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I . INTRODUCTION 

Common man normally attaches atomic energy 
to the nuclear arms -race and fears the holocaust 
it can cause. Little he realises its capabilities 
for peaceful purposes which can indirectly bring 
about a sea change in his daily life. Even for 
peaceful uses, very few people are aware of its 
applications in the fields of medical therapy, agri-
culture etc. Nevertheless, the greatest potential 
in nuclear energy undoubtedly lies in generation 
of electrical power through nuclear reactors. 

Welding plays vital role in nuclear engineering. 
The progress achieved in the nuclear field of 
the world is unthinkable without reliable welds. 
This factor is of great significance in nuclear 
reactors as few of the critical welds are inaccess-
ible for periodic inspection. Hence the quality 
of workmanship demanded is of highest 
order and extremely stringent. From experiences 
gained in construction, operatiqn and mainten-
ance of nuclear reactors all around the world, 
established practices and guidance is available 
for use on the above factors in the form of 
codes/standards, for example as given by ASME 
Boiler and Pressure Vessel Code Section-Ill 
Nuclear Power Plant components etc. India's 
achievements in construction and operation of 
conventional reactors of such nature are credit-
able. Though she had its more than fair share 
of teething problems, a stage is reached now 
from where she can launch her ambitious 
programme of 10,000 megawatts nuclear 
power by turn of the century which will be 
around 10% of total generating capacity of 
electrical energy by all sources put together. 

Apart from these conventional nuclear progra-
mmes, keeping in view of the future require-
ments and raw material resources, India is 
planning to venture into new and challenging 
branches of nuclear science. In this context, 
India has commissioned pilot plant facilties 
to develop the necessary expertise on all 
aspects of the high technology. Needless to 
say that the existing international norms and 
standards leave much to be desired to directly 
adopt such high technology with confidence, 
largely due to the non-availabiiity of recorded 
data of performance for the new nuclear techno-
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logies. Hence it becomes imperative to formulate 
separate specifications-tailor made to suit 
the specific critical application. To ensure trou-
ble-free functioning of such "tailored to measure" 
components, it will be but natural, to expect 
the most stringent quality conditions in construct-
ion. The welds in construction of components 
are required to pass various quality control 
tests almost ensuring zero defect level and 
also the weldment as a whole has to meet 
the critical dimensional requirements. 
Welding of one such component which is a 
coolant pump shaft is discussed here to share 
the experience with all. 

II. ABOUT THE COMPONENT 
The component is the shaft of a pump that 
circulates liquid metal which is radio active 
to conduct heat away from the reactor and 
transfer it to the secondary circuit. The shaft 
is vertically mounted in the pump casing with 
Impeller fixed at the lower end. On rotation, it 
generates radial suction and axial discharge for 
the pump. The rotational speed varies from 
200 to 1450 r.p.m. with normal operating speed 
of 1390 r.p.m. Also, service temperature ranges 
from 150°C to 520°C and the normal service 
temperature will be 380QC. At any given instant, 
temperature gradient also exists along the 
longitudinal axis of the shaft. 

Unlike the conventional single piece solid shafts 
for pumps, the subject shaft is a three piece 
construction with a central hollow tube having 
two solid end pieces welded together. Fig.1 
shows the geometry of the shaft with approxi-
mate dimensions. As can be seen from Fig.1, 
there are two circumferential Welds. There 
are also two centering back up rings, one at 
each weld to facilitate fit up in assembling 
the shaft for welding and control weld distortion 
to certain extent. 

The top, bottom end pieces are rough machined 
with 2mm over thickness and with half the anti-
cipated shrinkage of single weld on each' end 
piece. The central tube wiir be finish machined 
with extra length of half the shrinkage allowance 
at either end. 

A small tube is attached to the top end piece to 
provide shielding gas at the root side of the 
welds. The hollow space in intermediate tube 
and end pieces is filled with Argon at atmosphe-
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ric pressure and the small tube is seal welded 
with a plug before the shaft is put into service. 

