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1.00 SYNOPS
A. PRODUCTION PROBLEMS

Masinska Industrija-Nis (hereinafter to be referred to
as M.I.N.) have been manufacturing axle housings
since 1973. Problems have been encountered since the
inception of manufacture on material cracking, weld
quality, and heat treatment (both on preheat prior to

pressing and stress relieving).

The production problems noted above are substantially
the result of: - ’
1. Incorrect basic design of the case.

2. Lack of control on incoming steel.

3. Lack of furnace control at press stage.

4. Type of plant available for manufacturing

processes.

5. Plant layout.

6. Lack of Management responsibility due to spread
of production into several different isolated
departments.

B. RECOMMENDATIONS

The recommendations are given in three stages:

1. Minor modifications to existing plant and control

techniques involving minimum capital expenditure.

2. Introduction of limited new facilities to be incorpor-

ated into existing methods of manufacture.
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1.00 CONT'D,

B. RECOMMENDATIONS (Cont'd)

3. A modern plant layout incorporating all technical
features suitable for a production of 25, 000 axle 1
housings per annum, with approximations on |

capital expenditure involved.
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3.

00

INTRODUCTION

A,

PROJECT APPRAISAL

Masinska Industrija-Nis was established in 1963 result-
ing from the amalgamation of two factories founded in
1884 and 1913. The programme of work of Masinska
Industrija-Nis comprises the research, development,
design and manufacture of locomotive and rolling stock,
fabrication of steel structures of all kinds, manufacture
of processing machinery and a wide variety of components
formed by pressing and forging, grey iron steel and non-

ferrous castings.

The medium term development plan of this enterprise
comprises the development of heavy road vehicles and

manufacture of their components.

The pressing technology utilizes old machinery, following
a hot pressing process. It is planned to introduce new
cold pressing processes for all thicknesses of steel

sheets and plates.

For instance, the manufacture of the rear axle halves for
commercial vehicles consists of hot pressing of two
halves followed by welding. The halves are prepared by
gas cutting, the heating is carried out by fuel-oil furnaces
at 950°C 50, and the pressing and straightening by
hydraulic presses. A final testing is carried out to
ascertain the micro-structure. The main problem lays
in the heating; during the straightening process, cracks
appear on radius and middle spots as well as on the

welding near the attachment to the spring scats. The

o . ..
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3.00 CONT'D,

A,

PROJECT APPRAISAL (Cont'd)

halves are joined by a longitudinal weld with root pene-
tration with MIG CO2 process using short-arc welding.
The weld filling is also achieved by MIG CO2 process.
It is planned that the welding joining the attaching
elements be carried out by manual operation with coated
electrodes. The lorngitudinal seams are planned to be

automatically welded.

Some prob.ems are found in the stress relieving of the
whole rear axle with attachments, whi~h is carried out

after the welding is completed.

OBJECTIVES

The purpose of the project is to assist in the improve-
ment of the whole manufacturing process, particularly
in the cold pressing of steel sheets, welding and heat
treatment. The experts to carry out the field work are
expected to give in-plant advice on the technological
processes and to submit a report recomnmending a re-

organization of the plant.

STUDY FORMAT

The difficulties in the manufacture of axle housings at

M.I.N. can be placed into four main categories, viz:-

(1) Excessive scrap at the pressing stage due to cracks
and tears on tight radii, such cracks being most

prevalent in the gear carrying area, i.e. the banjo.
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3.00 CONT'D.

C. STUDY FORMAT (Cont'd)

(2) Further rejects occur with the occurence of

incipient cracks becoming apparent following

straightening after assembly and w:lding.

Both top and bottom spring saddles caused serious
problems due to weld failure in the e.rly days of

manufacture.

(3) Axle housings are supplied to customers in rough
machine condition. Problems are being exper-'
ienced in the spindle ends not cleaning up after
machining due to out of line distortions introduced

during assembly and after welding.

(4) Symptoms of accelerated fatigue believed to be
caused by overheating and possible lack of control
procedures during final stress relieving operation.
Steel in vicinity of fractures showing signs of

Widmanstratten structure.

These problems have been investigated on the basis of

putting forward recommendations to improve the following:

(5) Tc establish laiu down procedures to be introduced
and established for inspection and routine testing of

all incoming materials,

(6) Furnace control prior to pressing. Such control is
only possible by the introduction of a pyrometer,

and the initiation of flow through the furnace on a
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3.00 CONT'D.
C. STUDY FORMAT

(6)

(7)

(8)

(9)

cont'd......

continuous basis with the object of obtaining
minimum times to achieve and maintain without
variation throughout the furnace consistent

temperatures at 850°C.

The procedures adopted must ensure that blanks
do not remain in the furnace for more than 45
minutes, and a target time of 20 minutes rnust

be aimed at.

To improve control on the pressing operation by
the introduction of shut height stops, and blank

location stops.

Full investigation to improve clamping and jigging
m.ethods. Investigation into welding techniques
using Inert Gas (COZ) especially with reference to
wire size to maintain maximum deposit rates and
speed of operation conducive tc minimum pene-
tration of 80%. Methods to eliminate weld splatter,
especially in the tube arms where removal by shot
blast is problematical. Inspection requirements
with emphasis on porosity using either penetrating

dies or magna flux.

To investigate and suggest procedures for improving
stress relieving with recommendations on temper-

ature, time and cooling procedures.
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3.00 CONT'D,

C.

STUDY_FORMAT (Cont'd)

(10) To check floor to floor times on all operations in
order to highlight bottlenecks on certain plant,
and to put forward recomr.cndations on flowlines
in order to increas¢ current produciion, i.e.
6000 axle nousings a year to 10, 000 per year in
the immediate future, and within twenty-four
months 15, 000 per year, and ultimately 25, 000

axle ca<ings a year within 10 years.
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4.00 PRELIMINARY SECTION

1. STEEL PRESENTLY USED FOR AXLE HOUSINGS :

A. Results

(1) The steel being used for axle housing manufac-
ture at M.I. N, is obtained as hot rolled plates
from SLOVENSKE ZELEZARNA JESENICE.
The Mill is situated in the North-West of
Yugoslavia on the Austrian Border, and is very

remote from Nis.

(2) The plant is specialising in the production of

high grade low alloy steels and stainless steels.

The steel currently being used in the manufac-
ture of axle housings at M.I.N. goes under the

steel maker's trade name NIOVAL 47.

The chemical composition is as follows - all

figures are maximum:

C% Si Mn Nb v Al

0.20 0.35 1.54 0.04 0.06 0. 020

The steel being aluminium killed is suitable for
axle manufacture. The addition of small
quantities of niobium acts as a grain refining
agent and is desirable ~ the inclusion of vanadium

seems a rather unnecessary luxury, but we have

nothing against it,
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4.00 CONT'D,

1.

STEEL PRESENTLY USED FOR AXLE HOUSINGS

A. (2) cont'd.....
Even with the addition of vanadium, the yield
variation on inspection checks taken from
selected stock plates varied between 38 and
64 kp/mmz. Under no circumstances should

the yield be allowed to drop below 43 kp/ mmz.

(3) The surface finish of the steel is poor - skin
laminations (see Fig. 1A & 1B) are common,
there are irregular surface patterns (Luders
Lines). These develop markedly after pressing
(see Fig. 2). Orange peel granulations giving a
coarse grain surface condition; again these are

accentuated after pressing.

(4) Rolled in dirt, i.e, extraneous matter rolled into
the plate, also appears to be widespread (see

Fig. 3).

The material thickness called for is 15 mm.
The allowable rolling tolerance is plus 5% of

material thickness, i.e. ZERO + .75 mm.

Rolling tolerance is vital on these types of pressed

components.

It would appear from M.I.N's past inspection
records that the rolling tolerances are not being
maintained., The .75 mm top tolerance is being

exceeded by .25 mm regularly, and on occasions
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Figures 1A & 1B

SURFACE FINISH OF STEEL

Fig. 1A.
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SURFACE FINISH OF STEEL
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4.00 CONT'D,

1. STEEL PRESENTLY USED FOR AXLE HOUSINGS

A. (4) contd.....

by .5 mm - such tolerances are unacceptable

for axle housing manufacture.

(5) The chemical analysis of the ste-1 is found to
be fairly constant from (M.I.N.) past records,
but the mechanical properties deviate by up to
10.6% on yield from the manufacturer's
published figures. The results are being.

extracted from past records.

B. Conclusions

(1) The type of steel is acceptable. The analysis
is acceptable and appears to be fairly uniform,
although variations have been found in samples
taken from the same plate, This is a most
undesirable factor, bul from more recent
records it would appear that the position is

improving.

Mechanical properties must be brought into line

with manufacturer's printed figures, 1

(2) The surface imperfections appear to be caused
by not cleaning (SCARFING) the ingots prior to
rolling, also trying to get too much yield from the

ingot,

(3) After investigation, it is apparent that Yugoslav

Standards cater for only one quality on hot

- o .
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4. 00 CONT 'D,

1. STEEL PRESENTLY USED FOR AXLE HOUSINGS

B. (3)

(4)

(5)

cont'd, ....

rolled plates, i.e. in similar plate size the
same tolerance for welded fabrications is

obtained as for pressed components.

In the case of the plates delivered to M.I. N,
the listed tolerance is 10% of plate thickness

if the plate is reduced to the minimum roll
width - even so, this is 23% above the accept-
able tolerance, and the price is considerably

increased.

Just what surface finish and rolling tolerances
can be achieved will only be determined after

full discussions with the steel manufacturers.
M.I. N, Management are currently endeavouring
to get a technical team from the Steel Company
(Zelezarna Jesenice) to visit Nis by an early date.
It was obviously desirable for the field team to
visit the Steel Company - this was the original.
intention, but as it involves a fourteen hour
journey by car each way, time available in the
project area would not allow the three days that

would have been necessary.
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4.00 CONT'D,

1. STEEL PRESENTLY USED FOR AXLE HOUSINGS

C. Recommendations

(1)

It must be stressed to the steel manufacturers
that axles for trucks and buses are "life and
limb" components, i.e. if a bus axle breaks,
a lot of people can be killed. The surface
imperfections must be greatly improved, more
care must be taken in the preparation of the
ingots, and dirt inclusions must be eliminated.

ROLLING TOLERANCES MUST BE MAINTAINED.

2. QUALITY OF PRESSINGS

A, Results

(1)

(2)

The quality and dimensional discrepancies of the
half pressings produced are very poor, and 90%
of the following difficulties in the welding
techniques and the rough machining being
experienced at M.I.N. stem from this first

operation.

The basic problem is the tooling. The punch
and die are too shallow by an estimated 75 mm
respectively. The tools are only working over
the drawing radius from arms into banjo: they

should be ironing over the end of the arms and
into the bottom of the banjo if a true rounded up

half pressing is to be produced.
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4.00 CONT'D,

2.

QUALITY OF PRESSINGS

A. (3)

These half pressings were taken at random
from the first run ofl the press and marked.
The pressings were removed to the Inspection
Department and measured. Txisting press
and die tools with half pressings are shown

in Fig. 4.

B. Conclusions

(1)

(2)

The results are given in the following tables

Tig. 5A and 5B.

It will be noted that on all pressings the same
discrepancies are apparent. The pressings
are on the average approx. 7 mm too wide and

the arm ends are shallow.

This condition means that when assembled the
arms are not round, and on later processes
they have to put in @ 4 mm filler weld between
pressings to make it possible to clean up the

spindle ends on the machining operations.

Recommendations

(1)

To overcome these problems, the most satisfac-
tory procedure would be to manufacture a new
set of tools. This however would be extremely
expensive, and in view of the fact that the axle

is a very old design with limited life expectancy,
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Figure: 5A

Project UNIDO YUGOSLAV PROJECT Date: MAY 1877
CONTRACT No.77/34
- Drn.by: R.TL.
Title REAR AXLE HALF PRESSING
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Figure: 5B

Date: MAY 1377

Project UNIDO VYUGOSLAV PROJTECT
CONTRACT No.77/34
Title STRAIGHTNESS OF REAR AXLE PRESSING

IN VERTICAL PLANE

Drn.by: R.TL.

Scale: N.T.S
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|
MEASURING SIZE PER | TOLERANCE ACTUAL SIZE — IZMERANO
POINT DRAWING | AXLE NUMBER ~ BR.MOSTA
MERNA MESTAIMERA POCRTEZ| TOLERAN 1 2 3
a 315 +0.5 365 36.5 3¢.5
31-5 +o-% 3)-5 31.5 315
¢ 50 rtos 50-6 50.5 51
d 194 to 194-5 195 193.5
e 50 sl 50-§ 50-5 5/
f 3/-5 - 315 315 31-5
9 315 +os 36.5 365 365
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CONT'D,

QUALITY OF PRESSINGS

C. (i) cont'd.....

i.e. it is expected to be phased out of pro-
duction within two to three years, it is
recommended that the tools should be re-

conditioned.

(2) Punch to be packed, in order to increase by

minimum 75 mm and to be reground.

(3) The female should be plated on top with a
steel plate, again minimum thickness of plate
75 mm, surface and radii ground and new tool
steel inserts fitted, new steelings to be blended
into original tool. The punch packings, steel-
ings, and top plate to bhe fully completed prior
to breaking down the tool for fitment to avoid
production delays; even so, it is estimated
that final grind after assembly coupled with tool
try-out will take 14 to 21 days and with a further
7 days allowed for contingencies, stockpiling of
half pressings to cover customers requirements

will have to be catered for.

(4) The resultant half pressing will then fully form
round the punch giving the true semi-circular
half round arm required. The pressing will tend
to stick to the punch, but it will need only a
simple stripper to be fitted to the tool to maintain

automatic ejection,

1 1 1 1 W
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NORRIS
4.00 CONT'D.
2.

QUALITY OF PRESSINGS

C.

(5

(6)

(7)

(8)

The guide pillars on the press should be
removed from the die and mounted in the
punch; this simple modification would mean
that with the ram up, the press bed is com-
pletely clear for loading and unloading, thus

improving the handling.

To increase ease of location under the above
improved conditions, "L' shaped location:

pads should be fitted for end and side location,
and shut height stops to be 0.6 mm above nominal
material thickness to be fitted in order to

maintain full control of the pressings.

