Impact of Wire Rod Rolling Mill Mechanisation

on Job Requirements
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L. Pompilio

fying the effects of mechanisation on the work
force requirements in the steel rolling mill plants.

In order that this study will not add to the confusion
or be ascribed an importance beyond its validity,
the whole framework of the investigation will be
considered before proceeding.

The labour aspects of mechanisation will be investi-
gated only as they are encountered in the restricted
area of the steel rod rolling mill plants.

We shall consider what happens to labour require-
ments under increasing mechanisation only in three
plants representing different stages of mechanisation
which are characterising the technological development
of this kind of rolling plants.?

In this way the mechanisation effect alone could
be isolated with the consideration of the jobs change
through the three rolling plants. It is not correct
to assume that this study represents an experience
on the impact of automatic machinery on labour out-
side the restricted area in which the data are
collected.

The usefulness of the present examination lies
therefore in revealing patterns of experience with
automation that may be typical of rod rolling mill
development, and in identifying their effect on the
work forece requirements.

THE present investigation has the purpose of identi-

Plants descriptions

The three plants on which this investigation has
been carried out are a small hand rolling mill, a
semi-automatic rolling mill and a continuous modern
rolling mill. These plants have a common production
pattern of rods ranging from 8 to 26 mm .

In order to make easier the understanding of the
aspects of mechanisation differentiating these plants,
a very short description of the rolling mills and produc-
tion processes will be given.

Owing to the same type of products, the whole of
the activities carried out in these rolling mills can
be sub-divided into a number of common basic working
processes which differ in detail according to the
particular mechanisation level of the mill. This is
the reason why the following description will be given
pointing out the difference between the plants in each
of these common basic processes.
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Heating facilities : Both in the hand and in the
semi-automatic rolling mill, an overhead crane transfers
material into a truck, which is hand-pushed to the
furnace charging door. In the continuous rolling
mill the charging equipment iz more complex. The
material is transferred by an overhead crane into
a swinging grate conveyor. The billets fall into a
roller table and then are conveyed to the furnace
charging door.

At the heating furnace the working process has the
highest mechanisation standard of the whole hand
rolling mill plant, owing to the recent installation of
a modern heating furnace. The mechanisation level
of a heating furnace depends on the extent of the
use of control instruments and of charging-discharging
mechanical devices.

Roughing : The three rolling mill plants are extre-
mely different from each other as far as the roughing
process is concerned.

The roughing stands in the continuous rolling mill
are arranged in a straight line and the rolling
process is therefore entirely automatised.

In the hand rolling mill a tilting table conveys the
material to a three-high stand, the entering of the
bar is ensured by a catcher-man. A delivery tilting
table performs an identical function in addition to
conveying the bar away from the mill after the
final pass.

In the semi-automatic rolling mill there are two
three-high roughing adjacent stands, the first similar
to the corresponding hand rolling mill stand, the
second provided with an antomatic spiral repeater.

Intermediate rolling : In the hand rolling mill there
is a single three-high intermediate stand, and the
bar is manually entered in the roll grooves. In the
semi-automatic plant there are four intermediate
stands ; the first two are arranged in a straight line,
the others are adjacent to the second and provided
with repeaters. In the continuous rolling mill the
intermediate stands are arranged in a straight line.

Finishing rolling : In the hand rolling mill there
is a finishing train. Mills in train have the rolls of
separate stands in the same line, the rolls of one
mill being driven from the end of the rolls of an
adjacent stand. The tongsmen catch the bar in the
back or in the front end as it emerges from the rolls.

When the bars are relatively flexible, they are
caught by the tongsmen in the front end as they
emerge from the rolls and pulled around in a half
circle and entered into the mext pass.

445



That is to say the catchers start the piece through
sach of the passes, before the piece itself is through
the preceding one, thus forming a loop.

In the semi-automatic rolling mill the stands in the
finishing line are provided with repeaters, devised to
conduct bars from one stand to another. Only at
the finishing stand the entering of the bars is made
by the catcher.

