
Analyzing Belt Pin Failures 
integral components of furnace link belts, belt pins fail by distortion 
and fatigue. Apparent causes of premature failure include onneal- 

I ing and grain size variations. 

I By BRUCE MeLEOD 

Fig. 2 - Though representing the same 
heat of material in the same applica- 
tion as the pin of Fig. 1, this pin was 
only slightly deformed O'crankshafted") 
after the same year of service. The 
cause is attributed to a different an- 
nealing cycle - unlike the pin of Fig. 
1, this pin had fine, well dispersed 
carbides, shown at 250x in the micro. 

Belt pins of RA 333-SA are still straight even though the belt had to be scrapped. 
It served more than five years in a furnace operated between 1,550 and 1,650 F. 

I n '  heat heating furnaces, link 1,y mechanical fatigue. 
helts often fail because the pins dis- Alloy content - a highly alloyed 
tort, opening gaps between Links, into rnate~ial (such as RA 333-SA) will re- 
which small parts become wedged. sist crankshafting better than other 
This distortion, called "crankshafting heat resisting alloy materials regard- 
(Fig. I), is affected by the following less of their grain size. 
conditions: 

Annealing times, temperatures, 
and quench method - they affect car- 
bide distribution in belt pin alloys. 

Grain size - depending upon the 
strengthening mwhanism, an optimum 
grain size may be reached, beyond 
which coarser grains do not neces- 
sarily add shear strength or resistance 
to crankshafting. In fact, a coarser 
grain material may fail more rapidly 

Mr. McLeod is  staff metallurgist, 
Rolled Alloys Inc., Detroit. 

What Causes DistortionP 
Distortion of belt pins results pri- 

marily from creep in shear which 
occurs between adiacent links. Shear 
loading produces b o u t  the same de- 
gree nf creep at approximately one- 
half the stress level that would be 
required to cause creep with longi- 
tudinal loading. Belt pins, as a mn- 
sequence, are more susceptible to 
creep than the links themselves, which 
are stressed in tension. 

During each cycle through a fur- 
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Fig. 3 -This belt pin apparently failed because of mechanical fatigue. Note 
crack midway along the bar. This pin was cleaned by pickling. 

Fig. 4 -These two pins have different grain sizes. The coarse-grained stock 
(right) has a slightly lower nickel content, 32%. Etchant, 50% HCI in wafer 
(160 F); approx. 2 ~ .  

nace, shear stresses acting on a belt 
pin will vary greatly. These stresses 
can be small, resulting only from the 
weight of the l inks  after the belt 
passes the discharge end of the fur- 
nace (assuming proper belt catenary). 

In the belt zone which is just a b u t  
to engage the drive drum, however, 
stresses will be many times 
due to the force required to p UY I both ter 
the belt and the work load extending 
back many feet into the furnace. This 
cumulative loading is regarded  as 
being primarily responsible for crank- 
shafting. 

A heat-resisting alloy common I y 

used for beIt pins to join cast link 
belts together is RA 330-HC (35 Ni, 
19 Cr, 1.25 Si, and 0.40 C). This 
higher carbon content va r ia t ion  of 
RA 330 (ASTM B-511) provides great 
strength at temperature, and closely 
matches the composition of popular 
cast-link alloys, such as ACI (Allay 
Casting Institute) HT and HU. Al- 
though this composi t ion has been 
used for beIt pins for more than 25 
years, research conducted within the 
past ten years has resulted in greatly 
improved mechanical properties. 

Figure 1 illustrates an example of 
crankshafting. In this particular in- 

stance, a pin (% in. in diameter by 
I8 in, long) of RA 330-BC was used 
to pin a 60 ft belt operatin 
load of about 16 ib per rq k",",: 
proximately I,&O F. This belt was 
in service for a year when severe  
crankshafting was observed. 

When the belt was removed, ob- 
servers noted that a considerable dif- 
ference in the degree of crankshaft- 
ing existed between various pins (Fig. 
1 and 2). Also, pins having the most 
severe crankshafting were located at 
random throughout the belt. Because 
no pins had been replaced during the 
service life, there was every reason 
to I~elieve that all pins had been sub- 
jected to the same service conditions. 

