REEDGI B

H %

= =SOSR 1
11 BV HTEE S oo 1
L2 H RIS TE S oo 1

L S HIETEIIIR oot 2

2 T BT I oo 3
2.1 TN B TS ML GE IR AR oo 3
211 BEE T IABHISTIE IR, oo, 3

D02 STHEBRLT oo 4

213 FRETHEETE oo 4

204 BIVEIIIE oo 4

215 FEBELER oo 5

2 L0 BRI et 5

2.2 TT BRI GIETE oo 5

3 JB BN SEER TT ZEBIITE oo 6
BAIBENZEBELIEITE oot 6
32 R BAEBN LRI RS TAEBIEL oo 8
33 THEAEFN I BIBBNAIT JIB B oo 8
e g2 e o= OO 10
VN W S 4 RTNR o LT e = AR 10

O U0 U 172 i = AU OO 10
R o 72 - AU U O 10

V0B R 475K 1% ) 5 i AU OO 14
o U 13 e = AU OO 14

B2 2 BRHGTE T oot 14

423 HHIEAE B T INSE oo 16

A3 AT oottt 18
A3.1 TR oo 18

4.3.2 HIEIEEHZS oo 19

4.3.3 HIEEHIR .o 19
RIS 77 = SO 20
5.1 BETEIEZ T 3T oo 20
5.2 F A AZ T T oot 21



KM

TR 212 k= A OO 28
BB BT et 30
BETE TR oo st e s 31
B 3T e 31

Bis 1 A SCCE 3
Bfsk 2 AhSCCHRIE S
ffsk 3 BAhEESVEILRACE A0
fisk 4 BAzhEERTRILEFE 1 AL
fisk 5 BzhEERTRILEFE 2 Al
fisk 6 BEhEEEUEILEIFE 3 A3



REEDGI B

15|

jfll3

1.1 BREARENIEX

WEE NI S HA WA A > ST A TR ST S S IIAE - 5835 - T
ZHASNE R > LHEEE RS MEE A SRS TR - A0k bk
b > Zh > D35 BOR EIRE - B2 - BHARSFREINIRHGET - HYehRST > LRG3 > LU
K= N SBRERF RN > —Ef R G - SRR A FRE 5k
I - B IH AR AR B HID - S5 A AT ™ - R ARG A S ERIIMK -
BLORFRA S LA EE » B - Oyt HFURAERAM - WORHE SR ALY
AR EN > FFLUAERAEAIHEAUE - FEOAUERED > SNCRSZENATT] - IT4F
> IWESFBUFED TV RIPEIRE R A TR - BN —EK > ok - R 5l
BN > TR > MRS S ARRFESIREE S - et THENAEM - 2E
SERIRY AR/ S - SERFFESARANF SV SR E RS — » Hh S EESHY
S - BEH - 28 - BAWELEOV IR ERVED 2 H

HEEFRW - TR EZ A TSR I GUR U U AN R A S EHY
L5%EIMESE I ZE 4% » [EIRF AR AERE LU LBERAVIERE » Frbd - BEETRE BRI TR
A BUT > ARAIRERERETINGE - SR IR S RS [ T H Y S E
U BEFUEFAT I ABAT 2R RERATR - R R ERHVE T AT 2.
EEFUR DS EEAFRIMEE A R ZE I XUERYE L - HATIMNEE R e ey

RN ESE > R A AT T HIIE A LAE - SR TR SR A RS
B IR EA - AR TAERE TSENEN - FrAlE TR EIERE > 5l
ARPRZEFFTFRTONRI & - NI @A REE e — e s T %
DRFTH — ME G A8 5 > 20 T AT AR = > AL AE U EgiHy AL
IRIRBTEIRRED  E K JRiE S -

1.2 BRFMIEE X
VEREHLAO TS e T8 Ve KRR B P . AR ARG M, SR TS T-7E 8 B KRR i
VRJG BEKHOALTE, VEVRROBCR . BORSEE, H AT b TC B 3 KRR DS .
BTk, HERELSFHEmERR, &ERERN GRS R,
RIS SR SRR O B T A BRI B — . A TSR T, ERh
K A O — R R B, BTSRRI AT k. e, R AT L I 7E IR
5 ] B 7 v 2 SR A P



REEDGI B

1. 3 FFAIUR

U WE RN s /ANEO N e 3| DO v o W 913 ) O N IR o o e SO A P 1
SETERE, FELLA T RISV AT T LU H S I T 7 TR AR . AR5 2
AT, FSIEANREREAL, BRI, XA RN R m 20 (F 55818
EH R T IRIRE, Sl e, MORIE, FEARREN, FrUa — e ekt