In the continuous rolling mill the finishing rolling
operation is performed by several stauds of rolls
arranged in a straight line [in tandem), with each
stucceeding  stand operating with roll surface speed
greater than that of its predecessor.  Rednetion takes
place in several passes at the same time until the
picce emerges as a finished rod from the last roll
stand,

Straight rod cooling and shippizg :  In the continuous
and in the semi-automatic rolling mills the finished
rods flow into a roller table and are delivered to
the shear. The shear cuts automatioally. After leaving
the shear the rods are automatically delivered to
cooling bed, where they are cooled before shipping.

In the hand rolling mill all these operations are
performed manually by workers,

Coils reeling and shipping :  Bach plant is provided
with reeling facilities adjusted to the finishing ount-
put of the mill.

In the hand rolling mill the rod is manually
inserted into the reel. The coils are removed and
transferred by an overhead crane.

The continuous rolling mill is provided with
automatic reels. The coils are delivered to a hook
conveyor and carried to the automatic balance for
weighing.,  The coils are finally hooked by an over-
head crane provided with tongs.

In the semi-automatic rolling mill the reeling faci-
lities are at the same mechanisation level as in
the continuouns mill.

The handling of the coils is performed in a similar
way as in the hand rolling plant.

Levels of mechanisation

In order to give evidence of the different levels
of mechanisation involved in each of the described
rolling mill plants, the concept of the mechanisation
profile has been used?,

The introduction of this concept has been possible
after having carried out a very deep production
process analysis. The actions to which the material
is subjected have been considered as well as each
action that must be contributed to the processing
sequence.

The sequence of events of the manufacturing
process has been sub-divided into a chain of opera-
tions, and for each operation attention has been given
to type and nature of mechanical accomplishment?®,

The concept of level of mechanical accomplish-
ment has been adopted and an additional analysis
has been carried out on the way the machinery
supplement man’s muscles, mental process, judgment
and degree of control.
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The mechanisation levels are arranged as  shown
in Fig. I.

A graphical representation of this analvsis can be
obtained if the levels of each operation are plotted
against the chain ol operations required  hy the
accomplishment of manufacturing process.

Such a chart is called mechanisation profile, and
portrays roughly the character of mechanisation of
each rolling process.

In the ofher common  hasic working processes
the alternative production systems  profiles  reveal
differences not so essential as in the proper rolling
Processes.,

Job analysis

In order to appreciate the impact of auntomation
on labour, let us econsider its effects on work force
job requirements,

The mannfacturing process is carvied out in each
rolling mill by a workman set variable with the
type of product. That is why the maning of each
rolling mill is given for the 8 mm rod production
(Table I, II, IIT). The list of the jobs enables to
congider their distribution in  ecach  common basic
working process, in which the manufacturing in the
rolling mills can be distinguished.

At the higher mechanisation levels the total
number  of  job  places iy smaller. and the quality
of work is also changing. The comparison between
the job places in a  working process and  the
corresponding  ones in another plant shows clearly
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TasLe I
Hand rod mill.

TasLe II

Semi-automatic rod mall.

y;g?gs;s JoB " ¥ » WORKING ":-;-:J r, r, r,
¥o. JosBs SAsE 1 2 3 PROCESSES Ho. Joss
INVOLVED TIVOLVED
Peeding 1.1 | Feeder 1 ~0,742 -0.522 =0.464 2.1 | Peeder 1 =0,T16 =0,102 =0.523
FPending 2.2 | Crenenan 1| 0,160 -1.428  1.556
1.2 | Heater 1 1.819 =1.0717 -2.918 2.) | Heater 1 2,745 0,297 =4.118
Heating 1.3 | Pusher 1 | =0,352 -0.467 1.510 2.4 | Billett Pusher 1 0,197 =0.003 =0.T16
1.4 | Discharger L] 0,762 0,854 0.767 S 2.5 |BHoater Helper 2 1,468 0,775 =1.114
Roughing 1.5 | Rougher 2 1.554 =1.033 0.802 2.6 | Purnace Worker 2 =0.134 136 =0,283
S 1.6 | Roughing Catcher 5 0.242  1.932 -0.530 BT | moanan 1 2,189 -0.714 1,028
1.6 | Roughing Catcher 2 0.242  1.932 -0.530 “?‘ﬂ‘i" 2.8 |2™ Bougher 1 1,721 -0.848 2,336
Tntertetiste | 1.7 | shearman 2 |-0.260 -0.566 -0,270 Gt 2.9 |Triomer Snearsen 1 {=0.095 -0.779 0,331
1.8 | Hooker 3 -0,360 0,459 0,033 2,10 | Roughing Catcher 3 =-0.576 0.1%0 0.431
1.9 | Hooker 3 -0.277 0.623 0,937 YTrtermediate] 2.11 | Shesrman 2 0.233 =0.671 0,528
1.10] 1°F Pinishing Catcher 3 0.458 1,902 0,227 w1l 2.12 | Switch Operator 2 0.269 =1.692 0.260
n:;:m; 1. 11 2’: Finisging Catoher 4 0.240 1.868 0.775 2.13 | 1°% Finishing Catoher 4 1.652 2,018 1,382
1.12 Iml Boller Eelper 1 0.94T7 1.681 -0.267 Pinishing 2.14 | 2™ Finishing Catcher 2 0,955 2.112 2.417
1.13| 2 Boller Helper 1 0,56 1.669 0.272 il 2,15 | Roll Shop Cranemen 2 0.979 =1.405 1,604
1214 | Looper 4 |=0.962 <0,312 -0.608 - e
Boughing, 2.16 | Boller 1 2.651 0.102 -0.B52
— - —_— - —_ Intermedia~ | 5 4a | oot nstar 1 -0,04% =0.211 1.097
to, Pinish-

