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Abstract:  JM Corporation is a growing manufacturer of plastic injection
molded products. One of its manufacturing lines for consumer packaging is
comprised of ten-year old machines which appear to have exceeded their
economic life. Rgject rates are high and maintenance costs have risen
dramatically. Using the financial constraints of the company and economic
analysis, Rgects Limited, and Engineering consulting firm, has considered
several options for bringing the production line back up to economic
efficiency. The options include using the 'do nothing' as a base and
comparing different scenarios of new and/or rebuild replacement of
machines. The options were considered on a Present Worth and Annual
Equivalent basis. The scenario consisting of replacing al old machines with
al new, was chosen as the best option and a sensitivity analysis revealed that
Capita investment has the greatest impact when deviated significantly from
the expected values used in the cash flow analysis
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JM CORPORATION

REPLACEMENT ANALYSIS
INJECTION MOLDING EQUIPMENT

Concepts Ilustrated: Present Worth Analysis, Replacement Analysis and Sensitivity Analysis

Abstract - JM Corporation is a growing manufacturer of plastic injection molded
products. One of its manufacturing lines for consumer packaging is comprised of ten-
vear old machines which appear to have exceeded their economic life. Reject rates are
high and maintenance costs have risen dramatically. Using the financial constraints of
the company and economic analysis , Rejects Limited, an Engineering consulting firm,
has considered several options for bringing the production line back up to economic
efficiency. The options include using the ‘do nothing’ as a base and comparing different
scenarios of new and/or rebuild replacement of machines. The options were considered
on a Present Worth and Annual Equivalent basis. The scenario consisting of replacing
all old machines with all new, was chosen as the best option and a sensitivity analysis
revealed that Capital investment has the greatest impact when deviated significantly

from the expected values used in the cash flow analysis.

BACKGROUND

JM Corporation is a plastics injection molding company which produces a wide
variety of consumer products. One product line that is currently showing a 20% product
returns as well as a 30% late delivery rate, is the manufacturing line for consumer packaging.

The eight molding machines that comprise this product line were purchased ten years ago.
.



They had a recommended economic life of eight years. These machines have an optimal
yield of 98 % when properly operated or maintained. A four person maintenance team was
originally able to meet maintenance requirements for all eight machines.

JM has undergone significant growth over a ten year period and expects a minimum
1.5% annual growth rate (adjusted for inflation) [1] over the next business cycle. The current
machines, even though exceeding their economic life by two years, are currently being
operated at 24 hours a day, seven days a week which is twice their recommended cycle. This
type of production is not without a high cost. Reject rates are up to 12% and utilizes a twelve
person maintenance team to keep the machines operating. The direct costs of an increase in
rejects has been estimated by JM to be approximately $135,000 per percentage point. Net
loss for rejects i1s currently running at 1.62 million dollars a year in waste and re-

manufacturing costs.

RESEARCH AND ITS IMPACT

Bown [2] indicates that the main fixed cost for an injection molding company is the
c:ar].:lital cost of the equipment. JM recognizes this and has chosen to push the useful life of its
machine to a maximum and into what is possibly a money losing situation. Rejects Limited,
an engineering consulting firm, has been retained to conduct an analysis to determine how
JM can improve this particular production line.

JM has budgeted $1 million, from cash, to achieve a minimum of 30% reject
reduction rate in the first year. An additional $1 million will be made available through
equity financing in order to achieve 98% vyield within three vears. Increased vields will have

a dramatic positive impact on product returns and late deliveries.



Research by Rejects Limited, found a variety of “value priced’ injection molding
machines that would meet the needs of JM. Computer aided manufacturing (CIM) svstems
are being utilized in mid-size manufacturing companies to provide competitive advantage
through high yield and excellent quality [3]. In addition, automation (robotics) is being used
in conjunction with injection molding machines to achieve higher level of efficiencies [4].
JM does not currently incorporate CIM technology nor does it have sophisticated automation.
However in researching new machinery it was found that most equipment from suppliers such
as Husky or Engel have these types of capabilities which can be incorporated [5] at later times _
should the company wish to pursue such options. Rejects limited considered these
capabilities a plus and based its machine pricing on this type of equipment.

The options considered by Rejects Limited, included the status quo, rebuilding old
machines and purchasing new. From the standpoint of reducing rejects by at least 30% in the
first year, the “do nothing” option was used as a baseline. The one million a year in the first
two years was an additional constraint that limited the options as well. In terms of
e:quilpment, the new machines are priced at $500,000 each and have a capacity more than
tw-ice that of the old machines (1 new replaces 2 old). Rebuilt machines cost $100,000 each
with no additional capacity (replace 1 for 1). Service lives are eight years and four years

respectively.

DESCRIPTION OF ALTERNATIVES

We have identified five different alternatives to be considered for this evaluation.
Each of the alternatives other than the ‘do nothing’ involves the purchase of new equipment.
Since all the alternatives involve an equipment cost of two million dollars, the question we

ask ourselves is what alternative will give us the minimum cost? These alternatives will be
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analyzed using a Cash Flow Approach and they will be assessed using the Present Worth
(PW) and Annual Equivalent (AE ) values. Any investment totaling more than $1,000,000 in
a year will be financed through a cooperate loan at a rate of 10% annually. However, any
investments of $1,000,000 or less in a year will be financed through the company’s own
funds. Revenues are not expected to increase by a sigmficant amount, this project will merely
be a cost-improvement project, therefore decision will be made in favor of the alternative
with the least cost to the company.

Tables 1 through 5, describe the options used by Rejects Limited in their analysis:

ITEM YEAR COSTS
8 Old machines 10 years old 325,000 each
Reject Rate 12% Per Year 1,620,000
Maintenance Labor Per Year 376,000
Parts/tools Per Year 240,000
Service Life 8 Years

Table 1: ‘Do Nothing’
ITEM YEAR COSTS
4 New machines Bought in year 0 500,000 each
Reject Rate 2% Per Year 270,000
Maintenance Labor Per Year 72,000
Parts/tools Per Year 20,000
Service Life 8 Years

Table 2: All new machines in year 0
ITEM YEAR COST %
& Rebuilds machines Bought in Year 0 100,000 each
Reject Rate 8% Per Year 1,080,000
Maintenance Labor Per Year 264,000
Parts/tools Per Year 20,000
Service Life 4 Years

Table 3: All rebunld machines bought in year 0
ITEM YEAR COST %
2 New machines Bought in year 0 500,000 each
Reject Rate 7% Year 1 945,000
4 Rebuilds Bought in Year 1 100,000 each
Reject Rate 5% From Year 2 675,000
Maintenance Labor Per Year 132,000
Partstools For Year 1 130,000
Parts/tools From Year 2 50,000
Service Life NEW 8 Years
Service Life REBUILD 4 Years

Table 4: Combination of 2 new and 4 old machines




ITEM YEAR COST S

2 New machines Bought in vear 0 500,000 each
Reject Rate 7% Year 1 G45.000

2 New machines Bought in Year 2 500,000 each
Reject Rate 2% From Year 2 270,000
Maintenance Labor For Year 1 132,000
Maintenance Labor From Year 2 72,000
Parts/tools For Year 1 130,000
Parts/tools From Year 2 20,000
Service Life New 8 Years

Table 5: Foor new machines bought in different yeurs

Note: All the above options are using a tax rate of 34%, 7 years MACRS and an 8 year

analysis period. The companies Minimum attractive rate of return (MARR) is 12%

CASH FLOWS

OPTION 1: DO NOTHING’

To understand what running the old machines in their current situation is costing JM
Corp. a “do nothing” option was studied. This should explain why the company is considering
alternatives today for its manufacturing line.

8 machines were bought 10 years ago at a cost of $325,000 each. The machines were
classified as 7-year MACRS properties and they have fully depreciated by now. They have no
market value today, and are not expected to have any market value in 8 years.

Over the vears, the reject rate of these machines increased to 12%, costing $1,620,000
every vear, and as they fulfilled their projected service life, the maintenance costs increased
to an annual $376,000 and the cost of necessary parts and tools to keep the machines running
are now $240,000 per year. A decrease in rejects, maintenance or tooling costs is not
expected and the best estimate is that they will remain the same over the next 8 years at the
capacity the machines are run currently. Clearly, this option does not involve any investment

activities, financing, or depreciation.



Using the information in table 1, an annual equivalent cost of $1,475,760 is

calculated, see table 6.

