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EXECUTIVE SUMMARY

The Japanese National Railway's (JNR) gas-spray weld repair process 
was devised as an alternative method for repairing rail surface 
defects such as engine burns, rail end batter and fatigue spalling. 
This method incorporates an oxyacetylene flame and a powdered alloy 
filler metal and was tested at the Facility for Accelerated Service 
Testing (FAST), Transportation Test Center (TTC), Pueblo, Colorado. 
After 60 MGT of testing the JNR repair welds were rapidly wearing 
and were removed from service for metallurgical testing.

The primary objective of the test was to determine the gas- 
spray weld's ability to withstand the environment of 33,000 pound 
wheel loads. Its original development was for use on JNR's lighter 
axle load high speed lines.

The JNR and two TTC electric arc repair welds, which were made 
at the same time for comparison, were removed after 60 MGT. It was 
determined that the JNR weld wore at a rate of .050"/60 MGT while 
the TTC electric arc weld repairs demonstrated a wear rate of 
.035"/60 MGT. A .080-inch-deep simulated wheel burn defect was 
used for the repair test for both the JNR and TTC welds. A 
battered flash butt weld in the low rail of a 5-degree curve was 
also repaired with the JNR weld process. After 50 MGT, the 
original gas-spray build-up material was virtually worn away.

The weld repair tests were performed on a 5-degree curve and 
tangent track on the FAST loop under a 10,000-ton train with each 
car averaging 33 tons per axle. One weld of each type was made on 
the outside and inside rails on standard carbon rail. The gas- 
spray welds were made by a team of engineers from the JNR. The TTC 
welds, which were located a few feet from the JNR welds, were 
performed by site track welders.
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The gas-spray process, which can be operated either semi or 
fully automatic, was designed partly to reduce operator 
inconsistencies that occur with manually operated welding 
practices.

Because of the lengthy heating time required to perform a JNR 
build-up weld, i.e., preheating and the actual build-up process, an 
extremely wide and soft heat affected zone (HAZ) was created in the 
rail. This is achieved by an oxyacetylene flame which spans the 
entire width of the railhead reaching a temperature of 2000 degrees 
Fahrenheit in the head of the rail. A large percentage of the 
normal pearlite lamellae microstructure was transformed into a 
softer sperodized pearlite at the outer edges of the HAZ. This 
condition created high batter rates in the JNR welds because of the 
high percentage of sperodized material in the HAZ. HAZ's in 
electric arc welds are kept at a minimum because of shorter welding 
times. Heat generated by electric arc sources are normally 
localized which result in narrow HAZ's and are normally contained 
to underneath the build-up deposit which protect them from exposure 
to wheel loads therefore, minimizing wheel batter.

A problem associated with electric arc weld build-up repairs 
is the concern of localized phase transformations due to fast 
cooling rates. Tests at the TTC have led to closely monitored 
preheating and postheat temperatures of the rail to make a 
successful weld. When these guidelines are closely followed, 
build-up welds using electric arc weld methods have shown a high 
success rate. When these guidelines are not closely followed, the 
chances of defective welds can be a potential problem.
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1. 0 INTRODUCTION

Preserving a smooth running surface on the rail is an essential 
element of track maintenance. In order to maintain a smooth rail 
profile, it is frequently necessary to repair such defects as 
battered welds and engine wheel burns. Traditionally, electric-arc 
and flux core wire feed welding have been employed in the repair of 
these defects. Unfortunately, if the welding procedures are not 
followed, the long-term performance of the resulting welds has been 
less than satisfactory.

An alternative method of repair welding, called gas-spray 
welding, has been used by Japanese National Railway (JNR) in the 
repair of rail defects. In order to evaluate the utility of this 
technique, the Northeastern Corridor Division of Amtrack (NEC), in 
cooperation with the Federal Railroad Administration, funded a 
demonstration project. The gas-spray welding technique was applied 
to sites on the NEC and the Facility for Accelerated Service 
Testing (FAST) track at the Transportation Test Center (TTC), 
Pueblo, Colorado. To provide a basis for comparison, electric-arc 
and flux-core wire feed welds were also applied to sections of the 
FAST track. All test welds on the FAST track were then subjected 
to 60 million gross tons (MGT) of freight traffic during which 
periodic rail profile measurements were made. Upon completion of 
the 60 MGT of FAST traffic, the test welds were removed and 
analyzed for structural integrity using metallurgical techniques.

The remainder of this report describes test procedures applied 
at FAST and provides the results of metallurgical examinations of 
the gas-spray and electric-arc test welds.

2.0 TEST PROCEDURE

On the 4.8-mile FAST loop (Figure 1) , three sites were selected for 
application of test welds using the gas-spray welding technique. 
The welds were performed by engineers from JNR. The sites are 
located in FAST test zones as follows:
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F A S T

4.8 Mile Loop

F I G U R E  1. F A S T  T R A C K  W I T H  J N R  G A S - S P R A Y  S I T E S
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- Sites B and C - Section 14, Tie No. 137 (tangent track)

In addition to the rail in the FAST track, two "control" welds 
were made for use in laboratory tests, including metallurgical 
evaluations.

2.1 THE WELDING PROCESS

Site A - Section 3, Tie No. 1133 (low rail of 5-degree
curve)

The gas-spray weld build-up technique utilizes a fixture that 
guides flame from a torch head across a prescribed patch lon­
gitudinally along the railhead. Figures 2 through 8 show several 
stages in the weld build-up process. Appendix A is a document 
published by JNR. It details various stages for repairing an 
engine burn or battered weld.

The welding process is summarized in the following major 
steps:

A. Site Preparation: The engine burn was ground away so
that only non-heat-affected parent metal was exposed. 
Dye penetrant was applied to ensure that no microcracks 
were left in the parent metal-to-weld band interface.

B. For the FAST demonstrations, the rail was unfastened for 
about 6 feet on each side of the weld site, and jacked 
about 2 inches high at the weld site. Shims held the 
rail in position to ensure that reverse bending during 
post-weld cooling would not result in a dip in the 
running surface. This step has since been eliminated as 
measurements made on rails out of track (136 lb test 
control rails) gave no indication of bending during the 
cooling stage.

C. The welding fixture was then placed over the site and 
centered around the area to be built up (Figure 3).
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FIGURE 2. VIEW OF WELDING PROCESS

FIGURE 3. OVERALL VIEW OF WELDING PROCESS
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FIG U R E  4 . WELD R E P A IR  S IT E  AFTER B U ILD U P , BEFORE G R IN D IN G

FIGURE 5. GRINDING OF REPAIR SITE
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F I G U R E  6 .  V I E W  O F  R E P A I R  S I T E ,  A F T E R  G R I N D I N G

F I G U R E  7 .  V I E W  O F  R E P A I R  S I T E ,  A F T E R  G R I N D I N G  
( N O T E  K I N G  B R I N E L L  H A R D N E S S  I N D E N T A T I O N )
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F I G U R E  8 .  A P P E A R A N C E  O F  S I T E  A ,  S E C T I O N  3 ,  S H O W I N G  
S E C O N D A R Y  B A T T E R  A T  T H E  H E A T - A F F E C T E D  Z O N E
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D. The oxyacetylene torch was then ignited. The operator 
moved the torch head back and forth along the rails of 
the fixture. Several preheat passes were made prior to 
spraying any metal, resulting in a rail surface tempera­
ture of 500°F. The torch head was cooled by water 
recycled through hoses during this process. A second 
preheating period brought the rail up to 1,100°F.

E. After a rail temperature of 2,000°F was reached, powdered 
metal was sprayed onto the rail surface using argon gas 
as a propellant. The argon gas also acts as a shield to 
prevent the metal particles from oxidizing.

F. Subsequent passes were made to assure that sufficient 
metal was deposited so that no dip would be present after 
grinding. The rail was maintained at a temperature of 
2,000°F by alternating passes with the oxyacetylene torch 
without application of metal.

G. The built-up section was allowed to cool.

H. The built-up section was then ground in a fashion similar 
to the conventional electric method, which is presently 
used by most U.S. railroads. Power grinders were used 
for the final grinding, followed by several finishing 
passes done with files by hand. This final finishing 
step (1) provides a finished surface so that surface 
defects may be readily detected, and (2) institutes a 
pride in workmanship —  the welders feel that they can 
take pride in their product.
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I. In the FAST tests, the rail was then jacked down and 
refastened. (With the elimination of Step B, this step, 
too, is no longer required.)

J. Final site cleanup was then accomplished.

2.2 CONTROL WELD SITES

As a baseline control, two conventional TTC electric-arc build-up 
test welds were made soon after the JNR gas-spray welds. These 
welds were located on the same rails near the JNR welds. An 
additional electric-arc build-up was made for laboratory analysis.

Although conventional electric-arc tools were used, the 
welding technique used by the FAST track welders has very tight 
controls. The FAST environment allows for extensive quality 
control over work, along with track time required to complete the 
weld repair without being interrupted by train passage.

Appendix C lists the standard welding procedure used for the 
weld sites. The FAST track welders worked directly with the TTC 
metallurgist to ensure that proper preheating and postheating of 
all welding sites were obtained. This resulted in welding repair 
that has provided very satisfactory results, but at great expense 
in time and training.

Not all weld repairs with the revised "FAST method" have been 
totally successful. Observed life spans range from more than 100 
MGT to as low as 10 MGT. It is essential that all preheating and 
postheating steps be followed to prevent the high risk that 
martensite or microcracks will develop at the bond surface. 
Exceptional track time is required — * more so than with convention­
al arc welding procedures.

2.3 DATA COLLECTION

T h e  J N R  g a s - s p r a y  w e l d i n g  t e s t  a t  F A S T  c o n s i s t e d  o f  t w o  p a r t s :  t h e
f i e l d  d e m o n s t r a t i o n ,  w i t h  t h r e e  t e s t  w e l d s  s u b j e c t e d  t o  o v e r  60 M G T
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of FAST traffic, and the laboratory analysis performed on a number 
of test welds made on out-of-track rails.

Data taken on the field samples were as follows:
1. Longitudinal running surface profile (LRP) 

over an approximate 3-foot length.
2. Brinell hardness along the running surface at 

several locations.
3. Surface hardness along the surface at several 

locations, using the Shore Hardness Tester.
The field test was in place for approximately 60 MGT of 

traffic. Then one rail (Section 14, Tie No. 337) was removed for 
laboratory analysis.

The two field electric-arc repair sites were subjected to the 
same traffic and set of measurements. Appendix B contains the 
laboratory analysis results from these welds.

3.0 DISCUSSION AND RESULTS

3.1 JNR GAS-SPRAY WELD

Although the FeNiCr-based self-fluxing JNR alloy powders exhibited 
favorable mechanical properties in laboratory tests, their ability 
to withstand severe service wear and metal flow in heavy tonnage 
traffic was limited to 60 MGT in tangent track under FAST condi­
tions. A similar JNR gas-spray build-up weld was used to repair a 
battered flash butt weld in the low rail of a 5-degree curve in 
Section 3 of FAST. The repair depth at this site was less than 
that of the tangent. After 50 MGT, it began to wear rapidly; and 
at 60 MGT, no sign of the original gas-spray build-up repair weld 
could be found. It should be noted that the FAST train was made up 
almost entirely of loaded 100-ton hopper cars (33-ton axle loads), 
with each train pass applying about 10,000 tons of traffic.

The .080 inches of build-up material on the tangent track site 
provided a wear rate of about .050 inches/60 MGT, which was some­
what higher than the parent metal head height wear rate.
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Because of the wide heat-affected zone (HAZ) , which appears in 
the JNR weld, the secondary batter will cause uneven surface 
geometry. The batter in the HAZ is clearly visible in the LRP 
charts in Figure B-7. Because of the high temperatures that were 
obtained with the JNR process, the build-up of head hardened rails 
is not recommended. These high temperatures would be detrimental 
to the head hardened structure, resulting in a loss of hardness, 
thus adding to the batter.

Slow cooling of the repair area is part of the gas-spray 
process, and chances of localized phase transformation (martensite 
development) are less likely to occur.

The gas-spray repair site maintained its running surface with 
no spalling or other mechanical failure during the entire 60 MGT 
period. Some metal flow was detected after 60 MGT.

The TTC/FAST gas-spray test utilized only one of several 
available powdered metal alloys. Other alloys are available which 
could offer a harder and more wear-resistant running surface that 
is more suitable to heavy tonnage. Also, as the primary purpose of 
this test was to evaluate basic weld repair life, no production 
rail surface grinding was performed over these rails during the 
life of the test.

3.2 TTC ELECTRIC STICK ARC WELD

At 60 MGT, the TTC weld exhibited adequate resistance to wear 
displaying a batter rate of .035 inches/60 MGT. Metal flow on 
tangent track was minimal, but showed signs of some batter in the 
weld build-up region.

Narrow HAZ's in the electric-arc weld repair prevented 
secondary batter in the region adjacent to the weld deposit.

Because of the tempered martensitic structure of the electric- 
arc electrodes and the deep penetrating qualities of an electric- 
arc, the TTC build-up accumulated very little wear as compared to 
that of the JNR build-up repair which can be seen in Figure B-ll.
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Revised welding procedures at the TTC have minimized micro- 
cracking and martensite formation usually associated with arc 
welding.

4 . 0 CONCLUSIONS

The JNR gas-spray method for engine burn repair performed without 
failure for the 60 MGT duration of the FAST test. There were no 
surface defects, such as spalls, chips or breakouts. The rela­
tively large HAZ developed some rail batter, which may have 
increased to an unacceptable depth had the test been operated for 
a significantly longer period. Wear rate of the material used in 
the gas-spray repair sites was somewhat higher than that of the 
standard carbon rail used at these sites.

A conventional electric-arc repair method, installed at the 
same time, exhibited similar characteristics as the gas-spray 
method, with somewhat less rail batter due to less distributed heat 
input into the welding repair process. Signs of batter from the 
HAZ were not apparent because the HAZ in electric-arc build-ups 
remains underneath the built-up material (see Figure 13-10). It 
should be noted that the "conventional" electric-arc method is 
normally used at the TTC and involves considerable control and care 
by the welding crew. Detailed preheat and interpass temperatures 
are carefully maintained to provide this control, and many of these 
steps are not followed by welding crews working in typical railroad 
field conditions. The detailed control of heating and cooling 
results in a minimum amount of surface and subsurface cracks 
normally associated with electric-arc repair methods. This control 
is possible at the TTC as track time for installation of test 
methods can be scheduled.

The JNR gas-spray method provides an acceptable alternative to 
the standard electric-arc method. Investigation into a harder 
metal that may wear longer should be made, as repairs on rail 
harder than the standard rail used in this test (such as head 
hardened rail) may lead to increased batter of the repair site.
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The electric-arc method, as used by the TTC, does provide an 
acceptable repair, but it is essential that all quality control 
steps be carefully followed.

1 3
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fi r C L A M A TI 0 N OF RAILS BY GAS-SPRAY WELDING IN JAPAN

A b s t r a c t

A p a r t i a l  d a m a g e  o r  w e a r  o n  a r a i l  r u n n i n g  s u r f a c e ,  , f o r  

e x a m p l e ,  e n g i n e  b u r n ,  r a i l  e n d  b a t t e r  a n d  w e l d e d  r a i l  e n d  

b a t t e r  e t c ,  o f t e n  o c c u r s  i n  s e r v i c e .  T h e  r a i l  w i t h  s u c h  

l o c a l  d a m a g e s  o r  w e a r s  h a d  b e e n  r e n e w e d  i n  p r i n c i p l e .  A s  

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

h a v e  d e v e l o p e d  t h e  o x y a c e t y l e n e  g a s - s p r a y  w e l d i n g  m e t h o d  

u s i n g  t h e  n e w l y  d e v e l o p e d  s e l f - f l u x i n g  a l l o y  p o w d e r  

(F e - N i - C r )»

T h r o u g h  o u r  f i v e  y e a r s  e x p e r i e n c e  i n  t h e  f i e l d ,  t h i s  

t e c h n i q u e  h a s  b e e n  p r o v e n  t o  b e  v e r y  s u c c e s s f u l  a n d  h a s  b e e n  

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

r a i l  s i n c e  1 9 8 2  i n  J N R .