A special post weld stress relieving heat treat-
ment is necessary before final machining to 
facilitate trouble-free service. The finish machin-
ed shaft with its rotating assembly undergoes 
dynamic balancing to close limits. 

To meet the critical and demanding service 
conditions, a special French Refractory forged 
stainless steel material is selected for the 
shaft. The specification details are given in 
Table - 1. 

III. WELDING ASPECTS OF THE SHAFT : 
Quality, both with respect to weld defect level 
and dimensional tolerance of the weldment is 
the watch word for the shaft. The importance 
lies in the fact that the manufacturer has 
to take special efforts to work under the specific 
conditions imposed by the customer which 
are different from his regular practices and 
still meet the required quality. 

General practice of most of the fabricators/ 
erectors for full penetration circumferential 
pipe welds is that some opening at root of 
the joint is given to facilitate penetration 
for obtaining radiographic quality deposit. 
Also the configuration of weld edges and fit-
up etc. , are allowed to be changed to suit 
the shop practices for obtaining the required 
quality. However, in this case, it is insisted by 
the customer that zero root opening has to 
be observed and also the weld edge should 
conform only to the details given in Fig.2. 
Fig. 2 also gives the weld runs sequence which 
was also insisted by the customer to be adhered 
to. So the manufacturer has to allign himself 
to these special impositions by the customer 
by giving special training and practice to the 
personnel to work under such conditions. From 
the sequence of depositing the runs, it is note-
worthy that though run number 4 and 5 are 
in the form of multirun layer, the subsequent 
run numbers 6 and 7 are single run layers. 

Manual Gas Tungsten Arc Welding (GTAW) 
process was selected for the reasons of obtaining 
the required weld defect level and controlling 
distortion alongwith availability of welding 
consumables. The filler rods for GTAW also 
conform to the specification given in Table-1 
and were imported from France along with 
parent materials. -

Control of weld defect level was one of the 
major aspects of welding quality. X-Ray radio-
graphy was the non-destructive testing method 
selected for inspecting the welded joints. Consi-

derable efforts were put in, to develop and 
establish special techniques for double walled 
radio graphy with centering ring in position. 
Though separate acceptable limits were fixed 
up for defects in radiographs, in reality it 
was almost nil defect level and clear radio-
graph was only acceptable. Radiography was 
specified both in as welded condition and after 
post weld heat treatment. The weld was also 
to pass Helium leak test under vacuum. 

Mechanical properties of the welds j^pre to 
be ensured by welding mock up of similar pieces 
and physically conducting the testing. The 
specification limits of parent material were 
specified as limits for the welds in mechanical 
testing. 

Another major aspect of weld quality was 
control of weldment distortion to meet the 
dimensional requirements of the job. The two 
ends of the shaft, which were approximately 
1500 mm. and 600 mm. away from respective 
welds, had to be controlled in such a way during 
welding that there would be sufficient machining 
allowance left at both ends. The ends were 
also to be concentric within close limits. As 
the stress relieving treatment may also contri-
bute to the as welded distortion, deflection 
of ends should be controlled within half the 
allowable levels. It was also the condition 
laid down by the customer that "In no case, 
straightening of the shaft to correct the vertical-
ity shall be allowed", hence the need to evolve, 
develop and establish fool proof welding techno-
logy which involves no physical straightening 
operation. 

IV. DEVELOPMENT AND QUALIFICATION OF 
WELDING TECHNOLOGY 

Keeping in view of the criticality of the job, 
a Welding Technician was selected, who not 
only possesses the necessary skill but also 
understands the importance of technology and 
readily adopts to the new methods, different 
from the established regular shop practices, 
and also his own working methods. 

In the beginning, as the first step, few flat 
test platps were welded with carbon steel 
and later with stainless steel with the weld 
edge preparation and fit up in line with regular 

' shop practices and also with the geometry 
fit up of the job weld. The technological differe-
nces between the two were studied and the 
extra effort in meeting the requirement was 
put in. 