OPTION 2: NEW ONLY IN YEAR 0

This alternative involves replacing all the existing machines today with new
technology. The new reject rate is estimated to be 2% depending on the manufacturer of the
equipment, totaling a loss of $270,000 every year over the service life of the machines.

The cost of a new machine 1s $500,000, and every new machine has the capacity to
replace two old machines which will necessitate buying 4 new machines. Total cost of the
machines will exceed $1,000,000 in a year,(totaling $2,000,000) so the company will have to
use a million dollars from borrowed funds at 10% annual rate to finance part of this project.
This will introduce tax savings every vear over the interest of the debt, and will be beneficial
for JM Corp. because the company has the opportunity to borrow at a rate lower than its
MARR. The new machines are classified as 7-year MACRS properties for tax purposes and
the:}‘l have a service life of 8 years at the end of which they are not expected to have any
sal-vage value. Annual maintenance labor and parts/tools costs will decrease to a significant
$72,000 and $20,000, respectively.

Using the information in table 2, the Present Worth of this project is calculated to be

$2.537.933and the Annual cost of the project is calculated to be $510,893, see table 7.

OPTION 3: REBUILDS ONLY IN YEAR 0
A third alternative is to replace all the existing machines with rebuilds, that will
reduce the rejects by 4% to $1,080,000 annually. Rebuilds will also help reduce maintenance

labor cost to $264,000, and parts/tools to $80,000 annually. The rebuilds will cost $100,000
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each, totaling $800,000 for the 8 machines and extend the service life of the machine by 4
years. At the end of the first 4 years, a second rebuild of all machines is predicted at the same
costs.

A depreciation schedule of 7-year MACRS will be applied to the rebuilt machines.
The rebuilt machines will not be fully depreciated by the end of their useful lives, and as there
will be no salvage value of the rebuilt machinery, there will be a gains tax shield of $101,959
at the end of their useful lives ( periods 4 and 8)

Analysis using the given information in table 3, vields a cost of $5,654,577 for the

project at present worth and an annual equivalent cost of $1,138,282, see table 8.

OPTION 4: COMBINATION OF 2 NEW AND 4 OLD

A different approach is to consider performing a cost-improvement project over a
period of time instead of replacing all the machines at once. It is assumed that 2 new
machines replacing 4 current machines will be bought in the year 0, at $500,000 a machine,
rcdlfcing the rejects rate by 5%. The losses because of the reject rate of 7% will be $945,000
tht;: first year of the project. The remaiming 4 old machines will be replaced by rebuilts at the
end of the first year, reducing the rejects to 5%, and the reject costs to $675,000 from year 2
onwards.

Parts/tools cost will be $130,000 the first year, and will go down to $50,000 after the
rebuilds are bought. The combined maintenance labor will be $132,000 every vear throughout
the project.

Service life of new machines is 8 years. Service life of rebuilt machines is 4 years, requiring a
second rebuild of the 4 old machines in year 5 at a total investment cost of $400,000. All

machines are considered as 7-vear MACRS properties for tax purposes. As the rebuilt
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machines are not fully depreciated by the end of their service lives, they allow for tax shields
in years 5 and 8. Total investments in one year never exceed $1,000,000 in this alternative,
therefore, debt financing cannot be allowed.

Using the information in table 4, the cost of the project in present worth 15 calculated
to be $3.345,932 over the life of the project and the annual equivalent cost 1s calculated to be

$673,546, see table 9.

OPTION 5: TWO NEW MACHINES BOUGHT IN YEAR 0 AND 2

Instead of replacing all machines with new ones in a year, it is projected that JM Corp.
replaces 4 machines every year for two years to allow for maximizing the capacity of the new
machines without decreasing the production volume by a significant amount in a single year
which could strike a blow to the company. It is assumed that the new machines will reach
their desired capacity by the end of the first year they are installed. The reject rate will go
down to 7% in the first year, totaling $945,000 in costs; and the replacement of the remaining
maclhines will cut rejects down to 2%, resulting in an annual cost of $270,000 .

J It is expected that the cost of the new machines will be $500,000 next year, the same
as this year’s price. The first year, 4 old machines will be kept to run, which will require a
maintenance labor cost of $132,000 and tool/parts at $130,000. After the replacement is
complete, maintenance and parts/tools costs will be down to $72,000, and $20,000
respectively.

The machines are considered as 7-year MACRS properties. The second set of two

machines bought will not have depreciated fully by the end of the project. This will introduce

a gains tax shield of $30,345 in the 8th year of the project.



Using the given information table 5, the present worth of this project was calculated to
be $3,138,770 and the annual equivalent cost was calculated to be $631,843, see table 10.
The result from the above options is that the purchase of two new machines in year 0 would

involve the greatest PW and an immediate decrease in rejects.

SENSITIVITY ANALYSIS

A sensitivity analysis was performed on option 2, the altermative of replacing all
current machines with new ones in year (. The factors analyzed are Tax Rate, Capital .
Investment required to perform the project, Salvage Value of the machines at the end of the
project life, Reject Costs, Changes in Maintenance Labor and Tooling/Parts Costs, and the
Loan Rate. A maximum deviation of 50% from the expected values was allowed. Effect of
such variations on the net cash flows were calculated, table 11 and the PW was plotted
against the deviation from the expected values, see graph 1.

The analysis shows that the Tax Rate and Capital Investment required are the major
factors affecting the results. Change in the Rejects Rate could become an important factor,
sh.uuld any unexpected changes occur to offset the project from its projected goals. Deviating
the Rejects by £ 50% varies their cost by £ 1% which is £ $5(135,000) annually. However,
even in the worst case of lowering the capital investment by 50% from the expected value,
this option remains as the most preferable option, with a PW of less than $ (3,300,000) which
is better than any of the other alternatives. Even though tax rates are a major influence in the
sensitivity analysis, chances of that changing are unlikely. Changes in Labor, Parts and
Salvage Values result in no significant impact on the project. An increase in maintenance
labor and tools costs could be fairly well tolerated providing these maintain the projected

rejects rate. Any increase in the salvage values would be welcome.
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CONCLUDING REMARKS

[n summary, the economic analyses presented above show that the all new machines
in year 0 alternative is preferable to all the other alternatives. When viewed from the PW |
AE and the goal of decreasing reject rates by at least 30% and least cost to JM Corp., Option
2 appears as the best alternative enabling a reject rate of 2% , and having a PW value of
$(2,537,933) compared to $(7,331,044) for the current situation at the company’s MARR of
12%. The Annual equivalent for option 2 is $(510,893) as compared to $(1,475,760) for the
current situation. Please note that the Rejects rate will stay at 2% over the course of their |
service life if a proper Preventive Maintenance system is implemented, the thing that changes
over time is the capacity. Sensitivity analysis indicates that the present worth is very sensitive
to Capital Investment and Tax Rate. However, a change in rejects rate by £50% does not
have a significant impact on the PW, which leads us to conclude that investment in new

equipment is highly necessary for JM Corp.
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TABLES AND GRAPHS

Table 1. Do Nothing’

Table 2. New Only - All new machines bought in year 0

Table 3. Rebuild Only - All rebuild machines bought in year 0
Table 4. New Rebuild - Combination of 2 new and 4 rebuilds machines
Table5. New New - Two new machines bought in year 0 and 2
Table 6. Cash Flow Statement for Option |

