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Weld quality can be determined by different destructive and non-destructive tests. The tests are required to control the quality by 
variables as well as by attributes. In this paper, the specimens welded by submerged Arc Welding (SAW) are used for quality control 
and process control The test data from charpy impact test have been used for quality controls by variables and radiography test 
results are utilised to control the quality by attributes. For each of the above cases statistical analysis have been made and control 
lines (using X -R Chart and P-Chart) are drawn to determine whether the SAW process is within control or not The use of SQC 
technique for control of quality of welds in continous production saves money and time compared to other methods 

QUALITY CONTROL 

QUALITY CONTROL 

The qua l i t y of a p r o d u c t o r t he des i r ed se rv i ce 

o b t a i n a b l e f r o m the p r o d u c t is t he d e g r e e to w h i c h 

cha rac te r i s t i c s of a p r o d u c t c o n f o r m s to spec i f i ca t i on 

and ful f i l ls t h e c u s t o m e r ' s n e e d and r e q u i r e m e n t s . 

Qua l i t y c o n t r o l re fers to the sys tema t i c c o n t r o l of 

va r i ous f ac to r s that a f fec t the qua l i t y of t h e p r o d u c t . 

In w e l d i n g , t h e qua l i t y of t h e j o i n t s ( p r o d u c t s ) 

d e p e n d s o n the mate r ia l b e i n g w e l d e d , t y p e of 

c o n s u m a b l e s u s e d the e q u i p m e n t s a n d m a c h i n e s 

used , ski l l of the w o r k e r a n d o n the w o r k i n g c o n d i t i o n . 

If qua l i t y is not sa t i s fac to ry o n e has to s e a r c h for 

the c a u s e to take ac t i on . 

Quality control by variables and by attributes 

A s p e c i a l t y p e of i n s p e c t i o n is " I n s p e c t i o n by 

v a r i a b l e s " . T h e q u a l i t y u n d e r c o n s i d e r a t i o n is 

m e a s u r e d o n s o m e c o n t i n o u s sca le a n d quan t i ta t i ve ly 

e x p r e s s e d . This tes t , pa r t i cu la r l y in w e l d i n g , is o f t e n 

des t ruc t i ve . I n s p e c t i o n by t h e m e t h o d of va r iab les 

resu l ts in a n a p p r e c i a b l e i nc rease in e f f i c iency as 

re f lec ted by a sma l le r requ i red s a m p l e . E c o n o m i c a l l y , 

t he d e s t r u c t i o n of g o o d p ieces in t he s a m p l e m a y 

o u t w e i g h t t he a d v a n t a g e of a smal le r s a m p l e . 

The s imp les t t y p e of i n s p e c t i o n cons i s t s of sepa ra t i ng 

the g o o d f r o m t h e b a d . A g rea t dea l of mate r ia l is 

i n s p e c t e d in th is m a n n e r fo r e c o n o m i c r easons s ince 

m a n y qua l i t y c h a r a c t e r i s t i c s a re easi ly a d a p t e d to 

m e c h a n i c a l i n s p e c t i o n of the g o , n o - g o t ype . Many 

qua l i ty c h a r a c t e r i s t i c s w h i c h are d i f f icu l t to e x p r e s s 

in quan t i t a t i ve t e r m s c a n be s e p a r a t e d in th i s m a n n e r ; 

fo r e x a m p l e , s c a m s , c r a c k s o r p o r o s i t y in w e l d s . This 

t y p e of i n s p e c t i o n is ca l l ed " I n s p e c t i o n by a t t r i bu tes " . 

* Mechanical Engg Dept., B E.College, Howrah-3 

An o b j e c t w h i c h is u n a c c e p t a b l e is ca l led "de fec t i ve ' 

and the n u m b e r of de fec t i ves d e f e c t e d to t h e to ta l 

n u m b e r of p i e c e s u n d e r c o n s i d e r a t i o n is t he " f r ac t i on 

de fec t i ve" . I n s p e c t i o n by a t t r i bu tes is usua l l y non-

des t ruc t i ve a n d in th is p a p e r r a d i o g r a p h y test is 

c o n d u c t e d to f i nd t h e de fec t i ves . 