As a second step, few mere flat test plates of 
stainless steel were welded using the sizes 
of Filler Rods like that of the job weld to 
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set the welding parameters. These plates were 
inspected radiographically to ensure proper 
fusion. Since no grinding of excessive reinforce-
ment would be allowed, special care was given 
during training to keep a little weld reinforce-
ment with good bead finish. 

Welding procedure was qualified as per the 
tailor made specification supplied by the custom-
er. Pipe pieces were used for welding the mock-
up for qualification with materials, weld geomet-
ry and fit-up as per job. Welding was carried 
out by GTAW in down hand position by rotating 
the pipe and welding from top. Table 2 gives 
the details of welding conditions observed 
on the mock-up piece. Table 3 gives the non-
destructive and destructive tests conducted 
and results of the same. It is interesting to 
note that elonqation was meiasured on Transverse 
Tensile Test specimen The special features 
of the qualification were Radiography, Micro-
scopic examination and Texture test which 
are extra tests compared to the conventional 
procedure qualification. Although on job, radio-
graphy was possible only with centering ring 
in position, for qualification, radiography was 
also taken after removing the centering ring 
to doubly ensure the quality. Microscopic exami-
nation was primarily to observe the distribution 
pattern of delta ferrite. Inter-run temperature 
of welding was maintained below 125°C to 
control ferrite. Texture test was to reveal 
weld defects, if any, by senctioning a piece 
along the longitudinal weld axis. 

Another important factor of the development 
and training programme was the distortion 
and shrinkage control techniques. Since the 
acceptable distortion was very small, special 
techniques were devised to get the requisite 
distortion control. For shafts of this nature, 
distortion in the form of transverse angular 
distortion is of most importance. Being forgings, 
the components do not show much ovality. 
Misalignment at weld does not pose problem 
as the centering ring at joint location takes 
care of it. 
Correct application of the necessary welding 
heat input at the required location was the 
technique essentially utilised in controlling weld 
distortion and shrinkage. The emphasis was to 
allow the components to deviate freely on 
welding without restraining them, so that the 
amount of locked in stresses would be low 
and relief of the same would not unduly af fect 
the uimensional stability. By this technique, 
controlled amount of distortion was introduced 
to get the desired result. A few mock ups 
were welded to perfect the technique. 

It may be added that the welding technician 
employed picked up techniques very fast and 
readily adopted himself to the conditions new 
to him. 

Not*: All dimensions art in mm 

© TOP END PIECE 

(7) CENTRAL TUBE 

(5) BOTTOM ENO PIECE 

Fig>-1 GEOMETRY OP PUMP SHAFT 

Not*: All dimensions at* in mm 

Fig.2 WELD JOINT DETAILS & RUNS SEQUENCE 
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V. A C T U A L JOB WELDING 

Before the set up for weld ing was made, fo l l ow-
ing work was car r ied out on indiv idual compo-
nents. 

> 
Purging tube of 14 m m outside d iameter was 
seal welded f r o m inside o f top end piece a t 
the hole dr i l led as shown in F ig. 1. Center ing 
r ing wh ich had appropr ia te f i t up v/ i th the 
inside d iameter o f end piece at the weld was 
located in each end piece as shown in Fig.2. 
I t was tack welded at three equidistant locat ions, 
to the end piece. 