Bod 1.15| Bed Inspeotar 2 0,998 ~1.120 -2.968 ing Mi11 2,18 | Scrapman 6 -0.914 0,152 0.532
Bundling 1.16 | Shearman 1 |-0,048 0,51 0,320 2.19 | Bod Inspector 1| 1.050 -1.576 -2.694
sh,-;:n‘ 117 [ 30 Table Worker 2 |-1.175 0,122 -0.941 m::mg 2.20 | Shearman 1| 02T -0.914  1.415

1,18 | Shearman Helper 1 -0.,814 0,45 =1 297 and 2.21 |Reel operator 1 0,608 =1.609 1.427

g 1.19 | Rod Hooker 3 |e1.184 03184 -1.028 Shitpe 2.22 [Rod Table Worksr 1 |=0.992 -0.047 -0,521

2.2) | Straight Hod Hocoker 4 =-1,172 0,078 -0.940

2.24 |Ceil Hooker 5 =1,172  ©0.078 -0.540

that the total number of job places is decreas. bl e v i S
ing when passing from the hand rolling mill to
the continuous rolling mill, as far as the proper

rolling processes are concerned. f, = Pre-Employment Training ... Grade A, B, C.
Each job is characterised by the main task f, = Employment Training and

accomplished by the man at work. If one assigns
to a job mechanisation level of the operation corres-
ponding to the accomplishment of its main task, it
is easy to put the jobs in a cumulative rank list
aceording to mechanisation (Table IV).

The higher the mechanisation ranks of the jobs,
the more mechanised the corresponding working
processes.

For instance, the only two high ranked jobs of
the hand rolling mill are at the heating furnace,
where the working process has the highest mechanisa-
tion standard of the whole plant.

The remaining part of the jobs in the hand
mill are all low ranked. The greatest part of the
high ranked jobs is constituted by continuous roll-
ing mill jobs, and the medium ranked ones are
semi-automatic rolling mill jobs.

In order to obtain a more realistic idea of the
contribution of human work in the different rolling
mills, a careful job analysis has been performed.
The collected data have been classified, taking into
account the twelve characteristics of a job evalu-
ation system used in iron and steel plants.
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Experience ... Grade A, B, C, D,

fy; = Mental skill ... Grade A,
f, == Manual skill ... Grade A, B, C, D,
f, = Responsibility for material Grade A, B, C, D, E.
fy = Responsibility for tools and

equipment ... Grade A, B, C,D, E
f; = Responsibility for operations Grade A, B, C, D, E,

F, G, H.

fy = Responsibility for safety of

others ... Grade A, B,C, D,
fy = Mental effort ... Grade A, B,C, D, E.
fio= Physical effort ... Grade A, B,C, D, E.
f;;= Surroundings ... Grade A, B,C, D, E,

F.
fo== Hazard ... Grade A, B,C, D, E.
A proper definition of these characteristics and
of the different grades is provided by the manual
of this job evaluation system?,

Factorial analysis of job characteristics

The mentioned job evaluation manual has been
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TasrLe III

Continuons rod mill.

