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The effect of clamping force on the inter-layer gap formed
in stacked material drilling
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Nanjing 210016, China)

Abstract ;: To examine the effect of clamping force on the inter-layer gap formed in stacked material drilling, firstly,
the drilling deformation state of stacked plates with clamping force was analyzed using elastic shell theory. Further,
by finite element method, the drilling deformation model with clamping force was established in consideration of
interface contact condition. The accuracy of model was verified by comparing with experimental results of single-
plate deformation. Then, the changing process of inter-layer gap was analyzed under different drilling conditions. At
last, the experiment was carried out to verify the finite elements analysis results. The results show that, with the
increase of clamping force, the inter-layer gap will go through two stages, decreasing rapidly at first and slowly after
the turning point. The turning point corresponds to the critical clamping force. To obtain an effective burr height
reducing, the following two conditions must be required; 1) the inter-layer gap D, corresponding to the turning point
should be smaller than the drilling burr height without applying the clamping force, II) the clamping force should
be higher than the critical force F. Besides, reducing the thrust force, or minimum diameter of the clamping ring
can reduce the demand clamping force and inter-layer gap size. To enhance the effects of clamping force and
minimize inter-layer gap, the thicker plate and the plate with higher modules should be set as the back plate.

Keywords: clamping force; stacked material ; inter-layer gap; hole quality; finite element analysis

— IR BHLK TR 150 ~200 T AN ERE BB AJZRESE RS 3 R A 5 i L
L, AR Z AR Z RS 2S5 AR L E RSl BT i8N (IR B = AR (= R ol B = 2 ) e £
PEE R R L — e B A T e R R OR R T AL A Sh kA e AR A S
PTG e g i A S BE A L A e A P, FE AL Gr B TR Y A BE B SR 25 1 i £L
TEB R AR PR AE A e A 2 B, I NG B SRR A & R S5 AE B AL A o

PREEIE A

P— HELLSTERN. C 4 762 2 MR 100 1 7
BSTE LA A 14 (2014028024) Ve i wam s Sz B B — BB U 50 Y T by 2 A

=]

PN gﬁiéﬁiﬂﬁﬁﬁﬂ%ﬁgﬂi;K;Lxm_osm)%fﬁb SRR L. MELKOTE S N 26060 45 56 iof %
B IR (1990—) , 5 oA 7 ‘ O e ‘
R TRt S AE &2 RO TT , A8 Tk R 7 XL i

IEIEE: PR, ninaych@ nuaa.edu.cn T 55 7 4 07 B R T Al ) 2 ) o Y T



-2 /S =S B A N S ¢

5 49 %

. BIS S AR A W AL A% A& X
TC4 5 A1-7075 itk S )2 Hil L B v B 7= A 1 J2 )
BT RGN I 5T, & IS 2 WL R v
FEAEMEBERANMUE TZEZSHEA X, B 5 & 24501
FFPRE BENFAHERKER. LY F 7R
] (A I S BOM BT & N XHR A &SRB T8
FEE: , DA A ) T80 5 ) LU Al S 800 2 8]
FRMSOR o 2. CHOT J 285l 3 A BR T /e B
Sl ek R v 2 ) A A TR i A, 2R I E TR L
[ 3 T 550114 22 [ ) s T2 1) 6 ol R T A A
Sem. AR LRI AL M RS R A A
WRE S R A UE T R R B L T2, 25 6 %
JEALIFIRE R )2 B B BRI R R I T2
PR AL LIANG J'°) 23Rl B3840 A 7 12540 A
TR B8 7 e J2 1) [ B 5 i, 10 S VR T Y
) J22 ] [ RS 2R | S8 88 Sy ] S % A2 40 A 3
T4, S BT TR S 2% J2 0] (] B A e A ML, -3
thZ [ [R] B 5 190 55 0 il ) ) RERENIEE A G, Bk
JERAE R R A A FROCIA TR RLSE
SRAT I W ERE B, I ) 31 0 2 18 3k T 0 95
BT 5.

it ST A T s NS AR LA R R
JEIAIAIBR, LAk 2 BEARJZ 8] B RDE sz 1) B 1k D) e
BAZRBIMEN. LIRFRGE T T BRI m T
JoT et 52 M, A X S 9/ J2 [ i) B2 ) 0 2 4T 4 38
A3, I ELARST B A i 10 5 BB AT i
25 R E 2RI BRAE LA 5 38 2 i ke 3R A5, A8 SO
PR FH 28 B b 58 BR G 1t <7 B J2 25 F i FL fRT AL AR AR
PR A BRIC I ¥, A0 M 1 1R 5 0 X6 8 2 4540
il FLJZ (1 [RI B A 52 e, 4 7 38 2 i 5 70 4 ok
1 SR TR B B R T i, 4B T i) 0 7
EEW R SEAE S BTG RS T
SO R LI (0 7 2 0 A BR T4 M 45 SR b A7
TYRE.

