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A method of CFRP drilling assisted by ultrasonic, cryogenic temperature and ice support

LI Shujian™ , CHEN Rong’, LI Changping', LI Pengnan', NIU Qiulin', QIU Xinyi'
(1. School of Mechanical Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;

2. School of Mechanical Engineering, Hunan Institute of Engineering, Xiangtan 411104, China)

Abstract: A method of ultrasonic vibration + cryogenic liquid nitrogen + frozen support layer (UCF) is proposed to
assist carbon fiber reinforced polymer (CFRP) drilling and effectively reduce machining defects. The basic principle
of this method is as follows: the high frequency vibration of the drill bit under ultrasonic action is used to weaken
the axial drilling force; the cryogenic temperature liquid nitrogen and the formation of frozen support layer are used
to realize the constraint and support of the material at the drilling exit side, and effectively reduce the whole pro-
cess of drilling heat effect. Based on the basic principle of UCF, corresponding experiment of UCF assisted drilling
were carried out, and the hole quality of CFRP under traditional drilling mode (TD) and cryogenic liquid nitrogen +
freezing support mode (CF) was compared and analyzed by means of microscopic inspection and characterization
and defect factor calculation. The results show that both UCF and CF can increase the axial force, but the maximum
axial force increased little. Compared with TD mode, UCF can reduce burr factor by 75%, tear factor by 8.9%,
delamination factor by 34.6% and surface roughness R, by 53.6%.
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n—Rotational speed; f—Frequency
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Fig.1 Principle of UCF assisted CFRP drilling: (a) UCF flow diagram;

(b) Traditional drilling outlet; (c) Outlet under frozen constraint
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Fr—Reaction force of frozen layer; Fy—Axial drilling force; a—Radius of

layered area; b—Radius of action of circumferential support force;
c—Radius of hole; H—Thickness of CFRP laminate; h— Crack depth
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Fig.2 Delamination diagram of drilling outlet with backup

(i) 0 < r<c (NS

wi(r) =1£ﬁ [2r21n2+(a2 —rz)] -
(r2 +c2)lng + % (1 - Z—z)(a2+r2)

(i) ¢ < r < a (FMUFER473)

(4)

wa(r) = 1615BM [Zr2 I+ (az - rz)] -
LW m1+1@+iy2_ﬁﬂ 5)
8nM
ﬁ*.@mFAWMﬁEMFMTmf@H%

; I EA CFRP 55k R s v RIARA HE
A4=Ekﬁ12(1—v) (6)

RSk Al I, AR VKR B AR S T A
WG IZIRAF LIS, RV 0 A

wb)=w(c)=0 )
CIEG:
20 € 2 -a?
[ Il;+ > )
Fr="Fp- T (8)
IO Ll
[20 n;+(—202 )]

H 3 (8) FRATK (4) F1(5), I LAATF Ak A7 Y 8
o7 A% HE AN 1 BT A 21 A -

82w1 1 8w1
U n{J"lA4 5 ]rdr+

. 2
L [M(%—i— i 3{;1;2) ]rdr} 9)



R A — PR R AR VKR ST B CFRP &4 1) 77 12

-+ 1047 -

ou

dU = —da (10)
0a
W =Fgw(0) =
FBa2 Fr [, ¢ a?—c?
Fg- ——|c"In- 11
B [16nM SnM(C T2 (1)
Fia FrFp a?=c?
aw = |2 — d 12
W [STEM 8tM  a “ (12)

L (3). (10). (12) —& A A BE & 4
2 (1), wI A D F5 4y B X A8 42 alf) BR
Bk R (13) iR,

Fp =n+/32G1cM - w’i’% (13)
Hor £ (@)l g ()9 238 30T 4351 38 (14) A (15)
KRN
fla)= (a4 —c*=8c%a*In E)« [128c4a4 In(ca)-
a
128¢*a* Inclna + 16¢%a® lng +16c%4? ln§+

ad+c- 2c4a4] (14)

g(a)=3 (a12 - clz) +72¢%a1In < +192c8a* IncIna+
a

2 2

a‘+c a‘+c

3072¢%%1In 5 +768c%a*In 5
ct+a 2 +a

288c*a Inclna —704ca®Inc +192¢'%42 Inclna+

73c*a* (a4 - 04) +32¢%° (a8 - 08) +64c*a®1n 24—

56¢'%a%1n < +704c%a®Inca—192¢"°a* Inca+
a

288¢*a¥ Inca+3 216¢%a%1n < — 1 536¢5a* Ina+
a

768c%a* Inclna +32¢'? (Inclna—Inca) (15)