WORKING . JoB
HOCESSE |
PROCESSES | Ne. JoBS placzs Ty r,. L
‘ INVOLVED
= R g
| : 3.1 Billett Inspector 1 0.886 =1.54T =1.867
\ | 3.2 | Billert Yerdzan | 3 |-1.080 o.05% -0.138
| A4 e | |
Fosding ! 3.3 | Billett Charger 1 j—O.jbj -1.415% 0.111
l 3.4 | Billett Yard Craneman [ 1 | o.081 -1,385 2,177
I ES S —
3.5 | Billett Pushar 1 0,523 ~1.540 0.504
| 3.6 | B z =1, X
Boating I 3 enter 1 2.450 =1.048 ~3.088
{ 3.7 Feedsr 1 | 1.097 ©0.464 0,561
| | 3.8 | Discharger 2 0.514 -1.104 0.477
| .
| Roughing 3.9 | Bougher [ 1 | 1.461 o0.237 -1.098
| win 1.10| Motor Operator IR 2,057 -1.746  0.706 |
I S e = |
Interm. M1l | 3.11{ Pl¥ying Sbearman 1 |-0.054 0.792 -0.478 |
- - ! E——— |
Filu-ishing 3,10 Motor Operator 1 ‘ 2,057 -1,746 0,706 |
Mill 3412| Rod Finishar 2 ‘ 2.241  0.0T2 -2.067
' Houghing, | Y.13] Scrap Beller 2 | 0.220 0.021  0.f97
Intermedia~ | & iz |
o1 - I 1 | 0.0 -0.230  1.599
te, Pinish- { J14| Oxicutts 1 47 23 |
ing Mill J 3.15!"M11) Craneman |2 | 0.159 =1.421 52
| 1.16 | Rod Inspector | | 0,998 -1.120 -2.968
3.17| Reel Operator 2 0.5:4 <1.425 0.7 ‘
1,98 Co1l Bander 5 |-0.886 0.055 0.05% |
3.19 | Coil Unloader 3 -0.607 ~0.195 0.639
Bea-Bunil ing 20| Coil Conveyor Workes [ 2 |-0.,508 =7,003 =0.484
{ ks |
| an¢ Sbipiing | Rod Table Cperator | s 0.044 -1.954 0.999 |
| Shearman i 2 0.133 -0.43% 0.639 t
| |
Shearnan Aelper |3 -0.659 =0.333 1.436
Stinight Bod Hooker | 7 |=1.180 -0.087 -0.792
|
| Storage Craneman 1 0.154 =1.280 1.121
. — e ——

used as starting point for a guantitative evaluation
of the twelve characteristics in the jobs.

Linear correlations of these characteristies fj
(i=1...12) have been ecaleulated for the cumulative
population of job places in the three rolling mills.
The correlation coeflicients are presented in Table V.

This correlation matrix has been factored by Cen-
troid Method?,

Factoring has been stopped after the extraction
of the third factor, the residuals being so small to
be negligible,

The Centroid analysis has given the loadings shown
in columns I, 1l and IIT of Table VI. Communality
of each characteristic f; is also reported in column
h?, Table VI.

The communality of a characteristic can be defined
as its common factor wvariance®; in other words,
that part of the total variance of a characteristic
which is attributable to the common factors. As
can be seen, the three common factors take out a
variance of 857 of the total 12, that is the 719,.

The third factor residuals being very small, factor
loadings on Table VI and correlation matrix on
Table V can be considered as equivalent; very
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little information is lost passing [rom  the correla-
tion matrix to the factor loadings.
In order to visualise the intercorrelation of  the

twelve characteristics fi, a vector model is adopted?.
The correlation matrix on Tuble V can be !<‘LHE'.-~(’|L{"(I
by a set of vectors, whose scalar products are the
correlation coefficients. In Fie. 2 we have such a model,

in which the characteristic vectors are represented

by long pins, stuck into a central sphere.  Each pin

represents  a characteristic vectom The correlation
Fig. 2
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Mechanisation scale of job places.

