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Estimation of Manufacturing Time for Machined Parts

Kang Kim*

jF Abstract JL —

It is well known that design cost is only about 5% of final product cost, but over 70% of it is determined during design
stage. Earlier in the product design and development cycle the design changes occur, more economic they become. Therefore,
it is recommended that the manufacturing time and cost of product are considered in steps involved in designing and manufacturing
a product as early as possible. In this study, it is proposed a possible way that can be available for estimating manufacturing
time of parts, which are manufactured by conventional material removal processes (e.g, turning, milling, and drilling). For
it to be useful in the early design stage, the minimum number of informations on dimension, shape, and design features

of part will be used in this method.
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Table 1 Distribution of machine tools in the general
engineering industry(s)

. Percentile incidence of
Machine tool type work(%)
Drilling 282
Turning 249
Milling 20.2
Grinding 114
Horizontal and Fine Boring 33
Slotting and Keyseating 2.5
Tapping 2.1
Broaching 14
Gear Cutting and Grinding 14
Screw Cutting and Rolling 13
Vertical Boring 1.1
Planning 1.1
2,2 A0 ¥
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Table 2 Parameters for estimating manufacturing time

Time Parameters
- Initial material volume
General - Material density
Set-up time - Batch size
- Workpiece weight

Non-productive time - Number of operation

- Volume removed
- Surface area finished
- Power available

Machining time
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Table 3 Grouping of approximate shape

Category Approximate shape

1 Cﬁ Cylinder
2 @ Block

3 Cylinder
and Block
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Turning
+ Milling

Calculation of Sel-up time
)

Fig. 2 Flowchart of calculating set-up time
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ts = tbsxl.S/Bs (1)

o7\ A tys : Total basic set-up time (s)
B : Batch size
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Table 4 Basic set-up times for basic machining operations”

Operation | Workholding device| ~ Set-up time(min)
1 tool |2 tools|3 tools
Turning Collet 20 28 34
Chuck 29 34 41
1 tool
Milling Vice 69
Collet or Chuck 75
Number of Spindles
1 2 3
Table or Vice 10 15 20
Drilling} Table
Parallels, V-Block | 11 16 21
) Table or Vice 17
Radial -
Fixture 24
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Table 5 Pre-travel and over-travel time in machining
processm (d, : average turned diameter(mm), dy
: average milling tool diameter (mm), d, : average
drilled diameter (mm), vy : feed speed (mm/mm),
R;: surface generation rates for drilling (mm /mm),
K, : correction factor for drilling)

Pre-travel and over-travel time (s)
tor = 5.4 (di > 50)
b = 0.021xd7 (d: < 50)
Milling toom = 60xdy/vr
tpod = 384xd}" (Re<Ko)
Drilling Ky = (da/25.4) O+0.05/0 (1, < 95)
Ky = (ds"%/5.92) (da 225)

Machining process

Turning
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Table 6 Power available according to workpiece weightm

Machine tool | Workpiece weight (kg) | Power (kW)
0~ 0182 037
General 0.182 ~ 4.54 4.04
lathe 454 ~ 13.62 7.35
13.62 ~ 2724 11.03
0~ 0182 037
General
milling machine 0.182 ~ 454 0.735
454 ~ 13.62 294
60V, 60V b
tmr"' Pi + Pm (4)
o714

pr : specific cutting energy for turning (kW - min/mm’)
P specific cutting energy for milling (kW - min/mm’)
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7] A]
Re: surface generation rates for turning (mm®/min)
Ry surface generation rates for drilling (mmz/min)
Ru: surface generation rates for tapping (mm®/min)
Le: milling cutter travel distance (mm)

K. surface generation rates for turnin, mm®/min
g g

- _un
K: = 5 88+108.71/d,

A7A

dw: average threaded diameter (mm)
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Fig. 3 Drawing of example 1°

Table 7 Material information of example 1

FM LC Steel B, = 1500
Parameter p 4 /4 D
Value | 7.8405x10° | 1346000 | 10.553 | 5.005x10°
Parameter Dm R Ve R
Value | 5.005x10° | 24323 | 256.54 | 21290

Table 8 Motor power and set-up time of example 1

Parameter P Py, ths &
Value 7.35 294 7200 72 -

Table 9 Non-productive time of example 1

Parameter | 4, n di dn K K
Value | 57.15|10.16| 15.08 | 254 |0.6852| 1.5363

Parameter | 7, Hot | Mom Hod Hota
Value 4 23 2 2 0

Parameter | # Tpot
Value |63.539| 54

fpom | Ipd | Iy
23762 3.1168 | 582.34

Table 10 Machining time of example 1

Parameter| V; Va bor
Value |773510{2621.9 | 318.71

Parameter | 4, L. Ag A tof tn
Value | 47894 | 50.8 | 3045 |2837.6]179.73| 498.44

Table 11 Comparison with Boothroyd's method

s ty I Total
Proposed 72 | 58234 | 49844 | 1087.98
estimation
Boothroyd | 25.5 42 618 | 11255

100] Yehggic). 3, Table 112 5 239 v 2 g 2o
20
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of ZHFAITHE, B F7A7HR] AAAIR G BAARL 247
447.3429} 633.4427} F o] Boothroyd®] AT}l 482,
618%0] ZAstA dAct. WA, & AT +4 A¥=
2 A7t gled &YE + Utk
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i 743, ojot #E FH = Table 12¢] FHof 9
th. oro] Alglell Mgt mpasbA R, A& gt AR D g4
EAo oJate] ARE M3 FA7A  FTF FEE o
§3to] 7| AZH AL, BRI AR R Az
AArsle, 1 A= 27} Table 13, 14 2 159 YeRHS
31 #F A3t 8] Table 1694 Bl gich

Table 1694 & 4 §l%°|, Ostwald®] 2% ¥z 2
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Fig. 4 Drawing of example 2

Table 12 Material information of example 2

430F Stainless B, =200
Parameter p vV /4 J )
. Value |7.8405x10%] 738670 57915 | 7.0525x10°
Parameter D R Ve Ra
Value | 7.735x10° | 11742 | 10668 | 6064.5

Table 13 Motor power and set-up time of example 2

Parameter P P, tis ts
Value 7.35 2.94 6480 48.6

Table 14 Non-productive time of example 2

Parameter | d;, | dy di | G K K
Value [38.82] 248 | 8 | 9.53 [042378 0.76992
Parameter | 7 Hot Hom Nod Hota
Vaue | 5 | 6 5 4| 4
Parameter| & | fo | fom | bt | by
Value [52.015(3.1647] 13.948 [5.5618] 623.41

Table 15 Machining time of example 2

Parameter | ¥, Vi by
Value 393280 25441 |266.58
Parameter | A4 L Aq An bnf I
Value | 40728 | 165.15 |1608.5| 1556.8 | 425.5 | 692.08

Ostwald Al¥h, A U4, FEIYHA, =Pl
Ul 7 FAVNAE AHstg e, & delde A,
YYojAl, =dHe A o] FA Al 742 FAT|AE A s

Table 16 Comparison with Ostwald's method

I3 by Im

Proposed
estimation

Ostwald 125.28 169.2 7188

48.6 623.41 692.08

AL A7 SRS metA, AR ez FA7)A A
4 o7t B Ostwald®] Wiel] oJ3t 7| AER|AlZko] 2
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AAAY £E ke 2 ¢ S Aok T WAA 7 F
2HTHE, Ostwald7} AA S W9 3248 1) 7 71A&
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2ol A 742 8§ FA7AE o)l &3he 7Rl 9% A
AY $ Qick
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