2.4  Current Production Facilities
2.4.1 Foundry Shop

At present, cast steel, castiron, and copper alloy products are manufactured in the
foundry shop. The in-house manufacturing processes are composed of a line of facilities,
starting with the fabrication of patterns, sand treatment, molding, melting, pouring, shake-

out, fettling, heat treatment, and quality inspection.
~ Most.of the facilities were found to be aged considerably, ranging between 35 and 40
years of service. However, the facilities were well maintained and used with the due care.

The general arrangement of the foundry shop is shown in Figure 2.4.1-1.

While the major pieces of _equipment are listed in Table 2.4.1-—1~—5, the results of the

feasibility study, arranged in the sequence of casting processes ‘are given below.
1)  Pattern fabricating facilities

As to the facilities for the fabrication. of patterns, the shop- has been found to be

sufficiently provided with proper types of equipment as listed beiow.

_Band .sav.v ' : 2 sets
Circular saw -~ - 1 set
Hand feed planer - 1set
Planer = - . 1 set .
Wood working lathe 1 set

- Common tathe. - - 1 set

. Pattern polistier, circular type 1 set

Pattern polisher, cylindrical type 1 set

Universal miling machine 1 set
Radial drilling machine 1 set
Bench type drillih_g machine - 1set
Duplex bead grinder 1 set
Surface plate for inspection  lset

It was determined that the types and quantities of equipment was adequate in carrying

out the fabrication of patterns under norimal conditions.
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The sanitary standards are maintained in the shop in a satisfactory manner. with the
provision of a network of ducts to collect dust and fumes generated by each piece of equip-

ment.

While the area of the workshop is approximately 460 m?® (37.2x12.4 m), the number
of equipment and work benches installed in the area makes the space very crowded. As a
result, it is likely that limitations are imposed on the fabrication of medium- to large-sized

patierns.

it was further noted that there is a shortage in the number of large-sized surface
plates, which are required for the inspection of large-sized models. Accordingly, care must
be exercised in this area when the Owner intends to increase the number of large-size

patterns in the future.
2)  Sand treatment facility

The sand treatment facility is situated adjacent to thc hand molding line (used in
combination with the speed slinger). The facility forms a shop, which is made up of a sand
drier, mixer and silos for various types of sand. The facility is installed in an area of

1,146 m*.

Mostly, green sand is used as molding sand. The facing and backing sands are blended
and mixed by the mixer at a rate of 6 tons/br and 24 tons/hr respectively. The present
capacity of the mixer is considercd to be more than sufficient, and moreover, there will stiil

remain a surplus even with a 50 percent increase in production.

The existing sand treatment facility was constructed 10 years ago together with the
addition of the hand molding line. Therefore, the facility can be regarded as relatively new.
For the time being, there is no problem for molding with green sahd, but when organic
self-hardening molds (for example, furan casting sand) is intended to be used in hand moid
castings, it is needless to mention that changes must be made in the cquipment. Consc-
quently, there is a need for making a thoroughgoing review as to what the plant should be in

the future in the light of equipment investment, .
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3) Molding facility

. The molding line is composed of a hand molding lines for small-sized castings, and
medium- to large-sized castings, which are used together with a sand slinger (speed slinger),
liner manufacturing line by molding machine, and a‘mechanical molding line for smail cast-

ings.

The sand slinger capacity is 6 m*/min, but the actual situation is such that there is

surplus capacity since the operation rate is below the 50 percent mark.

The two Zimmerman type molding machines are used for the manufacture of liners,
one is seldom used. The melding machines are comparatively new. They were installed six

years ago.

Idle times in the handling for molding, mold setting, and transportation by crane are
seen in the shop. The molding efficiency can be raised by improving the flow of process and

timely crane ufilization.

As to the line made up of Badische molding machines for small-sized castings, the
mold setting after molding is not systemized. Therefore, efficiency can be raised by mod--

ifying the line together with the installation of conveyor lines.

" The existing SPO molding machine in the small-sized casting arca is of the jolting
type. However, since the machine must be manually rammed, it should be updated to a jolt

screw type.

There is a sand blowing machine for the core making machine, but it is better to use
- the cold box sand, which is being used to some extent at present than the CO, sand. Fur-

thermore, it is desirable to provide a small capacity speced mixer for the sand.
4)  Melting facility

‘Three Heroult type clectric furnaces (10 ton, 3 ton and 3 ton capacities), one induction
furnace (1.5 ton capacity), and a special furnace (for nonferrous metal and white iron cast-

ings) are used in the melting process.



The 10 ton furnace was installed last year and it is in the process of entering into
full-scale operation. Since onc of the furnaces (3T-furnace) does not have a sliding roof,
considerably long period of time is required in charging the raw materials. Furthermore,
since the melting materials and scrap storage yard is located some distance away from the
furnaces, time loss due to the hauling of materials to and charging them into the furnace is

COnspicuous.

As to the electric furnace in particular, idle time is generated by two cranes used for
the mold setting, pouring, charging of melting materials, handling of ladle filled with molten

metal. Besides, the aged cranes breakdown frequently, and restricts the Foundry works to a

considerable extent.
§5) Tinishing facility

The finishing process has been targeted as one of the most important processes in the
feasibility study. The process consists of a shot blasting equipment, riser cut-off device,
grinder, heat treatment furnaces, cranes and other handling cquipment, dust collector, and
jigs.

 Detailed explanations of the layout of the facility, capacity and operations of major

equipment are given below.
(1)  Layout

The area of the finishing shop is about 1,500 m?, which is located adjacent to the
medium-sized molding shop, four heat treatment furnaces, which is away from the

finishing shop, and an outdoor intermediate process product storage area.

The finishing shop is divided into a shot blasting area, riser cut-off area (two
places), rough grinding shop, small-sized castings and final grinding shop, and an in:

spection area. The layout is shown in Figure 2.4.1-2.
As mentioned in the section covering the géneral outline of equipment, the lay-

out was not constructed all at once. Instead, the layout was expanded by one are at a

time, a feature which could not be avoided as history indicates.
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‘However, from the viewpoint of clevating productivity, there are several areas
which require improvcments. -While the improvements are explained below, an in-
depth study must be made before plans are drawn up to modify the workshop build-
ings and relocating major picces of equipment since implementation of such a plan will
entail a vast amount of capital expenditure, and cause adverse cffects on the produc-

tion processes under operation.
a)  Arrangement of heat treatment furnaces

As can be seen from the layout drawing, there are four heat treatment fur-
naces, three in the foundry shop and one in the scrap yard, but they are consider-

ably far away from the finishing shop.

Most of the castings are heat treated after. they processed through the shot

blasting and riser cut-off operations and are returned to the shot blasting process.

As a consequence, the castings are loaded on transfer cars, making round

trips between the finishing shop and heat treatment furnaces. Since the crane

- hooking 'and_h'a_ndling work is not considered as a value added operation, and
since an increase in the number of steps required for the operation results in loss
of time by waiting for the crane availability, the layout of the furnaces must be

reviewed in such a manner that the handiing work is reduced to the minimum.
b} Layout of shot blasting facility

The shot blasting facility is situated in the center of the finishing shop and
adjacent to the grinding shops located in the back of the shop. -

After the shot blasting process, all of the castings other than the high
chrome cast iron products are delivered to riser cutoff and heat treatment process
without the gfinding process. For this reason, there is an inevitable increase in the
handling of castings by transfer 'ca;s for shot blasting alone.

In other.words, the présent layout is such that there is interference in the
entry and’exit, and cranes which are used jointly by the grinding shops, adversely
-affecting the grinding process as well as lbwering the efficicncy in transporting

castings to the shot blasting shops located in the back side.
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2)

Therefore the layout should be-moditied so that it will be compatible to the

processes in the upstreain and downstream, and product flow.
¢)  Building layout and handling method

As mentioned in the item concerned with the heat treatment furnaces and
shot blasting, the materials transported between the processes in the finishing

shop is mainly carried out by the use of transfer cars.

As can be seen from the layout, the finishing shop dominating an area of
1,500 m?, appears to Tepresent a single block, but the differing crane rail gauges

divide the shop area into sceveral sections by the range of overhead crane travel.

Furthermore, since the aisles between the buildings are very narrow, the
transfer cars are forced to leave certain areas of the building and circle around to

reach their destinations.

As compared to the overhead traveling cranes, the method of handling by

the tractor type transfer cars requires several times of manhours when the number

- of steps are compared. -

If possible, the crane raif gauges should be made uniform so that handling of

products through the workshop can be covered by the overhead traveling cranes,
Major equipment capacities and operating conditions
a)  Shot blasting

The shot blasting facility is composed of rotating drum type equipment (1
set) for small castings, and a turntable type (1 set) for large-size castings. The
rotating drum type is 1,067 mm ¢ (42" ¢) and 1,220 mm (48") long. The equip-

ment is capable of processing 600 kg at a time.

The .turntable type is provided with a chamber having a frontage of 3,350
mm, 2,280 mm high, and 5,500 mm deep. The turntable is of a self-motive type,
3,200 mm in diameter with a loading capacity of five tons. The shot blasting

equipment is also equipped with an exclusive shot particle separator. .
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While the two pieces of equipment are aged, the owner has maintained them
in a very satisfactory manner, despite the fact that the shot blasting operation is

carried out under a two-shift operation.

However, there are frequent breakdowns, and the records indicate that
there were six instances of shutdowns extending over a period of more than one

day for repairs in a year.
b)  Riser cut-off device

There is a variety of methods available for the cutoff of riser and trongh in
accordance with the casting material. Some of the more commion methods are

cutting by oxy-acetylene gas, arc-air-gouging, grinding wheel, and powdér.

.However, the existing riser for cast iron products is cut off by a knock-off

method using hammers (manual).

Of the methods mentioned above, the oxy-acetylene gas and arc-air-gouging

methods are the ones which are widely used.

In the oxy-acetylene gas cufting, hoses are drawn from the bottles, and the

cutting is accomplished manually 'by the use of cutting torches.

In the arc-air-gouging method, an exclusive power source {1 set) and plant

air are uscd for cutting, which is also accomplished manually.

The capacity of power source equipment for the gouging operation is 1,500
amps, which is rated as strong. The maximim diameter of the carbon rods at its

round cross section is 15.9 mm (5/8").
" The oxy-acetylene gas cutting operation is carried out under a two shift

setup (one man each), while the arc-air-gouging is performed on a one shift basis

{one man).
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¢) Grinders

The grinding shops are provided with six large-size swing grinders, four
medium-size swing grinders, four duplex head grinders, and several air and high
frequency hand grinders. The large-size swing grinders assume the largest burden

of the grinding operation.

In the rough grinding shop, there are five large- and one medium-size grind-

ers taking care of the rough grinding requirements.

The large-size swing grinders are 2,500 mm long, 860 mm wide, weighing
368 kg, and driven by 15 HP motors. The grinder is suspended from a manually
operated one ton chain block, which is attached to a swivelling arm that is in-

stalled on columns of the shop building.

The grinding wheel turns at a speed of 1,400 rpm, and the diameter of the
grinding wheels used for rough grinder is 610 mm and the thickness is 76 mm. The
grinding wheels are of the resinoid type. The grinders are very old. There are

pieces of equipment which have been in service for more than 50 years.

According to old catalogs, the design of original equipment was simple and
did not have belt covers. However, the Owner has effected many improvements
on the machines since the installation, and one obtains an iropression that they

are also maintained in a satisfactory manner.

In the aspect of grinding efficiency, however, i‘hc'pcriphera] speed of grind- -
ing wheels in the existing machines is 45 m/s, whereas the peripheral specds of the
modern machines ranges between 60 and 80 m/s. Furthermore, the revision in the

source frequency from 60 to 50 Hz has caused the speed to drop to 35 mi/s.

Since the change in the frequency directly lowers the productivity of the
grinding operation, it is desirable to replace the existing equipment with the latest
types as soon as possible, especially since the processes are being carried out at

capacity under two shifts.
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The medivm-size swing grinders were introduced five years ago. The
machines were found to be of latest design, and provided with grinding wheels

with a peripheral speed of 83 m/s.

On the other hand, the duplex head and hand griﬁders were found to be

- those with relatively low rate of operation. Most of them are of the old type. Such
being the situ'ation, it is desirable that the Owner take immediate steps to replace
the existing grinders with the latest type with fixed peripheral speed, and small

and lightweight high frequency grinders.

Suction type of dust collecting system is provided for the swing prinders, but
the effect of suction is lost due to improper positioning of the suction port. There-

fore, the situation should be improved at the earliest possible date.
d) Heat treatment furnace

There are four large- and small-size oil fired furnace under a three shift

operation.

(a) The No.l furnace is of a transfer car type 10 ton furpace, 3,000 mm

- wide, 1,400 mm h.igh, and 4,500 mm deep, the maximum working

témperature is 1,093°C, and a water tank 4,700 mm wide, 3,700 mm

long and 1,600 mm deep is located next to the furnace for water
toughening. '

The furnace was installed about 15 years ago. A one point thermocou-

ple is used for the control of temperature, and the burners are manually

- controlled.

(b) The No.2 furnace was an electric furnace, but it does not exist at pres-

cnt.-

(c) The_ No.3 furnace is of a four ton transfer car type, 1,500 mm ivide,
' 1,100 'mm high, and 1,900 mm deep. The maximum working tempera-
ture is 1,065°C, and the furnace is provided with one burner. The fur-
nace is very old and constructed by the Owner approximately 40 years

ago.
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(d) The No.4 furnace is of a 40 tonjtop charging round type, 3,800 mm in
- diameter and 2,500 mm high. The maximum working temperature is
970°C.
The furnace is used for the annealing and tempering of ladles, mill cov-
ers and other large-sized castings.
This is a new furnace, which was also constructed by the Owner three

ycars ago.

{e) The No.5 furnace is of a 30 ton, transfer car type, 3,300 mm wide, 3,200
mm high, and 4,700 mun deep. The maxiinum working temperature
1,205°C. The tempering facility is composed of air cooling fans, and a
water tank, 5,000 mm wide, 5,000 mm long, and 3,700 mm.deep, which
is situated adjacent to the furnace. _

This furnace was constructed four years ago, and it is considered to be
the one which is most modernized. “Kao Wool” (fire resistant glass
wool) is used in the walls and doors.

The burners are installed along the edges in three places so as to circu-
late the combustion gas within the furnace. The furnace is automatically

controlled by means of six thermocouples and program settings.
¢) Handling facilities

The handling facilities are composed of various types of cranes, transfer
cars, and fork lifts. The finishing shop is provided with the following pieces of

equipment.

1 of 10 ton max. overhead and floor operated cranes covering the rough

grinding shop and turntable type shot blasting shop.

3 each of § ton and 1 ton overhead and Hoor operated cranes,
1 set of monoraii transporting equipment with 1 each of 3 and 1 ton chain
blocks.

Most of the transfer cars are equipped with: rubber tires. Others travel on |

rails. All of the cars are towed by tractors and fork lifts.-
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The rubber tired cars are 1,50.0 mm wide, 2,600 mm long, and 710 mm high
with a loading capacity of five tons. Additionally, there are each two cars with 15

ton and 10 ton loading capacity.
6)  Testing and inspecting facilities

The testing and inspecﬁhg facilities are under the contro! of the Quality Control De-.
partment. The facilitics consist of sand testing equipment for castings, and equipment for
.mechanical properties of materials, testing equipment for chemical analysis and dimensional

inspection.