TasLE IV

Mechani~- Job Job A &b
zation Hand Rod Mill places Semi-Automatic Hod Mill Tacot Continuous Bod Mill blaced
level
10 Heater 1 Heater 1
9
8 Bod Table Operator 1
T Discharger 1
Motor Operator
6 Rod Finisher
Rougher 1
Rollex 1
6-9% Reel Operator 2
Reel Operator 1
Billett Pusher 1
5 Flying Shearman 1
RBougher 2 | Rougher 1 | Discharger 2
2nd Bougher 1 Billett Charger
Craneman 1 Storage Craneman 1
Roll Shop Craneman 2 | Mill Craneman 2
Heater 1 Billett Yard Craneman 1
4 Heater Helper 2 | Peeder 1
Shearman 2
Shearman 2 | Trimmer Shearman t
Shearman 1 Shearman 2
Switch Operator 2
Shearman 1
3 xicutter 1 Oxicutter 1
Sorap Baller 2
| Coil Unloader
3-2 Shearman Helper 3
Feeder 1 Coil Conveyor Worker 2
Billett Pusher 1
Pushex 1 HBod Table Worker 1
Hooker 3
Hooker 3
2 Roughing Catcher i | Roughing Catcher 3
1st Roller Helper 1 1st Finishing Catcher
2nd Hollor Helper 1 2nd Finishing Catoher 2
1st Finishing Catocher 3
2nd Pinishing Catocher 4 | Purnace Worker 2
Looper 4 | Scrapman 6
Shearman Helper 1
Feeder 1 | Btreight Rod Hooker 4 Straight Hod Hocker
1 Bod Hooker 3} | Coil Nooker | Billett Yardman 3
Bod Table Worker 2 | Coil Bander 1 Coil Bander




TasLe V

Correlation matrix,

£ 2 3 4 5 & 7 8 8 10 11 1z

ST99 JT48 L1477 L6T5  .624 L6500 -.127 L6855 -.305 -.232 -.355

2 | 799 L858 .405 .738 .658 .833 -.122 .796 -.017 .075 -.037
3| .4 L858 2393 .131 L6TB .B66 -.154 .793 -,035 .140 -.101
4 147 .40% L1393 413 557 475 104 .565 463 446 .32
) 675 L7383 L402 601 674 - 162 L T46 -, 136 -.015 -.085
€ | L624 L6599 LET8 L9557 L6O1 STV =011 WETS L04T  J051 =, 154
1 LE500 (B3} LBES 475 L6741 -.255 .TB4 .050 .221 -.056
8 =127 =122 =, 154,104 =, 162 =011 =, 255 - 141 a6 L0322 .258
9 1 <685 796,793 565 746 .675 .184 -.141 -.0T7 159 -.085
10 -.305 -.017 -.03% .463 -.136 .04T .050 .36 -.077 <570 .T64
1 =232 JOTS 140 .446 =.015 .051 ,221 .032 .169 570 857
12 =.355 =.037 -.101 .332 -.085 -.154 -.0%6 .258 -.055 .764 .697

TasrLe VI

Factor malvices.

/7“ Unrotated Loadimga | Rotated Lnnd%ﬁ'u;ﬂw- |5p'c1r < ! Total
nality Variance

I Iz 11 | oy F2 Fy t ?igf‘_‘
1 .B54 =040 ~,072 | ,795 -.310 -.070 ‘ .133 ‘ L 267 1
2 B4t 337 -.204 .915 065 -,147 . 863 137 1
3 846 .335 -.210 | .920 ,061 -,152 | .BT} | a2 1
4 .302 .08 L)29 2490 .51€6  .439 + 699 « 301 1
5 -196 .231 L0867 .820 -,058 .112 688 ‘ L2 1
6 | .13 .335 .224 | .79 .035 .218 | .703 | .297 1
% 820 .401 -, 251 L9 138 -.182 | . 899 101 1
B |-.25T .219 .185 {=-.180 .270 .214 | .151 849 1
5 | .26 .36 111 | 895 .06 L17a | .83 ‘ (168 1
10 (=341 .779 -.046 |-.060 .B49 .070 | 729 | .71 1
1" -15%  .T19 -, 224 L1000 759 -.113 | %99 +401 1
12 | ~e416 767 =191 |-,130 ,BB4 -.070 so; \ . 197 1
Totals iE.STS : 1.425 I 12

N > SR —— S

between any two characteristies is equal to hi hj cosdi,
where h are the lengths of the white zone of the
pins, and ¢ij is the angle between them.