A f e w  o f  t h e  c h a r a c t e r i s t i c s  i s  a s  f o l l o w s .

1. L o w  h e a t  i n p u t  a n d  n o  l i q u e f y i n g  t h e  p a r e n t  m e t a l  

( r a i l ) .  C o n s e q u e n t l y  t h i s  m e t h o d  i s  a b l e  t o  

p r e v e n t  t h e  g r o w t h  o f  m i n u t e  c r a c k s  i n  t h e  p a r e n t  

m e t a l  a d j a c e n t  t o  w e l d  i n t e r f a c e  ( l i q u a t i o n  

c r a c k ) .

2. C o m p a c t  a n d  l i g h t  e q u i p m e n t s .

3. H i g h  o p e r a t i o n  e f f i c i e n c y  b e c a u s e  o f  u s e  o f  t h e  

s p e c i a l  w i d e  s p r a y i n g  t o r c h  f i t t i n g  t o  r a i l  h e a d  

w i d t h .

T h o u g h  t h e  t i m e  r e q u i r e d  f o r  t h e  e n t i r e  p r o c e d u r e s  

v a r i e s  a c c o r d i n g  t o  s i z e  o f  e n g i n e  b u r n ,  i t  

g e n e r a l l y  t a k e s  l e s s  t h a n  a n  h o u r  i n  t h e  f i e l d  

( w e l d i n g  t i m e :  a b o u t  2 0  m i n u t e s ) .

T h i s  p a p e r  d e a l s  w i t h  t h e  o u t l i n e  o f  t h e  g a s  s p r a y  

w e l d i n g ,  e q u i p m e n t s ,  m a t e r i a l s ,  p r o c e d u r e s  a n d  q u a l i t i e s  o f  

b u i l d  u p  w e l d s  ( m i c r o s c o p i c  s t r u c t u r e ,  h a r d n e s s  d i s t r i ­

b u t i o n ,  b e n d i n g  a n d  r o l l i n g  l o a d  f a t i g u e  t e s t  e t c )  a n d ,  

f u r t h e r m o r e ,  t h e  r e s u l t s  o f  t h e  a p p l i c a t i o n  t o  e n g i n e  b u r n s  

a n d  r a i l  e n d  b a t t e r s  i n  t h e  f i e l d .
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.1. I n t r o d u c t i o n

I t  i s  w e l l  k n o w n  that; a r a i l  o f t e n  h a s  l o c a l  d a m a g e  

g e n e r a t e d  o n  t h e  t r e a d  s u r f a c e  t h e r e o f  d u r i n g  u s e  s u c h  a s  

e n g i n e  b u r n ,  s k i d ,  c o r r u g a t i o n ,  l o c a l  w e a r  a t  w e l d  o f  a 

c o n t i n u o u s  w e l d e d  r a i l  a n d  r a i l  e n d  b a t t e r ,  a s  w e l l  a s  

b r e a k a g e  a n d  f r a c t u r e .  I t  i s  h i g h l y  d e s i r e d  t o  d e v e l o p  

t e c h n i q u e s  o f  r a p i d l y  a n d  e f f e c t i v e l y  r e p a i r i n g  a r a i l  

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

r a i l w a y  i s  i n c r e a s e d .  M o r e  p a r t i c u l a r l y ,  t h e  i n c r e a s e  i n  

s p e e d  o f  a t r a i n  c a u s e s  t h e  w i d e  v a r i a t i o n  i n  w h e e l  l o a d  d u e  

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

a s e r i o u s  p r o b l e m  o n  a n  e n v i r o n m e n t a l  d i s r u p t i o n  s u c h  a s  

g e n e r a t i o n  o f  n o i s e  a s  w e l l  a s  h i g h l y  a d v e r s e l y  a f f e c t s  a 

r o l l i n g  s t o c k  a n d  a t r a c k .  S u c h  a d a m a g e d  r a i l  h a s  b e e n  

c o n v e n t i o n a l l y  r e p a i r e d  b y  r e m o v i n g  t h e  d a m a g e d  r a i l  p o r t i o n  

a n d  r e p l a c i n g  i t  w i t h  a n e w  r a i l .  H o w e v e r ,  s u c h  e x c h a n g e  

o p e r a t i o n  o f  a r a i l  i s  d i f f i c u l t  t o  t a k e  p l a c e  b e c a u s e  i t  

i s  r e s t r i c t e d  b y  t i m e  i n  t h e  e x i s t i n g  c i r c u m s t a n c e s  t h a t  a 

t i m e  s p a c e  i s  s u b s t a n t i a l l y  s h o r t e n e d  d u e  t o  t h e  i n c r e a s e  i n  

o p e r a t i n g  d e n s i t y  o f  t r a i n s .

T h e r e  h a v e  b e e n  c o n v e n t i o n a l l y  u s e d  t w o  k i n d s  o f  m e t h o d  

o f  r e p a i r i n g  t h e  d a m a g e d  p o r t i o n  o f  a r a i l  i n  t h e  s i t e  w h e r e  

i t  i s  l a i d .  O n e  i s  t o  g r i n d  t h e  d a m a g e d  p o r t i o n  o f  a r a i l  

a n d  t h e  a d j a c e n t  w h o l e s o m e  p o r t i o n  i n  a n  a r c u a t e  s h a p e  i n  

v i e w  o f  t h e  d e g r e e  o f  d a m a g e .  T h i s  m e t h o d  i s  r e l a t i v e l y  

r e a d i l y  a p p l i c a b l e  b y  u s i n g  a n  a p p r o p r i a t e  o p e r a t i n g  

m a c h i n e ,  h o w e v e r ,  t h e  a p p l i c a t i o n  i s  l i m i t e d  d e p e n d i n g  u p o n  

t h e  d e g r e e  o f  d a m a g e .  T h i s  m e t h o d  i s  o n l y  e f f e c t i v e  t o  

r e p a i r  h i g h l y  s l i g h t  d a m a g e .  T h e  o t h e r  m e t h o d  i s  t o  a p p l y  

b u i l d i n g - u p  t o  t h e  d a m a g e d  p o r t i o n  o f  a r a i l  a n d  t h e n  c a r r y  

o u t  f i n i s h i n g  t o  a l l o w  t h e  b u i l d - u p  t o  h a v e  a s m o o t h  

s u r f a c e .  T h i s  m e t h o d  i s  a p p l i c a b l e  t o  a s e r i o u s l y  d a m a g e d  

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

a t  t h e  p r e s e n t  i f  t h e  q u a l i t y  o f  b u i l d - u p  o f  a r a i l  c a n  b e  

e f f e c t i v e l y  e n s u r e d .

I n  J a p a n ,  b u i l d i n g - u p  o f  a r a i l  w a s  o n c e  e x t e n s i v e l y  

c a r r i e d  o u t  b y  g a s  w e l d i n g  w i t h  a w e l d i n g  r o d  f o r  f i l l e r  

m e t a l  s u c h  a s  T E K K E N  G l ^  d e v e l o p e d  i n  t h e  l a t t e r  h a l f  o f
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111 o 1 9 4 0 ’s a n d  t h e  l i k e .  T h e r e a f t e r ,  b u i l d i n g - u p  b y  a r c  

w e l d i n g  w i t h  c o v e r e d  e l e c t r o d e  t o o k  p l a c e  i n  a n  e x p e r i m e n t a l  

s c a l e .  H o w e v e r ,  s u c h  w e l d i n g  m e t h o d s  h a d  a d i s a d v a n t a g e  o f  

c a u s i n g  f l o w  o f  b u i l d i n g - u p  m e t a l ,  p e e l i n g  t h e r e o f  a n d  t h e  

l i k e  i n  c o o p e r a t i o n  w i t h  m a t e r i a l s  e m p l o y e d  a t  t h a t  t i m e .  

T h u s ,  t h e  b u i l d - u p  w e l d i n g  o f  a r a i l  w a s  h a r d l y  c a r r i e d  o u t  

w i t h  few  e x c e p t i o n s .

I n  f o r e i g n  c o u n t r i e s ,  b u i l d - u p  w e l d i n g  o f  a r a i l  h a s

b e e n  p o s i t i v e l y  c a r r i e d  o u t  m a i n l y  b y  a r c  w e l d i n g  w i t h  a

2 ) 3 )
c o v e r e d  e l e c t r o d e .  B e s i d e s ,  b u i l d - u p  w e l d i n g  h a s  b e e n  a l s o

4)
r e p o r t e d  w h i c h  i s  c a r r i e d  o u t  b y  a u t o m a t i c  C C ^  a r c  w e l d i n g ,  

s e m i - a u t o m a t i c  a r c  w e l d i n g  w i t h  f l u x  c o r e d  w i r e f ^ ®  ̂  s p r a y i n g  

u s i n g  o x y - a c e t y l e n e  f l a m e  o r  t h e  l i k e .

W h e n  a r c  w e l d i n g  i s  a p p l i e d  t o  h i g h  c a r b o n  s t e e l ,  i t  i s

r e q u i r e d  t o  t a k e  f u l l  c a r e  t o  p r e v e n t  h o t  c r a c k  f r o m  b e i n g

g e n e r a t e d  a t  t h e  w e l d  b o n d ,  b e c a u s e  e v e n  f i n e  h o t  c r a c k  o f t e r

2)
c a u s e s  f a t i g u e  f r a c t u r e .  R e s u l t s  o f  a r o l l i n g  l o a d  f a t i g u e  

t e s t  o n  b u i l t - u p  r a i l s  f o r m e d  b y  g a s  w e l d i n g  a n d  a r c  W e l d i n g  

w i t h  c o v e r e d  e l e c t r o d e  c l e a r l y  s h o w  t h a t  t h e  f a t i g u e  

s t r e n g t h  o f  t h e  b u i l t - u p  r a i l  b y  t h e  l a t t e r  w e l d i n g  i s  l o w e r  

t h a n  t h a t  b y  t h e  f o r m e r  w e l d i n g  d u e  t o  s u c h  a w e l d  f l a w  a s  

m e n t i o n e d  a b o v e .  I n  o r d e r  t o  r e d u c e  h o t  c r a c k ,  i t  i s  f i r s t  

r e q u i r e d  t o  h i g h l y  d e c r e a s e  w e l d i n g  h e a t  i n p u t .

H o w e v e r ,  t h e  d e c r e a s e  i n  w e l d i n g  h e a t  i n p u t  g e n e r a l l y  

c a u s e s  t h e  o p e r a t i o n  e f f i c i e n c y  t o  b e  d e c r e a s e d .  T h e  

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

i n  t h e  i n t e r v a l s  o f  a t r a i n  s e r v i c e ,  t h u s ,  e x t e n s i o n  o f  t h e  

o p e r a t i n g  t i m e  i s  f a t a l  t o  t h e  b u i l d - u p  w e l d i n g .  A l s o ,  i n  

J a p a n  t h e r e  i s  n o t  p r o v i d e d  a s u f f i c i e n t  s p a c e  a r o u n d  a 

t r a c k ,  t h u s ,  i t  i s  s u b s t a n t i a l l y  d i f f i c u l t  t o  c a r r y  a 

w e i g h t y  a p p a r a t u s  s u c h  a s  a p o w e r  s o u r c e  d e v i c e  i n  t h e  

t r a c k .  T h i s  r e q u i r e s  t h e  m i n i a t u r i z a t i o n  a n d  w e i g h t - s a v i n g  

o f  a b u i l d - u p  w e l d i n g  a p p a r a t u s .

I n  v i e w  o f  t h e  f o r e g o i n g  p r o b l e m s ,  t h e  a u t h o r s  h a v e  

c o n s i d e r e d  t h e  a p p l i c a t i o n  o f  g a s - s p r a y  w e l d i n g  w i t h  s e l f -  

f l u x i n g  a l l o y  p o w d e r  t o  t h e  b u i l d i n g - u p  o f  a r a i l  w h i c h  i s  

s u p p o s e d  t o  b e  a w e l d i n g  m e t h o d  c a p a b l e  o f  e f f e c t i v e l y  

d e c r e a s i n g  h e a t  a f f e c t i o n  w i t h  r e s p e c t  t o  m a t r i x ,  i m p r o v i n g
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o p e r a t i n g  e f f i c i e n c y  a n d  a c c o m p l i s h i n g  b u i l d i n g - u p  u s i n g  a 

c o m p a c t  a p p a r a t u s .

2. S u m m a r y  o f  G a s - S p r a y  W e l d i n g  w i t h  S e l f - F l u x i n g  A l l o y

P o w d e r

T h e  s p r a y i n g  o f  m e t a l  o r  t h e  l i k e  g e n e r a l l y  h a s  a n  

a d v a n t a g e  t h a t  i t  d o e s  n o t  s u b s t a n t i a l l y  g i v e  m a t e r i a l  t o  

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

t o  b e  f u s e d  t o  m a t r i x ,  t o  t h e r e b y  b e  w i d e l y  u s e d  f o r  

c o r r o s i o n  p r o t e c t i o n ,  b u i l d i n g - u p  a n d  t h e  l i k e .  H o w e v e r ,  

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

c o m p a r e d  w i t h  t h a t  b y  b u i l d - u p  w e l d i n g .  B e s i d e s ,  s p r a y  

w e l d i n g  w i t h  s e l f - f l u x i n g  a l l o y  a l l o w s  t h e  m e c h a n i c a l  

p r o p e r t i e s  o f  a n  a r t i c l e  w e l d e d  b y  s p r a y i n g  t o  b e  h i g h l y  

i m p r o v e d  b y  s u b j e c t i n g  t h e  w e l d  o f  t h e  a r t i c l e  t o  a m e l t i n g  

t r e a t m e n t  a f t e r  o r  c o n c u r r e n t l y  w i t h  t h e  s p r a y i n g .  A l s o ,  

t h e  s p r a y  w e l d i n g  h a s  f u r t h e r  a d v a n t a g e s  t h a t  i t  d o e s  n o t  

c a u s e  t h e  f u s i o n  o f  s p r a y - w e l d i n g  m a t e r i a l  t o  t h e  m a t r i x  o f  

w e l d e d  m a t e r i a l ,  h e a t  a f f e c t i o n  w i t h  r e s p e c t  t o  w e l d e d  

m a t e r i a l  i s  r e l a t i v e l y  l i t t l e ,  a n d  w e l d e d  m a t e r i a l  c a n  b e  

f o r m e d  w i t h  a b u i l d - u p  w h i c h  h a s  a s m o o t h  s u r f a c e  a n d  l a r g e  

t h i c k n e s s .  S e l f - f l u x i n g  a l l o y ,  a s  s h o w n  i n  T a b l e  1 ,  i s  

s u p e r  a l l o y  o f  N i  b a s e ,  N i - C r  b a s e ,  C o  b a s e  o r  t h e  l i k e  

w h i c h  c o n t a i n s  a b o u t  1.5 t o  3?o o f  B a n d  a b o u t  2 t o  4?o o f  S i .  

