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1.00 SYNOPSIS

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 

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 t 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 seats. The
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3.00 CONT'D.

A. PROJECT APPRAISAL (Cont'cQ

halves are joined by a longitudinal weld with root pene­

tration with MIG CO^ process using short-arc welding. 

The weld filling is also achieved by MIG CO^ process.

It is planned that the welding joining the attaching 

elements be carried out by manual operation with coated 

electrodes. The longitudinal seams are planned to be 

automatically welded.

Some problems are found in the stress relieving of the 

whole rear axle with attachments, whmh is carried out 

after the welding is completed.

B. 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 recommending a re ­

organization of the plant.

C. STUDY FORMAT

The difficulties in the manufacture of axle housings at 

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

( l )  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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C. STUDY FORMAT (Cont'd)

(?.) Further rejects occur with the occurence of 

incipient cracks becoming apparent following 

straightening after assembly and wilding.

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) To establish laid 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) 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 must 

be aimed at.

(7) To improve control on the pressing operation by 

the introduction of shut height stops, and blank 

location stops.

(8) Filli investigation to improve clamping and jigging 

methods. Investigation into welding techniques 

using Inert Gas (CC>2) 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.

(9) 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 .endations on flowlines 

in order to increase current production, i.e .

6000 axle housings 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 casings 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 A1

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 
2

64 kp/mm . Under no circumstances should
2

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

(3) The surface finish of the steel is poor - skin 

laminations (see Fig. 1A 8t IB) 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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NOR R I S  P A R T N E R S  L T D Figures 1A & IB

SURFACE FINISH OF STEEL
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NORRIS  P A R T N E R S  L T D  Figures 2 & 3

SURFACE FINISH OF STEEL
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4.00 CONT'D.

1. STEEL PRESENTLY USED FOR AXLE HOUSINGS

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

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, but from more recent 

records it would appear that the position is 

improving.

Mechanical properties must be brought into line 

with manufacturer's printed figures.

(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.
i

(3) After investigation, it is apparent that Yugoslav

Standards cater for only one quality on hot
i
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4. 00 CONT 'D.

1. STEEL PRESENTLY USED FOR AXLE HOUSINGS

B. (3) cont'd.......

rolled plates, i.e . in similar plate size the 

same tolerance for welded fabrications is 

obtained as for pressed components.

(4) In the case of the plates delivered to M. I. N. 

ti e listed tolerance is 10% of plate thickness

if the plate is reduced to the minimum roll 

width - even so, this is above the accept­

able tolerance, and the price is considerably 

increased.

(5) 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. R e comme ndations

( l )  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) 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.

(2) 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.



N O R R I S  P A R T N E R S  L T D 16

4.00 CONT'P.

2. QUALITY OF PRESSINGS

A. (3) These half pressings were taken at random

from the first run off the press and marked.

The pressings were removed to the Inspection 

Department and measured. Existing press 

and die tools with half pressings are shown 

in Fig. 4.

B. Conclusions

(1) The results are given in the following tables 

Fig. 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.

(2) This condition means that when assembled the 

arms are not round, and on later processes 

they have to put in a 4 mm filler weld between 

pressings to make it possible to clean up the 

spindle ends on the machining operations.

C. 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,





NORRIS PARTNERS LTD. Figure: 5A

Project U N ID O  Y U G O S LA V  P R O T E C T
c o n t r a c t  N0. 77/34

Date: MAY 1*77

Drn. by: R X L .
T itle  R E A R  A X L E  HALF  P R E S S I N G  

HALF PRESS  IVIJDTH Scale: N X S .

POMJTKA Z AQKIJEG M O S T  A 
S1RINA POLUTKE

(2) |T
T 's!11__

M EASU R IN G  
POINT 

MERNA MtSTA

613EE PER 
"DRAWING 

MERA POCRTB

TOkERAMCE

TOLERAN

A C T U A L  SIZE -  IZMCRANO
’A X i.E  N U M B E R  -B R.M 05TA

1 Z 3
/ 93 + / 

-O t o t t o t ZO/.5

2 93 + 1 
-O to o t o o t o t

3 /30

-0
 

+ 1 1 3 7 /37 1 3 7

4 164- •»2
-O 1 6 ! ' /40 / 5 0

5 /5 4 +2
-O 1 5 9 /59 /59

6 /54 - 0 h59 /5 9 / 6 0

7 130 +1 -0 /37 /37 / 3 6

a 93 t 'c t o t t o t t o o

9 93 + 1 
- O t o t t o z IO /



NORRIS PARTNERS LTD. Figure: 5B

Project U N  IP O  VUG OS LAV P R O TE C T  
CONTRACT No. 7 7 /3 4

Date: MAY 1977

Drn. by: R .T L .
T itle  STRAIGHTNESS OF REAR AXLE. PRESSING 

IN  V ER TIC A L PLANE Scale: N-T.S

ODSTUPANJA  OP OSE MOSTA U 
VERTIKA LNOJ RAVI

M EASURIN G S IZ E  PER t o l e r a n c e A C T U A L  SIZE -  IZ M E R A N O
P O IN T D R A W IN G A X L E  N U M B E R  -  BR.M OSTA

MERNA MSSTA MERA POCRTEZ TO LE R A N l 2. 3
CL 3  I S + O.S 

-  O 3 & S 3 6 -S 36-S

b 3 1 ' « -h O -G
-  0 3 h S 31 . « 3 1 '«

c s o +  O S  
-  0 S o S SOS S I

d / 9 4
+ 1 
- 0 !<M-S I9 S /9 3 .«

e So +  o -s  
-  0 So-S SO S * /

f 3  b S + O -G  
-  O 3bS 3b S 3bS

9 3 / S + 0 -5  
- O 3 * S 36-S 36-S



N O R R I S  P A R T N E R S  L T D 17

4.00 CONT'D.

2. 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 re ground.

( 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 be 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.
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4.00 CONT'D.

2. QUALITY OF PRESSINGS

C. (5) 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.

(6) 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.

(7) 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.

(8) 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-
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4.00 CONT'D.

2. QUALITY OF PRESSINGS

C. (8) cont'd.......

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.

3. 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.

Ql/3875 of Wellman Incandescent Ltd, England, 

Appendix l), to obtain a production rate of one 

blank every two minutes, i.e . 30 per hour. Operating 

characteristics of the Walking Beam 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.

B. Conclusions

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

Beam type will present considerable difficulty
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PNEUMATIC HAND SPRAY GUN UNIT

The Dag 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 cleaning and 
cooling of the dies. When pushing the dual action trigger lever 
further an adjustable quantity of the liquid is added to 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 
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.

DESCRIPTION PART NUMBER

C om ple te  System w ith  

handgun  a n d  7,5 1. liqu id  

pressure tank

1 2 5 -1 0 3 0

. C om ple te  S /stem  w ith  

h a n d gu n  a n d  25 1. liq u id  

p:essure tank

125 - 2030

- 
5

0
 

- 
- 

2
5

- i . f ' L

* : l - i  - r : vr-j ¡"" '

C om ple te  System w ith  

handgun  a n d  60 1. liqu id  

pressure tank

125 - 4030

H a ndgun  o n ly , w ith o u t hoses 085 - 0030

320

460

lO;

H andgun  w ith  T head, 

w ith o u t hoses 085 - 0530

'f.

, .:> r f  J• * • [ * ‘ t
' . i f  ,

\  : j t .

i »’ ^  Z i
H andgun  o n ly , w ith  hoses 0 8 5 -1 0 3 0

o * M: > ■CO • • [ : ; H andgun  w ith  T -head 

w ith  hoses 0 8 5 -1 5 3 0

For tank system do'C'Is, refer to page F 9
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SPRAY GUN UNIT LIQUID PRESSURE TANK

The handgun  sp ray system m odel 125 consists o f  a  liq u id  pressure tank 
m odel 060 a n d  a handgun m odel 085, co n nec ted  by 2 ,5 metre long  hoses, 
c tta ch e d  b y  qu ick connecting  fittings.

Tcnks a re  a v a ila b le  in the fo llo w in g  sizes: 7,5, 25, 60 a n d  200 litre.

For hcn d gu n  sp ray  systems, the tank is no rm a lly  e q u 'o p e d  w ith  a ir ag ita tion  
but the 60 a n d  200 litre  tcnks can  a lso  be  supp lied  w ith  an a ir  driven  
cadche w hee l stirrer. A  single pressure reg u 'a to r con tro ls  the tank as w ell 
cs the  hcndgun  pressure. O p e ra tin g  c ir  pressure rcnges from 3 to 6 bars 
w ith  the a ir  pressure de term in ing  the  vo lum e o f a ir d ischarged.

The m ode l 085 handgun  has a  2 -s tage  squeeze tr ig g e r, ihe first releases 
c ir  fo r c le a n in g  a n d  the  second adds  a  fine ly  a tom ized  spray pattern  to  the 
a ir stream . A n d  a d jus tab le  liqu id  m etering screw  p rov ides  positive flo w  
con tro l.

The s tanda rd  handgun  is e q u ipped  w ith  an  alum inium  1/4 inch p ipe e x ­
tension tube , furn ished w ith a 9 0 ° bend a n d  30 cm. long. O th e r lenghts, 
ang les o r T -head  may be se lected for s p e c ie  a p p 'ica tio n .

For tank de ta ils  p lease refer to  p a g e  C 1 and F 5 a n d  fo r handgun d e ­
ta ils to  p a g e  D l l .

sam ple show n: 125 - 4030

DESCRIPTION

C om ple te
system

(inc luding  
standard  

085 handgun! 
a n d

PART NUM BER 
handgun w ith

9 0 °  extension T -head

C a p a c ii 
thon a ir

7,5 1. tank 125 ■■ 1030 125 - 1530

50 100
r  ■ " ■ 1

150 25 1. tank 125 • 2030 125 - 2530

liq u id output in 1ifre  per hour
60 1. tank 125 ■ 4030 125 - 4530

handgun 085 - 0030 when ¡¡quid pressure 1 bar lo w e r
200 1. tank 125 ■• 5030 125 - 5530



r

Photographs showing existing handling of Blanks 
into and out of Furnace

4
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4.00 CONT'D.

3. HEAT TREATMENT FOR AXLE HOUSING BLANKS 

B. ( l )  cont'd.......

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 push. 

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 

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

3. HEAT TREATMENT FOR AXLE HOUSING BLANKS 

C. (3) cont'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 intended to use a semi-automatic sub­

merged arc machine and to weld the seam in one pass 

(currently the seam is welded in three passes by semi­

automatic CO^ plus a final pass by manual arc weld using 

conventional stick electrodes). While the new intended 

method w ill 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 CO^ automatic welding, but a 

divergence of opinion was expressed during discussions 

with the M.I. N. Production Staff, in that some favoured 

submerged arc process. In this regard, we would comment 

as follows on submerged arc versus MIG CO^.

Metallurgically there is very little significant difference. 

Modern practice on high production plants in Western 

Europe and North America generally prefer MIG CO^, 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 

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
(Coat'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 CO^ with 1. 2 mm wire 

prior to final run with submerged arc set. Tins 

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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PHOTOGRAPH OF SINGLE ENDED FRICTION WELDING MACHINE

J
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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 ent- 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 protection 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



N O R R I S  P A R T N E R S  L T D Figure 13.

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) cont'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 arc is greatly reduced. In 

these cases sufficiently dark flash glasses (flash 

goggles) will provide adequate eye protection.

C. Considerations: Hot Si Cold Pressing

The practicality of the use of Hot or Cold Pressing 

techniques in the manufacture of axle housings depends 

on the following c^iteria;-

(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.

(c) The quantities required.

Each factor having a major impact on the economics.

Hot Pressing

(1) 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.

(2) Steel can be purchased as rolled strip with 

medium limit tolerances, and less mill marks 

than experienced on plate.

(3) Press operation is restricted to single operation 

on single press with average tonnages, i.e.

800/ 1000 ton.

(4) Pressing techniques and tool manufacture is 

comparatively 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
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5.00 CONT'D.

1. MANUFACTURING OPERATIONS FOR AXLE HOUSINGS 

C. (4) cont'd.......

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 

involved, i.e . one 1500 ton and one 1000 ton - 

presses must be modern, accurate, «and in first 

class condition.



