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Experimental and numerical analysis of impact on steel curved panels
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ARTICLE INFORMATION ABSTRACT

The low velocity impact behavior of steel panel with different curvature is investigated experimentally.
Numerical analysis is used for test results verification. In experimental method drop impact test
apparatus is used so three different heights for falling weight are considered. Also, three different panel
curvatures for experiment are used. Two important parameters measured are maximum acceleration and
maximum plastic deformation of panel. A high speed accelerometer is used for measuring the impactor
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ng:,"g;?,i, acceleration. Also, the permanent plastic deformation is measured with numerical measurement system
Radius of curvature attached to the drop test apparatus. Experimental analysis with three different radius of curvature is
Drop test modeled with numerical analysis, the numerical analysis is used for further panel curvatures so the

Plastic deformation panel behavior is estimated in a wide range of panel curvatures. The results in numerical analysis and

test (if available) show good agreement when compared together. the results show that increasing the
panel radius of curvature will increase impactor acceleration and will decrease the plastic deformation
of panel, but if the radius of curvature is increased more and more, then the impactor acceleration will
not increase further and will be nearly constant, on the other hand, plastic deformation of the panel will
not be increased further when the panel radius of curvature is increased more.
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Fig. 1 Geometry and dimension of ST14 panels with 0.7
mm thikness,(a) Infinit radius plate (flat plate), (b) 300 mm
in radius panel and (c) 110 mm in radius panel
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Fig. 2 Impact test apparatus
W0 ol olKiws 2 S

4 o jloits 16 095 1395 D8 o3 SBle  Swiiye

Sl aps 5 Jilio )3 (5318 5 b 3y9 HLd) (o Az ,b-1-1
Gy Sl JbesS bwg s gl 59, » 3 Gy sl S
0392 yarhes 2 Cuslied 4y w8590 3y (8] 20,5 (o) so5ates]
Sl 35 sl el oad plowl (Studl 9> 50) Vb ey b 450
i o o a5 o5 4] 5l g Lo IS ol o iuelS
Y ale 3o g IS 4y Sty alos 4zl el a3gy Sty
5 0l Se [ cenl odges pla il jlro 1) s (wyp a5 3
ot |y ok 8 a3 Sloke Sl S [6] S
@55 sk A S s i prr Al B a5 osged
©V¥s8 5y9 elem [7T] Ll Sen 5 Slawdpl o)l gl 4,8 Caglie,s
28,5 a5 03g0d oy p dpd Bl 3 1) Losl (b (555, b St
IS 5 (el 39, (o0 b Lgl (b (259, 5l esliiul b Sl 9>
1 535 i sl Wlin 3 lSirid 3, 2 sl o 4Y 1 18]
wni g 50l ey |y ciliiee slacalis U136 gl = oo e
Pl 098 (oo 3)ly 455 aF Jend Sy S )5S0 (A5, w85

S YUy gl s

r V9 B)g sl wps Cuslie (59, 4 Lowl ST g cnl )
Baa i S wlee Gl 4 nas )5 oFaus 50 511 5 col ouss
e Sl B 1B w3590 (9L &S j93n e pgd g
3 Lidlya Slinga oy ool 8,051 it s 3 oy i 3,952
Ol ce o Loy S dlde ol jo aS oo 0 )5 adas blug Bolas
e pe S5 n 5l Jele Sl 5 55095 05 )9 KD s 0
S b Bl 5 o ool ol ) i 1 5 o 4535 5
Sges ooliiwl (5,065 w0 sl

o lo3T-2
L 2105 220 slayl b 5214 = 5 = ol =51 =1 iz 5l V33 (sladiges
(s 39) <olen 5300 5110 bl 4w by yiosloo 0.7 caolss
s 313055 ol3T by Liales] Gobol o) TlS 46 anlid 5 ons ags
i slp el 00 o) b (3y5 595 4 (5 yegile 40 5305 20 glis )|
bl 4 gam U e 5 sla) scanle Bllasil 4 4z g5 b o 5,9 diges
2 By ok Sllanl &z b mi30 5 ol JKB g 0ud o055 )15 059
ds Sy cwaid bl 1 S ol o0 sl j2enSld S5 colal ()
s o (las 1) Galesl 9,90 3