® Universal sand strength machine, permeability tester, moisture tester, and sand

grain tester, etc. are made available for méasuring the sand properties.

@ [eco carbon meter, Leco suifur mcqsuring instrument, atomic absorption analyzer,
emission spectrum absorptlon analyzer and instruments for the wet mcthod chemical

analysis are made available for the analysis of components

® 30 ton universal tensile tester, microscope, Rockwell and Brinnell hardness testers

are made available for mechanical tests.

® Ultrasonic flaw detector, magnetic particle detector, a-ray exposure equipment, and

X-ray equipment are made available for nondestructive inspection.
As to equipment used for quality control, the facility is provi'ded with' the required

number of quality instruments and equipment. As long as each piece of equipment and

instruments are fully utilized, there should be no problem.
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List of Major Equipment for Casting Processes

Table 2.4.1-1  Equipment for Pattern Manufacturing Processes

Equipment Q'ry Specigiﬁzzions, Remarks

1| Wood working lathe 1

2 .Common lathe 1

3 | Universal milling machine 1

4 Hand.feed planer 1

5 | p1aner 1

6 | Band saw 2

7 | Cirecular saw 1

8 | Wood working polisher 1

{cylindrical type)

9 | Wood working polisher (disk type) | 1

10 | Bench drill 1

11 | Radial bolling machine 1

12 { buplex head grinder 1
13 | Marking press 3

14 | Inspection surface plate 1

15 | Monorail 1 set 1 ton, 4 ton
16 | Fork lift 1

17 | Hydraulically operated 1

transfer car

18 | Manually operated transfer car 1

19 | Dust collector 1 set
20 | Hand tools
21 | Inspection tools
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Tablc'2.4.1-2 Equipment for Molding Process
Equipment Q'ty Specéiig:;ions’ Remarks
1 | Shakeout machine 1 25 ton, stationary type
2 | Shakeout machine 1 3 ton, motive type
3 | Shakeout machine 1 5 tom, motive type
4 | Belt conveyor for 1 set 32t to 25t/H
sand feed
51 Sand silo | 5 45 m3 each
6 | Sand mixer 1 24 ton/H
7 | Drying furnace 3
8 { Mixer for mold wash 3
9 | Core molding machine 2
10 | Molding machine (SPO) 1
11 | Molding machine 2
(Badisch)
12 Moldihg machine 2
(Zimmerman)
13| Speed slinger 1 6 m3/min.
14 | Portable mold drier 5 Electric type,
: 70 ky - 3 each,
140 kw - 2 each
15 { Welder 1 600A
16 | Bender 1
17 | Molding pit 2
18 Diviées related to 1 set
gand treatment
19
2
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Table 2.4.1-3  Equipment for Meclting Process (1/2)
Specifications,
L
Equipment Q'ty Others Remarks
1 | Heroult type electric 1 37 (Rectromelt)
furnace '
2 | Heroult type electrie 1 3T (Rectromelt)
furnace
3 | Heroult type electric 1 107
furnace
4 | Introduction furnace 1 Intermediate frequency
5 | Special furanace 1 For nonferrous metals
(Bladen copper)
6 | Special furnace 1 For white iron
(Bladen copper)
7 [ Ladle 18 800 kg to 13 ton
8 | Preheating burner 3 Heavy oil burning type
for ladle :
9 | Brick cutter 1
10 | Crane 1 10/30 ton
11 | Crane 1 7.5/15 ton
12 | Crane 1 5/10 ton
13 | Crane 1 5/10 ton
14 } Tractor 1
15 | Gasoline car 1
16 | Transfer car 2 15 ton
17 | Car truek 1 11 ton
18 | Crane (Serap yard) 1 5/10 ton
19 | Lifting magnet 1 4 ton
(Serap yard)
20 [ Shearing machine 1 760 Wx 50 t
(Scrap yard)
21 { Gouging machine 1 1,250 Awp
(Scrap yard)
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Equip'ment for Melting Process (2/2)

Table 2.4.1-3
P Specifications,
Equipment Q'ty Others Remarks

-22 | Platform weighing i 20 ton

machine (Scrap vard)
23 | Welghing machine 7 1 5 kg to 30 tom

(Scrap yard)
24 | Ventilator 11 | 27,000 £t/md x 3 HP
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Table 2.4.1-4 = Equipment for Finishing Process

Specifications,

Equipment Q'ty others Remarks
1 | Drum blast 1 48" x 427
2 1 Table type blast 1 5 ton car truck
3 | Swing grinder 6 24" x 12" x 3" (Large)
7 4 | Chain block 6 1 ton
51 Swing grinder 4 (Medium size)
Peripheral speed
- 80 w/min
6 | Chain block 4
7 | buplex head grinder 4
8 Helder (qire feeder) 3
9 | Semlautomatic welder 3
10 | Gouging 1
11 | High frequenéy 3
couverter
12 | Platform balancer 1 1.5 to 2 ton
13 { Transfer tractor 4 15 ton ~ 2 each,
10 ton - 2 each
14 | Crane 5 3 ton - 2 each,
5 ton - 2 each,
10 ton — 1 each
15 | Monorail 1 set 1 ton, 3 ton
16 | Wall crane 1 2 ton
17 | Heat treatment furnace 1 10 ton (No.l)
18 | Heat treatment furnace 1 4 ton (No.3)
19 | Heat treatment furnace 1 40 ton (No.4)
20 | Heat treatmeat furnace 1 30 ton (No.5)
21 | Roof ventilator 4 27,200 ft? - 2
16,750 £t3 - 2
22 | Dust collector | 3 4,02 m3
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Table 2.4.1-5  Equipment for Quality Control
' Specificatilons
L 3
Equlpment Q'ty othars Remarks
1 | Leco éarbon netar 1
2 | Leco sulfur measuring 1
instrument
3 | Photo electric 1
photometer
4 | Atomic absorption 1
analyzer
5 Electroénalyzer 1
6 | Emission spectrum 1 16 element/2 ninutes
absorption analyzer
7 1 Universal tensile tester| 1 30 ton
8 'Microscope 2
9 | Rockwell hardness tester| 2
10 | Brinell hardness tester | 1
11 | Ultrasonic hardness
tester 1
12 | Mlcro Vickers hardness 1
tester
13 | Purity meter 1
14 | Cross—section micro 1
comparator
15 { Sand testing equipment 1 set
16 | a-ray exposure device 2
17 | X-ray equipment 2
18 | Ultrasonic detector 3
19 | Thickness measuring 1
1nstrument
20 | Magnetic particle 1 2,000 Awp
flow detector
21 | Penetrant, fluorescent | 1

‘magnetic particle
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No. ~Name of Shop
1 .NO;L Heat Treatment Furnace
'No.3 Heat Treatment Furnace
3 No.4 Heat Treatment Furnace -
4 No.5 Heat Treatment Purnace
5 Are Cutting Shop
6 Oxygen.Gas Cdtting'Shop
7 Fiﬁish Grinding and Inspection Shop
8 Samll Casting Shot Blasting Shop
9

Rough Grinding and Shot Blasting Shop for Large Castings
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al Arrangement of Finishing Shop .

Figure 2.4.1-2  Gener



242 Plate Shop

The ptate.shop undertakes the manufacture of a varicty of products, involving the
cutting, shearing, bending, and welding of steel sheets and plates, shapes and round as
required by the captive mines, ore floatation and refining plants, and workshops in the

casting shop.

The plate shop also carries out the over-lay welding of worn parts, repair welding of '
castings, manufacture of screens for ore screening equipment, and forged components such

as mining bits and liner retaining bolts.

Accordingly, the plate shop is provided with various types of equipment which arc
capable of handling the manufacture or repair of products. Since the layout has been ex-
panded from time to time, it is characterized by a typical scrvice shop with mahy different

types of equipnient, but without a unified line of products.

Each piece of equipment together with the building have been found to be very old.
Except for a part of the welding equipment, most of the equipment have been in service for
30 to 40 years. However, the owner has maintained the equipment in a very satisfactory

manner,

The layout is shown in Figure 2.4.2-1 and -2, and major pieces of equipments are
shown in Table 2.4.2-1 to -4. The survey results relating to the general arrangement and
pracesses are given below.

1)  General arrangement
As can be seen from Figure 2.4.2-1, the plate shop is composed of the main shop,

30 m wide and 90 m long, mechanical round bar cutting shop, shot blasting shop, paint

shop, and an outdoor material and semi-finished goods storage yard.
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The center of the plate shop is broadly divided into screen fabricating shop, forging
shop, welding shop and other plate workshop. While the plate shop runs lengthw1se from
north to south, a large space is provided on the south side as the storage yard for materials
and semi-finished goods. ‘The machine shop is located on the cast side, castmg shop on the
north side, and an electric shop on the west side. Consequently, there is no passageway
wide enough to allow transportation of large products. For this reason, delivery of materials

~and shipment of large prdducts are restricted to the access in the south side, causing a

U-turn in the flow.

“As show;n in Figure 2.4.2-2, prdcesses in the sequence of cutting, bending, assembling
and welding are located near the entrance on the south side. However, since a large bending
roller with a low operating efficiency is located near the center of t:he':pidte shop, the
arrdngement cannot be c0n51dered satlsfactory due to the eqmpment tendmg to isolate the

assembly shop.

Over-lay welding of crushers, ladles, and other large-sized castings are ﬁndcrtékcu in
the welding shop located in the rear of the plate shop, but there is‘no continuity with the
processes in the downstream and upstream. Therefore, it is desirable that the weldmg shop
be relocated in ‘a area near the entrance of the shop to facilitate the transportation of -
products to the heating treating furnaces or provide an exclusive area for the build-up weld-

ing shop.
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All equipment‘includi'ng those of smatl capaciﬁes cannot be moved readily sin_cc they
are anchored to the floor. However, when considering the plate shop which is characterized
by the handling of a variety of products, it is desirable to make changes in the a.rrangement
- of equipment so as to facilitate better handling'when there are changes in the types of

products,

While it is needless to mention that equipment with Iarge-sized foundations cannot be
relocated simply, providing common beds fabricated of heavy gauge steel plates for small-
sized equipment such as bending rollers, shearing machines, radial drlli presses, and siress

relieving presses is an 1deal method for relocatmg the equipment simply by means of cranes.
2)  Screen manufacturing equipment

‘The equipment for manufacturing screens if located in a space 7.5 m wide and 15 m
long, which is a lean-to constructed on the south side of the plate shop The screens are
woven by drawing the ‘wires externaily from the building, and the process is lsoiated from

the other processes.

The screen manufacturing shop consists of one wavy bending machine installed before
the weaving process, one weaving machine, one screen cutter, and_ two swing wall cranes
(with an one ton chain block). Screens in sizes of about 1X2 m using wires in diameters

fanging from 2 to 10 mm are manufactured by the equipment.
3)  Equipment for manufacturing forgings

The process of manufacturing forgi'ngs dominatc:s_ a_ space of about 300 m? under a
lean-to which is constructed on-the north side of the plate shop. The _ma_ijor work carried out
in this shop consists of forgings of liner ret‘aining bolts to thread cutting, min.ing. bits, weld-
- ing of pattern pipes and casting of bushing metal for bearings: used in casted wheels. Major-
ity of the products manufacturcd in this shop are small-sized, that is, those which can be

held in one’s hands
'Th.e_ forging shop equipment is composed of the following equipment.
L 7 small furnaces composed of heavy oil fired furnaces, gas flred furnaces, and coke

ﬁred furnaces

@ 2 hammers
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® One bolt forging machine
¢ 4 thread cutting machincs

¢ 3 duplex head grinders

Each picce of equipment is very old. Of the oldest, the hammers were manufactured
in 1972,

4)  Plate shop equipment

The plate work process consists of marking of steel sheets and plates, shape steel, and
rounds, cutting and shearing, bending and assembly. This is the main process of the plate

shop dominating about 2/3 of the overall area.

As to the manufacturing capacity of the plate shop, the surveyors were told that it has
a record of manufaéturing a cylindrical welded structure using steel plates 37 mm thick,
4,000 mm in diameter, and an overall length of 17,000 mm, and weighing 80 tons. However,
this is considered to be a special case. On basis of the present equipment capacities, the
plate shop can be regarded as medium-sized for manufacturing of products using steel plates

of thickness up to 35 mm thick and maximum bending weight of 15 tons.

The major equipment capacities and operating conditions are explained below.

(1}  Shears

The shears are made up of 2 eye tracers, 4 small-sized automatic gas cutters, and
1 wide shearing machine. Additionally, there are 1 saw for tutting rounds, 1 hydraulic

shearing machine for sections steel, 1 nibbler for steel sheets, and. 1 vertical band saw.

One of the eye tracers was purchased from Linde Co. of the United States this
year. The installation has been completed and the equipment was under trial runs. The
eye tracer is of the latest design, equipped with an NC system. The equipment is
provided with 5 oxy-acetylene torches and 1 plasma torch. The tracer is also capable of
cutting complicated configurations. The table is capable of handling steel plates 200
and 65 mm (stainless steel) thick, 3,500 mm wide and 3,000 mm long. The other is of
an old type, and the capacity is about the same. At present, 5 oxy-acetlylene torches

are used to carry oui parallel cutting.
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The small-sized automatic cutter is of the conventional type consisting of light-
weight rails, 200 mm wide and 3,000 mm long with a self-propelled car for the oxy-
acetylene torch. The cutter is used for straightaway cutting.

It so happened that cutting was being carried out with many notches during the
survey. According to the person in charge, the notches are caused by frequent voltage
fluctuations resulting from the recent floods. Therefore, the cutting accuracy was much

lower than allowable tolerance.

The wide shearing machine is a mechanical shear, capable of handling steel plates
up to a maximum thickness of 9.5 mm and 3,000 mm wide. While the shear is also old,

the equipment did not show any probiem in the shearing operation.
(2) Bending equipment

In pfoportion to the scope of the plate shop, the number of bending cquipment
was found to be more than sufficient. However, a 4-column type plate press, which is
normally installed in a plate shop, was not found. Without such a press, a plate shop is
regarded as a “cripple” since the important processes of bending of heavy gauge
plates, bending of the ends before charging into the bending rollers, stress relieving,

and straightening of bends cannot be accomplished.
The following equipment are used for the bending processes.

& 4 Bending rollers

¢ | Press brake

® 1 Angle bender

e 1 Transverse-feed press for stress relieving
® 1 Rail straightening machine

¢ 1 Bending machine for stcel sheets

a) There are four large and small bending rollers, but they are aléo very old.
Since processing of steel plates through a set of rolls is originally considered
to be an efficient method, the problem of accuracy in the existing equipment
caﬁ be eliminated and the operating efficient can be raised as long as the
parallel of the rolls and screwdown control can be maintained properly. In
other words, aging of equipment is not that significant.
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b)

Other than the small-sized pyramid type, the others are of the initial pinch
type. This is one of the reasons why the abovementioned 4-column type
plate press is not. installed. : :

Without the plate press, the ends of heavy gauge plates cannot be propetly
bent with small sized rollers. Thercfore, additional length must be taken to
obtain the necessary bend cut off the cxtra length. The largest préss can
handle stee! plates with a thickness of 25.4 mm and 4,267 mm wide.

Since there is no handling equipment before and after the bending equip-

ment, the plates are supported by means of cranes. Furthermore, since the

-bending'rollers are located in the center of the plate shop, 'they divide the

space into two. The surveyors were advised that the rollers are used only
two to three times a year. If that is the case, the equipment should be moved
to one side.

