)) ™

&9)"""4"49"¢L 5.\.»56‘0).:...:)“. L -1t (_go)l;)oafwl 6,..:...0533(1 )95@44"05.:).0 u..ulf)s (l= 1,2,-~~,n)(ui

D9 g0 03 i3 4y ,98 3 IUT 5l eolatul b Jow > g,5 (wils)ls i8S o asein |, e

Y oyl ¥ 0555 INFoY Jluo [ tkaigh g 4 iy Sl SenilSeo



o= 5l b 4 plaisd 65 E g $3555 2 N Jolse Capmlns T A

1 (" 1 (" 2

V() = %J-_ﬂfz(s)ds - [Ef_nf(s)ds]

0 N )

~ ) (4} +BY) - (45 +B}) ~ 2 ) (47 + BY)
=1

j:—oo

5o a8 waib oo 4,98 ol o By g A (Jlsl mles G f(s) = f(G1(sin(w,5)), G (sin( w;5)), ..., Gy (sin(w,s)))
el 00 00l L)L“'“" I\ 9 ¥ ‘L’J‘B)

1 s
A= ﬂf_nf(s) cos(js)ds )

1 T
B; = Z—Hf_nf(s) sin(js)ds )

)X 69959 Jol 4 yo 532 milyls (g5 o0 PW; 31 YL sleSisgn,lo 5 wialy (uilS 8 (6l 4588 sl o dlona

D) Cewo @

Vi= D (30, + Biu) =2 ) (A3, + By ®
p=1

pez®
oolatul (S5 il lg a0 Jgl 4 yo (S5 (il lg o 5l Jiges (B9, aiile (ol Coslur (atls dule sl p (e
Wl oo Caws 4 7 sdlolas 55 IS Cpnlus a3l oS o

ST, =1-—— V)

elise S X 2l et sz o el aos ks 51V Gl s

Sliss 5 S @ GResh (nl o eadad S5 4 coles LT e

(69955 yeolylb 52 (5l o uilS )8 e gazmo 5 LuilS )8 G olgzdody ols s

S o0 1) 63959 sla il den (GLAS &S g gl (Jmie (Brne

795 Sln a9 Jolod alwsay (IS 4 e g Jol a0 Coli slamail anlne
I E e S92 595 2 62959 B )yl Comlus ol -F

Joe 59 55 sl ygiS e (385 1l 0 b g bastalesl sbaosls T Ballas 5 ou plowl gluJoe 4y g5 b i ol o
S oslate opl el (gl 00,5 o 15 (55950 (S90 HUB, 50 Il k8 g (g9 pien 75 Sly90 e GBI B el o0l (06
55,5 o0lil e 38l 5 10 s Al S8 & s — gl Cepmnlia 3T s,

SIS E g $955 32 5l (Sy90 ey iy -V -F

Ol L aS el cpl el ol sl oo 2l (6,7 e 95 lnl (Slhsd e 1AL Y S L Gillas
Thgw o)l o SBasl (iol8l g 2l gm j0 00l p 0,5 15 51 wgd co z, 1 Elhgm 3l Sy ool Il Sl g0 oy

Y oslous /Y 0590 INFoY Jlu /o 5 iyl Slgo Sl



- el sl (il (e (SIS T rargus (ol

160

[N
N
o

[REN
N
o

100

Drilling Force (N)

80

60

40
500 1000 1500 2000 2500
Rotational Speed (rpm)

3130 (1590 et s O ki’ cnn 3 (5 TNy (590 HL8, ¥ S

SIS E gm0 S5 3 3l (§9 i ety 3T -Y-T

Az S oo Iy SRl pleseiul 5 0l (69 aiBly JS& seans ool Calis lil cle ar g0ty 5 SRl L
ool Culds (yrizren DLl sl US| fliy Cdgeu b ool zg,5 ol yiaS (lgteinl )0 0l 3985 Cae s 9 (59 58m £ 5
Lols B sy ¥ S0 b alioes ol gn ol olsial &y o3l (slog,ed Bl 5 00 oS sy JSb s
S B Wb Sl a0 1A w,ls 9gzg Glgttiel & caml b g ate ol 4SSl 5,5 F g slog s il
S5 sl e 0 Sl (2l e e )0 682D s sy