gl oges didie g Ol b ks 0 gy eSS sl
Soges aile Hli 5)50 glrosls el ol colaiwl conlin (gl eSS
w4l S vgas Sae b oapo s led gy alaad 5l ey Slis
Glid 00,8 o b 0aly s 4 odd et e Old lawgi 4,0
odd welali g day iy (59, p Abxd o p0 b pFojlail lp e
ol oals Jato Sledlbl 0aiiS cud oliws 4y g b a5 ol

a3l aS Conl oad oals lis 2 ojled S5 8 ol3] by olfiws
5 oMbl L 5 g pSoilail s 5,0l Ay ¢ ylS Lol Ceand
oA o S el ool JuSid ooyl o ankad (6 ,l0gSS gl 4l
ool 0ad oals Lizs 3 IS 40 4,0 Liales] oK 4 JLasl ogoes

1- DH-36
2- RRST 14
3- Drop Weight Impact Testing

282



Ve 9 (53w Sl

olalixil 53V S BI9 59) b S33e 9 ) Julxi

olliws slacusgame 4y az g b pizren Bl so 4z gi 050 S

5 B s el p3Y Sxdly IS s g eSesluil o eslaiul (gl
83,8 bl p 3 oss Slewlos

0 )l (G S g ol Kwd Slowdiss -3-2
0SS gl zenSd 1 Galojl 3590 Slalad Cundge (3500 @Se (sl
bzl 5 gwain S0 4 4255 b b eS8l ol 00l ool cunlio
2 2l Gle ais ags 5l e a5 Wleads (b ¢ iolej] 8,50 wlalad
aS Cgh 2uSs gl ol S5 a4 a5V ail ol il oSl 58l e s
9 el 00l oolainl goue () ile hg, 5l sl jlolisl e
6o ol g el 5l el sad ool ylias 4SS o o oS &S
g oad ools 18 123y oald ooly lizil 4 dx g5 L Dlakad ¢ dcgesme
Ol el oas plonl a5 s 0nd g sz 950 pSe 3l
Gy tolliws ol Lolion Clo ez S 0 j5a w00 o 2SS
e Sl Geimen 00,5 (o0 Sl 39 ) Logliins a0 g 485 0,
11,68 o ghsw Sz ol olfiws jio (55, 52 degezme (nl (oged
T 052 5l o 45 od sl by oS08 5l S pe Bib Jler )0 pedie
sbml gl 05 (oo @Sme 5 e olSiwd oy tyiegle 10058 o,
ol sl a) JloyS ad g0 0 5y slo ad o elys (50 Laulys
T 0395 S L il oad 655 etile (Solo 9 55 Spgeam b ad ()9
Syge 5o o HolesS e (izmes 39h 485 59 S > ol tla
Wiled sl Gl as BT ol b e ,n8 (65 bl Ul 009y ax g5
axbad (6 el 15 sgu gl o a5y jene abasd 5l Olis el olo;
Sld loges colgsds Sloj o3b ,0 olfiws pulas 4 axg b ogh oo el
4 S ol 00 &S 0o Ll de asli 080w iulesl cplys &S o)l

Qb e Linle;T plal gl oais adles slo 2enSld soims ol

ooliiw! 390 (5,9 Whaskiive -4-2
14 -l ST T o il b eo¥sd )5 5l 4y Gtolesl plosil (s
Vsh o5, 53y 04 =65 5)lw pL b 5 yierks 0.7 Culies
Gy U5 ol 4 s £5 ol 9,5 ovas el oo esliial o5 s
Slal & o wiged ally (o0 5995 (> o )5 0 350 (255 L
9y 00 dlul slaosd s axgi b 4 Cowl oo g yieuka 220x 210
JSs b)) culs aaslgs tesdis 200 % 200 sg0> auie Job b joenSls
5L T lee 5148 o 00y 2 220 x 210 slal 4 5,9 60 sga> slaxs 1
V58 Gy oIS 3l bl sl 0l o altoleT 00ls (5w 9 4
s » 1:2001-10002 ol me luitinl Bb wiges aw inlej] 8,50
Wilosls Hlas o Sl 3 elem ¢ ool iiS u’;’.iLc)"' 3w g o0