It must be stresc< d that if these modifications
are carried out successfully, a large proportion
of the difficulties arising currently on subsequent
welding and machining operations will be elimin
ated. Press tool modifications are shown in

Fig. 6.

[=]

M,I. N, are currently using disused engine
lubricant on the dies as a drawing compound.
We would stress that the use of oil on hot dies
as a pressing lubricant is useless, as it burns
off immediately it comes into contact with the

hot workpiece.

We would recommend the use of spheroidal

graphite suspended in water and used in con-

B N,
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4.00 CONT'D,

2.

QUALITY OF PRESSINGS

C.

(8) contd.....
junction with a small pneumatic hand gun unit
(Figs. 7 and 8). The dies should be blown
out by air to clear the scale and graphite

applied for every press operation.

HEAT TREATMENT FOR AXLE HOUSING BLANKS

A.

Results

The heating of the axle housing blanks prior to press
requires a furnace of the Walking Beam type (as
indicated in the appended outline Drawing No.

Q1/3875 of Wellman Incandescent Ltd, England,
Appendix 1), to obtain a production rate of one
blank every two minutes, i.e. 30 per hour. Operatiro

characteristics of the Walking Bearm Furnace will be:-
(a) Oil Fired.
(b) Temperature required 850°C.

(c) Time required for blanks to pass through furnace -
load to offload 24/30 minutes (24 minutes prefer-
able).

Existing furnace and operating conditions for loading
and unloading axle housing blanks are shown in Fig. 9.
Conclusions

(1) The installation of a new furnace of the Walking

Beam type will present considerable difficulty

B T g
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PNEUMATIC HAND SPRAY GUN UNIT

The Dog Model 085 Hand Blow Gun acts by siphoning. How-
ever when the liquid is heavy viscous or when a very long exten-
sion tube is required it should be connected to a Dag pressurized
liquid tank system.

This handgun delivers a large volume of air for cleoning ond
cooling of the dies. When pushing the dual action trigger lever
further an adiustable guantity of the liguid is added te the air and
a large jet of the release agent is applied to the die surfaces.

This type of handgun is especially suitable for large pressure die-
casting machines or forging presses, by which beside an ample
spray aiso good cooling properties are required.

This model is supplied with a standard aluminium body and the ’ . : w
total weight of it is only 360 gr. It is self - cleaning and due to its

simplified construction it is practically maintenance free.

The standard aluminium 1/4 inch pipe extension tube is furnished

with a 90° bend and is 30 cm. long. Other lengthes and angles

may be selected for specific application.

The adjustable liquid metering screw provides positive flow con-

trol. The air volume depends on the inlet pressure which may

range from 3 - 7 bars.

2%,

DESCRIPTION PART NUMBER

Complete System with
handgun and 7,5 |. liquid 125-1030 ‘
pressure tonk

. Complete S sstem with
handgun and 25 ). liquid 125 - 2030 1
P essure tank

Complete System with
handgun and 60 !. liquid 125 - 4030 {
o pressure fank
' e O Rt }
CrqF t ! 2 Handgun only, without hoses 085 - 0030
: Lo 320 -
. 460 - Hondgun with T %ead,
. without hoses 085 - 0530 |
i . 19 - .. |
5 AR § " -
»( .- Foi e ‘._yf 7 L Handgun only, with hoses 085 - 1030 J
o it P A
® ’ P P Handgun with T-head ‘
' with hoses 085 - 1530
For tark system deteils, refer to page F 9
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SPRAY GUN UNIT LIQUID PRESSURE TANK

The handgun spray system model 125 consists of a liquid pressure tank
model 060 ond a hondgun model 085, connected by 2,5 metre long hoses, -
cttached by quick connecting fittings. {

Tonks are available in the following sizes: 7.5, 25, 60 and 200 litre.

For hendgun spray systems, the tank is normally equi=ped with air agitation
but the 60 and 200 litre tcnks can also be supplied with an air driven
codcie wheel stirrer. A single pressure regu'ator controls the tank as wetl
cs the handgun pressure. Operating air pressure renges from 3 t¢ 6 bars
with the air pressure determining the volume of air discharged.

[}
'

The mode! 085 handgun hos a 2-stege squeeze trigger, the first releasss
cir for cleaning and the second adds a finely atomized spray pattern to the
air stream. And cdjustoble liquid metering screw provides positive flow
control.

The stendard handgun is equipped with an aluminium 1/4 inch pipe ex-
tension tube, furnished with @ 90° bend and 30 cm. long. Othar lenghts,
angles or T-head may be selected for specific application.

For tank details piease refer to page C 1 and F 5 ond for handgun de-
tai's to page D 11.

L sample shown: 125 - 4030

PART NUMBER
handgun with

DESCRIPTION

Air pressure in bar
D

Complete
system
2 T lincluding
r standord
085 handgun)
LI § . and

90° extension T-head

7,5 1 tank 125 - 1030 125 - 1530

—+ + -+ ! : -
50 100 150 25 Litank 125 - 2030 125 - 2530

[P Sout in .
liquid output in litre per hour 60 I tank 125 - 4030 125 . 4530

Capacity curve of hardgun 085 - 0030 when liquid pressure | bor lower

hon i pressure. 200 1 fonk 125 - 5030 125 . 5530




NORRIS PARTNERS LTD

Photographs showing existing handling of Blanks
into and out of Furnace
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4.00 CONT'D.

3. HEAT TREATMENT FOR AXLE HOUSING BLANKS

B. (1) contdd.....

at M.I.N. as it is essential that production
continues to meet customer's requirements
while the new furnace is being installed,
estimated time for installation being two to
three months. We are therefore faced with

two possibilities:-

(a) To knock down existing furnace and install !

new furnace on the same site. This would

mean that enough half pressings would have

to be produced prior to demolishing the old

furnace to keep the customer going for three

months, plus a contingency of one extra month

as insurance against delays and snags, i.e.

four months supply of pressings, or altern-

atively

(b) To re-site new furnace on the other side of
the press. In the latter case there will be
problems, as a Walking Beam Furnace needs
approx. 2 metre pit to accommodate the arms
etc., and to facilitate servicing. These under-
works will foul the services to the press. We
can see no reason why this problem is insur-

mountable, but feel that the final decision

should be left to M.I.N. (Appendix No. 2 refers).
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4.00 CONT'D,

3. HEAT TREATMENT FOR AXLE HOUSING BLANKS

C. Recommendations

(1) General

In either case we recommend that the furnace is
fed from the front of the press position, dis-
charging onto a roller track at the rear. The
height of the press bed from the floor is approx.
889.60 mm.  The height of the roller track to
feed the press should be approx. 1016 mm, giving
a 127 mm drop. This drop will ensure ease of
handling, as the blanks will only have to be pusk. -
off the track and will slide onto the pressing
position on the bed. If the blank is transferred
from the track to the press automatically by the
addition of two small pneumatic cylinders, the
track should be at the same height as the press bed
and the blank pushed straight across.

(2) The height of the furnace unload position should be
approx. 1219.8 mm and should provide for a drop
in the roller track between furnace discharge and

transfer to the press of approx. 203.2 mm.

This will also be the height of the furnace with the
walking beams in the down position from the floor
hearth position plus 25.4 mm, giving a total from

the floor of 1245.2 mm.

(3) To facilitate ease in feeding the press, the guide

pilj.ars presently positioned in the press bed will
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4.00 CONT'D.

3. HEAT TREATMENT FOR AXLE HOUSING BLANKS '

C. (3) comt'd.....

have to be removed and repositioned in the ram.
This will leave the face of the tools free for
positioning the blank. The same procedure should
be adopted to facilitate discharge from the press on

the opposite side. The length of the roller track

for either and the width 400 mm.
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5.00 BODY OF REPORT

1.

MANUFACTURING OPERATIONS FOR AXLE HOUSINGS

In the immediate future, i.e. within six months, M, I. N,
intend to change their welding parameters on the axle
case seam. It is inlended to ase a semi-automatic sub-
merged arc machine and to weld the seamn in one pass
(currently the seam is welded in three passes by semi-
automatic CO2 plus a final pass by manual arc weld using
conventional stick electrodes). While the new intended
method will save time and labour, it is felt that porosity

will present a very real problem.

During the investigations, considerable interest was
expressed in the use of CO2 automatic welding, but a
divergence of opinion was expressed during discussions

with the M.I1.N. Production Staff, in that some favoured
submerged arc process. In this regard, we would comment
as follows on submerged arc versus MIG COZ'
Metallurgically there is very little significant difference.
Modern practice on high production plants in Western
Zurope and North America generally prefer MIG COZ’ as
the consumables are considerably cheaper and there is no
need for flux handling equipment, de-slagging and the
possibility of flux contamination. This reduces mechanical
maintenance caused by flux abrasion, and avoids the loss of
flux due to spillage around the machine. Against these

advantages, MIG CO_ gives less build up of weld and the

2
appearance is not as good as submerged arc as the reinforce-

ment is not being removed, There is no arc glare from
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5.00 CONT 'D.
1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS
(Cont'd)
submerged arc, but this is somewhat problematical on
accurate butted seams, as it is difficult to judge the

exact position of the arc.

However, it is recommended that the following inspection
procedures are adopted for seam welds on axle cases

using submerged arc machines.

A. Seam Weld Inspection

(1) Each weld must be visually examined by a Senior
Inspector to determine the quality of the joint -
welds must show characteristics of fusion pene-

tration and soundness of weld deposit,

(2) Weld must be of good appearance and not be

subject to excessive weld spatter,

(3) Accuracy of the weld must be measured using

fillet gauges.

(4) 100% check on all welds should be carried out
using penetrating die in the early stages of pro-
duction. This could be reduced to normal 5%
selection after two to three months of initial

production.

(5) Undercutting must not exceed 10% of wall thickness

in depth and 15% of weld length.

(6) Penetration of weld should be shown on process

drawing.
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5.00 CONT'D.

1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS
(Cont'd)

B. Welding Techniques

(1) It is recommended that tacking prior to welding
should continue, and that a filler run should be
made using Inert Gas (';O2 with 1.2 mm wire
prior to final run with submerged arc set, Th.s

procedure should allow to some extent for the

difficulties which may be experienced in keeping

the slave carriage on centre line. If filler weld

is not used, then copper backing plate will be

necessary.

(2) Recommended welding sequences are shown in

Fig. 10.

(3) Examples of modern friction welding machines

for both banjo and beam type axles are shown in

Figs. 11 and 12. The examples are of a 125 Ton
machine and a typical double-ended machine that
can be used for welding simultaneously spindles on

banjo or beam axles. The machines as supplied

by Clarke Chapman Ltd, England, are within
current budget price range (but excluding auto-
mation) of & 140,000 Sterling for single ended
125 Ton unit, and the double ended unit at
£210,000 Sterling. In addition to the budget

prices, shear type flash removal, monitoring, fixed

or expanding type bungs for location would be

required,
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5.00 CONT'D,

1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS
(Cont'd)

B. (4) On modern axle housing construction utilising
spindle enc forgings, welding of the spindle ends
is achieved by friction welding techniques (photo-
graphs of both single and double ended machines
are enclosed - Figs. 11 and 12). We also
illustrate typical items of components used in
passenger cars and trucks, including Drive Axles,
Propeller Shafts, Suspension Links, Steering
Shafts and Gear Levers (Fig. No. 13). A single
ended machine as illustrated would be ideally
suitable for the anticipated production volumes of

M.I.N. over the next 10/15 years.

(5) Safety Precautions in Inert Gas Welding

Inert-gas-metal-arc welding processes (MIG)
produce intense ultra-violet radiation which is

harmful to the eye and skin.

Eye and face protectibn should be accomplished
with a welding helmet which has Shade 10 or 12
welding glass. In addition, the operator should
wear No. 2 shade flash goggles beneath the helmet,
Skin must be completely covered. Leather gloves
are recommended for hand protection. Heavy,
dark coloured clothing should be worn to prevent
radiation penetration to the skin or reflecting on
the neck under the helmet. Light weight leather

clothing is recommended because of its durability
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A selection of components used for Passenger Cars, including Axle
Housings, Drive Axles, Propeller Shafts, Suspension Links, Steering
Shafts and Gear Levers.
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5. 00 CONT'D.

1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS
(Cont'd)

B. (5) comt'd.....
and resistance to deterioration from radiation.
Clothing made of cotton will deteriorate rapidly
when subjected to ultra-violet radiation.
Adequate ventilation should be provided to remove

fumes which are produced by this welding process.

(6) Highly toxic gases are formed when the vapour
from HALOGENATED (dissolving) solvents are
subjected to ultra-violet radiation. Therefore,
it is recommended that degreasers and other
sources of these vapours cannot reach the welding
operation. Much of the protection required in
metal arc and the gas shielded processes for
continuous welding is not required for arc spot
welding IF THE WELDING GUN NOZZLES WHICH
FIT WELL OVER THE ARC ZONE ARE USED,
Since the arc is completely enclosed by the nozzle,
radiation from the a1;c is greatly reduced. In
these cases sulfficiently dark flash glasses (ilash

goggles) will provide adequate eye protection.

C. Considerations; Hot & Cold Pressing

The practicality of the use of Hot or Cold Pressing
techniques in the manufacture of axle housings depends

on the following criteria:-

(a) The facilities available.
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5.00 CONT'D,

1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS

C. Considerations: Hot & Cold Pressing (cont'd)

(b)
(<)

Availability of suitable steels.

The quantities required.

Each factor having a major impact on the economics.

Hot Pressing

(1)

(2)

(3)

Imperative that material has grain control
McQuaid 5 - 8, and grain in longitudinal
direction for pressing. However, some mill

marks are permissible parallel to the grain.

Steel can be purchased as rolled strip with
medium limit tolerances, and less mill marks

than experienced on plate.

Press operation is restricted to single operation
on single press with average tonnages, i.e.

€J30/1000 ton.

Pressing techniques and tool manufacture is
comparaiively simple, i.e. either close grained
nickel/iron in the lighter range of axle housings,
and close grained nickel/iron with tool steel
inserts for the heavy cases: obviously the quality
of the tooling should be based on the production
quantities required, i.e. low volume tooling,
medium volume tooling, or high volume tooling.