As to other rollers, there are manually turned bending roliers for the han-
dling of steel plates 16 mm thick and 3,658 mm wide, and 10 mm thick and
1,830 mm wide. Since the roil diameters and pitch are smaller, the bending

roflers are used according to the product sizes.

The press brake is provided with a brake pressure of 150 tons and a standard
capacity of handling steel plates 8 mm thick and 3,050 mm wide. The press
brake is the only equipment in the shop that is serving as a general purpose
bending machine. The press brake is used for the bending of a variety of
small and large size products. -

During the survey, the press brake was used for the bending of reinforcing
killed steel for head ways (about 25 mm in diameter) and bending of steel
plates 35 mm thick and 500 mm wide with a small radius. The operation was
being carried out at full capacity under two shifts.

However, since the press brake is originally designed for the processing of
light gauge metal. The machine is characterized with a very narrow head
width. For this reason, the press brake is used for nairow steel plates of
narrow width, and when bending the metal with a small radius, the form
tends to bite the product. _

The study team were informed that importance is not attached to the
appearance of products since they are consumed internally. However, it was
noted that the bending operation showed signs of instability, indicating prob-
lems from a safety standpoint. In the midst of the survey, cracks developed

- in the metal. The development can be regarded as a natural consequence
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since edge preparation of base material is not undertaken. Accordingly, it is
recommended that a review is made on the bending techniques together with

the équipment.

c¢) The angle bender is of a 3-roli {ype, and it is capable of bending angie steel

up to 125 mm.

d) The transverse-feeding press for stress relicving is a of small type with a |
braking force of 630 kg. The press is used for the stress relicving of light

pauge welded steel structures, 300 mm widc.

¢) The bending machine is of the manually operated type for the processing of

2 to 3:mm light gauge sheets.
(3) Other equipment

While the plate working processes are mainly composed of cutting, shearing and

bending equipment, other types of equipment consist of the following.

1 Radial drill press
1 Duplex head grinder

Several hand air brinders

The radial drill pfess-is of a swing arm type, and it is capable of drilling holes up

to 30 mm in diameter.
5) 'Wel'ding equipment

The welding process is another process which particular importance is attached to the
survey. As mentioned in detail in Item 2.2.1 relating to production, welding of ore carrier
" bogies, ore floatation equipment; and other-general steel structures, and over-lay welding of

crushers, ladles and oth'er-'types of castings are carried out in the welding shop.

. HoweVer,:-suchaweldihg.WOrk is not-carried out constantly, At the time of the survey,
_oﬁei'-lay-Welding was carried out on 4 large ladles and crushers, and welding of 1 bucket for
shovel cars, several structural steel members, and two heavy gauge gusset plates. There was

a stack of completed arches in the semi-finished storage yard.
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The welding shops cover an arca of approximately 480 m?, 15 m wide and 32 m long
which includes a lean-to. The area is located in the plate shop about 50 m from the entrance
on the south side. However, since the space is extremely crowded, and since there is only a
2 ton chain block provided in the lean-to, it is impossible to maintain all of the pieces under
the roof. Therefore, they are carried into various parts of the plate shop and even as far as

the machine and repair shops located in adjacent buildings to carry out the welding work.

Since the ladles in particular, weigh 15 tons, it is impossible to haul them into the plate
shop. Therefore, the welding work is carried out in the machine shop using the 20 ton
crane. Accordingly, it can be said that the shortage in overhead travelling crane capacity

and space are posing a serious problem in the handling of ever larger size products.
The welding shop is equipped with the following pieces of equipment.

e 15 Manual AC welders
® 5 Semiautomatic welders
» 1 Revolving positioner
e 2 Turning rolls

© | Manipulator

e 1 Dust collector
The welding work is carried out at full capacity under a 3-shift system:

a) There is a total of 20 welding machines. Five of them are of a semiautomatic open
arc type. The capacity of most of the welders is 600 amp, followed by 400 and
300 amps. The welding machincs are relatively new, which the majority were
purchased within the past 10 year period, other than six AC manual welding
machines, which werc purchased 30 years ago. There is also one submerged arc

welding machine, but it is not in use at present.

b) As auxiliary welding equipment, the shop is equipped with one cach § ton posi-
tioner, 10 and 60 ton turning rollers, and an in-house manufactured manipulator.
The welding shop is also equipped with a fume and dust éollecting system. The
system is composed of a total of 18 flexible hoses so Jocated that they are fully
capéble of drawing fumes and dust generated in areas where arcs are produced, a

sign indicating that the Owner has given due consideration to sanitation aspects.
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The line-up of welding equipment provided in the welding shop indicates that the
operation is centered on manual welding. Furthermore, most of the auxiliary equipment are
not used. Therefore, increased use of semiautomatic and automatic equipment is desirable

from a standpoint of raising productivity.
6) Crane

One 10 ton/5 ton crane, and one 5 ton overhead travelling crane with an operator’s
pulpit are provided in the main plate shop building with a 15 m Span-in.addition to one wall
crane, and one 2 ton overhead travelling crane in the lean-to. Manually operated 2 and 5
ton chain blocks are installed on the columns of workshops or attached to swinging arms

and monorails,

One serious problem is in the recent increase in the size of products for manufacture
or repair, which exceed the existing crane capacities. The actual condition is such that the

work is béing carricd out by overloading the handling equipment.
Another big problem is in the existence of many manually operated chain blocks,
which is the main cause of low working efficiency. Tt is recommended that the inefficient

chain blocks be replaced with clectrically driven hoists.

Table 2.4.2-1  Screen Manufacturing Equipment

Equipment Quantity | Specifications, Others | Remarks
1 | Wire bending machine 1 #4, 5, 8, 10 nm
2 | Wire weaving machine 1 62 ~ 10 mm
3 t Nibbler C 1 For screen cutting
4 | Wall crane 2 Manually operated 1 ton
chain block
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Table 2.4.2-2  Equipment for Manufacture of Forgings

" Equipment

| Quantity

'Specificatidns; Others

Remarks

Coke furnace
Gas furnace
HEavy oil furnace

Heavy oil furnace for
~ bolts

Hamner

Bolt forging machine
Thread cutting machine
Dﬁﬁles hééd gridér

Wall crane

4

1

400 mn x 400 mn
Propane, 1250°C
1,250°¢C

For liner rétaining
bolts

1125 kg, 178 nm x 178 mm

Exclusive machine
Exclusive machine
508 mm X 50 mm x 25 mn

Manually operated 1.5
ton chain block
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Table 2.4.2-3  Equipment for Plate Shop

|Remarks

- _Eﬁﬁibmeﬁt Qﬁantiﬁy _Specification; Others
1 NC eye tracer : 1 Table, 3 m x 3.5 o with
_ ' _ plasma torch B
2 Efe torch i_ Table, 2 m x 6 m
3 Automaiic gds cutter 4 hﬂwheele&.'
.4 Mechanical shéar Hl | 9.5 mn x'3;006 nm
5 _Hydrauli&aily.operated'_. 1 MAX 50 nm
- | shear: ' : : Co
6 | nibbler 1 [MAX 3 me
71 Vertical band saw 1 ﬁiAx'zs mm
"8 1 Saw- . 1 MAX 4300 mm
9 Bending rdllef_ 1 25.4 mm x‘4,2é7 ﬁm
10 Bending rolier V 1 16 o X 3,658 mm
11 'ﬁending.roller. 1 10 mm x 1,830 ﬁm
12 Bending roller 1 Manual—rolling
13 | Press brake 1 |150 ton, 8 um x 3,050 mm
14| Angle bender 1 | wax 125 sm
15 Trénsverse—fééd:pféss 1 630 kg
16 _Réil'stxaigﬁtener 1
17 | Bending machine 1 Manuaily operated
18 i{adial dripp press 1 |MAX 5_530 o |
19 Dﬁflex héad_grinder 1 250 mm x 25.4 mm x 22 mm
20: 10 féﬁls.foq overhead 1 {15m span
~ travelling ¢rane
21. 5 ton overhead _ 1 157m_span
;travelling crane .
22 | Wall crane 1|1 ton
.25_ :2:ton'6ﬁérheédr. 1 7.5 @ span, floor
1 - "t:avellipg crane- operated
_24} .Wéllféraﬁe._. 9

0.5 ton, 1 ton, 1.5 ton
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Tziblc 2.4.2-4 'WeldingrShop Equipment

crane

2 ton chain block-

Equipment Quantity 'Specificationg'otﬁers Remarks
Semiautomatic welders 5 Open arc type 600AND
Manual AC welders 15 |600Amp, 400Amp, 300Amp
Revolving positioner 1 8 ton
60 ton turning rqlies 1 60 ton
10 t;n turning rollgs 1 10 tén_

Manipulatof 1 Swihé arﬁ typé
Dust.éélleétor l_éet 20-H?_
 Monorai1 5 Maﬁually operated
1.5 ton chain block
Overhead travelling 1 Manuélly operated
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2.5  Current Technical Engincering
2.5.1 Engineering Management
‘1) Foundry shop.

_ The improvement of product quality, development and trial manufacture of new pro-
ducts is undertaken by the Quality Control Department.

(1 )‘ 'Org'aniz'ation

A DeveIOpment Group is estabhshed in the Quahty Control Department The

orgamzatzonal chart is shown beiow

Quality Gontrol
Department

Development | - - o | ~ |Analysis

Group

{ Engineer : 2

Technician:. 1

Two cngincers (university graduates) and one technician (technical high school
graduate) are assigned to the Development Group. Their duties include technical re-

- views, preparation and issuance of instructions, and drawings.
(2) - Develepment of pretotypes -
The orders for new castmgs are 1ssued 0 the foundly shop by the Engmeeung
- Department (other than- the Workshops Department) which is located in the El

Teniente area;’ The orders are: routed to the Quality Control Department through the
- Production Control Department ' L
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The orders contain pertinent instructions relating to drawings and materials. A
meeting is called together by the Managet, Quality Control Department, attended by
members of the Development Group and other personnel concerned to make a review

of the new parts specified in the orders.

As soon as the methods for the casting of prototypes are determined, instructions
are issued to each of the processes in the foundry shop. In addition to casting plan
drawing, the instructions are prepared in a form referred to as the “Method of Manu-

facturing Castings”. The form cortains the necessary instructions such as patterns

molding, melting, and finishing.

As soon as the prototype is completed, the results are checked by the Quality
Control Department. The Development Group also participates in the checking work

as a matter of course,
(3) Improvement of defectives

The Development Group is also responsible for developing measures to be taken

on defectives generating in the course of manufacture. Nonconformity control sheets

are issued by Quality Control Department.

When the problem is critical, a review is made together with the Development
Group to investigate the cause of failures and measures are developed to improve the
situation. IHowever, the Development Group does not assume the leadership in finding

the points in the workshop for improvement and implementation.

(4) Rescarch, review, and development of new technologies and equipment for in-

troduction

Studies relating to new cquipment for the foundry shop and manufacturing
methods are not carried out by the Foundry Shop. The surveyors have failed to find
the department responsible for making unified studies and drawing up proper recom-
mendations and conclusions. It appeared that the individual sections were carrying on
with their own type of studies. The results arc submitted whenever questions are raised
by the plant management. The decisions are made by a management group, which

includes the Plant Manager.

— 126 ~



2)

Accordingly, it scems that there is no definite group assigned with the responsibil-
ity of investigating and researching equipment and manufacturing technologies in a
long-term as well as short-term perspective.

Piate shop

The Engineering Department of Div. El Teniente, responsible staff of fut_hrc_ planning

directly under the Plant Manager, Production Control Section of Production Planning De-

partment, Quality Control Department, and Production Sections are responsible for the

control of manufacturing technologies in the plate shop.

(1)  Establishment and maintenance of work standards

So long as the scope of the plant operation is small, the maintenance and im-

provement of production facilities can be handled by the skills made available by the

- workers, and passing on the necessary skills to newly employed workers can be con-

veyed through OJT programs.

However, as the scope of the plant operation grows together with an increase in
the. number of workers and prdducts, it is necessary, first of all, to collect the basic
skills from the skilled workers, and put them in writing for use as training and educa-
tional materials. [n other wards, the plate shop is considered to be in such a state at

present. -

" There is no work standards whatsoever at present. The standards must specify
the proper work methods, precaulionary measures, knack and feel, and safety meas-

ures.

In the course of préparing thé standards, the best of the skills possessed by the
skilled workers at the respective stages are collected, and by combining technical capa-
bilities of the individual skilled worker, skills at the highest level, which are available at
that time, are concentrated. As a result, the level of skills is unified, irrespective of
individual . differences in technical capabilitics.” Furthermore, conformance to work

standards determines whether the work is carried corréctly.
While it is needless to mention that the work standards serve as the most impor-

tant tool in training and educating the workers, it does not mean that all is taken care

of, once the work standards are prepared. -
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As progress is made in the manufacturing technologies, the work standards must
be revised accordingly. In doing so, the transmission of technologies are recorded and
maintained in a tangible form as a valued treasure of the plant.

Examples of typical work standards are listed below.

Marking standards

g 2

Gas cutting standards

Eye tracer cutting standards

Shape steel and flange bending standards
Manual welding standards

MIG welding standards

S I W e

The work standards are prepared by the production sections taking the leading

role.
(2) Feedback system and improvement of manufacturing methods

Of the ore carriage bogie under manufacture at the'plate shop, 11, which were of
the same shape, were completed, and the 12th and 13th in the process of manufacturc.
The case appeared to the surveyors as extraordinary for a plate shop fabricating va-
rious types of welded structures to be.manufactllring wagons each time orders are
received from the Division. The surveyors were fortunate in having the opportunity of

observing the manufacture of large-sized structurcs, all having the same shape, in large

quantities.

Since there are many cases of producing comparatively the same type of products
in large quantities in the foundry shop, a system has been established, whereby mass
production is entered into after the prototypes have been prepared and reviewed by

the Production Engineering Section of Quality Control Department.

However, since most of the production in the plate shop is based.on “single
items”, there still occurred many problems in manufacturing the 11th wagon, despite it

being manufactured on a quantity production basis. Some of the problems are listed

below.

— Although exaggerated, the welded joints had many large ‘gaps through which

one can pass his fingers through.
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— The base material was automatically cut and the faces were finished compara-
tively smoothly. However, when assembling, the pieces with same configura-
tions could not be mated at 24 places. Therefore, the plates were manually cut
in the vertical position. As a'consequence, the edges were ziggagged, causing
the quality of weld and work efficiency to drop drastically. '

~ Since the wagon is 3,000 mm wide, 10,496 mm long and 3,734 mm high, proper
type of scaffolding is required in a sufficient amount, but the workers were

performing the work by using makeshift type of scaffolds.

Most of these problems can be readily solved at the engineering stage prior to
manufacture and when discovered in the course of manufacture by making an immedi-

ate feedback to the Design Department and upstream processes.

Since the: QC. Circle has been introduced in the plant, the activity should be
“utilized to its fullest extent to unearth the problem's that are buried in.the workshops,
and using thersuggéstion program {feedback system), marked improvements can be
expected in technical levels and productivity within a short period of time through
implementation of improvements. Accordingly, the QC circle should be adopted on a

-plant-wide basis.
(3) Welding methods and procedures

Since various welding techniques play the leading role in the welding processes of
a plate shop, there remains much room for the intervention of welding engineers. That

is, there is a need for making the following selections.

