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Consumption work of GH4169 spacer plates in positive
impact by blunt rigid projectiles

SUN Yongzhuang, LYU Zhongjie, HUANG Fenglei, LIU Yan
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: At the initial velocity range of 380~680 m/s, positive impact on GH4169 spacer plates by 8 mm diameter tungsten
spheres was performed, measuring the initial velocity, residual velocity and deflection. It is obvious that the first plate is mainly
subjected to shear damage and ejected cup-shaped plug, the third plate is mainly subjected to tensile failure, and the deflection
of the third plate is significantly greater than the first plate. The calculation formula for the consumption work of the spacer
plates is established, the consumption work of each plates impacted by projectiles is calculated by combining the shear
plugging model and the plug velocity model. The results show that the unit area density consumption work of the second and
third plates is much higher than that of the first plate, which is closely related to the deformation and failure modes of the
plates. Consumption work can be used to quantitatively describe the ballistic resistance of each plate.
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Fig. 1 Experimental equipment layout

] R #L 45 A AN 1 2 Fro, h3 JR AR, LA

0 ol 0 5 T AR A 4 81 2. 3 *43&“_(— —

Mo 1.3 2 3 mm, 55 22 E 1 mm, 5

1R BRI 2 R AR [ B 50 mm 50 A H b, Lo

5 1. 2 R Z G 50 mm (97 NG, 45 Projeele | The fintplte

2.3 R T A A I, ‘&M 50 mm Steel block
HHE A 8 mm B0 BRIE B HE B = e second plte

W152(93 44) . $EARAR N = A ZR I ERN 4 A 1Y
B A 4 GHA169, 75 H 1 A 5 IR I 3 B A

The third plate

o BB B 2 — I 5 0 LA | [
BOARJEERE 43590 1, 3 mm, $OAR AR ) 4 Mg B2 [l AR R
FVY PR WLFR 1, Fig. 2 Schematic of spacer plates structure

083302-2



5540 % INAICH:, A2 WP 3k 390 T iy GHA1 69 ] B 80 ) 31 A€ 2 43 B 5 8 30

R 1 GH4169( EFLLIE) H4IE M 2 1 E™
Table 1 Physical and mechanical properties of GH4169 (solution treatment)

PThRAE pl(g-em™) u T,/°C o/MPa T o/MPa E/GPa G/GPa H/HRB 55/%

GB/T 14992~2005 8.24 0.3 1260~1320 965 550 205 79.24 <102 =30

R T U SR AT S R PR A A A PR R, KT ] 5 D 19 ST R RIS R A TR N LA v
05 S0V 3 TUAP R G 4 AR I AR AL 2B PR AR 1Y SIS A, A IR () S5t () KO R S4TSR Y 5
WPRFZM A K . Pereira F51% 25 1 T AR Ti-6-4 SR ORI ELAR 12.7 mm, /57 25.4 mm) #j 7 [ %% 4 8.35 kg/m’
i) Inconel 718 FY 5HLIE B PR B2 K 192 my/s, SLIA K BREE TN 260 T K& T 3CHR [10] 1952 50 8004 B A [R] L4
FR G 2 () s XoT AR [ T %85 SR R P AW IR L 2T e A5 A0k e O T, R A A S 6 L A S

mvago,xA,vplyhy = mpyvgo,yAxplxhx (1)

e my, NSRRBRE, vy, N SR IE N FRGERE, A NSRRI R, o, W HUA BERE, b W ARAURERE, R AR x FR
R0 9 B B S R ST 45 W B, AR y R TR o B A BRSO AR ey 4y B, 5 (1) 3 TSk
S 2 FE A IR 4 i O 1 T PR JBE LA . Incomel 718 Sfy GH4169 135 [ AHIT L5, I BT HLR
IPERE AR, B #8446 AR 5] 10 % & Inconel 718 5 GH4169 [ #LIE M KR b shEAHS . ik (1) FAh 5458k
(CEAE 8 mm, JfE 4.7 g) % 55— JZ AR R ] B 14 3L Al FIR o 32 0531 24 367.8. 563.1 ms.