Assembl ing and weld ing was car r ied out on 
a la the. For assembling before welding, the 
bo t t om end piece was inserted in the four-
jaw chuck and outside d iameter was t rued. 
A steady rest was c lamped on the la the bed and 
the in te rmed ia te piece was kept in posi t ion 
by sl id ing i t on the center ing r ing of bo t tom 
end piece. The top end piece was located in 
such a way tha t i ts center ing r ing slides into 
the other end of the in te rmed ia te piece. The 
ta i l stock was kept in posi t ion and t ightened 
such that zero root gap was obta ined at both 
the jo in ts . The trustees and straightness of 
the shaf t was found to be sat is fac tory at this 
stage. No tack welding was done in the main 
weld grooves. A 10mm outside d iameter copper 
tube was inserted through the purging tube 
and f i xed at the locat ion. Wi th the help of 
f lex ib le hose, shielding gas could be int roduced 
at the root side through the copper tube and 
the annular space between copper and purging 
tube provided the ou t le t fo r the gas. 

Fig. - 3 shows assembly of shaf t fo r weld ing 
w i th posit ions of d ia l gauges to ind icate dis-
to r t ion . 

The inside air of tne shaf t assembly was scaven-
ged w i t h Argon at a f low ra te of 15 l i t r es /m in . 
for 30 minutes to f u l f i l the requi rement of 
scavenging at least w i t h six t imes the volume. 
La te r the f low ra te was adjusted to the root 
side shielding ra te . For welding, the shaf t 
assembly was ro ta ted by hand. Table 4 and 
Table 5 give the weld ing condit ions observed 
for the jo ints separately. 

Cont inuous mon i to r ing of d is to r t ion was done 
through the six d ia l gauges. Welding runs were 
deposited a l te rna te ly on each jo in t in the same 
set up. Root run for both jo in ts were l iqu id 
penetrant tested and did not show any de fec t . 
Each run was a l lowed to be cooled to room 
tempera tu re before dia l gauge reading were 
taken and d is to r t ion pa t te rn computed. Sequence 
of weld ing for the next run was determined 
a f te r apply ing appropr ia te technology based 
on d is to r t ion not iced. A f t e r weld ing two runs, 

Fjg-3 ARRANGEMENT FOR WELDING 
WITH DIAL GAUGES 

the ta i l stock cent re was removed and shielding 
gas f low on the root side was stopped. A f t e r 
comple t ion of weld ing both the jo ints were 
l iquid penet rant tested and were found to^ be 
defect f ree. 
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Plate-1 gives general ar rangement o f shaf t 
on lathe for we ld ing and Plate-2 shows the 
close up v iew of we ld ing w i t h deta i ls of gas 
connections and d is tor t ions mon i to r ing devices. 

Table 6 gives the readings of a l l d ia l gauges 
a f te r comple t ion of weld ing. I t is c lear f r o m 
the f igures tha t max imum d is to r t ion observed 
was only 0.5 m m which is a t the end o f top 
end piece. However for obta in ing absolute 
concen t r i c i t y , 0.9 m m machin ing should be 
done. 

Welding shrinkage was also measured as decrease 
in length of the shaf t a f t e r each run. Table-
7 gives the readings. The cumula t ive shrinkage 
of a l l runs for both the jo ints put together 
was 7.7 m m against the al lowance of 8 m m 
and hence we l l w i t h i n l im i t s . 

Radiographic inspect ion was conducted in as 
welded cond i t ion and also a f t e r post we ld heat 
t r e a t m e n t which ind icated the exce l lent we ld 
qual i ty w i t h zero defec t level . 

The post weld heat t r ea tmen t is of special 
nature and the detai ls of which are out o f 
scope fo r the present paper. However i t w i l l 
su f f i ce to say tha t i t was conducted very success-
fu l ly w i t h l i t t l e d is to r t ion added to the as 
welded condi t ion. 

He l i um leak tes t ing under vacuum was conducted 
on the job and the welds were found to have 
exce l lent leak t ightness. 
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TABLE - 1 

SPECIFICATION DETAILS OF STAINLESS & 
REFRACTORY FORGED STEEL FOR SHAFT 

CHEMICAL COMPOSITION 

Carbon 
i 

Sil icone 

Manganese 

N icke l 

Chromium 

Tungsten 

Sulphur 

Phosphorus 

MECHANICAL PROPERTIES AT AMBIENT 

TEMPERATURE 

0.10% - 0.25% 

0.75% - 1.25% 

1.0% Max'. 