BURHINLES A, BURRHE R R, LB AR B AT TR bR e sy, 7 [ 41
IV ] ) — i v 2 7 D28 P T WL 88 NSk AT B B SN O TR, (EALIX LS A
M, BEEZ, DIREL (IR B a7 s S RS HED, ik
A CHE—e N T8 RERINLES AR U T ARBR RIS . S xhx A
FRE, BT T MERAERI N, S ST R AR MR L 2



REEDGI B

2 R 51k

2. 1 FESMEE LS T
A= S A SR IS A S o M DA Vi
2. 1. 1 WET TSI HEZE R
PATF R — S8 WL ST G
(1) [l 2. 1 Fros:

S

(A) FRIZRGE (B) L Rzt
B 2.1 [ X REE

(2) %3l
BOATE SR, WA 2.2 ML

I PAEIE I 2.3 Fios:

K 2.3 s ST

3



AT ZAIE K 2.4 Pos:

ety

AKCE L

CTLAIE L

K 2.4 Z R
B KRR E T T, ERERIRYE, IR B T4EE, (HsA & Hb

2 1A o

2.1.2 T
BRanRe R TR S, BHRlE SR ik FE R
2. 1. 3 ‘R AHEE

ANBIEE AN 2.5 s

FR R EESE N 2.6 AT R

L & Bl II'--_:.HI.: -L'

e A
BN =2

K26 FRIHESE
2.1. 4 HESX

T IS, —fokiiA LR EK:
A LT AREETE.



REEDGI B

B. Wi B F Bl A% 4 .

C. MU AR G E .

D. #E ThAE.

2. 1.5 FrpEGEH#

P RERIZER,  H TR B IE — T BT I I A R, A E B
VeAEAUVESN 3L B, SRTERRTI 0 1t Fe Sl WL Bl 45 A 32 ) B9 22 SR A WA, A8 FF) Rl 738 4
HIBAT WU REAE s N R 5h. 70X B, S BE I ISURILAY, I At .

2. 1. 6 B LERI

B E RT3 B BEEE RN BT R EhE N LR, anE TR
73050 R LT AN R BE o 2455 (1 B 3 7 25 S5 0 1 B B R B AN, il AN REAR G 1)
DB AR M B ORI 0y o BT CAMALES R L AMRIEE, 7 A8 LRI TAE,
B A 58 BRI, o mT DB L ES B S (LR P8 P A iR A ki )

JillF- B — NS T LB B

N TAEHLASTER FAEIRIZEN b, AL RESE, BT LR A — Sl Bh LA SR sk
DRGSR, WEPTR, KRAREINE —A4, SR, Uyl n Mg,
5152 BRI EERE, LA R N Igshiy, wlLMENLES SR AR RE— e R R, AT
ARG B, UG RE, I, SR A S B E, LA AL
FEARA — 2 A HIE

A — Sl AL (G 5 1 S HLAE B - TR A

2.2 TR S5k

WAEAE S FIER, S50, BRI 68, BB, AR, 24w, TIEME
w5 MOEM, AKCERMEEL SRS, NS, TN SR RSN, TE
W, R TAEHE, 2R A, s vERIEEE, SIlEvE AL



3 128 KA TT RIIHAE

MARAE S HER, —/NNA] LAE RS 600-800 )52k, HIER|GEM I, Eigrsp
ks, R e, 1 HEL R 600-800 “F75 K, FrLAER R KIS HiEweml . H
R E 3. 1 Fis:
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m.on,~ e —23 A9 T 10 TTREHE, r/ming T Jyimdfl, TG4
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Py Pus Pu—20508 T 1. TR TZHZR, KW;
3.3.3 &H¥EE
T1=9.55%10° P,/m = 9.55%10° x2.731/1430 = 18238.50N [nm

8



S

%
%

S B
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A S5 R o im, I 12, 17¢, 15
Onim1 =710MPa, 0w 1im2 =580MPa
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[gi1]=0.90%1m1=0.9%710 = 639MPa [0n2] = 0.9 1im2=0.9%580 = 522MPa
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- - = o 1 A\l [] 3
Jij AICCOS—— = arecos o 12°6'5" CRAity tHE #230r)