I
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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) 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.

(2) 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).

(3) It is not felt that the required expertise and exper­

ience in press shop techniques are available at 

M .I.N .

(4) It is not felt that tool design and tool manufacturing 

facilities are available at M. I.N. to cater for high 

technology presswork.

E. Conclusion

It is judged that cold pressing of axle housings within 

the M .I.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.

B. Details of the initial analysis and preliminary recom­

mentations are given in the following tabulated 

sequence of manufacturing operations, Tables 5.2/BI, 

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.

C. 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/B9and 5.2/B10.



T

J

CURRENT PRODUCTION METHODS AT M .I.N .

OPERATION TYPE OF EQUIPMENT COMMENTS OP.
NO.

RECOMMENDED CHANGES 
(PRELIMINARY)

Flame Cut 
Blanks.

Multi cut from Panto­
graph.

Satisfactory. 1 Try-out to be made using rectangu­
lar blank 300 mm wide - if this 
method proves satisfactory, a 
saving of approx. 33% in material 
would be possible.

Heating 
Furnace 
for Press

O.S. 3.35 x 2.13 m. 
Internal 1.45 x 2.35 m. 
Type not known.
Oil fired - no pre-heat 
for lighting. Doors 
open 350 mm.

Raise to temper­
ature 2/3 hours. 
Heating time in 
furnace 45 mins. 
Temp. 950 - no 
temperature con­
trol. Blanks 
stacked two stacks 
of five.

2 Furnace is not satisfactory and has 
no temperature control. Blanks are 
stacked in fives and on checks 
carried out, temperature variations 
of up to 200 C were found between 
the top of the blank and the under­
side. The handling of the blanks is 
difficult and a new Walking Beam 
type furnace is essential. Full 
recommendations are given in this 
Final Report.

Press Tools Heavy Grey Iron Cast- 
Steel Inserts Punch & Die 
Mat. Inserts 5740 
Size 2. 2 x . 975 m.

(A) No blank location 
or shut height 
stops.

(A) Being fitted 26-4-77. 
Not seen in operation. T

A
B

L
E

 5. 2/B
1.



CURRENT PRODUCTION METHODS A T  M. I. N . (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP.
NO.

RECOMMENDED CHANGES 
(PRELIMINARY)

Pre s s. Ruhard Fernau, Vienna 
1000 Ton Water Hydraulic 
down rated to 800 Ton. 
Down stroke 1.3 m.
Bed size 2.9S x . 975 m.

Approx. 40/50 years 
old. Water leaks. 
Guides satisfactory. 
No excessive play 
on ram through 
stroke cycle.

3 Not seen in operation. Press 
satisfactory but not fitted with any 
means of ejection. Giving con­
sideration to spring ejection, but 
doubt if this will be possible with 
current tooling.

Shot Blast 
Half/Pres sing

Gutman. Roller track 
fed. Good condition.

Satisfactory machine. 
Used for other com­
ponents.

4 Feel that this could be eliminated 
by using Coloidal spray technique. 
Investigation not complete.

Straightening
Press

M. I. N. made. 100 Ton. Good condition.
Used for other com­
ponents.

5 If clamping pressure is increased 
at flame cutting, this operation 
could possibly be eliminated - 
investigation not yet complete.

ABOYE OPERATIONS 1 - 5 IN FORGING h PRESSING DEPARTMENT UNDER OWN MANAGEMENT

Flame Cut 
Chamfer.

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

Good condition. Clamf 
not strong enough to 
pull down, hence Op. 
No. 5 Forging & Press 
work. Discard 12/
25 mm.

)S 6 Increase clamping pressure - 
raise height of flamecut to centre­
line plus 0. 75 mm to eliminate gap 
and to give 1̂  mm for necessary 
rounding.

I

T
A

B
L

E
 5.2/B

2.



CURRENT PRODUCTION METHODS A T  M . I .N . (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP.
NO.

RECOMMENDED CHANGES 
(PRELIMINARY)

Dress Edges Hand Grind. To remove oxides 
prior to welding.

7 No comments.

Assembly and 
Tack 2 Half 
Pressings &
4 Gussets.

2 Assembly Stations 
(tables) using clamps, 
spacers and rings.

Slow - 4 mm gap left 
in bottom of "V ", no 
land at bottom of 
chamfer. Combined 
angle of "V " 35/40°.

Gusset Size,^v~----

% /

8 Make hydraulic clamping fixture. 
Clamping pressure required 
approx. 40 Tons - this w ill elim in­
ate gap and w ill show savings in 
welding times. Under discussion 
with M. I. N.

F iller Weld 
First Run

Inert Gas CO^
Essab 400 amp used 
on tilting table.

Length of weld 
4350 mm. Depth of 
weld 3-4 mm.
Wire 1 mm.

9 Eliminate gap. Increase wire to 
1.6 mm. Penetration on seam weld 
need be only 70/80% - weld on 
gusset must be 100% penetration - 
gusset ends should be double welded.

Weld 2 Runs Inert Gas CO^ 
Essab 400 Amp 
One Operator on 
two stations.

Length of weld 
4350 mm. Depth of 
weld 8 mm each run. 
Wire 1. 2 mm each 
run.

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.

T
A

B
L

E
 5.Z/B

3
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CURRENT PRODUCTION METHODS A T  M. I. N . (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP.
NO.

RECOMMENDED CHANGES 
(PRELIMINARY)

Final Cap 
Weld

Manual A rc D. C. 
250 Amp.
Yugoslavian made.

Length of weld 
4350 mm. Depth 
of weld 4 mm. 
Coated Touch Rod 
5 mm.

11 Not required if procedure in 10 
is adopted.

Visual
Inspection

Visual inspection 
of weld.

Flame Trim Hand Torch off 
mechanical swing 
guide.

Remove excess 
metal.

12 O.K.

Straighten Hydraulic Press built 
by M. I. N.
100 Ton (est.)

For arms only prior 
to first machining 
operation.

13 This operation should be a cold 
rounding up straightening operation. 
Op. 16 should be for complete axle 
housing and not just for arms as at 
present.

Rough Turn 
Spindle Ends

Two Gap Bed Centre Lathes
1. 2667 mm B. C.

212 mm Bed/Centre.
2. Potishmorando

2740 mm B.C. 275 mm 
Bed to Centre.

One lathe very old 
belt driven. Second 
lathe geared head 
Yugoslavian made.

14 Introduction of copy lathe would 
reduce production time by 80%

T
A

B
L

E
 5.2/B

4.



CURRENT PRODUCTION METHODS A T  M. I. N . (Cont'd)

i

OPERATION TYPE OF EQUIPMENT COMMENTS OP.
NO.

RECOMMENDED CHANGES 
(PRELIMINARY)

Cut to Length Plant as above. Operation 14. 15 See Op. 14.

Straighten Hydraulic Press 
100 Ton (est.)

For Rear Banjo 
Face only.

16 Refer to Op. 13 - Arms and Banjo 
should be done in one operation with 
simple tooling.

Bore through 
Face Rear.

Horizontal Boring 
Machine.

One machine being 
installed. Both 
existing and new 
(secondhand) very 
light.

17 Very slow - both machines too 
light. With modern bore /face 
equipment would reduce times by 
80%, i. e. floor to floor 6 minutes.

Fit Oil Seal 
Ring to Arms

Hand torch to heat 
forced on by hammer.

No comment. 18 Small muffle furnace should be 
installed when throughput increases; 
ve iy  little cost.

F it Baffle. Manual Arc D. C, 
250 Amps.

Locate on tube.
Four tacks on each 
baffle - 5 mm Rutile 
coated touch rod.

19 Normal method - O. K.

Tack Cylinder 
Brackets.

Locate on Welding 
Fixture.

20 Investigating to see whether it can 
be included in Operation 22.

T
A

B
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CURRENT PRODUCTION METHODS A T  M. I. N . (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP.
NO.

RECOMMENDED CHANGES 
(PRELIMINARY)

Fic Brake 
Flange.

Reversible Vertical 
Press 5 Ten.
Inert Gas CO^

First run in fillet - 
2 opposite Back & 
Front alternate - 
Weld length 247 mm 
Depth 5 mm.

21 O.K. - Floor to floor times should 
be improved.

Assy 8r Tack 
Spring Seats

Hydraulic Holding 
Press. Manufactured 
M .I.N .

Difficult loading 
onto locations.

22 Tapered bung location rather than 
full through bore should be adapted. 
This would make loading much 
easier.

Finish Weld 
all Brackets

Two Stations 
Manual A rc D. C. 
2-0 Amps.

23 Using two runs - normal one run 
CO^ satisfactory - further investig­
ation being undertaken.

Stress Relieve 2 front charged electric 
furnaces. Depth 2325mm 
Door: 1473 mm wide 

762 mm open 
Trolley and Forklift 
Truck.

Load 8 at a time - oraise temp. 800 - o860 approx. 4 hours. 
Close and soak 1 hour 
door closed, gradual 
cool 1 hour door open.

24 Indications that this is doing more 
harm than good. Full and detailed 
report after discussions with 
customer (F .A .P .). At this stage 
feel that stress relieving should be 
eliminated.

Straighten Press (Hydraulic) 
100 Ton. M .I.N .

True arms prior to 
coning and second 
rough machining.

25 Consideration to be given to new 
inspection and straightening aids. 
Time is excessive.



CURRENT PRODUCTION METHODS A T  M . I .N . (Cont'd)

OPERATION TYPE OF EQUIPMENT COMMENTS OP.
NO.

RECOMMENDED CHANGES 
(PRELIMINARY)

Inspection Table and Standard 
Equipment.

26 Not seen.

Cone Ends 
Turn Spindle 
Ends
Brake Flange

Centre Lathe (Wafrum) 
2425 BC - 254 Centre 
to Bed.

Coning badly out 
of centre on high 
percentage.

27 Cone badly out of centre. Consider­
ation to new techniques.

Shot Blast Done in another 
Department.

28 Not seen - but necessary.

Final
Inspection

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

F ettle Manual. 8 Men Hammer 
Chisel.

30 Consider pneumatic hammer or 
rotary equipment.

Paint. Manual Brush. Red Oxide Outside. 
White Inside.

31 O.K.

PERIODICAL QUALITY CONTROL BY CUSTOMER (F .A .P .)
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5.00 CONT'D.

2. CURRENT PRODUCTION METHODS AND RECOM­
MENDED IMPROVEMENTS

D. (1) TABLE 5.2/B8.

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.

A5 - 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.

A 17 - 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'dl

A23 - Tack Brake Cylinder Brackets: It was 

demonstrated that this operation could be 

combined with Operation B18 (clamp and tack 

top and bottom 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).
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C O N T R A C T  No. 7 7 / 3 4 -

Date: M A Y  /977

Dm. by: R .T.L.
Title A Y L £  H O U SING  L O C A T I O N  &  C L A M P I N G

A R R A N G E M E N T S  O N  M IL L I N G  M A C H IN E  TO ELIMINATE 
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NORRIS PARTNERS LTD Figure: 15

Project U N I D O  YUG O SLAV  P R O T E C T  

C O N T R A C T  N o . 7 7 / 3 4
Date: MAY 1977

Drn.by: R T L .
Title EXISTING AXLE HOUSING CLAMPING DETAILS 

FOR  C U R R E N T  C O z  MANUAL  WELDING Scale.- 1:10
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NORRIS PARTNERS LTD

Project U N I D O  Y U G O S L A V  

C O N T R A C T  No. -77/34-

P R O T E C T

Figuret 16

Datei M A Y  1977

Title
Dm. by i R.T.L.

ALTERNATIVE AXLE HOUSING CLAMPING DETAILS 
SUITABLE FOR EITHER CURRENT CO* MANUAL 
WELDING OR PROPOSED SUBMERGED ARC WELDING Scale: l - 1 0 * 1 : 2 6

STOP SECURELY 
BOLTED DOWN 
TO TABLE . -------

RAUL 1C OR PNEUMATIC 
TORS, EACH HAVING GO 
RUST, TO CLAMP AXLE. 