10.0% - 13.0% 

20.0% - 24.0% 

2.5% - 3.5% 

0.02% Max. 

0.03% Max. 

U l t i m a t e Tensi le Strength 

Elast ic L i m i t (0.2%) 

Elongat ion (on 5'd) 

Impact Strength (U Notch) 

Hardness 

55 k g / m m min 
2 24 k g / m m min 

30% m in 
2 

4 k g / c m (Ave) 

190 - 250 H 0 

Every step in the progress o f the job was conduct-
ed under the w a t c h f u l eyes o f the in terna l 
qual i ty con t ro l depar tment o f the manufac tu re r , 
customer 's p ro jec t and inspect ion personnel 
and was also c e r t i f i e d by t h i r d par ty qua l i ty 
survei l lance o f "Bureau Ver i tas" . 

VI. CONCLUSION 

The results obta ined on the job exceeded the 
expectat ions of a l l concerned. The exper ience 
of handl ing such jobs can induce more conf idence 
in Indian equipment manufac turers wh ich in 
tu rn w i l l enable them to a im at s t i l l more 
compl ica ted jobs. 

The spec i f ica t ions invo lved may appear to 
be made w i t h greater emphasis for sa fe ty , 
par t ly due to the caut ious approach on par t 
of makers of spec i f icat ions. However , i t should 
be rece ived as the only hard way for development 
and should be taken in the r igh t sp i r i t as i t 
cont r ibutes to the improvement of the technolo-
g ica l ab i l i t y of the count ry a whole. 

DETAILS OF WELDING CONDITIONS FOR WELDING PROCEDURE 

QUALIFICATION 

Welding Process 

Base MBterial 

Fil ler Mater ia l 

Gas Tungsten Arc 
Welding 

As per Table - 1 

Current 

Position 

inter-run Temperature 

Direct : Polari ty : Electrode Positive : 

Down Hand : Pre-Heat Temperature: N i l 

125°C max. 

Run Filler Welding Parametars Shielding Gas Flow Rata 
M>. Dia (mm) Current Voltage Speed Face Side Root Side 

(amps) (Volts) (mm/min.) (lit/min.) (lit/min.) 

1. 3.2 120 14 85 6.1 3.8 - 4.7 

2. 3.2 95 13 93 5.6 4.7 

3. 3.2 100 - 110 14-15 51 5.6 

4. 3.2 110 - 115 15-16 90 5.6 -

5. 3.2 110 - 115 15-16 64 5.6 -

6. 4.0 130 - 135 18-19 88 5.6 -

7. 4.0 130 - 135 18-19 58 5-6 
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TABLE - 3 

TEST RESULTS OF W E L D I N G P R O C E D U R E Q U A L I F I C A T I O N 

(a) N o n - D e s t r u c t i v e Tests : 

1. Visual Inspect ion (100%) : Sat is fac tory 

2. Liquid Pene t ran t Inspect ion 
(100%) : Sa t i s fac to ry as per spec i f i ca t ion . 

3. Rad iograph ic Inspect ion w i t h double wa i led technique (100%) : 

(3.1) W i t h cen te r ing r ing be fore 
pos t -we ld heat t r e a t m e n t 

: Sa t i s fac to ry as per 
spec i f i ca t i on 

(3 .2 )Wi th cen te r i ng a f t e r 
pos t -we ld heat t r e a t m e n t 

Sat is fac tory as .per 
spec i f i ca t i on 

(3 .3 )Wi thout cen te r i ng r i ng a f t e r : Sa t i s fac to ry as per 
pos t -we ld heat t r e a t m e n t spec i f i ca t i on 

b) Des t ruc t i ve Tests : 

1. Transverse Tensi le Test : Sa t i s fac to ry 

Specimen No. U l t imate Tensile Strength Elongation (on 5d) 