2 FIGHER

AR A% 75 1) £ T o 30 3 0 AR RSt B, B0 T 17 K 28 R TR S 46, AR 340 380~ 680 my/s, 5%
B R AR E W] AR TE o B I SR R B my BEAREE b AR Z, SRR v, SRR
B v, PLEHEAR BUEF S, W3k 2 R, Fer AR 1 20 3 20 BI R M BR LR A 1, 2, 3 )2 1.

F2 H17E 8 mm 5Tk A3 GH4169 B FRFESLIRLE R

Table 2 Experimental results of 8§ mm diameter tungsten ball impacting GH4169 spacer plates

SEEy myg h/mm hy/mm hy/mm v/(ms™) v/(m's™) Z,/mm Z,/mm Z/mm Brepgem
1 4.69 3.14 1.07 3.18 510.9 5.87 7.09 6.41 ENis
2 470 3.14 1.07 3.18 517.7 2.18 7.72 7.30 E VR
3 4.69 3.14 1.07 3.18 5414 3.28 8.20 8.18 KB
4 470 3.14 1.07 3.18 569.4 1.91 7.83 7.98 EN R
5 470 3.12 1.10 3.10 566.7 3.87 8.35 10.92 ZNiES
6" 470 3.14 1.07 3.18 563.6 8.23 12.18 ENES
7 470 3.18 1.05 3.14 562.6 2.98 6.68 9.78 ENE S
82 4.70 3.18 1.05 3.14 685.7 2.91 5.84 15.86 BoE
9 470 3.16 1.07 3.13 388.5 1.67 2.44 2.40 ENE S
10 4.69 3.16 1.07 3.13 587.8 0.88 8.61 13.74 ENiE S
11 470 3.16 1.07 3.13 643.4 199.7 2.01 9.01 13.47 pies
12 4.69 3.16 1.07 3.13 618.4 158.4 1.00 7.64 13.85 piks

139 470 3.13 1.09 3.15 627.1 1.45 7.48 KRBT
14 472 3.13 1.09 3.15 641.0 0.84 9.16 14.24 ENivs
15 4.69 3.13 1.09 3.15 673.0 200.4 0.89 9.94 6.81 piks
16 471 3.13 1.09 3.15 647.2 132.1 1.09 8.71 o
17 470 3.16 1.07 3.13 668.4 200.9 225 8.51 13.52 ks

1) PFBIEASE VR 2) SRS E; 3) FRiR A SR 32
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1/p m
v, = a(vi”—v’s’o) a= P _p=2 )
my+nig

AP m AR BRBURE, T A LA R 2 P SR, R/ TR R BB R R o T p 55K
Bl 0 e LA O, . AR S KR 15 21 P 254005 2K 19 Recht-Tpson 7Y S H04n 3 s .
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8 e Experimental results
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No Penetration
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Fig. 3 Penetration type of GH4169 spacer plates Fig. 4 Residual velocity curve for GH4169 spacer plates
3 IRFBELWHIEIMUES S EA Recht-Ipson B S H
Table 3 Parameters in the Recht-Ipson model obtained by fitting experiments
PIA ML Vs/(m-s™") a p
Vs0a 603.1 0.42 4.49
Vson 644.1 0.40 5.39
P 5 25 T s oot ) R 8 ST 60 /s I A5 1Y 18
4 IR B R B SR AT K, R 5| The second plate °
THAET R 2 o 4 AR S R T 58 A0 R e 32 © The third plate o= o g o
BB 2 RN I F— AR A 9250 U o
JEE S P 2 O T4 1 J2 i o R R B TR £ _ &‘;é:g__%_[_]_
91 R BR A LARFAE 2 mm 227, ik ol g e oy
S » E—n il N ! !
B A v I, 5 2~ 3 JR AR B B 25 3R B AR . | |
B, 4391290 8. 14 mm. 3 2B fHe E A5 {3 R -y
TER T 2“3 B kh” MIE X, 78 i) s 950 200 450 00 550 600 650 700
R I 25 2= M B 58 8 X A/ 5 SRR ) o == v/(m:s)
500~ 600 m/s I, 55 1 JZAR 8958 B2 -5 B0 AR S GHAL69 [ L 1 45 )2 e J
WA R, 55 2~3 2R B G IR W, B Fig. 5 Deflection of GH4169 spacer plates
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K6 S50 /5 GHA169 [l b AL i
Fig. 6 Section of GH4169 spacer plates after experiment
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S d R R AR, B R A ARAT SRR S Sk A B vl R R R A e e —
PR FE AR, I B M 1o T2 Bk Sk Bk S S R S Ske S L 1) 5470 DX 5/, A )
PR BB T R T AR I /N TR AR o SOk (18] o 7 — i 3P T IAY, A3  i B F
822 5 2l A5 0 A S X AR, R R R RO B % e ) B 5 280, 45 1 R BR T Sk A
RGBT 11 B —FBEIR 0.6,