Table 7. Cash Flow Statement for Option 2

Table 8. Cash Flow Statement for Option 3

Table 9. Cash Flow Statement for Option 4

Table 10. Cash Flow Statement for Option 5

Table 11. Sensitivity Analysis Statement for Option 2

Graph 1. Sensitivity Analysis for Option 2



Al B S D E | F | G | H [ [ | J | K
1 CASH FLOW STATEMENT 1 TABLE 6
"2 ]
3 Entered values in blue INPUT oUTPUT
Check purple formulas Tax rate %= 34.00 PWIiil= %  (7.331,044)
5 Answars in red MARR %= 12.00 AE()= (1,475 760)
6 | Loan int %= 10.00 |=--Mot applicable in this sheet
T
KR 0 1 2 a 4 5 ] 7 8
]
10| INCOME STMNT
11|+ Revenues
[hE - Expenses:
13 | COGS: Reject cost (1,620,000} (1,620,000) (1,620,000) {1,620,000) (1,620,000) (1,620,000 1,620,000 (1,620,000
14 O&M: Labar (376,000) (376,000} (376,000) {376,000} (276,000} (376,000 (378,000 (376,000)
15 | Maintenance parts {240,000} (240,000) {240,000 (240,000} {240,000) (240,000} (240,000 (240,000)
16 Others
17 Dapreciation ] ] 0 ] ] o a ]
KL Dabt interest pmts 0 0 0 0 0 0 i} 0
19| Tawable ncome 5 - § (2235000 F  (2236000) 3 (223B0M) F (2236000) ¥ (2236000 § {223600h % (2236000} F (2236,000)
20 Income taxes {34%) o 760,240 760,240 760,240 760,240 760,240 TE0,240 760,240 760,240
21 Mt Income 3 $ (1475780) § (1475760) § (1475760) § (1475780} $ (1475760) § (1475760) § (1475760) $ (1,475760)
22
23| ©ASH FLOW STMNT
24 Operating activities:
735 |+ Met Income 0 {1,475, 760) {1,475, 760) {1,475, 760) (1,475,760) {1,475, 760) (1,475 760) (1,475,780 {1,475 7B
26 |+ Depraciation o o 0 0 0 i o 0
'ﬂ- Investment activitites:
28 |- Capital Investmeant ]
29 |+ Sabvage value 4]
30 |- Gains Tax {last n only) 0
(3 | Financing activities:
32+ Borrowed Funds o
33 1- Principal repayment 0 ] 0 1] ] a ] 0
38| 'Net Cash Flow $ § (14757600 $ (1475760) 3 (1 4TS7E0) § (1.475780) § (1.475780) § (1.475760) § (1,475760) § (1,475,760)
35
E3
-1 37
38| Deprrates % (1/2 last n) 14,29 24 49 17,49 12.49 B.93 .62 .03 4.45
39| cCost basis for depr= 0
40| Depreciation 0 0 0 0 0 0 0 0
LY
ES35pjx Do Mothing Gl4/5E



B | C | D E F G | H | | J | K

1 |caASH FLOW STATEMENT 2 TABLE 7
"% |
T Entered values in blue INPUT QUTPUT

4 |Check purple formulas Tax rate %= 34.00 PWi= § (2,537,933

5 |Answers in red MARR %= 12.00 AE(i)= (510,893

[] Loan rate %= 10.00 |8 year loan term

7

8 0 1 2 3 4 5 [ 7 8
-3

10 [INCOME STMNT

11 |Revenues

12 Expenses:
(13| coGS: Reject cost (270,000 {270,000 {270,000 {270,000) (270,000) (270,000) {270,000} (270,000
14| o0&am: Labor {72,000) (72,000 (72,000) (72,000) (72,000 {72,000) {72,000) (72,000)
15 | Maintenance parts {20,000} {20,000) {20,000 (20,000) {20,000) (20,000 (20,000) {20,000}
16 thers

1 Depreciation {285,800) {489,800) {249 800) (249 B00) (178,600) {178 ,400) (178,600) {89,200)
18| Debt interest pmts {100,000 {91,256) (81,627) (71.068) (56.417) (46,615) {32,532 {17,040)
19 [Taxable Income 3 T8 (747,800) § (943,056) § (793437) §  (682856) § (B00,017) $ (SB7,015) § (573,132) § (468,240)
20 |Income taxes (34%) o 254,252 320,639 269,768 2321711 204,006 188,585 184,865 159,202
21 |Net Income 5 - %5 (492548) 3 (622.417) § (523668) §  (450685) § (306,011) § (387.420) § (ITB.267) § (308,038)
22
23 |CASH FLOW STMNT
'H' Operating activities:

25|  NetIncome 0 (493,548) (622417 (523,668) {450 685) {396,011) (387 430) (378,267) (309,039)
26 | Depreciation 285 800 489,800 349,800 249,800 178,600 178,400 178,600 89,200
27 |investment activitites:
2B |  Capital Investment (2,000,000)

29 Salvage value ]
30 | Gains Tax (last n only) 0
'_ﬁ_' Financing activities:
32| Borrowed Funds 1,000,000
33| Principal repayment (B7.444) (96,188) (105,807) {116,388) {128,027) {140,829) {154,912) (170,404}
|34 |Net Cash Flow 5 (1,000000) 5§  (295192) § (228,805) § (279,676} §  (317273) § (345438) § (3495.859) § (354579) § (350.242)
=
Eid
(38 |Depr rates % (1/2 last n) 1429 24.49 17.49 12.49 8.93 8.92 893 448
38 |Cost basis for depr= (2,000,000)
40 |Depreciation {285,800) {489,800) {349,800) {249,800) {178,600) (178,400) {178,600) {89,200)

New Only



Al B | e | D E | F | G | H | I | J | K
1 CASH FLOW STATEMENT 3 TABLE B
2
3 Entered values in blue INPLUT QUTPUT
4 Check purple formulas Tax rate %= 34.00 PW(i)= & (5654577
B | Answers inred MARR %= 12.00 AE(i)= {1,138,282)
[ Loan int %= 10,00 |=—-Mot applicable in this sheet
K
2] 1] 1 2 3 4 5 [i] 7 8
9
10| INCOME STMNT
11 |+ Revenues
—‘IT - Expanses
13 OGS Reject cost {(1,080,000)  {1,080,000)  (1,0B0,000) (1,080,000)  (1,080,000)  (1,080,000)  (1,080,000) (1,080,000}
14 Q&M Labar {264,000} (264,000) (264,000) (264,000) (264,000) (264,000) (264,000) (264,000}
156 Maintenance parts (80,000) (BD,000) (B0,000) {80,000} (80,000} (80,000} (B0, 000} (80,000}
16 Others :
17 Depreciation 1114,320) {195,920) {139,920) {49,950) {114,320) {195,920) (139,920) (49,960)
18] Debt interest pmis 0 o 0 0 0 o o o
18| Taxable Income 5 £ (1,538320) § (1,619920) $ {1,563020) $ (1473.960) $ (1,538,320) § (1,619.920) § (1563920} 5 (1.473.950)
2“ Income taxes (34%) a 523,029 550,773 531,733 501,146 523,029 550773 531,733 501,145
21 Nel Income g $ (1.015291) $ (1,069,147) § (1,032187) 5 (972.814) § (1,015291) % (1,060147) § (1032187} % (S72.814)
B
23| CASHFLOW STMNT
24| Cperating activities
251+ Met Income 0 {1,015.281) (1,089,147} (1,032,187} (972,614) (1,015,201} (1,069,147} (1,032,187} (572 814}
26 |+ Depreciation 114,320 195 520 138,820 4% BE0 114,320 195,820 138,820 49 060
27 Investment activitites
28 |-  capital Investment (BO0,000) (800,000}
29 |+ Salvage value 0 0
30]-  Sains Tax (last nonly) 101,959 101,950
Eil Financing activities:
32 |+ Borrowed Funds ]
33 |- Principal repayment 0 0 0 0 [0} 0 0 o
34| WNetCashFlow § (BOD,000) §  (BO0971) § 0 (BF3227T) § (BY2267) 5 (1,620,894) §  (DODSTY) § (B3 22T) % (BOZ2B7) §  (B20,A94)
[ 35
36
ar
| 38| Deprrates % (172 last n) 14.29 24.49 17.49 625 14,29 24 49 17.49 625
39| Cost basis for depr= (800,000}
40 Depreciation (114,320) (195, 820) {138,920} (49,980} {114,320) {195,920] {139,520} {49,960}
ES535pjx Rebuild only G/A/GB