The number of times the tools are broken down and

re-set must also be taken into consideration, as




NORRIS PARTNERS LTD 29

5.00 CONT'D.

1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS

C. (4) contdd.....
this factor has major impact on tool life and is
especially important in small press shops with
limited plant, i.e. where one press is used on a

variety of jobs.

(5) Hot pressed axle housings tend to be heavier than
housings manufactured by cold press methods,
since in the latter case better quality steel of

thinner gauge can be utilised.

Cold Pressing

(1) Critical that material is grain controlled and mill
marks are eliminated (any mill marks will have
adverse effects on fatigue under difficult press

conditions).

(2) Steel can only be purchased as plate; gauge
tolerances are therefore more difficult to

control.

Steel is more expensive as tolerances required
are 2%% of plate thickness, as against 5% on plate

or rolled strip for hot pressing.
(3) Tooling must be of highest quality and expensive.

4) Press capacity is higher, and two operations are
g p
involved, i.e. one 1500 ton and one 1000 ton -

presses must be modern, accurate, and in first

class condition.
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5.00 CONT'D.

1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS

D.

Recommendations

In making recommendations appertaining to M.I.N.

as to most suitable methods, the opinion of the

investigating team in respect of cold pressing is:-

(1)

(2)

(3)

(4)

That no suitable steel is available ex Yugoslavian
Mills. In fact, steel will have to be considerably
improved to meet satisfactory criteria for hot

pressing.

No existing presses are available and new press
equipment would have to be purchased - estimated
lead time two years. Cost of two oil hydraulic
presses, i.e. one 1500 Ton and one 1000 Ton,
approximately £350, 000 each at today's prices.
(Typical example shown at Appendix No. 3).

It is not felt that the required expertise and exper-
ience in press shop techniques are available at

M.L N.

It is not felt that tool design and tool manufacturing
facilities are available at M. I1.N. to cater for high

technology presswork,

Conclusion

It is judged that cold pressing of axle housings within

the M.1.N. manufacturing complex would not be possible

and the required ultimate production would not justify

the capital expenditure involved,
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5.00 CONT'D.

2. CURRENT PRODUCTION METHODS AND RECOM-

MENDED IMPROVEMENTS

A.

Analysis of existing production methods indicated
reasonable scope for introduction of changes that would
provide improvements in methods and equipment
with consequent advantages in reduction of measured
time per various operations, better materials handling,
improved quality control, and the possibility of either
eliminating or combining some elements through the

operational sequence.

Details of the initial analysis and preliminary recom-
mentations are given in the following tabulated
sequence of manufacturing operations, Tables 5.2/B1,
5.2/B2, 5.2/B3, 5.2/B4, 5.2/B5, 5.2/B6 and
5.2/B7.

It is considered that the recommendations could be
embodied in the sequence of manufacturing operations
at comparatively low cost, other than for Operations
2, 4, 14 and 17. The recommendations are also
related to minimum disturbance of existing plant
facilities for manufacture of axle housings, other than

for Operation 2.

As investigations continued to terminal date of field
duties at the M.I.N. Plant, further consideration was
given to Operations 5, 20 and 23 relative to overall
improvement of methods and manning, as displayed on

Tables 5,2/B8, 5.2/B9 and 5,2/B10.




CURRENT PRODUCTION METHODS AT M,

I, N,

OPERATION TYPE OF EQUIPMENT COMMENTS OP, RECOMMENDED CHANGES
NO, (PRELIMINARY)
Flame Cut Multi cut from Panto- Satisfactory. 1 Try-out to be made using rectangu-
Blanks. graph. lar blank 300 mm wide - if this
method proves satisfactory, a
saving of approx, 33% in material
would be possible,
Heating 0.S. 3.35x2.13 m, Raise to temper- 2 Furnace is not satisfactory and has
Furnace Internal 1.45 x 2.35 m. ature 2/3 hours. no temperature control. Blanks are
for Press Type not known. Heating time in stacked in fives and on checks
Oil fired - no pre-heat furnace 45 (x;nins. carried out, temperature variations
for lighting. Doors Temp. 950" - no of up to 200 C were found between
open 350 mm. temperature con- the top of the blank and the under-
trol. Blanks side. The handling of the blanks is
stacked two stacks difficult and 2 new Walking Beam
of five. type furnace is essential, Full
recommendations are given in this
Final Report,
Press Tools Heavy Grey Iron Cast- (A) No blank location| (A) Being fitted 26-4-77,

Steel Inserts Punch & Die
Mat. Inserts 5740
Size 2.2 x .975 m.

or shut height
stops.

Not seen in operation.

1g/2ts 194Vl




CURRENT PRODUCTION METHODS AT M.I. N, (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP, RECOMMENDED CHANGES
NO, (PRELIMINARY)

Press. Ruhard Fernau, Vienna Approx. 40/50 years 3 Not seen in operation. Press
1000 Ton Watcr Hydraulic old, Water leaks. satisfactory but not fitted with any
down rated to 800 Ton. Guides satisfactory. means of ejection., Giving con-
Down stroke 1.3 m. No excessive play sideration to spring ejection, but
Bed size 2.95 x . 975 m. on ram through doubt if this will be possible with

stroke cycle. current tooling.

Shot Blast Gutman. Roller track Satisfactory machine, 4 Feel that this could be eliminated

Half/ Pressing fed. Good condition, Used for other com- by using Coloidal spray technique.

ponents. Investigation not complete,

Straightening M.I.N. made. 100 Ton. Good condition, 5 If clamping pressure is increased

Press Used for other com- at flame cutting, this operation

ponents.

could possibly be eliminated ~
investigation not yet complete.

ABOVE OPERATIONS 1 -5 IN FORGING & PRESSING DEPARTMENT

UNDER OWN MANAGEMENT

Flame Cut
Chamfer.

Soitaab (Italy). Twin
Head. Off Template
or Pantograph.

Good ccndition. Clamps 0

not strong enough to
pull down, hence Op.

No. 5 Forging & Press-

work., Discard 12/
25 mm.

Increase clamping pressure -
raise height of flamecut to centre-
line plus 0.75 mm to eliminate gap
and to give 13 mm for necessary
rounding.

*ed/27e ITAVI
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CURRENT PRODUCTION METHODS AT M.I.N, (Cont'd)

Essab 400 Anzlp
One Operator on
two stations.

4350 mm. Depth of
weld 8 mum each run.
Wire 1.2 mm each
run,

OPERATION TYPE OF EQUIPMENT COMMENTS OP. RECOMMENDED CHANGES
- NO, (PRELIMINARY)
Dress Edges Hand Grind. To remove oxides 7 No comments,
prior to welding.
Assembly and 2 Assembly Stations Slow - 4 mm gap left 8 Make hydraulic clamping fixture.
Tack 2 Half (tables) using clamps, in bottom of "V', no Clamping pressure required
Pressings & spacers and rings. land at bottom of approx. 40 Tons - this will elimin-
4 Gussets. chamfer. Combin%d ate gap and will show savings in
angle of "V' 35/40", welding times, Under discussion
R - with M.1.N.
Gusset Size, V
%ﬁ
Filler Weld Inert Gas CO Length of weld 9 Eliminate gap, Increase wire to
First Run Essab 400 am)p used 4350 mm. Depth of 1.6 mm., Penetration on seam weld
on tilting table. weld 3-4 mm. need be only 70/80% - weld on
Wire 1 mm, gusset must be 100% penetration -
gusset ends should be double welded|]
Weld 2 Runs Inert Gas CO Length of weld 10 Experimenting with 1,6 mm wire.

If 2.4 mm wire was used this could
be done with one run, but larger
CO, set would be required, i.e.
600" Amp Machine,

|- ‘ed/2°e 19Vl



CURRENT PRODUCTION METHODS AT M,I. N, (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP. RECOMMENDED CHANGES
NO., (PRELIMINARY)
Final Cap Manual Arc D, C, Length of weld 11 Not required if procedure in 10
Weld 250 Amp. 4350 mm. Depth is adopted.
Yugoslavian made. of weld 4 mm.
Coated Touch Rod
5 mm.
Visual Visual inspection
Inspection of weld.
Flame Trim Hand Torch off Remove excess 12 O. K.
mechanical swing metal.
. guide,
Straighten Hydraulic Press built For arms only prior 13 This operation should be a cold
by M.I.N. to first machining rounding up straightening operation,
100 Ton (est.) operation. Op. 16 should be for complete axle
housing and not just for arms as at
present.
Rough Turn Two Gap Bed Centre Lathes| One lathe very old 14 Introduction of copy lathe would

Spindle Ends

1. 2667 mm B, C.
212 mm Bed/Centre.

2. Potishmorando
2740 mm B.C, 275 mm
Bed to Centre.

belt driven, Second
lathe geared head
Yugoslavian made.

reduce production time by 80%

‘vH/2°S ATV




CURRENT PRODUCTION METHODS AT M,I. N, (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP. RECOMMENDED CHANGES
NO, (PR ELIMINARY)
Cut to Lergth Plant as above. Operation 14. 15 See Op. 14,
Straighten Hydrzulic Press For Rear Banjo 16 Refer to Op. 13 - Arms and Banjo
100 Ton (est.) Face only. should be done in one operation with
simple tooling,
Bore through Horizontal Boring One machine being 17 Very slow - both mrachines too
Face Rear, Machine, installed. Both light. With modern bore/face
existing and new equipment would reduce times by
(secondhand) very 80%, i.e. floor to floor 6 minutes,
light.
Fit Oil Seal Hand torch to heat No comment, 18 Small muffle furnace should be
Ring to Arms forced on by hammer. installed when throughput increases;
very little cost.
Fit Baffle. Manual Arc D, C, Liocate on tube. 19 Normal metliod - O, K,
250 Amps. Four tacks on each
baffle - 5 mm Rutile
coated touch rod,
Tack Cylinder Locate on Welding 20 Investigating to see whether it can

Brackets.

Fixture.

be included in Operation 22.

——
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CURRENT PRODUCTION METHODS AT M,I,N. (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP, RECOMMENDED CHANGES
NO, (PRELIMINARY)
Fic Brake Reversible Vertical First run in fillet - 21 QO.K. - Floor to floor times should
Flange. Press 5 Tcn., 2 opposite Back & be improved.
Inert Gas COZ Front alternate -
Weld length 247 mm
Depth 5 mm.
Assy & Tack Hydraulic Holding Difficult loading 22 Tapered bung location rather than
Spring Seats Press. Manufacwured onto locations. full through bore should be adapted,
M.I.N. This would make loading much
easier.
Finish Weld Two Stations 23 Using two runs - normal one run
all Brackets Manual Arc D, C, CO, satisfactory - further investig-
250 Amps, ation being undertaken,
Stress Relieve 2 front charged electric Load 8 at a time - 24 Indications that this is doing more
furnaces. Depth 2325mm ra.isoe temp, 800 - harm than good, Full and detailed
Door: 1473 mm wide 860 approx. 4 hours. report after discussions with
762 mm open Close and soak 1 hour customer (F,A,P,). At this stage
Trolley and Forklift door closed, gradual feel that stress relieving should be
Truck. cool 1 hour door open. eliminated,
Press (Hydraulic) True arms prior to 25 Consideration to be given to new

Straighten

100 Ton. M.,I. N,

coning and second
rough machining.

inspection and straightening aids,
Time is excessive,

‘9d/Z2°s ITAVL



CURRENT PRODUCTION METHODS AT M. I, N, (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS oP, RECOMMENDED CHANGES
NO. (PRELIMINARY)
Inspection Table and Standard 26 Not seen,
Equipment.

Cone Ends Centre Lathe (Wafrum) Coning badly out 27 Cone badly out of centre. Consider-

Turn Spindle 2425 BC - 254 Centre of centre on high ation to ncw techniques.

Ends to Bed. percentage.

Brake Flange

Shot Blast Done in another 28 Not seen - but necessary.
Department.

Final Standard Equipment. Dimensions & Weld. 29 O.K

Inspection .

Fettle Manual. 8 Men Hammer & 30 Consider pneumatic hammer or
Chisel. rotary equipment,

Paint. Manual Brush. Red Oxide Outside. 31 0. K.

White Inside.

PERIODICAL QUALITY CONTROL BY CUSTOMER (F,A.P,)

‘Ldf¢s dTdVL




EXISTING SEQUENCE OF OPERATIONS & PLANNED MANNING LEVELS AS AT MAY (1977

ON A 510 MINUTE SHIFT DAY AND 250 WORKDAYS/ANNUM.