W h e n  t h i s  a l l o y  i s  r e - m e l t e d  a f t e r  s p r a y i n g ,  B a n d  S i  r e a c t  

w i t h  m e t a l  o x i d e  i n c l u d e d  i n  a b u i l d - u p  t o  f o r m  b o r o n -  

s i l i c a t e  g l a s s  s l a g  o f  a l o w  m e l t i n g  p o i n t ,  w h i c h  i s  f l o a t e d  

o n  t h e  s u r f a c e  t h e r e o f ,  t h u s ,  t h e  b u i l d - u p  i s  r e n d e r e d  

h i g h l y  c l e a n .  T h i s  t r e a t m e n t  a l s o  a l l o w s  b u i l d i n g - u p  m e t a l  

a n d  t h e  m a t r i x  o f  b u i l t - u p  m e t a l  t o  d i f f u s e  i n t o  e a c h  o t h e r  

t o  f o r m  a f i r m  w e l d .  G e n e r a l l y ,  s e l f - f l u x i n g  a l l o y  i s  i n  

t h e  f o r m  o f  a p o w d e r  o r  a r o d .  P o w d e r e d  s e l f - f l u x i n g  a l l o y  

i s  u s e d  f o r  s p r a y  w e l d i n g  a n d  r o d - s h a p e d  o n e  i s  w i d e l y  u s e d  

a s  a f i l l e r  m e t a l  t o  p r o v i d e  a g l a s s  m o l d ,  a s l e e v e ,  a r o l l  

s h a f t  a n d  t h e  l i k e  w i t h  h e a t  r e s i s t a n c e ,  w e a r  r e s i s t a n c e ,  

c o r r o s i o n  r e s i s t a n c e  a n d  t h e  l i k e .  S p r a y  w e l d i n g  w i t h  

s e l f - f l u x i n g  a l l o y  i s  g e n e r a l l y  c a r r i e d  o u t  u s i n g  a n  o x y -  

a c e t y l e n e  f l a m e .  I n  a s p e c i f i c  c a s e ,  i t  o f t e n  t a k e s  p l a c e
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u s i n g  a n  o x y - h y d r o g e n  f l a m e  o r  p l a s m a  j e t .  S e l f - f l u x i n g  

a l l o y  g e n e r a l l y  e x h i b i t s  a n  e x c e l l e n t  p r o p e r t y  a g a i n s t  

c o m p r e s s i v e  s t r e s s ,  h o w e v e r ,  i t  i s  r e l a t i v e l y  f r a g i l e  u n d e r  

t e n s i l e  s t r e s s  a n d  i s  p o o r  i n  d u c t i l i t y  a n d  t o l i g h h e s s .  F o r  

e x a m p l e ,  N i  b a s e  a n d  C o  b a s e  s e l f - f l u x i n g  a l l o y s  a r e  a b o u t  

3 0 ^ 4 0  ! < g f / m m  i n  t e n s i l e  s t r e n g t h  a n d  h a v e  a n  e l o n g a t i o n  o f  

a b o u t  1 % o r  l e s s .  A  r a i l  f o r  r a i l w a y  l i n e  i s  m a d e  o f  h i g h  

c a r b o n  s t e e l .  T h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  f a i l ,  w h i c h  

a r e  s o m e w h a t  d i f f e r e n t  d e p e n d i n g  u p o n  t h e  t y p e  o f  r a i l ,  a r e  

d e f i n e d  t o  h a v e  a t e n s i l e  s t r e n g t h  o f  8 0  k g f / m m  o f  m o r e  a n d  

a n  e l o n g a t i o n  o f  8?o o r  m o r e  i n  a  t e n s i l e  t e s t  u s i n g  J I S  N o .

4  s p e c i m e n  p r e p a r e d  a c c o r d i n g  t o  J I S  Z :  2 2 0 1 - 5 6 .  C o n ­

v e n t i o n a l  s e l f - f l u x i n g  a l l o y  h a s  w e a r  f e s i s t a n c e  a n d  w o r k a ­

b i l i t y  s u f f i c i e n t  t o  b e  u s e d  f o r  b u i l d - u p  w e l d i n g  o f  a r a i l ,  

h o w e v e r ,  i t  i s  r e q u i r e d  t o  s u b s t a n t i a l l y  i m p r o v e  t h e  t e n s i l e  

s t r e n g t h  a n d  t o u g h n e s s .

Table 1 Typical Chemical Composition of S e lf- 
Fluxing Alloy

Type Ni Cr Co B Si C W Wc Fe H.Rc

Ni-B-Si Bal - - 1.9 3.5 - - - 2.5 25-35

Ni-Cr-B-Si Bal 10 - 1.8 3.5 0.4 - - 2.5 27-35

Ni-Cr-B-Si Bal 11 - ■ 2.0 3.0 0.5 - - 3.5 35-40

Ni-Cr-B-Si Bal 13 - 2.2 3.0 0.6 - - 3.5 40-45

Ni-Cr-B-Si Bal 15 - 2.4 3.5 0.8 - - 3.5 . 45-50

Ni-Cr-B-Si Bal 16 - 3.0 3.5 1.0 - - 3.5 55-60

Co-Cr-B-Si - 22 Bal 2.6 3.0 1.0 6 - 2.5 54-60

Co-Cr-B-Si - 19 Bal 2.2 2.0 0.1 3 - 2.5 43-48

Ni-Cr-Wc-B-Si Bal 12 - 2.5 3.5 1.1 - 15 2.5 57-64

Ni-Cr-Wc-B-Si Bal 10 - 2.4 3.5 1.7 - 28 2.5 60-65

3.' M a t e r i a l  a n d  A p p a r a t u s  f o r  G a s - S p r a y  W e l d i n g

3 . 1  S e l f - F l u x i n g  A l l o y  f o r  S p r a y  W e l d i n g  o f  R a i l

S e l f - f l u x i n g  a l l o y  p o w d e r  i s  r e q u i r e d  t o  h a v e  s a t i s ­

f a c t o r y  m e c h a n i c a l  p r o p e r t i e s  a n d  a d h e s i o n  t o  a r a i l ,
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h a r d n e s s  s i m i l a r '  t n  t h a t  o f  t h e  m a t r i x  o f  a r a i l ,  g o o d  w e a r  

r o s  i a I; o n c e , g o o d  w o r k a b i l i t y ,  a n d  a l o w  m e l t i n g  p o i n t  

s u f f i c i e n t  t o  m i n i m i z e  h e a t  a f f e c t i o n  w i t h  r e s p e c t  t o  t h e  

m a t r i x .

3 , 1 . 1 .  T r i a l  M a n u f a c t u r e  o f  F e r r o a l l o y  P o w d e r  ( F - 3 )

F i r s t ,  f o r  t h e  p u r p o s e  o f  i m p r o v i n g  s t r e n g t h ,  a l l o y  

p o w d e r s  w e r e  e x p e r i m e n t a l l y  p r e p a r e d  u s i n g  N i - C r  b a s e  a l l o y  

o f  a r e l a t i v e l y  l o w  m e l t i n g  p o i n t  a s  a b a s e  a n d  v a r y i n g  t h e  

c o n t e n t  o f  N i ,  C r  a n d  F e ,  a n d  f o r m e d  i n t o  c a s t  a l l o y s .  T h e  

c a s t  a l l o y s  w e r e  s u b j e c t e d  t o  a t e n s i l e  t e s t .  T h e  c o n t e n t s  

o f  B a n d  S i  w e r e  m i n i m i z e d  t o  t h e  e x t e n t  t h a t  g o o d  w o r k a ­

b i l i t y  i s  e n s u r e d  ( B : 1 . 5 5o , S i :  2 . 0  ?o) •' T h e  t e n s i l e  t e s t  

c l e a r l y  s h o w e d  t h e  f a c t  t h a t  h i g h  s t r e n g t h  i s  o b t a i n e d  a t  

t h e  c o n t e n t  o f  N i  o f  3 0  t o  4 0 % a n d  e l o n g a t i o n  i s  h a r d l y  

a f f e c t e d  b y  t h e  c o n t e n t  o f  N i ,  a n d  t e n s i l e  s t r e n g t h  a n d  

e l o n g a t i o n  a r e  s o m e w h a t  i n c r e a s e d  w i t h  t h e  i n c r e a s e  i n  

c o n t e n t  o f  C r  i n  t h e  r a n g e  o f  N i  c o n t e n t  d e s c r i b e d  a b o v e .

I n  view o f  s u c h  f a c t ,  f e r r o a l l o y  ( F - 3 )  w a s  e x p e r i m e n t a l l y  

p r e p a r e d  w h i c h  h a s  c h e m i c a l  c o m p o s i t i o n s  s h o w n  i n  T a b l e  2, 

T a b l e  2 a l s o  s h e w s  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  

f e r r o a l l o y  a n d  c o m m e r c i a l l y  a v a i l a b l e  N i - C r  b a s e  a l l o y .

F-T'orn t h e  t a b l e ,  i t  w i l l  b e  n o t e d  t h a t  F - 3  h a s  r e l a t i v e l y  

h i g h  t e n s i l e  s t r e n g t h .

S e l f - f l u x i n g  a l l o y  g e n e r a l l y  e x h i b i t s  s a t i s f a c t o r y  w e a  

r e s i s t a n c e .  F o r  t h e  p u r p o s e  o f  c o m p a r i n g  t h e  w e a r  r e ­

s i s t a n c e  o f  t h e  e x p e r i m e n t a l l y  p r e p a r e d  f e r r o a l l o y  ( F - 3 )  

w i t h  t h a t  o f  c o m m e r c i a l l y  a v a i l a b l e  o r  c o n v e n t i o n a l  

s e l f - f l u x i n g  a l l o y ,  F - 3  w a s  s u b j e c t e d  t o  a w e a r i n g  t e s t  

t o g e t h e r  w i t h  t h e  c o n v e n t i o n a l  a l l o y .  I n  t h i s  t e s t ,  a l l o y s  

V 3 a n d  V 4  s h o w n  i n  T a b l e  2 w e r e  u s e d  a s  a c o m p a r i s o n  

m a t e r i a l .  T h e  t e s t  p i e c e  o r  s p e c i m e n  w a s  f o r m e d  i n t o  s u c h  

a s h a p e  a s  s h o w n  i n  F i g .  1 .  T h e  s p e c i m e n  w a s  s a m p l e d  f r o m  

c a s t  m a t e r i a l ,  a n d  t i r e  s t e e l  w a s  c h o s e n  a s  t h e  o p p o n e n t  

m a t e r i a l  i n  v i e w  o f  t h e  u s e  c o n d i t i o n s  o f  a r a i l .  T h e  t e s t  

w a s  c o n d u c t e d  i n  t h e  f o r m  o f  r o t a t i o n  w e a r  i n  a d r y  a t m o s ­

p h e r e  w i t h  l o a d  a n d  s l i p  f a c t o r  b e i n g  r e s p e c t i v e l y  s e t  a t  

9 2 k g  a n d  2. 65 a. F i g .  2 s h o w s  m e a s u r e m e n t s  o f  w e a r  l o s s  a t
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v a r i o u s  r o t a t i n g  n u m b e r s  u n d e r  t h e  a b o v e  c o n d i t i o n s .  A s  c a n  

b e  s e e n  f r o m  F i g .  2 ,  F - 3  c l e a r l y  e x h i b i t s  e x c e l l e n t  w e a r  

r e s i s t a n c e  a s  c o m p a r e d  w i t h  t h e  c o n v e n t i o n a l  a l l o y .

Table 2 Chemical Composition and Mechanical
Properties of Trial Ferroalloy (F -3 )  and 
Ni-Cr Alloy

C h e m i c a l  c o m p o s i t i o n s ) M e c h a n i c a l  p r o p e r t i e s

T y p e
Ni Cr F e B Si i C

T e n s i l e
s t r e n g t h

(Kgf/mm*)

E l o n g a t i o n

(*)

F - 3 3 7 . ( 1 3 .0 B a l 1.5 2 . 0 0 . 2 6 0 ~ 7 0 1 .2 — 2 . 2

V - 4 B a l . 1 0 .0 2 .5 1.9 3 .0 0 . 3 3 2 ~ A 0 0 . 3 — 1.0

V - 3 B a l 9 , 0 3 . 5 1.6 2 . 5 0.1 2 5 — 3 5 0 . 4 — 1.2
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Fig.2 Relation between Wear Loss and 
Number of Rotations

3 . 1 . 2 .  M e c h a n i c a l  P r o p e r t i e s  o f  B u i l d - U p  o f  R a i l  w i t h  F - 3  

I n  v i e w  o f  t h e  u s e  c o n d i t i o n s  f o r  a b u i l t - u p  r a i l ,  a 

s t r e n g t h  t e s t  o f  a b u i l d - u p  w a s  c a r r i e d  o u t  u s i n g  s p e c i m e n s  

p r e p a r e d  b y  .s u b j e c t i n g  a p l a t e  a n d  a r o d  s a m p l e d  f r o m  a r a i l  

t o  g a s - s p r a y  w e l d i n g .  T h e  t e s t  i n c l u d e s  a  c r o s s - t e n s i o n  

t e s t ,  a s h e a r i n g  t e s t ,  a s h e a r i n g  f a t i g u e  t e s t  a n d  a w e a r i n g  

t e s t .

( a )  C r o s s - t e n s i o n  a n d  s h e a r i n g  t e s t s  

I n  c r o s s - t e n s i o n  a n d  s h e a r i n g  t e s t s ,  a b u i l d - u p  w a s  

r e g a r d e d  a s  a s p o t  w e l d  a n d  f o r m e d  t o  h a v e  c o n f i g u r a t i o n s  

a n d  d i m e n s i o n s  s h o w n  i n  F i g .  3 .  A n  o b j e c t  o f  t h e  t e s t s  i s  

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

r a i l s  t h u s ,  a s p e c i m e n  u s e d  c o m p r i s e s  a n  u p p e r  m i l d  s t e e l  

p l a t e  a n d  a l o w e r  r a i l  s t e e l  p l a t e  a n d  b u i l d - u p  w e l d i n g  w a s  

a p p l i e d  t o  a t h r o u g h - h o l e  o f  t h e  u p p e r  p l a t e  t o  c a r r y  o u t  

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

l y  a v a i l a b l e  s i n g l e - n o z z l e  s p r a y i n g  t o r c h .  T h e  s p e c i m e n  w a s  

p r e p a r e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  c o n d i t i o n s :

7



P o w d e r :  . F - 3 ,  1 0 0  t o  4 0 0  m e s h

S u r f a c e  t r e a t m e n t  o f  l o w e r  p l a t e  ( r a i l  s t e e l ) :  g r i n d i n g  

D i s t a n c e  b e t w e e n  s p r a y i n g  t o r c h  a n d  u p p e r  p l a t e :  1 5 . 5 m m

G a s  f l o w  r a t e :  8 . 0  £ / m i n ,  0 ^ ---- , 1 0 , 0  j e / m i n

P r e - s p r a y i n g :  y e s  a n d  n o

" Y e s ” w a s  c a r r i e d  o u t  a t  a r a i l  s t e e l  

p l a t e  t e m p e r a t u r e  o f  a b o u t  4 Q 0 p C f o r  

3 s e c o n d s .