NG AGAINST FIXED 
. 6ANJO ACTUATORS 
rlRATE FIRST.

I

I

SECTION A-A

h y d r a u l ic /  pneumatic

SECTION B -B

S E C T I O N  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 - xvlethod 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 Modern 
Type Axle Housing - Stage 4.



NORRIS PARTNERS LTD. Figure: 17

Project U N ID O  YU G O S LA V  P R O TE C T 
CONTRACT No.77/34

Date: MAV /977

Dm. by: R .T .L .
Title PREPARATION FOR G U S SE T TY P E  

HOUSING -  M ETH O D  'A' Scale: N .T.S.

B LA N K

HEAT g  FO RM

P L A M E C U T

W E L D  S E A M

Vo/soZ
P E N E T R A T IO N

W E L D  C.USS  ET
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NORRIS PARTNERS LTD. Figure: 18

Project U N I D O  Y U G O S LA V  P R O T E C T  

C O N T R A C T  N o .7 7 / 3 4 -
Date: M A Y  /977

Dm. by: R.T.L.
Title p r e p a r a t i o n  f o r  n o n - g u s s e t  t y p e  

H O U S IN G  -  M E T H O D  *B* Scale: N T .  S.

B LA N K

H E A T £  F O R M

M lLL E D G E S  
O R
FLAME TRIM 
EXCESS 
MATERIAL 
FROM EDGE

WELD SEAMS 
INERT GAS 
COz
AUTOMATIC OR 
SEMI-  AUTOMATIC 
N3. -  FOR FULL 
AUTOMATIC REFER 
PHOTOGRAPHS.

S E A L  W E L D S  
I N S I D E  B A N J O



NORRIS PARTNERS LTD Figure: 19

Project U N IJ> 0  YU G O SLA V P R O T E C T  
CONTRACT N 0 .7 ^ 3 4 -

Date: MAY 1977

Dm. by: R.T.L.
Title COM PLETION OF HOUSING  

BOTH TYPES Scale: IU.TS.

r o u n d  a r m s

FRICTION WELD

DE-FLASH
TU R N  O R  GR IN D

I D

WELD FLANGES

p n

WELD REAR HIWG 
NOT ALWAYS 
R E Q U IR E D , ONLY 
O N  T A N D E M  
APPLICATIONS.



NORRIS PARTNERS LTD. Figure: 20
Project U N IP O  YU G O S LA V  P R O T E C T  

Co n t r a c t  isi«. 77/34.
Date: MAY IQ77

Dm. by: R.T.L.
T itle  PRO PO SED S P IN D L E  e n d  FORGING FOR 

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

310

~75
V

i '

WZZA

977777)I

- V

V

S T A G E  1

P O S S IB L E  INITIAL FORGINGS 
FIR ST  12 TO 16 MONTHS. CAN BE 
PRODUCED ON EXISTING PL4NT. 
REQUIRE FINISH BORING.

N O TE  : F O R G IN G  TO BE HEAT T R E A T E D  £  D E - SC A LED
H A R D N E S S  2 0 /  -  2 S S  B R IN E L L .
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Project U N ID O  YUG O SLAV P R O T E C T  

CONTRACT N«.77/34-
Date: M A Y  iR T 7

Drn.by: R .T .L .
Title PROPOSED SPIN D LE END FORGING FOR 

MODERN TYPE AXLE HOUSING -  STAGE Z Scale: 1 : Z

S T A G E  2.

POSSIBLE SECOND STAGE. AS  
EXPERTISE IS BUILT UP,

NOTE : F O R G IN G  TO BE HEAT T R E A T E D  9  D E -S C A L E D
HAR DNESS 2 0 1  -  2 S 6  B R IN E L L .



NORRIS PARTNERS LTD. Figure: 22

Project U N ID O  YUG O SLAV  P R O T E C T  
CONTRACT N « .7 7 /3 -4

Date: MAY (9 77

Drn. by. R T L .
Title PRO PO SED S P IN D LE  END FORGING FOR 

MODERN TYPE AXLE HOUSING -  STAGE 3 Scale* i ' . Z

s t a g e : 3

P O S S IB L E ,  T H I R D  S T A G E  A 3  
EXPERTISE IS F U R T H E R  
B U IL T  UP.

NOTE i  F O R G IN G  TO  B E  H EA T T R E A T E D  £ - DE-SCALEJ>
HARDNESS 2 0 ! - 2 . 5 5  B R t N E L L .
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Project U N ID O  Y U G O S L A V  P R O J E C T  

C O N T R A C T  No. 77/34-
Date: M A Y  1 9 7 7

Dm. by: R .T .L .
Title P R O P O S E D  S P IN D L E  E N D  F O R G IN E  F O R  

M O D E R N  T Y P E  A X L E  H O U S IN G  -  S T A G E  A - Scale: 1 : 2

S T A G E  A

u l t im a t e  T y p e  o f  f o r c in g ,  f u l l y  p i e r c e d .
MANUFACTURE WILL ONLY BE POSSIBLE WHEN THE 
IO 0O  TON LASCO FORGING PR ESS, CURRENTLY ON 
ORDER, HAS BEEN INSTALLED AT N13.

NOTE : f o r g i n g  t o  b e  h e a t  t r e a t e d  a- d e - s c a l e d

H A R D N E S S  2 01  -  2 5 5  B R IN E L L .
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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 1

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

42
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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

(lb ) 1 1

(2b) 2 2

(3b) 1 . 1

(4b) 1 1

(5b) 1 1

(6b) 1 1

(7b) 1 1

(8b) 1 1

(9b) 1 1

General Shop Labour 2

Forklift Drivers 2

Supervision & Inspection 4

Total Machine Line 18

Total Fabrication 42

TOTAL SINGLE SHIFT 60

T O T A L  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. MINIMUM REQUIREMENTS FOR CURRENT

(1)

EXISTING PLANT
£

STERLING

Modern Walking Beam Furnace to
deliver one axle blank to press every
2 minutes. Estimated Cost: 60, 000

(2) Roller track and handling facilities
blank to press. 4, 000

(3) Submerged arc semi-automatic 7, 000

(4) Special rails etc. , for above to
clamp to axle seam. 2, 000

(5) Improvements in general clamping and
jigging including clamping pressures
up to 40 Tons on flamecutting machine 10, 000

(6) 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

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

£
STERLING

(a) Flame cut multi head - Pantograph
trace nestled blanks. j?, 830

(b) Heat Walking Beam 7 2 , 000

(c) Press 1200 Ton Hydraulic, including
installation 360,000

(d) M ill for butt seam weld 59, 000

(e) Seam Weld, submerged arc - 2 machines 14, 000

(f )  Weld Ring, hand CO (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 8t flanges - existing
fixture with small modification. 2, 000

(k) Full Heat Treatment for thin wall case
if required. 198,000

( l )  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)

A ll 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) M ill 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 / F wd: £ 1,200,830
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5.00 CONT'D.

5. PLANT REQUIREMENTS

C. CONT'D. £
STERLING

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 8c flanges, also dome

Manual CO^ - 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 . . .  . . . £1,943, 830

N. B. A Plant Layout of the above Scheme C 
is shown on Appendix 4.
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5.00 CONT'D.

6. LONG TERM ASPECTS FOR MANUFACTURE 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 .I.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 St 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 apparent 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 housing production. However, it was agreed by the 

Steel Company that a 100% check would be carried out 

jointly by their own and M .I.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 F .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

J



N O R R I S  P A R T N E R S L T D 44
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6. LONG TERM ASPECTS FOR MANUFACTURE OF AXLE
HOUSINGS

A. (3) Cont'd.......

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.

(4) 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 modified by F. A. P. to suit their 

manufacturing 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) 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.

(2) Axle requirements will be four basic types, including 

a Tandeo 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.

(3) Some of the new designs will follow the modern square 

section cases using welded forged ends.
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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) It is F. A. P's intention that all these housings will 

be manufactured in Yugoslavia.

C. 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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6.00 TERMINAL SECTION

1. M .I.N . ORGANISATION STRUCTURE

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 Railway 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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1. M .I.N . ORGANISATION STRUCTURE 

A. Cont'd.......

In future, special emphasis 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.

B. 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 

Ing. Poovidar Jocic 

Dipl. Ing. D. Stefanovic

Dipl. Ing. P. Pejcic

Dipl. Ing. V. Djurovic

- Director and General Manager.

- Deputy General Manager

- Technical it Development 
Director.

- Technical Development 
Engineer.

- Engineer on Metallurgy 
(Interpreter)
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1. M. I. N. ORGANISATION STRUCTURE 

B. Cont'd.......

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

C. The current organisational format of the Masinska 

Industrija-Nis Plant is displayed on the chart layout, 

Fig. 25.



C U R R E N T  ORGANISATION CHART : M A S IN S K A  IM P U S T R IT A  -  N IS

CENTRAL. WORKERS COMMITTEE

r

Figure: 
25
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6.00 TERMINAL SECTION

2. BASIC CONCLUSIONS

A. M. I. N. is an organisation employing approximately 

8500 workers. The traditional manufacture for the 

past 100 years has been based on RaTway Rolling 

Stock, and the repair of steam and ’ ater diesel 

engines. The Yugoslavian Railways, like many 

other systems in the world, is losing its dominance 

to road haulage, hence the necessity for M. I. N. 

to diversify into 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. I. 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. Even 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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2. BASIC CONCLUSIONS 

A. (2) cont'd.......

of axle housings should be brought under one 

roof, and put under its own Management with 

complete authority 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.

(3) 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
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TERMINAL SECTION 

2. BASIC CONCLUSIONS

A. (4) 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.

(5) M .I.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.

(6) 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 .I.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.

(7) 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
Figure 24

TO: FROM: M .I.N .
P.O. BOX 112 
18000 N1S 
Y UGOSLAVIA 

Telephone No.
Telex No. I6l87

DATE _______________  No.

Our Enquiry Dated Reference No. 

Your Quotation Dated Reference No.

QUANTITY
kg-

NOMINAL SIZE Type
of

Steel

Condi­

tion

DIN.
Ref.
No.

Maker's
Ref.
No.

Date

Req'd
Thk.
mm.

Length
mm.

Width
mm.

CHEMICAL COMPOSITION

ELEMENT C Si Mn Nb V A l S P

Percentage:

Maximum

Minimum

MECHANICAL PROPERTIES

R oiling 
Tolerances 
% of Plate 
Thickness

Tensile
Strength
kp/mm^

min.

Yield 
Stre s s 

kp / mm^ 
min.

Elongation 
% Min.

Brine 11 

Hardness

Limiting
Ruling
Section

mm.
Longi­
tudinal

Trans­
verse

OTHER SPECIAL REQUIREMENTS

WE WILL/WILL NOT WISH TO WITNESS MANUFACTURER"S TESTS.

SIGNED BY FOR & ON BEHALF OF M .I.N
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A. (7) cont'd.......

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 manufacture for axle housing pro­

duction in the foreseeable future, and additional 

facilities will be needed.

(8) 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.

(9) 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 . Management 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. A ll heating
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A. (9) cont'd.......

equipment must be temperature controlled 

and accurate.

(10) 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.

(11) 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 manufacture which are slowly 

being introduced at M .I.N .

(12) 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) cont'd........

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

they will have to live with for many years.

(13) It was explained by senior staff 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. A ll available financial funding 

has been earmarked and channelled for this type 

of future development.

(14) 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. I. N. Specifications of 1947 and are 

very much wider than those required for special­

ised production such as axle housings.

(15) 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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A. (15) cont'd........

Atmosphere 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.

(l6 ) Taking all these factors into consideration, we

reached agreement that the Steel 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 and com­

pleted rolling. They would accept rejection on 

all plates with visible bad surface defects 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 reference.
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PRIMARY CONSIDERATIONS

A. However, the emphasis to be placed on conclusions

for primary consideration a re :-

(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 methods and production 

line equipment will also give further impetus to 

the early rate of increase of the volume of annual 

production.

(4) 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). In this instance, however, it will be 

necessary to budget for a high scale of capital 

investment for specific items of plant, e.g. 