Al B | C | D E | F G | H T | J | K
1 CASH FLOW STATEMENT 4 TABLE 9
2
T Entered values in blue INPUT OUTPUT
4 Check purple farmulas Tax rate %= 34.00 PWii= & (3,345032)
5 Angwers in red MARR %= 12.00 AE(i}= (673, 546)
6 | Loan int %= 10.00 |=—Mot applicable in this sheat
-
|6 | 0 1 2 3 4 5 (i 7 B
EER
10| INCOME STMNT
11 |+ Revenues
12 |- Expenses:
EER COGS: Reject cost (9145, 000} (B75,000) (270,000) (270,000) (270,000) (270,000 (270,000) {270,000
O&M: Labor {132,000} {132,000) {122,000} {132 000) (132,000} {132,000) {132,000 (132,000
15 Maintenance parts (130,000) {50,000 {50,000) (50,000 (50,000) (50,000) (50,000} {50,000)
16 | Others
17 Depreciation (142,800 {202,080) (272,850 (194 860) (114 280} {146, 360) (187 260) (79 580)
18 | Debt interest pmts 0 0 0 0 0 i} 0 0
19| Taxable Income 3 §  (1,3490800y § (1,959080) § (724,860) % [BABBBD) $  (S66,280) (5OB 380} § (B3I 2E0) §  (531,500)
20|  Income taxes (34%) 0 458,066 384,080 248,452 218,932 102 535 203,442 217,348 180,737
21| et income 5 3 (B90,0934) § (TEA980) § (4TBA08) (426,928) § (373 T745) (394018) § (421.812) § (350,B43)
| 22|
23| CASHFLOW STMNT
24| Operating activities:
(25 [+ Metincome 0 (800,034 {784 980) (478,408 {426,028) {373.745) {304 918) (421,912} {350,843)
I_ﬂ_ﬂ_ + Depreciation 142 900 302,060 272 860 194, BGO 114 280 148,360 187,260 78,580
i Investment activitles:
28 |- Capital Investment (1,000,000} f4030,000) (400, 0}
29 |+ Salvage value 0 0
| 30 |-  Gaine Tax (last n only) 50,980 71,366
37| Financing activities:
32 |+ Berrowed Funds 0
33 )-  Principal repayment 0 0 0 0 0 0 0 0
% Met Cash Flow $(1.000000) §  (1.148,034) §  (482,920) § (205548} 5 (232 0GB) S (BOB,485) (248, 558) § (234.062) § (199.897)]
| 36 |
37
' Deepr rates % (1/2 last n) 14,28 24 .48 17.48 12 .48 883 807 8,93 4.46
39| Costbesis for depr= (1.000,000)
40| Depreciation (142 8009 (244,900 (174,900 {124,500 189, 3004 (849,200 (&5, 300) (44,600
41 14.29 24.48 17.48 B.25 14.29 24.48 B.75
42 {400,000) 3
43 | (57, 160) {87 60 (GERCH]] (24, 580} (57,160} (57 A60) {34,980}
E535pjx Mew Rebuild Bl4/08




Al B [ D R S R G H | I I T S

1 CASH FLOW STATEMENT & TABLE 10
2]

3 Entered values in blue INFLUT CUTPUT

4 Check purple formulas Tax rate %= 34.00 Pwiii= § (3,138,770)

5 Answers in red MARR: Y= 12.00 AE(i)= (631 843)

6 | Loan int %= 10.00 |=—MNot applicable in this sheat

ki
ER 1} 1 2 3 4 5 6 T a

]

10 INCOME STMNT

11 |+ Revenues

12 |- Expenses:

13 COGS: Reject cost (845,000 (270,000)  (270,000) {270,000 (270,000) (270,000)  (270,000) {270,000}

14 O&M: Labor (132,000) (72,000) (72,000) (72,000) (72,000) (72,000} {72,000) (72,000)

Maintenance parls {130,000) {20,000} {20.000) (20,000} {20,000) {20,000) {20,000) (20,000)

16 Cthers

17 Depreciation {142,900 {387,800}  (419,800) {299,800) {214,200) (178,500) {178,500) {89,250)

18 Cebt interest pmts 0 ] 0 ] 1] ] 0 ]

1 Taxable Income 5 - % (13489000 § (749,800) § (7B1.800) § (661,800} § (5762000 & (5405000 § (540500) § (451,250)

20|  Income taxes (34%) 0 458,965 254,832 265,812 225,012 195,908 183,770 183,770 153,425
29| Netincome $ - 5 (B00,934) § (494868) § (515088) § (428,788) & (3B0.202) 5 (356730) § (356,730) § (207,825)

22
23 | CASH FLOW STMNT

24| oOperating activities:

25|+  Metincome g {B90,934) (494 AGS) (51%5,088) {436 788 (380,202} {356,7300 (356 730) (207 B25)
26 |+ Depreciation 142,900 38T 800 418,800 200 800 214,200 178,500 178,500 89,250
-ril Investment activitites
28 |- Capital Investment (1,000,000} {1,000, 000)

29 |+ Salvage value 0

30 |- Gains Tax {last n only) 30,345
Eil Financing actiities.

32|+ Borrowed Funds ]

33 - Principal repayment _ 0 o D 0 0 o Q ]
34| NetCash Flow § (1,000,000) § (1,748,034} § (107,008) § (06.1B8) $  (136,008) § (166,002) § (176,230) § (176.290) § (178.230)
|35 |

36
37 |

“I'38]  Deprrates % (172 last n) 14,28 24.49 17.49 12.40 8.93 B.42 883 4,45

39| Costbasis for depr= {1,000,000)
40| Depreciation {142,800 {244,800) (174,000 {124,900) (89,300) {82,200} {69,200 (44,600)
41 14,29 24.49 17.480 12.48 BO3 842 447
42 (1,000,000) \

43 (142,800)  {244,900) {174,800) {124,900} {B2,300) (89,200) (44 650)
E535pjx Mew New [sIE Rl



TABLE 11

B e | g L F ) & - ol ) ] J K L M | N 0
SENSITMTY ANALYSIS FOR CASH FLOW STATEVENT 2 - PURCHASE NEW MACHINES AT YEAR O TABLE 11
PWVs Tax PWVsCap | SahageVahe  PWVs
Devviation % Tex e % rate Caphv § by $ Salvge | Rgect Cost§ PWVs Rgject|  Labor § PWVslabor | Pats$  PWVs Parts | Loan rate %

MM (2537933 (2000000000 (2537933 | 10000000 (2537933 | (0000 (2537433 [ (7000 (2537933 (20,0000 (2537933 10.00

{50) 17 (3133696 (1000000000 (1769459 | SOO00000  (25ME05 | (1350000 (2005318 | (35000 (2419900 (10,000) (2505 146) 500
{45) 1870 0T (110000000)  (1B45305 | S500000 (2523273 | (M4BS500) (2138578 | (39600) (2421 705) (11,000)  (2508425) 550
{40 2040 (34536 (1200000000 (1923154 | B000000 (2521939 | (1620000 (2183840 | (432000 (2443508 (120000 (2511,704) 600
() 2Z210 (20540600 (1200000000 (2000001} | BSO0000 (2520608 | (175500  (22eA100) | (48.800) {2455.211) (130000 (2514982 650
{30 2380 (2805285 (14000000) (2076849 | TOODOOO  (2519274) | (180000 (2272363 | (50400 (2467 114) (140000 (2518.261) 700
(25) 2550 (2835810 (1500000000 (2153695 | TS00000  (2517941) | (202500 (2MEEXS | (54000 (2478917 (15,0000 (2521540 7.50
(2 | RIB2M) (180000000 2230543 | 2000000 (2516808 | (26000 (2360805 | (57E00 {2490.720) (16000) (2524 816) B.00
(15) 2890 TS| (1T0000 (2307391 | 850000 (2515275 | (2205000 (2405148 | (51.200) {2502 524) (7.000) (2528007 850
{10 0 (2657.084) (120000000) (2384238 | S000000  (2513842) | (30000 (24494100 | (54,800 {2514.327) (18.000) (2531375 900
3 3230 (257508 (190000000 (2461005 | 9600000 (2512609 | (2B500)  (24886T1) | (ER400) {2.526,130) (19000 {253,654 950
0 34.00 (2537003 (2000000000 (2537933 | 10000000 (2501277 | (ZF0000) (253733 | (72,000) {2,537 203 (000 (2537933 1000
5 35.70 (2478358 (210000000) (26147800 | 10500000  (25090d4) | (2835000 (2582195 | (75500) (2549,735) (210000 (2501212 1050
10 3740 ZAMBTER| (2000000 (2601625 | 11000000 (2508611 | (270000 (2626455 | (79.200) (2.561,539) (Z2000) (2544 490) 1.m
15 310 (2359207 (22000000 (2758475 | 1500000 (2507276 | (30500 (2670718 | (82,800) (2573342 (Z3000) (2547768 1150
20 40,80 (220632 (240000000 (2845323 | 12000000  (2505945) | (4000)  (2714,850) (B5,400) (2585,145) (24000} (2551,047) 1200
5 4250 220056 (2500000000 (2824700 | 12500000 (2504613) | (3375000 (2759.241) {90,000) (2,596,040 (25000 (25543565 1250
30 4420 (2180481 (2B0000000) (2999017) | 13000000 (25002800 | (3510000 (2803503 | (93600 (2,508 752 (B,000) (2557 606) 13,00
35 4580 (2120908 (270000000)  (JOTSE65 | 1300000  (2501947) | (WBASOD)  (2847.765) | (97,200) (2620555 (Z7.000) (2560883 1350
40 4760 (2061330 (2RO000000)  (3152TIZ | 14000000  (2500614) | (A7BOO0)  (2EM0eR | (100800) (2632.359) (28.000) (2564162 14.00
45 49,30 (2001 755) (200000000 (3229550 | 14500000  (2490281) | (3N 500) (20965288 | (104.400) {2644,161) (200000 (2567 441) 1450
50 51.00 (1942179) (200000000}  (3206407) | 15000000 (2497948 | (4050000 (28805500 | (108,000) {2,655 964) (20000 (2570719 15.00

Sobvace valle is offeet v £100 (00
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B ECONOMIC OUTLOOK

of 1997, Last vear's strong monthly
numbers in both housing starts and
appliance shipments cannot be
matched this year given the pre-
vailing economic conditions. The
trend of negative growth in the
monthly data will persist until the
end of this year.