170

Drilling Force (N)
[
[
o

\:'J;
® g1g0)>218 :(_;air: -4
70 ORI

10 15 20 25 30 35 40 45 50

Feed rate (mm/min)
9yt T Oyt s 1 (555 E N g (59 575 LS, ¥ S

SIS ELgw 98 2 oIl b8 586 -T-T
LS e Loy Gl cpordle o b 5 S e il s ol sialice B ¥ S5 )3 o5 sbolen
13! ool (g5 msiys 5 03,5 Iy el b ppicn o b il 3 5] ot oled a5 b
55 ey 0,90 s sial3él crgo b o (6, E] g (glog s ool ly yists sy S b (slaae 3l eslital .l
2 Sz Sl laaie S8 b )58 5 5,500 Gymen ol ) ced T 5 9 (el 050 10 1085 o

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



Comd— 51 b9 4 gl (6, E g (95 2 510 33T Jolge Comlins 3IGT | AY

LVE] 08,8 solin] saug,l slo o

170

Drilling Force (N)

2/5 3 3/5 4 4/5 5

Diameter (mm)

Ao yhad Ol ki o 33 () Eyguw (59 HLS, F Sl

Olggin! (U E g 53 Fgo s ol yly Comd (6l gy 4 Comlus LT Gl gos -£-F

sl ool gl oo wins e i | Cend —g] by, 4 U tel )l ol T gl a5 B S b pllae

ol ays OV b ate (Slygs o clainl 65 g o> 53 905 ) Conlas (cwyp 53 (IS psboas 035 e
Aoy Vo b oy Bee 5 00,0 YTV L (69,tn 53 (T3l ol gl ()% j5m (slog i 2 (59559 yial)ly (25,138 5
oty 5Ll e cind (gl ol LT (g 5lel by aiind gzl (6,5 g AT 0 555 5 S5e sl el
ol 333 5 o5 b Glgoe (2eP bl 2 5390 syl (oS 5L sosalin podle a5 3o 1) (550 0l
e lwlils 385 jsbas |) Sl oS lo 2l 9 YU (6 105,50 b e sl ol g 00551 Cewss 4y lojpe jsboas | Loyl
Silei oo ) S JelS (Low Zuly o (g oezmn slo)bd, 335 Jelod g Loyl )L, puSee T Jelos yo acl

B (aads p 199) Sygo e M (490 p o o)sarm£5 M (o o) Sl b
9595 (59 32 0 30 o 3 (5 E g L polyly WU S

& S aii -
10 51 il ot laazypn 2alS g o il el b tales] (oL by, 5 ol 5aIlT aad 03 15l 50 039,
53,5 (el (5395 Sl ie b ialesl ik (g, b lasl )0 anl b G plonil (6l aBilejl 5 srio (slaate; plos
At (2955 51,515 (59, p (S g (oS D yg0d (63959 Sl ke 1Sy B (5 IS 51 e Corla FILTL s

Vo ylan ¥ 0595 I1FeY Jlu [ ianiign g 4b piiens Slge SerilSo



A el sl ol (ohe (515 (G3LT (pmigus

sl yaly 51 Som 55U Gliae g ol 53 lige G ARl 50 CukaS (izman 5 Cona W8S 5590 (e S5
B oy 20590 Cand (sl Commsl LT gy 0 (655 E gm0 Slogym S5y 2 Ao Sl g (698 5 ke 9 ey
ol B 7 4 RV WYY s el cd )3

boe 2ol B E g Slag s Elyges 5l ool )3 0 s Sl e (Sl Co s IBIL o

G E s Slog s Salfl aalls (goyin Slalfl plSin o il S yds ool Culd (Ll cle 4y o
92 ols>
D aasles oy ate 8 18I L (6 B g lag s
A gl 657 e 0] 8,8 550 1 ke oyl wo 3 Yo b b Bes 9 00,0 Y L (590 s
)
&l
[1] Tahmasbi V, Ghoreishi M, Zolfaghari M. Part H: Journal of Engineering in Medicine. Investigation, sensitivity
analysis, and multi-objective optimization of effective parameters on temperature and force in robotic drilling

cortical bone. 2017;231:1012.

[2] Amewoui F, Le Coz G, Bonnet A-S, Moufki A. An analytical modeling with experimental validation of bone
temperature rise in drilling process. Medical engineering & physics. 2020;84:151-60.

[3] Heydari H, Asadipoor N. Providing an analytical model and experimental study of the behavior of cortical
bone drilling the thrust force. Modares Mechanical Engineering. 2017;17:175-84.

[4] Wang W, Shi Y, Yang N, Yuan X. Experimental analysis of drilling process in cortical bone. Medical
engineering & physics .2014.

