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ABSTRACT

Recently, the manufacturing market for low-cost airlines has led to an increase in aircraft demand. Most
processes in the production of these aircrafts are manual such as drilling, sealing, and swaging. A drilling and
riveting machine is a numerical-control based equipment that automatically performs drilling, sealing, and
swaging operations. The accuracy of the drilled holes and the exit burr length has a significant impact on the
quality of the aircraft wing during assembly. This study was conducted to identify the conditions necessary to
maintain a uniform quality by controlling the rotation speed of the spindle, which directly affects the hole
diameter and the quality of the exit burr.

Key Words : Drilling and Riveting Machine(E2 & 3 2[#H[E ZH|), Hole Diameter(& %Z), Exit Bur(E+
H), Process Capability(3&S2)

LA B B A9 FA L YT Pol o] Rojd Ao

ol e
AT AnEFTAHLCC, low cost carrier)2] A% gx7] z=UTAY tRE FTAHo| FAdow
o Qste] FWAY wAHY 20| Solel W o)Xt U Ate] Fo] weh Fao] A
ot a7 Fart A&HHow Frlsta Ut Al 2ol g ow FHS FASIF A
A @7 AF FRE FF 2093 A &3] Rt} 53], 2YFTANA B EFY ot
Izl 38,050t & Ao g HEr] v 2zt depoll oA s, ol ]
s Fer] FRES] Y AES Y5
# Corresponding Author : cksong@gnu.ac.kr o} 3t} welbd =YETAA Bk ] 1 R A= s
Tel: +82-55-772-1633, Fax: +82-55-772-1577 ol Z7}AQl Alzte] Washy, Az Ao A=

Copyright © The Korean Society of Manufacturing Process Engincers. This is an Open-Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 License
(CC BY-NC 3.0 http:/creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

-8 —



D A=IACFEEE A, ATE, AlE

< #Hr)slok st A7 LA

$Z ZA Y BEAE ) 2str]) YAE A53)t
XPHH E9jo] dHon, 37 £HIRB T =

4 ZQ(drilling)? U5 ZrU(sealing), =Hod 2+

A(swaging)2 A3/t 7hsstal AaeTh
DRM(drilling and riveting machine) & AFE
Fotd stz sh= AWIE Fig 13 2ol &
7] Foll =2 ZA7 g BE(lock bolt) AA=+
Z}%OE Fdsh= Avlolth. DRME ©]8-3}
& 9% A9, 7Y 3AHH vuske
4 A= 9 FH9 AFE A4kt v
7 £E—1 SR F Qe ASE didr.
o]E 9&AE= DRMOE =9 S 3T uf
o] A7t grEojof s, =4 3}%1#7%‘ 1
Al &7 H(exit burn)o] S JABNoF T} &
ALUEE Fola &7 ¥ LS dAlste
oSt 2HgolA HEEE AMgrelr] wiEe] =™
HIEQ ol Tt AFE XFsY s a7
7} Q= A,

43 Age AFY 2ARH 7,
(3]
=

[o

il N Hf R 2 o
rlo
4N

[e-
rt>}Lru
@ ro o 2

o

ZH gl

AT ARG BAF LA, AFE 1S, 293
£ e A7) QA s o8 g
o AT AT 5 Ak ol W =Y B
skl A8 4 e MES] BRI ARH B
2 2o AUEE ¥olw &7 vlo] YHE oAl
7] $IsiAE e A el do] Wasith,

H

ATol= A P(Guhring Inc)¥ L (Walter
tools) E=EH|Eo| tfste] 23 E(spindle)d] FAF
of mE & AR T W HolE A F
A%< (process capability) £4& 53] FAHo| FE
3 =9e

253 e A FAskd B,

Fig. 1 Arrangement of DRM and main wing
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Table 1 Index of defects related to sigma levels

Defect per million

Simga C
() Short term  Long term

1 0.33 320,000 >500,000
2 0.67 47,000 309,000
3 1.00 2,700 67,000

4 1.33 63 6,2000

5 1.67 0.57 230

6 2.00 0.002 34

(a) Guhring drill bit

(b) Walter drill bit
Fig. 2 Shape of Guhring and Walter drill bit

Swaging
assembly

Spimdle

Fig. 3 Test bench for drilling test

Table 2 Specifications of spindle

Max 12,000
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Table 3 Standard limit of hole diameter and exit

burr length
Standard limit
Diameter
Lower Upper
1/4 Hole 0.2445 0.2465
inch Burr 0 0.002
5/16 Hole 0.3070 0.3090
inch Burr 0 0.002
A
‘ --Guhring  -B-Walter ‘
USL T
0.2465
=
S 02460 |
Li 0.2455 -
z
'-5 0.2450
£ [ Y i

v

6,000 7,000 8,000 9,000
Spindle RPM

Fig. 4 Result of drilling test for 1/4 inch

‘ ~+-Guhring - Walter

USL

0.3085

03080

03075

Hole diameter [inch]

0.3070

LSL

6,000 7,000 8,000 9,000
Spindle RPM

Fig. 5 Result of drilling test for 5/16 inch
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Table 4 Results of the process capability analysis for 1/4 inch diameter

Spindle RPM

Index Guhring Walter

6,000 7,000 8,000 9,000 6,000 7,000 8,000 9,000

Max (inch)  0.2468  0.2467  0.2466  0.2464  0.2456  0.2454  0.2452  0.2449

Min (inch)  0.2449  0.2458 0.2460 0.2460 0.2447  0.2447  0.2446  0.2445

Hol
. e Avg. (inch)  0.2459 0.2462 0.2463 0.2462 0.2451 0.2450 0.2448 0.2447
diameter
Gy 0.63 1.33 2.11 3.39 2.17 2.51 2.84 3.75
Cpk 0.45 0.48 0.41 1.03 1.29 1.21 0.82 0.84
Exit Max (inch)  0.0021 0.0023 0.0020 0.0016 0.0013 0.0014 0.0016 0.0017

burr Min (inch)  0.0014  0.0012  0.0007  0.0007  0.0004  0.0004  0.0005  0.0006

length  Ave (inch) 0.0018 00017 00014 00011 00008 0.0009 0.0011  0.0011

Table 5 Results of the process capability analysis for 5/16 inch diameter

Spindle RPM

Index Guhring Walter

6,000 7,000 8,000 9,000 6,000 7,000 8,000 9,000

Max (inch)  0.3084  0.3087  0.3087  0.3086  0.3075  0.3077  0.3078  0.3073

Min (inch) 03074  0.3079  0.3083 0.3083 0.3071 0.3070  0.3070  0.3070

Hol
. e Avg. (inch)  0.3080 0.3085 0.3085 0.3085 0.3073 0.3073 0.3072 0.3071
diameter
Gy 1.28 1.70 3.31 4.10 2.72 1.80 2.22 3.71
Cok 1.24 0.84 1.57 2.24 0.73 0.52 0.52 0.47
Exit Max (inch)  0.0022 0.0019 0.0021 0.0014 0.0009 0.0011 0.0018 0.0018

burr Min (inch)  0.0003  0.0006  0.0006  0.0005  0.0002  0.0002  0.0003  0.0002

length  Ave (inch) 0.0012 00011 00012 00010 0.0006 0.0006 0.0009  0.0011
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