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INSTRUCTIONS AND INFORMATION FOR THE CANDIDATE

1. Answer any five (5) questions.
. All questions carry 20 marks each.

. This paper contains seven (7) questions.

2
3
4. There are thirteen (13) printed pages.
5

. List of formulae is attached in Appendix A at the end of the question paper.
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QUESTION 1

a) There are two broad classes of polymeric material available for polymer processing —
thermoplastics and thermosets. For the two types highlight the following:

1) The characteristics of the polymer. [2,4]
i1) Common product applications. [4]
ii1) Types of polymer processing applicable. [4]

b) Figure Q1 shows the sectional view of two proposed alternative designs for an injection-
molded box shaped part that is enclosed on four sides. From the point of view of tooling
costs, which of the two designs is most costly? Assume that the wall thickness is the
same in all designs. [6]

QUESTION 2
a) There are four types of ribs that can be used in Injection molded parts.
1) Name the four types of ribs. [4]
i1) Describe the effects they have on the cycle time. [2]
ii1) Explain two (2) ways in which the sink marks due to ribs can be avoided.
[4]

b) You are part of the design team at Kotek Engineering. You have been asked to roughly
estimate the cycle time for the part shown in Figure Q2 if it is produced with commercial
tolerances. What would you estimate the the cycle time to be if the part is made of nylon
6 in a mold with an SPI finish of 3. The maximum wall thickness of the part is 2.5mm.
The minimum wall thickness is 1.5mm.
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Notes: 1. All dimensions in mm.
2. Part thickness is 2.5 mm except
where noted.

Figure Q2
QUESTION 3
a) Discuss the following types of metal casting methods, in each highlighting the method,
types of metals which can be used for the particular type, part types that can be produced.
1) Sand casting [3,1,1]
i1) Investment Casting. [3,1,1]
b) Explain five DFM guidelines for casting. [10]
QUESTION 4
a) The stamping process can be divided into two broad categories. Using appropriate
diagrams distinguish the two categories. [6]
b) The part shown in Figure Q4 is made of soft cold rolled steel. The location of the holes

A and C are not critical. Distortion of hole B is not permitted. Determine:

i) The relative die construction cost for the part. [6]

i1) The relative die material cost for the part. [6]

ii1) The overall die cost for the part. [2]
Sheet thickness = 1 § mm
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QUESTION 5

a)

Use Fig Q5 to answer the following questions;

1) Use an appropriate algorithm to deduce the number of active stations required to
produce the part. [4]

i1) There are two possible layouts for developing the strip for the part. Show these
two possibilities by means of clear sketches. [2]

1i1) Choose one possible layout and complete the strip development process. [§]

b) Define using diagrams the following terms commonly used in the construction of dies.

1) Internal undercuts [3]
i1) External undercuts [3]

Y
Figure Q5
QUESTION 6
a) For a production volume of 40 000 parts, given that: Shear strength - 306MPa, A-

48.2inches, Feff — 0.75, tsetup — 1hr, t - 0.234, V_ - 3750mm?, Cmr — 1.00 and Cd — 3.49
for the part shown in Fig Q4 in question 4. Assume it is made of soft cold rolled steel.
Determine:

(1) the relative processing cost, [8]
(i1) relative material cost and [2]
(iii))  Total relative part cost [2]

b) As part of BJ Tool and DIE you are to give a talk to a design class that is involved in the
design of a product that contains a substantial number of stamped parts. As part of your
talk you decide to focus on the design of the parts as it affects tooling cost.

1) Explain why you decide to focus on tooling cost as opposed to material or
processing cost? [4]
i) Explain in detail exactly which features of the part affect tooling cost. (4]
QUESTION 7
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a) Briefly explain four aspects in the design for manufacturing guidelines for stamped parts.

(8]

b) For the stamping shown in Fig Q7 what are the redesign suggestions that you can make to

help reduce the cost to stamp the part. [6]
¢) Explain in the detail the 6 rules of thumb that should be followed in order to produce a

good strip layout. [6]

(A |5

Ay
E P f
Table Q7
End of Exam

APPENDIX A: A LIST OF FORMULAE FOR INJECTION MOLDING
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FIGURE 4.19  Determination

found in Appendix 4.A.)

of cavity detail. (The numbers in parentheses refer to notes
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FIGURE 4.23  Value of C for use in Equation 4.6. (If L,./H,, <1, then use the value of
H,. /L. to determine C.)
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FIGURE 4.24  Relative die mazterial cost.