One emerging trend in the appli-
ance market is the increasing
demand for machines that make
more efficient use of space and elec-
tricity. Such machines have been the
norm in Europe for vears, and
European manufacturers are making
inroads into the American market.

Household furniture

The market for home furnishings
will suffer all of the demand con-
straints that will afflict the appliance
and other consumer markets in 1997,
In the case of furniture however,
these constraints will be exacerbated
by the diminishing importance of fur-
niture in household budgets. After a
respectable rise of 4% in 1996, ship-
ments of domestically produced
household furniture will recede by 6%
in 1997,

The impending recession in the
demand for new houses and the
slower growth in remodeling expen-
ditures will be the primary pressures
on furniture shipments in 1997, In
order to flourish, this industry
requires low interest rates and rising
disposable incomes. Financing rates
will be stable, but the income data
are well past their peak. With a
mountain of credit card debt already
accrued, consumers have little room
left for discretionary, big-ticket pur-
chases like furniture, This is relative-
lv short-term, cyclical situation
which should improve, however,
there are longer-term factors that are
inhibiting this market as well.

Prior to the 1970=, Americans allo-
cated a substantial portion of their
household budget for the purchase
of furniture. Formal dining and liv-
ing rooms were high on consumers’
wish lists. In the late-T0s, the
amount of money Americans spent
on home electronics equaled the
amount spent on furniture. Since
that time, expenditures on electron-
ics have averaged annual growth
rates in the double-digits, while
incomes have expanded only moder-
ately. The result has been a cuthack
in the portion of the household bud-

a2

get that is spent on furniture.
Despite its diminution in impor-
tance, this is still a large industry
and certain sectors will perform bet-
ter than others. Ready-to-assemble
furnishings will continue to dominate
in terms of growth. RTA furniture is
improving its image as well as its
design and function. Because it is
usually less expensive than tradition-
al furnishings, RTA also offers many
consumers better value for their
ever-shrinking furniture budgets.

CONSUMER NONDURABLES

In 1997, growth in consumer
spending for non-durable goods
{defined as goods with an expected
lifetime of less than three years)
will be lackluster, but steady.
About one-third of the total 1.5,

Consumer spendin
nondurables vs. durables
(annual % change, 1992 §)

ondurables |
Wdurables

1893 15511 1555 1896 1!!'.'[”

Source: 115, Cnu:merce Ilem.
Forecast Pusme Weat i

Demand for packaging materizls will be
pressured in 1957, as growth in spending
far nondurable goods slows. Because
these markets are relatively stable, they
will fare better than the more volatile sec-
tors of the economy.

consumer expenditures is for non-
durable items. Because this catego-
ry includes most foods, personal
and healthcare items, and cleaning
supplies, it is a pood indicator of
the demand for plastics packaging
materials.

Owver the next twelve months, our
forecast calls for an inflation-adjust-
ed increase of 1.5% in personal con-
sumption expenditures for non-
durable goods. This is the same per-
centage increase that occurred in

1996. The difference belween this
year and last is that in 1997 this
spending category will be the
strongest in terms of annual growth
instead of the weakest.

Similar to the situation in the big-
ticket categories such as appliances
and furniture, spending for non-
durables will be inhibited by con-
sumers' reficence to accrue more
deht. Because they are relatively
cheap, purchases of these goods are
usually not financed by outside
sources. Therefore low interest
rates will be of little help. However,
as Americans allocate a larger share
of their budgets to debt reduction,
all types of expenditures—including
spending on cheaper items—will be
restrained.

Demand for pharmaceuticals will
continue to be a strong. Though still
relatively small in terms of the
amount of dollars spent. growth ~
rates in the alternative therapies sec-
tor (Le. herbal or homeopathic reme-
dies) will exceed the gains in the tra-
ditional medicines. Spending for
food will remain stable, but con-
sumers will cut back on the amount
of upscale and discretionary items
they purchase. Demand for clothing
and cosmetics will plateau. The trend
towards greater amounts of recycled
and recyclable packaging will remain
a factor in these markets.

The entertainment industry is one
other plastic-intensive market in the
non-durables category that bears
mentioning, and here the news is
mixed. Though unit sales of CDs,
video-, and audiocassettes will
remain at high levels, the market
growth will recede a bit. These mar-
kets are now mature, therefore their
growth curves will more closely cor-
relate with the overall spending
cycle. Since there are no new tech-
nologies to drive demand, sale of
entertainment-related items will be
flat-to-down in 1997. PW
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a small percentage loss caused by incorrect costing, poor estimating, or
inefficient working on the shop floor, can rapidly lead to a position of financial
insolvency. Any savings effected in materials costs, shorter operating cycles,
reduction in power requirements, or lower labour costs, are likely to have a
large impact on the profitability of the process.

Fixed and variable costs

The main fixed cost of the injection moulding process is, of course, the capital
cost of the equipment, but other fixed costs—rent of property, rates, etc.—
must not be lost sight of. In the world of the entrepreneur—and many
companies in the field of injection moulding were started by such people—
machine capital cost has not seemed so important in the past. Starting
operations with one or two small secondhand machines, the minimum of
ancillary equipment, and often poor or even inadequate premises, it has been
possible by meeting a local need, perhaps in a specialized field, to make a very
reasonable profit. This may have been achieved by hard work and vigilance on
the part of the owner of the company, but it has enabled many small
companies to grow and invest in newer and better equipment in the knowledge
that any new capital expenditure has been met out of profit. It is probably fair
to say that, of some 1500 companies in the United Kingdom engaged in
injection moulding, perhaps half of them have operated, and many still do
operate, in this way.

The owner-manager of such a company does not need to consider the
servicing of his capital at, say, 15 per cent per annum. He only considers the
loss of interest, less tax, on his capital which may, ultimately, be no more than
5 or 6 per cent. In such a situation, quoted prices tend to be lower than the
general market prices. The owner-manager can afford to be selective in his
business, avoiding projects that present difficulties, and not needing to bother
unduly if machines are idle, as long as any paid operative can be fully and
gainfully employed. Often, such a company will have little, if any, rent to pay
and the small premises will not attract large rates.

The full impact of high capital costs is felt when machines are acquired on
boarrowed finance, when full labour costs for all operatives have to be paid out
of cash flow, and when premises are large, adequate, and of good standard. If,
in such circumstances, the management cannot afford to be selective in their
choice of work and have to tackle the difficult, time-consuming jobs, as well as
the less critical ones, cost savings of whatever type and magnitude are
important.

There are various ways of financing the purchase of injection moulding
equipment, but, at a time when borrowing is expensive, an allowance of about
13 per cent per annum for servicing the capital invelved would appear to be
prudent. In times of financial stringency, such as have been experienced in the
United Kingdom since 1970—and to some extent ever since the end of the
Second World War—a company is fortunate indeed which has sufficient new
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INJECTION MOLDING

Micro Switch flips on new
molding strategy

New machines, highly integrated CIM and automated cells support 25%/year
growth in sensing and control components.

matically upgrade a mid-

sized injection molding facil-
ity? Take a look at developments
in Honeywell's Micro Switch
Division in Freeport, IIL

Four years ago, Micro Switch
identified significant growth
opportunities in electronic sens-
ing equipment, particularly for
cars, with customers who were
raising the bar on quality.
Meanwhile, Micro Switch was
supplying virtually all of its own
plastic requirements, much of it
insert molded, from a molding
shop established in 1964, There
were eight different machine
brands in the facility.