! 2 3 4 5 é 7 8
TRANSFER
FLAMECUT LOAD IN FLAMECUT
- PRESS SHOTBLAST STRAIGHTEN To DRESS |
BL E
ANK FURNAC FABN SHOP CHAMFER
2 N—a 2 2 - 2 /
qQ 10 " 12 13 14 15 16
ASSEMBLE WELD N wr—::.:3 27| | weLd FLAMECUT STRAIGHTEN :"N';"cz:" _ :‘:;N c?.::-M L,
£ TACK RooT RUN £3 'Ruusl CROWN RUN BCRE To LENGTH To LENGTH
s 2 4.5 3 K ! / 1.5
7 '8 9 20 2 22 23 24
s T
TRAIGHTEN GRIND ARM PUT ON TACK olL ACK PRESS ON
AFTER -~ BORE FACE |- FOR SEAL RING BAFFLE CYLINDER[— o, anGge. [
TURNING SEAL RING BRACKETS
15 5 ¥y / ‘ / / /
25 26 27 28 29 30 3¢ 32
TACK MOUNT: CLAMP TACK WELD %" FINAL INSPECT
—»{ ING BRACKET ToPg BoTTOM RUN ON WELD ON NORMALISE. AND TURN ~ FETTLE |-
To CYLINDER S/32 BUFFER
BRACKET B RACKET BRACKETS BRACKETS STRAIGHTEN
0-5 2 2 5 / I5 2 2
33 34 35 36 —— OPERATION No, 3
-]
S
FINAL : PAINT | pAINT >
INSPECTION| SHoT. ST INSIDE. " | oursipE .
)
-5 2 S~ —+— LABOUR JOTAL LABOUR COMPLEMENT 565 | N
B8ASIS: 500 HOUSINGS PER MONTH WITH ACCEPTANCE OF M.IN, CYCLE TIME PER OPERATION OF 2.6 MINS. 8




SEQUENCE OF OPERATIONS £ PROPOSED MANNING LEVELS WITH MINIMAL CHANGES

i 2 3 4 5 6 7 8
TRANSFER ASSEMBLE
FLAMECUT LOAD IN FLAMECUT DRESS AND TACK WELD
= = > Pty il |
BLANK FURNACE PRESS To CHAMFER EDGES INCLUDING [ RrooT RUN |+
FAB"-SHOP BAFFLE
2 - Y~ 4 - 2 / .S 2
Q 10 /1 2 /3 14 15 /6
TURN ARMS
WELD 2. WELD FLAMECUT PUT ON
—_ e |_»-| STRAIGHTEN - AC | o -
2 3"¢runs[ |cRoWN RuN BORE o AND cuT FACE BORE seAL RiNG[
TO LINGTH
4-5 3 { ! 25 15 I8 /
17 18 9 20 2! 22 23 24
PRESS 8 gmmn;vgg WELD 1% FINAL INSPECT
PRING o -
—>{ PARTWELD —>12" ~vy inper[ "] RUN ON WELD ON NORMALISE AND 4 TURN FETTLE |
FLANGE. BRACKETS BRACKETS BRACKETS STRAIGHTEN
! 2 2 5 ! rs 2 2
25 26 7 28 - OFE RATION No.
FINAL PAINT PAINT
. o —>1 SHOTBLAST S
nspecTion| |0 HoTBE INSIDE OUTSIDE.
I 2 T~ ~— LABOUR TOTAL LABOUR COMPLEMENT 495
-f
o
24
14
o
BASIS: 500 HOUSINGS PER MONTH WITH ACCEPTANCE OF M..N. CYCLE TIME PER OPERATION OF 2I- 6 MINS. | ;5
ON A 510 MINUTE SHIFT DAY AND 250 WORKDAYS/ANNUM . >
©




—

SEQUENCE OF OPERATIONS & FORECAST MANNING LEVELS WITH NeEW PLATE HEATING FURNACE,

MODIFIED PReSS ToOoOLS, NEW TACK AND ASSEMBLY FIXTURE AND SUBMERGED ARC WELDING.

/ 2 3 4 5 P 7 8
PRESS IN ANSFE FLAMECUT ASSEMBLE
FLAMECUT LOAD IN S TR R CHAMPFER IN DRESS £ TACK IN WELD
aLanxk | 7] _ NEW > MODIFIED To ™ imProVED EDGES NEW RCOT RUN
F URNACE. ToOoLS FAB™ sHop FIXTURE FIXTURE
2 N~ 2 / 15 2
Q /10 i 12 K {4 5 /6
TURN ARMS PRESS 2
D,
S?EL;RC FL:“;?EUT L sTrRAIGHTEN— AND cuT > FACE BORE : ::L?:NG—» WELD |
To LENGTH FLANGE
2 { ! 25 -5 /5 { /
17 8 9 20 & 22 23 24
cLAaMP2weL| INSPECT
SPRING SEATS WELD FINAL PAINT
‘ = - AND TURN > FETTLE SHOTBLASTH> —p
2 CYLINDER AC NSP INS
A tirieisd BRACKETS STRAIGHTEN INSPECTI0 IDE.
2 5 8 2 2 I & 2 o 5
25 -4—— O PERATION No.
PAINT
OUTSIDE
o5 -+— [ ABOUR TOTAL LABOUR COMPLEMENT 395
N
[~
®
)
BASIS : SO0 HOUSINGS PER MONTH WITH ACCEPTANCE OF M.I.N CYCLE TIME PER OPERATION OF 2l.6MINS, N
ON A 510 MINUTE SHIFT DAY AND 250 WORKDAYS/ANNUM. ~
o
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5.00 CONT'D.

2. CURRENT PRODUCTION METHODS AND RECOM - !
MENDED IMPROVEMENTS

D. (1) TABLE 5.2/BS8,.

Shows the combination of work carried out in the
Flamecutting Department and the Press Shop
(Operations 1 to 5), and the Fabrication Depart-
ment (Operations 6 to 36, with the exception of

34).

(2) TABLE 5.2/B9.

Shows the following recommended changes:

A4 - Shot Blasting: It is considered that this is

is not necessary, as the amount of scale present
would not have a detrimental effect on the welding,
as Operation B6 (Dress Edges) would remove the

oxides present after flamecutting.

Ab5 - Straighten: This would not be required, as

improved clamping at the flamecutting stage
(40 Tonne) would be sufficient to pull down the

pressings into the fixture.

Al7 - Straighten after Turning: Not required as
the facing operation could be carried out by

locating directly from the front face (Fig. 14).

A22 - Tack Baffle: This operation to be included

with Operation B7.
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5.00 CONT'D.

2. CURRENT PRODUCTION METHODS AND RECOM- :
MENDED IMPROVEMENTS

D. (2) TABLE 5.2/B9 (cont'd)

A23 - Tack Brake Cylinder Brackets: It was

demonstrated that this operation could be
combined with Operation B18 (clamp and tack

top and bottomn spring seats).

(3) TABLE 5.2/B10,

Illustrates the situation incorporating imminent

short-term changes.
(i) A new plate heating furnace.

(ii) Alteration and modification to the press
tools (Fig. 6 refers), with consequential
improvement in the dimensional accuracy

of the half pressings.
(iii) Changes as shown under Table 5. 2/B9.

(iv) A new assembly and tacking fixture

(Figs. 15 and 16 refer).

(v) The introduction of semi-automatic sub-
merged arc welding, or alternatively the

introduction of fully automatic MIG CO,.

(vi) Increased wire sizes and transformer sets
at Operation C18 with welding carried out
at a single pass. (Present procedures can
be improved and the same welding carried

out in two run.: using 1.6 mm wire with the

current transformer equipment).




NORRIS PARTNERS LTD Figure: 14

Project UNIDO YUGOSLAV PROJECT Date: MAY 1977

CONTRACT No. 77/34

Dm.by: R.T.L.

Title AXLE HOUSING LOCATION & CLAMPING

ARRANGEMENTS ON MILLING MACHINE TO ELIMINATE Scale: 1:10
PRIOR STRAIGHTENING OPERATION >

REFERENCE :

TABLE _ _ __5.2/BS
OPERATION _ __ 16 - FACE REAR

MILLING CUTTER

AXLE HOUSING

4 STOPS To LOCATE
FRONT FACE OF

AXLE HOUSING _'—1 \

4 CLAMPING ARMS —1™

-

!'i
v
1w g

SPINDLE
- CARRIER

—t—

i |
e /R
6L 2L 2§ M‘l

<X

MILLING TABLE
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Project UNIDO YUGOSLAV PROJECT

Date: MAY 1977
CONTRACT No.77/34

Drn.by: R.TL.
Title EXISTING AXLE HOUSING CLAMPING DETAILS

FOR CURRENT CO, MANUVAL WELDING Scale: 1:10

- \ TAPERED BUNG
; AN

] —% RING

/ \ ~+—TABLE

HC T 030 - CLAMP WITH | FIXED STOP
i} AND | ADTUSTABLE STOP
AND R SET SCREWS To
HOLD HOUSING DOWN

ON TABLE.

g ..___> G FIXED SToPS

/ 4 WEDGES INSERTED
TO CREATE 4 mmr. GAP
T0 OVERCOME. BAD

PRESSING CONDITIONS,

f




NORRIS PAF
Project U
Cc
Title  ALTer
SUITAE
. WELDI
4 FIXED
SToPS - oI 1 -
SToP SECUF
; BOLTED DO
/ \ TO TABLE.
— O OTH ] -
2 FIXED
ROLLER o
STOPS -~ | & HYDRAULIC OR PNEUMATIC
ACTUATORS, EACH HAVING 60
TON THRUST, TOo CLAMP AXLE
HOUSING AGAINST FIXED
STOoPS. BANJO ACTUATORS
TO OPERATE FIRST.
.
—_—
TABLE —»
|G ~
B{ e

SECTION 1 & _




: NORRIS PARTNERS LTD Figure: 16

Project UNIDO YUGOSLAV PROJECT
: CONTRACT No. 77/34

Date: MAY 1977

Drn.by: R.TL.

: Title A} TERNATIVE AXLE HOUSING CLAMPING DETAILS
| SUITABLE FOR EITHER CURRENT COz MANUAL

E WELDING OR PROPOSED SUBMERGED ARC WELDING | Scale:1:10£1:25

40 mm. DIA. ROLLER
GO mm. LONG.

2 STopP SECURELY
BOLTED DOWN
TO TABLE . —»

RAULIC OR PNEUMATIC )
TORS, EACH HAVING 60 SECTION A-A

RUST, To CLAMP AXLE
NG AGAINST FIXED

. BANJO ACTUATORS
ZRATE FIRST. HY DRAULIC/PNEUMATIC
r ’ ACTUATOR

SECTION B-B

. OSECTION 2
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5.00 CONT'D.

2. CURRENT PRODUCTION METHODS AND RECOM-
MENDED IMPROVEMENTS

E. Recommended modifications for clamping details
for milling machine operations are shown in

Fig. 14.

3. DESIGN IMPROVEMENTS OF AXLE HOUSING

A. Change of design details of axle housing components
will facilitate improvement of manufacturing methods,
quality control, dimensional consistency of piece
parts and enhanced reliability and life period of unit

assemblies.

B. Investigation of the housing components has indicated
that detail design improvements could be achieved
and embodied for compatibility with existing plant

facilities and relative to item 2 above.

C. The recommendations are displayed in the following

list of sketch layouts:-

Fig. 17 : Preparation for Gusset Type
Housing - iMethod A.

Fig. 18 : Preparation for Gusset Type
Housing - Method B.

Fig. 19 : Completion of Housing, both types.

Fig. 20 : Proposed Spindle End Forging for Modern
Type Axle Housing - Stage 1.

Fig. 21 : Proposed Spindle End Forging for Modern
Type Axle Housing - Stage 2.
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. 5.00 CONT'D.

3. DESIGN IMPROVEMENTS OF AXLE HOUSING

C. Cont'd.....

Fig. 22 : Proposed Spindle End Forging for Modern
Type Axle Housing - Stage 3.

Fig. 23 : Proposed Spindle End Forging for Madern
Type Axle Housing - Stage 4.
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Figure: 17

Project UNIDO YUGOSLAV PROTECT
CONTRACT No.77/34

Date: MAY 1977

Title PREPARATION FOR GUSSET TYPE
IHOUSING - METHOD ‘A’

Drn.by: R.TL.

Scale: N.T.S.

BL ANK

HEAT £ FORM

FLAMECUT

i
WELD SEAM
*Jo/80
PENETRATION
WELD GUSSET r_/\
' -

UNDER WELD
GUSSET AT
CORNERS




e

NORRIS PARTNERS LTD.

Figure: _|8

CONTRACT Ne.77/34
Drn.by: R.T.L.
Title PREPARATION FOR NON-GUSSET TYPE
HOUSING - METHOD ‘B Scale: NITS.

BLANK

Y N N

HEAT & FORM

MiLL EDGES

oR
FLAME TRIM *
EXCESS

| -

MATERIAL [

i

FROM EDGE

WELD SEAMS
INERT GAS

CO,

AUTOMATIC OR

SEM|- AUTOMATIC
NB. ~ FOR FULL
AUTOMATIC REFER
PHOTOGRAPH S,

SEAL WELDS

INSIDE BANJO




; NORRIS PARTNERS LTD Figure: 19

Project UNIDO YUGOSL AV PRO?&CT Date: MAY 1977
CONTRACT No.77/34

Drn.by: R.T.L.

Title COMPLETION OF HOUSING
BOTH TYPES Scale: N.T.S.
ROUND ARMS | |~~~ _~—_ 77 1

|

|
I

FRICTION WELD .

TURN OR GRIND

=

WELD FLANGES i i i

WELD REAR RING|

NOT ALWAYS

REQUIRED, ONLY __/-\\
ON TANDEM

APPLICATIONS.




NORRIS PARTNERS LITD. Figure: 20

CONTRACT Ne.77/34.

- Dm.by: RTL.
Title PROPOSED SPINDLE END FORGING FOR

MODERN TYPE AXLE HOUSING - STAGE 1 Scale: 1:2
310
A
L 75
77T
{:'S‘
P
\nl oy
el ]
9 (:L ~ Q
S
120

STAGE 1

POSSIBLE INITIAL FORGINGS
FIRST 12 To I8 MONTHS. CAN BE
PRODUCED ON EXISTING PLANT.
REQUIRE FINISH BORING.

NOTE : FORGING To BE HEAT TREATED R DE-SCALED
HARDNESS 20| —~ 255 BRINELL.
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Figure: 2|

Project UNIDO VYUGOSLAV PROTECT
CONTRACT No. 77/34

Date: MAY 1977

Title PROPOSED SPINDLE END FORGING FOR
MODERN TYPE AXLE HOUSING - STAGE 2 Scale: 1:2

Drn.by: R.TL.

170

STAGE 2

POSSIBLE SECOND STAGE AS

EXPERTISE 18 BUILT UP,

NOTE : FORGING TOo BE HEAT TREATED £ DE-SCALED
HARDNESS 201 -~ 255 BRINELL.

N



NORRIS PARTNERS LTD. Figure: 22 .]

Project UNIDO YUGOSLAV PROJECT Date: May 1977
CONTRACT Ne.77/34

Drn.by: RTL.

Title PROPOSED SPINDLE END FORGING FOR
MODERN TYPE AXLE HOUSING - STAGE 3 Scale: {1:2

7 /;////////////

///%/////// L

220

STAGE 3

POSSIBLE THIRD STAGE AS
EXPERTISE 1S FURTMHER
BUILT UP.

NOTE : FORGING To BE HEAT TREATED 2 DE- SCALED
HARDNESS 20/ - 255 BRINELL.




| .
| NORRIS PARTNERS LTD. Figure: 23

CONTRACT No.77/34

- Drn.by: R.TL.
Title PROPOSED SPINDLE END FORGINS FOR

MODERN TYPE AXLE HOUSING - STAGE. 4 Scale: 1:2

LSS //////ﬂ

I I,

STAGE 4

VULTIMATE TYPE OF FORGING, FULLY PIERCED,
MANUFACTURE WILL ONLY BE POSSIBLE WHEN THE
1000 TON LASCO FORGING PRESS, CURRENTLY ON
ORDER, HAS BEEN INSTALLED AT NIS.