Table 4.1 Subsidiary complexity rating, C.. (The numbers in parentheses refer to notes
found in Appendix 4.A.)

Fourth Digit
Without With
Extensive (7) Extensive (7)
External External
Undercuts (5) Undercuts (5)
0 1
Third Cavity Low 0 1.00 125
Digit Deitail (6) Moderate 1 1.25 145
High 2 1.60 1.75
Very High *3 2.05 2158

Table 4.2 Tolerance and surface finish rating. C,. (The numbers in parentheses refer to
notes found in Appendix 4.A.)

Sixth Digit
Commercial Tight
Tolerance. T, Tolerance, T,

0 1
Fifth Surface SPI 5-6 0 — -
Digit Finish. R, SPI 34 1 1. 1.05
Texture 2 1.05 1.10
SPI 1-2 3 1.10 1.15
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Worksheet for Relative Tooling Costs—Injection

Original Design
Relative Die Construction Cost

Molding

Basic Shape L= B= H= Box/Flat
Basic Complexity I** Digit = 2™ Digit= Gy =
Sub. Complexity 3 Digit = 4" Digit = C.=
TJR, 5™ Digit = 6" Digit = G=
'j;tal relative die construction cost Cy, =CoCC=
Relative Die Material Cost
[4, - Bm = ' Hm =
Die closure parallei to Jl Lo/H., = Thus, C=

M., = [0.006CH,,']'" =

M-i 23 0-04Lm‘“=

M, = (2M,, + L,)(2M., + B,) =

M, = (H, + 2M,) =

Thus,

[ Cae= Ca=0.8Ca +02C,,, =

—

Redesign Suggestions

Basic Shape L= B= H= Box/Flat
Basic Complexity 1* Dagit = 2" Digit = Co =
Sub. Complexity 3" Digit = 4" Digit = Ci=
TJ/R, 5% Digit = 6* Digit = G=
Total relative die construction cost C,, =C,CC,=
a = 0.8Cs + 02Cy, =
% Savings =

Page 9 of 18



Page 10 of 18



(*v¢ xipuaddy ur punof saiou o1 1afos sasaypuaavd ur seaquunu 2y [ ) < ‘Swn 21odo aanwjau 21spq 40f wasLs uoupINYissv]H

@ po 0 = ww prgz/wWw | ‘ww p-gz = I |)

'S 3NDH

1191d dNO335

sjeuae or9 oS 05y 95°€ wala so gy |1 | [0U1002 03 ynaysg
paweoj asq 18F £0'F 8ee 397 o noura (g | (01 oo o) dse3 Aqeuoied 10U 212 (o sed
S L £ Z L 0]
ulg < M US> My WUl | Ui M3 UGN | UUE» My uuz [UUZ> My uuy| Ud [ 5 M SHed 8|qeuoliyed-uoN (9)
: " " - ssauyoy) [jem ay) o) jenba 10 uey) 1a)ealb
ol S0 Bee e Z (5] sewjony) $50q 10jpue qu Yiim saje|q (9) sassoq
" v jueaijyiubis
197 %€ ¥ZE 757 9 saje|d jassnb q (5] ssausyoiy jjes |1OIPUE () Squ
payoddns jou sassoqisqiy ayy uey o 3] ssou .....N.uww ”_u (W
S | papoddns sassoqisqiy qu yiim sarely _:.u.:m
n
BEY 49¢€ LY ¥eZ g | Buiqqu jeuonoaanpiun sassoq 1
32afa 10 [e1per yiim (/)panojs 10 10 squ y
: - - - 40 6 012 1 6 [esayduad 1
() A £S€E 187 01z g| Dulqqu ssow 10 PRIRDIOU | uou ynoyym
sTeT43jeu I113 03} JHIUATUOD Yl M, AN YoM 10 i ;__—
poueo - . ] A ITNITH3T4 sajeld 4
3 oLy BEE 197 %'l z| su reseyduad (q) s8ss0q
asn -UOU INOYN M, _cﬂnm%hw» s
_ - 1o [5) qu 1
96°€ GZE £52 8L L squ [erayduad (2] panojs 10 uedyubis 1
-uou Yim, oy
: pajjub o .
: : _ : squ [elayduad are Yyoiym
28¢ e BEZ 891l I e ey sael
s L £ 4 8 a8 .
Wug < M [UES> My UuR|UuR> Ay UHE | UUE A WWZ WUz My uuy| Wd | > M N ‘SHBd 8|qeuolied Jopuals-uoN (q)
| (8) 8¢ 0ce &gl Sl 3oala €| qQUYIM | (4] suonoaloid je1aje] ypm sajejd
| sTerdajew| g7 007 551 5L 10 2[AU ORI | 1ofpue QDL <Mz} ™ Yiim saiel | (2) sauetd 10
|~ paueoj 0Lz G G 1 0Ll TIT3 03 [1] squunm | (suonosloid esare ooy (4 0L < A 71
asn G657 01 ool oL ITNITHITA [g [squ moqum| (€] DOL > %™ yuw sajelq -
= b ¢ ¢ t 8 ‘SUB4 9|qeUoOlliled Jopus B
UG < M |WWSy My Ul | WUl My UUE | GUE> > W [WUZy > WdL| Ui | 5 @ S "SHed 8|qRuoliIRd J8pudlS (E)
SSOUNIY L [IBM