S p r a y i n g  t i m e :  1 4  s e c o n d s

T e m p e r a t u r e  o f  b u i l d i n g - u p :

T e n s i o n  t e s t  s p e c i m e n  ----• 1 0 0 0  'v 1 1 4 0 ° C

S h e a r i n g  t e s t  s p e c i m e n ----  9 0 0  ^  1 2 8 0 ° C

T h e  t e m p e r a t u r e  o f  a b u i l d - u p  w a s  m e a s u r e d  a t  a 

p o s i t i o n  o f  1 m m  b e l o w  t h e  s u r f a c e  o f  t h e  l o w e r  p l a t e .  T h e  

t e s t s  w e r e  c a r r i e d  o u t  u s i n g  3 0  t o n  A m s l e r  u n i v e r s a l  t e s t i n g  

m a c h i n e .  I n  g e n e r a l ,  t h e r e  o c c u r s  a p r o b l e m  t h a t  i n  a 

s h e a r i n g  t e s t  o f  a s h e e t ,  t h e  c o m p o n e n t  o f  t e n s i l e  s t r e s s  

i s  a d d e d  t o  s h e a r i n g  s t r e s s  d u e  t o  t h e  d e f o r m a t i o n  o f  a 

s p e c i m e n ;  w h e r e a s  a  t e n s i l e  t e s t  t h e r e o f  c a u s e s  t h e  d e f o r ­

m a t i o n  o f  a s p e c i m e n  i n  a d i r e c t i o n  o f  t e a r i n g  a b u i l d - u p ,  

s o  t h a t  s h e a r i n g  s t r e s s  w h i c h  i s  t o  c a u s e  t h e  p e r i p h e r y  o f  

t h e  b u i l d - u p  t o  b e  s u b j e c t e d  t o  f r a c t u r e  i s  c o m p l i c a t e d l y  

a d d e d  t o  t e n s i l e  s t r e s s .  H o w e v e r ,  t h e  p r e s e n t  t e s t s  d i d  n o t  

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

p l a t e  o f  t h e  s p e c i m e n  i s  r e l a t i v e l y  l a r g e  i n  t h i c k n e s s  a n d  

t h e  m a t r i x  o f  t h e  l o w e r  p l a t e  h a s  h i g h  s t r e n g t h .  F i g .  4  

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

a n d  a b u i l d i n g - u p  t e m p e r a t u r e .  F o r  c o m p a r i s o n ,  F i g .  4  a l s o  

s h o w s  a s - w e l d e d  s t r e n g t h  o f  a s p o t  w e l d  o f  5 0  k g f  c l a s s  h i g h  

s t r e n g t h  s t e e l  ( s p o t  w e l d i n g  c o n d i t i o n s :  w e l d i n g  p r e s s u r e

o f  e l e c t r o d e ---- ■ 9 0 0 k g ,  w e l d i n g  c u r r e n t ----  1 4 5 0 0 A ,  w e l d

t i m e ---- 5 4  c / s ) ^ ^  F i g .  4  i n d i c a t e s  t h a t  s h e a r i n g  s t r e n g t h

i n c r e a s e s  w i t h  t h e  i n c r e a s e  i n  t e m p e r a t u r e ,  r e a c h e s  t h e  

m a x i m u m  s t r e n g t h  a t  a c e r t a i n  t e m p e r a t u r e  arid t h e n  g r a d u a l l y  

d e c r e a s e s .  A l s o ,  i t  w i l l  b e  n o t e d  t h a t  t h e  t e n s i l e  s t r e n g t h  

i s  a t  t h e  s u b s t a n t i a l l y  s a m e  l e v e l  a s  t h a t  o f  t h e  s p o t  

w e l d i n g  o f  5 0  k g f  c l a s s  h i g h  s t r e n g t h  s t e e l  i r r e s p e c t i v e  o f
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( b )  S h e a r i n g  f a t i g u e  t e s t

A  s h e a r i n g  f a t i g u e  t e s t  o f  a b u i l d - u p  w a s  c a r r i e d  o u t  

a t  a l o a d i n g  c y c l e  o f  s i n e  w a v e  f o r m  a n d  a r e p e t i t i o n  r a t e  

o f  5 0 0  c y c l e s / m i n  u s i n g  a  f a t i g u e  t e s t  m a c h i n e  a s  s h o w n  i n  

F i g .  5 a n d  t h e  s a m e  s p e c i m e n  a s  i n  t h e  a b o v e - m e n t i o n e d  

s h e a r i n g  t e s t .  F i g .  6 s h o w s  r e s u l t s  o f  a  s h e a r i n g  f a t i g u e  

t e s t  u s i n g  a s p e c i m e n  s u b j e c t e d  t o  b u i l d - u p  • " w e l d i n g  a t  a 

t e m p e r a t u r e  o f  1 0 0 0  t o  1 1 4 0 ° C .  F o r  c o m p a r i s o n ,  r e s u l t s  

o b t a i n e d  u s i n g  a s p e c i m e n  o f  5 0  k g f  c l a s s  h i g h  s t r e n g t h  

s t e e l  o f  w h i c h  a s p o t  w e l d i n g , . w a s  s u b j e c t e d  t o ,  a< t e m p e r i n g
i

t r e a t m e n t  a r e  a l s o  s h o w n  i n  F i g ,  6 .  T h e  r e s u l t s  o f  F i g .  6 

c l e a r l y  s h o w  t h a t  t h e  s p e c i m e n  s u b j e c t e d  t o  b u i l d i n g - u p  a t  

a r e l a t i v e l y  l o w  t e m p e r a t u r e  h a s  a r e p e t i t i o n  r a t e  e x c e e d i n g  

1 0 ^  c y c l e s / m i n  u n d e r  h i g h  l o a d .  T h u s ,  i t  a p p e a r s  t h a t  t h e  

s t a t e  o f  b o n d e d  i n t e r f a c e  o f  t h e  b u i l d - u p  s u b s t a n t i a l l y  

a f f e c t s  t h e  f a t i g u e  t e s t ,  a s  i n  t h e  s h e a r i n g  t e s t .  H o w e v e r ,  

a s  i s  c l e a r  f r o m  t h e  r e s u l t s  o f  F i g .  6 ,  t h e  b u i l d - u p  f o r m e d  

b y  g a s - s p r a y  w e l d i n g  h a s  c o n s i d e r a b l y  s a t i s f a c t o r y  s h e a r i n g  

f a t i g u e  s t r e n g t h  a s  a w h o l e .

Driving motor Rotation
indicator

Fig.5 Shear Fatigue Machine
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( c )  W e a r i n g  t e s t  ■

G a s - s p r a y  w e l d i n g  w a s  a p p l i e d  t o  t h e  s m o o t h  s u r f a c e  o f  

a p i e c e  s a m p l e d  f r o m  a r a i l  s t e e l  a n d  f o r m e d  i n  a s h a p e  

s h o w n  i n  F i g .  7 i n  a m a n n e r  a s  s h o w n  t h e r e i n ,  a n d  a w e a r i n g  

s p e c i m e n  w a s  s a m p l e d  f r o m  t h e  c e n t r a l  p o r t i o n  o f  t h e  p i e c e  

a n d  s u b j e c t e d  t o  a r o l l i n g  w e a r i n g  t e s t  i n c l u d i n g  a s l i p .

T h e  c o n f i g u r a t i o n  a n d  d i m e n s i o n s  o f  s p e c i m e n  a n d  t h e  m a n n e r  

o f  t e s t  w e r e  t h e  s a m e  a s  i n  I t e m  3 . 1  d e s c r i b e d  a b o v / e .  G a s -  

s p r a y  w e l d i n g  w a s  c a r r i e d  o u t  u n d e r  t h e  f o l l o w i n g  c o n ­

d i t i o n s :

M a t r i x :  R a i l  s t e e l

S u r f a c e  t r e a t m e n t  o f  m a t r i x :  G r i n d i n g

G a s  f l o w  r a t e :

C 2 H 2 ---- 5 . 7  1 / m i n ,  0 2 -------6 . 0  i f  m i n  ( S p r a y i n g )

C 2 ^ 2 --------6 . 5  £ / m i - n t  ° 2 ------------6 . 0  i / m i n  ( P r e - h e a t i n g )

D i s t a n c e  b e t w e e n  n o z z l e  a n d  m a t r i x :

1 2 m m  ( S p r a y i n g  t o r c h )

1 5 m m  ( P r e - h e a t i n g  b u r n e r )

B u i l d i n g - u p  s p e e d :  2 3  m m / m i n
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F i g .  8 s h o w s  a r e l a t i o n s h i p  b e t w e e n  t h e  r o t a t i n g  n u m b e r  

o f  e a c h  s p e c i m e n  a n d  w e a r  l o s s .  F i g .  8 i n d i c a t e s  t h a t  t h e  

w e a r  l o s s  r e a c h e s  t h e  m a x i m u m  v a l u e  a t  1 1 5 0 ° C  w h i c h  i s  t h e  

h i g h e s t  b u i l d i n g - u p  t e m p e r a t u r e ,  a n d  d e c r e a s e s  i n  tfip o r d e r  

o f  1 0 8 0 ° C  a n d  1 0 0 0 ° C .  H o w e v e r ,  t h e  t e r m  " w e a r  l o s s ' !  

r e f e r r e d  t o  h e r e i n  d o e s  n o t  i n d i c a t e  t h e  w e a r  l o s s  o f  o n l y  

a b u i l d - u p  b u t  i n d i c a t e s  t h e  w e a r  l o s s  o f  a s p e c i m e n  

i n c l u d i n g  t h e  m a t r i x ,  t h u s ,  i t  i s  l a r g e l y  o c c u p i e d  b y  t h e  

w e a r  l o s s  o f  m a t r i x .  T h u s ,  i t  i s  s u p p o s e d  t h a t  t h e  

d i f f e r e n c e  i n  w e a r  l o s s  i n d i c a t e s  t h e  d i f f e r e n c e  i n  h e a t  

a f f e c t i o n  ( s o f t e n i n g )  o n  t h e  m a t r i x  d u e  t o  t h e  { d i f f e r e n c e  

i n  c o n d i t i o n s  f o r  s p r a y  w e l d i n g .  A l s o ,  t h e  p h e n o m e n o n  t h a t  

t h e  b u i l d - u p  h i g h l y  w e a r s  a s  c o m p a r e d  w i t h  t h e  m a t r i x  d o e s  

n o t  o c c u r ,  T h e  c o n d i t i o n s  f o r  t h e  p r e s e n t  t e s t  a r e  c o n ­

s i d e r a b l y  s e v e r e r  t h a n  t h e  a c t u a l  u s e  c o n d i t i o n s ,  t h e r e f o r e ,  

t h e r e  w i l l  b e  a p o s s i b i l i t y  t h a t  t h e  p e e l i n g  a n d  b r e a k i n g  

o f  a b u i l d - u p  o c c u r  i n  c e r t a i n  c i r c u m s t a n c e s .  F i g .  9 i s  a 

m i c r o s t r u c t u r e  o f  t h e  b u i l d - u p  o f  a s p e c i m e n  o f  w h i c h  t h e  

n u m b e r  o f  r o t a t i o n s  e x c e e d e d  t e n  t h o u s a n d .  A s  i s  c l e a r  f r o m  

F i g .  9 ,  t h e r e  i s  s h o w n  n o  o c c u r r e n c e  o f  p e e l i n g  i n  e a c h  

s p e c i m e n .  P a r t i c u l a r l y ,  t h e r e  i s  n o  d e f e c t  i n  t h e  e n d  o r  

p e r i p h e r y  o f  t h e  b u i l d - u p  w h i c h  o f t e n  t e n d s  t o  c a u s e  a n y  

w e l d  d e f e c t  d u e  t o  t h e  u n s t a b l e  s p r a y i n g ,  a n d  t h e  e n d  o f  t h e  

b u i l d - u p  g e t s  i n t i m a t e  w i t h  t h e  f l o w  o f  t h e  m a t r i x .

Building-up temperature: 1000 'v 1150°C

Fig.7 Spray Welding Procedure tp Test 
Piece for Wearing Test
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3 . 1 . 3 .  I m p r o v e m e n t  i n  S e l f - F l u x i n g  A l l o y  F - 3

T - 3 ,  a s  ( I n s c r i b e d  i n  I t e m  3 . 1 . 2 .  m e n t i o n e d  a b o v e ,  h a s

h i g h  s t r e n g t h  a n d  e l o n g a t i o n ,  a s  c o m p a r e d  w i t h  c o m m e r c i a l l y

a v a i l a b l e  N i - b a s e  a n d  C o - b a s e  s e l f - f l u x i n g  a l l o y s .  H o w e v e r ,

i n  o r d e r  t o  p u t  It i n t o  p r a c t i c a l  u s e ,  i t  i s  d e s i r e d  t o

f u r t h e r  i m p r o v e  t h e  d u c t i l i t y .  I h e  l a c k  o f  d u c t i l i t y  i s

p a r t i a l l y  o r  m a i n l y  c a u s e d  b y  B a n d  S i  w h i c h  a r e  a d d e d  t o

t h e , a l l o y  t o  p r o v i d e  t h e  a l l o y  w i t h  a s e l f - f l u x i n g  p r o p e r t y .

I n  v i e w  o f  t h i s  r e s p e c t ,  t h e  i n f l u e n c e  o f  B o r  S i  o f  w h i c h

t h e 1 c o n t e n t  i s  p r e v i o u s l y  l i m i t e d  t o  a l o w  l e v e l  a s  c o m p a r e d

w i t h  t h e  c o n v e n t i o n a l  s e l f - f l u x i n g  a l l o y  a n d  a l s o  t h a t  o f

o t h e r  m i n o r  e l e m e n t s  w e r e  c o n s i d e r e d  b y  c a r r y i n g  o u t  a

t e n s i l e  t e s t  i n  t h e  s u b s t a n t i a l l y  s a m e  m a n n e r  a s  i n  I t e m

3 . 1 . 2 .  F i g .  1 0  s h o w s  a n  i n f l u e n c e  w h i c h  t h e  c o n t e n t  o f  B

i n  F - 3  h a s  o n  t e n s i l e  s t r e n g t h  a n d  e l o n g a t i o n  o f  F - 3 .  F i g .

1 0  c l e a r l y  i n d i c a t e s  t h a t  t h e  e l o n g a t i o n  i s  i n c r e a s e d  b y  5 ^ 6 %

a t  t h e  c o n t e n t  o f  B b e t w e e n  0 %  a n d  0 . 8 %  a n d  t h e  t e n s i l e

s t r e n g t h  i s  d e c r e a s e d  w i t h  t h e  d e c r e a s e  i n  c o n t e n t  o f  B .

W h e r e a s ,  S i  d o e s  n o t  s u b s t a n t i a l l y  a f f e c t  t h e  t e n s i l e

s t r e n g t h  a n d  e l o n g a t i o n  a t  t h e  c o n t e n t  b e t w e e n  0 %  a n d  2 % .

F i g .  1 1  s h o w s  a n  i n f l u e n c e  o f  M o  o n  t h e  i m p r o v e d  F - 3  h a v i n g

t h e  c o n t e n t  o f  B d e c r e a s e d  t o  0 . 5 %  i n  v i e w  o f  t h e  a b o v e  t e s t

r e s u l t s .  T h e  t e n s i l e  s t r e n g t h  i s  s u b s t a n t i a l l y  i m p r o v e d  a t
2

t h e  c o n t e n t  o f  M o  u p  t o  1 0 %  ( 6 0  t o  7 0  k g f / m m  ) a n d  d e c r e a s e d  

w h e n  t h e  c o n t e n t  e x c e e d s  1 0 % .  E l o n g a t i o n  o f  t h e  i m p r o v e d  

F - 3  i s  e x p e c t e d  t o  b e  i n c r e a s e d  b y  6 t o  7 %  a t  t h e  c o n t e n t  

o f  M o  u p  t o  a b o u t  5 % .  T h u s ,  i t  w i l l  b e  r e a d i l y  u n d e r s t o o d  

t h a t  F - 3  s e l f - f l u x i n g  a l l o y  o f  c o n s i d e r a b l y  s a t i s f a c t o r y  

s t r e n g t h  a n d  e l o n g a t i o n  a n d  h a v i n g  a n  i m p a c t  v a l u e  s u b ­

s t a n t i a l l y  e q u a l  t o  t h a t  o f  m a t r i x  c a n  b e  o b t a i n e d  b y  

d e c r e a s i n g  t h e  c o n t e n t  o f  B a n d  a d d i n g  M o  o f  5 ^ 6 % .  A n  

e x a m p l e  o f  s u c h  i m p r o v e d  F - 3  a l l o y  i s  s h o w n  i n  T a b l e  3. 