“The machines had been
bought in different eras,” com-
mented Todd L. Breneman, loca-
tion manager for electronic fabri-
cation for Micro Switch. As the
plant added capacity, machines
from different manufacturers
were added in small groups.
Result: a spare parts maze, diffi-
cult training and overall inflexi-
bility for the 40-plus presses in
the facility.

One of the first steps was cre-
ation of a Plastics Commodity
Center in which key plastics per-
sonnel were located together and
organized in a single unit.
Professionals in the group include
purchasing, tool designers, part
design engineers, and quality engi-
neers. Micro Switch designs all of its

own tools and also manufactures
most of them on site as well.

The next step was a “machine
replenishment” program in which

Louking for a blueprint to dra-

12

Inserts are loaded into a bowl feeder in g
new automation cell developed by
Battenfeld for Micro Switch.

older injection molding machines
were phased out and replaced by
presses with sophisticated process
control and high repeatability. Micro
Switch also required 24-hour service
and parts availahility as well as com-
patibility with computer-integrated
manufacturing (CIM).

last issue to be a real sticking
point with many machine
OEMs. Many equipment
builders still jealously guard
the proprietary software proto-
col that allows the onboard
process controller to communi-
cate with other software.
Complicating the issue is that,
until recently, the CIM vendors
in the plastics industry only
offered proprietary hardware
and software to interface with
the machine and a host system.

That frustration led one
molder, SPM in Anaheim, Calif.
to develop its own Windows-
based control system that oper-
ates on portable computers,
which were not dedicated to
single machines. Very few
molders are large enough to
develop their own systems. Nor
will it be necessary any longer.

Machinery manufacturers
and CIM vendors are both
changing their strategies. One
machine manufacturer report-
edly is dropping its proprietary
networking option, for example.
Others are adding more gener-
ic industry-standard controls to
base-line machines.

And in the case of Micro Switch,
one machine builder—Battenfeld—
agreed to share its proprietary
machine protocol to allow a seamless
interface with Mattec, which was
chosen to provide the CIM software.
And in another development, Mattec,
Loveland, Ohio, is using a new level
of software based on a Unix platform,
allowing plantwide integration.

Prasnics Worto / Juwr 1996

Many molders are finding the
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Breneman said in a press confer-
Ence last month that Micro Switch
Eill use Battenfeld of America, West
arwick, R.L as its primary machine
endor. Micro Switch has purchased
i3 Battenfeld thermoplastic presses
o date, including two shuttle presses
hnd three with rotary tables. The

ange of press sizes in the plant, for
1] machines, is 28 to 300 tons.

Buick mold changes

Other features of the Micro Switch
plan include new quick-change desic-
cant drying equipment and increased
use of hot runner molds. Several
portable Novatec dryers are used to
predry material in preparation for the
next cycle. As a result, mold change
time has been reduced dramatically,
zaid Brian D. McBride, principal
engineer for plastics at Micro Switch.
Mobile dryers are moved to the press
(with an alert from the Mattec sys-
tem in the near future) and material
is changed in 10-15 minutes, Total
mold change time depends on other
factors. Micro Switch owns more
than 1,000 molds to support a compa-
ny catalog that has more than 3,000
part numbers.

Fast drying at Micro Switch took
another unique twist. McBride
worked with Universal Dynamics,
Woodbridge, Va. to develop a flexible
mini-hopper system for supplying sin-
gle-cavity molds to make very small
paris;” :

“We don't need to dry 20 pounds of
material (typically the smallest dry-
ing hopper) to supply a mold (with
hot sprue bushing) that only need
five pounds for eight hours,” said
McBride. Ten hoppers on the special-
ly built stand receive dry, heated air
from a central dryer with a capacity
of 100 Ib/hour. The small hoppers
are so efficient at exposing resin to
dried air that savings in drying time
can be achieved. UnaDyn custom
designed the system for Micro
Switch.

In your plant, how do vou deter-
mine how often to change molds? At
Micro Switch, the process is a sci-
ence, “We run an elaborate model to
try to balance the cost of a
switchover versus the cost of
increased inventory,” commented
Breneman.

I Puasnics Woalo / Juwy 1995

In another aspect of Micro Switch's
new plastics strategy, a special devel-
opment program was established to
study new technology. It was headed
up by Scott E. Michelhaugh, a senior
plastics engineer.

The first machine purchased for
the center was a fully automated,
three-station/two station rotary table
system from Battenfeld. The 77-ton
clamp is vertical, while the injection
unit is horizontal due to height
restrictions. The machine makes an
automotive part from engineering
resins.

The molding cycle begins with
metered output of metal inserts
from a bowl feeder to a linear feed-
er. Parts are exactly aligned for pre-
cision placement with a pick-and-
place robot on a staging plate. A
loading robot on a “tandem” system
loads the inserts in the mold. The
mold is then rotated prior to over-
molding.

This takes places simultaneously
while molded parts are rotated out
and unloaded by a second robot,
mechanically attached to the first on
a linear bar. Parts are degated
robotically at the end of the tandem
apparatus. Parts are removed from
the runner on a mechanical chute.
Runners go down the middle into a
granulator, while parts exit through
outside chutes, The rotary machine
has moved from development to
production.

The CIM system in the plant is
also state of the art. Each new
Battenfeld press has an interface to a
Mattec unit, allowing operators to
retrieve set-up data, instruction and
real-time quality information on the
process. The Mattec data is displayed
on a full-color screen, while
input/output functions are still han-
dled by a dedicated machine-mount-
ed box. Each machine is controlled
by the Battenfeld Unilog 4000 multi-
processor, which includes profiling
capabilities for critical process para-
meters, State-of the-art OEM
machine controllers, such as the
Unilog, typically store statistical
process control data for 25 cycles.
With the Mattec interface, process
data can be stored and analyzed for
large runs.

“We could, of course, store more
data but it would require a giant con-

trol or slow down other functions in
the control,” commented Wolfgang
Mever, president of Battenfeld of
America.

Software intregration

The Mattec system also ties in data
on mold maintenance. Breneman told
reporters that machine maintenance
will also be an important function of
the Mattec system at Micro Switch.
Preventative maintenance will be Hed
to number of cycles per machine and
mold. That data will be tracked by a
central host computer. The Mattee
gystem is also being tied into other
Micro Switch management software
programs to allow easy data porting
to and from a variety of departments,
Breneman said. .

The problem now is the onslaught
of data available for analysis. “How
do vou take that enormous amount of
data out of a CIM system to make
decisions?” Breneman asks, obvious-
ly glad to have that problem versus
the lack of data.

Micro Switch said its has achieved
considerable savings with its molding
upgrade. Machines are utilized more
effectively, quality is up, costs are
more competitive. Micra Switch was
a finalist in the Malcolm Baldridge
competition and received the Gold
PentaStar award from Chrysler.

The plant is also quietly pushing the
envelope on injection molding. For
example, housing wall sections “well
blow™ 0.030inch are being molded
from engineering thermoplastics.

Cost and quality issues pushed
Micro Switch to develop its new
molding strategy three years ago.
Breneman said the same two factors
will keep the pressure on. In addi-
ton, speed to market is a growing
issue as Micro Switch plans the next
phase in its continuous improvement
program —Doug Smock

ch EgdrsatonaniEhda

~ For more information
Supplier Circle No.
Battenfeld 143
Mattec 144
Micro Switch 145
Novatec 146
Universal Dynamics 147
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nners Find these companies now hnd themselves
all 3 in a catch-up position. They must work
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IFecome a basic competitive tool, the tech
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Wil seek progressively higher levels of

uL.:u \ation to continually improve pro-
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by, curve?

f: The trends that brought the industry to

ils present state will continue tc 1"1114&11(.&

fechnology and robot penetration into

ew molding-related applications. So,
finswering these questions requires an
finalysis of how molding automation

Just a Phase

Hobot use by molders can be viewed in
three phases. The entry level, where pur-
chase costs are low, involves pneumatic
lobots used in simple, dedicated pick-
Eind-place applications. In fact, robots
liave become an essential tool for sprue
Ipicking and part take-out, and anyone
il using them at this level is at a com-
petiti disadvant age.