~ The grade and thickness of steel materials to be welded.
- Positibning of applicable welding joints, shape of welded structurcs and work-
ing environment,
- Welding positions and groove shapes.
—. Welding method (such as manual or MIG).
~ Type of welding ro.ds, diameters and length.
: -—_-'Wel'ding current, voltage and speed.
.~ Welding sequence and method of feeding welding rods.
~ Preheating and postheating. | '

- Nondestructive inspection and method.
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In making the selection, welding tests are carried out as necessary, welding
methods are determined, and welding procedures are issued as welding work standards
for the welders. 1t is also necessary to take steps so that the welders are familiarized

with the publications.

When the foregoing procedures are applied to the plate shop, the procedures for
weld repairing of crusher parts are the only ones in existence. However, the proce-
dures are considerably aged, and revisions have not been made in accordance with the
technological progress. Furthermore, since the procedures are established primarily for
the engineers of managerial and shop foreman class, there is a need for preparing a set

of easy-to-understand procedures for the welders who are actoally performing the job.
(4) Improvement of technical skill of welders

From the standpoint of importance attached to the welding operation in a plate
shop, the level of skill of the welders can be considered as a gauge for measuring the

technical level of the shop.

In fabricating a flotation tank in June, this year, performance tests for welders
carried out by the quality Conirol Department is considered to be an epoch-making

event. Therefore, it is recommended that the tests be carried out every year.

Differing from other types of occupation, it is easy to objectively determine to
the performance level of welders. The results are dircctly linked to the improvement of

morale of the individual.

Ultimately, the welding work is mostly dependent on the morale of the welder.
That is, once the welding work is completed, one cannot detect the condition of the

groove, quality of clectrodes, current and voltage used for the welding.

While the welding work must be performed.under established conditions, it is
impractical to have someone observing the work from start to finish. Therefore, the
work is dependent on the morale of the welder. Consequently, it is necessary to assign
welders with proper qualifications to important welding jobs. The welder must be wear
a badge, tag or indications affixed on safety helmets to identify the qualification that
the holds.
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2.5.2  Process Control
1)  Foundry shop

The production of 'foundry shop is first planncd by the prdduction control division,

according to which the work schedule is distributed to proceed the work.

(1)  Production plan

The annual production plan is established in November based on the demand
mainly for Div. E! Teniente. This is l‘urthef broken into the plans based on the
quarteﬂy workload classification, giving a margin to the production capacity likely to
break it to the full workload for the first month, two-thirds for the second and one-
third for the third month. This is attributable to the planning to allow any imerr'upting
job to be taken in the due course of work execution. Table 2.5.2-1 below gives an

example of this plan.

This work schedule is input into a compuicr to newly issue the monthly schedule.

As an example of this actual schedule.

a) The production output list of pouring, and finishing scctions is given in Table
2.5.2-2 below, showing the order No., molding job classification, part name

and drawing No., and describing the following per part.

® Ordered and received quantities

e Rerﬁaining quantity

® Quantity casted up to the end of previous month
& Quantity casted in the previous month

e Quantity to be finished this month

¢ Quantity finished up to the end of previous month
¢ Quantity finished in the previous month

e Term of delivery
For casting, the actual lists arc prepared on the cast completed and in-

process items per part, name & job classification, and per material, describ-

ing the following data items.
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b) Lists of cast compieted and in-process items

(2) List per part name and per casting job classification (quantity and

(b)

weight).

® Unit weight of casting item (kg) .

¢ Ordered and received quantities

e Remaining quantity

# Quantity casted in the previous month

e Weight of remaining work (kg)

® Weight of items casted in the previous month

¢ Term of delivery
List of materials

¢ Remaining work in this month (kg)

® Weight of items casted in the previous month (kg)

For the finishing, the lists are also prepared on the finishing completed
and in-process items per part, name & molding clasification, and per

material.

¢) Lists of finishing completed and in-process items

(a)

(b)

List per part name and per molding job classification (quantity and

weight)

# Unit weight of casting item (kg) .

¢ Remaining quantity '

e Quantity finished in this month

e Quantity finished in the previous month
® Weight to be finished in this month (kg)

& Weight finished in the previous month (kg)

List per material

¢ Weight of finishing in process (kg)
® Weight finished up to the previous month (kg)
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A planned production schedule (Table 2.5.2-1) is made according to the

list of performance mentioned above.

- Process control

~a) o Pattern shop

The production control department fivst issues the orders in accordance with
the work instruction and process schedule, showing the drawing No., work No.,

quantity, weight, part name -and standard manhour.

Thc serial reception number of these work orders shall first be entered in the

log -book, according to which the wooden pattern stocks shatl then be checked.

.For the drawmgs, the review numbers are very important to be confirmed firmly.

The production control department requests in advance. to the pattern shop an

cstimate of manhours and materials for pattern prior to two weeks to a month.

The patteiﬁn shop reports to the production control department on the man-
hours and applied materials after completion of the pattern manufacture.

by Foundaty shoj)

Since the 3-month production schedule (computer list) issued from the pro-
duction control department is distributed to all concerns, the total worktoad and
how much workload to be completed can be clarified to all conée_ms. This classi-

fies all jobs into the large items, machine moulding items and others, which are

- Histed separately. These lists are issued monthly.

The work order cards are used for job instruction. This card is made of
3- -copy type for molding section, i.c. the first sheet is to be sent to the pattern
shop to collect the pattern information the second sheet is to be used for molding

and the third to the core shop. This card shows the part name, quantify and

. sbheduled manhours, but the quantity only needs to be reported, requiring no

actual manhour. spent per individual part.
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A sample of this card is given in Table 2.5.2-3 below. The report is made on
the casted items only, whose format is called “Productioh de la Colada.” Further,
there is a larger 3-copy card consisting of a white sheet and two yellow sheets, of
which the molding record is entered in a sheet of yellow card to be filled in the
foundry shop. Other white and yellow sheets are sent to the finishing p_l‘océss, of
which the yellow card is returned to the foundry shop and then to'the production

control department. The remained white card is used for shipping.

The cards come to the finishing process after casting the products, which are
the carbon copies on the white base. The casted items, even if any is clear to be
rejected of due to leakage, etc., are all sent to the finishing process is casted
items. For the items casted in he previous day, the cards are sent to the finishing
process at 07:00 hours of the following morning. These cards bear such informa-
tion as part nﬁme, weight (Castéd weight = Calculated weight), order No., draw-

ing No., divided No. of lof, molder name, etc.

The casted items shall receive the inspection to be conducted by the quality
control inpectors after finishing them, who prepare and distribute the documents
on the items to be disposed of, to the molding process, finishing process, produc-

tion control department, etc.

For the finished items, the following shall be entered in the cards.

- Right Column ' Left Column
® Order No. e Quantity in inspection (X-ray, etc.)
€ Order quantity © Weight in inspection
® Actual quantity ¢ Quantity to be rejected of (to be determined by QC)
& Weight & Quantity of accepted items
e Matcrial ® Weight of accepted items
® Part name
¢ Drawing No.
e X mark (machining)

_ For feporting the weight, no individual item may normally be weighed. The
weight established based on the past experience is filled in. For the completely
new items, the weight is measured. For the items having been produced conven-

tionally, almost no item is measured and checked it any time.
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Above description is the out line of process control, no manhour is mea-
sured at any of the molding, and finishing process. Although the scheduled man-
hours are filled in the cards for molding'process. The schc_duled manhours filled in
the cards seem also to liave not so much reliability. They seem to collect no
manhour spent, cve_ntually', because of 'd_i'fficullies in grasping the exact manhours
per part. Rather, the importance is placéd on how many quantity has been pro-
duced ‘vs. the planned nionthly guantity. This may also be acceptable for 'merely.

seeing the production per manhour, but the manhours per product or lot must be

collected to improve the productivity.

.U.nless the systems are established to allow these data to be collected and
always checked for what improvement has reduced what porti'o'n of manhours are
so far as the lump sum éccounting remains like in the present way, where is a
problem cannot be grasped. For the weight of casted items, _élthough’ the pro-
totypes aré fairly (exactly made with exact patterns, the weight varies fé]iriy) de-
pending upoﬂ _the gradual drop of pattern accuracy or rough modeling work, so
that the weight should be tried out to be measured periodically, because a fair

~ amount of weight of castings could be sold free of charge without knowing.
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Table 2.5.2-3

Process Card (Molding)

b WSuua £h b DRI ot 1HAVAO b/oUa7 251
T T T oo [wsrime |3 woriras b owoER
B o vensvres 282 Lveraoor ox vissl3 xo 2visoa
il Acere Crimo Nio Moo |3 il o (38,00 kg 190
CROQUIS : INSTRUCCIOMES ESPECIALES
R 8§ = Handril y Plantilia sa
H 1 ep%?:_%ur s 12 Llasa xcma
' du::mdm
HyAs OB6 421BOG < WOl GOO
e P otscaweion ot \ss ortaacionss | SRR [ARat ool ot | e o A Ve oo
| i| lbudenr HA 0.10| -
1#| 2| Bacer Alma AL 2,00 \.
P| 3| Fmatr F5 o.c1f - - G-
P 4| Iepiar. LY 1.5¢ A
Pl 5| ?Pratamiento Térmico T .
LEI! 6| Revigax m,r - |
N{ 7! Tornear RB 0.70| 3.0
H | 8] Torneay Complatar TK 1.50| 2.9
M| 9| Trazar ° A 8,30 8.3
4 10] Perforas s Hilo DA 6.28| €5
M [ 11| Tratamiento ¥§rmico HG | . ..; -
Hi{12] Revisar RN | .- "

LTAB-F 12 :
FoR M4

— 138 —



2)  Plate shop

The process conirol means the control activities subject to control cach production
process for the purpose to manufacture the ordered products by the specified term of deliv-
ery and economically. The platc shop as viewed from the process control aspect involves
mostly in the jobs
as required from the mining, mineral processing and refining departments, if which 70% is
the new products pursuant to welding, while 30% is repairing each part of crushers. While
the annual repair manhours can be estimated for repair parts representing 30%, the welding
structures occupying 70% represent' the orders received in at lcast three months before
starting the production. Therefore, this shop exists in an environment under which a long-

term production schedule can hardly be established.
(1)  Organization

The process control is carried out by centering at the production control division
of production planning department. The statf having a plenty experience in the field
work are assigned to the production control division to issue up to the job instruction
schedule which is to be used actually in the work fields, as well as the manufacture

orders. -
(2) Kinds of schedules

For the work schedules of plate and machine shops, the IBM scheduling system
(Capacity Planning and Operation Sequencing System-Extended (CPOSSE)) is used

from the manpower planning to allocating the manhours per job classification.

Various schedules shall be discussed hereinafter, centering at the welding process

in this system.
a) ~ Annual production planning

Even reviewing the annual welding workload (an actual example in Table
2.5.2-4 beldw) results in finding 100% or more workload for the latest one month,
and 80% for the following thrée months, but almost near to nil henceafter, in-
dicating that the orders may be received from now on. Therefore, no annual

manufacturing schedule exists. The shop has planned nothing but an approximate

—-139 —



production plan only based on the divisional production plan established in about '

last November.

~ Further, the annual workload schedule per job classification summarizes the
capable manhours, required manhours and idling manhours in unit of (fday
(weckly) for the first month and in unit of 24-day (monthly) for the second month
and afterward to output the annual production. This is used for a long-term su-

pervisor manpower planning.
b)  10-week schedule per job classification (actual_60-day work)

This is a schedule per job number, consisting on such contents as job recciv-
ing data from the previous process, time for spending in it's own process, time for
sending to the following process required manhours, manhours for pre'pération,
capable manpbwer, night-shift or not, and daily workhours. An actual example of

this schedule is given in Table 2.5.2-5 below.

¢) 2-weck schedule per job classification (actual 2-day work)

Except for the daily capable, required and idling manhours, this bears the
information for 2-week workload as same as in the 10-week schedule. Further,
this schedule contains a 2-week plan in 2-week later in the same form, i.e. this
form is designed 1o allow you to know of 4-week schedule. An actual example of

this schedule is given in Tabie 2.5.2-6 below.
d) 2-week schedule of plate shop-(actual 12-day work)

This schedule indicates each. job number, product name, quantity, scheduled
manhours per process (marking, gas cutting, bending, boring, roughening, weld-
ing, painting and inspection), scheduled manhours for preparation, and comple-
tion date, so that the manufacturing flow of articles can be known. An actual

example of this schedule is given in Table 2.5.2-7 below.
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e} =~ Work instruction schedule

The minimum unit drawings of produas (in unit of smglc sub asserably) are
bfagged together with a work instruction schedule as emmpled in Table 2.5.2-8
-below, which are then sg:n_t to the plate shop from the production control division:
This bears such information as subassembly name, dl"a\_ving No., bill of compo-
nent materials, material quality, weight,' qﬁ'antity, schedu.l.ed_manhom‘ per pro-
cess, and scheduled mianhour for preparation. These data are daily input into- a
computer which are then fed back into the schedule to be issued in the following

week, as well as the actual performance bemg output.
(3) - Actual status of process control

_ | Aithdugh thé schedule control system -applicd in this ‘shop is "1lm65t complete,
obscrving the actual status of production lines what completed asscmblmg were left
from weldmg nearly | for about one month and that there were some welding jomt gaps
exceedmg 10 mm_ allow us to assumed that there is a considerable amount “of dis-
persion, even lf the ratio satxsfymg the schedules in the past two years is said 84%.
Further in the future, it is necessary to analyze and collect the current status data of

capability for the purpose to improve the exactness of standard manhours per job.
(4) Format of schedule

_ The schécl_ule applied in the plate shop is designed of process instructions in terms
of numerical indications, so that it can hardly be said to be of process schedule avail-
able to be understood at a glance. The process schedule is preferably made to atlow all
workers to see it at any time, to grasp the process at this momemnt by themselves and

to recognize the role of each worker himself or herself.
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Table 2.5.244  Annual Workload Schedule Per Job Classification (Welding)
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Tabte 2.5.2-6

2-Week Schedule Per Job Classification’ (Welding) |
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2-Wecek Schedule of Plate Shop

IS

Table 2.5.2-7

¢ hND OPEAATIIN SEQUENCING SYSTER-EXTEKD ED

KEY DATE .0~

RELEASE 1.3 °

ANNIN
TALLERES

-l

PROSRARACTON ne'nno:xts

3 -

-8
-9

I EAEICIEHI D

K flp =T el T ¢

LY Al AF o o nd ¢ T g nh ey
- b - At B
R 3
t B . : .
b . . ’

- DAL OIS | Ao OO0
[ - - == O O D DO D
P R Y 2 NN feer [YLERE REAFYY S TR
SR ena OO Cramradwir s SOCH DS
'] 1999?99900 - D T CnEA O T O
(RS I DR IReS Qndind o of b nd wFA VA
- o o .
-u O =
a8 o -
qLy T -
i -~
e & a
-
B = -
O - -
i, o
o W frl
P —
~ e
L) L .
SV PN T e P MO T g
Dusaf K eermas e aemasewea
"”H LoD OO0 | OO0
-] o .
SO -

A A D ARG
famed | GOty e i e bt dian]
=1 I R ERERE R NN
R et L] SR O A YD
M I L T =t et e

o o
T OCOONOGE, S rOOC It
R R et et R T Yt et
R ) wr
o [} ]
- e
o SRO TR D Ol e K X
G SmLXSa e QLG o
e :
] WIS IAVIVIN LA VIV WA ) WD LD
. | ARG EEAT . AGIAEEATT
LADDIOEWIIE | WA B0 WY
x vien G y
Nad ar Lo il " e L7
2 Bumamkmmuy gSunmusony
] . e T aee -
-~ B R T
- IEnTDTETEXTEX WEXT YT T
o LU O U ouuLuuilJdey
W . ORFBEXEREX EXTXLXEXE
" AADAAR&&QR e aa g a s a
- . ﬂLLLLLLL AN T
a. aal PPPPP’P LA G At b i
PEE A . ' .
i . !
- -t
K., .o . o, o
-t R L L
- —l.-z.i!r-...l.qetn § T AT IO Crv
OB QAL o A A vt [ B T Lt
; ®O lf@ﬂﬁb}?ﬂﬁ AT Crs Gt
2L
b =y
£iR
Cle- [ ‘
e . .
e o . '
-] . .
L Lo i
xo L e * .
(AT 4 v
So-ly oy . m . |
T ]
. nge g L4l x
1 f m 31 H . R

;lﬂiEXT{,‘ 6!3??%2 597
. ) L90 598

H
N

e

Rt

DUEIGi
ny
£A

[}

P ]

€ e 50

- odaau e

AoOoago

T aind 4T KL AT AK X 13

acatooos

bbb b e e

2 ol pooeor oc ol

e e b o fm b

A an! Cn e O St O

@ R

w..n-n:.snvﬁ.r.n. .