A% K, 3 12.9,, Ka=1.25
E R K, K 12.9, Kv=1.18

VA )47 53 P 2R 4 Koo
271 _ 2x18238.50

F=""= =810.6N
di 45
KiFi _1.25%810.6 _ o) <r 100 /mm
b 45
_ Lo
& =|188-32—+—||cos [
L Zi Z2)]
" 11
=|1.88-32|—+—|cos12°6'5"=1.67
i 22 105
_bsinf _YaxZi i p=10%22 120657 =1.50
V2 JT

& =& +&=3.17

tan a'» tan 20°
a: = arctan =arctan—— = 20°25"2"

cos B cos12°6'5"

cos B = cos Bcos an/cos a: =0.98

M1 Kio = Kra = £/ cos® £ =1.67/0.98% =1.74
Vi 3R 40 A6 R Kup, HE 12. 11,
—_ b 2 b 2 -3
Kup=A+B|1+0.6(—)" |(—)> +Cx107b
di dl
:1.17+0.16[1+o.6x12]x12+o.61x10‘3x45:1.453
WATREK, K = KaiKvKuaKnp =1.25%1.18%1.74%1.453=3.73

BVE R Ze, B3 12,12, Z: =189.8v/MPa

TR X AE Zy, ] 12,16, Zu=2.45
HEH R Ze , B 12.31, Keg>1,Weg=14

S ol
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Y2 REZp, Zp=1Jcos B =cos12°6'5" =0.99

?ﬁﬁ@%’]‘ﬁé%ﬁ SH min , Ehi% 12 14, ’/fgf SH min — 105 (gm‘ﬁ%’;)
S TAER 8] 1, 0 = 4%250%16 =16000Ah
L IIJVEREL N -

Nu = 60ymitn = 60x1x1430%16000 =1.3728 %10

Ni2= Nufir=1.3728x10°/4.782 =2.8708 10"

e 28 zv, A& 12. 18, Zvi=0.97, Zv2=1.15

VE B2 [ o]

(o] = LimiZn - TIOXO97 _ 55 90mPa
SH lim 1.05
[O'Hz] _0H lim 2ZN2 _ 580x%1.15  635.24MPa
SH lim 1.05
i
+
ou = 2277, | oLt
bd’  u
=189.8x2.45%0.77 %0.99 X \/ 2"3'37"182238-50D4.782+1
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THELAE R, Befol 57 9 FE BN 538, e RO A 2
4.1.3 BEMEHEBER T

di(i+1) _45%(4.782+1)
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Wb, b=wd =1.0%45=45mm, B b: =55mm, b2 =45mm

VAR S 3 7 5 6 B
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YA 22
cos’ B cos’12°6'5"

ﬁﬁﬁ%ﬁ Yroa : Zvi=

Z 105

Zva = = 5 =
cos” B cos 12°6'5"

& 12,21, Yra1=2.67, Yra2=2.18
NAMEIE R Ysa , HIE 12. 22, Ysa1=1.58, Ysa2=1.82

HOHERHYe gav:[1.88—3.2(zi+i)}cosﬂ
Vi Zva

= 1.88—3.2(L+L) cos12°6'5"=1.67
23 112

0.75 =0.25 +—0'75 =0.70
Eav 1.67

WERER R Y5, Yomn =1-0.256=1-0.25%x1=0.75

Ye=0.25+

(Mg =, e =115 )

;i 12.1°
Ye=1-g =1-1x =0.9>Ysmn, Y5=0.9
T T o 120° g g
— y & 3.17
Wi A2 0 e R 2 Kra = =2.
&Yes 1.67x%x0.70
BT SRS K =1.74 < 5)’/ M Kra=1.74
EaY ¢
e . b 45 B
A R BT e R Kes , HHEE 12, 14, PR 2_10, Krs=141
25x%

WM R K, K = KaKvKraKrp=1.25%1.18%1.74%1.41 =3.62
2 IR oFim, I 12. 23¢, OFim1 =600MPa, OFim2 =450MPa
TN 2 RE R 1214, Srmin=1.25

N JIFEAIREL N, Nu = 60ymith = 60 x1x1430%16000 =1.3728 10’

Ni2= Nufir=1.3728x10°/4.782 = 2.8708 x10°
h Ay 2% vy, HE 12,24, Ymi=0.9, ¥v2=0.98
RoF & 8ye, B 12.25, Yx=1.0
VRIS A [ o]