A Rhode Island-based molder provides
En example of this type of application,
lising pneumatic traverse robots to pull
_!t*.su.ua for cosmetics packaging from
ulti-cavity molds and place them on
DOVeYOTs.

While the application is straightfor-
Eward it pmﬂdes multiple benefits.
Cﬂmﬂan,n;l to automatic parts ejection, the
KTobotic approach provides additional

: CDU]_r‘.g time and prevents parts from
EDeing marred or S&;r’il[_‘]‘lt‘d The system
IS0 v es P val, avoiding mold

hies part rem
damnage that could occur if an « _]m tor
liled to fully eject a part from a cav iy

* During phase 2, servo robots perform

wmpnzl}f

s Now 51mp et post-mold operations, like degat-
concerns fing, 10 1dd value to parts. In this ph-:—S’L
mate any Tobots have the flexibility to be use

old pro- i 1055 many molds. These types of J,cli-
 be per- CAtions are growing rapidly, so that mold-

mation, 1S who currently enjoy a competitive
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advantage from using
2eIVO
see that fade. The servo

robots will soon

robot is becoming an
essential tool
A Mich
implemented a phase 2
application primarily to
reduce manufacturing
costs. The company had
been running single-
cavity molds on mult-
ple presses for the pro-
duction of milk sam-
pling vials used by the
dam-' industry. In order
o seal out contamina-
tion, the vials are mold-
ed with a press-fit cap
on a living hinge, and
each mold tool L_Jntt.in-::d a mechanism 1o
close the cap as soon as the mold opened.
When the customer demanded lower
part costs, the molder designed a new 16-
cavity tool to run on a single press. The
more complex tool design meant a cap-
closing mechanism was no longer feasi-
ble, so a servo-traverse robot was installed
to do the work. The robot uses custom
end-of-arm tooling with suction cups to
assist in removal of the deep-draw pans
as they are ejected. After exiting the
mold-open area, the robot moves to a
cap-closing station where pneumatic fin-
gers and plates snap the caps shut. The
tooling then “flips” to a horizontal posi-
tion and releases the vials into boxes.
Press cycle time is 14 sec.

The application allews cap sealing on a
single machine far more economically
than was previously possible. And, the
robot can be readily reprogrammed to
add value to other parts when vials are
not in production.

The third phase of robot implementa-
tion has been achieved by relatively few
molders. “Automation cells” use servo

robots non-stop during the molding cycle
to add value to parts and perform the
maximum amount of work possible.
Fobotic operations include decorating,
assembly, quality testing, and boxing. In
cells, robots work cooperatively with
other, programmable machines down-
streamn. This places a premium on robot
reliability, programmability, and precision.

In this phase 1
autemation
application, a
pneumatic robot
demolds parts and
places them gently
on a conveyor. This
approach yields
higher quality parts
and fewer rejects
than autematic
ejection.
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Robotics
Evolved

enhancement.

The earliest molding robots used pneumatic drives
and required several seconds to remove parts from
molds. Pneumatic drives began improving in the late
1970s, as compound drive configurations and better
valves, c{ﬁinders, and shock absorbers gave rise to
robots offering about 20% faster performance. AC
servomotor drives offered immediate speed benefifs
when they were infroduced in the late 1980s, and
have been improved fo easily handle press cycles

_under 15 sec and takeouls under 1 sec. New config-
urations, including sideeniry robots, removed parts

with two-hirds-less motion,

Early robots were built mainly of steel weldments.
The weight of these structures imposed heavy shock
loads on mechanisms, causing such rapid wear of
mmin? parts that robots fypically required rebuilds

ive years, plus frequent downfime for preven-
five maintenance. As designs improved, steel was

every

As more molders implement
phase 2 robot technology, howev-
er, progressive competitors will
shift their attention to this level.

An Alabama molder imple-
mented a phase 3 application for
the production of cassette jewel
boxes. Two injection machines,
each with its own servo-driven,
high-speed side-entry robeot, face
each other across the cell. Both
presses Tun six-cavity molds, one
for bases, the other for covers. The
robots wait just outside the mold
areas, minimizing travel during the
mold-open period and allowing
take-out times under 1 sec.

The robots hand off all 12 parts
to an aulomation system between
the machines. This system reori-
ents the parts, snaps the bases and
covers together, then closes the
covers and delivers the completed
assemblies downstream for pack-
ing into trays. Total cycle time is 9
sec, for production of 2,400 cases
per hour.

a0

When molding robots
begen appearing in the
early 1970s, there were pre-
dictions they would scon be
everywhere. Peneiration fook lenger than many pre-
dicted because robots had to become faster, mare
reliable, more flexible, and easier to use before they
could consistently deliver cost savings ond productivity

replaced with aluminum extrusions and lightweight
castings. A few manufaciurers recently began using
composites in structural members.

Excessive bearing lubrication reeauiremenlﬂ remain g
weak peint in many robols even today. Since the mid-
1990s, some have featured sealed bearings, which
require only quarterly maintenance. The replacement
of ruck-c:nlpinicn and ballscrew pasitioning mecha-

nisms with toothed-belt systems is another maintenance-

age/iransfer.

reduction measure implemented by some suppliers.
Based on hard-wired logic, eur‘f}r robet confrols
were programmable only via limited selector switches
and fimer adjustments. These units lacked the flexibility
io shift easily from job to job. They were replaced by
microprocessor-based systems and programmable
legic controllers, which allowed robots to readily per-
form different sequences, but were hardly userfriendly.
The current trend is toward PC-based controls offering
much simpler operator interface and easier data stor-

Simultaneously, programming based on engineering

Automation Advances

Major robot technology devel-
opmernts aim to improve reliability
and speed, and to make robots
more adaptable and easier to pro-
gram. Although todays robots
possess adequate speed for most
molding applications, further
increases will certainly occur as
servo systems become more
sophisticated. Robot hardware
also will become more modular,
and thus easier 1o adapt to chang-
ing requirements.

But difficult programming and
awkward operator interfaces are
still the biggest impediments 1o
higher levels of robot application,
and that is where manufacturers
will focus the bulk of their efforts.
Just as graphical operating sys-
tems made personal computers
more accessible, a similar
approach will make robots friend-
lier to shop-floor personnel. More
robot manufacturers will adopt
highly graphical approaches 1o
programming and control. Users

languages such as Pascal and C is giving way to
graphics-based systems, which allow shopfleor per-
sonnel to do programming with minimal training. A
related advance is offline programming, which allows
molding to proceed uninterrupted while users write
new programs in an office environment.

will be able to configure the oper-
ator interface as a cell controller
and message center.

Controllers will incorporate
enhanced diagnostics and, ulti-
mately, artificial intelligence, so
that robots will be able to recom-
mend process improvements and
troubleshooting fixes to the user.
Robots will also communicate
through external networks (in-
cluding the Intermet) with the
robot manufacturer, who will be
able to assist the molder in moni-
toring, troubleshooting, program-
ming, and even automated order-
ing of replacement parts.

Another major area of develop-
ment made possible by easier pro-
gramming will be systems integra-
tion, More and more value-added
operations will be automated,
including those that occur in
remote areas of the plant. There
will be more intensive electronic
COmMIMuUnications (o manage
automation cells..Robots and
injection molding machines will
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> tied into plant-wide control

""PQ:H Fnd data nerworks to meet quality
using Pind scheduling objectives. Robots
PR will change their own end-of-arm
s il Fooling and make other adjust-
ahich Pments automatically after receiv-
-ement fing mold information over the
recho- rwork, eliminating the remain-
rlenance- § llng vestiges of manual interven-
liers. thon during mold changes.
trols b Plant-wide networks will also
witches ':ppon the proliferation of auto-
liﬂbg'hf Phated material handling between
::ble Ilant areas, including automated
lily per- Fuided vehicles. Molders will real-
Friendly. 4 & e substantial benefits from re-
offering 3 1._1;:ed indirect labor and work-in-
ta stor- mces; Ultimately, this trend may
; imma:e in mdﬁpread 3d0pu0n
gineering b lights-out” preduction facilities.
yto .
x per- ' ;er Evolution
ng. A : £ Even as robots become easier
h ‘?if':“""s & G use, users are gelting more so-
WS liisticatad. Competitiveness will
be determined largely by a mold-
ers ability to deploy automation
Jesources in the most productive
the oper- and cost-efficient manner.
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Molders will respond to these
pressures by developing higher
levels of in-house programming,
tooling, applications, and project
management expertise. This will
allow them to readily manage fre-
quent changes in requirements for

~automated production equipment,

with the result that robot efficien-
cy will rise from today’s average of
60% to 90% or more. Higher lev-
els of automation integration will
no longer seem so daunting, and
cell-type automation will become
commonplace, adding substantial
value to parts right beside the
press.

