RESEARCH ﬁjt%Ei

kA& SIS LA RO MR R TR

T REEN,RCH,HEK, 5L
(REH I KFH B IHFTRELLLT, KE 116024)

[HZE ] Rt A RS F & ARRAT I HI LB AR, B B A Ao T2 4F 208 & F KR EAR T e T4A
B E A E A AR, R GAEER R e A T A A S A iR TR 4 AN R e LA
ARG, AT T A S HA AU N e TR A 5 N ) XA K AL 2 BATATR 09 3% 4k
LR F & LR T AR EaMH 6 e TiXEe AR T 4K 62 3F iR 43U e T b by i 18 B A I il 7y 64 45 48, VA B IR AR m
IARZ T BB A B S e A, R R A R AR — ), R 2 R I ik E Sk, Wk 4
FER RS FT RGO RS T RNEX L Ml AW o E S iR E AR, DI BE A ra R st L A2
VAR BERE M TILREN LR E., EFRRIER THEE T HEHIRT, SR ZRFRGIGHERL
AN RO Ee o L B DR IR

K : 462 Barstal; ol B okl A

Experimental Investigation of Cutting Force and Cutting Temperature on
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[ABSTRACT] Helical milling is a new technology in aircraft manufacturing industry, which is widely used for processing
difficult-to-machine materials such as titanium alloy and composite materials. In this paper, basic parameters including cut-
ting speed, depth setting per helical rotation, axial feed per tooth and tangential feed per tooth have been used to describe
the helical milling process. The relationship between the basic parameters and input parameters (spindle speed, revolution
speed, feeding velocity) has been analyzed. The helical milling experiments of titanium alloy were performed on a self-
developed helical milling equipment. The characteristics of cutting temperature and cutting force have been studied. The
influences of the basicparameters on the cutting temperature and cutting force have been discussed. Experimental results
show that the cutting temperature is mainly decided by the cutting speed. Axial feed per tooth and tangential feed per tooth
have little effect on the cutting temperature. The basic parameters show a reverse influence on the cutting force. The cutting
temperature is the main factor affecting the tool wear and quality of the hole. Larger axial feed per tooth and tangential feed
per tooth and lower cutting speed could be chosen to ensure the efficiency and quality simultaneously.
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Fig.4 Schematic of thermocouple installation
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Fig.5 Calibration device of helical milling temperature

AL AR 22 R 2 B TS T RS . FHIPRG KT 52 40
B IR INHE 250°C, [Rl A s A i B AR .
TR FPPEIRIF( A =W/ (m - K), A ,=401W/
(m = K)), AT A AR A T 0 e R oA 58 i i 2 Ak
RN T AL BE IR . AR 6 JT 7 19 R FEL (8 0 £ 715 3]
A I B I 2 AT UL, S BE SR B 100 °C LA LB, AR
D P U B 2 BEA R AR R AT=7.6°C Ja 828¥
AEFR b B0 IR I AT RN T AL P B B S B iR
o bR RS R SRR — e iR 2 (H
A FAE U A T T8k & S mhE A m , BASC R
BRI TS H06 U L A 52 ma A , DGR RL AR Ak