8578, . 5733

L MRS R XS DT
S, OB 8, G B, Ol O A, O B,
g n AT woTdaEcaT
EEXXTILEL ~ ACEXXEEI .
UULOULLD | SO0
oOMNoAD | ODDnAnnOno

P e A ] .o
1. .
H 1 . M N
. . . A
it L AT~ e i d DI P WAL A LA,
L ; Cneh OnOeh OO OO~ O O O Or N O
A L Y T O A AL AT
Dl aindabe il I it 2 ae L] ,395]2??22
O D~ o oo S b
o ol o oE F O bt ol o of COab o ol ol 8 o b
" i ~o : =
Canawas FLE R LR PR el
- - Lo
AP YO P e Wm0 s O ~
OO O h TR CA DR OO O
Wopn b odok s ukr [2PTT IS 2V IV 2N S8 SR |
[N RASEEN S
A U BTG e et 3wt o S P -
P 8 OO En IreGhe G O O B D O [
g n ol ol o Wb n o i .
ur w w
—n .y - -
- ~ . ~
" * - [
AL Fley e e D ] Y D Pt
[ XN N L EER IR N ] . AR N NN
P.&Bﬂ.lnhv Dt D pterd L L d BCCA DDA D
) ~a . (]
Lat=Tot ) P 0 e AN O 000 a0
P aD AT W S et O vt Y B T €
HWesvens ' Wesbeassae Wensonvsaue
I P O H IS PO P DL e Lt TSty Po TR
! [ e -
o - Vo . o A
'
Pt AUAAA Y " PO SOPIL Y P R M
e , " O
-~ N -
R P T "
=g o . LY N
Dwadgewx - DoddooaaT ELU LT T 1o
=Y F-1V- ¥ Buwlewglica  Srulodavico

L
Akl A N A L Rk

TITFTITITIMITY Y Yy
A ) i A i Lk il

i
: HIA

[
VfZ‘STB?UY:

Dt L) S e
DT T
-
"
~ .
LAl '
’ . N
St
vy, . .
]
e [
o B S




%

Table 2.5.2-8

Work Instruction Schedule (Welding)
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2.5.3  Quality Control

General

The quality control department is generally orgainzed as a staff element of this Work-

shops Department, and stipulated to cxecute the control on all quality. This department

also -develops new materials, and examines the manufacturing methods of new producis.

Y

Present conditions
(1)  Organization

The qguality control depariment is organized as follows.

General Fact:pry

Manager
L i 25
: Quality Control
Department .
| 3
rﬁiéﬁﬁfé&ft‘:-\iﬁﬁ'g' : Development
lpepartme_nt i Office
| 11 L
Inspection Analysis
Office _ Office

The quality control depaitment consists of such three groups as inspection office
to inspect the products, etc., analysis office substantiated to the chemical analysis of
materials and development office to develop new products, etc. as illustrated above. 25

pérsonnels in total .are assigned to this department.
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2)

2)

Functions
a)  Inspection office

The business in the inspection office are divided into a group to check
dimensions, etc. and another group to conduct the nondestructive inspection, con-
sisting 'of 10 personnels in total, except for chief. Each group is assigned with five

persons.
b)  Analysis officc

The analysis office is divided into such two sections as one related with the
chemical analysis and the other related with metals, consisting of ninc personnels,

except for chief.

The chemical analysis section is assigned with two analytical specialists and
two assistants, while the metal section with two inspection specialists, two en-

gineers and one assistant.

¢) Development office

The development office assumes the development of new materials and
appropriate manufacturing processes, the improvement of dcfectives, etc., con-

sisting of two manufacturing engineers and one technician.

Educational background and qualification

(D

Educational background
The quality control department is assigned with 25 people in total.

Looking at their educational background results in finding 15 univers_it'y graduates

(including the graduates from colleges), 3 technical high school graduates, 6 ordinary

high school graduates and others. The experience of engineers and technician class

people is mostly more than 9 years. Engineers engage in the control activities 10 ana-

lyze and judge data. Five persons are now assigned as technicians to directly operate

the machines.
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The ordinary high school graduates engage in the general jobs called “Mus-
terello,” but are given oppotunities to be promoted to technicians upon passing
through the intra-company promotional tests in the future. For the reference purpose

only, the educational system in the Republic of Chile is as follows.

® Civil cngincering .................. 6-year course after graduation.from a high
school | _

® Engineer ..........ooeevinn. SN 5-year course after graduation [rom a high
schoot

® Enginecer, effection/kimico ....... 4-year course after graduation fi‘om a high
schootl |

@ Technico technician ............... 3-year course after graduation from a high
school

® High school ............c.ooiiit. 3-year after graduation from a primary

school (8-year course)
(2)  Qualification

The Republic of Chile has an INN (Institute National de Normafization) as a
bureau to administer the national regulations, whercby establishing various qualifica-

tions.

For this quality control department, a lincense is required in the Republic of
Chile for nondestructive inspection associates, expecially for the isotope handling qual-

ification.

‘Six (6) persons are now qualified in this department, consisting of two license

persons of university graduates and four of high school graduates.

An IDIEM qualification is given to the nondestructive inspection, which repre-
sents a qualification recognized internationally. This scems in conformance to the
American Sdciety of Nondestructive Tests (SNT-TC-IA) and the qualification by clas-

sifying into the following three levels is given.

Operator

- Level I =
Tevel IT = Evaluation. .
" Level III = Procedure approval
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3) Equipment

The equipment applied to the quality control can broadly be classified into-the mate-
rial analysis equipments, mechanical p‘rbperty test equipments such as hardress and
strength of materials, nondestructive apparatus for internal inspection of materials and the

dimension mcasuring equipments.-

These existing equipments can sufficiently assume the functions as those to perform
the quality control activities. The principal equipments

and functions are as follows.
(1) Equipment related with the chemical analysis

The principal work related with the chemical analysis consists of analysis of raw
materials {e.g., scraps, alloy iron, etc.), components before and after casting, and

finished products. The equipment provided for this purpose are as follows.

® J.eco carbon meter (1 unit) (Model 572-100)

e Leco sulfur measuring instrument (1 unit} (Model 532-000)

e Photoelectric photometer (1 unit) (S8i, Ni, Mo, Ti:and Fe) (Spectronic 20,
Bauch and Lomb) .

8 Atomic absorption analyzer (1 umt) (Mg, Mn, Cr, Sn and Zn) (PEN-
TINELMER 303) '

® Electro analyzer (1 unit) (for Bronge Cu, Pb, Zn) (EBERBACH)

® Emission spectrum absorption analyzer (1 unit)

® Available to measure 16 elcments of steel, cast iron, bronze, white pig iron,
etc. Analysis for about 2 minutes (DV2 BAIZD CORPORATION)

Among all others as above, the emission spectrum absorption analyzer is often

used.
(2): Equipment related with metallufgy and physical measurement

The activities to be performed herein concern the casting process (e.g., casting
sand test, etc.) in the foundry shop at Rancagua, control of processes in the pl'ate shop

control on the mechanical and metallurgical characteristics of products, tests on the

mechanical properties (e.g., tensile strength, compression strength, clongation (%),
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bending, hardness, etc.), metallurgical, metallographic and fracture plane inspection,

production inspection and development.
The equipment provided for these activities are as follows.

@ Universal tensile test equipment {1 unit) (up to 30,000 kg; Model TA-60
RIEHLE) , |

® Hardness testers (Rockwell hardness testerx2 units; Brinell hardness testerx 1
unit; Ultrasonic hardness testerx1 unit; and Microvickers hardness testerx1
unit)

. Metallurgic'al microscope (2 units) (Metallux 11)

® Specimen grinding associated equipment (3 units)

e Cross-section microcomparator (for bolts, gears, etc.} (1 unit)

® Impact tester (Charpy tester) (l unit)

¢ A complete set of sand testing equipment.

_ 3) Equipment related with nondestructive inspection

" The activities to be performed herein concern the radiographic tests for castings

as specified in the ASTM and the steel sheets up 10 12-inch in thickness.

Other nohd_cstructive test equipment include the ultrasonic flaw detector, magne-
tic particle flaw detector, ctc., and the inspection with a liquid penetrant a surface test.
- The following equipments are provided for these nondestructive examinations.

® Gamma-ray test equipment (2 units) (with a Cobalt 60 exposure room and a

_ spec:al 100m) - |

® X-ray test equipment (2 units) (6—200/8 and 6- 30 made by Phlllps)

e A complete set of ultrasonic flaw detector (3 sets)

¢ A complete set of magnetic particle flaw detector (1. unit; 2,000 Amp)

® Thickness measuring instrument (1 unit) t1.2 to 300 mm in thickness, made by
Krautkramer) '

@ A complete set of liquid penetrant
(4) Equipment for dimensional inspection

These eqmpments check thc dlmensmns of in-process and finished ploducts The

principal equipments are as follows

~ 151 —



2)

e Vernier caliper (5 units) (8-inch and 12-inch)

# External micrometer (15 units) (up to 16-inch) -

e Internal micrometer (15 units) (up to 200 mm)

e Scale with & level (4 units) (12-inch)

e Width measuring instrurnent (3 units)

e Pitch measuring instrument (for bolts, screws, etc.) (3 units)

® R (radius) measuring instrument (2 units)

® Various scales (a complete sct)

¢ Surface roughness tester (Surf-test B) (1 unit) (up to 3 OO{] micro-inch, made by
Mitsutoyo) '

Foundry shop
(1) Quality control standards

As shown above, the quality control cquipment and functions were fairly suffi-

cient, but the quality control standards could not be said sufficient upon the study of

survey term.

First, for examples, no quality assurance system was established. Of course, no

quality assurance system manual was prepared. The quality control standard seemed to

be prep'are'd to a certain extent, but no QC process chart of foundry work was pre-

pared.

The basis of quality control starts with the preparation of standards, which are
then to have workers observe and to be managed. It is necessary to examine what
level, under what control systems and to check under what measuring methods in each
process of the foundary or how to treat an emergency. From such viewpoints, it would

be necessary to complete the standards.
(2)  Quality control activities on castings
a)  Preparation of quality -records on castings
For inspecting castings, the.competeht'quality” contr'of-inspécting castings,

the competent quality control inspectors check the products after shakeout and .
finishing the castings and at the final mspcctlon '
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_ For the actions corresponding to when a defective nappens, the defect card
is issued. When an item is rejected, the ‘return notice card is issued and then
circulated to the production control department ahd manufacture associated scc-
tions. Looking at such an example results in finding no clear indication of what
‘kind of defect appears under what situation and at what portion of the products.
The defective part is said illustrated at required, but it seems for us to be prac-
ticed not so much. These factors are very important for cxamlmng the quality.

Sketches should necessarily be attached.
'b)  Meeting related with quality

For the problems which can easily be solved, no meeting is heid, but for the
large defects ah_d critical nonconformanace, all concerns gather to discuss. There-

“fore, no regular quality mecting is held.

The big problems are discussed in the key personnel meeting (general fac-
tory manager and other eight persons) to be held weekly. Such a meeting may be
favorable to be held by gathering the kéy personnel only, but it ought to miss

“essence of problems via filtration.

It would be necessary for the quality control to act more positively so as
department to recognize the actual situation to solicit the personnel at the fore-
man and team leader classes in the mannfacuring department to participate in the

-mecting,'t'o determine the causes and to take appropriate countermeasure actions.
¢) Preparation of statistic data related with quality

A monthly report on the qulity status is plcpaled and submitted to the
genelal factory manager, but no meeting is held to discuss the quality lmmed;ately
" upon subm;ttmg this report. Such a meeting may also be heid upon the instruc-

" tion from the general factory manager, as required. No data is collected for defec-
- twes of shipments outside the factory, i.g. no statistics ‘is collected because of
very little occurrence of defe(,tlves, for example, only one claim occurs within a

few months after the delivery of four thousands pieces.
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d)  Quality status of castings

(a) The statistic data of defectives ovér_ the past 3-year period are given in
Table 2.5.3-1 below. ‘ '
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(b) Percent defective per phenomenon

(D  Percent defectives of cast steels phenomenon

The percent defectives of cast steels are given in Table 2.5.3-2 be-

low,

Table 2.5.3-2
1984 1985
Defect Phenomenon Rejection - Rejection]
(kg) ’ (kg). ’
1. Porosity (shrinkage) and 51,484 32.02| 49,726 35.78
blowhole : .
2. Hot tear and cracks 43,009 | 26,75 24,010 | 17.28
3. Damage and incomplete shape 24,241 15.08| 36,546 26.30
4., Missing at finishing 15,950 9,92 - -
5. Gas inclusion in the molten 10,216 6.35 - -
metal
6. Dimensional defectlves, such as 8,437 5.25 24,39 17.55
shape, hole position, deformed
shape, ete.
7. Metal penetration 5,396 3.36 - -
8. Shape different from the 2,060 1.27 1,320 0.95
drawing
9, Heat treatment defective, etc. - - 2,148 1.54
Total 160,793 |100% 138,975 |100%
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There is a difference in the percent defectives of cast steels per
phenomenon annually, but the top three of defective phenomenon are
same for all years, main defects are principally the porosity (shrinkage),
crack (hot tear) and damage (incomplete shape), total of those three
“defects show more than 70% every year. These pareto diagrams were
drawn, resulting in an example of 1985 as shown in Figure 2.5.3-1 be-

low.,
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Figure 2.5.3-1  Pareto Diagram of 1985 Percent Defectives of

Cast Steels per Phenomenon

As shown in Figure 2.5.3-1 above, the tob‘ three of defective phe-

nomena occupied nearly 80% in 1985.
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(@ - Percent defectives of cast irons per phenomenon

The percent defectives of cast iron per phenomenon are given in
Table 2.5.3-3 below. .