L=t O—=—

Page 11 of 18



Table 5.1 Data for the reference part.

Material Polystyrene
Material Cost (Ky,) 1.46 x 107 cents/mm’"
Vol (V,) 1244 mm’

Die Material Cost (Kyp,) $980¢

Die Construction Time 200 hours®

(Includes design and build hours)

Labor Rate (Die Construction) $30/hr®
Cycle time (t,) 16s®
Mold Machine Hourly Rate (C,,) ~ $27.53%9

Table 5.3 Additional relative time, t,, due to inserts and internal threads. (The
numbers in parentheses refer to notes found in Appendix 5.A.)

Third Digit

Parts without internal

threads (1)

Parts with internal
threads (11)

Without molded-in inserts (12
With molded-in inserts (12

Without molded-in inserts

With molded-in inserts (12)

)
(12

) 000
Lo0s

) 20

3 01H0sH

Table 54 Time penalty,t,, due to surface requirements and tolerances. (The numbers
in parentheses refer to notes found in Appendix 5.A.)

Fifth Digi

Fourth
Digit

Plate surface  Low
requirements  H
(13) i

£
h

Imm < w<2mm
2mm < w < 3mm
3mm<w<4mm
dmm < w<Smm

h L RS

Tolerances  Tolerances
not difficult ~ difficult to

to hold
0

100
130
12
116
110

(14)  hold (14)
1

120
143
141
13
13
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Worksheet for Relative Processing
Cost and Total Relative Cost

Original Design/Redesign

L,= B, = i LB, = ‘ Slender/ Non-slender? | |

Basic Relative Cycle Time

Plate 1 Plate 2 Plate 3 Plate 4 Plate 5

Ext/Int
1% Digit
2 Digit

LY

Additional Time

37 Digit
t.

Time Penalty

4™ Digit
5 Digit

tp

Relative Cycle Time for Plate

t. = (tp + te)tpf
Relative Cycle Time for the part =

Relative Processing Cost

i A, = ‘ F, = [ Cpy = J C. = t,Cp, = I

Relative Material Cost
| v = I v, = | Co — | Co = (VIV)Cone = |

Total Relative Cost

N — |
C, = 0.00182C,, + (6980/MN)Cy + 0.1224C, |

Page 13 of 18



Appendix for Stamping Parts

Table 9.1 Algorithm for determination of the total number
of active stations for shearing and local features
(Chandrasekaran, S., 1993).

Table 9.7 Determination of the number of stations
requircd (Mahajan, PV., 1991). The subscripts 1 and 2 refer
to the number of stations required for shearing and local
forming, and bending and side-action features, respectively.

Features Number of Stations

External pilot holes 1

Number of distinct feature types, n, 0123456789
Number of closely spaced feature 0123456789
types, N

Number of feature types with
features in opposite dircction, n,

Number of Active Stations: N, = Nu+Ng=

Number of Tdle Stations: N, = Ni+Np=

(a) ForL, <25mm
Ny=15(Ny-1),j=1,2

0123456789

(b) For2Smm<L, <!25mm Tabs? (y/n) 20
N = 0 (parts without curls) Embosses near part periphery? (y/n) 110
Ni: =2 (parts with curls) Curls or hems? (y/n) 20

Nl.‘ > {le = 1)