1 EEREMH LA AR T

TE RIS 2R AR, S EREE (1)
—M/NF S mm, TAHEBURAS Z B [ RE (L) W
100 mm, t/L = 1/20<1/8 , I K280 CHLSE J 125
BCAL A5 et R 22 R 8 2 AR L. AR SC LIRSS B e
RFEREXT TR AT R AE, B 1 (a) S 2SS R
FLIGTARAR Y A58  J] SR T WA 24 3 Bl ) 2R FH A
o Aar HEA TGN, TR R IBRDE e a8mr A Tt
BE AR 242 OR Ay AR o0 IR O iR . &
1(b) JERE &R Z 84 AR R B, F, &l
fLAhm g, F ) S TR B T, A g 1 S A T

LJEMR, 1= OR N TEAREAR , ry EFLEAR, r, T
FEEFRPAR  r g M L 0 g X ki ) B
(H P A B JEE B 7 1) B AR )

(b) ZEAERERE
E1 ERZEWEILAFER
Fig.1 Mechanical model of stacked material drilling
AR B S M AR SE B T, L2 AR (A
I [ LA R A ) )25 il A A D 7
M o<r <t

7 - b nonly,
to16mM l 12
r, [ 2In(r,/1) + 1 = (r, /1) ]

(1 +v)r,2+(1 —v)r22

- (I +4r,In

x [ (1=

o) (PP =1, %) +2(1 +v)r, 2(ln§ —lanZ)J%-

(1)
M, <r <IBf

2

_F R ) r 1 Ty 2 2
Zu—gﬂ_M[(r +r, )1n7+?(1+7>(l -r) ]
(2)
A (V] O 6 TR AR ) 25 AR 7 AR A
F, 2 2 2y T
Zd:m[ZZ - 2r +4rln7]. (3)
A MR AR FERE E AW (N/m) .
M=[E/12(1 -4°) ]. (4)

AP E AR (MPa) |, o HTAAALE, ¢ A
HOBEE (mm ), r SRR TR 08 B A )
B (mm).

RPE (1) ~ (4) K 1 PRl 45652
PrfilfL T2, "% 1 = 70 mm, r, = 2 mm, r, =
17.5 mm, t = 1.5 mm, F, = 200 N, {#i [} MATLAB %k



511 4]

Wi gR, 5. WU B0 B2 450 ] FLJZ 1) 18] B A3 R -3

PR AL AL B 2 i il 25 i A2 T8 i R AT AR (AR
ARE 2 Fros. BEAE RS 1N 100 N B i =
230 N, L2 E M2 5 T BRI, IF N
HAMNEIF GG, B 2 AR 2 B i A i AR
L2 (] 8] B o SR MR/ 3 T G2 18 el N S A

HT T I R B B T o i e R A e B A
B ML IO KL, T A 0 208 3155, 45 1
A BRI . R TR A B JE R AR AU A Al
Fefph R R, R T A BROCARPF Abaqus X 2 2R
ZRE M S AT T

0 0 TR
02 02 MR
z 04 g 04
g g
= -0.6 \ / ™ 0.6
\‘ l’
-0.8 \\l// . -0.8 . \\L’I F,
-1.0 -1.0 -1.0
-100 =50 0 50 100 -100 =50 0 50 100 -100 =50 0 50 100
r/mm r/mm r/mm
(a)F,=100 N (b)F,=200 N (c)F,=230 N

B2 FERNX AVAI BRHERET B EREFM (F, =200 N)
Fig.2 Effects of clamping force on deformation shape of Al/Al stacked thin plates (F, = 200 N)

2 H R TR IS K 4 Bt

21 ARTEBET

ARSCU AL CHLSE 2 B )RG5 ALZAL &2 |
AVTI B JZER TR L. AR, Ti RIERE ¢ =
1.5 mm , MR JE PR LFE 1. B2 M) 42 fd R FH T T
T2 fil J& e , ) ) 42 el ] 50 R AR 2 A AU AE D] ]
g Tt A R, 2 A Sk BRI B IF i AR
SR Bl 38 H] T 48 R 22 B0 fol ) R 32 v 2>k P
T e, 2442 o Ry G, B AR s 7L AT RR
Juit A, IR YT HI R r T i VR B R A
0.3

®1 RBMBBERE

Tab.1 Test material properties

MRZER BRE/ (kg/m®) R/ Pa HEL/NEA
&4 2017 2 800 7.4e'0 0.33
A4 TC4 4 400 1.14e" 0.33

3D A FRITEAL R FIA FROT /T4 F Abaqus 2
3L, T ZE RN Abaqus Standard MEE S AT, &2
Bk FH P 2 0 & A5 4, B2 AR ORST 2 200 mm x
200 mm, TR EM H#E 35 mm, &k HA 4 mm, |
JERCREALIE X BB ARG 2% 50 mm &b, Tk
IR AL 4 A, DAL AFLBE NI [ 29 2 AR AR 20
ABRICEAIZ & 3 (a) s, AL BRI 5
T3 1 SC8R LT HTT.

T R A HALZ MR R E 2R &2 E
JERE TN 32 SRS BB B S48k LB F R,
HEANTT ZAR T R AR 32 BB Al 8% AR
Wit ki gy = A8 42 W 2R S T RERZ

(] J8JZ ) ) BT S ) o 7 Y 2 Ao o 52 0%
AKERD U B A R BB R AT A, B
B fRI AL ARy, INIEL 3 (b) B, 56 —&R oA
BEER S (F,) s &2 AT RS Sk [
BE AR R R v 2y HEA T AU 58 0 B 2R
JI(F,), HX &2 0 R S A i g ) 2 A
it B T e HEA TR

=

&
7
.

=

(a) BREEZIR (b) Aty =X

B3 ARTEBAREEEEMNS X
Fig.3 Constraint and load applied way of finite element model
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