Walking Beam Furnace for heating axle housing 

blanks, for which two preliminary quotations have
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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 items of plant which have 

been recommended for inclusion in the revised 

layout of existing facilities have L e n  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 in section 4. 00, items

2. A, B and C of this report.

(7) In reverting to the Walking Bearn Furnace for 

heating the axle housing blanks, it must be 

emphasised that this is an essential feature of 

manufacturing line improvement to ensure 

integrated results for the final product.

(8) It is al so emphasised in section 5.00, item I, 

that apart from the expressed intention of the 

M .I.N . Management to install improved welding 

equipment and methods later this year, there is
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A. (8) cont'd. . . . .

nevertheless a contingent necessity to improve 

and extend inspection for seam welding and for 

the M. I. N. Management 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.

(9) Investigation and analysis of the alternative

r conditions required for hot and cold pressing 

for the axle housing blank has clearly indicated 

that the cold pressing technique 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.

(10) 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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4. PRODUCTIVITY POTENTIAL

A. ( l )  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.

(2) Consequently, it is apparent that the operating 

staff at the Nis Plant have a restricted pro­

ductivity factor not consistent with their 

performance potential.

(3) The prevailing circumstances and effects of 

the existing manufacturing line are heavily 

inhibiting the real time performance capabilities 

of the operating staff responsible for the manufac­

turing line, so that it is anticipated full imple­

mentation 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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In t ro d u c t io n

O w in g  to  th e  ic c ju iio m o n is  o f  th e  d o m e s tic  r ..o ia l- 
w o rk in g  in d u s try ,  ,,J c :.c n ic e "  I ro n  end  St : i i  W o rks  
in c lu d e d  in to  its  p ro d u c t io n  program m e- a w id e  assort- 
mfc.i o f  f in e - g r a in  m ic ro —a llo y  steals. P a rtic u la r  a t te n ­
t io n  w  p a id  to  th e  p ro d u c t io n  o f  f in e —gra in  rn ic ro a ilo y  
steels, w ith  th e  m in im u m  y ie ld  p o in t  o f  431 i\l/rn ,T ,2  
(3 ' 3  M /m m 2 )  in te n d e d  fo r  t l .e  fa b r ic a t io n  o f  s tu rd y  
s tee l s tru c tu re s .

T h u s , M iova l 47  q u a lity  s tee l, w ith  th e  m in im u m  
•  y ie ld  p o in t  o f  461  N /m m 2  (47  K p /m m 2 ) ( w as used in  

th e  c o n s tru c t io n  o f  th e  P e ru c ica  H y d ro e le c tr ic  P o w e r 
P la n t P ip e lin e . T h e  p ip e lin e  bas ic  c h a ra c te r is tic  are:

le n g th : 1931 m , w a ll th ic k n e s s : 1 2 - 3 5  
m m , d ia m e te r : 2 5 5 0 —2 5 0 0  m m , tes t spec­
im e n  2 5 0 0  (6  x  1 2 0 0  m m ), s ta t ic  
p ressu re : 5 5 2  rn m , s in g le d ire c t io n s l d y n a ­
m ic  lo a d  c o e f f ic ie n t :  ❖  = 0 .8 , m a te r ia l 
y ie ld  p o in t  u t i l iz a t io n :  0 .6 , sa fe ty  fa c to r :  
S =  1 .67 .

In  v ie w  o f  the  fa c t  th a t  these  steels a ie  used to  m ake  
h ig h  y ie ld  p o in t  . t i l iz a t io n  s tru c tu re s , ex te ns ive  tests o f  

s tee l, as a p a re r t a n d  f i l le r  m e ta ls , w e re  c o n d u c te d , in  
o rd e r  to  answ er th e  fo l lo w in g  q u e s tio n s :

— vvnat a re  in te ra c t io n s  b e tw e e n  e le m e n ts  M b, V , and  M 
in  t ra n s ie n t zo n e .

— w h a t is o p t im a l w e ld in g  te c h n o lo g y  o f  th is  f in e —g ra in  
m ic r o - a i lo y  stee l.

— s e le c tio n  o f  f i l le r  m e ta l f o r  m a n u a l and  a u to m a tic
w e ld in g . !

*  M.G, Dr. Eng., D im m er, ,,Jean ine" Iron its Steel Works 
Technical Contro l &  Research Sector, Jesenice, Yugoslavia, i

x *  I.R. Grad. Eng., D irector, 
Yugoslavia.

„M cta lna" Institu to , f/iurihor,

xxx  y.g, Grad. Eng., Sunk- Consultant, Metai Structure InotijuM , 
Ljubljana, Yugoslavia.

— s a lt in g  u p  o f  M iova l 47  steel p b e t i i i»  w e ld in g  te c h n o lo ­

gy-
— is si.i'LC .ure stress an n ea ling  necessary r.rt'J w iim  is its  

m ea n in g  in  tire  m a n u fa c tu re  o f  s tru c to ie s  fro m  h ,g i i— 
q u a l i ty  M io va l 47  steel.

O w in g  to  the  v o lu m e  and  Lite d i f fe re n t  c h a ra c te r o f  
th e  te s tin g  o f  p a r t ic u la r  phases, in  a d d it io n  t o  „J e s c n io o "  
Iro n  and S tee l W o rks  and t i ie  , .M c ta ln a "  e n te rp r is e  o f  
M a r ii io r ,  as s tru c tu re s  c o n tra c to rs , th e  research  w o rk  w as 
jo in e d  also b y  the  L ju b lja n a  M e ta l S tru c tu re  In s t itu te  
w h ic h  m ade c a lc u la t io n  checks and stress te s tin g .

D e v e lo p m e n t and  C h a ra c .c r is tic s  o f  M io va l 4 7  S tee l

T h e  M iova l 4 7  is a ty p e  o f  s tee l w ith  th e  m in im u m  
401 N / rn m 2  y ie ld  p o in t  leve l. T h is  h ig h  s tre n g th  s tee l, in  
a d d it io n  to  its  m echan ica l p ro p e rtie s  a lso guurnn tces 
w e ld a b il i ty  and  toughness a t lo w  te m p e ra tu re s .

T h e  y ie ld  p o in t  serves as th e  basic c a lc u la te d  p a ra m e ­
te r  in  the  se le c tio n  o f  stee l, and  as th e  s tee l w e ld a b il i ty  
depends o n  its  ch e m ica l c o m p o s it io n , fa v o u ra b le  in f lu e n ­
ce e xe rte d  b y  ce rta in  e lem en ts  o n  th e  y ie ld  p o in t  leve l 

lie s  nega tive  e f fe c t  o n  th e  steel w e ld a b il i ty .  T hu s , co d e d  
q u a n tit ie s  o f  ca rb o n , m anganese, c h ro m e , e tc ., red u ce  
c ir i t ic a l c o o lin g  ra tes  and increase a u s te n ite  and m a r te n ­

s ite  tra n s fo rm a t io n  in  the  tra n s ie n t zone .

T h e  y ie ld  p o in t  is e q u a lly  in f lu e n c e d  b y  th e  presence 

o f  d isp la c e m e n t d e n s itie s  and c ry s ta l la t t ic e  d e fo rm a tio n .

T he  e le m e n ts  o f  th e  in te rs t it ia l and  s u b s t itu t io n  ty p e s  
can , as a consequence  o f  v a rie d  a to m ic  d ia m e te rs  o r  
in d iv id u a l e le m e n t m e ta llic  b o n d , in f lu e n c e  c ry s ta l la t t ic e  
d e fo rm a tio n ; e q u a lly , th is  d e fo rm a tio n  is a f fe r te d  b y  
f in e —dispersed p re c ip ita te d  p a rtic le s  w h ic h  b lo c k  d is p la c ­

e m e n t, in f lu e n c in g  th e  y ie ld  p o in t .

T h e  l in k in g  of- the  y ie ld  p o in t  w i th  th e  stee l p h ys ica l 

p a ram e te rs  is d e fin e d  in th e  P itc h  fo rm u la :

o . *  o Q -i k  . d  — 1 /2 'iCo



I

when?: '
— is c rys ta l la tt ic e  d isp la ce m e n t m o ve m e n t resistance.
— d  is c rys ta l c ra in  m e d iu m  size I

i
— k  is m a te r ia l co n s ta n t. I

T h e  c rys ta l la t t ic e  d isp la ce m e n t m o v e m e n t resistance 
as w e ll ns gra in  size can  be in flu e n c e d  b y  the  fo llo w in g  

fa c to rs :

— in t i . is t i t ia l  ty p e  e lem en ts , e .g., C a rid  N , w h ic h  d ire c t ly  
in flu e n c e  trie  fo rm in g  o f  to e  C o tre ll d isp la ce m e n t fo rm

— such e lem en ts  as N b  and  V  w h ic h  in  th e  fcV m  o f  
c a rb id e  o r  c a rb o n itr id e  in flu e n c e  th e  s tru c tu re  ¡fix ing .

T o d a y , f in e —iju i i i ,  m ic ro —a llo y  steels, w ith  N b  o r  
V , in  th e  ro lle d , i.e ., n o n -h e a t  tre a te d  sta te , are 
p ro d u c e d , u s u a lly . In  p ia c t ic e , th is  m eans th a t  th e  
th e rm o -m e c h a n ic a l t ie a tm e n t secures a m a x im u m  
d isp la ce m e n t d e n s ity , as w e ll as o p t im a l sizes o f  N b  o r  
V —c a rb o n itr id e , re s u lt in g  in  th e  h igh  steel y ie ld  p o in t .

„J e s e n ic e "  Iro n  and  S tee l W o rks  de ve lo pe d  N io va l 
4 7  q u a l i ty  steel, w ith  N o  a n d  V  added , d e live re d  hea t 
tre a te d .

T h e  stee l ch e m ica l c o m p o s t it io n  is s h o w n  in  T ab les

I.

s u b s ; i tu t io n _ tv r "  e lem en ts , e.g., M n , S i, M o , and C r 
'“.h ie , ib f  . e.ve c ry s ta l s tru c tu re  change  and th e  
la m e lla r p e r l i te - fe r r i t e  ra t io .  _________ __

The  in te r : t i t ia 1 and s u b s t itu t io n  c le m e n t in flu e n c e  
o n  th e  y H d  p o in t  is sh o w n  in  the  P ic k e r in g —file b m a n  
d in g ;am , f  ig. Î .

In  a d d it io n  to  th e  y ie ld  p o in t ,  th e  m a te ria l 
w e ld a b il i ty  is e q u a lly  ve ry  im p o r ta n t.

O ne o f  th e  a p p ro x im a te  sizes used to  d e te rm in e  
t i le  m ateria ! w e ld a b il i ty  is 'C e q u iv a le n t ' (C ekv) w h ic h  
l im its  add ing  o f  c e rta in  e lem en ts  to  s tee l:

_  C r + M o  + V  N i  +  Cu
C€ k v  -  ">C + -e  + 5 f  15

T h e  stee l m echan ica l p ro p e rtie s  are sh o w n  in  
T abe ls I I .

T h e  m in im u m  stee l toughness is s h o w n  in  T ab les

W e supposed ta b i in o  pau .de ! a d d in g  o f  N b  and V . 
p lus  A i,  w i l l  e xe rt | /0:,l,ive  i i i i iu c i.c o  c n the  n iu '- g u i  
b o n d in g  arid  th e  appeal anee o f  ag ing, and  th a t  th e  
a d d i,i. th e rm o —m echan ica l tre a tm e n t w i l l  in  tu rn  
in flu e n c e  co a g u la tio n  o f  th e  p re c ip ita te d  p a rtic le s , 
re d u c in g  th e  in te rn a l la tt ic e  stress, th u s  im p ro v in g  the  
steal w e ld a b il i ty .  In  fa c t, w e  ¡n te n t la iiy  lo w e re d  th e  
added e le m e n t (N o  and  V )  u t i l iz a t io n  leve l, fo rch e  
p u rpose  o f  s ta b iliz in g  m echan ica l p ro p e rtie s  and  im ­
p ro v in g  th e  steel w e ld a b ility .

in  such a w a y  th a t  th e  reduced  c a ib o n  and manganes-' 
q u a n tit ie s  increased 'C e k v ' va lue  f ro m  0 .4 0  to  0 .45 ,
i.e ., to  th e  va lue  w he re  th e  steel w e ld a b il i ty  w o u ld  
becom e possib le  o n ly  v ia  use o f  p re ve n tive  measures, 
such as p re -h e a t in g ,  e tc .