() ForLy>125mm, Ny=Ny=0 Blanking out station 1

Total number of active stations, N,,

Total Number of Stations: Ng= N, + N, = v
Table 9.3 Basic hours required to produce various features
using a medium-grade tool. For a high-grade tool add 10
hours. For a low-grade tool, subtract 10 hours. (Note: Data
based on information provided by collaborating stampers.)
Operation Medium Grade
Bending 40
Blanking 40
Piercing 30
Standard Hole 30
Nonstandard Hole 45
Extruded Hole 50
Table 9.2 Algorithm for detcrmination of the total number Lancing ' 40
of active stations for wipe forming and side-action features eatie A o
{Chandrasekaran, S., 1993), Yattering 40
Semi-perf 25
Wipe Forming Number of Stations Tab 65
f (norch) (40)
Number of bend stages 0123 45 023456 (form) 25
. Lo s Drawing 55
Bends in opposite directions? {applies 10 Forming 40
only to parts with one hend stage) Coining 40
(vin) Curl 120
(notch) (20)
Number of overbends 012343 (bend) (40)
Number of features m the primary 012345 (fexsm) Ll
plate near the bend line ’ Liem 0
(notch) (40)
Number of side-action features 012345 [bend) (40)
3 3 ) {form) (40)
Total Number of Active Stations, N. Side-Action Feature 80
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Tgbk 9.6 Fac_!ors to account for the effects of sheet
thickness on die construction and die material costs.

Sheet thickness (mm) F, Fin
39 1.0 14

Worksheet for Relative Tooling Costs—Stamping

Original Design

Yes

Unfoldable?

Uniform sheet thickness?

Sheert thickness < 6.3mm?7

Hole diameter > sheet thickness?

Featurcs normal to sheet thickness?

Arc bends straight bends? ’

Without multiple plate junctions?

Primary plate without overbends on all sides?

IF ALL RESPONSES ARE YES—PART IS

STAMPABLE!

Number of Active Stations

N,, (sce Table 9.1) = N, (see Table 9.2) =
Na=Nu + N =

Relative Die Construction Cost

t, (scc Table 9.3) = | t. = 1833N., —3.33 =
L =ty + 4y = | Coe=1sr138=

F, (see Table 9.6) = C, = CLF, =

Relative Die Material Cost

Flat Envclope: Lu=

Low=

Direction of strip fecd: L=

Lira

Idle Stauons

N,; (scec Table 9.7) =

N, (see Table 9.7) =

Total Stations

Ne=N,+ N; +Nix=

F... (see Table 9.6) = |

Lo = Nl + 2L, = Lgs = Lusa + 2Lex =
A=Ly+25= B=1,+25= |
Sis AB =

Cym = Fum[2.7S4./(25.4)° + 136]/260.2 =

Cy=02C,., +08C, =
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Table 10.1  Values of X4 for use in Equation 10.4,
3 .

= Coil fed press = ~Masual fod press

Small Parts (L« 100 mm)
Total Penalty « 4 => Low Die Detail
4 < Total Penalty « § => Medium Die Detail
Total Penalty > 8 => High Die Detail

Medium Parts (100 mm < L « 200 mm)
Total Penalty « 6 => Low Die Detail

6 < Total Penalty «12-> Medium Die Detail
Total Penalty >12=> High Die Detail

Large Parts (L > 200 mm)

Total Penalty <10=> Low Die Detail
10< Total Penalty «17=> Medium Die Detail
Total Penalty >17-> High Die Detail

i e i b el o L L il
ddidd Ak

0050 100 150. 300 250 300 350 400 430 500 350 400 64
Press Tonnage (USCS tans)

Relative Machine Hourly Rate Ch,
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Worksheet for Relative Processing Costs and Total Relative Cost—Stamping

Original Design/Redesign

Tonnage required (linear dimensions in mm)

Material = Oy = MPa | ¢,= MPa | Lou=

t= Detail = low/med/high Xaa= L=

Fau=15L, 0t = KN | Fu=21Lt= kN
F,= (Fou + Fo)(1 + Xag) = Fo= 0Lyt/18 = kN

A = inches (from die materal

calculation)

F, = 1.5F = 1L.5(F+F,) =
(Note: 1 ton = 8.89kN)

Press Selection (See Figure 10.1)

Tons = SPM =

Chr=
(See Figure 10.2)

Relative Processing Cost

Cc ] trchr

N tey = 3600[1/F(60SPM) + 1/N] t. = t,/0.234
Relative Material Cost
Cue= Luw - \j‘\ & o
(See Table 10.2) s il
NN R NN
\\\\\ i 4:9\*
e
N

Flat Envelope

Cm = (V/Vo)cmr= V= LuII-'uwt = mm’

Total Relative Part Cost (C, = 0.0215C,, + (6561/N)C, + 0.00177C,)

N G
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