2016 4555 9 1] - BiAERIE A 93



él’*iEY RESEARCH

250 — i1
— Huf

200

150 -

L /C

100 -

50 -

0 50 100 150 200 250 300 350
Hp[E] /s

Ee #HEBIFINEEEITEL
Fig.6 Comparison of temperatures from thermocouple | and Il

AL, P bR R 1% 25 T LA 220

2 HBRER
2.1 AERYHERE %

(&l 7 JT 73 SRy — 25 SR f 17 ) R i s 1) 2% £k 7 it
2 1R BE LS 4L V. =40m/min, f,=40 um, @,=0.6mm. 7E
A RDIHT, VIHI AR TF IR REEE R . AB BLii 2t 7)
HIF R UIA T AR B 2 U155 2 8 I 2 il () o 7
TEIX — B B, 0 ELAE AR ) L 32 42 30 1 R A 1 T
T A A% A DU A5 P R AN D398 o, 000 4 30 5 ¥
EHERINREREE, BC BLhg s )1 B
SRV T BB, B 7155 M0 w5 76 4 ) 77 1)
FYIIC IS, B TR RSB 22 B3, R T ARG fin , 5 Al
R TS AR S A HE, I R B N R, € il
iy f ekt g T 2D H T A IS R B B, DTN A% 1k, T
Pz P G ), E R B S AC B 4k
IR AR AR 0 0R BE BE A DR RS 13S0 iy
i, W Bl AR R 1,0 FE S SR B
BRI R RN I KAE T, VE AT
2.2 BEYH|S %

K 8 FF 7/~ A i T 2 #L V,=40m/min, f,=40 pum,

120 B(T,)
100
80

60

VIR /C

40

20

0 ! ! ! ! |
0 10 20 30 40 50

A A] tfs
E7 SEYIHRE %
Fig.7 Typical cutting temperature curve

94 R HIEEEA - 2016 4555 9 1]

2501
200
150+
100+

50F

IEIJ IN

=501
-1001
-150

0 10 20 30 40
fFE] /s
E8 HEIHI S ik
Fig.8 Typical cutting force curve

a,=0.6mm FRAEERN 3 mYIEI k. & Xz k]
Hh )5 1), T AR08 xoy F1H . Hi& 8 Al I, % fw)
N F. RF&M A F, K F,. FYIHIFFEE, BT )5
T ARz kb, i VI F. 2B ER = 226N, 7E 4
TR 2s ZE AT B ] PR BE 2R 185N, B S5 B R e V)
HIBE, F. 28 TR, TREEBEZR 2.94N/s, L2 YIH
TAF FEVIE) TI 038 T A B e 29 2s B IR] N, Bl g )
HI P AR L 2 %, fEIRSaiieh K&l 8 )
Wil F1 R 2 U0 S5 R A B BeVE A 2L 71 B, 9 Bk
FFUR 25 B A5 AT 28 TP AASERE B8, 43 BOZ B B i
SESAE | e R AE R R/ IMELVE SR 1 VO g FL (8 K
R RE BT e, YIm g FL F, ZEDIHIE
YRAT R, e U FE I P B B ke s, LU sh e
I, W 2 JEIA SR e L, 55 D00 R I sl R AR TR
TEEAVIHI B, DL NSRRI, P F, KN AR
fea 3B AHAFAE 0.56s [IEFR]2Z . I 3 ASCR S 21 1)
x J7 ) Ko y J5 I YIHI JI7E xoy -1 N B4 90° B FLA%
KD B HARRE T F, B 8 AT G ) F, &

INNIEIPESEi: L pilI
F, = F?+F | (1)

TEfEZete, R UTHI B B 2 B F e B Bogk
e A B8, BOZ B F. 892 R KA AR/
EAE A YD) 7 8B S bR R 2530 Bl T i ie .
2.3 IHISHIVIEIRE R YA 7182200

9 JIT 71 Sy U)K 1) ) ek XS VD) g A
Horp DI 2% a,=0.6mm, £,=80 . m. HI[E9 (a) AJ
DL FEVIHIE EE V, =35~55m/min 978 BN, BTH I BE
126.9 °C W %) 254.2°C, K9 (b) FIEI#E v,
/NTAET 40m/min B, i) ) F. ARl G ) F B
A YUY EE V, #5d 40m/min B Sl F ARG
1 F B /IR BERG I

K10 M a,=0.6mm V =40m/min I I B G UES



RESEARCH #*%Ei

350
250 n
I/
200 | —
£
<& 150 F
"
100
50 -
O 1 1 1 1 1
35 40 45 50 55
V./ (m* min™")
Ca) DI BE 5 DI HIR L Y G R
250 -~
—A—F
—o—F,
200 +
< 10} W
=
=
B 100 [
50 [
0 1 1 1 1 1
35 40 45 50 55
V./ (m* min™")