Process Control 

As long as t h e o u t p u t is sa t i s fac to ry , w e c a n c o n c l u d e 

that t he " p r o c e s s is i n - con t ro l " . If, h o w e v e r , t he ou tpu t 

is not sa t i s fac to ry , t he p r o c e s s is " o u t - o f - c o n t r o l , a n d 

a p p r o p r i a t e c o r r e c t i v e a c t i o n s h o u l d be taken . The 

o u t p u t f r o m any p r o c e s s is sub jec t to t w o k i n d s of 

var iab i l i ty . These i n c l u d e var iab i l i ty w h i c h c a n be 

a t t r i bu ted to b o t h c h a n c e a n d a s s i g n a b l e c a u s e s . 

W h e n c h a n c e va r ia t i ons are t h e on l y s o u r c e of 

va r i a t i on , t h e p r o c e s s is sa id to b e i n - con t ro l . 

H o w e v e r , w h e n va r i a t i on is d u e to o n e of t he 

ass ignab le c a u s e s , t h e p r o c e s s is o u t - o f - c o n t r o l . To 

k n o w abou t the na tu re and ex ten t of va r ia t ions , w e 

must set t h e u p p e r a n d lower c o n t r o l l imi ts , va r ia t ions 

w i th in t hese l imi ts wi l l b e a s s u m e d to be f r o m c h a n c e , 

and no remed ia l a c t i o n wi l l be taken . Var ia t ions 

o u t s i d e of t hese l imi ts wi l l be a t t r i bu ted to ass ignab le 

c a u s e s a n d r e m e d i a l a c t i o n w i l l b e in i t ia ted. 

Test Procedure 

R A D I O G R A P H Y T E S T 

The test mate r ia l s u s e d are low c a r b o n steel p la tes 
w e l d e d w i t h b u t t j o i n t w i t h t h e f o l l o w i n g 
cha rac te r i s t i c s a n d spec i f i ca t i ons . 

Base metal - 23 m m thick 
Current : DC - Polarity : DCRP 
Filler metal - 4 mm. 
Current - 600 amp, volts - 26 
Travel speed - 8 mm/Sec. 
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After w e l d i n g , t he s p e c i m e n s are d r e s s e d a n d then 

r a d i o g r a p h e d to f i nd ou t the de fec t s , if any. The f l aws 

c a n b e bas ica l l y of f ive c a t e g o r i e s viz g a s p ro rs i t y , 

s lag e n t r a p m e n t , i n c o m p l e t e f u s i o n , i n c o m p l e t e 

p e n e t r a t i o n and c r a c k s Fig 1 i nd i ca tes the S A W 

m a c h i n e se tup and Fig 2-4 va r i ous t y p e s of d e f e c t s 

in arc w e l d i n g . 

Tab le-1 s h o w s t h e R a d i o g r a p h y test d a t a for 1st set 

of s a m p l e s (L -seam) a n d Tab le-2 i nd i ca tes t h o s e for 

2nd set of s a m p l e s (C- seam) . The f r ac t i on de fec t i ves 

are c a l c u l a t e d a n d ana lys is is m a d e w i t h the he lp of 

s t a n d a r d S Q C p r o c e d u r e tor P-char t . Final ly t he 

c o n t r o l l ines are d r a w n to d e t e r m i n e w h e t h e r t he 

p r o c e s s is w i t h i n c o n t r o l or not . 

FIRST SET OF DATA - FOR R A D I O G R A P H Y TEST 

L -SEAM S 

TABLE 1 TESTING OF 37 SAMPLES EACH 3 M M IN LENGTH 

Sample Lenth of Fraction Sample Length of Fraction 
defective defective defective defective 

No in m m (Radiography) No. in m m (Radiography 

1 .325 .11 21 610 .210 
2 720 24 22 .160 .053 
3 125 041 23 855 .283 
4 270 09 24 090 030 
5 750 25 25 180 06 
6. 605 20 26 .250 083 
7 350 12 27 120 040 
8 620 21 28 .395 130 
9 1 911 63 29 100 033 
10 610 20 30 .430 14 
11 .570 19 . 31 220 073 
12 480 16 32 .960 32 
13 130 043 33 640 21 
14 .420 14 34 445 .147 
15 530 175 35 .210 07 
16 .160 053 36 .465 .160 
17 225 .075 37 370 12 
18 120 04 
19 460 152 
20 370 122 

C H A R P Y I M P A C T T E S T 

Charpy impac t test as per IS : 2825 is u s e d to 
d e t e r m i n e t h e b e h a v i o u r of mate r ia l u n d e r s u d d e n 

l oad ing w h i c h i nd i ca tes the re la t ive t o u g h n e s s of t he 

mater ia l . Tab le-3 s h o w s the test d a t a a n d the c o n t r o l 

cha r t s are d o n e a d o p t i n g s t a n d a r d p r o c e d u r e . 