NOTE : FORGING TO BE HEAT TREATED 2 DE-SCALED
HARDNESS 4201 - 268 BRINELL.
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5.00 CONT'D.

4. LABOUR REQUIREMENTS FOR MANUFACTURE OF
AXLE HOUSINGS '

A. FABRICATION (SCHEME C)

Single Shift - Double for Two Shift Working -
Volume 25, 000 axle housings per annum Double

Shift.

Operation Operator Labourer TOTAL
1(2) 1 L1
1(3)

1(4) 3 3
1(5) 1 1
1(6) 1 1
1(7) 1 1
1(8) 1 1
1(9) 1 1
1(10) 1 1
1(11) 2 2 4
1(12) 6 2 8
1(13) 2 2
1(14) 4 4
1(15) 2 2
1{(16) Rectify 2 2
General Shop Labour 6 6

Supervision & Inspection 4
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5.00 CONT'D,

4. LABOUR REQUIREMENTS FOR MANUFACTURE OF
AXLE HOUSINGS '

B. MACHINE LINE (SCHEME C) |

Operation Operator Labourer TOTAL
(1b) 1 1
(2b) 2 2
(3b) 1 .1
(4b) 1 1
(5Db) 1 1
(6D) 1 1
(7b) 1 1
(8b) 1 1
(9b) 1 1
General Shop Labour 2 |
Forklift Drivers 2
Supervision & Inspection 4
1
Total Machine Line 18
Total Fabrication 42
TOTAL SINGLE SHIFT 60 |

TOTAL DOUBLE SHIFT 120
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5.00 CONT'D,

5.

PLANT REQUIREMENTS

Three stages of recommended improvements and modern-

isation of axle housing production facilities:

A,

(2)

(3)

(4)

(5)

(6)

MINIMUM REQUIREMENTS FOR CURRENT
EXISTING PLANT

F

STERLING
Modern Walking Beam Furnace to
deliver one axle blank to press every
2 minutes. Estimated Cost: 60, 000
Roller track and handling facilities
blank to press. 4,000
Submerged arc semi-automatic 7, 000
Special rails etc., for above to
clamp to axle seam. 2,000
Improvements in general clamping and
Jigging including clamping pressures
up to 40 Tons on flamecutting machine 10, 000
Full automatic heat control on stress
relieving furnace if customer requires
this practice to continue. 9,000

£92, 000
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: 5.00 CONT'D,

5. PLANT REQUIREMENTS

B. BUILDINGS - EXISTING

All listed prices are based on current U.K. prices late
1976, plus 15% escalation per annum over two years.

£
STER LING

(2) Flame cut multi head - Pantograph

trace nestled blanks, 17,830
(b) Heat Walking Beam 72,000
(c) Press 1200 Ton Hydraulic, including '

installation 360,000
(d) Mill for butt seam weld 59, 000
(e) Seam Weld, submerged arc - 2 machines 14, 000
(f) Weld Ring, hand CO2 (existing plant)
(g) Round up arms - existing plant, but

special tooling. 5,000
(h) Weld CO_ - 2 Machines 600 Amp, plus

Revolving Jig and Clamping. 8,000
(i) Clean up Weld. Lathe with two

saddles (existing).
(j) Weld all brackets & flanges - existing

fixture with small modification. 2,000
(k) Full Heat Treatment for thin wall case

if required. 198,000

(1) Two straightening presses with moving
tables. 158, 000

(m) Shot Blast & Paint - existing,.
(n) Roller Track - handling equipment. 50, 000

(o) 4 Sets Press Tooling to cover 4 Standard
Types - £25, 000 each set, 100, 000

£1, 045,830

If Machine Line required, see Scheme C.
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5.00 CONT'D,

5. PLANT REQUIREMENTS

C. RECOMMENDATIONS BASED ON A NEW PLANT
FOR COMPLETE MANUFACTURE OF AXLE
HOUSINGS (SCHEME C)

All listed prices are estimated with plus 15% escalation
per annum over 2 years forward delivery. Production
based on 12,500 Axle Housings per annum Single Shift,
i.e. 25,000 per annum Double Shift. Assessments are
based on assumed 40 hour work week per shift and 250
work days per annum.

£
STERLING

1(1) NEW BUILDINGS WITH SERVICES

30,000 sq.ft. 500, 000
1{2) Flame cut, multi head, Pantograph

Tracer nestle blanks 19, 830
1(3) Heat Walking Beam Furnace 72,000
1{4) Press 1200 Ton Hydraulic, including

installation 360, 000
1(5) Mill fur butt seam weld 59,000
1(6) Seam Weld Automatic CO, Machine 65,000
1(7) Bore and face - clean up seam face

to length (special machine) 90, 000
1(8) Weld Ring (special machine) 26,000
1(9) Round up arms (ends) - special purpose

hydraulic press 100 Tons with tooling 29,000

C/Fwd: £1,200,830
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5.00 CONT'D.
5. PLANT REQUIREMENTS
C. CONT'D. £
STER LING
B/Fwd: 1, 200, 830
1(10) Friction Weld (single ended machine) 172, 000
1(11) Trim Flash Lathe with two saddles
(second-hand machine) 4,000
1{12) Weld all brackets & flanges, also dome
Manual COZ - 2 Stations Tacking
400 Amp Machines.
- 4 Stations Finish
600 Amp Machines.
Price to include all jigs and fixtures. 21,000
1(13) N.B. If Mercedes design follows
modern square section axle with re-
duced wall thickness, i.e. a thin wall
case, full heat treatment to cover
harden and tempering will be required. 198, 000
1(14) Two Straightening Presses 100 Ton
with Moving Tables. 158, 000
1(15) Shot Blast and Paint. 40, 000
1(16) Roller Track, handling equipment. 50, 000
1(17) 4 Sets of Press Tooling to cover
4 Standard Types of case - £25, 000
each set. 100, 000

Total Capital Cost Estimate for Complete

Fabrication of Axle Housings ...

N.B.

A Plant Layout of the above Scheme C
is shown on Appendix 4,

£1,943,830
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5.00 CONT'D.

6. LONG TERM ASPECTS FOR MANUFAZTURE OF AXLE

HOUSINGS

A,

A preliminary meeting was held at M.I.N. Nis on the
9th May 1977 with attendance by F. A, P. to discuss their
intent and design, both present and future. Present at
this meeting were Dipl. Ing. Radosavjeva Jovica - Chief
Development Engineer of M.I.N., Dipl. Ing. P. Pejcic -
Technical & Development Engineer of M.I.N., Dipl. Ing.
V. Djurovic - Metallurgical Engineer of M.1.N. (and
Interpreter), Ing. Herokovic Loupce - Development
Engineer of F. A, P., together with Mr. D.H. Barrie and
Mr. A.H. Worthy of Norris Partners Ltd.

A further meeting was held at Belgrade on the 17th May
1977 with attendance by both F,A P, and Zelezarna
Jesenice to examine in depth the current problems,
possible solutions thereto, future design intent, and finally,
but by no means of least importance, the current poor
quality of steel and the possibilities of improving the latter,
Present at this meeting were the same personnel as prev-
iously, with the exception of Ing. P. Pejcic and Ing.
Herokovic Loupce, and with the addition of Dipl. Ing. Bura -
Head of Inspection & Incoming Material of M.I.N., Dipl.
Ing. Hasonovit Ahmed ~ Chief of Research and Development
of F,A,P., and Dr. Techn. Ing. Marin Gabrovsek of

Zelezarna Jesenice,

It was soon appareat that there would be no easy or short
term answer to the problem of steel quality, The mill used
for production of steel plate is 3C years old and is not

scheduled for replacement. No immediate impr ovement

can be made to surface finish, but a de-scaling plant for
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5.00 CONT'D.

6. LONG TERM ASPECTS FOR MANUFACTURE OF AXLE
HOUSINGS

A. Cont'd.....
ingots is included in current 2 year programme. The
result of the above situation is that the Steel Company
have great difficulty in meeting Yugoslav standards for
rolling tolerances, even though these are inadequate for
axle hcusing production. However, it was agreed by the
Steel Company that a 100% check would be carried out
jointly by their own and M.I1.N. Inspectors and all plates
with visible bad surface defects and/or excessive rolling

tolerances would be accepted for rejection.

Principally from the meeting held on the 9th May, the
following information was obtained in respect of ¥, A. P,

planning and development intent over a 10 year period.

(1) F.A.P. the largest truck producer in Yugoslavia
currently build under licence fror Sauer, Austria.
The truck range is however limite. in scope, and

the design is dated..

(2) F.A.P. currently use three basic axles on a truck
volume of 10, 000 units per annum. M.I.N. currently
manufacture approx. 6000 axle housings on the most
popular model, and F,A,P. import a further 2000
housings per annum of the same type as an insurance
against a breakdown in supplies from M.I.N. The
two low volume axle housings are imported, as the

volume is too low to allow for economic tooling cost.

(3) F.A,P. are phasing out the current axle design over

the next five years, and the indications are that

S e b e m e
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5.00 CONT'D.

6. I.ONG TERM ASPECTS FOR MANUFACTURE OF AXLE

HOUSINGS

A. (3)

(4)

volumes will be very low by 1980, and completely
run out by 1982. Similar axle designs will however
be introduced using heavier gauge material, i.e.
17.5 mm and 20 mm for heavy duty cases on multi

axle cross country vehicles.

F,A.P. are currently negotiating licenced manufac-
turing agreements with Mercedes Benz, and the
future production and technical criteria will be based
on Mercedes Benz engineering and know-how, but the
designs will be mociiied by ¥, A, P. to suit their
manuiacturing resources and local conditions. Little
information is available on future production, no

drawings or specifications being available.

B. A broad outline of the programme is as follows:

(1)

(2)

Production of Mercedes Trucks to be phased into the
oroduction programme commencing 1980. From 1982
onwards, all F.A,P. Trucks will be based on

Mercedes design.

Axle requirements will be four basic types, including
a Tande.: xle truck which will constitute 33-1/3% of
the overall production, i.e. 66-2/3% of axle housing
production. F.,A,P. will also require low volume
production of a housing for heavy front wheel drive

steering axles.

Some of the new designs will follow the modern square

section cases using welded forged cnds.
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5.00 CONT'D,

6. LONG TERM ASPECTS FOR MANUFACTURE OF AXLE

HOUSINGS

B.

(4) The planned truck build is 15, 000 in five years,
rising to 17,500 in ten years; of the 17,500
33. 3% will be tandems, i.e. 23, 330 axle housings.
Taking into consideration the low volume front drive
axle and spares call off, it must be assumed that the
F.A.P. planned requirement by 1987 will be approx.

25, 000 axle housings.

(5) Itis F.A,P's intention that all these housings will

be manufactured in Yugoslavia.

Discussion took place on the problems of stress relieving.
It was pointed out to the F,A.P. representative that stress
relieving on axles had been discontinued in some West
European plants. It was suggested that M.I.N. manufac-
ture three housings without stress relieving and submit to
F.A, P. for testing. If it should be F.A.P's wish that
stress relieving of the fully welded case should be continued,
it is essential that this should be done accurately in heat
controlled furnaces based on the steel manufacturer's
recommendations, and it is felt that suitable temperatures
should be in the range 450/500°C for 40 minutes, followed

by a slow cooling in air.
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A

It is regarded as an advantage for an appraisal of

the operational format at M.I. N. to be included in
this section as an updated statement of the current
organisation structure and the range of products as

follows.

The Mechanical Engineering Industry (Masinska
Industrija) Nis - MIN was established in 1884 as a
railway workshop. In 1963 the factory took its present
form through the merging of the Stanko Paunovic factory
and the Bridge and Reilway Crossing factory which later
were joined by Milos Dimanic of Vlasotinci, Napredak of
Svrljig and ZITOGRADNJA, a light structures plant.

Out of these mergers one of the largest mechanical
engineering firms in Serbia was created, with wide

production programmes:

freight cars for various uses

- cranes and steel structures

- railway crossings and track accessories
- machine tools

- iron and non-ferrous metal castings

- processing equipment

- machine units and parts

- engine overhauls
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A,

In future, special ermnphasis will be laid on programmes
covering processing equipment, forgings, pressings,

lifts and components for commercial vehicles.

Due to the breadth of its programme, MIN co-operates
closely with scientific organisations and institutes, as
well as with other firms in the country and abroad.
The enterprise has well-established business relations
with the buyers-users of its products to whom it
furnishes efficient help during the guarantee period,

spare parts, services and technical assistance.

During the period of duties in the project area, Mr.
D.H. Barrie and Mr. A.H. Worthy held meetings and
informal discussions with Senior Management Executives
and Engineers of M.I.N. Nis, which enabled technical
investigations to proceed satisfactorily in accordance
with the work plan. The executives and engineers who

participated in the various discussions are as follows:-
Ing. Slavco Jovic - Director and General Manager.

Ing. Poovidar Jocic - Deputy General Manager

Dipl.Ing. D. Stefanovic - Technical & Development
Director.

Dipl. Ing. P. Pejcic - Technical & Development
Engineer.

Dipl.Ing. V. Djurovic - Engineer on Metallurgy
(Interpreter)
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B.

Dipl. Ing. Mikovic Drajutin - Director Pressing
and Forging.

Ing. Mikovic Krkic - Tooling Engineer.
Ing. Zdravkovic - Side Beam Manufacture.
Ing. Nikodijevic - Housing Fabrication Welding.

Ing. Kucicki Branko - Chief Welding Development.

Ing. Njgulovic - Housing Fabrication Machining.
Dipl.Ing. Bura - Head Inspection & Incoming
Material.

Dipl.Ing. Radosavjeva Jovica - Chief of Development
Rolling Stock (including axles)

Ing. S. Duric )

Ing. S. Kostic ) - Tool Designers

The current organisational format of the Masinska
Industrija-Nis Plant is displayed on the chart layout,
Fig. 25.
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A.

M.I.N. is an organisation employing approximately
8500 workers. The traditional manufacture for the
past 100 years has been based on Ra’lway Rolling
Stock, and the repair of stearmm and “ater diesel
engines. The Yugoslavian Railwa s, like many
other systems in the world, is lusing its dominance
to road haulage, hence the necessity for M.I. N.

to diversify intc other product ranges. The
plant and buildings are old, and they have the added
problem of traditional labour wedded to a traditional

product.