Concurrent engineering is
becoming commen in mold mak-
ing, and this trend will naturally
extend to automation. Molders
will find that their ability to
respond quickly to customer
demands will rely on partnering
with automation vendors, who
will provide substantial expertise

Two presses, two side-entry
robots, and additional auto-
mation are integrated in a sin-
gle production cell in this phase
3 application for assembling
cassette jewel boxes at a rate
of 2,400 per hour.

that molders cannot afford to
maintain in-house or do not have
the time to acquire.®




SHOW PREVIEW

New machines, automation
concepts are ready to show

Innovations from leading machine builders at Plastics Fair
focus on productivity and automation.

Bolton, Ontario will begin deliv-
ery in two months of a new
machine series, designated Moduline

G. Ranging in size from 250 to 825
tons of elamp force, the new line is
“value priced” and features several
interesting functions. These include
simultaneous operation of clamp and
injection function and proportionally
controlled hydraulic ejectar. The
machines will debut this month at the
lastics Fair in Rosemont, T

Huslr:}f Injection Molding Systems,

There are several enginesring
innovations in Husky's Moduline G models.

Husky said one of the most signifi-
cant advances is the spool valve used
to control mold stroke through a
regenerative circuit that directs oil
from the rod side of the mold stroke
cylinder to the bore side during mold
close to conserve energy.

The hydraulic reservair on the G
series is divided into two sides, one for
return and one for filtering. A dedicat-
ed fixed-displacement-pump circulates
oil from the tank return side through a
& micron glass fiber filter and heat
exchanger to the filtered side, The off

10

line filtration system flters 100% of the
oil returned by the system, compared
to 15% in conventional bypass systems,
according to Husky.

GE Fanuc North America designed
and supplied the complete electronic
control system, including software.

Moduline machines allow users to
mix and match screws, hydromechani-
cal clamp and control modules to meet
specific requirements in applications
ranging from automotive and closures
to medical and consumer products.

Engel, Guelph, Ontario
will introduce the 320-bit RISC micro-
processor CC100 control designed
expressly for injection molding appli-
cations. The CC100 features a coords-
nated multitasking operating system
that includes so-called fuzzy logic for
“self-learning™ of temperature control,

Boy Machines, Exton, Pa. is intro-
ducing a computer-integrated manu-
facturing (CIM) system that will allow
control of up to 32 of its machines.

The interface (via an R5485 port)
can load or store set-up records, trans

mit data, and archive on-line data such
as actual and setpoint values, error
messages and critical machine para-
meters. The operator can centrally
monitor and manage an entire mold-
ing operation from a single computer.

Production can be monitored by
actual parts produced, balance of parts
to be produced, remaining production
time required, material usage, or other
user-defined variables.

New Arburg press

Another major specialist in small
molding machines, Arburg,
Newington, Conn., will introduce a
“ficed-vertical” version of the
Allrounder 221 M, featuring a movable
upper platen. The first model was
shipped to the Dualex Division of
Depco International in Toronto. Two
2&ton models will be used to mold an
elastomeric window gasket around
window panels on GM vehicles.

The downward-acting moving platen
clamps the insert into position while
the encapsulating material is injected
through the parting line. Shot capacity
can range from 0.52 to 2.05 oz. The
machine features fully programmable
hydraulic core pull, hydraulic gjection
on the stationary platen and air-blast
ejection on the moving platen.

—Doug Smock

For more information
Supplier Circle No.
Arburg 183
Boy 184
Engel 185
GE Fanuc 186
Husky 187
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Literature Review

Definition

Injection molding is a manufacturing process where plastic is forced into a mold cavity
under pressure. A mold cavity is essentially a negative of the part being produced. The cavity 1s
filled with plastic, and the plastic changes phase to a solid, resulting in a positive. Typically
injection pressures range from 5000 to 20,000 psi. Because of the high pressures involved, the
mold must be clamped shut during injection and cooling. Clamping forces are measured in tons.

An important future goal for injection molding is to make more structural parts than have
been made in the past. The current, empirical approach to design of IM parts is "make it and
break it." Major efforts by General Motors and General Electric are being expended to put
science and engineering in IM design rather than relying on trial and error. The end goal is to be
able to define the desired performance and select materials and arrive at a part design that will
perform. In arriving at an appropriate design, it is important to remember that the injection

molding parts may not always look like their metal counterparts.

Precision

The injection molding process is capable of producing large numbers of parts to very
high levels of precision. Holding tolerances of less than .001" (.0025 mm) is easily accomplished
with the right combination of material, part design, and mold design. Even tighter tolerances can

be held with additional effort.



Tooling

Injection molding has relatively high tooling costs, ($5,000-$100,000) as the molds must
be built to high levels of precision and must be robust enough to withstand the high pressures of
the process. Molds are usually constructed of hardened tool steel, but may be constructed of
aluminum or other soft materials when tooling life is not an issue. Typically, a hardened steel
mold will withstand 500,000 to 2,000,000 molding cycles, without appreciable wear, depending
upon the material and processing conditions. Aluminum and other soft molds will only withstand
1,000 to 10,000 molding cycles. Soft tooling may have a longer life on purely structural parts

where injection pressures are low and matenals flow easily.

Capacities

Injection molding is a high capacity process. Cycle times range from a few seconds to
several minutes depending upon the configuration of the part being molded. Single cavity molds
offer the lowest tooling costs and highest precision at the penalty of higher unit costs. Multi--
cavity molds can be utilized to increase capacity and lower unit costs with an increasing loss of
pre;i;ion as cavities are added.

In terms of production, meads of plastic are fed into a hopper, melted, and injected under
pressure into a mold. The hot viscous plastic (or melt) flows throughout the mold in seconds,
racing through channels and merging again, until every nook and cranny is uniformly filled.
Instantaneously, another short surge of hot plastic packs the already cooling mold to compensate

for shrinkage and the flow shuts off. Cooling takes place in a few more seconds and the injection

molding process is completed.



Molded from a fiber-reinforced polymer developed for the aerospace industry, shock-
absorbing car bumpers reduce expensive repair costs and save lives. Innovative applications of
maierials such as this have led to the growth of injection molding from an industrial art to an
applied science. Today, this manufacturing process accounts for approximately one-third of all

polymer processing.

Economics

Injection molding is a process with large numbers of variables. It is well suited to
applications requiring 10 or 20 pieces to billions of pieces. Sometimes there is no other way tc;
produce parts from certain materials except via injection molding. Also, the machines used for
molding require special plant services not required by other manufacturing equipment. When
alternate manufacturing methods, and materials are an option, injection molding usually becomes
economically viable at around 1000 pieces.

However, the greatest pressure on molders to improve productivity and cut prices will
come in electronics. The push for lowering the price barrier on PCs to well below $1000 and a
waﬁérnf low-cost imports from Asia will force U.S.molders to reduce prices for such products as
keyboards, terminal housings, and related equipment by an average 3 to 4 percent this year alone.
But regardless of pricing pressures, overall volume will still be up significantly in 1998, due to a

booming market in electronics applications of all types.

Problem

Problems with injection molded parts can be attributed to the design of the part, the

selection of the plastic material, or how the plastic was processed. When a plastic part that has



run successfully for years begins to give problems with dimensional stability or with structural

failure, the cause is probably not part design or material selection but is most likely caused by a

change in the molding conditions. Therefore, there are some software used for monitoring

performance of injection molding machines. These softwares perform as follows;

(a) View production as it is being made and applied to the work orders.

(b) View how long a machine has been running or whether it has gone down during the
run.

(c) User defined down time codes can be used to identify an interval of press inactivity.

(d) Notifies users ahead of time for next mold and/or and material change.

() Unlimited user defined rejects codes

(f) Automatic recalculation of the number of parts left to produce after bad parts entered.

(2) Rejection reports and Pareto Chart displays how many parts have been rejected and
why.

(h) Graph the last 50 cycles on a press for the most current production data.

(i) Interface with the IQ Scheduling module lets you know exactly where you are in your
production process at any time.

(j) Shift change information converted into a Finished Production report that can be

edited as needed.