R A D I O G R A P H I C I N S P E C T I O N 

R a d i o g r a p h y is a m e t h o d u s e d for n o n d e s t r u c t i v e 

i n s p e c t i o n of c o m p o n e n t a n d a s s e m b l i e s that is 

b a s e d o n d i f f e r e n t i a l a b s o r p t i o n o l p e n e t r a t i n g 

SECOND SET OF DATA - FOR RADIOGRAPHY TEST 
C-SEAM 

TABLE 2 : TESTING O F 40 SAMPLES EACH 7 M M IN LENGTH 

Sample Length of Fraction Sample Length of Fraction 

defect defective No defect defective 

in m m in m m 

1 445 .064 21 1 810 .260 

2 200 .029 22 .580 083 

3 4.80 686 23 600 086 
4 5 20 .743 24 530 .076 
5 270 .040 25 190 .027 

6 530 076 26 1 230 176 

7 226 03 27 .340 08 

8 .406 .06 28 920 13 

9 3.620 .51 29 1.390 20 
10 1.290 18 30 0.560 .08 
11 920 13 31 1 295 .185 
12 450 06 32 0 690 10 

13 1 820 26 33 0 380 .054 
14 6 300 9 34 0 610 087 
15 .325 246 35 0.73 0 11 
16 1.655 236 36 0 770 13 
17 1 130 161 37 0 2 1 0 .03 
18 .290 .041 38 0 995 14 

19 1.210 .18 39 0 3 1 5 045 
20 .900 .12 40 0 3 9 5 180 

rad ia t i on -e i the r e l e c t r o m a g n e t i c r ad ia t i on of very 

shor t w a v e leng th o r pa r t i cu la te rad ia t i on - b y the 

part of test p i e c e (ob jec t ) b e i n g i nspec ted . B e c a u s e 

of d i f f e rences in dens i t y and va r ia t i ons in t h i c k n e s s 

of t h e p a r t , o r d i f f e r e n c e s in a b s o r p t i o n 

cha rac te r i s t i c s c a u s e d by va r ia t i ons in c o m p o s i t i o n , 

d i f ferent p o r t i o n s of a test p i e c e a b s o r b d i f fe rent 

a m o u n t o f p e n e t r a t i n g r a d i a t i o n . U n a b s o r b e d 

rad ia t ion p a s s i n g t h r o u g h the par t c a n be r e c o r d e d 

o n f i lm p h o t o s e n s i t i v e p a p e r v i e w e d o n a f l uo rescen t 

sc reen , o r m o n i t o r e d by va r i ous t ypes of e lec t ron ic 

rad ia t ion d e t e c t o r s . The t e r m r a d i o g r a p h y usual ly 

imp l ies a r a d i o g r a p h i c p r o c e s s that p r o d u c e s a 

p e r m a n e n t i m a g e o n f i lm o r p a p e r . 

W h e n i n s p e c t i o n invo lves v i ew ing of a real l ine i m a g e 

o n a f l uo rescen t s c r e e n o r i m a g e in tensi f ier , t he 

r a d i o g r a p h i c p r o c e s s in t e r m e d f l u o r o s c o p y . W h e n 

e lec t ron ic i n s t r u m e n t s are u s e d to m e a s u r e the 

in tens i ty of rad ia t ion , the p r o c e s s is t e r m e d as 

rad ia t ion g a g i n g . 

C A L C U L A T I O N F O R P - C H A R T 

For percent defective 

( I = .146 0 = .11 

fraction defective 5 4 
P = = = .049 

Total Length 3 x 37 

U.C.L. = P + 3 (1-P)) P 
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= .049 + 3 

= .049 + 3 

(1-.049) .049 

3 7 

.951 X .049 

37 

.049 + .106 

= .155 Upper Control Limit 
L.C.L. = 0 

Warning Limit 

U.C.L. = .049 + 2 
.951 x .049 

37 

.049 .07 

= .199 (U.C.L.) 