(1) The introduction of the manufacture of axle
housings over the past seven years has there-
fore been both difficult and expensive, as the
M. 1. N, Production Staff have had to learn to a
large extent from experience. The total labour
force engaged in axle housing manufacture is
estimated to be about 70 - very small compared
to the overall labour force. KEven so, there is
a growing appreciation of its importance to the

future of the Company.

(2) A further difficulty in the manufacturing process
is that it is fragmented over a number of different
existing departments, each department with its
own problems on existing production. We con-

sider it is absolutely essential that the manufacture
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A,

(2)

(3)

of axle housings should be brought undex one

roof, and put under its own Management with

complete autl.ority for the finished product.

This problem has been discussed with the
M.I.N. Management along these lines, but
they regard such a step as impossible within
the present framework of the Company. Even
so, we believe very serious consideration must

be given to this problem in the near future.

Regarding steel procurement, here again M.I.N.
face great difficulty. Steel is in short supply in
Yugoslavia. Deliveries are protracted, and
forward scheduling of requirements up to a
minimum of twelve months is required. The
tolerance on rolling and finishing following
current practice is far short of M.I.N's require-
ments for difficult presswork. With a seller's
market available, the steel companies are not
keen to introduce more difficult conditions for
themselves, and the impression was obtained
that the steel procurement staff at M.I. N. are
often faced with a ''take it or leave it attitude.
The rejection of steel back to the Mill as unsatis-
factory appears to be an unknown phenomenon at

Nis.
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A. (4)

(5)

(6)

(7)

It is essential that under present conditions the
help and the co-operation of the Steel Company
is sought and every endeavour is made to estab-
lish standards for axle housing production, i.e.
rolling tolerances must be -0 +5% of plate

thickness maximum.

M.I1I.N. should introduce new order techniques
whereby chemical composition, mechanical
properties, and tolerances are clearly stated;

a typical format is shown in Fig. 24. Only

under these conditions will the incoming material
inspection staff have the necessary criteria to

work to.

M.I.N. have a good forging facility. They also
have on order from Germany a 1000 Tonne

LASCO Forging Press which, in our opinion, is
first class special application forging equipment.
M.1.N. should have no difficulty after experiment-
ation in producing the fully pierced spindle end
forgings which will be necessary as they move
into production with the modern types of square

section case.

The forging facility is housed in a separate factory
some 3 kilometres from the main plant. Attached
to the forging plant is a well-equipped tool room

for the manufacture and re-sinking of forging dies.




STEEL

PROCUREMENT FORM

FROM:

Figure 24

M.I.N.

P.O. BOX 112
18000 NI1S
YUGOSLAVIA

Telephone No.

Telex No. 16187

Our Enquiry Dated

Y our Quotation Dated

Reference No.

Reference No.

- e o -

NOMINAL SIZE Type Condi- DIN. |Maker's | Date
QUASTITY Thk. | Length | Width |  of Ref. | Ref.
g- mm. mm, mm. Steel tion No No. Req'd
|
CHEMICAL COMPOSITION
ELEMENT C Si Mn Nb \' Al S P
Percentage:
Maximum
Minimum
MECHANICAL PROPERTIES
Rolling Tensile Yield Elongation Brinell Limiting
Tolerances Strength Stress % Min. Ruling
% of Plate kp/ mm? kp/ mm? Longi-{ Trans- Section
Thickness min. min tudinall verse Hardness mm.

OTHER SPECIAL REQUIRCMENTS

WE WILL/WILL NOT WISH TO WITNESS MANUFACTURER'"S TESTS,

SIGNED BY

FOR & ON BEHALF OF M,I.N,

P . L ey R R I R R R

SV G R PV
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(7)

(9)

The tool room is equipped with jig boring facilities
under temperature controlled atmosphere. We
would stress however that the facilities are too
light for the press tools which M.I.N. will be
called upon to marufacture for axle housing pro-
duction in the foreseeable future, and additional

facilities will be needed.

It is also emphasised that, whereas there is a
wealth of knowledge on the design of forging dies,
there appears to be only limited knowledge on the
design of press tools. This aspect should be

given consideration.

It is considered that M.I.N. should aim at pro-
ducing a fully machined axle housing (with their
customer's co-operation). They must strive to
become the acknowledged experts in their field of
manufacture, and this is always difficult if half
the production, i.e. the Machine Line, is out of
their control. In general it is our opinion that
M.I.N. Managzement must give greater consider-

ation to detail: not bad, is not good enough when

dealing with life and limb components such as
truck axles. Only a first-class product, backed
by first-class Management know-how and plant

will ensure their continued success. All heating
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A. (9)

(10)

(11)

equipment must be temperature controlled

and accurate.

We believe that it is essential to provide heating

in the workshops to maintain winter temperatures
of not less than 10°C - under present working
conditions, winter temperatures drop to - 5°C
regularly. Apart from the comfort of the workers,
such conditions make for problematical welding
techniques, and if a modern machine line was
introduced in the future, it would be imperative

to have balanced heating conditions in the work-

shops.

It was noted that M.I.N. have first-class engin-
eering and chemical laboratory facilities. These
were fully up to Western European standards for
a company of similar size. These facilities
however appear to be seldom used, and are
certainly not making their full contribution to
recommendations on quality control and the
formulation of special standards suitable for the
new techniques in manafacture which are slowly

being introduced at M.I. N,

Following a meeting with senior staff in charge
of Research and Control of the Steelworks at

M.I.N. it became apparent that the steel problem
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A. (12)

(14)

(15)

of M.I.N. is not short term and it is a problem

they will have to live with for many years.

It was explained by senior staif of the Steel
Company that the only plate mill available is

an old German triple roll machine installed at
Jesenice in 1947. There are no plans to
replace this mill, as the future development at
Jesenice is towards the manufacture of stainless
steel sheet for both home consumption and the
export market. All available financial funding
has been earmarked and channelled for this type

of future development.

The Steel Company Staff fully admit that they
have the greatest difficulty in holding the
Yugoslav Standards for rolling tolerances based
on ordinary commercial quality plates. These
Yugoslav Standards are taken from the old
German D, 1. N, Specifications of 1947 and are
very much wider than those required for special-

ised production such as axle housings.

The Steel Company also advise that they can do
nothing to improve surface finish and the cleanli-
ness of the steel in the immediate future, but on
this aspect there is a little hope in the medium

term as they are considering putting in a 500
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Atmosphevre Plant to clean scale from the
ingots prior to rolling. This capital
expenditure has been included in their current
2 Year Programme, and they expressed their
intention to go ahead with the installation of

the equipment.

Taking all these factors into consideration, we
reached agrecment that the Gteel Company would
allow M.I.N. Inspectors to carry out 100%
inspection in conjunction with their own inspector-
ate at the Steelworks from each cast arnd com-
pleted rolling. They would accept rejection on
all plates with visible bad surface deferts and
with rolling tolerances in excess of the laid down
Yugoslav Standards. It is felt that this form of
selection is a great step forward and we recom-
mend that M.I.N. make the most of this concession
and implement the procedures immediately. We
would emphasise that M.I. N. will have to agree
with the Steel Company regarding a uniform laid
down inspection procedure, both parties using
identicalmeasuring equipment. In the case of
surface rolling defects and dirt inclusions, an
acceptable plate should be agreed between both
parties and a sample kept in the Steelworks for

comparison purposes and future refcrence.
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A, However, the emphasis to be placed on conclusions

for primary censideration are:-

(1) The existing manufacturing facilities at M.I. N.
have potential capability for improved volume
of annual production to the extent listed in
section 3.00, item C. (10) of this repor.,
always providing that the specified recommend-

ations are implemented.

(2) An early increase in the volume of annual pro-
duction could be achieved by improvement of the

axle housing detail design characteristics.

(3) Comparatively low cost investment for improve -
ment of manufacturing raethods and production
line equipment will also give further impetus to
the early rate of increase of the volume of annual

production.

—~
[$:8
-

Other recommendations for improvement of
process plant in the manufacturing line will
ensure attainment of the maximum volume of
annual production forecast in section 3. 00, item
C. (10). 1In this instance, however, it will be
necessary to budget for a high scale of capital
investment for specific iterms of plant, e.g.
Walking Beam Furnace for heating axle housing

blanks, for which two preliminary quotations have




NORRIS PARTNERS LTD 57

6.00 TERMINAL SECTION

3. PRIMARY CONSIDERATIONS

A. (4) cont'd.....

been received from U.K. sources at approxim-
ately £70,000 Sterling and £74, 000 Sterling,

respectively.

(5) The costs contained in the preliminary quotations
received for all specific iterms of plant which have
been recommended for inclusion in the revised
layout of existing facilities have been included in

Section 5. 00, Item 5 - Plant Requirements.

(6) There is considerable scope for improvement in
the quality and dimensional consistency of axle
housings, and these important factors have been
given utmost emphasis iu section 4. 00, items

2. A, B and C of this report.

(7) In reverting to the Walking Bearn Furnace for
heating the axle houbsing blanks, it must be
emphasised that thls is an essential feature of
manufacturing line improvement to ensure

integrated results for the {inal product.

(8) It is also emphasised in section 5.00, item 1,
that apart from the expressed intention of the
M.I1.N. Management to install improved welding

zquipment and methods later this year, there is
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A. (8)

(9)

(10)

nevertheless a contingent necessity to improve
and extend inspection for seam welding and for
the M.I.N. Managenient to secure provision of
the specified safety precautions for operating
staff responsible for the welding process. These
latter factors are given emphasis in section

5.00, items 1. A and B.

Investigation and analysis of the alternative
conditions required for hot and cold pressing

for the axle housing blauk has clearly indicated
that the cold pressing ‘echnique is not compatible
with existing manufacturing resources within
M.I.N. and that the specified ultimate volume of
production would not justify the necessary extent

of capital expenditure.

Important recommendations are given in section
5.00, items 3, A, B and C of this report for
detail design improvement of the axle housing
components. The detail design changes are
regarded as a significant con’*ribution for attain-
ment of the forecast volumes of annual production
with consistent reliability and a pre-determined

life period of unit assemblies.
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A, (1)

)

(2)

In view of the age of the existing plant and
equipment presently operating in the M.I. N,
manufacturing line for production of axle
housings, there is serious justification for
full implementation of all recommendations

specified in this report,

Consequently, it is apparent that the operating
staff at the Nis Plant have a restricted pro-
ductivity factor not consistent with their

performance potential.

The prevailing circumstances and effects of

the existing manufacturing line are heavily
inhibiting the real time performance capabilities
of the ope~ating staff responsible for the manufac-
turirg line, so that it is anticipated full imple-
mentaticn of recommendations will be justified

by the subsequent improvements in the ratios of

productivity, unit costs, amortisation of capital

costs, and quality of product.
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Introduction
Oving 0 the jequiien wms of tue Coime n.otal-
working industry, |, Joicnice” fron and Siont Vorks

inciuded into its productian programine a wide assort-
men - of fine--grain micro~aioy stecis. Partictlar atien-
tion w.s paid to the production of fine—gran racracaiioy
steels, with the minimum vield point of 451 N/mm?2
(3.3 N/mm?2) iniendad for the fabrication of siurdy
sweel structures,

Thus, Nioval 47 quality steel, with the minimum
yield point of 461 N/mm?2 (47 xp/mm2), wos usds in
the construction of the Perucica hydroalactric Power
Piant Piseline, The pipeline basic characteristic are:

length: 1931 m, wall thickness: 12-33
mim, diamz2ter: 2650—-25060 mm, test spac-
imen ¢ 2300 (8 x 1200 mm), staiic
pressure: 552 mm, singledirections! dyaa-
mic load coefficient: W = 0.8, material
yield point utilization: 0.6, safety factor:
S=1.67,

In view of th¢ fact that thesa steels aie used to maka
high vyizld point tilization structures, extensive tests of
steel, as a parer t and filler metals, were conductad, In
order to answer the following questions:

— wnat are interactions Beiween elements Nb, V, and N
in transient zone.

—~ what is optimal welding technology of this fine—grain
micro—ailoy steel, '
—seizction of filler metal for manual and automatic
welding. }

X t4.G, Dr. Eng., Direstor, ,Jesznice” lron & Steel Works
Technical Control & Research Sector, Jesenice, Yugoslavia, |
.
!
X% |.R. Grad. Eng., Director, Marinar,

Yugoslavia.

,Metaina” Instituto,

|
XXX £ Grod. Eng., Senic Consuitant, Metai Structure In:.ti#uta,
Liubijana, Yugoslaviz, \
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— satiing up of Mioval 47 stad pineling welding tecihinolg-
g7/-

—~ 05 SULOGUR SUESs Ghnlaling necesiary and wainad is its
Moaning in e msauiacture of structues from higin—
gualivy Niavol 47 steei.

Cwing to the volumie and the dificrent character of
the testing of particular phases, in addition to,,Josanioe”
lron ond Stcel Viorks and the ,.Metaind” enterprise of
thoribor, as suructures contrectors, the rescarch work was
joined ulso by the Ljublicna Metal Structure Institute

which made calculation checks and stress testing.

Develonment and Charac.eristics of Nioval 47 Sieel

The Nioval 47 is a type of steel with the minirmum
451 N/mm?2 yield point level. This high sirength stez!, in
cddition to its mechanical propertivs also guorantees
waldedility and toughness at low temperatures.

The yicld point scrves a5 the basic caleulated parame-
tar in the seluction of steel, and as the stec] weildability
depends on its chemical comnasition, favourable influen-
ce esericd by cortaip elements on tae yicld point leve
has nanaiive effect on the sieel weldability. Thus, caded
guentitizs of carbon, manganese, carome, etc., recuce
ciritical cooling rates and increase austenite and marten-
site transformation in the transient Zane.

The yield point is cqually influenced by the presence
of displucement densities and crystal latiice deformation.