(kg /mm ) (%) 

1. 68.3 33.3 

2. 68.1 33.3 

2. Guided Bend Test Sa t i s fac to ry 

Specimen No. Face Bend Root Bend 

1. Sat i s fac to ry Sa t i s fac to ry 

2. Sa t i s fac to ry Sa t i s fac to ry 

3. M ic roscop ic Examina t i on : Sa t i s fac to ry 

Observat ion : F e r i t e d i s t r i bu t i on is f a i r l y un i -
f o r m , N o m i c r o c r a c k s , lack 
o f fusion, lack of pene t ra t ion and 
poros i ty is observed. 

4. Tex tu re Test : Sa t i s fac to ry 

Observat ion : O n e s m a l l d e f e c t o b s e r v e d . 

Less than 1% : Found acceptab le . 

Table - 4 

Detai ls of Welding Conditions for Top 

End Piece to Centra l tube Joint 

Run Fi l ler WELDING P A R A M E T E R S SHIELDED GAS FLOW R A T E 
No, D is . (mm) Current Voltage Speed Face Side Root Side 

(Amps) (Volts) (mm/min) ( l i t /min) ( l i t /min) 

1. 3.2 120-125 13-14 62.86 5.6-7.1 2.8-3.8 

2. 3.2 120-125 13-14 79.45 5.6-7.1 2.8-3.8 

3. 3.2 130 15 53.45 9.4 -

4. 3.2 120 13 64.50 9.4 -

5. 3.2 120 13 65.51 9.4 -

6 . 4.0 150 18 36.11 9.4 -

7. 4.0 • 5 0 18 48.93 9.4 -

Table - 5 

Detai ls of Welding Conditions for Bottom 

End Piece to Centra l Tube Joint 

R im Fi l ler W E L D I N G P A R A M E T E R S SHIELDED GAS FLOW R A T E 
No. D ia (mm) Current Voltage Speed Face Side Root Side 

(Amps) (Volts) (mm/min) ( l i t /min) ( l i t /min) 

1. 3.2 120-125 13-14 ' 66.73 5.6-7.1 2.8-3.8 
2. 3.2 120-125 13-14 79.75 5.6-7.1 2.8-3.8 
3. 3.2 130 15 51.36 9.4 -

4. 3.2 120 13 65.77 9.4 -

5. 3.2 120 13 50.75 9.4 -

6 . 4.0 150 18 38.29 9.4 -

7. 4.0 ' 150 18 52.26 9.4 -

Table - 6 

D ia l Gauge Reading on the Shaft A f t e r Welding 

Loaction of Dial Gouge Dia l Gauge Dia l Gauge Dia l Gauge Dia l Gauge 
Reading D1 D2 D3 D4 D5 

0° +0.01 0.00 -0 .01 +0.03 +0.02 

90° -0.16 -0 .01 0.00 -0.13 +0.27 

180° -0.38 -0 .04 0.00 -0.04 +0.52 

270° -0.22 , -0.07 -0.015 -0.24 +0.22 

0° +0.01 0.00 -0 .01 +0.03 +0.02 

Remarks : M a x i m u m d i s to r t i on observed is 0.5 m m . mach in ing 
needed to get bo th ends concen t r i c is 0.9 mm. 

mach in ing 

Table - 7 

Shrinkage Da ta on Welding 

Layer No. Run No. Shrinkage Reading 
(mm) 

1. 1 2.5 

2. 2 1.2 

3. 3 0.8 

4. 4 & 5 2.5 

5. 6 0.5 

6. 7 0.2 

To ta l Shrinkage observed 7.7 

Ill 
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Quotes on Quality 
November 1986 was observed as the Qual i ty 
Month a l l over India, to emphasise tha t a 
change in a t t i t ude needs to be brought about 
so that qua l i ty of the work improves - step 
by step. 