= 0 (U.C.L.) 

Here t h e U.C.L. has b e e n t a k e n to c o n t r o l t he qua l i t y 

of w e l d . The L.C.L. is Ze ro b e c a u s e it is p re fe rab le 

to have ze ro de fec t . W h e n t h e f r ac t i on de fec t i ve is 

m o r e t h a n 12% t h e r e is an i nd i ca t i on of c h a n g e in 

a t t r i bu ted as s u c h n e e d s c o r r e c t i v e s teps . If t he % 

de fec t i ve is m o r e t h a n 15 .5% n e w p r o c e s s has to be 

d e v e l o p e d o r t he v a r i o u s m / c . s. cu r ren t , vo l t age , 

speed , e tc . are to b e w a t c h e d a n d seen that t he re 

is no w i d e f l uc tua t i on . Th is cha r t g i ves a l imit w h e n 

Ihe s teps are to t?e t a k e n to ge t w e l d of h igher qua l i t y . 

Analysis 

% defective n = 40, X = .168, CT = .196. I x = 6.741 

6.741 
.024 

7.00 x 40 

C.L. = P + 3 
.026 (1-026 ) 

~ 40 

p 3 x .025 

024 + .075 

U.C.L. = .099 

= .10 

L.C.L. = 0 

Warning Limit : 

= .024 + 2 
.026 X .974 

40 

U.C.L. 
Warning 

L.C.L. = 0 

= .024 +_ .05 

.074 

Thus w h e n the % d e f e c t i v e b e c o m e s m o r e t h a n 7 . 4 % 

o n e s h o u l d b e c o m e ca re fu l & w h e n t h e s a m e 

T A B L E 3 : WELD IMPACT VALUES,CHARPY-IMPACT TEST 
DATA 

Sample X1 X2 X3 X4 X5 X S.D. Range 
(Kgf.m) 

1. 3 4 11.2 14.0 16.6 12.6 11.56 4.45 13.2 
2. 16.2 10 9.8 5 11.6 10.48 3.53 11.2 
3. 12.4 17.6 1.6 13.2 15.4 14.92 1.89 5.2 
4 12 2 12.4 12.0 11.6 14.8 12.6 1.13 3.2 
5. 14.0 16 15.4 17.2 16.6 15.84 1.10 3.2 
6. 12.0 14.6 8.6 7.4 13.4 11.2 2.76 7.2 
7. 13.0 10 4.2 5 8 4.0 7.4 3.53 9.0 
8. 4.2 10.8 7.6 1.8 6.4 6.16 3.05 9.0 

9. 10.6 4.0 10.4 4 9.4 7.68 3.03 6.6 

10. 5.2 11.0 10.6 1.8 11.2 7.96 3.80 9.4 

11. 11.4 11.4 9.2 5.0 11.8 7.76 3.79 6.8 
12. 2.8 15.0 13.4 10.2 10.6 10.4 4.19 12.2 
13. 6.0 13.0 8.0 1 0 4 10.0 9.48 2.36 7.0 
14. 3.0 12.6 11.0 1.8 15.2 8 72 5.25 13.4 
15. 5.4 5.4 8.0 1.4 10.8 6.20 3.12 9.4 
16. 8 9 5.8 12.0 13.6 9.68 2.80 5.6 

17. 2.4 7.8 8.4 2.8 10.8 6.44 3 29 8.4 
18. 8.0 4.4 7.6 1.8 12.6 6.88 3.65 8 2 
19. 7.6 3.6 5.6 1.2 9.4 5.48 2.89 8.2 

20. 13.6 2.0 3.0 3.8 6.6 5.84 4.16 11.6 
21. 17.2 13.2 14.8 15.2 14.6 14.96 1.30 4.0 
22. 11.0 8.2 10.6 10.2 10.6 10.12 .99 2.8 
23. 1.6 7.0 8.6 2.4 11.6 6.24 3.77 10.0 
24. 15.6 17.6 13.4 15.0 16.4 15.6 1.4 4.2 

25. 6.4 7.6 4.0 3.0 7.8 5.76 1.93 4.8 
26 1.4 1.8 1.6 1.2 2.8 1.76 8.56 1.6 
27. 11.6 13.4 14.6 4.2 12.0 11.16 3 64 10.4 