Table 2.5.3-3
: 1984 ' 1983
Defect Phenomenon Rejection " Rejection "
(kg): (kg)
1. Porosity (shrinkage) and 48,575 | 41.82 80,758 | 25.69
blowhole : : :

2. Hot tear and eracks o 35,705 | 30.74| 92630 | 29.47
3. Different hole position, sand 16,531 | 14.23| 92,630 | 29,40
burning around holes and ' :

deformation
4, Damage and incomplete shape 10,303 - 8.87| 13,881 4,42
5. Gas inclusion in the molten 2,420 2.08 - -
" metal - : '
6. Mold shift 1,654 1.42| 4,424 1.41
7. Missing at finishing 956 0.84 87 0.03
8. Sand inclusion _ - - 21,350 6.74
9, Different from the drawing | - | - 8,783 | 2.97
Total | 116,144 1002 - | 314,321 [100%2
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Similarly as for the cast steels, the top three of defective phe-
nomena of cast irons are same for 1984 and 1985, occupying 80% or
more. An example of 1985 pareto diagram per defective phenomenb'n is
given in Figure 2.5.3-2 below.
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3)

The top three of defective phenomena of cast irons occupies near-
ly 85% in 1985. The quality status of foregoing cast irons cannot be said
good. Since the defective phenomena are likely same every year, it can-
not be denied that the quality control is not thoroughly pursued, be-

cause these defectives are not reduced.

Excellent staff are gathered in the quality control department,
which would rather be too luxurious, Fully having their capability de-

monsirate could contribute to a fair reduction of these defectives.

For this purpose, the staff need to obscrve each job of the work

ficlds in the shops at all times.

For the quality control, it is necessary not only to check the prod-
ucts and to take actions after any defect.ive happens, but also to put a
further force to how to prevent any defective from happening before-
hand. The quality control department should make a further effort of
measures for improving the product quality by taking a powerful lead-

ership.
Plate shop
(1)  Activities of inspection division
The responsibility of insbection division is thé scope of final iﬂépccti()n and non-
destructive examination (mainly'thc X-ray penetration test) of the products manufac-

tured in the shop and of receiving inspection of purchases.

The in-process inspection, control of raw materials and submaterials (mainly the
welding materials), measuring instrument test, etc, are left in the voluntary hand of the

plate shop.

For inspection, there is no inspection standard especially, so that whether the

- products are good or not is determined by the inspectors. The big problems are solved

through the discussions among the engineers of inspection section and work shops

department,
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An actual example of inspection results is given in Table 2.5.3-4 below. This in-
spection sheet consists of the left half for inspection application from the plate shop
and the right half for inspection resuits. For the flow of this inspection sheet, it is first
filled in the left half by the plate shop, which is then sent to the inspection section. The
inspeétion section enters the inspection results in the right half on the same sheet,

which is then scat back to the plate shop.

For the nondestructive examination (generally the X-ray- penetration test), the
films of items determined as rejection are immcdiately brought to the plate shop,
whereby repairing them. Therefore, the inspection results are not remained in a form.

Nothing is stat'istical}y processed to figure out the percent defectives, etc.

The inspectibn _s'cction'mariager assumed that the X-ray percent defective is 1.5 to
2.0%. ‘This percentage can be judged more than a level for shops manufacturing the

general welded structures.
(2)  Quality control activitics in the plate shop

The in-process inspection is {eft in the voluntary hand or workers in the plate

shop.

Observing the actual status of the plate shop resulted in finding no trace of con-

ducting the voluntary in-process inspection.
The nonconformed quality is listed as follows.

® The gas cut surface is very rough, where is welded as many notches remain.

* Many pushéd scratches are gencrated due to improper bending molds in the
bending work.

® Many gaps exceeding 10 mm are seen at the welded joints. For correction, a
welding electrode is inserted into the ge:lps or applied in place of a backup
metal, .

® The defective part of castings is dug by the are air gauging, into which a weld-
ing electrode is inserted and on the top of which is covered by welding.

» Many lengthes are dispersed.

¢ The welding electrodes are scattered around in the plate shop. No welding

clectrodes of low hydrogen 'typc is aiso dried.
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@ Storing the mild steels and high'teﬁsile steels at a same place as they remain
mixed results in the possibility of mistakingly using the steel materials. -

Viewing these actual examples, this is attributable to the easy-going that there
own products for domestic use only are being manufactured and to the fact that the
technical skills are yet insufficiently followed, although it is coming to manufacture the
- products of high quality is the production increases. Because of applications to their
own mines, it is surely necessary to improve the product value. Nevertheless, the fore-
going examples depict a question in the strength, and it is necessary to take immediate
actions,. viewiﬁg from the meaning of improving the productivity. |

Before fabricating a floatation tank, checking the welder skills was one of the
© great progresses. In the future, the great technical improvement can be hoped by salv-

ing the foregoing problems one by one.
(3) Quality standards
To carry out the activities as above, it is necessary to establish the standards

- which become the basis of judgement on what level or quality must be achieved in

each process and up to what can be allowed.
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2.5.4 Transportation Control

The transportation activities of this workshop factory can be classified into such three
activities as the transportation to and from outside, which is to be ch.a'rged by the trans-
‘portation department belonging to Div. E1 Teniente, the road transportation in the. prem-
ises, \vhiéh_is to be charged by the transportation section belonging to the maintenance shop .
of the Workshops department, and the transportation in cach shop, which is to be charged

by each manufacturing shop.
& Activities of Transportation Department in Div. E1 Teniente

This transporatation department is in charge of not only the transportdtmn to and
from the workshops but also the transportation activities of entire Div. El Teniente.
Vlewmg on the workshops only, this department is in charge of the transportataon of
spare and repair parts to the mmmg, mineral processing and refmmg places from this
factory, and the receiving of raw materials. For the transportation means, trucks and
trailers are used. For the transportation routes to and from the foregoing places, the

paved exclusive high way is completed.
~ ® Activities of Transportation Section in the Maintenance Shop

This transpbrtation section is in charge of receiving the materials in the work-
shops, loading the shipments, transporting the articles on the road in the factory, and
mobile crane work. Although this transportation section charges a wide fange, such as

" for foundry shop, plate shop, machine shop and aséemb}ing shop in this factbry, only
six people assigned. Because of this fittle number of people are assigned, the nuclei of
transportation activities in the manufacturing processes are left in the hand of manu-

' fﬁcturing shops.

Figure 2.5.4-1 below gives the functional orgainzation and personnel aésignment

chart of this transportation section.
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Hanufacturing

1)

Department
161 : . 76 ’ 50
Foundary Shop Plate Shop "'| gﬁégtenance
107 : 49
Machilne Shop fhoeabling 8 41

Transportation Maintenance and
Section Power Section

Truck Crane Forklift Truck Stinging

Operator Operators Operators

Figure 2.54-1  Functional Organization and Personnel Assignment Chart

~ of Transportation Section
& Transportation Activities in Each Manufacturing Shop

Each manufacturing shop is naturally in charge of various transportation activities
pursuant to the manufacturing processes in the shops, i.e. in charge of majority of the

transportation cqntrdls.

The transportation means between the processes vary depending upon the nature
of each shop. There is a modern shop totally adopting a belt conveyor system like sand
processing shop, but others adopt almost no automatic conveyance-like, for which the

overhead cranes and tractive bogies become the main means.

.‘Sinc_e this st.lidy'is subjected to the survey of foundry _aﬁd plate shops in this

. factc_iry, 'the transportation in these two shops is discussed as follows.

Foundry shc_)p N

The transportation in the foundry shop adopts broadly the followihg three means.
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® Transporation by mens of such automatic conveying systems as belt, bucket and

roller conveyors

e Transportation by means of overhead cranes and a monorail

¢ Vehicle transportation by means of tractive bogies and forklift trucks

(1)

(2)

The conveyors are used for conveying sand to the sand processing plant and mold-
ing shop in the sand shop constructed relatively recently, consisting of various
sizes of belt and bucket conveyors which are reasonably arranged by well using
the cubic space and which are very good. The conveyor lines, although they are
not automated, are also arranged before and after the small and medium-mold
making shop. For transferring the casting molds onto these conveyors from the
moding machines, however, they are lifted up one by one by the ‘electrically-
operated hoist installed to' the turning arm to transfer them onto the conveyors,
thus i'éSulting in no continuous flow work. This conveyor line is partly used, be-
cause of low operating rate of the modling machiﬁes, thus resulting in a stock yard

where the wooden molds and empty casting flask are stacked up.

The surrounding space is also very narrow with insufficient aisle space for work.
This situation needs to be reconsidered. No other conveyor than these is used.

The trans;nortatibn by means of cranes becomes a nucleus in this shop, installing
many of large and small overhead travel cranes, monorail and wall cranes with a
high operating rate as well. The crane and slinging operators are specifically
assigned as an indirect worker. For the transportation by these cranes, such lifting
tools meeting the shapes of transporting articles are used as shackle hackers,
hooks, lifting balances, etc., in addition to the wires and chains which are used

generally.

While, however, no lifting Iug like liners is provided for casting. Unstable slinging
work was seen, such as lifting by chaining of single winding, directly chaining the -
feeder head, ctc. For these methods, it is desired to make the suitable casting
design, taking the safety handiing method into consideration, Such problems are
also arising as over workload duc to a short capacity of ceiling cranes, pursuant to
recently enlarging the products, frequent occurrence of troubles due to the

obsolescent cranes, etc,
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(3) The vehicle transportation by means of forklift trucks and tractive bogies is car-
ried out between the wdr_k fields, as well as between the shop buildings, via the
roads in the premises. For transportation between the shop buildings, the bogie
transportation on the rails is mainly used, which causes no special problein as a

transportation means of heavy items.

There is, however, a problem in the transportation means of rubber tire type
tractive bogies between the work ficlds via the roads in the premises. This is
especially many in the cast finishing process. As already mentioned in. para.
“Manufacturing Equipment,” this is arising out of the question of equipment lay-
out. The transpoftation by means of tractive'bog_ies cannot avoid loading, hibving
unloading and idling time before and after these actions, so that it is a very ineffi-
cient way, because of accompanying an occupation of place for a long time as

well.
The problems in respect to the transportation control of entire foundry shop are:

® that there are many in-process items which are seen scattered around on the
floor of work fields and in-process item stack yard in the shop;

® that the manual transport (slinging work) is frequent;

e that the roads.in the premises are not paved, especially the passages for work
around the shop, leaving the convexes, concaves, water ponds, muddy places,
etc.; and _

e that there are many locations with sand stacks on the work ficlds and ailses for
work in the shop, so that the stepping base is bad;

The foregoing were noticed by us. For these, the foliowing improments arc
required.

s The in—_process' items should be placed on the pallets, bogies, conveyors, etc.,
instead of scattéring around on the floors. Useless slinging work should be
omitted to give a reasonability to the transportation.

¢ It should be fecognized that the movement itself of articles is a useless work
without any added value, and the layout should be reviewed so as to.'minimize
this loss. :

® The work passages'in the premises should be paved. The work fields should

always be kept clean to improve the safety and workability.
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2) Plate shop

_ The transportation in the plate shop is carried out by such fwo means as crancs in the
shop and bogies to and from outside the shop. A rail is provided to pass thrbugh’ the center
in the plate shop, but this is not used now for tranSporta’tiori. Since the plate shop manufac-
tures a variety of small lot items more than the foundry shop, the automatic conveyance
syétem like co'nve'y'ors can hardly be. introduced, so t'hat the current way. of doing can be
assumed unavoidable. While, however, thc variatien of product machmmg processes means
the variation of transporting routes. To plan the locations and layout in meetmg the pro-
CeSsSes’ becomes the basis of transportation control. In this regard, the. ways of fixing the
work ficlds and equipment layout need to be reconsidered: As already mentioned in para.
2.4.1.1 “Layout of Manufacturing Equipment.” it is desited for the small equnpment to be
changed freely for layout to correspond to the manufactiuring processes. This shop also uses
21 units in total of 0.5 to 2.0 tons manual chain blocks for cranes of turning arm and
monorail types to transport the small items, Replacing them with the electrically-operated

type can improve the transport work efficiency.

Another problem on the transportation control in the plate shop is, similarly in the
foundry shop, that many inprocess items are disorderly placed on inside- and outside the
shop. Tt is necessary for this shop to consider the use of pallets and the exact use of sleeping
lumbers so that the following transportation work can smoothly and safely be carried out, as

well as to make the effective use of space through putting everything in order.
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2.5.5 Maintcnanée

The maintenance is. tequned to increase the productivity, as well as to maintain the
_ eqmpment so that the equipment functions can . always be demonstrated to a maximum
extent, th;ough the diagnosis, daily inspection, repair dl‘ld_ improvement of shop equ:pment.
In this i'egard_,‘the -Workshops Dept. is situated uﬁder circumstances that a majo"rity of
equipment is very old of three to four decades ago and that they have to be modified to
“achieve a further higher performance, corresponding to the increasing production and pro-

* duct enlargement; as well as to the wear and deterioration. This importance can be said
especially great. '
1) ~ Maintenance. organization

The maintenance'_activities to the equipment in the workshops can be classified into
those to be charged by the maintenance department belonging to Div. El Teniente and the

others to be charged by the maintenance and power section belonging to the production

department.
(1) Maintenance department in Div. El Teniente
: The depar_t_ments belonging directly to Div. El Teniente include the construction
maintenance department and the electric power maintenance department, assuming
the following activities.

(a) Building maintenance

(b)  Electric power supply, electric equipment maintenance and electric |

work
(c) . Water supply and its piping maintenance
._'2 - Maintenance and power seetion of production department
, p p part

ThlS section belongs to the maintenance shop of productlon department assum-

- ing the following activities.
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(a) Regular inspection and lubrication of complicate machines and equip-

ment
(b)  Machine repairs and parts replacement, except for the electric work

(¢) Improvements and modifications of machines and equipment, except

for electricity

The electric associates and instrumentation controls in the machines
and equipment are, therefore, assumed by the electric division in Div. El
Teniente. The ordinary machines/equipment inspection, lubrication and
cleaning are performed by the operators in each manufacturing shop.

(a) Organization and personnel assignment of maintenance and power

section

The organization and personnel assignment chart of maintenance and
power section is as shown in Figure 2.5.5-1 below, consisting of 40 people to

include the manager with the following breakdown.