The clements of the interstitiol and substituticn typss
can, &s a consaguence of varied atomic diameters or
individual elanent metsllic bond, infinience crysial latrice
deiormation; equally, this deformation is affected by
fine—disporsed precipitated particles which block displac:
emant, infiuencing the yield point

The linking oF tiic viewd point with the steei physica
paramziars is defined in the Piteh formula:

0,=G,4 k.d~1/2
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where: '
— 0, is crystai lattice displacemant moveinent resistance.
— d 15 crystal grain medium size. !
. . t
~ K i3 matarial constant. ;
'
:
The crystal lattice displacement movement resistance
as weall as grain size can be influenced by the foliowing

factors:

— inturstiital type elements, e.g., Cand N, which dircctly
iniluence the forming of the Cotrell displacerment form
—such elements as Nb and V which in the fc;"rm of
carbide or carbonitride influence the siructure Fixing.

substitution_tvr~ olements, e.g., Mn, Si, Mo, and Cr
Tait el L uhet e Crystal structure change and the
lameliar porlite—{errite ratio.

. e e
|

The inter:titiat and substitution eloment influsnce
on the yinld point is shown in the Picrering—Glaaman
dinziam, G0 1,

in cudition to the yield point, the maoaierial
weirlability is equally very important.

Ono of the approximate sizes used to Gziermine
the matzrial weldability is "Cequivalent’ {Cekv) which
limits adding of certain eleients to steel:

A M CrtMot V Ni+ Cu
Cgky =%C+ '6 + 5 + 15

b
in such a way that the reduced ccibon and manganes:
quuntities increased ‘Cekv’ value from 0.40 to 0.45,
i.e., to the value where the steel weldability wouid
become possinle only via use of preventive measures,
such as pre—haating, etc.

In view of the enumerated factors, ,,Jesenice” lron
and Steel Works used two chemical elemanis —
Niobium and Vanadium — in the development of the
fine—grein steels with the minimum yield point of 467
N/mm2. The €—05:2 quality steel, with the minimum
yield point of 353 N/mmZ was used as parent metal,

Both of these elemenis (Nb and V; create carbo-
nitride, in the presance of carbon and nitrogen, in th
sizes of 200 to DUU A, thus greatly intiuencing the
strengthening of ferrite, i.e., displacement blocking.

The optimal size of individual particles is produced by
thermomechanical material treatment i.e., by rolling, at
the temperature of 000 1o 8300, creating (higher
displacemont density, resulting in ihe appearance o
carboniirida Nb and V in desircd sizes. Duriic
thermo~mechanical treatinent precipitated particies are
arrang2d properly, providing for optimal yield pofnt and
optimal addod element utilization,

Tho exampie of the precipitated No~carboiitrids,
foilowing thernimnmechanical treatment, is sh(&w:\ in
Fig. 2 {x £03,000). !

—t

Toduy, finn—grain micro—alloy steels, with Nb or
V, in the rolied, i.e., non—heat treated state, are
produced, usualiy. In piactice, this means that the
thermo—nitchonical trteatment secures a maximum
displacement density, as well as optimal sizes of Nb or
V—carhonitride, resulting in the high steel yield point.

.Jaesenice” tron and Steel Works developed Nioval
47 cuaiity steel, with N0 and V added, delivered heat
trecied.

The steel chemical compostition is shown in Tables
L

The steel mechanical properties are shown in
Tabels 1.

The minimum steel toughness is shown in Tables
1N

We supsosed bt e pardiel adding of Nbond V.
Plus Al Wil 0ot planave sl on e niae,
bonding ond o2 gppeniance of g, and that ihe
thermo—mechancal treatinent will in turn

I id
steal weldability. In fact, w2 intentistiy lowered ihe
addzd ewemnant (No and V) utilization level, forthe
purpose of stabilizing mechanical properties and im-
proving the steal weldaoility.

Prcsloms of Welding Ivioval 67 Sieal
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A veelded joint s the most sensitive part of a weldad
structure. Tie appearonce of martensite and bainit
structures on the transient zone exert considerable
influenca on the stee} mechanical properties, i.e., weided
joint.

If we are to add micro—alloyed elements, the
bahviour ofcarbonitride would pose a problem in the
transient zona, Tie welding technological processss are
tied in closely with the introduction of primary and
secondary energy. Depending on parameters, varied
transient zone can be formed; brought in energy influen-
ce e {urmation wnd cistribution of cavbonitride ard
thus the toughness of the transient zone.

At the metal melting point, during welding, nitrides
and carbonitrides are trunsformed into solid solution.
This procass is tied in with the time element, i.c.,
diffusinn procosses; and it can be said that the dissolving

. ond carbonitride is also connected with the
« {uonitride particles.

According to the fron energy tusts {conductad by
differant euthors [Liaver, Buahicr, and Heiterkampf),
nitrozzn stability in a niide depends on vanadium and
‘via risnium to aluminura, These tests prove that the
stabihty of riobium corbide is greater than that of
vanadium carbive. In practice, this means that we can,




atong vath the presence of Wo, V. end Al plus nitrosn,
exp2ct to see the oppearance of the forming of ni':::id:s
chanical treatment. In turn, this means (hiat with aumi
num present, we can hardiy expect to see tie formjion
of vanadium carbonitride, i.e., in the narrow temparacuse
interval of 6500 to 8000C; the niobium bond in nicLium
caivonitiide is more stable, so depenaing on Nb and C
conceniration, complete dissolving of carbonitride is to
be expccted even at temperatures above 12500C.

The appearaace of V and Nb—carbonitrdais tidld in
with the forming temperature. During our tests, w2
wanted to get a picture of the Nb and V -—carbonitride
bond, with th:-/p\rr‘“‘:‘lce of both the Nb, V and Al
< nas. ST, eavwanted to tests the influence of
the thermomechanica! treatment on e formction of
carbonitrida, niobium,-and vanadium. Bord on this, we
can obszrve the behaviour caibonivriae in the ransient
zone waeie the dificrent doses of enerygy also exoert
infiuence on carunnitride cristaliization.

The testing of the chaiges poured in the high—frequ-
ency furnaces was made, as shown in Tabeis 1V,

Al tihese chargas were homogenized foir 60 minutes at
the temperature of 1205°9C and tnen heat treated, as
foliovis: :

Treatment A: normalizing for 30 minutes at the temper-
ature of 9109C; airsiill cooling. ;

Treatment B: normalizing at the temperature of $109C;
furnece cooling at the temperature of
7500C; annealing for 30 minutes at the
temperature of 7500C; airstill cooling.

Treatment C: normalizing for 30 minutes at the tempera-
ture of 9100C; airstill cooling re—annea-
ling at the temperature of 7500C; airstill
cooling.

Thourgh the above—mentioned heat treatiment, we
wanted tr ermine the interaction of certain chamical
elements, combination of micro—alioyed elements,
at different temperature intervals most suitable for the
carbonitride forming.

The heat treatment intluence on the bond of certain
elements in nitride, i.e., carbonitride, in percentages, is
shown in Tables V.

In view ¢f the fact that as with aluri'num we attain a
maximum of 77% of the component parts bondad into
aluminum nitricde, we believe the normalizing process to
be too shoit and thut no chemical balance was crea';ed.
This rasult is ever more irportant, because through it we

!

)

[

K.J. Irwin, F.B. Pickering, Journal of the ron and Sieel {nstituts,
Nov. 63 .

i
M.Zconomopuios, T.Greday, N.RM. No, 1, 1664, i

can more piopeniy  tie influence of other
elemenis added, e, mictoalloyed, on nitrogen bonding.

With Nioval 47 steel, where all of the microalioyed
elements {Nb, V, and Al), we atteined a relatively hign
bonded nitrogen content during the normaihizing treat-
ment itsell; but what is intgresting is that during heat
weatment, B and C postion of the bonded nivbium
content jumpad 10 81, i.e., 90%. The resulis of the tosts
concucied by K. Nishida++ show that the niobium
carbonitride precipitation at the temperature of G509C
recuires a pariod of more than 20 hours, confirming the
specific nature of the Nb and V interaction on the
bonded nicbium in the presence of vanadium, proving
that the interaction of vanadium and niobium, as far as
bonding with nitrogen is concerned, depends entirely on
the heet treatrnent, for which no proper explanation
canbe given. At any rate, this expariemont proves that
combLinad widi No, V, widd Al we cain erpnct o gata vany

SUrONG Rir0gan vony, inhusacing Lot the Lusis machy

as 0f G poaeat cacial, auoweni os veeload
joint — transicnt zone, I views of thz deat wesbnent
norrachicing process, the carbonitride micioalioyead parti-
cles hava tie size of over 500 A,

[P
NiCal 500, N

This means that if tha welding was parformed with a
rejatively low energy input, carbonitiic2 will not dissoive
coripletzly in the tansiont zone, due o lsak of sulfiicient
time, and carboniride will again Lo formed during the
weld cooiing precess; but, if the waelding was done with a
reictively high energy input, ail carbonitrides wiil dissoive
partiafly, if, on the other hand, we are to appiy welding
with weaving, formution of cebronitride and nitrogzn—
niobium bond, as witih ,,C"” experimental charge heat
treatment, will occur, influencing to some extent the
physical weld, i.e., traonsient zone proparties.

Nioval £7 Sieel Welding Technology

In order to check the supposition of the dependance
of czbronitride dissolving on the time element, i.e.,
energy input, tne fullowing practical experiments were
congucicd:

a) testing of spot welded joints on the changing dynamic
loads; the results have shown that compared with the
Lhormal’ sl spoi welas, the sieel containing niooi-
um has longer lasting strength, meaning that no
diffusion, dissolving of carbonitride, or formation of
brittle structure, occured during welding.

b) tests with the welding of an experimantal 30 mm steel
piate pipeiine, performed partially with manually
coated electrodes and partially by automatic submer-
ged method.

The cxperimental pincline was consiructed of 30 mm
stee! plate end vessel ciometer of 1000 mm and was
closed off on ore side by a cup—edged cover, with tie
pipeline connection covers reinforced.

** K. Nishida, Nippon Kinzoky, 1959 No. 9 10771035,
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The chemical stee! plate compaosition is shown in
Tavies Vi, ;

- . . . b

Tiie mechanical steel piate propeities are shown in
Tables VI ‘

in order that the welding technoiogy could ba
mosierad, numerous tests on the quality of filler maierial,
input energy paremeter, and siot shape, were conducted.
Finally, it was established taht 2/3 X slot shape und the
plate pre—heating temperature of 170—200°C were most
suitatle. ;

Tha optimal results of the welded joint mechanical
properting wern--r~od at through the use of the special
wuail types o v Ni éiectrede.

_ - mrm—— s T

The chemical composition of the pure weld metal is

shown in Tables VL : .

The tenghness of the pure wuld mietal s shown in
Tablos EX,

Tha experimental pipeline automatic welding was
performed with EP40 flux znd EPP 2 Ni ¢ 4 mm wire,
undr the following conditions:

620~-700 A

Eiacinic current:

Voite 2t 34V
Viulding rate 62—-67 cmi/min.
Number of runs: 15

i
1
The toughness of the welded joint is shown in Tabies X,

The toughness of the electric arc welding joint is shown
in Tables XI.

Determining of Pre—heating Temperatures

In order to determine the pre—heating temperatures,
maintain teimperature between runs, and keeping up the
gating temperature level after the welding process, we
used 1TA and BESSYA high strength steel formula, also
applicable when the weld hydrogen content stands at 3
ccm/ 100 gr., recognized by the HW.

C= 1440 P — 392

ey S Mn  Cu Ni Cr Mo V.
Pe=Ct306 %20 * 20 *60 t60 * 15 * 10 *
t H ?
%8 * 560 * 60 |

where: ;

— tis plata thickness 3
— His diffused H2 (ccm—100 gr. of weld) !

The minimum 35 mrm plate pre—heatiag t(f’)rnpera-
tures are: '

— automatic submergad welding: 1850C,

]

|

!

. I . - i

— manual electric arc welding: 1450C. ;
‘

ey i

Evaiuiion of suscepubility of weid maiarial, transient

20ue, anu Gt lncial Wward brattle Tracture

In order to determine the birttie fracture transient
temperature, we employed the Drop— Weight—Test, as
per ASTM 23309, The exparimenial test pieces P3 were
cut out from 35 mm thick samples, so that for every
transient temperature five test pieces wore used.

The experimetnal crack starter, wnere the V—shaned
notch was made, was so welded that the fracture could
appear ai the crack starter, transient zone, and the parent
metal.

The diegrom in Fig. 3 shows NDT sutomatic submer-
ged welding tempe, 3tures.

The dizgriam in Fig. 4 shows manual electnin arc
weicing temperaluss.

1f NOT temporawies are enteres o0 Pelimi diuyg-
ram, usad to detormaineg the appearance of brittie fraciure,
and if we considor tiat the loviest pipzine operaiional
temparature s plus 59C, we can then arrive at the
requirad differance between NDT and the working
temperatures, 1.6, 35°C, applicable o &l typos of
weldiag, and this would guaraniee that no brittle frecture
will materialize.

Guesiion of aiter—weling siress rolieving apalication

The transient zone test results, before and after stress
reileving, are used to determine after—welding structure
stress relieving applicatic

The transient zone toughness test resuits, before and
after annealing, are shown in Fig. 5.

The weld hardness, i.e., transient zone hardness,
covering exampie No. 10, measured on the last crack
starter, aiter—annealing, is shown in Fig. 6. Thasa tests
reconfirmed the data from professional journals, i.e., that

the stress relieving in different types of steels is manifes- -

tedd ifferently. Thus, it was noticed that in MNioval 47
steel, depending on the test temperature, there is a
weakening of the plate, i.e., welded joint properties,

Ve abandoned stracture stress annealing also because
the stress unrelieving welded high strenth steel joints can
caich and arrest a brittie fracture much faster, same of
which was also verified by the tests conducted on large
weided test pieces, per Robertson.

1f we follow such a test, we can notice that the crack
in the sirass unrelievingweid joint or weld transicnt zone
moves initially vertically in the exterior load direction, to
be direction changad afierwards, arresting at the parent
rmeatal. The reason for this are the weld longitudinal
stressos coused by weaiding, bigger thant he exterior loads,
causing the weld stress.

(LY




If the stree relieving did materiatize, the welding
stresses are then reduced, resulting in a hicher exterior
lozd, preventing the crack from changing the direction of
expansion, i.e., moving in not so toush part of a weld or
transient zone. This could be applicable enly ifaplateis
toucher than weld or transient zone and provided the
structure wos not loaded above the yield point.

Further on, additional arguments influencing the
decision not te stress anneal the pipeline after welding
will be presented.