On our par t , we take this oppor tun i ty to 
publish a co l lec t ion of quotat ions and comments 
on qua l i ty , in the perspect ive of indust r ia l 
products. 

Editor 

* St ra ight jacket de f in i t i on of Qua l i ty : 
Conformance to spec i f i ca t ion and achieving 
Zero de fec t . 

* De f i n i t i on for long range planning : Qual i ty 
is what the customers want , where they 
want i t , when they want i t , at the agreed 
upon pr ice. 

* Qua l i ty is a cont inu ing search for excel lence, 
s t r i v ing for the best and refusing to accept 
even the second best. 

* Qua l i ty is a dynamic concept. One has to 
keep running in order to keep in the same 
posi t ion. Unless there is an e f f o r t to improve 
qua l i ty , i t is d i f f i c u l t to remain at the top. 

* To end w i t h Qua l i t y , s ta r t w i t h House-
keeping 

Housekeeping means orderl iness; Orderl iness 
leads to cleanl iness; Cleanl iness brings in 
Q U A L I T Y . 

To end w i t h Happiness, s ta r t w i t h Qua l i t y . 

Q U A L I T Y leads to p roduc t i v i t y ; P roduc t i v i t y 
p r o m o t e s p r o s p e r i t y ; P r o s p e r i t y bestows 
HAPPINESS. 

* Qual i ty is not a mirage. I t is a t ta inab le , 
step by step. 

* The 40-30-30 Rule on Qual i ty Problems 
based on the Japanese Theory states tha t 
as a general ru le 40% of a l l qua l i ty problems 
as the customers perceive them, are the 
resul t of poor des ign and engineer ing; another 
30% are the result of errors made during 
m a n u f a c t u r i n g ; whi le the remain ing 30% 
re la te to the n o n - c o n f o r m a n c e of suppl ies 
purchased f r o m the outside vendors. 

* Where care stops, Qua l i ty drops. 

* Funny th ing about qua l i ty is - i f you refuse 
to accept anyth ing but the best, you very 
o f ten get i t . 

* Inspect ion of f in ished products by an outside 
agency is no guarantee of the qua l i t y of a 
product for qua l i ty cannot be inspected into 
a product . I t has to be bu i l t in to. 

* Qua l i ty - a way of l i fe 

- a need of the hour. 

* Qua l i ty is never an acc ident . I t is always 
the resul t of in te l l igen t e f f o r t and there 
must be a w i l l to produce a superior th ing. 

- John Ruskin 

* I t is only through insist ing on a t ten t ion 
to detai ls , on check and double check, and 
on each person doing his part tha t we can 
hope to get the job done r igh t the f i r s t t ime. 

- Bernard Osle 

* Doing things r igh t the f i r s t t ime sounds 
l ike noth ing more than commonsense. But i t 
is much more than that - i t is the key to 
business surv iva l and growth in an increasingly 
compe t i t i ve env i ronment . 

- Philips Bi Crosby 

* I t is not our in terna l de f in i t i on of qual i ty 
that must shape what we bui ld and sell ; 
instead, i t is the customer 's de f in i t i on because 
compet i t i on is now f ie rce in our business. 
Customer def in i t ions of qual i ty c reate a 
constant ly moving ta rge t , w i t h good qual i ty 
cont inual ly dr iv ing out bad, and be t te r qual i ty 
dr iv ing out the merely good. 

- James E Olson 

* I t must be real ised tha t qual i ty can be 
achieved only through a sustained systemat ic 
e f f o r t at a l l levels. This would ca l l for 
developing and establ ishing a commi tmen t 
to qual i ty at the nat ional level . And a begin-
ning can be made in this d i rec t ion by educat ing 
manager ia l and technica l cadres as • wel l 
as workers for equipping them to meet the 
emerging chal lenge of qua l i t y . 

- G.W. Datey 

The col lect ions presented are f r o m ISI 
Bul le t in , Vol. 38, October 1986. 
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