[UFI] _0r 1im 1Yn1Yx _ 600x0.89x1 — 497 20MPa
SF min 125
im X0. X
[O'Fz] _Ori 2YnaYx 450 0.94x1 338 4MPa
SF min 125
U
OFr1 = 2KT, Yra1YsalY Y s
dlmn
- 2x3.02X18238.30 ) 67x1.52%0.70x0.9 =83.36MPa <[ 7]
45%x45x%2
o= on T 2 g3 365 21882 _ g0 45 <[]
YraiYsa 2.67%x1.58

HE BN T B 3, RS (e R R A
4.2 F_RHARAETRTE

DRI B T P4 BR 1), 28 P b /0N, WSt 6 B A0Cr, 1A 5 AL 3, A FE BUCM 280HB ; K ik
FH 45 4N, 1T A0 HE, B B A 260HB. Ui 56K F X RR SC AR EE M. TH D IR T
U TR 2 ik e 5 11 5

4.2.1 ¥IBHE

BT, , T2=83767.45N nm
W RE We , B3R 12,13, ]LWa=1.0
AE, 3R 12. 16, it B=13°, HL A =88
B 55 W R o im, I 12, 17¢, 15
Onim1 =710MPa,0# 1im2 =580MPa
W0 v VT FH 4 Al 7 7 -
[0i1]=0.90%1m1=0.9%710 = 639MPa [0n2] = 0.9 1im2 =0.9%580 = 522MPa
fEBhti, i(=u)=3.416

VBSMER EA D , diz Al T2 1T 6470

\Vd[GHT u

WD D , b=WWa-di1=1.0%x72 =T72mm

4.2.2 BEitHHE
mdin:  7Tx72%299.038

B EE Yy, v= = =1.13
SRR VT OX1000  60x1000 /s

WSS B 8 2
NE AREORIR A -
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i :é :2 =2.571492, H#* 12. 3, Blm.=2.5
Z1 28
mn 2.5 S N
B = arccos— = arccos ———— =13°32'10" (Rl i1 %30T)
i 2.571492

I AKKA , % 12.9,, Ka=1.25
R, mE 12,9, Kv=1.10

1 1R A7 40P 3R 55 Kva
2T: _2x83767.45

F= =2326.87TN
di
KaF _ 1.25%2326.87 — 40.40 < 100N / mm
b 72
_ Lo
& =188-32—+—||cos [
L Zi Z2)]
_ AN
=|1.88-3.2| —+—||cos13°32'10" =1.68
I 28 96|

i X X
gB:bsm,B:l/ld thanﬁzl.o 28
Tlnn

&= +&=1.68+2.15=3.83

tan13°32'10"=2.15

tan ' tan 20°
a: = arctan =arctan——— =20°31'27"

cos B cos13°32'10"

cos B» =cos Bcos an/cos a
=¢0s13°32'10"cos 20/cos 20°31'27" = 0.98

H 15 Kia = Kra = &4/ cos® B =1.68/0.98% =1.75
U M E T AT R K, B 12. 11,
Kup :A+B{1+0.6(%)2}(%)2 +Cx107b
=1.17+0.16[ 1+0.6x1* |x1* +0.61x10” x72 = 1.47
B A% K, K = KaKvKnaKnp=125%1.10x1.75x1.47 =3.54
B R Ze, % 12,12, Z6=189.8VMPa

X IR R 2, I 12. 16, Zn =244
FOREARZE it 12,31, &> LE =1
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ZE:\/I:JL =0.77
Ea 1.68

i £y 2 2o e =AJcos B =1/c0s13°32'10" =0.99

Peful i /N2 A R A Swin | (13 12, 14, 13 Stmin =105 (—fimT4e)
2 T AR A | tn=4%250%16 =16000h
I AR R N
Nii = 60ynats = 60x1x299.038 x16000 = 2.87 x10°
Ni2= Nufiz =2.87%10%/3.416 =8.40%10’

A 22, B 12. 18, Zvi=1.10 Zv2=1.16
Ve 4 197]

[UHI] _ OH lim1ZnN1 _ 710x%1.10 — 743 81MPa
SH lim 1.05

[O'Hz] - OH limZZNZ — 580X116 — 64076MPa
SH lim 1.05

e 5

+
ou=2:zuzeZ, |22t
bd u

2x3.54x83767.45 3.416+1
72 x 72> " 3416

=189.8%2.44x0.77%0.99 x\/
=505.97Mpa <[ou2]
TS SRR, B 57 SR B BN 38, T RS T 4.
4.2.3 A EERS

di(i+1) _72%(3.416+1)
2

b fia  a= =158.976mm

SR EE [ B4R d di=T72mm,d>=1i2d1=3.416%x72 =245.952mm
55 b b=¢di=1.0%x72=T72mm Exb1=82mm,bz=72mm