29. 12.3 8.6 10.8 8.2 15.2 16.12 2.62 7.0 
30. 11.6 11.4 2.6 16.6 1.8 8 8 5.70 14.8 

31. 2.4 3.8 12.8 1.4 13.4 6.96 5.08 12.0 
32. 5.4 5.4 1.2 1.0 14.4 5.48 4.86 13.4 

33. 12.8 8.6 12.0 1.6 14.8 9.96 4.63 13.2 
34. 3.0 3.8 5.0 1.6 7.4 4.16 1.96 5.8 

35. 1.6 3.0 7.4 1.0 9.4 4.48 3.30 8.4 
36. 5.4 2.6 6.6 1.2 13.2 5 80 4.17 12.0 
37. 14.8 12.6 14.0 5.4 13 11.96 3.37 7.6 
38. 8.0 3.8 11 12 13.0 9 56 3.33 9 2 
39. 8.4 1.2 12.2 18.0 15.4 11.04 5.88 14.2 
40. 3.2 1.4 14 2 15.8 11.0 9.12 5 80 9.6 

e x c e e d s 1 0 % t h a n s o m e ac t i on is to be t a k e n so 

that t he re is c h a n g e in p r o c e s s o r m / c & w e s h o u l d 

look ou t fo r t r oub le . Thus c o n t r o l of qua l i t y c a n be 

e n s u r e d a n d w i t h l im i ted cos t . 

I M P A C T T E S T I N G M A C H I N E 

S t a n d a r d S p e c i m e n s (5 N o s fo r e a c h run) fo r c h a r p y 

i m p a c t test are p r e p a r e d fo r every se tup d u r i n g the 

w e l d i n g p r o c e s s in m a s s p r o d u c t i o n s y s t e m as 

s h o w n in t h e f ig. 5. The test resu l ts are i nd i ca ted in 

Tab le 3. 
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Fig. 5 

Calculations 

X = 8 8, a = 3.29, R = 8.5 

8.8 + 3x a x c 
C.L. of X = 

U.C.L. 

L.C.L. 

U.C.L. 

L.C.L. 

R 

L.C.L. 

8.8 + 3 x 3.29 x 1.1895 

5 

8 8 - t_5 .25 

14.05 

3.55 

3 * 1.1895 x 3.29 

2 x n 

3.29 3.72 

7.01 

0 
2 . 1 1 5 x 8 . 5 = 1 8 = U.C.L.(R) Action 

1.81 x 8.5 = 15 39 = Warning 

.37 x 8.5 = 3.145 Warning 

= .16 x 85 = 1.36 action 

T h u s w h e n e v e r t h e a v e r a g e i m p a c t va lues of t h e 

s a m p l e s go b e y o n d 14.05 o r b e l o w 3 .55 w e c a n 

l o o k f o r c o r r e c t i o n s . T h e s e v a l u e s p r o v i d e us 

ind ica t ions . A lso by f i n d i n g t h e s t a n d a r d dev ia t i on , 

w e c a n p red i c t w h e t h e r t h e p r o c e s s is in c o n t r o l or 

not . S imi lar ly r a n g e s have b e e n f o u n d ou t a n d w h e n 

r a n g e is a b o v e 18 c o r r e c t i v e a c t i o n is to b e t a k e n 

a n d it is p re fe rab le to have lower ranges . 

Results 

The c o n t r o l cha r t is a use fu l a n d e f fec t i ve t e c h n i q u e 

for d e t e r m i n i n g lack of s ta t is t i ca l c o n t r o l by d e t e c t i n g 

va r ia t i ons in qua l i t y w h i c h are g rea te r t h a n c a n be 

a t t r i bu ted to c h a n c e ef fect . The p - cha r t fo r the 1st 

set of d a t a ( R a d i o g r a p h y test) s h o w s that ou t of 37 

s a m p l e s 25 d a t a are w i t h i n con t r o l . On ly fo r s a m p l e 

No . 9 a n d for s a m p l e no. 32 t h e va r ia t i ons s e e m to 

be d u e to s o m e a s s i g n a b l e c l a u s e s for w h i c h ac t i on 

mus t b e taken . O t h e r va r ia t i ons may b e d u e to c h a n c e 

ef fect a n d p r o c e s s is u n d e r con t r o l . The p - cha r t fo r 

t he 2 n d set of d a t a ( R a d i o g r a p h y test) i nd i ca tes that 

t he p r o c e s s is not w i t h i n c o n t r o l . For th is t he 

p r o c e s s - c a p a b i l i t y s t u d y has to be d o n e be fo re 

s e a r c h i n g fo r any a s s i g n a b l e c a u s e s . 