(i) Manager ) 1

(ii) Foreman 2 (2-shift)
(iii) Staff 2

(iv) Mechanical 16

(v) Mechanical assistant 14

(vi) Lubricator 2

(vii) Welder
(viii) Warehouse man 2

The average age of personnel in this section is a little less than 40 years'
old, and the average service length is about 20 years. The mechanical per-
sonnel forming a nucleus in this section are of excellent technicians especially
with abundant experience, including those transferred from the production
department. This group is formed with members of well knowing the equip- -

ment in the shops.
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‘Production .
department

‘445 people

161 76 50
) Maintenance
Foundry shop Plate shop shop
107 49
Hachine shop ggggmbling 40 8
. |[Maintenance and Transportation
power section sectlon
2
. Staff
16 2. 1 2
Mechanical Lubricator Lubricator Warehouse man
14
Hechanical
asgistant

Figure 2.5.5-1

Organization Chart of Maintenance and Power Section

(b)  Activity particulars of maintenance and power section

in Table 2.5.5-1 below. This section is in charge of maintaining the compress-

ors, operating the boilers, and maintaining the fuel oil, gas and air piping

lines, as well as maintaining the equipment.
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2)  Maintenance equipment

The principal equipment for working the maintenance are as follows,

® Lathe turning machine 1 unit
e Shaper '. o 1 unit
¢ Milling machine 1 unit
® Bench dr.illing machine 2 units
¢ Welding eq.uipment 1 unit -
e Double-head grinder 1 unit

Further, the maintenance shop has a 1527 m shop, whereby repairing and machining

the small items. The maintenance is, in most cases, worked out at where the machines and

equipment are located.
3) Completing’the standards concerning the maintenance

The standards concerning the maintenance are very well completed. An example of
inspection manual for lathe turning machine is given in Table 2.5.5-2 below, 'cc;n'c.retely
specifying the inspection procedure per type of equipment and instructing the name and
quantity of applicable tools, parts and lubrication oils. The daily, weekly, monthly and

annual inspection items per equipment are specified as a maintenance manual.
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Table 2.5.5-1  Activity Particulars of Maintenance and Power Section

Name of Person

7 Contents

vo. - 1in Charge
1 Foreman and Preparation of preventive malntenance’
staff program
Prepatation of ualntenance program' for
following month '
Provision of maiﬁtenance parts
Instructing  the  dlagnosis of sudden
incidents and thé repairing methods
2 Mechanical Check, parts_ 'repléqement, répair and
modification  in accordance with the
nainteénance programs '
Manufacture' - of parts necessary  for
maintenance . ' S
_Operatlon of compressors and bollers
'Utility maintenance, except for electricity
“and water ' '
3 Lubricator Lubricatiﬁg the machines and oil change in
: accordance with the maintenance programs
4 Welder _Welding the repair parts
5 Warehouse man Control and lssuance of mnaintenance tools

_aud parts
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4) - Maintenance execution plan

For the maintenance planning, the maintenance programs for following month are
prepared by the staft bascd on thc annual maintenance plan per equipment, past- ‘mainte-
. nance 1ecords and’ mod:ﬁcat:on requests from the productlon department, and the provrsron
of necessary parts is simultaneously arrange from the warehouse Any sudden incident, if it
happens, is reported to the foreman who in turn mvestlgates it to instruct to the staff how to
repalr it, as well as to ask the competent clcctr!cmns in Div. El Teniente for repairing the
' 'electnc associates. The staff upon mstructlon prepare the work instruction which is handed
over to the workers by the foreman. These programs are controlled by a computer to prmt
out ‘the reparr startmg d'lte and time, scheduled man- hours 1eplacmg part name and
quantlty, etc. in the work mstructlon After complenon of the repair, the actual repair
performance are recorded and reported o the staff who in turn input such infor matron into
the computer Table 2.5.5-3 beIow _gives an example of work instruction for lathe turnmg

~ machine.

‘The mamtenance workload is equalized. The occurrence frequency of sudden inci-
dents in this- factory is 5O often that it occuples 60% of the total maintenance manhours as

. mentroned later For the correspondmg Measures, although the 2- shift system s establrshed
they are not espccrally concentrated at night or on holrday when the productron is sus-
pended. The replaceable parts are purchdsed from the equipment manufacturers {mainly
from the European and ‘American manufacturers) For a rcductron of expenses, however,
shlps are used for delivery, and stocks for 8 to 12 months are held. SrmpIe parts are also

manufacture_d in their own shops.
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Table 2.5.5.3
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5)  Maintenance exécution status

The sei‘\ied unit nusaber and manhours per shop over the past 3-year period are as
shown in Table 2.5.5-4 “Actual Maintenance Work” below, This maintenance manhour rep-
1csents those spent by the mamtenance department only, -but not including any manhour
spcnt by the productlon depflrtment This total manhour consists of about 60% for repair
due to sudden incidents and the rest 40% for regulal inspection, lmp1ovements and ‘mod-
ifications. As seen from this table, the maintenance manhours spent are yearly increasing
greatly for both of the foundry and plate shops. Compaum thns with the trend of 3- ycal :
production-as mentioned in para. 2.2 above the productlon is lcveled in the foundry shop, .
\:vhlle_the mamtenanc_:_e manhours spent increased by about 32%; and the production in-
creased by about 25% in the plate shop, while the maintenance manhours spent by about

 45%, thus 'reslilt'in'g in a great-incrcase more than the production increase:

The tlouble status to shut down the principal equlpment for more thfm a day last year
© is given in Tal_)ie 2.5.5-5 below ﬁndmg that the equipment are mostly very old of three to

four decades ago.

Cdnsideririg these actual performance together with: the current favorable status of
maintenance systems it may probably be Judged that the old equipment in th;s factory now

coine 1o a time of renewal.

For renewi'ng the equipment, not only because of merély increasing the

troubles, but a.ls_d because of inversely affecting such wide ranges as 'proddcﬁon decrease,
increasing the waiting time of workers and the resources consumptioﬁ, safety reduction,
_¢tc., in addition to the repair'co'st increase, through the deterior.ation and loss of the equip-
ment, as shown in Table 2.5.'5—'6_ below, it is necessary to make sure the feasibility

of new equipment introduction (investment), as well as to suff;'c:iently ensure the current
status f:hroughranatyzing the'f'oregoi'ng factors. Since both the foundry and plate shops plan
“to mcrcqse the production in the future, these 'malyms and study should soon be conducted

in cooperatlon with the productlon department.
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Table 2.5.5-4

Actual Maintenance Work

Shop Item 1983 1984 1985
Foundry . Total maintenance_mahhours 26,211 | 29,534 34,548
spent (H) {100) (112.7)]  (131..8)
Total. number of units 208 215 235
completed for annual
maintenance
Tofél number of equipment 283 283 283
| maintained :
Plate Total maintenance manhours 4,002- 4,795 5;7895
spent (100) (119.8) (144.7)
Total number of units 42 38 37
completed for annual
maintenance
Total number of equipment 74 74 74

maintained

Note: Figures in parentheses sepresent the ratio to 100 of maintenance manhours

spent in 1983.
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Table 2.5.5-5  Trouble Status of Principal Equipment (1985) '

ﬁo..cf
st e | bt
) a day or more

Foundry Overheaé éréﬁe | 5 ﬁ
| -Elegtric'fﬁrnace S : 3 3
Heat treatment furnaéé | 4 : 3

Shot blast machine 2 | 6

Ladle : | | f 18 1

Shakeout machiﬁe_ 5 5
Sieving-machine ; | 3 3

.Garrie: : ' : 40 4

Sanﬂ conveying bucket r 4 4

sand mixer - o 2

Pneumatic conveyor ' 1 3

Dﬁst coliector : ’ 3 -3
Core'drfen s 1 2
Swing'grinder 10 : _ 1

Plate Overhead crane : 2 _ 1
Wire netting machine 2 : 2

Shearing machine 1 2

Sawing machine B 1 o 2

Radial drilling machine ‘l.l : 1

Eye tracer . : 1 1

Qésting machine | 3 o 1

Hamger ' 2 1
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Table 2.5.5-6

Equipment Deterioration and Loss

No. Ttem Description

1 Repair cost Expenses of labor and replacing part
costs required for repair :

2 Production decrease Loss arising out of the production
decrease during a period of suspending
the production

3 Waiting time of Loss arlsing out of the waiting time

workers ‘of workers during a perlod of suspending
the production and in relation with the
-suspended ' processes :

4 Product defectlve Loss arising out of the disposal or
repair cost due to an occurreace of
defectlves

5 Increase of resources | Increase of labor, raw material aad

~consumption power costs due to a performance reduction

6 Quality reduction Loss arisging out of the price drop and
lost credibility

7 Safety reduction Loss arising out of the incidents

8 Worsening of environ— | Reduction of workers' motivation

mental conditions
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2.5.6 Instruction and training

Instraction and 'traini_ng at the El Teniente Division is entrusted to the initiative of the
‘department charged with Personnel Capability.,Dev_elopment, with the Projects and Pro-
grams'Cdo.rdin'a't'ormr'epof'.ring directly to the Workshop Superintendent-—undertaking
“coordination of all programs covering personnel capability development, work safety and

. similar activities.-
The items of instruction/training comprise:

(A) Teébﬁic‘_al:instriiction'.w'i.thin the Workshops -

(B) instructjo'n'in‘managenie_nf and control _

(C) Instruction in computerized processing of business and information data
(D) Instruction and training abroad '

(E) Activities aimed at preventing peril in work.

At the Workshops 2,671 hours were spent in mstructxon/tr’unmg durmg 1985, repre-

sentmg 0.3% of the toial volume worked in the course of the same year.

Also, when' new eqmpment is introduced, whether in Foundry or in P]ate Shop,
selected employees are sent to the equ1pment m'mufdcturer for special instruction on equip-
ment manipulation, and the skills thus acquired are then imparted to the other operators oni

shop_ﬂoo.r in on-the-job training.
An example of schedule for training programs is re"pr.oduced in Tablés 2.5.6-1 and 2.
1) Foundry shop
~ Apart from genérai-oriealtaiion courses adminiéiered to newly recruit.ed. élnpioyees,
and courses on-ba'sjc'not__idns_bf rh_ea'lth and safety,'systcm'atié training courses in foundry

skills held outside t_he"prex-_nisés are hardly ever attended by the foundrymen, who gain their

'e)'cp;_arierice and skills exclusively through on-the-job training.
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2)  Plate shop

Instruction/training is centcred: around the welders: Basic courses given at INACAP
arc attended by newly recruited welders, who go through 320 hours of training—=80 houirs
each in flat, horizontal, vertical and averhead ‘positibns. For new ‘welding - methods .to be
mastered, the 'req'uisi_te ’nu_inber of welders are initiated into the relevant tebhniqttes on each
occasion: For MIG welding, as example, welders undergo 45 hours of training at INDURA

(Welding rod manufacturer) before being permitted to practice on shop floor.
Otherwise, acquisition of experience and skill depends l'argely on on-the-job training,

‘although some special instruction courses are given for instance in marking and in plasma

cutting.
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2.5.7 Cost control
1)  Organization for cost control

The unit in the Workshops Department charged with cost control is—as indicated in
Fig. 2.5.7-1-the Cost Control Group comprising 2 members, in thc Programming and
Control Section, performing their work with close collaboration provided by the General

Accounting Section in the El Teniente Division as shown in Fig. 2.5.7-2.

Workshop
Super intendent
Programming &
Workshops
Control Section
Coat Control Production
Group Control Group

Fig. 2.5.7-1 ° Position of Cost Control Group in Workshops Division

General Manager gl

Teniente Division

Accounting
Depar tment

[

, [ ] 1

i [

IGeneral Accounting cost Control Finance & [

F Section Section Budgeting Sect, r
-1

{About 60 employees} (Abt. 40 employees} (Abt. 40 employees)

Fig. 2.5.7-2  Position of Accounting Groups at El Teniente Division
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2)  Generation of actually incurred cost data for individual cost factors

Work Orders issued by the El Teniente Division are received at the Workshop by the
Production Control Section, where the data contained in each Order are inputted into com-

puter, and the progress of cach work. is followed by the same Section.

Raw materials are managed separately for those held in stock at Workshop'aﬁd those
requiring to be purchased on spot. For both categories of material, purchase requisitions or
stock control programs are drawn up at the Workshops Department, while the procedures
of purchasmg, acceptance -and issue from stock are under the charge of the Ei Teniente
Division Purchasing and Storeé Departments. -

Expenditures on materials are accounted for by the Cost'Control Section. Manhours
and equipment utilization are estimated for each work by the Production Control Section,

and followed up by comparison with the number of hours actually spent for the Work:

Labor cost is controlled by the Cost Control Section, based on the flow of data shown
in Fig. 2.5.7-3.

1 : General Shop Floor General
personne . Accounting op ¥ ' Accounting
Seckion : . Supervisor .

) R geckilaon Section
(Determine ! (1ssue time cards) {Control manhours {pay salaries)
wages of : actually spent)
newly '
recruited
personnel) Ccost control

Section

{Assemble labor cost
data--for each cost
accounting centetr,
for each work order)

Fig. 2.5.7-3 Elow of Labor Cost Data

Other expenditures generated at the individual cost accounting centers-are disbursed
by the General Accounting Section, and relevant data are assembled by the Cost Control
Section. ' :
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3)  Principal control data

‘The system of cost accounting adopted at the Workshops Department is what is known
as the Cost per Work Order System, with the Cost per Process System adopted instead in
part of the Foundry Shop. A modernized procedure of cost accounting is established, and

computerized cost control techniques introduced..

The cost control data generated in the Cost Control Group, Production Control

Group and Accounting Department comprise:—

— Balance sheet (General Accounting Section)

_ Profit and loss statément (Djtto)

— Estimated and actually incurred expenditure comparis.on (Cost Control Seétion)
~ Standard unit production cost table (Production Control Group) '

~ Unit productioﬁ cost record (Cost Control Group). -

Follow up of budgeted production costs by comparison with éctually incurred expendi-
tures is-performed monthly on computer oufputs giving compari'sions for cach department or’
section (sec Table '2.'5.7—1) generating the expenditure' and for cach cost accounting element
(see Table 2.5.7-2). Notable discreparicies found between budgeted and actually incurred
expendﬁures are made subject of inquiry from the Cost Control Section to the Workshop
Superintendent. Within the Workshops Department, the Cost Control Group keeps check
on expenditures by coinparison_s with budgeted figures and analyses based on data obtained
from the Cost Control Section. '

The standard unit production cost for each product is derived from standard unit man-
hours and materials established for each cost center and for each kind of job, in turn de-

rived from flow charts drawn up for each process from actual production records.

Apart from the foregoing principal control data, other indexes utilized for production

control include: —

- Producﬁvity—.—kg!manhmu
- Reject ratc—% pieces or % kg rejected

— Fulfillment of production aims.

- - Allin ail, the current system of production cost accounting at the Workshops Depart-
~ment is considercd w'cil'cq:uipped, with active use made of computer, and based on well-

established cost accounting procedures.
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Table 2.5.7-1  Cost Centers of Workshops Department

COST CENTER COST CENTER DESIGNATION

SPANISH

No.  ENGLISH |
- 6%0 Workshop Superinténdent Superinﬁeﬁdencia Talleres
651 Quality Control & Control de Calidad y
Product Development Desarollo Productos
. 652 Production Control Control de Produccion
655 Control & Programming Control y Programacion
660 Foundry Shop - General  Fundicion General
662 Patternmaking Nodeleria
664 Sand Preparation Preparacion de Arenas
666 Coremaking Confeccion de Almas
668 - Purnace Charge Preparation  Preparacion de Cargas Hornos
670 Melting Fuéion
672 H01ding & Shaking Out Moldeo y Desmoldeo _
674 Heat Treaiment - Foundry Tratamientos Termicos - Fundicion
678 ‘Finishing Linpia
680 Workshops - General Maestranza Ceneral
683 Wofkshop ﬁo;'l - Repairs Maestranza #:l - Hepéraciones
6834 Workshop No, 2 - Rancagua Maestranga # 2 - Rancagua.
686 . Workshop No. 3 - Plate Shop MHaestranza # 3 - Caldereria
687 - Heat Treatment - Fabrication Tratamientos Termicos - Mecanicos
Shop | o
688 Jig/Téol Preparation Preparacion Herramientas
689 Maintenance Service Servicios Mantencion
699 Calcination Plant Planta de Calcinacion
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Table 2.5.7-2

Cost Elements of Workshops Department

Service personnel

Electric power

Maintenance/repair of buildings/equipment

ENGLISH SPANISH

1. _LaBor: Mano de Obra
Base wages/salaries Sueldo/Salaric Base
Overtime Sobretiempo
_Triennial=allowénée Trianos
Special assignments/bonus Asignaciones ¥y Bonoﬁ
Production incentive Bono de Produccion
Retirement prehium'etc. Profibioneé-Indemnizacibn,

) . : Aguinaldos eto.