If two \e(,hur'; in the model make a rlght angle,
the corresponding  correlation coefficient  is  zero.
The scalar product of a vector with itself is h;2,
the angle ¢ being zero, and vnsqﬁn being one.
Hence the square of the length of a vector f is
equal to its communality h;2

From such a model, we should be able to re-
construet the correlation matrix, from which the
model was built. In other words, they give the
same information. Fig. 2 gives two different views
of the same model,

[t is to be noted that the axes we could get by
centroid process have been rotated, retaining orto-
gonality®.  This new reference frame has been chosen
so that :

one of the axes F, passes through the centroid
of cluster of vectors f,, f,, £, f;5, fs f5, fy
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(fm‘muw the more compact and nnmerous group
in the structure, as may be seen),
plane I, I, contains the centroid of characteris-
ties £, duLl P
Rotated iu(Lur loadings are shown in
column 1¥, 1
Some interesting remarks can be made on  the
inter-correlations of the twelve characteristies f,, that
can be obtained from the values shown in Table VI,
or even directly from the correlation matrix (Table V).
The evidence of such remarks ecan be visualiged
by the model shown in Fig. 2.
These remarks can be summarised as follows :
() The vector conliguration of Fig., 2 shows
two clusters.
The first one is formed by vectors :
£, (Pre-employment training)
f, (Employment training and experience)
t, (Mental skill)
f; (Responsibility for material)
l
f
I

Table VI,

fay Iy

‘e e

(Responsibility for tools and equipment)
(Respongibility for operations)
(Mental eﬂ'mt}
The se(un(l one is formed by
t,p (Physical effort)
f1 (Surroundings)
f,s (Hazard)
(h)  The two elusters make nearly a right angle.

These two facts are also made evident by inspecting
correlation matrix : the characteristics within a cluster
have high correlations between themselves, while the
correlations  between pairs of characteristics from
different clusters are very low (near zero).

The reference frame has been chosen so that vectors
of the first group are eclustered round axis I, and
vectors of the second group are clustered round axis ¥,

(¢) The vector f; (Manual skill) is the only one
showing an appreciable component of its vari-
ance due to the axis F,. but more than 502 of
its total varianece is due to factors F; and F,,

() Vector fy (Responsibility for safety of others)
has a very low communality : its position
in the configuration is not of great interest,

From the above considerations, one can try to
find out an interpretation of the reference factors.

Factor 1| is strictly involved in characteristics f
(Responsibality for material), f; (Responsibility for

vectors :

r-l.-lt.-

tools and equipment), f; (Responsibility for opera-
tions), i.e. characteristics concerning job  responsibi-

lities. But, on the other hand.
characteristies f; (Pre-employment training), f; (Mental
skill) and fy (Mental effort), namely characteristics
concerning ment  requirements for job performance,
are .1lmo-t entirely due to the same factor,

Hence it cecurs reasonable to musi:l(-r K, as a “Res.

communality of

ponsibility factor”™, or also as a <DMental require-
ment  factor” @ each of these definitions  implies
the other, the two groups of characteristics being

strictly intercorrelated.
The seventh factor

(l-unlpl()\mt'ut training and v\penvme
Characteristic vectors £, (Physical effort), {,,

associated  with F, is f,

(Hazard)
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and f;; (Sourroundings) show the highest saturation
on factor F,; it stands to reason to consider such
factor as a “Physical requirement factor.”

The interpretation of factor I, is more doubtful.

It contributes to explain the part of f;, (Manual skill)
communality, which is not explained by factors F,
and F,.

From the point of view of information concerning
the total structure, this factor makes a contribution
far less important than the others.

The regression equations for estimating the three com-
mon factors have been found using Bartlett’s method.®

Values of /F,p, and /Fyp and /Fyp have been
calculated for each job p and are reported in Table
L column ¥, ¥, T..

Conclusions

In Table VII the 140 job places of the three rol-
ling mills are arranged in a decreasing order, from
the highest to the lowest, in accordance with factor
F;. Values of ¥, and F; are also reported.