H o w e v e r ,  i t  i s  s u p p o s e d  t h a t  s u c h  v a r i a t i o n  o f  c h e m i c a l  

c o m p o s i t i o n  i n  F - 3  m a y  p o s s i b l y  r u i n  e s s e n t i a l  c h a r a c t e r ­

i s t i c s  o f  s e l f - f l u x i n g  a l l o y ,  g o o d  w o r k a b i l i t y  t h e r e o f ,  

a p p l i c a b i l i t y  o f  b u i l d i n g - u p  a t  a r e l a t i v e l y  l o w  t e m p e r a t u r e  

a n d  t h e  l i k e i  F i g .  1 2  s h o w s  a r e l a t i o n s h i p  b e t w e e n  t h e  

c o n t e n t  o f  B i n  F - 3  a n d  a  m e l t i n g  p o i n t  t h e r e o f .  A s  i s
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a p p a r e n t  f r o m  F i g .  1 2 ,  t h e  m e l t i n g  p o i n t  i s  s u b s t a n t i a l l y  

c o n s t a n t  n r  k e p t  a t  a t e m p e r a t u r e  n e a r  1 1 6 0 ° C  o n  t h e  s o l i d u s  

l i n e  s i d e  u n t i l  t h e  c o n t e n t  o f  B i s  d e c r e a s e d  t o  a b o u t  0 . 7 ? o  

a n d  t h e  s o l i d u s  l i n e  s t a r t s  t o  r a i s e  w h e n  t h e  c o n t e n t  o f  B 

i s  d e c r e a s e d  t o  0 . 5 %. On t h e  1 i q u i d u s  l i n e  s i d e ,  t h e  

m e l t i n g  p o i n t  i s  i n c r e a s e d  w i t h  t h e  d e c r e a s e  i n  c o n t e n t  o f  

B .  M o r e  p a r t i c u l a r l y ,  i t  i s  a b o u t  1 2 5 0 ° C  a n d  1 3 2 0 ° C  u/hen 

t h e  c o n t e n t  o f  B i s  1 . 5 ? o  a n d  0.7/°o, r e s p e c t i v e l y .

U n d e r  t h e ,  c i r c u m s t a n c e s ,  s p r a y  u / e l d i n g  t o o k  p l a c e  u s i n g  

a s i n g l e - n o z z l e  s p r a y i n g  t o r c h  t o  c a r r y  o u t  a w o r k a b i l i t y  

t e s t  a n d  a s e c t i o n a l  e x a m i n a t i o n  o f  a b u i l d - u p .  F - 3 0 3  w h i c h  

i s  a n  i m p r o v e m e n t  o f  F - 3  w a s  u s e d  a s  s e l f - f l u x i n g  a l l o y  a n d  

a r a i l  s t e e l  w a s  u s e d  a s  b u i l t - u p  m a t e r i a l .  T h i s  s p r a y  

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

s o m e w h a t  i n c r e a s e d  d u e  t o  t h e  i n c r e a s e  o f  t h e  m e l t i n g  p o i n t ,  

h o w e v e r ,  i t  w a s  f o u n d  t h a t  t h e  a l l o y  s t i l l  f u l l y  p o s s e s s e s  

s a t i s f a c t o r y  w o r k a b i l i t y  w h i c h  i s  a n  a d v a n t a g e  o f  s e l f -  

f l u x i n g  a l l o y  a n d  t h e  b u i l d - u p  n e v e r  h a s  a n y  w e l d  f l a w  

c a u s e d  b y  s e l f - f l u x i n g  a l l o y  i t s e l f .
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Fig. 12 E ffe c t of Boron Con­
tent inSetf-Fluxing Alloy 
F-3 on Liquidus and 
Solidus

Table 3 Chemical Composition and Mechanical Properties 
of Improved Ferroalloy

Chemical composition^) Mechanica properties

Type Ni Cr B Si Mo Fe Tensile
strength
(Kgf/mrn*)

Elongation
(S)

Absorbed
energy ,20-ci
(Kg-re)

Ifll 17 013,0 0.7 2 0 5.0 M 60/—̂7 0 S~8 0.54
_ J=-_3J)7 37,013,0 0£ J A BaL 6~10 . 13ft.____

3 . 2 .  A p p a r a t u s  f o r  G a s - S p r a y  W e l d i n g

T h e  m o s t  i m p o r t a n t  p o r t i o n  o f  a g a s - s p r a y  w e l d i n g  

a p p a r a t u s  i s  a s p r a y i n g  t o r c h .  T h e  a b o v e - d e s c r i b e d  s i n g l e ­

n o z z l e  s p r a y i n g  t o r c h  i s  c a p a b l e  o f  b e i n g  u s e d  f o r  g a s - s p r a y  

w e l d i n g  o f  a r a i l .  H o w e v e r ,  t h e  s i n g l e - n o z z l e  s p r a y i n g



t o r c h  h a s  a d i s a d v a n t a g e  t h a t  s e v e r a l  r u n s  a r e  r e q u i r e d  t o  

c a r r y  o u t  b u i l d - u p  w e l d i n g  o v e r  t h e  w h o l e  w i d t h  o f  t r e a d  

s u r f a c e  o f  a r a i l ;  b e c a u s e  t h e  w i d t h  o f  b u i l d i n g - u p  i s  

l i m i t e d ,  a b u i l d - u p  i s  a p t  t o  b e  c o n t a m i n a t e d  b y  s l a g  a t  

i n t e r v a l s  b e t w e e n  t h e  r u n s ,  a n d  a n  o p e r a t i n g  e f f i c i e n c y  i s  

s i g n i f i c a n t l y  d e c r e a s e d .  T h u s ,  i t  i s  h i g h l y  d e s i r e d  t o  

d e v e l o p  a m u l t i - n o z z l e  s p r a y i n g  t o r c h  w h i c h  i s  c a p a b l e  o f  

e f f e c t i v e l y  c a r r y i n g  o u t  b u i l d i n g - u p  o v e r  t h e  w h o l e  t r e a d  

s u r f a c e  o f  a r a i l  a t  a s i n g l e  r u n .

3 . 2 . 1 .  M u l t i - N o z z l e  S p r a y i n g  T o r c h

A  w i d e  s p r a y i n g  t o r c h  i n c l u d i n g  b u r n e r  n o z z l e s  o f  a 

b a s i c  c o n s t r u c t i o n  a s  s c h e m a t i c a l l y  s h o w n  i n  F i g .  1 3  w a s  

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

i n j e c t i n g  a l l o y  p o w d e r ,  t h e  m a n n e r  o f  s u p p l y i n g  a l l o y  p o w d e r  

t o  a b u r n e r ,  t h e  a r r a n g e m e n t  o f  a g a s  m i x i n g  c h a m b e r ,  t h e  

a r r a n g e m e n t  o f  b u r n e r  n o z z l e s  a n d  t h e  l i k e j  a n d  r e p e a t e d  

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

c o n s t r u c t e d  i n  a m a n n e r  t o  a r r a n g e  g a s  i n j e c t i o n  n o z z l e s  i n  

t w o  r o w s  i n  t h e  w i d t h  d i r e c t i o n  o f  a r a i l ,  i n j e c t  a l l o y  

p o w d e r  f r o m  a s p a c e  b e t w e e n  t h e  a d j a c e n t  g a s  i n j e c t i o n  

n o z z l e s  a n d  c a r r y  t h e  p o w d e r  o n  A r  g a s .  T h e  f o r w a r d  e n d  o f  

e a c h  b u r n e r  i s  c o o l e d  b y  w a t e r .  T h e  w i d t h  o f  b u r n e r s  i s  

8 0 m m .  T h e  s p r a y i n g  t o r c h  i s  c a p a b l e  o f  c a r r y i n g  o u t  

b u i l d i n g - u p  o f  6 5 m m  i n  w i d t h .
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Fig. 13 Cross Section of 
Multi-Nozzle 
Spraying Torch

I

3 . 2 . 2 .  A u t o m a t i c  S p r a y  W e l d i n g  A p p a r a t u s

F i g .  1 4  s h o y / s  a n  a u t o m a t i c  s p r a y  w e l d i n g  a p p a r a t u s  f o r  

a r a i l  e x p e r i m e n t a l l y  m a n u f a c t u r e d .  T h e  a p p a r a t u s  c o m p r i s e s  

a s p r a y  w e l d i n g  s e c t i o n , a c o n t r o l  s e c t i o n , a g a s  f l o w m e t e r ,  

a g a s  b o m b ,  a g e n e r a t o r ,  a c o o l i n g  w a t e r  t a n k ,  a s m a l l  t r u c k  

h a v i n g  t h e s e  c o m p o n e n t s  c a r r i e d  t h e r e o n ,  a n d  t h e  l i k e .
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P r e - h e a t i n g  a n d  p o s t - h e a t i n g  ( r e - m e l t i n g )  b u r n e r s  a r e  

d i s p o s e d  o n  t h e  b o t h  s i d e s  o f  a s p r a y i n g  t o r c h  w h i c h  a r e  

a d a p t e d  t o  b e  u s e d  a s  d e s i r e d .  H o w e v e r ,  t h e  a p p a r a t u s  i s  

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

a c c o m p l i s h  t h e  e n t i r e  p r o c e s s  o f  p r e - h e a t i n g ,  p r e - s p r a y i n g  

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

w i t h  s p r a y i n g  i n  o r d e r  t o  m i n i m i z e  h e a t  a f f e c t i o n  o n  a r a i l ) .  

A l s o ,  t h e  a p p a r a t u s  i s  c o n s t r u c t e d  t o  c a r r y  o u t  t h e  d e t e r m i ­

n a t i o n  o f  b u i l d i n g - u p  c o n d i t i o n s ,  f o r  e x a m p l e ,  s u c h  a s  t h e  

d e t e r m i n a t i o n  o f  b u i l d i n g - u p  s p e e d ,  t h e  d e t e r m i n a t i o n  o f  

t r a v e l  d i s t a n c e  o f  t h e  s p r a y i n g  t o r c h ,  t h e  i g n i t i o n  a n d  

e x t i n g u i s h i n g  o f  m i x e d  g a s ,  t h e  s u p p l y  o f  a l l o y  p o w d e r  a n d  

t h e  l i k e ,  b y  o p e r a t i n g  b u t t o n s  o f  t h e  c o n t r o l  s e c t i o n ,

G a s - s p r a y  w e l d i n g  w a s  c a r r i e d  o u t  o n  a n  a c t u a l  r a i l  

u s i n g  t h e  p r e s e n t  s p r a y  w e l d i n g  a p p a r a t u s  a n d  t h e  s e l f -  

f l u x i n g  a l l o y  F - 3 0 3 ,  s o  t h a t  t h e  c o n d i t i o n s  f o r  b u i l d - u p  

w e l d i n g  w a s  c a r e f u l l y  c o n s i d e r e d .  T h e  f o l l o w i n g  i s  a n  

e x a m p l e  o f  t h e  c o n d i t i o n s  d e e m e d  t o  b e  p r o p e r  i n  v i e w  o f  t h e  

a p p e a r a n c e  o f  a b u i l d - u p  a n d  i n t e r n a l  w e l d  d e f e c t  o b s e r v e d  

b y  a n  X - r a y  a p p a r a t u s :

P r e s s u r e  a n d  f l o w  r a t e  o f  g a s :

C2^2 ----  0 * 6  k g / c m ^ ,  5 0  & / m i n

0 2 --------  6 „ 0  k g / c m ^ ,  4 8  i / m i n

S u p p l y  r a t e  o f  a l l o y  p o w d e r :  1 5  ^  2 0  g / c m

S u p p l y  r a t e  o f  A r  f o r  c a r r y i n g  a l l o y  p o w d e r s  2 0  j f / m i n

S p r a y i n g  d i s t a n c e :  2 0 m m

S p r a y i n g  s p e e d :  5 0  m m / m i n

P r e - s p r a y i n g  s p e e d :  7 6 0  m m / m i n

B u i l d i n g - u p  p r o c e d u r e :

p r e - h e a t i n g  ( 2 5 0 ° C )  -»■ p r e - s p r a y i n g  -*■ s e c o n d a r y  

p r e - h e a t i n g  ( 6 0 0 ° C )  -► s p r a y i n g  ( m e l t i n g )
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I
Fig. 14 Automatic Apparatus

3 . 2 . 3 .  S e m i - A u t o m a t i c  S p r a y  W e l d i n g  A p p a r a t u s

I n  t h e  a u t o m a t i c  s p r a y  w e l d i n g  a p p a r a t u s  d e s c r i b e d  

a b o v e ,  t h e  w e i g h t  o f  e a c h  p a r t  o r  c o m p o n e n t  i s  l i m i t e d  t o  

6 0 k g  o r  l e s s  t o  f a c i l i t a t e  t h e  a s s e m b l i n g  a n d  a t t a c h i n g  o f  

t h e  p a r t s .  H o w e v e r ,  i n  o r d e r  t o  f u r t h e r  f a c i l i t a t e  t h e  

o p e r a t i o n  i n  t h e  s i t e ,  i t  i s  r e q u i r e d  t o  f u r t h e r  l i g h t e n  t h e  

p a r t s .  I n  a d d i t i o n ,  a l t h o u g h  t h e  a u t o m a t i c  s p r a y  w e l d i n g  

a p p a r a t u s  a l l o w s  t h e  s p r a y i n g  o p e r a t i o n  t o  b e  r e a d i l y  

c a r r i e d  o u t ,  t h e r e  i s  a f e a r  t h a t  i t  p r o c e e d s  w i t h  t h e  

o p e r a t i o n  w h i l e  r e m a i n i n g  w e l d  f l a w  i n  a b u i l d - u p  w h e n  t h e  

u n u n i f o r m  i n j e c t i o n  o f  a l l o y  p o w d e r  o r  t h e  t u r b u l e n c e  o f  a 

h e a t i n g  f l a m e  o c c u r s ,  t o  t h e r e b y  h u r t  r e l i a b i l i t y .

T h e r e f o r e ,  i t  i s  d e s i r e d  t o  d e v e l o p  a s e m i - a u t o m a t i c  s p r a y  

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

t o  o p e r a t e  i t  w h i l e  o b s e r v i n g  t h e  s u p p l y  o f  a l l o y  p o w d e r  t o  

a z o n e  t o  b e  b u i l t - u p ,  t h e  m o v e m e n t  o f  a s p r a y i n g  t o r c h ,  t h e  

m e l t i n g  s t a t e  o f  a b u i l d - u p  a n d  t h e  l i k e .

F i g .  1 5  s h o w s  a s e m i - a u t o m a t i c  s p r a y  w e l d i n g  a p p a r a t u s  

e x p e r i m e n t a l l y  m a n u f a c t u r e d  i n  v i e w  o f  t h e  a b o v e - d e s c r i b e d  

t w o  p o i n t s .  T h e  i l l u s t r a t e d  a p p a r a t u s  c o m p r i s e s  a s p r a y i n g  

t o r c h ,  a s e c t i o n  f o r  s u p p o r t i n g  a n d  g u i d i n g  t h e  t o r c h ,  a g a s
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f l o w m e t e r  a n d  a h a n d  s w i t c h  s e c t i o n ;  a n d  t h e  p a r t s  o r  

c o m p o n e n t s  e a c h  a r e  l i g h t e n e d  t o  h a v e  a w e i g h t  o f  2 0 k g  o r  

l e s s .