(b)) VIHIE L5 UIHI I H G 2
E9 YIHIEEXYIER B YIH] S H R0
Fig.9 Effect of cutting speed on cutting temperature and
cutting force

S5UTHRRE ZYIEI e R, BEE DI A5 E 45 1 f,
M40 wm BEINE] 120 wm, YIHTHE B B A /NP8, (52
EAREA(1253) °C, LA BA L, mifhmf F. &
WA I F, AR U ) B0 5 25 5 f, Wi
W Sy F AT L R 128.3~214.9N, 22 [ & 1 F, 254k,
JFEl 52.5~106.2N,
24 MIFAHOKRE

YIEI 3 B U1 B % i T LAY i jj%rc?{
VIR AT Sy 1AL ISR A5, 43 53 e B
S KU BE T, W20 S50 e K] ) . A S48
AL RSP TR, 1 ARE I TR AL
BEIESEL I 11 (a) 2B 11 (b)) TALEH O,
T Bk, PR S ECT I DTHNREE T, 735128 120.9°C
K 131.7°C, 3him) 71 F. 43500 164.8N K 214.9N; i [&l 11
(c) KXE 1L (d) B O R RmIESE 2, A8 €,
EHIEL, UTHREEE T, 75128 229.2°C f 254.2°C., %17
J1 F. 43518 150.8N K 160.5N, X EC AT 0, hn 1LY
15 e X6 70 ) L L e e, i B 1 g e LR /N
IR B, 0 LA H s
25 JIE®HR

350

250

200

T,/%C

150 |

e

100 |

50

0 1 1 1 1 1
40 60 80 100 120

Jul pm
Ca ) VI i 147 320255 ek 5 LTI B2 1 O %
250 ~
—h— F,

200 + F.

150

ZIEIVIRA

100 [

50 [

40 60 80 100 120
Jal pm
(b)) YIS UIHI D 0GR
E10 lEEiEi#tE S PIHIREMIE S50
Fig.10 Effect of tangential feed per tooth on cutting temperature
and cutting force

0

(a)V,= 40m/m1n (b)V,=40m/min,(c )V = 50m/m1n (d) V= 55m/m1n,
£,=100 . m £, =120pm £, =80pm £,=80pwm
E11 FAEMISHTFLEORE
Fig.11  Exit morphology of holes machinined with
different parameters

Hilft 1A
(¢)V,=55m/min,
Ju=80pm

(a) INLHY (b) V= 40m/min,
£, =120pm

E12 71E®IR
Fig.12 Tool morphology

ANRIZHCF UG 8 ) B S E 12 s, K
12 Ca) MInTHE T EHIESE , VIE] 71 2 a5 ot . R
V,=40m/min, £,=120 wm fil TJ5 8 ) HIESE 12 (b)
73, M ESE Y B0 R RE A 131.7 °C, il i) F7 o 214.9N
JI ) S5 ARG B A e V1, V00 708 R I 4 S

2016 4E55 9 1] - D& A 95



él’*iEY RESEARCH

WEMG BB R YIEIRE J1, FLH 1140 i R RHER
B, O R K12 (e) W TSHCh
V.=55m/min, f,=80 wm B} JJ EJESH ], BURs 0 ) L
R 254.2°C, W] LU AN T JIRE A R &S, BLas 7]
Ak LVIH6e

3 Wig

AL 7 FIEL 8 Bz 9 D) L B Ry w] W, w2
ERAEAEWE Bl , HE B A A — 3, 5 8 e gk L Torh A
JEV IR TR] o B E B Lo T ek 7R AR f B A
DI AL AR B, LA I AN A B . ] LAY 2L
NI S AT A DI A 7 R I AR A 1
RO B Bl X UE B B B FLAR X T4 58
BB SRR L A DO T =Xn] LA T A4 7E 4
AT SRS DY IR, B AT T AT B X AE N T e ek 2
MR G &2 T S HANG 100 52 Z4 i 2 G DR Bk T A5 407
HARKMEE