%#ﬂmﬂ% E E *ﬁ el EF‘ Z: IE] ;é asl NIJ ‘Iﬁ %@ % §$ M: 400 Experimental results
KR . vy PRI EL A7 UL A 5 2 Blunt

RIS 152, Borvik 25U i i 5 TOE 300F 5 ‘S":giriphefica'“”
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200

v/(m-s™)

Calculated results
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LAy RN BT S s B, ARl 8 TP TN . kA 100 Hemispherical Eq. (10)
BROF A ol o 5 5 % 0L 3 kB 5 i —phereFa-(10)
R, HEAT 7 AR 8 mm 3K P 3 mm R 0 100 200 300 400
GH4169 HEAR (1 28 F 52 50, o 2 T S g0 45 2R ) v/(m:s™)

A A R 1 P O s AR 8t TESE B8 A A B e G B

05 Pl PN B S A LR V&V, Z b, R Fig. 8 Residual velocity of projectiles and plug velocity
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Table 4 Model parameters obtained from experimental data

Bl XY R T AR Ay Al o SCRik [18] KA KRS
BR P GH4169 $I M 4 52 56 504, %o 5 i B ekt i
PRI ZE = S R IR g (-3 | 23R8 3 sk

AR k V(7S
TEsAA) whts i B 4w S T R M S EOBUE AT TSk gk 1.61 37.21
BiE . T3 (10) XF 3R i s AR 43 38 A e BRI Sk B 0.99 124.28
R HEA T, A5 BN [ 28 70 P i S 5 R HIA 0.93 160.52

XEIE Y kv Vggum, Q13 4 BT, S5 22 T AR 418 NI 4t
Sk AR B 3 SR 4 rh e BRCHT i ek A A0 1) S 8801E

Wik = (10) 15 20 0055 Pl B 5 iR A doC R 2 ani&] 8 Frow, | 1Al 8 AT, A 2HE 5 S 0 %k
P& ARG, T WX (10) FTAR L7 M4 A 55 8 B B 5 s AR R R OC 3R o o il Gt Al b A G 28 i R 3
T 0 m/s, BUAS X — G2 (57 94 B BE, i 28 -5 0 A b i 940 58 5 0 D\ A s L 7R 5 i ekt 5 A T i A
RN 0 BF B BEERAE vy
34 EHENSHHER

2 WIHFEYITE AR T BT 1 R MG BSR4 AT il 59 U) 8RR (11) SRAR, £ Pk
JE AT A 5 1 He i RS (12) THAR . MK 3R 2 s AR S, R 5 i b A TR R B ) i SE AR TR (1 1
FAERACAZ (3), 15 2 H] PR 28 1 )2 AR AT AE D K 5% o Pk B B 750 R 5 1) o ZE IR A T+ 45 R DL M
22 AR A AR A (4), 1520 18] AR P2 2~ 3 IR ARG AE T F5 2 2 v g A den s A Ay s B R 10 A
3 (5), 15 205 A~ [H] b ¥ A T AED, WA 9 i .
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