T h e  f o l l o w i n g  i s  s t a n d a r d  c o n d i t i o n s  f o r  b u i l d - u p  

w e l d i n g . u s i n g  t h e  p r e s e n t  a p p a r a t u s ?

D i s t a n c e  b e t w e e n  s p r a y i n g  t o r c h  a n d  t r e a d  s u r f a c e  

o f  r a i l ?  a b o u t  3 0 m m  

P r e s s u r e  a n d  f l o w  r a t e  o f  g a s :

C 9 H 9 ---- 0 . 6  k g f / m r r F ,  4 0  'v 4 5  a/ m i n

0^ ----  5 k g f / m m  , 3 8  'v 4 3  i / m i n

F l o w  r a t e  o f  A r  c a r r y i n g  a l l o y  p o w d e r :  5 ^  1 0  i / m i n  

S u p p l y  o f  a l l o y  p o w d e r :  1 5  'v 2 0  g / c m

P r e - s p r a y i n g  t e m p e r a t u r e :  a b o u t  2 5 0 ° C

P r e - s p r a y i n g  s p e e d s  7 6 0  m m / m i n  

S p r a y i n g  s p e e d :  3 0  ^  4 0  m m / m i n

T h e  s e m i - a u t o m a t i c  s p r a y  w e l d i n g  a p p a r a t u s  a d o p t s  l o w  

f l o w  r a t e  o f  o x y - a c e t y l e n e  g a s ,  l o w  h e a t i n g  r a t e  a n d  l o w  

s p r a y i n g  r a t e  c o r r e s p o n d i n g  t o  t h e  d e c r e a s e  i n  h e a t i n g  r a t e ,  

a s  c o m p a r e d  w i t h  t h e  a b o v e - m e n t i o n e d  a u t o m a t i c  o n e ;  s o  t h a t  

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

o f  a b u i l d - u p , ,

Fig. 15 Semi-Automatic Apparatus
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4 .  P r o p e r t i e s  o f  B u i l d - U p  o f  R a i l  b y . G a s - S p r a y  W e l d i n g  

4 . 1 .  M a c r o -  a n d  M i c r o s t r u c t u r e s  a n d  H a r d n e s s  D i s t r i b u t i o n

F i g .  1 6  s h o w s  o n e  e x a m p l e  o f  a p p e a r a n c e  o f  a b u i l d - u p  

o f  a r a i l ,  w h i c h  i s  o f  a s i n g l e  l a y e r  f o r m e d  u s i n g  t h e  s e l f -  

f l u x i n g  a l l o y  p o w d e r  F - 3 0 3  a n d  a u t o m a t i c  s p r a y  w e l d i n g  

a p p a r a t u s .  F i g .  1 7  s h o w s  h a r d n e s s  d i s t r i b u t i o n  o n  t h e  t r e a d  

s u r f a c e  o f  a b u i l d - u p  f o r m e d  u n d e r  t h e  s u b s t a n t i a l l y  s a m e  

c o n d i t i o n s  a s  i n  F i g .  1 6 ,  a n d  F i g .  1 8  s h o w s  m i c r o s t r u c t u r e  

i n  c r o s s - s e c t i o n  o f  t h e  c e n t r a l  p o r t i o n  o f  t h e  b u i l d - u p  

s h o w n  i n  F i g .  1 7 .  A l s o ,  F i g .  1 9  s h o w s  h a r d n e s s  d i s t r i b u t i o n  

i n  t h e  s e c t i o n  s h o w n  i n  F i g .  1 8 .  A s  c a n  b e  s e e n  f r o m  F i g s .  

1 6  t o  1 9 ,  t h e  o c c u r r e n c e  o f  w e l d  f l a w  i s  n o t  o b s e r v e d  i n  

a p p e a r a n c e  o f  t h e  b u i l d - u p ,  a n d  t h e  b u i l d - u p  a l s o  d o e s  n o t  

h a v e  a n y  s i g n i f i c a n t  p r o b l e m  i n  t h e  s e c t i o n a l  s t r u c t u r e  a n d  

h a r d n e s s .  I n  a d d i t i o n ,  i t  w a s  o b s e r v e d  t h a t  a n y  r e m a r k a b l e  

g r a i n  g r o w t h  a n d  a n y  h o t  c r a c k  d o  n o t  o c c u r  i n  t h e  m a t r i x .

F i g s .  2 0  t o  2 2  s h o w  m a c r o -  a n d  m i c r o s t r u c t u r e s ,  

h a r d n e s s  i n  s e c t i o n ,  a n d  h a r d n e s s  o n  t h e  t r e a d  s u r f a c e  o f  

a b u i l d - u p  a p p l i e d  t o  t h e  g r o u n d  z o n e  o f  a b o u t  3 m m  i n  d e p t h  

u s i n g  F - 3 0 7  a n d  t h e  s e m i - a u t o m a t i c  s p r a y  w e l d i n g  a p p a r a t u s .  

A l t h o u g h  S e v e r a l  p h e n o m e n a  a r e  o b s e r v e d  i n  t h e s e  f i g u r e s  

s u c h  a s  g r a i n  g r o w t h  o f  t h e  m a t r i x  a t  t h e  b o u n d a r y  o f  t h e  

b u i l d - u p ,  t h e  a c t i v e  d i s p e r s i o n  o f  b u i l d i n g - u p  m e t a l  i n t o  

t h e  m a t r i x  a n d  t h e  d e c r e a s e  i n  h a r d n e s s  o f  t h e  b u i l d - u p  d u e  

t o  t h e  i n c r e a s e  i n  m e l t i n g  p o i n t  o f  a l l o y  p o w d e r ,  t h e  

d e c r e a s e  i n  h e a t i n g  r a t e  a n d  s p r a y i n g  s p e e d ,  t h e  i n c r e a s e  

i n  t h i c k n e s s  o f  t h e  b u i l d - u p  w e l d  a n d  t h e  l i k e ;  i t  i s  

c o n c l u d e d  t h a t  t h e  b u i l d - u p  d o e s  n o t  h a v e  a n y  s i g n i f i c a n t  

p r o b l e m  b e c a u s e  t h e  o c c u r r e n c e  o f  h o t  c r a c k  i s  n o t  o b s e r v e d  

a n d  t h e  d e c r e a s e  i n  h a r d n e s s  i s  o v e r c o m e  d u e  t o  w o r k  

h a r d e n i n g .
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Fig. 16 Appearance of Gas Spray 
Welded R a il(F -3 0 3 )

Fig.17 Hardness Distribution on Tread Sur­
face of Gas Spray Welded Rail 
(F -3 0 3 )
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Fig. 18 Microstructures in Cross Section of Gas Spray 
Welded Rail ( F-303)
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Fig, 19 Hardness Distribution in Cross Section of Gas 
Spray Welded Rail ( F - 303)
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NO. 3 NO.4

I

Fig. 20 Macro and Microstructures in Cross Section of 
Gas Spray Welded Rail(F-307)
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Fig. 21 Hardness Distribution in Cross Sec­
tion of Gas Spray Welded Rail (F -307)
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Fig. 22 Hardness Distribution on Tread Surface 
of Gas Spray Welded Rail(F-307)

4 . 2 .  Bendi ng  T e s t  and R o l l i n g  Load F a t i g u e  T e s t

The e v a l u a t i o n  o f  m e c h a n i c a l  p r o p e r t i e s  o f  an a c t u a l  

r a i l  i s  g e n e r a l l y  made u s i n g  a b e n d i n g  t e s t ,  a b e n d i n g  
f a t i g u e  t e s t ,  a r o l l i n g  l o a d  f a t i g u e  t e s t ,  a d r o p - w e i g h t  

t e s t  and t h e  l i k e .  W h e r e a s ,  a we l ded  r a i l  i s  t y p i c a l l y  

e v a l u a t e d  p a r t i c u l a r l y  by a b e n d i n g  t e s t .  The b e n d i n g  t e s t  

i s  c a r r i e d  o ut  i n  a manner t o  p o s i t i o n  t h e  weld  o f  a r a i l  

a t  t h e  c e n t r a l  p o r t i o n  o f  s p a n  o f  lm and c o n c e n t r a t e  b e n d i n g  

l o a d  a t  t h e  c e n t r a l  p o r t i o n  o f  t h e  weld u s i n g  a p r e s s u r e  

e l e m e n t  h a v i n g  a t i p  end o f  127mm i n  r a d i u s .  In t h e  t e s t ,  

a r a i l  i s  p o s i t i o n e d  i n  t h e  d i r e c t i o n  o f  HD w h e r e i n  a 

t e n s i o n  i s  a p p l i e d  t o  t h e  head o f  t h e  r a i l  and i n  t h e  
d i r e c t i o n  o f  HU w h e r e i n  a t e n s i o n  i s  a p p l i e d  t o  t h e  b a s e  

t h e r e o f .  A l s o ,  i n  t h e  b e n d i n g  t e s t ,  a b e n d i n g  t e s t  machine  
o f  250 ton Ams ler  t y p e  f o r  r a i l ' s  e x c l u s i v e  u s e  i s  u s e d ,  and 
the  maximum l o a d  and d e f l e c t i o n  a t  b r e a k  a r e  m e a s u r e d .  In 
a d d i t i o n ,  f r a c t u r e  i s  o b s e r v e d  in  d e t a i l .  The p e r f o r m a n c e  
o f  weld o f  a r a i l  i s  e v a l u a t e d  s y n t h e t i c a l l y  j u d g i n g  t he

28 'i.



s o - o b t a i n e d  t e s t  r e s u l t s .

T a b l e  4 shows r e s u l t s  o f  a b e n d i n g  t e s t  c a r r i e d  o u t  on 

a r a i l  o f  50N h a v i n g  a b u i l d - u p  o f  a b o u t  2Q0mm i n  l e n g t h  

f ormed  t h e r e o n  u s i n g  F -3 0 3  and t h e  a u t o m a t i c  s p r a y  w e l d i n g  

a p p a r a t u s  and a r r a n g e d  i n  t h e  HD d i r e c t i o n .  In T a b l e  4 ,  No. 

9 d e s i g n a t e s  a o n e - l a y e r  b u i l d - u p  o f  2mm i n  t h i c k n e s s  and 

No.  13 i s  a t w o - l a y e r  b u i l d - u p  o f  3mm i n  t h i c k n e s s .  The 
b u i l d - u p  o f  t h e  r a i l  i s  o f  f u l l y  p r a c t i c a l  u s e  i n  v iew o f  
t h e  f a c t  t h a t  any s i g n i f i c a n t  d e f e c t  i s  n ot  o b s e r v e d  a t  t h e  

f r a c t u r e ,  and t h e  m ea s ur ed  l o a d  and d e f l e c t i o n  a t  b r e a k  a r e  

s a t i s f a c t o r y .

A b e n d i n g  t e s t  o f  t h e  b u i l d - u p  o f  a r a i l  f ormed u s i n g  

F - 3 0 7  and t h e  s e m i - a u t o m a t i c  s p r a y  w e l d i n g  a p p a r a t u s  was 

r e p e a t e d  many t i m e s  ( a b o u t  100 t i m e s ) .  S p e c i m e n s  u s e d  e ac h  

had a t h r e e - l a y e r  b u i l d - u p  o f  a b o u t  200mm i n  l e n g t h  and

i n  t h i c k n e s s  a p p l i e d  t h e r e t o .  Most  o f  b u i l t - u p  r a i l s  
a r e  a r a i l  o f  50N removed f rom a t r a c k .  The r e s u l t s  were 

t h a t  l o a d  a t  b r e a k  (W) i s  80 t o  107 t o n s  and d e f l e c t i o n  ( 6 )  
i s  12 t o  30mm, and t h e  a v e r a g e s  o f  W and <5 a r e  r e s p e c t i v e l y  

83'x»87 t o n s  and 16vl7mm. The r e s u l t s  a r e  somewhat  i n f e r i o r  
t o  t h o s e  o f  T a b l e  4 ,  h owe ve r ,  t h i s  w i l l  n ot  s u b s t a n t i a l l y  

a f f e c t  t h e  p r a c t i c a l  u s e .
A r o l l i n g  l o a d  f a t i g u e  t e s t  was c a r r i e d  o ut  u s i n g  a 

t e s t  ma ch in e  s c h e m a t i c a l l y  shown i n  F i g .  23 and u n de r  t h e  

c o n d i t i o n s  t h a t  l o a d ,  r o l l i n g  v e l o c i t y  and r o l l i n g  w id t h  a r e  

r e s p e c t i v e l y  s e t  a t  20 t o n s ,  80 CPM and 260mm. The t e s t  was 

a l s o  c a r r i e d  o ut  i n  a manner t h a t  a l l  b u i l d - u p ,  t h e  

p e r i p h e r y  o f  b u i l d - u p ,  t h e  h e a t  a f f e c t e d  zone  o f  m a t r i x  and 

t h e  u n a f f e c t e d  zone  o f  m a t r i x  a r e  i n  t h e  r a n g e  o f  r o l l i n g .  

The b u i l d - u p  was formed u s i n g  F -3 0 3  and t h e  a u t o m a t i c  s p r a y  

w e l d i n g  a p p a r a t u s .  In t h e  t e s t ,  any d e f e c t  d i d  n o t  o c c u r  
even  a t  10^  i n  t h e  number o f  r o l l i n g s ,  and t h e  r o l l i n g  

s u r f a c e  o f  b o t h  b u i l d - u p  and m a t r i x  was u n i f o r m l y  worn a s  
shown i n  F i g .  24 and d i d  n o t  have  any p r o b l e m .
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Table 4 Result of Bending Test of Gas
Spray Welded RaiKHead Tension-F-307)

Test piece Failure lod(ton) Deflection (mm)
NO 9 110 3 0
N 0 13 107 27

I

5 Rolling load wheel
6 Gas spray weld

Fig. 23 Schematic Diagram of Rolling Load 
Fatigue Machine
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Fig. 24 Difference of Longitudinal Level between 
Ante Rolling Load Fatigue Test and 
Post Rolling Load Fatigue Test

4 . 3  S p r a y  Welding T e s t  on R a i l  L a i d

A s p r a y  w e l d i n g  was e x p e r i m e n t a l l y  c a r r i e d  o u t  wi t h  

r e s p e c t  t o  f o u r  e n g i n e  b u r n s  on a r a i l  o f  t h e  Chikuho l i n e  

( K y u s h u )  i n  March,  1977 t o  s t u d y  an e f f e c t  o f  s p r a y  w e l d i n g  

on a r a i l  which i s  a c t u a l l y  l a i d .  T h i s  i s  a r a i l  o f  50kg 
h a v i n g  t h e  head s u b j e c t e d  t o  h e a t  t r e a t m e n t ,  o f  which 

p a s s i n g  t o n n a g e  was 1 , 7 0 0 , 0 0 0  t o n s  and t h e  c u r v a t u r e  r a d i u s  

(R)  was  400m. F -3 03  and t h e  a u t o m a t i c  s p r a y  w e l d i n g

a p p a r a t u s  were u s ed  i n  t h e  t e s t .