F r o m the ana lys is of c h a r p y - i m p a c t test da ta , t he 

c o n t r o l cha r t s i nd ica te t he p r o c e s s is w e l l w i th in 

c o n t r o l a n d mos t of t h e d a t a are w i t h i n c o n t r o l l imits. 

The o p e r a t i n g char te r i s t i c c u r v e a lso s h o w s the 

s t a n d a r d pa t t e rn of p robab i l i t y of a c c e p t a n c e of t he 

p r o d u c t s . 

The s ta t is t i ca l qua l i t y c o n t r o l p r o c e d u r e s a d o p t e d in 

th is p a p e r are qu i t e use fu l a n d e c o n o m i c a l in p r o c e s s 

c o n t r o l a n d qua l i t y c o n t r o l in t h e f ie ld of w e l d i n g . 

The ana lys is revea ls that d e t e r m i n i n g the c a u s e of 

va r ia t i on in qua l i t y a n d its r e m o v a l is an e n g i n e e r i n g 

p r o b l e m but as l o n g as t h e d a t a are r e n d o m l y 

d i s p e r s e d a b o u t t h e m e a n a n d r e m a i n b e t w e e n 

c o n t r o l l imi ts no r e m e d i a l a c t i o n has to be taken . 

CONCLUSIONS 

I nspec t i on , t es t i ng a n d qua l i t y c o n t r o l of w e l d e d 

jo in ts have b e c o m e very essen t ia l b e c a u s e of t he 

h igh s t ress levels u s e d in d i f fe ren t f a b r i c a t e d par ts . 

A d e f e c t i v e p r o d u c t apar t f r o m m a k i n g loss of 

p r o d u c t i o n a n d g o o d w i l l , m a y c a u s e loss of life and 

p r o p e r t y . Thus , by m a k i n g i n s p e c t i o n s at va r ious 

s tages of p r o d u c t i o n , t he qua l i t y of w e l d e d jo in t m a y 

be m a i n t a i n e d a n d c o n t r o l c a n be m a d e . In mass 

p r o d u c t i o n s y s t e m o r w h e r e a la rge n u m b e r of 
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i den t i ca l c o m p o n e n t s are f ab r i ca ted b y s u b m e r g e d 

arc w e l d i n g ( w h i c h is a fast p r o c e s s , a u t o m a t i c , a n d 

w i t h h i g h d e p o s i t i o n rate) c o n t r o l of qua l i t y c a n b e 

d o n e by tes t ing the s a m p l e s d r a w n at d i f fe rent t i m e s 

and in terva ls of p r o d u c t i o n run a n d by r e c o r d i n g the 

d a t a for va r iab les o r fo r t h e a t t r ibu tes . In th is p a p e r , 

ou t of v a r i o u s i n s p e c t i o n m e t h o d s , on ly t w o m e t h o d s 

viz. r a d i o g r a p h y i n s p e c t i o n a n d c h a r p y i m p a c t test 

have b e e n c o n s i d e r e d to i l lust rate the i r use for qua l i t y 

con t r o l . The c o n t r o l c h a r t s d r a w n he lps us to k n o w 

t h e p r o c e s s capab i l i t y a n d also i nd i ca tes w h e t h e r 

c o r r e c t i v e a c t i o n s a re to be t a k e n o r no t . W i thou t 

g o i n g fo r 100 p e r c e n t i n s p e c t i o n of all t he w e l d e d 

c o m p o n e n t s , w h i c h is m u c h m o r e c o s t l y , t h e 

p r o c e d u r e s d i s c u s s e d a b o v e he lp us to t ake p r o p e r 

d e c i s i o n s for qua l i t y c o n t r o l . S ta t is t ica l qua l i t y c o n t r o l 

t e c h n i q u e c a n also be e f fec t ive ly u t i l i sed for j o b s of 

c o m p l e x a n d in t r i ca te g e o m e t r y a n d for s o p h i s t i c a t e d 

e lec t ron ic c o m p o n e n t s f ab r i ca ted in la rge n u m b e r s . 
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