From the ranking of the jobs according to F, it is pos-
sible to evaluate the content of responsibility require-
ments of each job, and accordingly to compare them.

The data are arranged into the eight histograms of
Fig. 3, representing frequency distribution of F; and F,.

Fig. 3.
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TasLe VII
Classification aceording to F, value.

Referance Number | Jom
Hand | 9.4, | Comt:] il praces LS Fy
| BoM. | KoM, | ROM,
] | 2.3 | Hestar 1 2.145 0.29T ~4.118
‘i | 2.5 | Roller 1 2.651 0,102 -0,852
i 3.6 Hester 1 2,45 =1,048 -3.088
| 3,12 | Kod Finisker 2 2.241  0.072 =-2.067
2.1 Rougber 1 2.180 -0,714 1,028
3.10 ¥otor Operator 2 2,057 =1.746 D.706
1.2 ‘Beater 1 1,819 =1,071 -2.518
2.8 ™ Rougher ] 1.721 ~0.848  2.336
2.11] 1*% Pinishing Catoker 4 | e 2008 1,382
1.5 | Rougher 2 1,554 =1.033 0.802
2.5 Hemter Felper 2 1,468  0.77% =1.714
3.9 Houghar 1 1.46%  0.237 -1.098
3.1 Featdar 1 15T 0,464 0,361 |
2,19 Fod Inspesctor 1 1.0% <~1.516 -2.654
|.|5f Red Inspector H 0,598 -1,120 -2.968
3. 16 Hod Inspector ¥ 0,598 =1.120 -2.568
215 Roll Shop Craneman 2 0.979 =1.405 1,604
2.14 2nd Finishing Cetcher 2 0.955 2.112  2.417
1.12 1s% Roller Belper 1 0.547 ;.5‘1 -.267
3.1 Billet Inspector 1 0.886 -1,547 -1.867
1.4 Discharger 1 0,762 -0.B54 0©.767
2.29 Reel Operator 1 0.608 =1.609 1.427
1.13 2nd Holler Helper 1 0.566 1,669 0.2712
" 31T Real Operator 2 0,524 =1.425 G177 |
3§ Billet Pusber 1 0.52) -1.540 O0.504 |
3.8 Discharger 2 0.514 =1.104 ©.417
1,10 tat Finishing Catcher 3 0.458 1.902 o©0.7277
2.20 Shearman ! 0.277 -0.914 1.415
2.12 | Switch operator 2 0,265 -1.692 0.260 |
1.6 | | zoapisng cascner - 1 0.242 1.932 -0.5%0 |
1.1 Fae Finishing Catcher 4 0.240 1,868 0L715 |
2.1 Shearnan 2 0.233 -0.67T1 0.528
3.13 | Serap Baller 2 0,220 0,021 0.897
2.2 Craneman 1 0.160 -1.428 1,556 |
3.15 Hill Cranemen 2 .15 =-1.481 2.392
3.25 | Storage Cranscas 1 0.154 -1.280 1,121
3.22 | Shearman 2 0.13) =0.439 0.63)9
3.4 | Craneman 1 0,081 =1,185 2,177
3,14 | Omxicutser 1 0,047 -0.230 1,599
4.47 | Eod Table Operator 1 0.044 =1.9%4 0.999
2.17 | Oxtoutter 1 |-0.045 0,211 1.097
1.16 | Sbearman 1 |-0.048 -0.361 0.320
3. Plying Sboarman 1 -0.054 ©,792 -0.478
2.9 Trimuer Shearman 1 [=0,095 =0,779 0.3M
2.4 Billett Pusher 1| =0.197 =0.003 -0.776
1.1 Shearuan 2 |-0.260 -0.566 -0.270
w9 Hooker 3 |-0.2711  0.623 09N
1.8 | Hooker 3 |-0.360 0.4% 0.0))
i 3.3 | Billest Charger 1| =0,36) =1.415 0,111
1) | | Fusher 1 [-0.392 -0.467  3.510
| 2.10 | Roughing Catober 3 |-0.576  ©.150 0.4
| 3.19 | Coil Unlosdsr 3 |00 —0.195  o.6n |
| 3.;-;' Shearman Hslper 3 0,65 =-0.333 V.436
| 2.1 | Feodor 1 [-0.116 -0.102 -0.52) |
2.6 ‘ ‘ Purnace Worker 2 | -0.1M 1.136 -0.28) |
11 | | | Feader v |-0.162 -0.502 -G.464 |
1,18 | | Shearnan Halper 1 | -0.814 0,450 -1.21 l
| 3.18 | coil Bander 5 |-.88 0.05) o0.0% |
; | 3.20 | cosl Conveyer Worker 2 |-0.908 -1.003 -0.484 |
| 2.18 | Serapman 6 |-0.97a o©0.152 0.532 ‘
12| j ‘ Loaper a4 |-0.962 -0.312 -0.608
| 22z | M, Aoan Wi 1 | =092 -0.087 -0.321
3.2 Billett TYardman 3 -1,080 0,09 -0.438
2.2% | Coil Bander 1 -1.145 -0.26) -1,299
2.23 | | Btrasght Rod Hooker 4 [-1.172 0.078 -0.540
| 2+24 | Coll Hooker 5 '-1,172 0,018 -0,940
111 | Eod Tatls Worker 2 |-1.175 0,122 -0.941
J 324 Sureight Rod Bocker 7 !-!.lbo ~0.081 ~0.792
1.19 ! 3o¢ Rooker 3 ‘-1.154 0,314 =1,028