P L 8 W UL, i 5 B E B I 0 T 2R AT, A5 ) DD
JIF . F, WUEEZ AR, 332 KA e A% T 71368 43
1 BE O 10mm, KT AR EE , DA 7 A B8 e 45 AL in
T AR b B 7T 5L ey R 2 S ALRE LR F
TR JE— BRI, A 7] 5 FLBE 2 [ () VD) g FEE 5
BN, RN BN, B F, RN R —FL
FEAE 0.568 I TH] 22, 5 ARG LU AT 1, [ 3R [E]
TIEAXHLA G 900 f, BIWiARm A1 F,| F, Z 847
1 90° [AHN: 22 FEDIHI Ik A8 bt 70 s 90 i U1 JE
I B A CRASE AR ), AE AT Dl ) YT 77 P e KR o4
1%, 5 3CHk [21] HRPIHIIES —38 256 VIHIRE R
S5 553 Hr , Bl DY R4 T, UIEN DX S8l B 2 i T v
XA REF B A AR AL, (58 T RS e 70 1 U AR
PR, B VI IR

DAL WS, DM EE v, X UTEIELE T, M52 55
KU F1 R R g /N FR SRk (4] %60, 24570 )k
V, eI E SR a, Sl ARV R i, DD 1) R
Ui S, AN A RASIE YN G IR IR B R R R
A AR B ] P ) 25 ) i R TR T 1 EE R
B I, ABEIG 0, B AR BERG N, P AN
B WA AR N A, A5 R T, T [
BF, BEMTE R EE v, o, VIERREE T, 35 I, # R Rk,
YIEIBE F1080 05, D10 J3 38/ AR &AL TUIEI 2544,
T oA S, ST HI B 3 2] — e (e, 1S i
SR 2= W BRI E R 12 (e) Fin 71 D)
I e ST REAR, 82 bR T) HLA e 2B, 1454l m) ) F.
LAz w71 F, #34m.

M 10 (a) K& 10 (b)) vl %0, DI ARk ot 45 e f,,

96 M HIIEEA - 2016 4555 9 1]

X T U g 0 52 Wi 35 R T %470 1 30 LT B s i
DB A UIHERE v, NASEE, B s [) P JBE 48 7= Pk
ARAAZ o YR A s i f, Kbl A R gn i f,, 1
I, 73 A 71 ) YT S BERE N AR AR IR VB AR R, V1B
I LS A i A 3G S B R DT A i B
S —J71 , i Loewen A1 MC Shaw T 1954 4E42 1] 1
JEERAT 5 P T ) R R e, D) B ) AR
PRI AYIB R LB R 3K A TR L] 1-R, 98
N, DI AR SRR 53 e U T e S LA b I 7 T ) 5 Wi 8
PR N TAF AR AR |l B FE AR

HI1E 9 (b) I8 10 (b) AT WL, il 1 F, K T4 1w
G F,, IR TRl R i, RIS AR ) 3%
SLATHI S AU 7T (A WS BE I I A TR, DLBEH A
TR BRI Z (R ) ATH 20(2) T ™, 1
SART AR S rh B AR RS MU T LR 409, 5
I LB TRk oS, im0 F, KT Rm G 71 F,.
D - D:

D (2)

DI B2 X T FORZS FER A 4 AL i 1 BT i 7 8 2
SO, IR v RS B VIS Ak, 25 5 i B A HE)E
Feh, SR RN T D 1, T TSI RE ) s
FLE AR A —EB 3 ARHRE TJ B85 e 25 B, Bir AFE 11
Ab R K BRI G . e U BE AN AL AR
AL B Ee, [R5 e T B2 £ i

4 Zip

T T KA e si LRI 5% , 430 17 T2k
XF U 0 TR e il LS s A5 DL
5.