Social gecurity contribution ‘Leyes Sociales

2, Materials ‘ Materiales
Primary materiéls Matefiaié primas
‘Fuel Combustibles
Spdre parts Repuestos '
Other materials Otros Materiales

-3. Other exfenses . Ofros Gastox
Subeontracted services Servicios por Tereerﬁs
Telecomﬁunications _ Comuniéaqioﬁes - Telefono y Telex
Pfinting, fep:oduction' Publicacione y Impresos
Welfare Ctros Beneficios al Personal
Miscelianeoﬁs_expenses‘ Gastos Varios

4. Indifect expendes

Mantencion ¥ Reparacion
~ Maquineria , Edificioes
Equipo de Servicio

Energia Elecirica

~ 191




2.6 Organization and Personnel Management
2.6.1  Qverall Organizations and their Functions
1)  Organization

The workshops belonging to the service department of Div. E1 Tenlente, having 515
employees, which are equivalent to approx. 6% of total employces of the entire division,
performs important dutics of manufdclurmg and repairing of mine f’lCllltleS Total 31 en-
gineers specialized in machinery and metal engincering are assigned to the workshops 24
persons out of these employecs are college-graduated engineers and the remammg 80% arc

~ technical school graduated spccialists, forming a think tank of the workshops.

The workshops comprise Production Planning, Quality Control, and Production De-
partments, and Calcification Shop. Design, Personnel, Procurement, Financial and En-
gineering Departments are centrally controlied as the operation division to provide services

to the workshops as nccessary.

The detailed organization chart of Workshops Department is shown in Figure 2.6.1-1

and number of persons by department in Table 2.6.1-1.
2)  Functions
Duties of respective departments are as shown below,
(1)  Superintendent
Under the direction of the assistant general manager of the service department of |
Div. El Teniente, controls Workshops Department with the sole responsibility for
manufacturing and repairing castcd products and steel plate products demanded by the
production department of the division. Also, has the sole responsibility te Div. El
Teniente and other mines for supply of line,
a) Staff Attached to Superintendent (In Charge of Future Program)
Is in charge of development pfoject accompanying investment, training

program and safety program for the purpose of p'lI‘tldHy rehcvmg burdens im-

posed on the ]me and smoothmg the entire shop operation.
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b)  Staff Attached to Superintendent (In Charge of Delivery, Control)

Services as the window for orders from CODELCO and other divisions, and
performs sales promotion of shop products. Also, serves as the engineer to grasp
nceds of various divisions and to perform the follow-up of using state (evaluasion)

of products.
(2)  Production planning department
- This department directly supports the shop operations and provides information
to Superintendent and the manager of Production Department. This department con-
sists of the following sections:

a) Production control section

Based on orders from Div. E1 Teniente and other divisions, issues produc-

tion orders to Production Department.
Grasps daily production state of all shop sections through the computer
system.
Issues standard costs, budget, etc.

b) - Computer section

Manages the computer system used in shops.

Manages raw materials, materials, spare parts and fixed assets.
c) Accounting section
Manages the shop accounting system.
Decides original units for cost calculation and prepares their tariff.

Prepares annual budget, checks and analyzes monthly state of budgetary

consumption.
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(3) Quality control department

This department performs not only quality control of cach stage of production
process but also management of raw materials and purchased products. This depart-

ment consists of the following sections:
a) Inspection section
Performs inspection of production processes in the foundry shop and process
shop. This section not only inspect completed products but also performs in-
process inspection during production processes.
b)  Analysis section
(a) Chemical analysis
Chemical analysis of raw materials
Initial and final chemical analyses of molten metal
Chemical analysis of products

(b) Metallic analysis

Analysis of mechanical and metallic characteristics (tension, compres-

sion, bending, hardness, etc.) of products

{¢) Non-destructive inspection
X-ray transmission test of products in thickness up to 12"
Ultrasonic test
Magnetic-particle test
Liquid penetrant test

¢) Production engineering section
This section examines optimum materials, design and prodtiction method for

castings to be newly produced, and then, manufactures them on an experimental

base to find out the optimum method for mass production.
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(4)  Production department
This department is responsible for execution of production programs and controls

machining, assembling, facilities maintenance and carrying of products in addition to
the foundry and plate shops which are the subjects of the moderninzation program.

a) Foundry and plate shops
Described in detail in 2.6.2.
b)  Repair shop

This shop is in charge of assembly of repaired machines and repair of mining

machines. This shop is adjacent to the workshop site.
c¢) ~Machine shop

This shop performs the machining of parts manufactured and repaired by
the production and repair shops. This shop is now under modernization with a

Machining Center introduced.
d) Maintenance section

This section has two functions; one is to perform maintenance and inspec-
tion of machines and control power plants in respective shops, nd the other is to
perform transportation, materials receiving and unloading, and loading of final
prodﬁcts for 'shi'pment in Div. El Teniente. However, management of electricity

and buildihgs is under the control of Div. E1 Teniente.
(5) Lime calcination shop
This shop is.a branch shop situated at a location 10 km south of Rancagua and is

producing 75,000 ton of 75% CaQ. The shop is operated in three shifts a day for 320

days per year.
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Figure 2.6.1-1  Workshops Department’s Detailed Orgar_lization'Chart



Table 2.6.1-1 ~Workshops Department’s Manning Table

et | it gy | Worker | Toral
Superinféndgnt & Staff 3 2 0 5
Calcination Shop 2 9 .7 18
Production Planning Dept. 4 15.7 d | 19
Qual'it.y.Contr_ol Dept. 5 14 4 | 23
Prod_uctio.n Dept. 1 1 0 2
Foundry Shop 6 55 102 | 163
Fabrication Shop 8 140 86 234
Maintenance Shop 2 28 21 51
Total 31 264 220 515

2.6.2 Orgahization Charts & Pcrsonnel Deployment

1)  Foundry shop

The functional organization and staffing of Foundry Shop of Production Department

are as shown in Figure 2.6.2-1. Further, the manning table by occupation is shown in Table

2.6.2-1. As to their functions, the pattern shop performs planning of the pattern manufac-

turing design cnsidering a :moulding system to be applied based on drawings, 'drafting, pat-

tern manufacturing, pattern inspection and storage of patterns.

The moulding éhop is divided into the manual moulding and mechanical moulding.

Mulling of ﬁ_iound_ing sands is also under the control of this shop. This shop performs

moulding and pouring, and turns castings over to the finishing shop.
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The melting shop supplies molten metals in quality demanded chiefly by electric fur-
naces. This shop also performs repair of refractory materials of ladles and melting furnaces

in addition to melting and supply of molten metal.

The finishing shop performs such works as shaking-out, cutting of riser, spruge, etc.,
cleaning of castings by shot biasting, finishing with a grinder, heat trcatment, etc. and

finishes castings as final products.

The casting department is consisting of 3 basic departments; moulding, melting and
finishing, and the pattern manufacturing shop is added: The moulding, melting and
finishing departments are staffed with 142 employees and when employees assigned to the

pattern department are added, the total staffing is 161 employees.

At present, the operation is performed partially in three shifts at the melting shop and
finishing shop, and partially in two shifts at the moulding (mcchanical moulding) and

finis;hi'ng shops. The pattern manufacturing shop is operated in a single shift.

When the current staffing and output (380 ton/month) are considéred, it seems that

this shop still has a sufficient production capacity on the whole.

Prodﬁctivity of the moulding shop is not so high. At present, the moulding machines
are not fully operated. One of the causes will be that a pertinent production model and

production quantity have not been timely programmed.

The melting operation is performed in three shifts and therefore, even when output is
loss, minimum number of workers is required but production efficiency should be raised by

increasing output.

The finishing shop is considered to be able to sufficiently digest workload with current
staffing. However, deteriornation as well as low efficiency of curréntly equipped machinery
and facilities and considerably _
large manpower requirement for conveyer lines are problems to be solved.
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Any engineering groups as the foundry shop or production depé}ftgnént are pot seen in
the organizational structure. It is considered advis_able to establish the engincering groups
for engineering management at production sites separately from the quality control or de-
velopment department in the future and provide the function to allow flexible and speedy
handling of various matters in connection directly with job sites by incorporating job site

engineering groups directly under the production lines.
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‘Table 2.6.2-1 (1/2).- 'Foundry Shop’s Manning Table by”()t:mipati_on

Unit: Number of Persons

Indirect Direct
‘Engineer |General : .
Technician |[Clerical Worker Worker
Common Section Chief : 1
Assistant Section Chief 1
Secretary 1
Subtotal 3 2 1 0 0
Pattern [ Unit Chief 1
Manufac-| Foreman : 1 :
turing Pattern Maker: .Maestro 8
Shop Pattern Maker: "Modelista 1
: Pattern Maker: Carpintero 4
Warehouseman 1
Oddman - i
Subtotal 17 | 1 -0 3 13
Moulding| Unit Chief (Engineer) 2
Shop Foreman 2
Moulder: Maestro A 2
Youlder: -Maestra B 5 -
Moulder: . &
Moulder: Moldeador 14
Moulders: Apprentice 12
Core Moulder 6
Sand Process Worker -2
Core Sand Process Worker 1
Sand Slinger Operator 1
Moulding Machine Operator 4
| Core Moulding Machine 1
Operator '
- Welder 1
Mould Drying Furnace 1
Operator
Process Rxpediter 1
Subtotal 61 2 0 8 51
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Table 2.6.2-1 (2/2)  Foundry Shop’s Manning Table by Occupation

Unit: Number of Persons
Indirect Direct
Engineer [General :
Technician|Clerical Worker Worker
Melting | Unit Chief 2
Shop Foreman (tecnico) 1
Melting Worker 3
{Electric Furnace Worker)
Melting Worker 5
Ladle Preparing Worker 2
Material Preparing Worker 2
Oddman 2
(Materlals Preparation)
Tractor Operator -1
Crane Qperator : 9
Subtotal 29 3 0 10 16
Fini- | Unit Chief 1
shing Foreman {(Tecnico) 4
‘Shop Shake-out Worker 2
Cutting Worker 3
Welder 4
Grinding Worker 17
Shot Blasting Worker )
Heat Treatment Worker 4
Procesgs Expediter 2
Hoist Operator _ 3
Subtotal 46 5 0 5 36
Total 156 13 1 .26 116

2)  Plate shop

The functional organization chart with staffing of the plate shop is shown in Figure

2.6.2-2 and the manning table by occupation in Table 2.6.2-3. .
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The plate shop is staffed with total 92 persons consisting of total 76 persons including
‘one section chief and 2 unit chiefs with 16 external welders. Two unit chiefs take night duty

a[ternatély as the night work is partially performed.

The plate unit is divided into 3 groups of forging, mounting and welding works accord-

ing to products to be produced and by occupation.

® The forging group is statfed with 6 workers and produces wire nets, reinforcing bolts
and kner fixing bolfs. _

® The fitters group is responsible for marking of iron sheets, gas cutting, mechanical
cutting, bending, mounting in i)artially two shifts with total 43 workers (newly
purchased Eye Tra_cer:\{rork only). The group is further divided into small groups
each of which consists of one skilled plate worker or general plate worker and onc
apprentice, total 2 workers. The gas cutting work is one of the basic works for '
accuracy maintenance and requires special technique when' compared wit_li the
general fitting work. Though its \!éorkload is less for assigning specialized workers,
anyone should not be allowed to perform the gas cutting, but certain persons should
be appointed for thas work.

e Next, the welding work which is the pnme target of this modermzation prorrram is
currently under the full operation with 19 regular workers and 16 external workers,
total 35 workers in three shifts. Almost all of these 16 external workers have poor

| skili,_which is one of fac_tdrs for production impediment. From this sense it is also
necessary to modernize welding process to improve productivity,.thus realizing the

working environment requiring no subcontract workess.

In addition to the above, 2 crane workers, 2 worchousemen and one clerk for gencral
affairs are performing control of drawings, checking of workload, etc. as the staff serving

commonly to these 3 groups.

Three foremen of these 3 groups are all collége-'graduated engineers and when the
section chief and unit chiefs are included, college- graduated engineers are total 6 persons.
It may be generally said to be luxurious for such a plate sh{').'p as this shop to have 6 college-
- graduated engineers (technical positions). However, there are certain conditions found on
some products in process at this shop as if there is no engineer assigned. {Refer to 2.5 for
definite examplcs.)-Stnctly speaking, it cann’t but think that 6 engineers including Section
Chief are élﬁpioyed only as head of production lines. It is sirongly advisable to use capacity
and capability of these engineers more efficiently aiming at improvement of the workshop.
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Further, there is no job classification for handling current drawings in this shop but it
is included in the duty for a person in charge of design in the engineering department of the

division.

Production
Departaent
l

Plate Shop
76 persons F
Plate Unit
75 persons — :
P n Crane, Tools;.
_ 5 General Afairs
persons
[ : I
Fitters Welding Forging
Group Group Group
43 persons 19 persons 6 persons

Figure 2.6.2-2  Plate Shop’s Functional Organization Chart and Sféfﬁng
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Table 2.6.2-3  Manning Table by Occupatioﬁ.

) Indiréct Direct
oo | lespaqy | WoTker | Worker
Section Chief - - _ | 1
Unit Chief | 2
Foreman | 3
General Affair'Clerk' ' }
Warehouseman. : ' 2
Crane Worker 2
Mechanic . ' | ' o 8
Fo;ging Worker - 3
Fitters Skilled _ _ 6
Ordinary ' g
Apprentice : 19
Weldér ‘Skilled : 12
Ordinary 6
Priqter _ 2
Total - ' _ 6 1 4 5

Grand Total: 76
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2.6.3 Working conditions

Data on working conditions are assembied in Tﬁble 2.6.3-1.

The Patternmaking and Finishing Processes operaté on 2 shifts; Melting and Heat
Treating Processes on 3 shifts. An average of 266 days are worked in a year, and 200 hours
in a month. The average age of employees is 42 in the Workshops, the rate of absence

17.6%, including leave, sickness, accident, and absence for personal reasons. The age limit
) ; p

15 65.

Table 2.6.3-1

Working Conditions at Workshops

1. Number of peronnel by work time zone

WORK TIME ZONE DAYS NUMBER OF PERSONNEL
23,00 - 7.00 | Mom. - Sat. 10
7.00 - 15.3%0 Mon. - Fri. and
7.00 - 12.30 | Saturday 134
15.30 - 24,00 | Mon. - Fri. and
12.30 - 18.00 | Saturday 117
7.00 ~ 16.36 | Mon, - Fri. 199
8.00 - 17.56 | Mon. - Fri. 4

2. Average hours

worked per month; days worked per yesr

Average hours worked per month

Average number of days worked per year:
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3. Average overtime worked per month

WORKSHOP OVERTIME WORKED AVER.0.T./EMPLOYEE
(n/pers.) '
Foundry - - 408 . 2.7
|Plate @ al 1,001 : 11.4
Machine : . 329 - 3.7
Maintenance -gervice 244 7.0
- motal : 3,066 . 6.6

4. ‘Average employee age, absence from work.

|SHOP NUMBER OF - AVERAGE AGE TOTAL NUMBER OF ABSENCE -RATE
_ EMPLOYEES HOURS ABSENTED
Foundry 150 46 59,466 - 18.6
Plate . 89 44 - . 41,578 ©19.0
Machine: 88 42 27,452 4.9
Maintenance
service 35 42 15,258 16.3
Total 466 42 188,598 17.6

5 Agé limit @ 65.

Source: Workshops Department
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