UCF % Bl B ) 1) 2o 7 2 — A PR gl b ol 5 4% 56
BEEI LRI E Gt . WL, 7% 8 A 4R
ZJ) 1 CERP Ji& i f4 K JZ= SCHEAE AT E il B 11
AL R A P

2 w1
FU~1.fFg+=Fp Z —sin(ntenf)cos@nnft)  (16)
T = n

Hodr: — AR E T N A 2 D) R Ry YIH]
AT =1/F; JRENIR f=w/2rn; wh EihMFEHE 7
Tw) 118 Bk B )

¥ =X (13) 1AL (16), 7T 75 R H UCF % Bl il
FLI 7= A= 1 il 1) B ) 1 P R

UL
Fp ~

tef+ ; Z % sin(nt.mf)cos (2mtft)] .

n=1

N TN EAC (17)
g(a)

2 CFRP $#iHI3X 5%t
2.1 KEHMPRITE

S5 R Y T4 4R B ) CFRP 2 G A,
PR IE R 0.125 mm, RN (0%, JEAM
SRR SE A 90 mmx90 mmx5 mm (£ x5 <8 ), i
i kil G B R BE S T PR . 25 4 RS O T700,
SR AR AR R, MBI RE S L AR 1.
SISk R B A S bR ERRAE S, AR R
6mm, HiJff R 140°, W EiE 0SG AwIA ", 1E
WA WL I, AT AR AN
32kPa, WG -196°C

£ 1 CFRP HJlBES#

Table1 Performance parameters of CFRP

Parameter Value
Tensile strength/MPa 950
Compressive strength/MPa 570
Young’s modulus/GPa 61.5
Shear modulus/GPa 3.7
Poisson’ ratio 0.3
Density/(kg-m™) 155
Hardness (HRB) 70-75
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ZS B, e F DU S S TR IR R A 2 A M AT

(a)g ' F
g Tl
Main view of fixture

To view of fixture s
3 JHRTRRAM: (a) JeH; (b) WL

Fig. 3 Fixture and accessories: (a) Fixture; (b) Tulle

Tulle laying
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Fig. 4 Experiment UCF assisted drilling of CFRP
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Table 2 Setting of CFRP drilling mode

Auxiliary factor
Mode Cryogenicliquid Supportby  Ultrasonic
nitrogen freezing vibration
TD X X X
CF N v x
UCF y N N

Notes: TD—Traditional drilling; CF—Cryogenic liquid nitrogen +
Freezing support; UCF—Ultrasonic vibration + Cryogenic liquid
nitrogen + Frozen support layer.

(S4200, HITACHI) P F = 4 3= i JE 55 ) A% (NV-
2000, NANO SYSTEM) %} CFRP %l i A [T, FLEE
R T IR S0 B AE RO B 43 BT
2.3 MMISRFEBIEMN T E
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HIRE T B B fE Ak bR, Ar BB #
L0 5y JE AN T B AT BB D R
BB BE K Foure . #0248 0G 7 Foo 40 2 BRBA
T F 93507 ¥ =X (18)~(20) fr ki,

F _ ... _ 18
burr 47ID(2) 47‘ED(2) (18)
DT,
F, = max (19)
Dy
Dmax Amax
Fgo = a—2 4 g0 20
da = DO ﬁ AO ( )
A, 6=0°
DT,
‘T 6=90°
Burrs
Tears

Aq—Actual area of layered area; S,— Area of burr; Dy—Nominal diameter
of hole; DT ,,,—Maximum nominal diameter corresponding to tear
position; D,,,—Maximum nominal diameter
corresponding to layered area

I€l5 CFRP £liHl i 7m & IE

Fig.5 Schematic diagram of CFRP drilling defects
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Fig.6 Time varying curve of axial force for CFRP

under different drilling modes
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