(1) 7RIS BEAL i Toad A ep, 0 AR Tl T
S HEAH BRI e LTS R R SRS R 2R 5 S
S I a I e SPARE R/

(2) BBREERALIN Trp P, F BT ELA A 5L
W, RN, F, . F, RN A3 BT
TE 90° AUAHN 2%,

(3) VT EE G AT, YTH B2 ], TH 5
ALRAFEANAE 5 b ) B 05 1 25 1 S V) 1) B R AR G N
VIR BE TG A8 Ak, YTE ) B VTHIR B &5 i gk
AamTALERm RN FERNE., VINIEE S, VER
BIMEAR 22 45 Dy R HZEHE S Al b B 2E 00 B RRAR T 2
VIHIGRE S, SBOE TR 1 D ANE K BRIAE,
I T AL B

(4) 77 R R UE I TA80C8 K T s AT T,
o S S R ) o) A a0 5 R B ) A O 4
R AU

R =




RESEARCH #*%Ei

S Sk

[1] g5, SR RMTE . A PORHE AR A K R BUIR e 22
[ Fi s i3 B AR, 2003(12): 19-25.

YAN Minggao, WU Xueren, ZHU Zhishou. Recent progress
and prospects for aeronautical material technologies[J]. Aeronautical
Manufacturing Technology, 2003(12): 19-25.

[2] EFRLE . ALE R S0 R RN 1] S B HR,
2005(4): 3-6.

CAO Chunxiao. General development situation of titanium alloys for
aviation|]J]. Aeronautical Science and Technology,2005(4): 3-6.

[3]  FHHE . MEANTASRMRIESE L B 1A 0FSE (D). K - Ktk
%,2012.

WANG Haiyan. Study on dynamics in helical milling of difficult—to—
cut materials[D]. Tianjin: Tianjin University, 2012.

[4] DENKENA B, BOEHNKE D, DEGE J H. Helical milling of
CFRP-titanium layer compounds[J]. CIRP Journal of Manufacturing
Science and Technology, 2008, 1: 64-69.

[5] BRINKSMEIER E, FANGMANN S, RENTSCH R. Drilling of
composites and resulting surface integrity[J]. CIRP Annals — Manufacturing
Technology, 2011, 60(1): 57-60.

[6] IYER R, KOSHY P, NG E. Helical milling: an enabling
technology for hard machining precision holes in AISI D2 tool steel[]].
International Journal of Machine Tools and Manufacture, 2007, 47(2): 205—
210.

[7] SASAHARA H, KAWASAKI M, TSUTSUMI M. Helical feed
milling with MQL for boring of aluminum alloy[J]. Journal of Advanced
Mechanical Design Systems and Manufacturing, 2008, 2(6): 1030-1040.

[8] ZNik , BRblre , XUR , &5 . BRBEBEFLPORTE AT ZS TR %
Bl i & J I FH (1. Az il 4 AR, 2009(6): 58-60.

QIN Xuda, CHEN Shimao, LIU Weicheng, et al. Development and
application of hole helical milling technology in aviation manufacturing
assembly industry[J]. Aeronautical Manufacturing Technology,2009(6): 58—
60.

(9] SRLIA, A5, M, A TRHLRERSUR A IR e S L T
BT [J]. THER |, 2012(10): 46-49.

SHAN Yicai, LI Liang, HE Ning, et al. Development of helical milling
unit for airplane panel flexible assembly[J]. Tool Engineering,2012(10):
46-49.

[10]  FELLw . MEM T AR IRBESE FLEARBISY [D]. ik K%
BT R, 2012.

WANG Hongsong. Helical milling of difficult—to—cut materials[D].
Dalian: Dalian University of Technology, 2012.