The first step in investigating this 
failure was careful chemical analysis, 
which confirmed that all pins repre- 
sented the same heat of RA 330-HC. 
Therefore. differences in the degree 
of crankshafting could certainly not 
be attributed to variations in mmposi- 
tion. 

Microstructural examination, how- 
ever, revealed mnsiderabIe difference 
in carbide distribution between pins. 
A pin with little crankshafting con- 
tained many fine dispersed carbides 
(Fig. 2) ,  while a severely crankshafted 
pin had fewer, but more massive car- 
])ides (Fig. 1). 

It i s  believed that the greater pre- 
ponderance of finer carbides indicated 
a higher annealing temperature. More 
carhun was taken into solution a t  this 
higher temperature, resulting in great- 
er carhide precipitation and conse- 
quent s t r e n g t h e n i n g  at operating 
temperatures. 

This finding prompted research into 
the effect of variations in anneaIing 
procedures and carbon contents (from 
0.25 to 0.50%) on elevated ternpera- 
t ire strength, as determined by stress- 
rupture testing. Studies resulted in an 
annealing process which provided the 
optimum combination of strength and 
dilutilitv at operating temperature; a 
nominal carbon content of 0.40% was 
also estahlis'hed. Consequently, the 
creep strength offered by RA 330-HC 
bars was uniformly increased. 

The improved a n  n e-a 1 in g process 
(hcnting at 2,150 F and water quench- 
ing) rcduced faihres due to crank- 
shafting of belt pins. Ultimate failure, 
r ~ f  course, may stilI be due to this 
cause if shear stresses are sufficient. 

For more creep strength than that 
offered by RA 330-HC, we suggest 
RA 333-SA, an alloy with 45 Ni, 25 
Cr, 1.25 Si, 3 Co, 3 W, and 3 Mo. 
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Fig. 5 - Though different in grain size, 
the pins of Fig. 4 exhibited practically 
fhe same degree of crankshafting in 
service. The lower pin has the coarser 
grains, 

Research to determine the thermal 
processing required to produce opti- 
mum properties for belt pins of this 
alloy has been conducted; it revealed 
that a p i n  size of ASTM No. 3 to 5 
would be preferred. 

Mechanical Failures in BeIt Pins 
While most belt pins fail because 

of distortion, some failures occur from 
mechanical fatigue (Fig. 3). During 
a complete cycIe, a belt will reach the 
operating temperature of the furnace, 
pass over the drive d m  at the dis- 
charge end (which is almost always 
driven by teeth), return under or 
through the furnace, and finaIly pass 
over the idler drum to repeat the 
cycle. 
As the  belt begins to engage either 

drum, torsional forces may be exerted 
on the pin as all links in the same 
line turn to meet the confining con- 
tour of the drum. These links then 
become stressed in the opposite di- 
rection after the links have rotated 
180n, add the belt Ieaves the drum 
to begin its return. T h e  catenary of 
the belt on the return flight also af- 
fects stresses that may be exerted on 
belt pins. Bending stresses can be im- 
posed on the pins if skid rals  are used 
to support the belt as it passes through 
the to (or work) flight of the cycle. 

WiX successive cycler, these tor- 
sional and hending stresses rise and 
falI, making the furnace, in effect, a 
slow-cycle mechanical-f atigue machine 
for the belt pins. These nominal 
stresses are magnified greatlv by me- 
chanical suck as 'rniialign- 
mnnt n v  n v q n G ~ h m h ; n n  
' I I Y I I C  "1 b A a l l n Y I . I Y U I .  5' 

Effects of Grain Size 
As has been established, mechanical 

fatigure in low-aUoy steels is &wed 
by grain size. Some observations lead- 

d i n g s ,  American Society for Test- 
ing Materials, Vol. 52, 19591, results 
of work on Refractalloy 26, a precipi- 
tation-hardening alloy containing 38 
Ni, 18 Cr, 20 Co, 3.2 Mo, 2.75 Ti, 
and 0.20 Al. Fatigue at 1,200 F 
revealed that a fine-grain materia1 
of approximately ASTM No. 8 grain 
size exhibited about 50% more fatigue 
strength at  108 cycIes than did a ma- 
terial having an average grain size 
of ASTM No. 3. From a mechanical 
fatigue standpint, it should be noted 
that fine grains become less advstn- 
tageous as testing temperatures in- 
crease to approximately 1,500 F. 