F i g .  25 shows v a r i a t i o n  i n  h a r d n e s s  d i s t r i b u t i o n  and 

s m o o t h n e s s  o f  t h e  t r e a d  s u r f a c e  o f  t h e  b u i l t - u p  r a i l  wi t h  

t i m e .  As shown i n  F i g .  2 5 ,  t h e  h a r d n e s s  i s  i n c r e a s e d  a t  

p a s s i n g  t o n n a g e  1 8 0 , 0 0 0  a f t e r  s p r a y i n g  and n ot  c h an ge d  

t h e r e a f t e r .  In c o n n e c t i o n  wi t h  t h e  s m o o t h n e s s ,  l o c a l  wear  
o c c u r s  i n  t h e  s o f t e p i n g  zone  o f  t he  m a t r i x  on one s i d e  o f  
t h e  t r e a d  s u r f a c e .  However ,  any p e e l i n g  and c r a c k i n g  i s  n ot  
o b s e r v e d ,  t h u s ,  i t  i s  c o n c l u d e d  t h a t  t h e  p r e s e n t  s p r a y  
w e l d i n g  method can be f u l l y  put  i n t o  p r a c t i c a l  u s e .
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A l s o ,  s p r a y  w e l d i n g  u t i l i z i n g  F - 3 0 7  and t h e  s e m i ­

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

a c c o m p l i s h e d  on a r a i l  o f  a l i n e  o f  which p a s s a g e  t o n n a g e  
i s  r e l a t i v e l y  much. The b u i l d - u p  was i n c r e a s e d  i n  h a r d n e s s  

i n  a s h o r t  p e r i o d  o f  t i me  a f t e r  s p r a y i n g .  L o c a l  wear  was 
somewhat  o b s e r v e d  i n  t h e  s o f t e n i n g  zone  o f  m a t r i x  o f  t h e  
r a i l ,  h ow ev e r ,  t h i s  was n ot  s i g n i f i c a n t l y  much i n  amount .

B a s e d  on t he  t e s t  r e s u l t s  d e s c r i b e d  a b o v e ,  JNR 
( J a p a n e s e  N a t i o n a l  R a i l w a y s )  h a s  p u t  t h e  p r e s e n t  s p r a y i n g  

w e l d i n g  method i n t o  p r a c t i c a l  u s e  f o r  r e p a i r i n g  e n g i n e  b u r n s  

o f  a r a i l .

Fig. 25 Variations in Hardness Distribution and Longitudinal Level on 
 ̂ Tread Surface of Gas Spray Welded Rail
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5.  Welding  P r o c e d u r e s  and Example o f  A p p l i c a t i o n  o f

G a s - S p r a y  Welding
The number o f  e n g i n e  b u rn s  r e p a i r e d  a c c o r d i n g  t o  t he  

p r e s e n t  g a s - s p r a y  y /e ld ing  method h a s  r e a c h e d  a b o u t  two 
hundred  ( 2 0 0 ) .  T h i s  r e s u l t e d  in  a s a t i s f a c t o r y  r e s u l t  b e i n g  
o b t a i n e d .

The b u i l d - u p  w e l d i n g  o p e r a t i o n  o f  a r a i l  u s i n g  t he  
p r e s e n t  g a s - s p r a y  w e l d i n g  method i s  c a r r i e d  o ut  a c c o r d i n g  

t o  t h e  f o l l o w i n g  p r o c e d u r e .
( 1 )  F i r s t ,  f a s t e n i n g s  in  p r o x i m i t y  t o  e n g i n e  burn a r e  

removed and t he n  a r a i l  i s  p r o v i d e d  w i t h  a s u i t a b l e  amount 

o f  p r e s t r a i n  by means o f  a j a c k  d e p e n d i n g  upon t h e  d i ­
m e n s i o n s  o f  t h e  r a i l  p o r t i o n  t o  be b u i l t - u p .  Then,  t he  

e n g i n e  burn i s  removed by g r i n d i n g  and i t  i s  i n s p e c t e d  

w he t he r  or  n ot  any h a r m f u l  f l a w  or  d e f e c t  s u c h  a s  c r a c k  or  
t h e  l i k e  a p p e a r s  on t h e  ground s u r f a c e .  When any f l a w  i s  
o b s e r v e d ,  t h e  ground s u r f a c e  i s  f u r t h e r  s u b j e c t e d  t o  a 

g r i n d i n g  t r e a t m e n t  ( F i g .  2 6 ) .

Fig. 26 Grinding of Engine Burn

( 2 )  A s p r a y i n g  t o r c h  and a member f o r  s u p p o r t i n g  t he  
t o r c h  a r e  a r r a n g e d  a b ove  t h e  r a i l s  ( F i g .  2 7 ) .  The 
s u p p o r t i n g  member has  two r o l l e r s  mounted on t h e  l owe r  end ,  
s o  t h a t  t h e  s p r a y i n g  t o r c h  may be moved on t h e  r a i l s .  Then,

-  33 -



s e l f - f l u x i n g  a l l o y  powder i s  c h a r g e d  i n  a hopper  d i s p o s e d  

ab ove  t h e  s p r a y i n g  t o r c h ,  and t h e  p r e s s u r e  and f l ow r a t e  o f  
e a c h  o f  o x y g e n ,  a c e t y l e n e  and a r g o n  a r e  a d j u s t e d .

Fig. 27 Installation and Adjustment
of Apparatus

( 3 )  The s p r a y i n g  t o r c h  i s  i g n i t e d  and swingably .  moved 

t o  h e a t  t h e  whole  g round  t r e a d  s u r f a c e  o f  t h e  r a i l  t o  a b o u t  
25Q°C.  When t h e  t e m p e r a t u r e  o f  t h e  g r o und  t r e a d  s u r f a c e  

r e a c h e s  a p r e d e t e r m i n e d  l e v e l ,  a b u t t o n  o f  a hand s w i t c h  i s  

pushed  t o  f l ow a r g o n  g a s ,  t o  t h e r e b y  i n i t i a t e  s p r a y i n g  o f  

a l l o y  powder .  At t h i s  t i m e ,  t h e  s w i n g i n g  o f  t h e  s p r a y i n g  

t o r c h  i s  i n c r e a s e d  i n  v e l o c i t y  t o  a l l o w  a v e r y . t h i n  l a y e r  

o f  s p r a y i n g  m e t a l  t o  be formed i n  a s h o r t  p e r i o d  o f  t i m e .  

( T h i s  s t e p  i s  r e f e r r e d  t o  a s  " p r e - s p r a y i n g " . )  ( F i g .  2 8 ) .
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Fig. 28 Pre-Spraying

( 4 )  A f t e r  c o m p l e t i o n  o f  the  p r e - s p r a y i n g ,  t h e  s u p p l y  
o f  a l l o y  powder i s  s t o p p e d  and t h e  whole  p r e - s p r a y e d  zone  

i s  p r e - h e a t e d  t o  a b o u t  6 0 0 ° C .  Then,  t h e  s p r a y i n g  t o r c h  i s  
f i x e d l y  p o s i t i o n e d  n e a r  t he  end o f  t h e  zone  t o  be b u i l t - u p  

t o  i n i t i a t e  s p r a y i n g  and m e l t i n g .  When t h e  m e l t i n g  o f  a l l o y  

powder i s  c o n f i r m e d ,  t h e  s p r a y i n g  t o r c h  I s  moved a s m a l l  

d i s t a n c e  t o  s t a r t  s p r a y i n g  and m e l t i n g  a g a i n .  The s p r a y  
w e l d i n g  i s  s u c c e s s i v e l y  c a r r i e d  o ut  i n  s u c h  manner ( F i g .

2 9 ) .  In t h i s  c o n n e c t i o n ,  a t t e n t i o n  s h o u l d  be p a i d  n ot  t o  

c a u s e  t h e  m o l t e n  m e t a l  t o  hang down from t h e  t r e a d  s u r f a c e  

o f  t h e  r a i l  d u r i n g  t h e  o p e r a t i o n .
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Fig.29 Gas Spray Welding

( 5 )  A f t e r  c o m p l e t i o n  o f  t h e  s p r a y  w e l d i n g ,  hand 

s w i t c h e s  a r e  o p e r a t e d  t o  s t o p  t h e  s u p p l y  o f  a l l o y  powder ,  

e x t i n g u i s h  g a s  f l a m e  and remove t h e  s p r a y i n g  t o r c h  ( F i g .  3 0 ) .

Fig. 30 Appearance immediately 
after Gas Spray Welding

( 6 )  The removed f a s t e n i n g s  a r e  mounted on t he  r a i l  and 
ground f i n i s h  i s  c a r r i e d  out  by g r i n d i n g  e x c e s s  m e t a l  o f  t h e  
b u i l d - u p  and a l i g n i n g  l i n e  and l e v e l  ( F i g .  3 1 ) .  F i n a l l y ,
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a t e s t  s u c h  a s  Dye P e n e t r a n t  T e s t  o r  t h e  l i k e  i s  c a r r i e d  o u t ,  

s o  t h a t  a l l  t h e  s t e p s  o f  t he  o p e r a t i o n  a r e  c o m p l e t e d .

Fig. 31 Final Grinding for Meeting 
Track Geometry Standard

The t i m e  r e q u i r e d  t o  c a r r y  out  t h e  o p e r a t i o n  i s  v a r i e d  

d e p e n d i n g  upon t h e  d i m e n s i o n s  and d e g r e e  o f  e n g i n e  b u rn .

The f o l l o w i n g  i s  an example  o f  t h e  t i m e  r e q u i r e d  t o  r e p a i r  

e n g i n e  burn o f  200mm in  l e n g t h  and 6mm i n  d e p th  g e n e r a t e d  
i n  a c o n t i n u o u s  welded  r a i l  by b u i l d i n g - u p  o f  two l a y e r s .

( 1 )  G r i n d i n g  ( i n c l u d i n g  o p e r a t i n g  t i m e  r e q u i r e d

f o r  t h e  remov i ng  o f  f a s t e n i n g s  and t he  

l i k e ) :  15 m i n ut e s

( 2 )  P r e - h e a t i n g  and p r e - s p r a y i n g :  5 m i n u t e s
( 3 )  P r e - h e a t i n g  and s p r a y  w e l d i n g :  10 m i n u t e s

( 4 )  F i n i s h i n g  and f a s t e n i n g :  20 m i n u t e s
( 5 )  V i s u a l  i n s p e c t i o n  and Dye P e n e t r a n t  T e s t ;

p u t t i n g  i n  o r d e r :  10 m i n u t e s

The a b o v e - d e s c r i b e d  s p r a y  w e l d i n g  o p e r a t i o n  e x p e r i ­
m e n t a l l y  c a r r i e d  o ut  r e q u i r e d  60 m i n u t e s  i n  a l l .  However ,  
i t  i s  a m a t t e r  o f  c o u r s e  t h a t  t he  t i m e  r e q u i r e d  w i l l  be 
c o n s i d e r a b l y  v a r i e d  d e p e nd i n g  upon t h e  o p e r a t i o n a l  s k i l l  o f  

an o p e r a t o r .
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F i g .  32 shows an e xa mp le  t h a t  t h e  p r e s e n t  g a s - s p r a y  

w e l d i n g  was a p p l i e d  t o  b a t t e r i n g  and p e e l i n g  g e n e r a t e d  a t  
t h e  end o f  a r a i l ,  and F i g .  33 shows an e xa mp l e  t h a t  i t  was 
c a r r i e d  out  on t h e  n o s e  r a i l  o f  we lded  c r o s s i n g .  As shown 
i n  t h e s e  f i g u r e s ,  t h e  w e l d i n g  was c a r r i e d  o ut  w i t h  a s i n g l e ­
n o z z l e  s p r a y i n g  t o r c h .  The s i n g l e - n o z z l e  s p r a y i n g  t o r c h  i s  
o f t e n  u s e d  f o r  t he  r e p a i r i n g  o f  minor e n g i n e  b u rn .

The s p r a y  w e l d i n g  a p p l i e d  t o  t h e  end and c r o s s i n g  nose  
now i s  s u b j e c t e d  t o  a f o l l o w - u p .  Any d e f e c t  i s  n ot  o b s e r v e d  

a t  t h e  p r e s e n t .

Fig. 32 Gas Spray Welding for Rail- 
End Batter
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Fig.33 Gas Spray Welding 
for Nose Rail of 
Welded Crossing

6 . C o n c l u d i n g  Remarks

I t  i s  s u p p o s e d  t h a t  t h e  r e a s o n s  \i/hy t h e  b u i l d - u p  

w e l d i n g  o f  a r a i l  which i s  w i d e l y  p u t  i n t o  p r a c t i c a l  u s e  i n  
f o r e i g n  c o u n t r i e s  i s  n ot  s u b s t a n t i a l l y  u t i l i z e d  a r e  b a s e d  

on n ot  o n l y  t h e  d i f f e r e n c e  in  m a t e r i a l  o f  a r a i l  bu t  t he  

d i f f e r e n c e  i n  u n d e r s t a n d i n g  wi th r e s p e c t  t o  t he  p e r f o r m a n c e  
and r e l i a b i l i t y  o f  weld o f  a r a i l .  W h e re a s ,  i t  i s  t r u e  t h a t  
t h e  d e v e l o p m e n t  o f  a method f o r  r e p a i r i n g  damage on t he  
t r e a d  s u r f a c e  o f  a r a i l  in  t h e  s i t e  i s  o f  u r g e n t  n e c e s s a r y .  
In o r d e r  t o  meet  s uc h  r e q u i r e m e n t ,  t h e  a u t h o r s  d e v e l o p e d  
g a s - s p r a y  w e l d i n g  u t i l i z i n g  t he  N i - C r - F e  b a s e  s e l f - f l u x i n g  
a l l o y  powder and p ro v e d  t h a t  the  g a s - s p r a y  w e l d i n g  can be
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e f f e c t i v e l y  a p p l i e d  t o  r e p a i r  e n g i n e  burn o f  a r a i l .  Only 

one y e a r  and a h a l f  have  p a s s e d  a f t e r  t h e  g a s - s p r a y  w e l d i n g  

was s u b s t a n t i a l l y  p u t  i n t o  p r a c t i c a l  u s e ,  h owe ve r ,  good 

r e s u l t s  a r e  o b t a i n e d  a t  t he  p r e s e n t .

A s t u d y  w i l l  be made on a method o f  n a r r o w i n g  t he  

s o f t e n i n g  zone o f  a r a i l  t o  m i n i mi z e  t h e  a b o v e - d e s c r i b e d  

l o c a l  wear a t  t h e  h e a t  a f f e c t e d  zone o f  t h e  m a t r i x  and a l s o  

on e x t e n s i v e  a p p l i c a t i o n  o f  t h e  p r e s e n t  s p r a y  w e l d i n g  t o  t h e  

l o c a l  wear a t  t he  end and c r o s s i n g  n o s e  i n  f u t u r e .
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1.0 EXPERIMENTAL PROCEDURE

Both welds were visually examined for the presence of cracks, 
spalling, flaking, bond separation, or any other features that 
would help in determining material wear and performance as well as 
metal flow and battering. Both JNR and TTC welds removed from 
Section 14 of FAST can be viewed in Figure B-l. All the unusual 
features were photographed. Rockwell-C hardness measurements were 
taken longitudinally on the running surface of each individual 
weld, beginning at the center and traversing outward at one-quarter 
inch intervals. (Refer to Figure B-3.)

The welded sections were then cut to provide the pieces for 
metallography, electron microscopy, macroetching, and hardness 
testing. The sectioning was done in three steps. In the first 
step, the head was cut from the rail. The second step involved 
cutting three samples from the center portion of the weld build-up 
deposit, as shown in Figure B-2. The slices produced from these 
cuts were marked No. 1 through No. 3 and were used for scanning 
electron microscopy (SEM) , microstructure evaluation, microhardness 
mapping, and macroetching.

After first-step sectioning, slice No. 3 from both samples 
were deep-etched in a solution of 4-percent nital for 30 seconds at 
room temperature. The purpose for this etching is to reveal the 
boundaries of the heat-affected zone (HAZ) and to detect any 
inclusions, cracks, and voids in the weld deposition.