In  v ie w  o f  tr ie  e n u m e ra te d  fa c to rs , „J e s e n ic e "  I ro n  
and Steel W o rks  used tw o  ch e m ica l e lem en ts  — 
N io b iu m  and V a n a d iu m  — in  th e  d e v e lo p m e n t o f  th e  
f in e —gra in  steels w i th  th e  m in im u m  y ie ld  p o in t  o f  467  
N /m m 2 . T ha  C —0 5 0 2  q u a lity  stee l, w ith  th e  m in im u m  
y ie ld  p o in t  o f  3 5 3  N /m m 2  was used as p a re n t m eta l.

B o th  o f  these e lem en ts  (N b  and  V )  c re a te  c a rb o ­
n it r id e ,  in  th e  presence o f  ca rb o n  and n itro g e n , in  th  
sizes o f 2 0 0  to  G0U A , th u s  g re a tly  In flu e n c in g  the  
s tre n g th e n in g  o f  fe r r ite ,  i.e ., d isp la ce m e n t b lo c k in g .

T he  o p tim a l size o f  in d iv id u a l p a rtic le s  is p ro d u ce d  b y  
th e rm o m o ch a n ica l m a te r ia l t re a tm e n t i.e ., b y  ro llin g , a t 
th e  te m p e ra tu re  o f  COO to  3 3 0 ° ,  c re a tin g  t h igher 
d isp la ce m e n t d e n s ity , re s u lt in g  In  th e  appearance ah 
c a rb o n itr id e  N b  and  V  In des ired  sizes. D uria  , 
ih e rm o -m e c h a n ic a l t re a tm e n t p re c ip ita te d  p a rtic le s  are 
arranger) p ro p e rty , p ro v id in g  fo r  o p t im a l y ie ld  p o in t  and  
o p t im a l added c le m e n t u t i l iz a t io n .  j

Tha  exa m p le  o f  th e  p re c ip ita te d  N b -c « irb o i\ it r id e ,  
fo llo w in g  th c rir .o m e c h a n ic a l t re a tm e n t, is sh rjw n  in  
F ig. 2 |x  5 0 3 ,0 0 0 ). i

P ro b le m s  o f  W e ld in g  N io v a l 47  S tee l

A  w e ld e d  jo in t  is th e  m o s t sens itive  p a r :  o f  a w e ld e d  
s tru c tu re . T h e  appearance o f  m a rte n s ite  and  b a ir i i t  
s tru c tu re s  o n  th e  tra n s ie n t zo n e  e x e r t  co n s id e ra b le  
in flu e n c e  o n  th e  steel m echan ica l p ro p e rtie s , i.e ., w e ld e d  
jo in t .

I f  w e  are to  add  m ic ro —a llo y e d  e lem en ts , th e  
b a h v io u r  o fc a rb o n itr id e  w o u ld  pose a p ro b le m  in  th e  
tra n s ie n t zone. T h e  w e ld in g  te c h n o lo g ic a l processes are 
t ie d  in  c lo se ly  w ith  th e  in t ro d u c t io n  o f  p r im a ry  and 
se conda ry  energy. D e p e n d in g  o n  pa ram e te rs , v a rie d  
tra n s ie n t zone  can be fo rm e d ; b ro u g h t in  en e rg y  in f lu e n ­
ce th . : fo rm a tio n  and d is t r ib u t io n  o f  c a .b o n itr id e  and 
th u s  th e  toughness o f  th e  tra n s ie n t zone.

A t  th e  m e ta l m e lt in g  p o in t ,  d u r in g  w e ld in g , n it r id e s  
and c a rb o n itr id e s  are tra n s fo rm e d  in to  s o lid  s o lu t io n . 
T h is  process is t ie d  in  w ith  th e  t im e  e le m e n t, I.e ., 
d if fu s io n  processes; and i t  can  be said th a t  th e  d isso lv in g  

. .  and c a rb o n itr id e  is a lso c o n n e c te d  w ith  th e  

■ i . fo o n it r i t ie  p a rtic le s .

A c c o rd in g  to  th e  free  en e rg y  tes ts  (c o n d u c te d  b y  

d if fe re n t  a u th o rs  (M a ye r, B u h ic r , and  H e ite rk a m p f) , 
n itro g e n  s ta b il i ty  in  a n it r id e  depends o n  v a n a d iu m  and 
via r , io n iu m  to  a lu m in u m . These tests  p ro ve  th a t th e  
s ta b il ity  o f  n io b iu m  ca rb id e  is g rea te r th a n  th a t  o f  
va n a d iu m  ca rb id e . In  p ra c tic e , th is  m eans th a t w e  can .1C3



a lo iv j w ith  the  presence o f  N b , V . ¿¡mi A i,  p iu i  n i t n r r . i i ,  
e x p e c t to  see th e  appearance  o f  th e  fo rm in g  o f  n itH d e s  
and  c a r m n i t i d e p e n d i n g  o n  the  steei th e rm o  —m e­
ch a n ica l t re a tm e n t. In  tu rn ,  th is  m eans ¿her w ith  a lu m i­
n u m  p re se n t, w e can h a rd ly  e x p e c t to  see th e  fc rm . jd o n  
o f  va n a d iu m  c a rb o n itr id e , ¡.c ., in  th e  n a rro w  te m p e ra tu re  
in te rv a l o f  6 5 0 °  to  S 0 0 °C ; th e  n io b iu m  b o n d  in  n io b iu m  
c a rb o n it i id e  is m o re  s tab le , so d e p e n d in g  o n  N b  and C 
c o n c e n tra t io n , c o m p le te  d is s o lv in g  o f  c a rb o n itr id e  is to  
be e xp e c te d  even a t te m p e ra tu re s  above  125G °C .

T h e  appearance o f  V  and N b —c a rb o n itrd e  is t id d  in  
w i th  th e  fo rm in g  te m p e ra tu re . D u r in g  o u r  te s ts ] w e  
w a n te d  to  ge t a p ic tu re  o f  th e  N b  and V - c a r b o n i t r id e  
b o n d , w ith  the  o rm -n c e  o f  b o th  th e  M b, V  and  A I 

" ¡ is . .  -C  i ,  w j «w a n te d  to  tests  th e  in flu e n c e  o f  
th e  th e rm o m e c h a n ic a ! tre a tm e n t on  d ie  fo rm a t io n  o f  
c a rb o n itr id e , n io b iu m , and v a n a d iu m . Based o n  th is , w e 
can observe th e  b e h a v io u r c tu b o n iu id e  in  d ie  tra n s ie n t 
zo n e  vviiere  th e  d if fe re n t  doses o f  energy a lso e x e rt 

in fiu e r.e e  o n  c a rb o n itr ld e  c r is ta l i iz a t io n .

T h e  te s tin g  o f  th e  charges p o u re d  in  the  h ig h - f r e q u ­

e n cy  fu rn a ce s  was m ade , as s h o w n  in  T abe is  IV .

can  c v J u a te  m o re  p ro p e r ly  the  in llu e r .e e  o f  o th e r  
elc-menrs added , i.e ., m ic ro a llo y e d , o n  n itro g e n  b o n d in g .

W ith  M iova l 4 7  steel, w he re  a il o f  th e  m ic ro a llo y e d  
e le m e n ts  ( l\ ib , V , and  A I) ,  w e  a tta in e d  a re la t iv e ly  h igh  
b o n d e d  n itro g e n  c o n te n t d u r in g  t ire  n o rm a liz in g  tre a t­
m e n t its e lf ;  ’o u t  w h a t is in te re s tin g  is t i ia t  d u r in g  hea t 
t re a tm e n t, B and  C p o r t io n  o f  t ire  b o n d e d  n io b iu m  
c o n te n t ju m p e d  to  9 1 , i.e ., 90% . T h e  resu lts  o f  th e  tests 
c o n d u c te d  b y  K . N iuh ida++  s h o w  th a t  th e  n io b iu m  
c a rb o n itr ic ie  p re c ip ita t io n  a t th e  te m p e ra tu re  o f  G 5C°C 
re q u ire s  a p e r io d  o f  m o re  than  2 0  h o u rs , c o n f irm in g  tire  
s p e c if ic  n a tu re  o f  th e  N b  and  V  in te ra c t io n  on  th e  
b o n d e d  n io b iu m  in  th e  presence o f  va n a d iu m , p ro v in g  
th a t  th e  in te ra c t io n  o f  va n a d iu m  a n d  n io b iu m , as fa r  as 
b o n d in g  w ith  n itro g e n  is co n ce rn e d , depends e n t ire ly  on  
th e  hea t t re a tm e n t, fo r  w h ic h  n o  [¡ro p e r e x p la n a tio n  
ennbe g ivan . A t  a n y  ro te , th is  e x p e rio m e n t p roves th a t 
c o n ta in e d  w id i  N b , V , and  A I w e can  e xp e c t to  get a ve ry  
s tro n g  n itro g e n  b o n d , in f lu e n c in g  h a th  tire  basic  m acha- 
n .cv l p< c , ¡.tie'.» o i t; 0 p s .c n t m t.: ¡1, a., w eb  ¿¡s v e k . : r l  

jo in t  — tra n s ie n t zone . In  v ie w  o f  tire  hea t ¡.rua im en t 
n o rm a liz in g  process, the  c a ib o n itrk J e  m ic ro a llo y e d  p a r t i­
c les have th e  size o f  ove r GCO A .

A I these charges w e re  h o m o g e n ize d  fo r  GO m in u te s  a t 

th e  te m p e ra tu re  o f  13G 0°C  a n d  th e n  he a t tre a te d , as 

fo llo w s :

T re a tm e n t A :  n o rm a liz in g  fo r  3 0  m in u te s  a t th e  te m p e r­
a tu re  o f  9 1 0 ° C ; air s t i l l  c o o lin g . ;

T re a tm e n t B : n o rm a liz in g  a t th e  te m p e ra tu re  o f  S 1 0 °C ;
fu rn a c e  c o o lin g  a t th e  te m p e ra tu re  o f  
7 5 0 ° C ; a n n ea ling  f o r  3 0  m in u te s  a t th e  
te m p e ra tu re  o f  7 5 0 ° C ; a ir s t i l l  c o o lin g .

T h is  moans th a t  i f  th e  w e ld in g  w as p e rfo rm e d  w ith  a 
re la t iv e ly  lo w  energy in p u t ,  c a rh o n it i ide w il l  n o t  d issolve 

c o m p le te ly  in  th e  ta n s ie n t zone , d u e  to  lack  o f  s u f f ic ie n t  
t im e , and c a rb o n itr ic ie  w i l l  aga in  be  fo rm e d  d u r in g  the  
w e ld  c e d in g  process; b u t ,  ir  th e  w e ld in g  was d o n e  w ith  a 
re la t iv e ly  h igh  energy in p u t,  a il c a ib o n it .  ides w i l l  d isso lve 
p a r t ia l ly .  I f ,  o n  th e  o th e r  hand, w e  are to  a p p ly  w e ld in g  

w i th  w eav ing , fo rm a t io n  o f  c a b ro n it r id e  and  n i t r o g e n -  
n io b iu m  b o n d , as w ith  , ,C "  e x p e r im e n ta l charge hea t 
t re a tm e n t,  w i l l  o c c u r, in f lu e n c in g  to  som e e x te n t th e  
p h ys ica l w e ld , i.e ., t ra n s ie n t zo n e  p ro p e rtie s .

T re a tm e n t C : n o rm a liz in g  fo r  3 0  m in u te s  a t th e  te m p e ra ­
tu re  o f  9 1 0 ° C ; a ir s t i l l  c o o lin g  re —annea­
lin g  a t th e  te m p e ra tu re  o f  7 5 0 ° C ; a ir s t i l l  
c o o lin g .

T h o u rg h  th e  a b o v e -m e n t io n e d  he a t tre a tm e n t,  w e  
w a n te d  t r  e rm in e  th e  in te ra c t io n  o f  c e rta in  ch e m ica l 

e le m e n ts , c o m b in a t io n  o f  m ic ro —a llo y e d  e lem en ts , 
a t d i f fe re n t  te m p e ra tu re  in te rv a ls  m o s t s u ita b le  f o r  th e  
c a rb o n itr id e  fo rm in g .