Similar testing on a nickel-based 
allay containing 21 Cr, 9 Mo, and 
3.65 Cb + Ta indicated that, at 1,400 
F and lower, material with ASTM 
No. 9 grain size had more rotating- 
beam fatigue strength than material 
with an ASTM No. 3.5 grain size. 
Testing at 1,600 F, however ,  re- 
vealed that this material had hetter 
mechanicatfatigue resistance, accord- 
ing to data in "Inconel AlIoy 625," 
Technical Bulletin T-42, Huntington 
Alloy Products Div., International 
Nickel Co. 

Although no specific fatigue data 
showing the effcct of grain size nn 
alloys of helt pin composition have 
been noted, these findings tend to in- 
dicate that resistance to mechanical 
fatigue is enhanced with a finer- 
grained materia1 up to 1,500 F, and 
by coarser grains at higher tempera- 
tures. 

The normal conk01 temperature of 
hclt furnaces ranges from 1,450 to 
1,700 F. However, belts can cool 
during the return flight and in pass- 
ing over either drive or idler drum, 
and also when cold stock is placed on 
them. Thus, some belts operate on 
the low side or below the processing 
temperature range during much of 
their cycle, A belt pinned with a fine- 
to-medium grain sized material may 
have better resistance to fatigue, par- 
ticularly during that portion of the 
cycle invoIving contact with either 
idler or drive bums, where lower 

temperatures and severe stresses are 
likely to be encountered. 

Other Aspects of Sexviw Digtortion 

A rather obvious quesiion arises, 
nonetheless, as to whether a fine-to- 
medium grain size would sacrifice r e  
sistance to crankshafting due to lower 
creep-strength even though fatigue 
strength is better. Figure 4 illustrates 
the grain size of two pins removed 
from a belt after a year's service at 
7,650 to 1,700 F. The pin on the left 
is RA 330-HC with a grain size of 
ASTM No. 5 to 6. The other pin, of 
a similar composition but with a lower 
nickel content (32% nominal) has a 
grain size rated at approximately 
ASTM No. 1 to 2. 

In Fig. 5,  the same pins are shown 
in illustrating the maximum 
degree of crankshafting for each. It 
is readily apparent that the coarse- 
grained materia1 provided little, if 
any, extra resistance to crankshafting 
in this instance. 

Two other instanms merit discus- 
sion. h one, a helt was constructed 
of RA 333-SA alloy, empIoying pins 
of the same coarsegained material 
noted in the prior example. It was 
operated at temperatures of 1,550 to 
1,750 F with an average load of 16 
Ib per sq ft. Figure 6 illustrates three 
pins rem~ved from this belt after 
three years' service. The two showing 
the least crankshafting are of RA 333- 
SA, with a grain s i z ~  rated at ASTM 
No. 4. The crankshafted pin of lower 
alloy content has a grain size of ASTM 
No. I to 2. 

In the other instance, a belt was 
pinned with % in. in d i a m e  RA 
333-SA belt pins, and operated for 
5Y4 years in an air-atmosphere furnace 
at temperatures ranging from 1,550 to 
1,650 F, being idled at 1,400 F over 
weekends. The average load carried 
was 31 Ib per sq ft, and maximum 
loads of 50 lb per sq ft  have been 
encountered, As the photo on p. 78 
shows, the pins required no skaighten- 
ing or repairing during the 5Y4 years 
of service. 0 

ing to the same conclusion have been 
reported for heat-resisting alloys. For 
example, R, R. Toolin and F. C. Hull Fig. 6 - These three pins operated in the same furnace for three years at  
reported (in "Fatigue Strength of Re- temperatures ranging between 1,550 and 1,750 F. The distorted pin (bottom) 
fractalloy 26 as Affected by Ternpexa- is of  coarse-grained 32 Ni, 21 Cr alloy, while the other two are of RA 333SA, 
ture, Hardness, and Grain Size," Pro- a more highly alloyed material. 
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