A T

AR e 57 o T I

YA 28
cos’ B cos’13°32'10"

WIE R Yra : Zvi= 10'=29

Zon=— 22 = %6 =99

cos’ B cos’cos®13°32'10"

& 12. 21, Yre=2.55, Yra2=2.19
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MNAMBIERE Yso , HIE 12. 22, Ysa1=1.62, Ysa2=1.82

HELRHYe, e = [1.88 —3.2(Zi +L)}cosﬁ
Vi Zva

= 1.88—3.2(L+i) cos13°32'10"=1.69
29 99

0.75 _ 525+ 973 — 60
P 1.69

WEHEF R Y5, Yomn =1-0.256=1-0.25%x1=0.75

Ye=025+

(Mg =, e =115 )

Jei 13.5°
Yp=1-¢ =1-1x =0.80>Ysmn, HY5=0.89
T o 120° g g
N . £ 3.83
W 1) 28 1m7 20 ic R Krar, = =3.30
&Y: 1.68%0.69
BT O R Kra =175 <—5— | Kra =1.75
EaY ¢
WA E T Be 230 Krs, HIE 12. 14, Q:L:ug, Krp=1.44
h 225%x25

WATREK, K = KaKvKraKrp =1.25%1.10%1.75%1.44 =3.47

2 SRR, HE 12. 23¢, OFim1 = 600MPa, OFim2 =450MPa
Tl /N2 R A, B 12,14, Spmin =1.25

R SJAEER Y N, N =2.87x10°  Ni2 =8.40%10’
il FE A2, HIE 12. 24, YN1:0.92’ Yv2=0.94

RSP &% Yx, i 12,25, =10

v s i 1]
[UFI] _ OrimYi¥x _ 600x0.92x1 — 441.6MPa
SF min 125
im . X
[O'Fz] _ Orim2¥no¥x _ 450%0.94x1 _ 338 40MPa
SF min 125
WA
Or1 = 2KT> Yra1Ysa1Y Y g
d 11Mn
X X
= DOATXEITOT A5 5 55%1.62%0.69%0.89 =113.80MPa < [oF]
T2x72%2.5
Orazon e 13.80><Lx1'8§ =109.80Mpa <[ 072

Yra1Ysai 2.55x%1.6

17



e L AR, MO R R
R R e ST

b gt figh ¥ WL W T m, B AR EAA
Wik 1 40Cr 260HB 22 55mm 2 12° 65 45. 000mm
wiEe 11 45 240HB 105 45mm 2 12° 65" | 215.190 mm
WHETIT 40Cr 280HB 28 82 mm 2.5 [13° 32°10"" 72. 000mm
WETV 45 260HB 96 72mm 2.5 |13° 32710 | 254.952 mm
4.3 EHf5E

L 142 U 58
I I B N
—\ — —— ——
—
P 71 . 70.5 « 915
—1 —— | |
— — | |
J 71 o 128 U
l Vl‘ L
K41 fEE

4.3.1 PfE#Z

1 00 5 P B PR i R DA AR, AT s B R, b R R TR R, IR TR
IR AE P2 AR . AR AR I FH 40Cr 4K

HH<<HUBs > > 2 16. 2, 13- & Rk /N EAR 73 08 -
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KM

di=C3 ﬂ =1023 2.731 =12.655mm
ni 1430
din=C3 ﬂ = 10213/ 2.623 =21.036mm
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Process Planning and Concurrent Engineering
T. Ramayah and Noraini Ismail

Abstract:The product design is the plan for the product and its components and
subassemblies. To convert the product design into a physical entity, a
manufacturing plan is needed. The activity of developing such a plan is called
process planning. It is the link between product design and manufacturing.
Process planning involves determining the sequence of processing and assembly
steps that must be accomplished to make the product. In the present chapter,

we examine processing planning and several related topics.
Process Planning

Process planning involves determining the most appropriate manufacturing
and assembly processes and the sequence in which they should be accomplished
to produce a given part or product according to specifications set forth in the
product design documentation. The scope and variety of processes that can be
planned are generally limited by the available processing equipment and
technological capabilities of the company of plant. Parts that cannot be made
internally must be purchased from outside vendors. It should be mentioned that
the choice of processes is also limited by the details of the product design.

This is a point we will return to later.

