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2erigiln_2121121.12e_and  Object  of  Investigatiou: 

On May  31st, 1944 e  Major  J. A. Loutit, Type Test 

Laboratory, D.E.C.D.,  Department of  National Defence (Army), 

Ottawa, Ontario, submitted a  request (File Ne. MS. 9070-12-6) 

for an investigation into . the  cause  of failure of some  self

tapping machine screws. Th request was accompanied by two 

sets of samples,  one of satisfactory and the  other of defective 

stock. 
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Macro-Examination: 

The samples were given a careful visual examination. 

Same of the screws had failed by part of the head  breaking away 

from the notch for the screw-driver, and others had broken part 

way down the stank. One of the screws had failed by stripping 

of the thread at the tip. 

Two methods of notching the screws at the tip had 

been used, The detective screws  had  a  single deep vertical 

cutting notch  and the  satisfactory screws had four shallow 

eutting  notches. Figure 1 Is  an  enlarged photograph showing 

two of the  defective screws, with one of  the satisfaotory type 

in the middle, It can Be  seen that one  of the defective screws 

has failed at the hea,i and the other haS failed by stripping of 

the threa at  the tip,. The  flve-cent piece is Included for 

size comparison. 

Piero  1. 



- Page 3  - 

neng1.1_252E2.29 1 ticm: 

.  The amount cf eample submitted was too small to 

permit a dhemical  analysis,  but the carbon content, estimated 

from both  the  microstructure and the hardness obtainable s 

 showed that at least two different types of steel had been 

used. The carbon  content of the eatisfactory  screws  and 

of the soft defective screw was found to be about 0.10  per 

cent. Ihe carbon content of the hard defective screwa was 

found to be 0,25  to 0,30  per cent. 

Hardneve  Readinga: 

Vickers hardness readings were made on the core of 

the screws received. The material, with the exception  of 

one of  the defective screws, all had about the sains  hardness. 

Vickers hardness readings obtained were as follows: 

VH. .N. 

Satisfactory screws 	-  380 
1)efective  screws, hard  - 392 
Defective screw s  soft 	-  275 

• •  I•••• • •  ■  •  al•-•,••  •  •••■■••■••••• 

Microscopic Examiration: 

Microscopic examination disclosed that all the 

screws had been lightly case-hardened.  The corea consisted 

of  low-carbon martensite. Figure 2  is  a  photomicrograph  of 

a typical core structure. 

F1s12:re  2. 

X250 s  nital  etch, 

MICROSTHUOTUR  OF CORU. 
111■1» 
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The thickness of the cases varied consIderably, The 

satisfactory screws had a case about 0.002 inch in thickness. 

The cases of the defective screws ranged in thickness from 

0,002 to 0.0075 inch.  Figures 3 and 4 are  photomicrographs of 

two of the cases e  taken at the bas t of the  threads. 

X500 9  nital etch, 

CASE OF SATISFACTORY SCREW. 
«MI  

Figure  4. 

X500 9  nital etch, 

CASE  OF  A  DEFECTIVE SCREW. 
aell• 

Figure 5 shows a coarse martensitic structure 

observed In  the  thread of one of the defective screws, 

Melee 5 ° 

X500 0  nital  etch, 

COARSE MARTENSITIC STRUCTURE II. 
 THREAD OF DEFECTIVE SCREW. 
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(Microscopic Examination, contfd) 

The cases of the screws were examined for carbides. 

The good  stock  had no free carbides. Figure 6 shows the free 

carbides in the case of a defective screw. 

Figure 6. 
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X500, basic ferricyanide etch. 

FREE CARBIDES IN CASE OF DEFECTIVE SCREW. 

Figure 7 shows the decarburized area below the case 

of a satisfactory screw. The hardness indentations of the 

Tukon tester show a hard case, a soft area of decarburization, 

and a hard core. Figure 8 shows how the hard case extends 

throughout the thread of one of the defective screws. It will 

be noted that the hardness indentations show a soft outer layer 

on the case in Figure 8 0 

Figure 7. Figure 0,  

X100„ nital etch. 
DECARBURIZATION BELOW CASE 

au SATISFACTORY SCREW. 

X100, nital etch. 
SOFT OUTER LAYER OF CA.>.:,À 

ON DLTECTIVE SCREW. 
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(Microscopic Examinat  ion, contld) - 

As an additional check on this decarburization e  

further hardness readînE;s were made, using the Tukon machine. 