In the following table average values of F,, T,
for the three rolling mills are shown :

Hand mill S.A. mill Cont. mill
F,. av. — 0022 0071 — 0052
By, av. 0544 0:055 —0-528
The information one can obtain from these histo-

grams is :

—as  the automaticity increases, the total
number of  jobs  requiring an  average
reponsibility  level is decreasing. In the
meantime the number of jobs at very high
and very low responsibility levels is in-
creasing.

—the progressive effect of automation is to
relieve the operator of manual effort, therefore
the number of jobs with high value of F,
( Physical  effort. Hazards, Surroundings )
abruptly declines passing from manual to eonti-
nuous rolling mill,

The ranking of the jobs according to the value
of I, and ¥, can be simultaneously taken into

consideration,  plotting  the jobs into the F
plane, as Fig. 4 shows.

In order to understand the distribution of the
jobs in this diagram, advantage has been taken
from the jobs mechanisation ranking, listed and
discussed above,

The highly mechanised jobs correspond generally
to points falling into a limited arca defined by the
a zone in the diagram. The line limiting this area
has been drawn in order to separate it roughly
from the surrounding parts of the plane.

The points representing manual jobs are covering
two zones. ¢ and e, in the diagram.

All the jobs at the first mechanisation level are
represented by points falling exclusively in the ¢
area. The jobs at the second mechanisation level
are distributed between the ¢ and e zones.

The last zone is tyvpical of second mechanisation
level jobs requiring special skill (catchers).

Two other zones, & and d. have also been taken
into consideration in order to give explanation to
the jobs intermedinte among the preceding zones.

The conclusion one can draw from the consideration

=
| &) ]12

Fig. 4.

O HesHty MECHANIZED T0BS . (FRom 44 70 1004 LEVEL ,

@  Mrecranizer ” Toas. (3vd LEver)
O Manvas Joss, (15t & 2nd LEver)
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of the jobs distribution in the K, F, plane, are
summarised by the following conditions :

Unskilled manual jobs ¢ zone: F,<0 F,~0
Skilled manual jobs e zone: F,>0 F,=0
Mechanised jobs @ zone: F,.>0 F, <0

The diagrams in Figs. 5, 6, 7, represent the jobs
distribution in the F, F, plane for each rolling mill.
A useful comparison can be made in order to
draw a conclusion on the pattern of requirements
induced from the mechanisation of the plant into
the human contribution to the production process.
Hand rolling mill : the pattern is characterised
by the highest percentage of jobs in the
e zome.
The d zone is completely filled up.
A low percentage of jobs is represented by
points falling into the @ and b zones.
Semi-automatic rolling mill : the pattern is charac-
terised by the equal distribution of the jobs

Fig. 5.

. Fa

/2. Rod Table Worker.
L 1

6- ,Pauymhg Catchen.

into the different zones. Only the d zone is
completely empty.

Continuous rolling mill : the pattern is defined by
the e zone totally empty, and the highest
percentage of jobs falling into the a and ¢
zones,
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