Microstructure and microhardness tests were conducted on the 
No. 2 slice of each sample. (See illustration in Figure B-4.) A 
comparison of running surface morphology on the No. 1 weld sample 
for each weld was done using scanning electron microscopy.
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FIGURE B-l. OVERALL VIEW OF BOTH WELD SAMPLES 
REMOVED FROM SECTION 14 OF FAST
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FIGURE

S E M  S a m p l e

B-2. SECTIONING DIAGRAM FOR JNR AND TTC BUILD-UP WELD
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FIGURE

Microanalysis/Microhardness Specimen

Gage Side

Number 2 slice

B-4. LOCATION OF SPECIMEN USED FOR MICROANALYSIS AND 
MICROHARDNESS TESTS FOR BOTH JNR AND TTC WELDS
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2.0 RESULTS AMD DISCUSSION

When observed, the running surface of the JNR weld appeared to be 
rough and dark in color, whereas the TTC weld was smooth and shiny, 
closely resembling that of the parent metal. Figures B-5 and B-6 
show these features. No apparent cracks or spalling could be found 
in either of the weld repairs. A small chip (4 mm) fell out near 
the field corner of the TTC repair at about 40 MGT, but no signifi­
cant changes on the running surface occurred as a result of it. 
This chip was probably caused by a slag inclusion. Both welds 
experienced some metal flow, although it was more evident in the 
JNR weld. Much of the metal flow in the JNR weld was in the 
longitudinal direction along the field side of the rail. Metal 
flow in the TTC weld flowed only to the field side of the rail. No 
longitudinal metal flow was observed in the TTC weld.

Secondary batter occurred 3 inches on each side of the JNR 
weld. The extent of batter for both welds can be seen in the 
longitudinal rail profiles given in Figure B-7. When a stereo 
microscope was used to examine surface details of both weld 
samples, it was found that the surface matrix of the JNR weld was 
comprised of flakes on the entire surface. The dark appearance of 
the JNR weld may have been caused by track lubrication entrapped 
within the coarse surface texture formed by the flakes. The TTC 
weld appeared smooth and displayed a few minor pits. No weld bond 
separation at the edges of the weld boundaries was seen in either 
the JNR or TTC weld.
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B-7

Longitudinal Metal Flow

FIGURE B-5 CONDITION OF JNR AFTER REMOVING FROM SECTION 14 OF FAST



FIGURE B-6. RUNNING SURFACE OF TTC WELD AFTER 60 MGT OF SERVICE
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FIGURE B-7 LONGITUDINAL RAIL PROFILES OF JNR AND TTC WELDS AFTER 60 MGT



Macroetching of the JNR and TTC laboratory weld samples 
revealed interesting findings pertinent to the size and position 
of HAZ's. Longitudinal sections were removed from the center of 
each weld (Figure B-8) and etched in a boiling aqueous solution of 
50 percent HC1 and 50 percent H20. Photographs in Figures B-9 and 
B-10 show the results of this test. The JNR weld exhibited only 
one HAZ, but it was extremely wide; approximately 12 inches. The 
alloy austenitic deposit metal exhibited no chemical affinity for 
the etching solution and appears white in Figure B-9. The TTC 
weld revealed several HAZ1s, but were narrow in width and were 
confined to underneath the deposit metal. Because the soft HAZ 1 s 
are located under the weld deposit and not exposed to the running 
surface, less batter is likely to occur in rails with this type of 
HAZ configuration.

No cracks, porosity, or inclusions were found in either 
sample. A cross-section of the No. 3 slice from each weld sample 
removed from track was etched in a 4 percent nital solution to 
study features on the transverse vertical plane of the head. As 
can be seen in Figure B-ll, very little original deposit metal 
remained on the running surface (approximately .5 mm at the center 
of the head) of the JNR weld. However, the TTC weld displayed 
1.25 mm of weld metal remaining near the center of the head; 1 mm 
still remained on the upper gage corner. Because of the absence 
of deposit metal remaining on the running surface of the JNR 
sample, microhardness and microstructure studies were conducted 
near the field side of both samples.

Specimens were cut from the field side of each sample's No. 
2 slice for microhardness and microstructure analysis (Figure B- 
4) . The resistance of the gas-spray's high-grade austenitic weld 
deposit to etch, special optical effects were used to enhance the 
microstructure. Nomarsky prism was used to enhance the austenite 
weld structure for microanalysis (Figure B-12). The first 
deposited layer at the weld/parent metal interface showed a solid 
bond free of voids and inclusions, with no signs of brittle 
martensite in the adjacent base metal. As it nears the surface,
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the dendritic build-up metal arches in the direction of the metal 
flow. The high-grade austenitic JNR weld showed signs of delamin- 
ation and metal flow on the running surface. (See Figure B-12.)

A two percent nital etch was used to bring out the columnar 
grain structure of the TTC electric-arc weld deposit (Figure B- 
13) . The M-932 build-up electrode rod produces a low-carbon, low- 
chromium tempered martensitic structure. After 60 MGT of loading, 
the build-up material displayed high wear resistance to 33-ton 
axle loads.

Surface studies using scanning electron microscopy (SEM) 
was conducted on the field side of the No. 1 slice of each sample 
(Figure B-14). Each sample was cleaned ultrasonically in a 
solution of methanol to remove any debris left over from the 
cutting operation. Extreme flaking and metal flow was evident in 
the JNR sample (Figure B-15). The flaking was mainly oriented in 
the longitudinal direction to the rail axis. SEM micrographs of 
the TTC weld in Figure B-16 display a surface free of heavy wear 
and flow.

Microhardness tests of both samples indicate the TTC weld 
to be on an average of 35 knoop hardness number (KHN) points 
higher in hardness than the JNR weld. Figure B-17 shows hardness 
maps of each sample.
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Weld Deposit

FIGURE B-8. SAMPLE USED FOR MACROETCHING JNR AND TTC WELDS
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B u i l d - u p  M e t a l

FIGURE B-
F.< •

HAZ

. MACROETCH PATTERN OF JNR WELD SHOWING BUILD-UP 
DEPOSIT AND HEAT-AFFECTED ZONE

B-13



Build-up Metal

F I G U R E  B - 1 0 MACROETCH PATTERN OF TTC WELD SHOWING BUILD-UP 
DEPOSIT AND HEAT-AFFECTED ZONE



TTG
. MACROETGH OF TRAVERSE SURFACE OF JNR 

AND TTC SAMPLES
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12a 50X

12b 200X

FIGURE B-12. MICROGRAPHS OF JNR SHOWING OVERALL VIEW OF BUILD-UP 
AND PARENT METAL 12a, AND CLOSE-UP OF RUNNING SURFACE, 12b
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FIGURE

1 3 b  200X

R u n n in g  S u r f a c e

B -13 . MICROGRAPHS OF TTC WELD DISPLAYING OVERALL 13a, 
AND CLOSE-UP VIEWS OF THE RUNNING SURFACE, 13b
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SEM Specimen

FIGURE B-14. SPECIMEN USED FOR SCANNING ELECTRON MICROSCOPY 
TEST FOR THE JNR AND TTC WELD SAMPLES
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FIGURE

15a 50X

15 b  130X

-15 . SCANNING ELECTRON MICROGRAPHS OF THE RUNNING 
SURFACE OF THE JNR WELD
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FIGURE
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16b 850X

-16. SCANNING ELECTRON MICROGRAPHS OF THE RUNNING 
SURFACE OF THE TTC WELD
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FIGURE -17 . MICROHARDNESS COMPARISON OF JNR AND TTC WELDS
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APPENDIX C

CONVENTIONAL ELECTRIC-ARC 
RAIL REPAIR METHOD USED AT FAST
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PROCEDURE FOR THE
BUILDING-UP OF DEEP CHIPS, SMALL DEFECTS,

SHELLS, OR ENGINE BURNS ON THE GAGE FACE OR RUNNING SURFACE
OF STANDARD CARBON RAIL*

January  1985

SAFETY

There a re  se v e ra l hazards a sso c ia te d  w ith  any t r a c k  w e ld ing  
o p e ra t io n , and th e  fo llo w in g  p ro te c t io n  i s  re qu ired :

1. P ro te c t io n  a g a in s t t r a in  t r a f f i c .

2. P ro te c t io n  o f  eyes and face  a g a in s t f ly in g  and 
ho t d e b r is .

3. P ro te c t io n  a g a in s t shock hazard , e s p e c ia l ly  in  
wet weather.

4. P ro te c t io n  o f  s k in  by wearing p roper g lo ve s  
and c lo th in g .

RAIL IDENTIFICATION AND TEMPERATURE

T h is  p rocedure  s h a l l  o n ly  be used on standard  carbon r a i l .  A l l  
o th e r r a i l  m e ta llu rg ie s ,  as stamped on the  web o r  n e u tra l a x is ,  
a re  no t to  be b u i l t  up u s ing  t h is  procedure. T h is  p rocedure i s  
not to  be undertaken when (1) r a i l  tem peratures a re  le s s  than 
32°F, (2) w ind p reven ts  p roper p rehea tin g  and p o s th e a t in g  o r  w i l l  
b low d i r t  o r  sand in to  the  weld area , and (3) m o is tu re  in  th e  form 
o f r a in  o r  snow cou ld  en te r th e  weld area.

* This procedure presents working rules for a crew rather than a
formal description of the procedure.
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PREPARATION

The e n t ir e  procedure ta kes  app rox im a te ly  one hour to  com plete. In  
o rde r to  exped ite  york, the  procedure shou ld  be implemented w ith ­
ou t in te r ru p t io n  from beg inn ing  to  end fo r  each r e p a ir  lo c a t io n .  
Of p a r t ic u la r  im portance i s  lo s t  tim e in  the  event the  r a i l  must 
be preheated more than once. T h is  i s  u s u a l ly  paused by the  heed 
to  remove a l l  equipment and personne l from the  t r a c k  to  c le a r  fo r  
t r a in s .  I f  the  p reh ea tin g , w e ld ing , p o s th ea t i s  in te r ru p te d  and 
the r a i l  heat i s  lp s t ,  the  h ea t in g  p o r t io n  o f  th a t  p a r t  o f  the  
procedure must be repeated p r io r  to  c o n t in u in g .

U sing  an 1)3- in c h f  minimum le n g th  s tra ig h te d g e , examine fo r  
b a t te r  and mark th e  l im i t s  o f  w e ld ing . V is u a l ly  px.an4ne the  
d e fe c t area and, i f  necessa ry , extend weld l im i t s  to  take  ih  a l l  
d e fe c t iv e  p o rt io n s?  G e n e ra lly /  b u ild -u p s  o f  more than s ix  in ches 
i s  no t recommended as the in te rp a s s  tem peratu res a re  d i f f i c u l t  to  
m a in ta in .

G rind  out d e fe c t ,  c h ip ,  s p a lle d ,  o r  s h e l ly  m a te r ia l in  the  
area to  be welded. In  o rde r to  p reven t th e  develppment o f 
untempered m a rten s ite  d u r in g  the  g r in d in g , be extrem e ly  c a re fu l 
not to  overheat o r burn the  r a i l  w ith  th e  r a i l  g r in d e r .  Remove 
s u f f ic ie n t  m etal from the d e fe c t  area o f  th e  r a i l  to  e lim in a te  a l l  
c ra cks  and damaged m eta l. V is u a l in s p e c t io n  i s  s u f f ic ie n t  to  
d e te c t c ra c k s .

PREHEATING

Using  a lyo. 20 rosebud t i p  w ith  oxygen and chem -o-lene o r 
a ce ty le n e , p reheat the  area two in ches on a l l  s id e  o f the  ground- 
out d e fe c t to  1,100°F. A f t e r  re a ch in g  the  recommended p reheat 
tem perature by o s c i l l a t in g  the  to rc h  head, soak th e  ra ilh e a d  fo r  
two m inutes to  assu re  the in t e r io r  o f  th e  ra ilh e a d  i s  near t h is  
tem perature . The web and base shou ld  be heated to  a t  le a s t  300°F 
to  500°F. Determ ine the  tem perature by check ing  the  ra ilh e a d , 
p re fe ra b ly  w ith  a hand-he ld  d ig i t a l  thermometer a p p lie d  to  the
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weld l im i t s .  To ensure the  ra ilh e a d  i s  a t  the  re q u ire d  tempera­
tu re ,  take  measurements a t  the fa r th e s t  lo c a t io n  from the  d e fe c t ,  
u s u a l ly  on the  f i e ld  s id e .

Any c ra ck s  in  the  weld area w i l l  show as dark  l in e s  o r 
s tre a k s  on the  heated m eta l su rfa ce . I f  c ra ck s  a re  de te cted , 
repea t the  g r in d in g  procedure above and fo l lo w  w ith  another 
p reh ea tin g .

Cau tion  must be e x e rc ise d  du ring  p rehea tin g  to  p ro te c t  the  
eyes from f ly in g  d e b r is  such as sm a ll ch ip s  o f  m eta l th a t  may pop 
ou t o f  the  r e p a ir  a rea .

WELDING

Im m ediate ly a f t e r  p reh ea tin g , weld the  r a i l  u s in g  a 7/32 in ch  M- 
932 w e ld ing  rod , o r e q u iv a le n t .  The w e lder i s  s e t  to  300 amperes 
DC, re ve rse  p o la r i t y .

In  o rde r to  m a in ta in  an 800°F to  1,000°F in te rp a s s  tempera­
tu re ,  change the  w e ld ing  d ir e c t io n  a f t e r  every  pass to  h e lp  
m a in ta in  a un ifo rm  tem perature in  the ra ilh e a d .  T h is  a ls o  may 
h e lp  in  the  re d u c t io n  o f  c ra te r  c ra cks  th a t  sometimes appear in  
r a i l  b u ild -u p s . W elding beads shou ld  be a t  le a s t  3/4 in ches w ide 
and shou ld  o ve r lap  th e  p rev io u s  bead ha lfw ay in  o rde r to  reduce 
u n d e r-c u tt in g  o f th e  new weld m a te r ia l.

When w e ld ing  near the  gage fa ce , e .g . ,  when b u ild in g -u p  a 
s h e l l  d e fe c t o f th e  r a i l ,  a carbon b lo c k  shou ld  be used. T h is  
w i l l  enab le  a bead w id th  o f  3/4 in ches, p reven t m eta l o ve rflow , 
m a in ta in  hea t in  th e  bead and r a i l  w h ile  w e ld ing  the  gage fa ce , 
and reduce the  amount o f f in is h  g r in d in g .

POSTHEAT

I f  the  mean tem perature f a l l s  below 800°F a f t e r  w e ld ing , posthea t 
the  area 2 in ches on a l l  s id e s  o f  the weld to  a minimum o f 1,000°F 
and no t exceeding 1,150°F.
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GRINDING

The weld shou ld  be su rface -g round  and fin ish-aground im m ed iate ly  
a f t e r  p o s th ea t in g  and w h ile  th e  tem perature i s  s t i l l  above 800°F. 
T h is  i s  done to  p reven t development o f untempered m a rte n s ite  and 
g r in d in g  s tre s s e s  in  the  r a i l .  I t  shou ld  be a com plete su rfa ce  
and gage face  g r in d in g , re tu rn in g  the  r a i l  to  i t s  f in i s h  dimen­
s io n s .

COOLING

The r a i l  shou ld  not be a llow ed  to  co o l from 1,000°F to  30Q°F in  
le s s  than 10 to  1$ m iniates. Should ambient tem perature o r  w ind be 
c o o lin g  the  weld area tpo  f a s t ,  i t  may be necessa ry  to  in s u la te  
the  r a i l .  I f  p o s s ib le ,  the  weld r e p a ir  and ad ja cen t m eta l shou ld  
be in spe c ted  u l t r a s o n ic a l ly  a f t e r  the  r a i l  has coo led .
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