[11] LI H, HE G, QIN X, et al. Tool wear and hole quality
investigation in dry helical milling of Ti-6A1-4V alloy[J]. The International
Journal of Advanced Manufacturing Technology, 2014, 71(5-8): 1511-
1523.

[12] LIZ, LIU Q. Surface topography and roughness in hole-making
by helical milling[J]. The International Journal of Advanced Manufacturing
Technology, 2013, 66(9—-12): 1415-1425.

[13] BRINKSMEIER E, FANGMANN S. Burr and cap formation by
orbital drilling of aluminum[M]. Berlin: Springer, 2010: 31-45.

[14] QIN X, ZHANG X, LI H, et al. Comparative analyses on tool

wear in helical milling of Ti—-6A1-4V using diamond-coated tool and
TiAIN—coated tool[J]. Journal of Advanced Mechanical Design, Systems and
Manufacturing, 2014, 8(1). DOI:10.1299/jamdsm.2014jamdsm0004.

[15] FhBGER . CFRP/ B e BtAL 4 T B 51k
[D]. Rt - RHER2E , 2012

SUN Xiaotai. Optimization and experimental research of helical
milling special tool for CFRP/Titanium alloy|[D]. Tianjin: Tianjin University,
2012.

[16] ARAIM, OGAWA M. Effects of high pressure supply of coolant
in drilling of titanium alloy[J]. Journal of Japan Institute of Light Metals,
1997, 47: 139-144.

[17] ZEILMANN R P, WEINGAERTNER W L. Analysis
of temperature during drilling of Ti6Al4V with minimal quantity of
lubricant[J]. Journal of Materials Processing Technology, 2006, 179(1):
124-127.

(18] R, RERER . Dol . BRG A b Tk K = s
Jrik 1] THAAR,2005(12): 50-52.

WEI Shuguo, WU Zhaoyin, MA Guangfeng. Machining feature and
improving method of titanium alloy[J]. Tool Engineering, 2005(12): 50-52.

[19] BRINKSMEIER E, FANGMANN S, MEYER 1. Orbital drilling
kinematics[J]. Production Engineering, 2008, 2(3): 277-283.

[20] LIU J, REN C, QIN X, et al. Prediction of heat transfer process
in helical milling[J]. The International Journal of Advanced Manufacturing
Technology ,2014, 72(5-8): 693-705.

[21] FFe, wfit, HEE 5 . CE ZARPRHRE R HlFL ik
BB A HLEL [J]. WU T ARSI, 2012(15): 173-181.

WANG Ben, GAO Hang, BI Mingzhi, et al. Mechanism of reduction of
damage during orbital drilling of C/E composites[]J]. Journal of Mechanical
Engineering,2012(15): 173-181.

[22] FRAARR , IRAR . O BOR R (M), AL st HUAR T
A RzAE  2002:30.

ZHANG Bolin, YANG Qingdong. High speed cutting technology and
application|M]. Beijing: China Machine Press, 2002:30.

(Tt K#)

(k3% 90 W)

DING Li, AN Haijun. Analysis on functional simulation of aircraft
fuel system[J]. Aeronautical Computing Technique, 2010,40(3):96-98.

(2] MfEE . WEIREIRE M ARLUIE )] HoR SE5E
2011, 32(3):251-254.

LIN Weijun. On constructing management system of experimental
data[J]. Technology and Innovation Management, 2011,32(3):251-254.

(3] B, 2505, KK . JET SSH A Ext)S B Web i FHHE
RSB 0] BEBOR 50 | 2010(4):14-17.

XU Liming, LI Zhishu, SONG Fei. Design and implemention of
web framework based on the SSH and ExtJS[J]. Digital Technology &
Application, 2010(4):14-17.

(41 JZ . AETAPFRHAZ IS (D] PrR « AR,
20009.

ZHOU Hong. Software reuse research based by component[D]. Jinan:
Shandong University of Science and Technology, 2009.

(vigm KRig)
2016 4555 9 1] - RiAEHIEHA 97





