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M a c h i n e screws, bolts , and mos t 
threaded parts are usually m a d e f rom 
material that is easily mach ined and 
not very strong. This is especial ly 
true of screws that are sold in the 
average hardware store. Mos t of the 
time mach ine screws are used in situ
ations that d o not d e m a n d strength, 
and this type o f mach ine screw is per
fectly satisfactory. 

In a large number of the situations 
that d o call for strong screws or 
threaded parts the p r o b l e m is easily 
solved b y merely using t w o screws 
instead o f one , o r b y using a larger 
diameter screw. 

Unfortunately the easy solut ion is 
not always possible . Somet imes space 
for addi t ional or larger screws is lim
ited or weight l imitations prevent 
using larger parts that will take m o r e 
or larger screws. 

If the l oad o n the bolts is not of 
the repetitive type and it is not pos
sible to use larger screws or m o r e o f 
them, the only poss ib le thing left to do 
is to use stronger screws. Screws and 
bolts made f r o m a g o o d grade o f steel 
and heat treated for the greatest 
strength can somet imes be purchased 
in hardware stores, but the most likely 
source of supply w o u l d be an aircraft 
parts c o m p a n y . Of course , any c o m 
pany manufac tur ing screws or bolts 
would make any type requested. Small 
orders w o u l d be expensive. 

If the load on the screws or thread
ed parts is o f the repetitive type as it 
usually is in o r thopedic work , there 
are a number o f things that can be 
done to increase the life of the thread
ed part. 

Mos t mach ine screws so ld in hard

ware stores are made f rom low ca rbon 
steels. The ca rbon content varies 
f rom 20 points d o w n to and b e l o w 8 
points . Usually c o l d drawn steel is 
used a l though this is somet imes an
nealed. A s a general rule, these screws 
can be strengthened by heating them 
until they are n o longer attracted by 
a magnet, then quenching in water. 
Th i s treatment would apply especially 
to l o w ca rbon parts hav ing cut 
threads. T h e parts hav ing rol led 
threads might be weakened by this 
treatment. 

Threaded parts m a d e o f s tronger 
steel naturally w o u l d b e m u c h better. 

F o r repeated loadings , steel for 
threaded parts normal ly should not 
be harder than 3 0 0 B H N , or 150 ,000 
psi ultimate tensile strength. 

Mach ine screws m a d e f r o m austenitic stainless steel should b e very g o o d 
for o r thoped ic parts. Stainless steel 
machine screws have g o o d c o r r o s i o n 
resistance, very g o o d fatigue strength, 
and are obtainable. 

A n y g r o o v e or sharp indentat ion in 
metal parts is very undesirable if the 
part is to withstand repeated loadings . 
Mach ine screws, bol ts , o r any thread
ed part automatical ly then have unde
sirable features which cannot be elim
inated. S o m e things can be done to 
partially alleviate the stress raising 
threads. It is a well p roven fact that 
a very sharp thread roo t is undesir
able. T h e British Whi twor th thread 
and the new Unif ied thread use round
ed roots and many tests have been 
m a d e p r o v i n g their superiori ty over 
the sharp roo ted threads. Every ef
fort should b e m a d e to keep the sides 
o f the threads as s m o o t h as poss ib le . 



Rol l ed threads are b e c o m i n g quite 
c o m m o n . Tests have shown the rol led 
thread to he super ior to any cut 
thread. The roots are smooth ly radiused. the sides are very smoo th , and 
the grain structure at the roo t o f the 
thread is belter than that of a cut 
thread. T h e stainless steel machine 
s c r e w s mentioned previously have 
rol led threads. 

Threaded parts that involve the use 
of a nut at one end usually fail at 
the root of the thread level with the 
contact s ide of the nut face. In fact, 
most bolted connec t ions fail at this 
point . There has been a lot o f ex
perimental work d o n e in an attempt 
to design a nut that would eliminate 
this p rob lem. The idea is to design 
the nut to distribute the load on to all 
of the engaged threads, rather than 
on just a few threads. T h e usual 
me thod of do ing this is to weaken the 
load ca r ry ing capaci ty of the threads 
on the contact side o f the nut by tap
er ing the nut threads or by undermin
ing the nut with a g r o o v e on its con
tact face. A s far as the author knows , 
these nuts are no t commerc ia l ly avail
able and the only practical thing to 
try. when necessary, is a nut m a d e o f 
a material that has a better ability to 
deflect than the material in the bol t . 
F o r example , use a cast i ron nut with 
a steel bol t . Using a nut o f softer 
steel than the bolt should also help. 