[5] Louredo M, Diaz I, Gil JJ. DRIBON: A mechatronic bone drilling tool. Mechatronics. 2012;22:1060-6.

[6] Sui J, Sugita N, Ishii K, Harada K, Mitsuishi M. Mechanistic modeling of bone-drilling process with
experimental validation. Journal of materials processing technology. 2014;214:1018-26.

[7] Augustin G, Zigman T, Davila S, Udilljak T, Staroveski T, Brezak D, et al. Cortical bone drilling and thermal
osteonecrosis. Clinical biomechanics. 2012;27:313-25.

[8] Aziz MH, Ayub MA, Jaafar R .Real-time algorithm for detection of breakthrough bone drilling. Procedia
Engineering. 2012;41:352-9.

[9] Sui J, Sugita N. Experimental study of thrust force and torque for drilling cortical bone. Annals of biomedical
engineering. 2019;47:802-12.

[10] Shakouri E, Sadeghi MH, Maerefat M, Karafi M, Memarpour M. Experimental and Analytical Investigation
of Thrust Force In Ultrasonic Assisted Drilling of Bone. Modares Mechanical Engineering. 2014;14:194-200.

[11] Agarwal R, Singh J, Gupta V. Prediction of temperature elevation in rotary ultrasonic bone drilling using
machine learning models: An in-vitro experimental study. Medical engineering & physics. 2022;110:103869.

[12] Jacob C, Berry J, Pope M, Hoaglund F. A study of the bone machining process—drilling .Journal of
Biomechanics. 1976;9:343-9.

[13] Alam K, Mitrofanov A, Silberschmidt VV. Experimental investigations of forces and torque in conventional
and ultrasonically-assisted drilling of cortical bone. Medical engineering & physics. 2011;33:234-9.

Y oylod /¥ 0,95 I1FeY Jluo [aiaiign g axb piieys Slge SilSo



o= 5l b 4 Olail 6 E g $3555 2 N Jolse Capmlns T AF

[14] Basiaga M, Paszenda Z, Szewczenko J, Kaczmarek M. Numerical and experimental analyses of drills used in
osteosynthesis. Acta of Bioengineering and Biomechanics. 2011;13:29-36.

[15] MacAvelia T, Salahi M, Olsen M, Crookshank M, Schemitsch EH, Ghasempoor A ,et al. Biomechanical
measurements of surgical drilling force and torque in human versus artificial femurs. American Society of
Mechanical Engineers; 2012.

[16] Liu S, Wu D, Zhao J, Yang T, Sun J, Gong K. Novel crescent drill design and mechanistic force modeling for
thrust force reduction in bone drilling. Medical engineering & physics. 2022;103:103795.

[17] Huang T, Du M, Gu X, Cheng X. The Influence of Bit Edge Shape Parameters on Bone Drilling Force Based
on Finite Element Analysis. Applied Sciences .2014.

[18] Udiljak T, Ciglar D, Skoric S. Investigation into bone drilling and thermal bone necrosis. Advances in
Production Engineering & Management. 2007;2:103-12.

[19] Ruiz Espejo M. Design of experiments for engineers and scientists. Taylor & Francis; 2006.

[20] M. Zolfaghari MG, V. Tahmasbi. An investigation and optimization of effective parameters on thrust force in
drilling cortical bone process using response surface methodology. Iranian Journal of Manufacturing Engineering.
2016;3:54-61.

[21] Saltelli A, Bolado R. An alternative way to compute Fourier amplitude sensitivity test (FAST). Computational
Statistics & Data Analysis. 1998;26:445-60.

[22] Ryan E, Wild O, Voulgarakis A, Lee L. Fast sensitivity analysis methods for computationally expensive
models with multi-dimensional output. Geoscientific Model Development. 2018;11:3131-46.

[23] Tahmasbi V, Ghoreishi M, Zolfaghari M. Investigation, sensitivity analysis, and multi-objective optimization
of effective parameters on temperature and force in robotic drilling cortical bone. Proceedings of the Institution of
Mechanical Engineers, Part H: Journal of Engineering in Medicine. 2017;231:1012-24.

[24] Augustin G, Davila S, Mihoci K, Udiljak T, Vedrina DS, Antabak A. Thermal osteonecrosis and bone drilling
parameters revisited. Archives of orthopaedic and trauma surgery. 2008;128:71-7.

Y oslous /Y 0590 INFoY Jlu /o 5 iyl Slgo Sl