Process planning is usually accomplished by manufacturing engineers. The
process planner must be familiar with the particular manufacturing processes
available in the factory and be able to interpret engineering drawings. Based
on the planner’ s knowledge, skill, and experience, the processing steps are
developed in the most logical sequence to make each part. Following is a list
of the many decisions and details usually include within the scope of process

planning.

The part of product design must be analyzed (materials, dimensions,
tolerances, surface finished, etc.) at the start of the process planning

procedure.
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The process planner must select which processes are required and their

sequence. A brief description of processing steps must be prepared.

In general, process planners must develop plans that utilize existing
equipment in the plant. Otherwise, the component must be purchased, or an

investment must be made in new equipment.

The process must decide what tooling is required for each processing step.
The actual design and fabrication of these tools is usually delegated to a tool
design department and tool room, or an outside vendor specializing in that type

of tool is contacted.

Method analysis Workplace layout, small tools, hoists for lifting heavy
parts, even in some cases hand and body motions must be specified for manual
operations. The industrial engineering department is usually responsible for

this area.
Work standards. Work measurement techniques are used to set time s

Cutting tools and cutting conditions. These must be specified for machining

operations, often with reference to standard handbook recommendations.
Process planning for parts

For individual parts, the processing sequence is documented on a form called
aroute sheet. Just as engineering drawings are used to specify the product design,
route sheets are used to specify the process plan. They are counterparts, one

for product design, for manufacturing.

A typical processing sequence to fabricate an individual part consists of':
(1) a basic process, (2) secondary processes, (3) operations to enhance physical
properties, and (4) finishing operations. A basic process determines the
starting geometry of the work parts. Metal casting, plastic molding, and rolling
of sheet metal are examples of basic processes. The starting geometry must often
be refined by secondary processes, operations that transform the starting
geometry (or close to final geometry). The secondary geometry processes that

might be used are closely correlated to the basic process that provides the
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starting geometry. When sand casting is the basic processes, machining
operations are generally the second processes. When a rolling mill produces sheet
metal, stamping operations such as punching and bending are the secondary
processes. When plastic injection molding is the basic process, secondary
operations are often unnecessary, because most of the geometric features that
would otherwise require machining can be created by the molding operation.
Plastic molding and other operation that require no subsequent secondary
processing are called net shape processes. Operations that require some but not
much secondary processing (usually machining) are referred to as near net shape
processes. Some impression die forgings are in this category. These parts can
often be shaped in the forging operation (basic processes) so that minimal

machining (secondary processing) is required.

Once the geometry has been established, the next step for some parts is to
improve their mechanical and physical properties. Operations to enhance
properties do not alter the geometry of the part; instead, they alter physical
properties. Heat treating operations onmetal parts are the most common examples.
Similar heating treatments are performed on glass to produce tempered glass.
For most manufactured parts, these property—enhancing operations are not

required in the processing sequence.

Finally finish operations usually provide a coat on the work parts (or
assembly) surface. Examples included electroplating, thin film deposition
techniques, and painting. The purpose of the coating is to enhance appearance,
change color, or protect the surface from corrosion, abrasion, and so forth.
Finishing operations are not required on many parts; for example, plastic molding
rarely require finishing. When finishing is required, it is usually the final

step in the processing sequen
Processing Planning for Assemblies

The type of assembly method used for a given product depends on factors such
as: (1) the anticipated production quantities; (2) complexity of the assembled
product, for example, the number of distinct components; and (3) assembly
processes used, for example, mechanical assembly versus welding. For a product

that is to be made in relatively small quantities, assembly is usually performed
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on manual assembly lines. For simple products of a dozen or so components, to
be made in large quantities, automated assembly systems are appropriate. In any
case, there is a precedence order in which the work must be accomplished. The
precedence requirements are sometimes portrayed graphically on a precedence

diagram.

Process planning for assembly involves development of assembly instructions,
but in more detail .For low production quantities, the entire assembly is
completed at a single station. For high production on an assembly line, process
planning consists of allocating work elements to the individual stations of the
line, a procedure called line balancing. The assembly line routes the work unit
to individual stations in the proper order as determined by the line balance
solution. As in process planning for individual components, any tools and
fixtures required to accomplish an assembly task must be determined, designed,

built, and the workstation arrangement must be laid out.

Make or Buy Decision

An important question that arises in process planning is whether a given
part should be produced in the company’ s own factory or purchased from an outside
vendor, and the answered to this question is known as the make or buy decision.
If the company does not possess the technological equipment or expertise in the
particular manufacturing processes required to made the part, then the answer
is obvious: The part must be purchased because there is no internal alternative.
However, in many cases, the part could either be made internally using existing
equipment, or it could be purchased externally from a vendor that process similar

manufacturing capability.