T h e  hea t t re a tm e n t in f lu e n c e  o n  th e  b o n d  o f  c e rta in  
e le m e n ts  in  n it r id e ,  i.e ., c a rb o n itr id e , in  percentages, is 
s h o w n  in  T ab les  V .

In  v ie w  c f th e  fa c t  th a t  as w i th  a lu m m u m  w e  a tta in  a 
m a x im u m  o f  77%  o f  th e  c o m p o n e n t p a rts  b o n d e d  in to  
a lu m in u m  n it r id e ,  w e  be lieve  th e  n o rm a liz in g  process to  
be to o  s h o rt and  th a t  n o  ch e m ic a l ba lance was c rea te d . 
T h is  re s u lt is e ve r m o re  im p o r ta n t ,  because th ro u g h  i t  w e

K.J. Irw in , F.B. Pickering, Journal o f  th e  Iron and Steel Institute, 
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N io v a l 4 7  S tee l W e ld in g  T e c h n o lo g y

In  o rd e r  to  ch e ck  th e  s u p p o s it io n  o f  th e  dependance  
o f  c a b ro n it r id e  d isso lv in g  o n  th e  t im e  e le m e n t, i.e ., 
en e rg y  in p u t,  th e  fo l lo w in g  p ra c t ic a l e x p e rim e n ts  w e re  
c o n d u c te d ;

a) te s tin g  o f  s p o t w e ld e d  jo in ts  o n  th e  ch a n g ing  d y n a m ic  
loads; th e  resu lts  hove sh o w n  th a t  co m p a re d  w ith  th e  
„ n o r m a ! "  steei s p o t w e lds , th e  stee l c o n ta in in g  n io b i­
u m  has lo n g e r la s tin g  s tre n g th , m ea n in g  th a t  no  
d if fu s io n ,  d is so lv in g  o f  c a rb o n itr id e , o r fo rm a t io n  o f  
b r i t t le  s tru c tu re , o ccu re d  d u r in g  w e ld in g .

b ) tests w ith  th e  w e ld in g  o f  an e x p e r im e n ta l 3 0  m m  steel 
p la te  p ip e lin e , p e rfo rm e d  p a r t ia l ly  w ith  m a n u a lly  
co a ted  e le c tro d e s  and  p a r t ia lly  b y  a u to m a tic  su b m e r­
ged m e th o d .

T he  e x p e rim e n ta l p ip e lin e  w as c o n s tru c te d  o f  3 0  m m  
stee l p la te  and  vessel d ia m e te r  o f  1 0 0 0  m m  and was 
c losed  o f f  on  o n e  s ide b y  a c u p -e d g e d  co ve r, w ith  th e  
p ip e lin e  c o n n e c tio n  covers  re in fo rc e d .

M.Gconomopuios, T.G icd-iy, N.R.M. No. 1, 1C64. ++ K. Nishlda, N ippon K inzoku, 1939 No. 9 1077- 1035.



i he ch e m ica l s tee l p la te  c o m p o s it io n  is s h o w n  in  

T a o ie s V i.  !

e v a lu a tio n  o f  s u s c e p tib i l ity  o f  w e ld  m a te r ia l, tra n s ie n t
ZO tié, f if iJ  jiJ íu c it ia^iuS tûkVûfu brittle? í f ó C iú fó

1
th e  m echan ica l steel p la te  p ro p e it ie s  are s h o w n  in  

T ab les  V I I .  j

In  o rd e r th a t th e  w e ld in g  te c h n o lo g y  c o u ld  be 
m aste red , n u m e ro u s  tests o n  th e  q u a lity  o f  f i l le r  m a te r ia l, 
in p u t energy p a ra m e te r, and  s lo t shape, w ere  c o n d u c te d . 
F in a lly ,  i t  was es tab lished  ta h t  2 / 3  X  s lo t  shape a n d  th e  
p la te  |rre—h e a ting  te m p e ra tu re  o f  1 7 0 —2 0 0 °C  w e re  m o s t 
su ita b le . j

T h e  o p t im a l re su lts  o f  th e  w e ld e d  jo in t  m ech a n ica l 
p ro p e r f^ s j . v e - " - - ’- ‘ ' " d  a t th ro u g h  th e  use o f  th e  specia l 

t  ,p e  -_ v d  N i e le c tro d e .

T h e  ch e m ica l c o m p o s it io n  o f  th e  p u re  w e ld  m e ta l is 
sh o w n  in  T ab les  V I I I .

T h e  toughness o f  the  p u re  w e ld  m e ta l is s h o w n  in  
T ab le s  IX .

T h e  e x p e rim e n ta l p ip e lin e  a u to m a tic  w e ld in g  was 
p e rfo rm e d  w ith  E P 40  f lu x  a n d  EPP 2 N i i> 4  m rn  w ire , 
u n d e r the  fo llo w in g  c o n d it io n s :

E le c tr ic  c u r re n t:  

V o lta  j r .
W e ld in g  ra te  
N u m b e r o f  runs:

6 2 0 - 7 0 0  A  
34  V

6 2 —6 7  c m /m in .  

I 15

In  o rd e r to  d e te rm in e  th e  b ir t t le  fra c tu re  tra n s ie n t 
te m p e ra tu re , w e e m p lo y e d  th e  D ro p — W e ig h t—T est, as 
pe r ASTiV! 2 0 3 —C3. T he  e x p e rim e n ta l te s t pieces P3 w ere  

c u t  o u t  fro m  3 5  m rn  th ic k  sam ples, so th a t fo r  eve ry  
tra n s ie n t te m p e ra tu re  f iv e  te s t p ieces w a re  used.

T h e  e xp e rim e tn a ! c ra c k  s ta rte r , w h e re  th e  V —shaped 
n o tc h  was m ade, w as so w e ld e d  th a t th e  fra c tu re  c o u ld  
appear at th e  c ra ck  s ta rte r , tra n s ie n t zo n e , and th e  p a re n t 
m e ta l.

T he  d iag ram  in  F ig . 3  sh o w s N D T  a u to m a tic  su b m e r­
ged w e ld in g  te m p e .a tu re s .

T h e  d iag ram  in 
w e ld in g  te m p e ru tu rs .

: ig . 4  show s m anua l e le c tr ic  arc

I f  N D T  te m p e ra tu re s  a re  en te re d  o . i . o  P e liiu i d iag ­
ram , used to  d e te rm in e  th e  appearance  o f  b r i t t le  fra c tu re , 
and  i f  w e  co ns ide r th a t th e  lo w e s t p ip e lin e  o p e ra tio n a l 
tem p, m ru m  is p lu s  & o c , w e  can th e n  a rr ive  a t the  
req u ire d  d iffe re n c e  b e tw e e n  N D T  and  th e  w o rk in g  
te m p e ra tu re s , i.e ., 3 5 ° C ,  a p p lic a b le  to  a ll ty p e s  o f  
w e ld in g , and th is  w o u ld  g u a ra n te e  th a t  n o  b r i t t le  f ra c tu re  

w i l l  m a te ria lize .

T he  toughness o f  th e  w e ld e d  jo in t  is sh o w n  in  T ab les  X .  Q u e s tio n  o f  a f te r - w e ld in g  stress re lie v in g  a p p lic a tio n

T h e  toughness  o f  th e  e le c tr ic  a rc  w e ld in g  jo in t  is sh o w n  

in  T ab les  X I .

T he  tra n s ie n t zone  te s t resu lts , b e fo re  and a f te r  stress 
re lie v in g , are used to  d e te rm in e  a f te r—w e ld in g  s tru c tu re  

stress re lie v in g  a p p lic a t ic  i,

D e te rm in in g  o f  Pre—h e a tin g  T e m p e ra tu re s

In  o rd e r  t o  d e te rm in e  th e  p re -h e a t in g  te m p e ra tu re s , 
m a in ta in  te m p e ra tu re  b e tw e en  runs, and  ke e p in g  u p  th e  
h e a ting  te m p e ra tu re  level a f te r  th e  w e ld in g  process, w e  
used IT A  and  B E S S Y A  h ig h  s tre n g th  stee l fo rm u la ,  a lso 
a p p lic a b le  w h e n  th e  w e ld  h y d ro g e n  c o n te n t s ta n ds  a t 3  
c o m / 100 gr., re co g n ize d  b y  th e  IIVV.

C =  1 4 4 0  Pc - 3 9 2

o  _ „ ,  S ¡_  ^  M n  Cu N i  C r M o  V  ^
P c C  3 0 0  2 0  2 0  * 6 0  6 0  15 10

5ff + 6ÔÔ + 6Ô“ !
w nere :

— t  is p la te  th ickn e ss
— 11 is d if fu s e d  H 2 (c c m —1 0 0  gr. o f  w e ld )  ¡

T h e  m in im u m  3 5  m rn  p la te  p re —h e a tin g  te m p e ra ­
tu res  au ;; ’

i
— a u to m a tic  subm erged  w e ld in g : 1c!5°C . |

T h e  tra n s ie n t zo n e  to u gh n e ss  te s t resu lts , b e fo re  and 

a f te r  annea ling , are s h o w n  in  F ig . 5.

T h e  w e ld  hardness, i.e ., tra n s ie n t zone  hardness, 
co ve rin g  exa m p le  N o . 10 , m easured o n  th e  last c rack  
s ta rte r, a f te r—a n n ea ling , is s h o w n  in  F ig . 6 . These tests 
re c o n firm e d  th e  da ta  fro m  p ro fe s s io n a l jo u rn a ls , i.e ., th a t 
th e  stress re lie v in g  in  d i f fe r e n t  typ e s  o f  steels is m an lfes - • 
ted  d if fe re n t ly .  T h u s , i t  w as n o tic e d  th a t  in  f l io v a l 47 

stee l, d e p en d in g  o n  th e  te s t te m p e ra tu re , th e re  is a 
w e a ke n in g  o f  th e  p la te , i.e ., w e ld e d  jo in t  p ro p e rtie s .

We abandoned  s tra c tu re  stress an n ea ling  a lso because 
th e  stress u n re lie v in g  w e ld e d  h ig h  s tre n th  steel jo in ts  can 
c a tch  and a rres t a b r i t t le  f ra c tu re  m u c h  fas te r, same o f  
w h ic h  was a lso v e r if ie d  b y  th e  tests  c o n d u c te d  o n  large 
w e ld e d  tes t pieces, pe r R o b e rts o n .

I f  w e  fo l lo w  such  a te s t, w e  can n o tic e  th a t th e  c rack 
in  th e  stress u n re lie v in g w e id  jo in t  o r  w e ld  tra n s ie n t zone 
m oves in i t ia l ly  v e r t ic a lly  in  the  e x te r io r  load  d ire c t io n , to  
be d ire c t io n  changed a fte rw a rd s , a rre s tin g  a t th e  p a re n t 
m e ta l. T he  reason fo r  th is  a re  th e  w e ld  lo n g itu d in a l 
stresses caused b y  w e ld in g , b igge r th a n t  he e x te r io r  loads.

1 d d  — m an u a l e le c tr ic  a rc  w e ld in g : 1 4 5 °C . !

Í

causing  the  w e ld  stress.
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I f  th e  s tree  re lie v in g  d id  m a te r ia liz e , th e  w e ld in g  
stresses a re  th e n  reduced , re s u lt in g  in  a h ig h e r e x te r io r  
lo a d , p re v e n tin g  th e  c rack  f ro m  ch a n g ing  th e  d ire c t io n  o f  
e xp a n s io n , i.e ., m o v in g  in  n o t  so to u g h  p a rt o f  a w e ld  o r  
tra n s ie n t zone . T h is  c o u ld  be a p p lic a b le  o n ly  i f  a p la te  is 
to u g h e r th a n  w e ld  o r  t ra n s ie n t zone  a n d  p ro v id e d  th e  
s tru c tu re  w.iS n o t  loa d e d  above th e  y ie ld  p o in t .