Knoop hardness readings e  from the case inwards (right to left 

on photomicrographs), were as follows: 

Satisfactory Screw 	Defective Screw 
(Fjure  7j 	--JEIEME2—§1--- 

741 	 329 
494 	 610 
208 	 421 
235 	 427 
353 	 318 
438 	 329 

274 
281 

alM1.01%••••••.••■•••• 

Discussion: 

Nature  of Failure - 

No definite information was given as to the nature 

of failure.  However s  the use of the word "crystallize" in 

the letter requesting the work indicates that failure  ma  y be 

in service, but  certain samples submitted had fractures which 

seem to have  occurred in installing the aCrews. In  this report 

we will assume that both types of failure have been encountered. 

.227-2n2ALLIn - 

The fact that the screws which fractured on installa-

tion had  a higher carbon content than those which proved satis-

factory is vory significant. The carbon content of this steel, 

0.25 to 0.30 per cent,  is higher than is recommended for case-

hardening steels. The explanation for some of the  failures may 

be in the  use of this non-carburizing-grade steel in a  carbur-

izing operation s  which would tena to produce  a brittle  article. 

Method  of_nplthillE - 

The difference in the method of notching the acrews 

may well be the nain cause of failures occurring on installation 

Four netches e  cut on a blas e  as  observed on the satisfactory 
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(Discussion, contfd) 

screws, should distribute the tapping stresses more evenly 

throughout the revolution than would a single notch cut 

vertically. The shallower cut possible with the four notches 

would also contribute to better stress distribution. 

Heat Treatment  - 

A thick case is not needed on the screw, as the case 

has performed its function after one tapping operation. A 

thick case, as observed on some of the defective screws, 

lowers the shock resistance of the part. 

The coarse martensitic structure observed in some 

the defective screwe (see Figure 5) is caused by quenching 

from too high a temperature. This would definitely Impair the 

toughness of the screw. 

The decarburized area below the surface of the satis-

factory screws (Figure 7) may act as a cushion for the case 

and increase the toughness. 

The soft surface of the case of one of the defective 

screws which failed by stripping of the thread is  the  result of 

either a partial decarburization or the presence  of  retained 

austenitee Both would be expected to lower the fatigue  strength 

of the parte The case on this particular screw (Figure 8) is 

deeper and softer than that on the satisfactory article, 

Although  thickening the case definitely leads to brittleness 9  

it is thought that for this screw the effect  wculd  be  cancelled 

out by the lower case hardness. Certainly, brittleness w as  not 

a factor in thie thread stripping failure, which  definitely 

occurred  in installation. Low strength,  probably brought about 

by decarburization, must have been  respensible  for this failure. 

Free  carbides in a  case, such as those shown in the 

case of a  defective  screw (Figure  C),  are very detrimental, as 
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(Discussion, ccntld) 

they lower both the impact and  the fatigue strength of the 

part. Free carbidee are caused by the rate of carburizing 

exceeding  the rate of diffusion (from use of too  active a 

carburize'', too high carburizing temperature, etcc). 

11.•••■•1111M 

CONCLUSIONS: 
••■•■•••• JNIMR• 

l.  The cause of failure of the screws may lie in 

the use of an unsuitable grade of steel, in the design, in 

the  heat treatment, or in a combination  of  these factors. 

2. some  of the  unsatisfactory screws were made 

from a  non-carburizing  grade of  steel, which may account for 

their brittle behaviour. 

3. The fact that a single  tapin  g notch is uced 

in the defective screws may be the  chief cause of  installation 

failure,  as the  screws with four  tapping notches proved  satis- 

factory 

4. The difference  in the  depth of case of sotie of 

the  defective screws indicates that the heat treatment was 

not uniform. 

5. The coarse structure  observed on some of the 

defective  screws  indicates high quenching temperature, which 

would  cause  brittleness° 

6. The presence of free carbides in the case of 

some of  the  defective screws is a serious defect,  fram both 

the impact and fatigue standpoints, 

7. There is evidence of a partial decarburization 

of the surface of the case of some  of the  defective screws, 

which  would be detrimental to fatigue  strength and also might 

lead to thread stripping on installation. 

60  Decarburizution below the case of the satinfactory 

I  
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(0onc1usions t  contvd) - 

screws may help then to better resist the tapping forces. 

Recommendations:  

1. Use a carburizing grade of steel. 

2. Investigato the relative merits of single-notch 

and four-notch screws. 

3. Keep the depth of case on screws uniform. A 

depth of 0,002 inch was observed on the satisfactory screws 

4. Adhere to carburizing practice recommended for 

the steel. 

5. Adopt  a practical test in determining whether 

the screws are  satisfactory. Holes  of appropriate size could 

be drilled in an  iron block and the test made b  driving screw 

samples into these holes. 
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