In our discussion of the make or buy decision, it should be recognized at
the outset that nearly all manufactures buy their raw materials from supplies.
A machine shop purchases its starting bar stock from a metals distributor and
its sand castings from a foundry. A plastic molding plant buys its molding
compound from a chemical company. A stamping press factory purchases sheet metal
either fro a distributor or direct from a rolling mill. Very few companies are
vertically integrated in their production operations all the way from raw

materials, it seems reasonable to consider purchasing at least some of the parts
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that would otherwise be produced in its own plant. It is probably appropriate

to ask the make or buy question for every component that is used by the company.

There are a number of factors that enter into the make or buy decision. One
would think that cost is tI@IZIZIZ1&1&lhe most important factor in determining
whether to produce the part or purchase it. If an outside vendor is more
proficient than the company’ s own plant in the manufacturing processes used
to make the part, then the internal production cost is likely to be greater than
the purchase price even after the vendor has included a profit. However, if the
decision to purchase results in idle equipment and labor in the company’ s own
plant, then the apparent advantage of purchasing the part may be lost. Consider

the following example make or Buy Decision.

The quoted price for a certain part is $20.00 per unit for 100 units. The
part can be produced in the company’ s own plant for $28.00. The components of

making the part are as follows:
Unit raw material cost = $8.00 per unit
Direct labor cost =6.00 per unit
Labor overhead at 150%=9. 00 per unit
Equipment fixed cost =5.00 per unit
Total =28.00 per unit
Should the component by bought or made in—house?

Solution: Although the vendor’ s quote seems to favor a buy decision, let
us consider the possible impact on plant operations if the quote is accepted.
Equipment fixed cost of $5.00 is an allocated cost based on investment that was
already made. If the equipment designed for this job becomes unutilized because
of a decision to purchase the part, then the fixed cost continues even if the
equipment stands idle. In the same way, the labor overhead cost of $9. 00 consists
of factory space, utility, and labor costs that remain even if the part is

purchased. By this reasoning, a buy decision is not a good decision because it
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might be cost the company as much as $20. 00+$5. 0+$9. 00=$34. 00 per unit if it
results in idle time on the machine that would have been used to produce the
part. On the other hand, if the equipment in question can be used for the
production of other parts for which the in—house costs are less than the

corresponding outside quotes, then a buy decision is a good decision.

Make or buy decision are not often as straightforward as in this example.
A trend in recent years, especially in the automobile industry, is for companies
to stress the importance of building close relationships with parts suppliers.

We turn to this issue in our later
(121218121 @discussion of concurrent engineering.

Computer—aided Process Planning

There is much interest by manufacturing firms in automating the task of
process planning using computer—aided process planning (CAPP) systems. The
shop—trained people who are familiar with the details of machining and other
processes are gradually retiring, and these people will be available in the
future to do process planning. An alternative way of accomplishing this function
is needed, and CAPP systems are providing this alternative. CAPP is usually
considered to be part of computer—aided manufacturing (CAM). However, this tends
to imply that CAM is a stand-along system. In fact, a synergy results when CAM
is combined with computer—aided design to create a CAD/CAM system. In such a
system, CAPP becomes the direct connection between design and manufacturing.
The benefits derived from computer—automated process planning include the

following:

Automated process planning leads to more logical and consistent process
plans than when process is done completely manually. Standard plans tend to

result in lower manufacturing costs and higher product quality.

Increase productivity of process planner. The systematic approach and the
availability of standard process plans in the data files permit more work to

be accomplished by the process planners.
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Reduced leaded time for process planned. Process planner working with
a CAPP system can provide route sheets in a shorter lead time compared to manual

preparation.

Improve legibility. Computer—prepared rout sheets are neater and easier

to read than manually prepared route sheets.

The CAPP program can be interfaced with other application programs, such

as cost estimating and work standards.