F u r th e r  o n , a d d it io n a l a rg u m e n ts  in f lu a n c in g  th e  
d e c is io n  n o t  to  stress anneal th e  p ip e lin e  a f te r  w e ld in g  

w i l l  be p re sen ted .

Experimental Pipeline Model Testing

In  o rd e r  .0 ju s t i f y  th e  w e ld in g  te c h n o lo g y  se lec ted , 

w e  c o n d u c te d  s t r b c  a n d  e x p lo s io n  tests  o n  a s e p c o te  
e x p e r im e n t'. !  p in  d in e  in o d e ! m ade o f  2 0  m m  p la t e w h e re  
th e  stress re lie v in g  process was n o t  a p p lie d . T h e  d im e n s i­
ons and th e  shape o f  th e  m ode ! tes ted  ere sh o w n  in  F ig , 

7 .

I
q u a lity  steel d id  n o t  g ive  p o s it iv e  resu lts  as fa r  as
m e ta llu rg ic a l p ro p e r t ie s  are co n ce rn e d , 

ii

T he  res ults o f  th e  e x o e r in e n ta l m ode! tests  fa ile d  to  
p ro v id e  a n y  s u p p o r t  to  the  stress re lie v in g  process.

i
Experimental PTtorfel Stress Measuring Analysis Results

Based o n  th e  resu lts  o f  th e  p re v io u s ly  c o n d u c te d  
tests , w h e re  w e  ch e cke d  th e  in flu e n c e  o f  th e  stress 
re lie v in g  o n  th e  n o tc h  toughness, i t  was d e c id e d  n o t t o  
re lieve  th e  p ip e lin e . T h is  c  s ion  w as a lso ju s t if ie d  b y  
th e  p ip e  m ode ! s ta t ic  a n d  e x p lo s io n  tes t resu lts. W hen th e  
p ip e  m od e ! w as te s te d  to  p ressure " " ig .  1 4 ), w h a t was 
d o n e  was to  m easure  s p e c if ic  p in e  casing d e fo rm a tio n  in  

dependence  to  the  p ip e  ove rp ressu re . The  m easurem ents  
w e re  p e rfo rm e d  w ith  com e  2 0  o d d  s tram  gauges p laced 
o n  b o th  th e  in te r io r  as w e ll as e x te r io r  o f  the  casing, in  

tw o  c ro s s -s e c tio n s , in  th e  d ire c t io n  o f  the  v o lu m e  (x ) and 
lo n g itu d in a l d ir e c t io n  ( yr), as s h o w n  in  F ig. 14.

a) S ta t ic  T est

T he  pressure  o f  u p  to  2 2 5  a tm o sp h e re  was te s te d  in  
th e  f i r s t  phase o f  o p e ra tio n s . T he  e x p e rim e n ta l m o d e l 
had  2 0  stress and  d e fo rm a tio n  s tra in  gauges (F ig . 8) 
p laced  o n  b o th  th e  in d iv id u a l w e lds , as w e ll as ca ring .

b )  E x p lo s io n  Test

T h e  s p e c if ic  d e fo rm a tio n  m easured va lues (Tab les  
X i i j  e5 i and  ex i d e p e n d in g  o n  th e  p ip e  ove rp ressu re  (p ) , 
i.e ., o n  th e  stress <>e and  n x  and  e q u a lin g  overpresssure  p :

p D  

~ 2 t~
I

! p D

° x  ~ A t

T h is  te s t was c o n d u c te d  in  a spec ia l area. In  o rd e r 
th a t  th e  w a ll pressure c o u ld  be spread e ve n ly , e xp lo s ive  
w as p la ce d  v e r t ic a lly  and  seven k ilo s  o f  t r in i t r o to lu e n e  
w e re  used. T h e  e x p e rim e n ta l m o d e l was f i l le d  u p  w ith  3 

o f  w a te r  a t th e  te m p e ra tu re  o f  8 ° C . In  o rd e r  to  be 
ab le  to  ch e ck  o n  t i ie  n o tc h  in f lu e n c e , b o th  o n  t i t s  w e ld  
( r ig .  9 ) and  th e  tra n s ie n t zone , a p p ro x im a te ly  3 9  m m  
lo n g  and  3  rnm  deep no tche s  w e re  m arie .

T he  m o d e ! p r io r  to  e x p lo s io n  is s h o w n  in  F ig . 10.

O n each m ea su rin g  p o in t ,  d e fo rm a tio n s  w ere  ch ecked  
o n  b o th  th e  e x te r io r  (v) and  th e  in te r io r  (u )  casing 
su rface  a n d  th e  in d ic a te d  m e d iu m  values are s h o w n  in  
T ab les X I I .

V . c  
t C f  V '

V 2

cx/ XI

2 _

T h e  m o d e l a f te r  e x p lo s io n  is s h o w n  in  F ig . 11.

T h e  tes ts  show ed  ta h t  th e  fra c tu re  o n  o n e  s p o t had 
in i t ia l ly  d e fo rm a tio n  c h a ra c te r is tic s  (F ig . 1 2 ), and  s tro n g  
p la te  c o n tra c t io n  was n o tic e d . I t  can be seen th a t th e  
c rack  e x p a n s io n  (F ig . 13) d :d  n o t  f o l lo w  a n y  set p a tte rn , 
i.e ,, sp read o n  th e  p a re n t m e ta l in  m a n y  d if fe re n t  
d ire c t io n s . T h e  m an m ade n o tches  d id  n o t  in flu e n c e  the  

c ra c k , i.e ., f ra c tu re  m o ve m e n t.

Cased o n  th e  la b o ra to ry  tests o f  th e  te m p e ra tu re , 
p r io r  to  e n te r in g  in to  b r i t t le  s ta te , a n d  based o n  th e  
e x p e r im e n ta l m o d e l tests, i t  can be  c o n c lu d e d  th a t  an 

a p p ro p r ia te  w e ld in g  te c h n o lo g y  p ro v id e s  a r .tiu 'c tu re  

m ode  o f  f in e - g r . i in  m ic ro —a llo y  N io v n l 47 q u a l i ty  s 'ca l 

w ith  g o o d  te c h n o lo g ic a l ch a ra c te r is tic s .

AM th e  tests  c o n d u c te d  u p  to  n o w , sh o w  th .e  th n 
>,'r ■ - ,:nn p ro iv  s in  a ', t ru c , u r u : "*r|» o F !!  ' ’ 7

and  th e n  c o m p a re d  w i th  th e  c a lcu l^ te d -va h

p D

€'f~7tE (1

p D  

e*  "  A t F
(1 - 2d)

F o r  i l lu s t r a t io n  pu rposes , som e o f  th e  resu lts  w e re  

sh o w n  g ra p h ic a lly . T h u s , s p e c if ic  d e fo rm a tio n s  cy-, mea 
surer) o n  th e  p o in t  N o . 1, d e p e n d in g  on ove rp ressu re  p, 
i.e ., th e  stress r; -, are  sh o w n  in  F ig . 15; w h ile  d e fo rm a ­
tio n :! r x m - v ; i i i -  d  o n  the  p o in t  M o. 5, are s h o w n  in  F ig .
16. I

F ro m  th e  d ia g ra m  in  F ig . 15 , i t  can  he seen th a t 
s p e c if ic  d 'd n rn v ii io n s ,  in  ih e d ir e c ' io n  o f  the v o lu m e , are 
' ■ ' i n  i f io n  i1 lo  1 n v f  nr«-", :u i f  o  i n ,  to  the  u r r - s  n ■. , t r



h» v i i c o ld  p ipe  i: a.vh.v.; ,:ro c  r-- ;h k i-.i j 
s u - •> . caused (F ig . î  / ) ,  w h ic h  are a t i j .  d  u p  w - ,r th e  
lo u d  stre  ; '-’ i ,  i.e ., caused b y  in t-.-r io f o v - jrp re v .u ie ; t ilt- ; 
b ring -; a b o u t,  w i th  th e  in i t ia l  p ip e  iou-.l, a p,iiti.-T; p ip y  
cosing c ross—se c tio n  p k .u ie is iitg  — even u n d e r sm all lo a d ; 
— r e f , . - ,1 in  the  p ip e  i.- if.'ex ib le  b e iiu v iu u r  in  t i ic  

t i i ie c t io a  o f  th e  v o iu m  ; w it! ',  t i.v  su b t-rq u e n ; loads, 
w h ic h  d o  i .o !  o ve rs te p  th e  p re v io u s ly  m a x im u m  a tta in e d  
lo  -If-, the  ie v e r ts  to  its  o r ig in a l tie :-.¡u n ity ; h o w -a w r,

’• ( ». . . . s t C *j  o* fr.o  h .,*x .ii;üü»  tv-V.Li, ùîuiy.»
n b c u t th e  la s tin g  in f le x ib le  d é fo rm a tio n . T h e  f in a l p ip s  

c a p a c ity  v /e t  n o t  red u ce d , b u t  i t  is e v id e n t th a t  th e  
res idu a l c o ld  p la te  b e n d in g  stresses increase p ipe  * 'e fo r-  
m o t io n , increased  w ith  th e  degree o f  th e  p la te  b e n d in g  

d e fo rm a tio n  ( 0 / t ) .

Vs.th the  tie  fin e d  a ssu m p tio n s , such  as th e  N a ra iro v
hypoiii osis on f ia t  C £~ Q j a—sections during t'CruJinQ ( i ODat I y
ficxil;1:; -- p’;i-tit; r;i•.: trial, etc.) , v. ,* hav-j :!aO
de:--,,. ,i i.j-'f ?h ; OCl'Clfiiu. d ratio bvtvww ) c •j I or-
rn.vtio,-. :, -, T,,:.} IïTL‘ -jli. 

y
a -, Taking ir, ition

the pi , ■' [' t ' J »1 ifî rosiijj; ii :■ t -ses (Fig. i-..

In  t i n  d ia g ra m  (r>g . 15», w h e re  d ie  ca lc u la te d  cu rve  
th u s  m ade (b ro k e n  cu rve) was co m p a re d  w i th  th e  
r r .c a 'u in  values, i t  can  be seen th a t  th e  cd cu io -.cd  resu lts  
agree fa il- /  w ith  th e  va lues a rr iv e d  a t e x p e r im e n ta lly .

T a b le  X I I I  sh o w s  the  d if fe re n c e  in  va lues m easured 
o n  p e rt ie m a r  e x te r io r  and  in te r io r  cas ing  su tfa ce  p o in ts . 
W lii ie  il-.ese d iffe re n c e s  o n  the  casing its e lf  are n o t  great 
— men u i i n j  p o in t  N o . 1 — these d iffe re n c e s  can be ve ry  
g rea t o n  th e  lo n g itu d in a l w e lds , as is th e  case w ith  th*e 
m ea su rin g  p o in t  N o . 4 . I f  th e  w e ld  In the  c ross—se c tio n  is 
n o t  leve l w i th  th e  su rfa ce  o f  th e  m e ta l, th e n  in  a d d it io n  
to  the  n o rm a l stresses, b o n d in g  stresses to o  w i l l  appear; 
h o w e ve r, d e s p ite  these grea t d e fo rm a tio n  d iffe re n ce s , 
p o in t in g  to  g e o m e tr ica l d e p a rtu re s , n o  d am ag ing  in f lu e n ­
ces, o r  a re d u c t io n  in  the  w e id  jo in t  c a p a c ity , in  b o th  th e  
s ta t ic  as w e il as e x p lo s io n  tests, p ro v in g  o n  th is  p o in t  to o  

th e  a p p ro p r ia te  w e ld e d  jo in t  q u a lity .

C o n c lu s io n ;

Based o n  th e  resu lts  o f  th e  tests  o n  th e  in f lu e n c e  o f  
i r e  i'll ss’O—r. . j /  r .o n .u .-n  j f .u  v a ra n .u rn  , 1. b h  Cr.s on trie  

b e h a v io u r  in  th e  incresed  stee l y ie ld  p o in t ,  and  based on

the t-.s t resu lt., n u d e  o n  th e  N io v a i 47  s tee l, th e  fo l lo w in g
cone.u::e>,i can ue iin g ,, d  o u t :  1

1. Gy c o m b in in g  n a c ro a ilo y  steel w ith  N o  and V  e le ­

m en ts , in  th e  presence o f  A .,  i t  is possib le  to  g e t 
o p t im a l N  b o n d in g , b o th  in  th e  n o rm a l as w e il as o th e r  
heat t re a tm e n t stu tos, re s u lt in g  in  th e  s a tis fa c to ry  steel
m ech a n ica l p ro p e rtie s .