E =180.GPa, £ =1100 MPa, ¢, =170 MPa
=t Vg G peked (15 Oy 5 omles Jas By Szl Jas B oS
wo Gilel o bz 3 g Slinlel 63y IS5 5 Gliebl (ol ol
i b 5,9 5l laiged .l oo (65,5 Jass alol> s g plosl a5 e

a8l an 5 i e (Lo 30 o1 bsi elis)l 5 yrarlis 110 sl
v el 0 ools lis 5 S o

33T bgiuw i loT s -5-2
ooy ol jlogai ~1-5-2

283

arys B4 o o)l o 85 mm L a4y 0,8 S5 a4 tonii) s o
a TIPS . 2 ExY . &3 & .
GV g cid S 5l Tgose S o Kuile iy, b aS (0,5 5l
Q,0 ob) Codeo 4 axgi b sl oo aBle jiede D5 adgl s a
el ol 55 Sl Slikes 655 e (iulojl o Gy 4 S 003
oolo s o aije 4 o] Jlasl ogoni g 9500 Caid 3 S 4o el o
ol olasl s g o157 bogias glis )l g9, 51 1, 8,95 5 ey Yoaro sl 00
B> gly g i S804 3l Djse 0 (Jg wiS oo dule (65,50 sla
S8 a0 calio s jgaais 31 18 L sl SKasl &
GrSolul 1y )55 Cepu talojl 9550 dakad b oniiy 4y 5,55 5
00l dpwlone bogan gl )l alaly (g9, 5l ey Bubos pl yo aldl Logal

el
o & Sl Djpe ay Sl slige 5 oy elas b,
Tt by 5 00l 093, 00 4y il Sloil 0akj S 0y (6,000
£l s 5l oS 5hS 4B aijg 005 oo o (o T5kS 46 aijs o L,
Bas 4 Ay 095 p Al 0 .l sads o, (55l 40 330 ¢ 20
&5 sl Jol 5l oolinal b g Slhacl 9525 pac (58 b Ce s S
dle 8,55 alazd gl (1) alal) e o 1 03l (oo Ao L3

20,8 oo

h =20cm - v =20M/

v=\2gh— | h =30cm - v =24M/g 1)
h=30cm - v =28M/

ol 6)1’.5°}"'\3|_1 -2
il 353002 Joe s Sl g olSKiws S b 0asy 4y o Ll
GrSeslail gl Sl Glaw 2040 o0 (5 S0l IS 8l PCb o5 ,0
Sl by o abl (o o @ Jate a5 5 0aliy 40 S8 > Ol
Gl 008 (655 o3Il oliws S orle e g Ay degesme Ay Juale guins

Sy S gt (g S0 3l =22
sl olSiws 4 e (6,0l piaw bawgy IS sl Lol
I yews S las o, S05lasl jo sl [S3 ay p3Y 1085 0 Cud 500l

Fig. 3 Head of impactor details
005§ dsypd 0 pur LSy 3 S

1- Impactor head
2- Ccomputer Numerical Control (CNC)

4 o )losts 16 095 1395 D8 e Sille Swliie



Ve 9 (53w Sl

Izl (53V9d Y9 590 A48 S33e 9 )T Julxi

=

250 -
(i) Panel A

\(ii) Panel B
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(iii) Panel C

Fig. 4 Loading fixtures, (a) Three fixtures, (b) flat fixture details

250 [
200 |
150
100
50 f
0 . u ‘\MMM“
50005 25 o) 045 0.65

Fig. 6 acceleration-time diagram for flat plate , drop
height=30 cm
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Table 2 mechanical properties of impactor [10]
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