Computer—aided process planning systems are designed around two approaches.
These approaches are called: (1) retrieval CAPP systems and (2) generative CAPP
systems .Some CAPP systems combine the two approaches in what is known as

semi—generative CAPP.
Concurrent Engineering and Design for Manufacturing

Concurrent engineering refers to an approach used in product development
in which the functions of design engineering, manufacturing engineering, and
other functions are integrated to reduce the elapsed time required to bring a
new product to market. Also called simultaneous engineering, it might be thought
of as the organizational counterpart to CAD/CAM technology. In the traditional
approach to launching a new product, the two functions of design engineering
and manufacturing engineering tend to be separated and sequential, as
illustrated in Fig. (1). (a). The product design department develops the new design,
sometimes without much consideration given to the manufacturing capabilities
of the company, There is little opportunity for manufacturing engineers to offer
advice on how t[@IZIZIZI21&he design might be alerted to make it more
manufacturability. It is as if a wall exits between design and manufacturing.

When the design engineering department completes the design, it tosses the
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Fig. Comparison: (a) traditional product development cycle and (b) product

development using concurrent engineering

By contrast, in a company that practices concurrent engineering, the
manufacturing engineering department becomes involved in the product
development cycle early on, providing advice on how the product and its
components can be designed to facilitate manufacture and assembly. It also
proceeds with early stages of manufacturing planning for the product. This
concurrent engineering approach is pictured in Fig. (1). (b). In addition to

manufacturing engineering, other function are also involved in the product
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development cycle, such as quality engineering, the manufacturing departments,
field service, vendors supplying critical components, and in some cases the
customer who will use the product. All if these functions can make contributions
during product development to improve not only the new product’ s function and
performance, but also its, testability, serviceability, and maintainability.
Through early involvement, as opposed to reviewing the final product design after
it is too late to conveniently make any changes in the design, the duration of

the product development cycle is substantially reduced.

Concurrent engineering includes several elements: (1) design for several
manufacturing and assembly, (2) design for quality, (3) design for cost, and
(4) design for life cycle. In addition, certain enabling technologies such as
rapid prototyping, virtual prototyping, and organizational changes are required

to facilitate the concurrent engineering approach in a company.
Design for Manufacturing and Assembly

It has been estimated that about 70% of the life cycle cost of a product is
determined by basic decisions made during product design. These design decisions
include the material of each part, part geometry, tolerances, surface finish,
how parts are organized into subassemblies, and the assembly methods to be used.
Once these decisions are made, the ability to reduce the manufacturing cost of
the product is limited. For example, if the product designer decides that apart
is to be made of an aluminum sand casting but which processes features that can
be achieved only by machining (such as threaded holes and close tolerances), the
manufacturing engineer has no alternative expect to plan a process sequence that
starts with sand casting followed by the sequence of machining operations needed
to achieve the specified features . In this example, a better decision might be
to use a plastic molded part that can be made in a single step. It is important
for the manufacturing engineer to be given the opportunity to advice the de
E&]EEE&]ZZE&IEﬂsign engineer as the product design is evolving, to favorably

influence the manufacturability of the product.

Term used to describe such attempts to favorably influence the
manufacturability of a new product are design for manufacturing (DFM) and design

for assembly (DFA). Of course, DFM and DFA are inextricably linked, so let us
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use the term design for manufacturing and assembly (DFM/A). Design for
manufacturing and assembly involves the systematic consideration of
manufacturability and assimilability in the development of a new product design.
This includes: (1) organizational changes and (2) design principle and

guidelines.

.Organizational Changes in DFM/A. Effective implementation of DFM/A
involves making changes in a company’ s organization structure, either formally
or informally, so that closer interaction and better communication occurs
between design and manufacturing personnel. This can be accomplished in several
ways: (1)by creating project teams consisting of product designers,
manufacturing engineers, and other specialties (e.g. quality engineers,
material scientists) to develop the new product design; (2) by requiring design
engineers to spend some career time in manufacturing to witness first—hand how
manufacturability and are impacted by a product’ s design; and (3)by assigning
manufacturing engineers to the product design department on either a temporary

or full-time basis to serve as reducibility consultants.

DFM/A also relies on the use of design principles and guidelines for how
to design a given product to maximize. Some of these are universal design
guidelines that can be applied to nearly any product design situation. There
are design principles that apply to specific processes, and for example, the
use of drafts or tapers in caste and molded parts to facilitate removal of the
part from the mold. We leave these more process—specific guidelines to texts

on manufacturing processes.

The guidelines sometimes conflict with one another. One of the guidelines
is to “simplify part geometry, avoid unnecessary features” . But another
guideline in the same table states that “special geometric features must
sometimes be added to components” to design the product for foolproof assembly.
And it may also be desirable to combine features of several assembled parts into
one component to minimize the number of parts in the product. In these instances,
design for part manufacture is in conflict with design for assembly, and a

suitable compromise must be found between the opposing sides of the conflict.
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