2 . r itv  lO i.u v . iiig  |; ._ .^ iiL iv e  m easure sooU id  Lie a u re re d  

to  w h a n  w e ld in g  N io v a i 47  q u a lity  s tee l:
— in p u t  ene rgy  s h o u ld  be p ro p o r t io n a l to  p la te  th ic k ­

ness and n u m b e r o f  runs.
— p la tes  sh o u ld  be p re —h ea ted  p r io r  to  w e ld in g , as 
w e ll as d u r in g  w e ld in g , i f  necessary; added  hea t and  

w e ld e d  jo in t  s lo w  c o o lin g  is reco m m en d e d .
— f i l le r  m e ta l sh o u ld  be d r ie d  u p , to  keep  h yd ro g e n  
c o n te n t a t 3 c c m /IC O  gr. leve l

3. h;;...t welding i..i.,gy ¡¡.fii.e.-tce Ni), V, & Af - •. .i;u- 
nitride crr,:..ihr- bon, i.;\, nlUnle in *!-.■: w .Id .. r ent 
¿0,1,:.
In  v ,cw  o r m.e i. .c , t l i '  t  l i .g i i  s t ie i iy i ; ,  : cel ts ii. ,- ,, to  
c o n s tru c t  im p o r ta n t s tru c tu m , th e  w c-id ing process 
m u s t be su ite d  to  c a rb o n itr id e  and  n it r id e  fo rm a t io n  
process, a lth o u g h  th is  m a y  n o t  a lw ays be th e  m o s t 

e co n o m ice ;.

4 . re d d u a i p ip e  stresses caused try  the  p la t,: c o ld  b e n d in g  
increase the  p ipe  d e fo rm a tio n  in  th e  d ire c t io n  o i t i le  
v o lu m e , a t th e  in it ia l road , in  th e  io rm  o f  a ¡■'.sting 
d e lo :m .. t iu n ;  w ith  d ie  su b se qu e n t lo-.ds, w h ic h  do  n o t  
o ve rs te p  t iie  m a x im u m , th e  p ip e  stays iiu x .b le ;  h o w ­
ever, i f  the  ove rlo a d s  b e co m e  to o  g rea t, as w h e n  a 
w a te r  shock  is e xp e rie n ce d , th e  increased d e fo rm a tio n  
acts as a k in d  o f  a „ s h o c k - a b s o rb e r " .  F ro m  th is  
reason, th e  p ip e  stress re lie v in g , as w e ll as increased 
pressure above th e  n o m in a l leve l, d u r in g  th e  p ip e lin e  
pressure te s tin g , is n o t u s e fu l, as th e  fa vo u ra b le  
res idua l stress in flu e n c e  o n  th e  p ip e  d e fo rm a tio n  is 

lo s t.

E q u a lly , p ip e  stress re lie v in g  rep resents a p ro b le m , 
m c ta i lu r j ic a l ly ,  n e cess ita ting  the  e x a m in a tio n  o f  th e  

in flu e n c e  o f  stress re lie v in g  o n  e ve ry  ty p e  o f  s tee l, 
se p a ra te ly . In  o u r  c o n c re te  e xa m p le , w e  have, based o n  
th e  resu lts  o f  th e  tests  o f  -m e ta llu rg ic a l and  m ech a n ica l 

pre .-.ert'-.s, ,:s v w li as -. :s ts  c o n d u c te d  on th e  e x p e rim e n ta l 
m o d e l, abanador.ed  the  p ip e  stress re lie v in g  process.
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T a b le  I — Niovel 47 Steel — Chem ical C om pos ition  . ia b íe  II — N iova l 47 Steel — M echanical Pm perties

C.Ó ? • 3* 5л*1л %p / jS C' V ' -, /art О ' „ V r,oAI J isld Pn int 
N/rnm ^

S tn  ngib 
N / m m 2

Eilong.ition 
5 Ü J

Cendin'j
l o b °

m ax.
0 ,20

ccn cca 

0 ,25  1,40

max.

0 ,030
m ax.

0,020

cca

0,04

cca

0,C5
cca

0,030 min. 431 5 5 9 —УСЗ m in. 18 3j

Tab la  III -  Mi “ imum S^eel lou gbnes. «Т ея i sp.ícímen V —N otch )

Joui

N on — aging state A gin g  statu

+20 0 - 2 0  - 4 0  - 5 0 0 +20 +5  —2 0 °

Longitud inal 48 41 34 47 24 41 35 24
Cross 41 41 31 23 24 41 35  24

T a b le  IV  -  Chem ical C om postion  o f  Charges Poured  in High F requency 

Furnace

Chg

23 i 9 
3320

Stoel
T y p e % c %Si ®jVm %V % N b AI N

A l 1 
A l 1

0 , 13 
0 ,18

0,35
0,45

1,25
1,27

-
—

0,023
0,030

0,*«J
0 ,0092

3321 A l 2 0,17 0,42 1,23 _ 0.091 0,0032

3322 A l 2 0,17 0,39 1,25 - - 0 ,090 0,0032

3324 N b 0,15 0,43 1.13 _ 0,075 0,004 0 ,0039

3325 N b 0,17 C;43 1,23 - 0,CG4 0,002 0 ,0073

3405 N b - A l 0.20 o ;s 3 1,50 - 0,075 0,042 0,0113

3331 V  . 0,18 0,41 1,24 O.C33 __ 0,003 0,0072

3332 V 0,19 0,45 1,29 0,C30 - 0,003 0 ,0113

3234 V —AI 0,14
1

0,23 1,03 0 ,070 0,019 0 ,0099

o 'í0 4 V —Al 0,21 0,52 1,45 0 ,072 - 0,043 0 ,0  i 33

3253 N b - V - ■ A I 0,1/ 0/16 1,33 0 ,073 0,071 0,037 0 ,01/0

3333 N b —V —A I 0,17 0/.7 1,23 0,072 0 .070 0,033 0,0032 111



Taule V —  Binding Share of Single Elements in percentages

A llo y e d  E lem ents N N o V
T a b i» V I I I  -  Pure W eld

; Metal (e lectric  arc weld-

Heat Treatm ent A B C A B C  A  B C ing) - Chem ical Com posi*

Steel T y p e
A l 1 77 30 74

A t 2 64 71 61 % c %Si iiM n  % Ni

Mb 41 53 52 0,03 0 ,50  0 ,95  1,10

N b - A I 73 34 8S 47 45 44  1

V
V —A l 65 100 100

18
13

32
10

41
11

r C  . -  " j3 87 84  4 5  91 SO 10 9 17

T a b i*  IX  — Pere W ilei1 iVWìal 7ou^ ¡me>3 (test

specim en V - . 'V jtv ll)

Tem peratura 20 0 - 2 0  - •40 - 6 0 0

Joul 82 55 41 34 27
124 93 82 69 55

T ab le  V I — Plate — Chem ical C om pos ition

%C %Si %Mn %P %S % AI % V  % N b %N
Tab le  X — W elded  Joint Tough-

0 ,19 0,33 1,50 0,017 0 ,0 0 6  0 ,015 0,07 0 ,040 ,0102
ness (au tom atic w uiding—Joul)

W eld Transient W eld
zona A ge d  State

60 63 38
64 54 37
58 73 39

Test Specim en V —N otch  

Test tem perature 0 °C

T a b le  X I  — W elded  Jo in t 
Toughness (e lectric  arc w eld in g)

Tab le  V I I  -  P late — M echanical Properties

--------------—
X , W eld Transient W eld

J ield  Strength E longation Toughness j zon e A ged  State

Po in t 5d Joul 1
N /m m ^ N /m in^ I 97 71 8 3

! 85 99 53

464,9  629,1 26,8 4 1 ,4 -4 9 ,6  ( 82 95 54

*  Toughness in aged state de fo rm a tion  5%, shàrp i Test specimen V —Norch
no'.cb ,0 ' f , » «s t  tem perature 0 °C  1 i iest Tem peratu re (P C112



m

i

r

J)

T a b le  X I I

M easure S p ec ific  D e fo rm a tion s  Calculated V a lu es*)

p
kp /cm 2 .1 0 - * 1 0 - 6

10
 

1

1

6 ^ . 1 0 - * < ^ £ .1 0 -® 6 ^ . 1 0  * fV -7 .1 0 -6 .10-® ex . i o - ®  CT̂ ° x

0 0 0 0 0 0 0 0 0 0 0 i 0 0 0 0
50 335 351 328 337 87 3-15 _______ 344 . 36 6 318 95 337- ----------79 833 417

'  ' 60 435 433 43 4 441 101 451 458 423 323 126 405 95  1000 5C0
100 743 757 74 6 735 166 765 769 712 641 126 675 159 1607 833

0 60 59 73 68 - 1 69 80 26 6 8 0 0 0 0
100 753 758 743 739 170 7CC 769 703 C23 191 675 159 1667 833
150 1345 1313 1332 1294 26 9 136G 1266 1215 1020 239 1012 233 2500 1250
184 1841 178u 1822 1740 319 1871 1831 1603 1280 353 1241 292 3067 1533

0 544 463 545 51 2 4 547 511 303 110 18 0 0 0 0
190 1878 1823 18G0 1778 319 1904 1803 1731 1303 355 1282 301 3167 1523
200 1934 1921 I9 6 0 1333 335 20 09 1993 1833 375 375 1349 317 3333 1C37

0 718 639 717 6 5 0 19 731 71 9 53C 197 54 0 0  0 0
208 2138 2073 2117 1973 351 2 1 CC 2150 1970 1434 385 1403 330  3467 1733
220 2387 2313 23 59 2133 3 6 0 2403 2377 2213 1523 393 1484 349  3GG7 1833
230 2537 2538 2604 2 2 9 0 38 0 2 6 5 0 23 10 2433 1610 413 1551 36 5  33 33 1913
230 2755 2 C 5 1 2726 2355 392 27 69 2716 2545 1637 417 1551 365  3833 1916

0 1167 1063 1155 852 16 1143 1102 933 221 17 0 0 c O

p.R
t V= P/7 (1 

t - E  u

p. R
C* "YtE~ (1~ 2l,)



I

I

Tabla X II I

iW u su nn j Poin t

P
k p /cm ^  kp/cm 2

1 ¿♦(longitudinal
•.veld}

S{ior.<jituc!inal
w e ld )

Calculated

1 0 -6pU . 1 0 - 6
£v
S ? i • 1 0 - 6 ^ 4 . 1 0 ~ E

v „  u 
« V 4 . 1 C - “  ^ 9 . 1 0 - 6  e ^ g . t o - ®

0 0 0 0 0 0 0 0 0

50 833 340 325 : 573 102 43 2 204 337

6 0 1000 443 429 730 103 527 250 405

1C0 1667 763 719 1303 163 847 435 675

0 0 65 56 219 - P 0 16 —3 0

100 1667 782 725 1317 1G2 843 454 67 5

150 2500 1401 1292 : 2400 183 12/3 787 1012

183 3067 1306 1777 : 3193 234 1502 1076 1241

0 0 578 511 i 1232 -2 5 7 - 3 7 257 0

1S0 3167 1951 1SCS 32G3 291 1500 1107 1232

200 3333 2054 1915 3333 329 1560 Ï 175 1349

0 0 756 631 1525 - 2 2 5 +3 3 355 0

20S 346/ 2207 2059 3563 381 1612 1256 1403

22 0 3667 2463 2303 3308 471 1646 1410 1484

230 3833 2719 2556 4025 555 1690  : 1631 1551

2 3 0 3833 2859 2673 4109 601 1678 1597 1551

0 0 1211 1123 1841 - 1 1 6 - 1 3 3 530 0

C alcu lated  Values:

= “ '  = 56,6' p ' (kp/cn?)

pD
»̂=27£ *  (I ~y  f =6,746'ICH-P

*