Experimental Pipeline Model Testing

In order .o justify the welding technology sclected,
we ronductad stotic ond exnlocion tests on a <rnarale
experimantal ninsling mode! made of 29 mm platy where
the s'rc"s relieving precess was not """lf'd The dimensi-
ons and the shane of the model tested are shown in Fig,
7.

a) Static Test

The pressure of up to 225 atmosphers was tested in
the first phease of operations. The experimenta! mode!
had 20 <tross and dzformation strain causgss {Fig. B)
placed on both the individual welds, as weil as casing.

<

b) Explosion Test

This test was conducted in 2 special area. In order
that the wea!l pressure could be spread evenly, explosive
was placed vertically and seven kilos of trinitrotoluzne
were used, The experimental model was filled up with 3
m3 of water at the temperatare of 80C. In order to be
able to chack on the notch influence, both on the weld
(Fig. 9) and the transient zenz, approxiniztely 30 mm
lurig end 3 mm deep notchies were marcda,

The mode! orior to exnlasinn is shown in Fig. 10,
The model after explosion is shown in Fig. 11.

The tests showed taht tha fracture on one soot had
initially deformation characteristics (Fig. 12), and strong
platz contraction was noticed. It can b2 seen that the
crack expansion (Fig, 13) did not follow any set nattern,
ie, spread on the parent metal in many different
dircctions, The man made notches did not influence the
crack, i.e,, fracture movement,

Oased on the laboratory tests of the tomperature,
prior to entering into brittle state, and based on the
exparimental modal tests, it can be concluded that an
ennropriate welding technology provides a stomiure
maz of fine—grain micro—alloy Nioval 47 anciity sl
with good terhnalogical charuatoristios,

Al the tosts eonchucted up to now, showe tht tha
7

[
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quaiity steel did not give positive results as far as

etallurgical properties are concerned.

i .

The resitlts of the exoerimental model tests failed to
provide any support to the stress relieving process.

i
Experimental Model Stress Measuring Analysis Results

Based on the results of the previously conducted
tests; where we checked the influence of the stress
relieving on the notch toughness, it vas cecided not to

relieve the pinaline. This ¢ sion was also justified by
the pipe modai stetic and explosion test resul’s, YWhen the
pine mode! wes tested to pressure 'Tig. 14), what was
dona veas to macsura snacifiz pine cesing deformation in
denandona: to tha pine overpressure, Tha mesuremants
were pariormed wirh som> 20 odd strain cuures placed
on both the intarior as well as exterior of the casing, in
two cross—sections, in the direction of the volume (x) and
longitudinal direction { ¢}, as shown in Fig. 14,

The specific clcformation measured values {Tables
Xii) €5i and €y dupending on the pipe overpressure (p),
i.e., on the stress 5 and oy and equaling ovarprasssura p:

pD
. 09 = 2t
4
| pD
Ox=

On each measuring point, deformations were checked
on bath the exterior (v) and the interior {u) casing
suriace and the indicated medium values are shown in
Tables XII.

V. 4 ¥,
AN
€¢I =
V.o, eP.
, ! o= Sxi T EXI
; i 7

and then compared with the calculated. vah"i T

[

_ _pQ V)
€o=oif 1~5)
i
. oD
€y w3 (1 —-20)

For illustration purposes, some of the results were
shown graphically, Thus, specific deformations c;, mea
suredd on the naint No. 1, depending on overpressur2 p,

i.c., the stress 0., are shown in Fig. 10; while daforma-
tomd cy s o the point Mo, 5, are shown in Fig.
16, 1

|

From the dicgram in Fig. 15, it can be teen that
spocific defarmeitions, in the dirnction of the voluma, are
e tona! te st AT are

e, i, to the arrong RS
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I the dingram (Fig. 150, where the culculated curve
thus made {roksn gunve] was compared  with the

n he sz that (e cacuied resulls
values arrived at expaerinentaliy.
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measurae vahass, it oo
i the

ageae fuily vt

T X1t shows the difference in values measured
on prrlcuiar extarior andd interior Casi c i
Vihiie wiose difierences on the casing it
~ mez uting peint No, 1 ~ thes

i

e differen 2vary

great on the longituding welds, as is tha nothe
me uring point No. 4. 1§ the weld in the cross—suciion is

not fevel with the surface of the metsl, th=n in addition
to 'e normal stresses, bending stresses oo vill appaar;
howaver, despite these great deformation difierences,

poiniing to geometrical departures, no damaﬂing influen-
ces, or a recuction in the weid joint capacity, in both the
static as weil as explosion tests, proving on this point too
tie appropriate welded joint quality.

Conclusions

Basad on the results of the tests on the influance of
tiher rsiero=-choy momum RETOR AT I ot

behaviour in the incresed sicel yield point, and based on

P P S
SHNVEE BRI VT IRN

the ol tesiiis fnade on the Nioval 47 steei, the ioilowing

CONCIUSION COY LR 3iNG U OU: '

1. By comuining microoiioy steel with Nb and V ele-
ments, in e piesence of A, it is possible to got
opiiraxl N bonding, both in the normal a; weil as other
heat treatmant states, resulting in the satisfaciory steei
mechanizal piopertes.

2. The {ShUVANY picecniiiive HIZAsUIE Laolid be auiercd
to wiaa welding Mioval 47 quality steel:

—inpul envigy should be propartional to plate thick-

nas; and nuinber of runs.

— plates shouid be pre—heated prior to weiding, o3
cs dunnJ weiding, if necessary; added heat and
siovs cooling is recormmended.

| should be driad up, to keep hydiojen
3 cem/ 160 gr. tevel

B VE
Can, i.a‘., neiindr an ti;v: olent

FATIINN

0 viow OF w2 iach dhit Bigh st 22k is ussd o

consiruct important siructue, the DICSIss

must L2 osuited to carbonitride and nitride formaiion
proc alihougn this may not ciways be the inost
econoinical.

4. residuc pina stresses caused by the plate cold bending
incrzase tha pipe deformation in the direction o) the
volume, ot the btial in the form of a insting
dercrmation with e « int fooads, winen o
e maxiinum, pipe stays diexible;
ever, i in? ouerloads Lecome oo gieat, o5 vwien g
water shock is experizacad, the incicased deformation
acts as a kind of a ,,shock—absoibaer”. From tais
recson, the pipe stress relieving, as weli as increased
picssure esove ine nominal level, during the pipeline
pressure  testing, is not useful, os the favourable
residual stress influence on the pipe deformation is
lost.

ioodd,
¢

y et

OVEis)

Equaily, pipe stress relieving represents a problem,
meiaiiurgicaily, necessitaiing the examination cf the
infiuence of siress relicving on gvery type oi sicel,

aparately. In our corcrete example, we have, based on
the rasulis of the tests of -metaliurgical and mechanical
Dronzitos, Ga st B3 135N COAULLIRG an The wxperiian il

modei, abanadoned ithe pipe stress reiieving process.
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Teoia | — Niovdi 47 Steel — Chemicol Compasition ! Tabie It — Nioval 47 Gtasl —~ Mechanica Propertics
C.a .51 SMn WP 55 SeND SV WAl dizid Poiat St iy Eionsation Seniing
N/nm?2 NZiund 5us 160
mox. cca cca X, max. cza cca cca T o ‘
020 025 1,40 0630 0630 004 0C3 0,030 fain. 431 539-735 min, 18 3o
Table 11} ~ Misimum Sieel Toughnes. iTest spucinten V~Notch)
Joul ;
Non - aging state Aging siate
420 0 -—-20 -40 -539 +20 +5 -200
Longitudinai 48 41 34 47 25 41 35 24
Cross 41 41 21 23 2 4 35 24
Table IV —~ Chemical Compostion of Charges Poured in Hish Frequency
Furnace
Chg  Strel
Type %C  %Si %Min %V %ND
3319 Al 6,13 0,35 1,45 - - 0,023 9,003
3320 Al 0,18 0,45 1,27 - - 0,030 0,6092
3321 A2 0,17 0,42 1,23 - - 0,091 0,0032
3322 Al2 017 0,29 1,25 - - 0,090 0,6032
3324 Nb 0,15 043 1,13 - 0,075 0,004 0,G333
3325 Nb G,17 643 1,23 - 0064 0,002 0,0373
3405 Nb-Al 020 0553 1,50 - 0,075 0,042 0,0113
3131 V. 0,18 041 1,24 0,033 - 6,003 00072
3332 Vv 0,19 0,45 1,29 0,030 - 0,603 0,0113
3334 V-AI 0,6 025 1,03 0,070 - 0,019 0,0033
3404 V-Ai 0,21 0,52 1,43 0,072 - 0,043 00,0323
3263 Nb=-V-— A} 0,1/ 05-’}6 1,33 0,073 0,071 C,037 001/
017 0,47 1,23 0,072 0,070 0,025 06,4032
‘
[ o enpnang - — g - —-«-’,
x - e S SRS S
j' | ) !




Taovle V — Binding Share of Single Clements in percenlages’f

!

Alloyed Elements N Nb v
: Table Vil — Pure Weld
! Metal (eleciric are weld-
Heat Treatment A B €C A B C A B C ing} — Chemical Compaosi-
p—— — 2 tion
Steal Type N
ALl 77 30 74 =
Al 2 64 71 61 %C %St oMo %Ni
Nb 41 55 52 . 003 050 095 1,10
Nb—Al 73 94 85 47 45 44 :
v 18 312 41
V-Al

65 100 100 13 10 1

- T

.- o~ T
TN T 93 87 84 45 91 80 10 9 17

- e p—— -—
—_— v

|

, .
Tablz 1X — Pure Vyzid Matal Tougimess (tast
spzeinen V—iotch)

Temperature 20 0 —-23 —40 =00

Joul 82 &5 41 34 27
124 96 82 69 535

2]

N
Tabie VI — Plate — Chemical Composition :
%Si %! s % %V %Nb %
%C _%Si_%Mn d 3 *Al oV HNb AN Tabie X — Welded Joint Toudh-
0,19 0,33 1,50 0,017 0,006 0015 007 0,040,0102 ness {automatic. widing—Joul)
Weld Tmmiém Weld
2cne Aged State
60 3121 38
64 54 37
68 78 39
Test Specimen V—Notch
Test temperature QOC
J Table X! ~ Welded Joint
i Toughness {alectric arc weiding)
Toble Vil — Plate — {Aechanical Properties .
= a X Weid  Transient Weld
Jield Strength  Elongation  Toughness \ zone Aged State
Point 5d Joul H
N/mm2 N/min? ‘ 97 71 83
. — 85 99 63
464,9 623,1 26,8 41,4-49,6 | 82 95 64
E ] - ) = e
: =
! X Toughness in aed state daformation 5%, sharp J Test specimen V~Notch
112 ro:zh toct, tast temperature 00C r Test Ternparature 02C

-~ r————

!
4
!
-
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Table X!

Measure Spacific Deformations

Calculated Values®!
1

p
kp/em2 e;b10—5

10-$

0

0 0 0 0 0 0
50 335 351 328 337 87 345 _ .. ..344
T 7438 433 434 441 104 451 458
100 743 757 746 735 165 7G5 769
0 €0 59 73 €8 -1 [352] 80
100 753 75¢ . 243 739 170 7¢5 7C9
150 1346 1313 1332 1294 269 13606 1256
184 1891 1765 1822 1740 319 1871 1831
0 544 463 515 512 4 547 041
190 1678 1823 1860 1778 319 1904 1855
200 15934 1921 1950 183 335 2009 1043
0 718 639 717 €50 19 731 719
208 2138 2073 2117 1973 351 2160 2150
220 2387 2313 2359 2138 360 2406 2377
230 2637 25328 2604 2230 3380 2650 2610
230 2765 2651 2726 2355 392 2769 2716
Q 1167 1063 1155 802 16 1143 1102
0, = p-R PR (1__”_
A © Tt E 2
p-A ‘R
O =5 6 = (1-23)

€7710% € .10

6

€510 F £210.10

0
. 366
423
712
26
705
1245
1603
323
1731
1833
53
1370
2213
2438
2545
aC6

0
318
323
631

6
€23

1630
1222
110
1303
375
197
1434
15238
1610
1637
221

_6

0
9%
126
126
8
191
239
353
18
355
375
54
335
396
413
41
7

5108 &x10-% 0, o
A S
! 0 0 o] 0
{ 337 - -—79. 833 417
405 95 1000 5CO
675 169 1657 833
(o] 0 o] 0
675 169 16G7 833
1012 233 2520 1250
1241 292 3067 1533
0 0 0 0
1282 301 3167 1583
1349 317 3333 1037
0 (o] 0 0
1403 330 3467 1733
1484 349 3667 1833
1551 365 3233 1916
1551 365 3833 1916
6o ¢ o

4
!

it
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P “_TTY"_’:"‘_C—/" Wy A
1] —
Table Xill _ e e
i )
Measuring Point
p gy 1 4{longitudinal G{longitudinal Caiculated
kp/cm? kp/cme weld) weld)
6 Y v g e - v - -
€ - 1070 €y 1070 &mL107E g 1076 €910 6 €49 10 6 €. 10-6
0 0 0 0 ) 0 0 0 0
50 833 346 325 573 102 432 204 337
62 1000 443 4293 - 780 103 627 250 405
1C0 1667 763 719 1333 163 847 435 675
0 0 65 56 219 -20 16 -3 0
160 1667 782 725 1317 1G2 843 434 675
159 2500 1401 1292 2400 183 1273 787 1012
183 3067 1506 1777 3195 204 1502 1076 1241
0 0 578 511 1232 ~257 —-37 25 0
1¢0 3167 1951 1805 3263 291 1500 1107 1232
202 3333 2054 1915 3388 329 1562 1176 1349
0 0 756 631 1525 --225 +38 255 0
208 3467 2207 2069 3563 381 1612 1256 1403
220 3667 2465 2308 3306 471 1643 . 1410 1484
230 3833 2719 2556 4025 555 1690 ! 1631 1551
230 3333 2859 2673 4109 601 1678 1597 . 1551
[ 0 1211 1123 1841 -116 -133 530 0

Calculated Values:
rD

PR .
Gp=or = ° i66-p " (kp/em?)

pD v
€ 5= (1-5~ )=6,746-10’""-p