Threaded parts also somet imes fail 
at the first thread in the shank. The 
reason failure o c c u r s here rather than 
at a m other thread is that the threads 
interfere with each other and actually 
decrease the harm done by their 
ne ighbor ing threads. The first thread 
in the shank has no adjacent thread 
on the one side and so can cause high
er stresses than any o f the other 
threads. It is for this reason that a 
complete ly threaded screw or bolt has 
m o r e resistance to a repeated load 
than one wh ich is on ly partially 
threaded. If a screw, bol t , o r stud has 
just enough threads on it to al low 
comple te engagement o f the male and 

female componen t s , then two bad fea
tures of threaded devices o c c u r at one 
loca t ion ; that is, the first thread in 
the shank, and the thread located 
level with the contact face o f the nut. 
F o r this reason it is r e c o m m e n d e d to 
have as many unengaged threads as 
poss ib le . Th i s means that a stud, such 
as is somet imes used in ankle jo in ts , 
should b e complete ly threaded rather 
than just threaded at the ends. 

A n o t h e r thing that is somet imes 
d o n e to relieve the first thread in the 
shank is to cut the shank diameter 
d o w n to the r o o t diameter o f the 
threads. Somet imes this is d o n e for 
the comple te length o f the shank, and 
somet imes just fo r a short distance. 

Screws and bol ts will also fail at the 
end o f the shank just under the head. 
This is especially true if a sharp corn
er is used rather than a fillet. The 
fillet should b e m a d e as large as pos
sible. S o m e peop le o b j e c t to a large 
fillet at this po in t because it necessi
tates counters inking the hole slightly 
to get a flush fitting head. 

Regardless of h o w much attention 
is given to mak ing threaded parts cor 
rectly to resist failure due to repeated 
loadings , a large number o f failures 
will still o c c u r due to i m p r o p e r as
sembly . Cons iderab le care is usually 
taken to make the m a j o r parts o f an 
assembly but the bolts and screw holes 
are t o o often just rammed in with a 
hand drill . If the holes don ' t line up 
g o o d enough fo r the screw to enter, 
it is very easy to enlarge the one un
threaded ho le and two parts can then 
be fastened together. A s soon as a 
little wear occu r s , the two parts are 
very loose. If the holes are not drilled 
perpendicular to the surface, the bolt 
or screw is given an addit ional load 
due to uneven seal ing o f the head. 

O n e of the mos t important things 
to r emember in assemblying bolts and 
screws is to d raw them tight. A tight 
bol t will last m u c h longer with a 
repeated type o f l oad ing than a loose 
bolt . Of course , it is very easy to 
tighten a small bol t or screw too much 



and exceed o r almost exceed the 
strength o f the screw. V e r y often, 
especially with a t ight fitting screw, 
an addi t ional stress due to twisting is 
put on the screw. Th i s can somet imes 
be partially el iminated b y lubricat ing 
the screw when t ightening it. 

Cut threads have a tendency to be
c o m e loose because the r o u g h sur
faces on the sides of the thread grad
ually wear . Since rol led threads have 
smoo th sides there is less tendency to 
b e c o m e loose . 

The literature survey revealed that 
most o f the fatigue tests done on 
threaded parts c o v e r e d the range f rom 
one-quarter inch diameter and larger. 
The smaller size mach ine screws, 
namely, numbers six, eight and ten. 
apparently have not been investigated 
too thoroughly . Since these sizes are 
used quite frequently in o r thoped ic 
work it was dec ided that an experi
mental investigation w o u l d b e made . 

The first phase of the investigation 
was to find the ultimate static break
ing load of the screws. 

F o u r different makes of N o . 6-32 
machine screws were purchased f rom 
regular hardware stores. The ultimate 
static breaking load o f these screws 
ranged f r o m a l o w of 6 2 0 pounds cor 
responding to a stress o f 68 ,800 
pounds per square inch to a h igh o£ 
850 pounds c o r r e s p o n d i n g to a stress 
of 94 ,400 pounds per square inch. 

Three different makes o f a better 
grade o f N o . 6-32 mach ine screws 
were purchased f r o m wholesale hard
ware stores. L o c a l hardware stores 
do not as a rule s tock these makes. 
The ultimate static breaking loads 
ranged f r o m 1,660 pounds with a 
co r re spond ing stress of 184 ,400 
pounds per square inch to an ultimate 
breaking load o f 1,840 pounds with 
a co r r e spond ing stress of 204 ,400 
pounds per square inch. 

One make o f N o . 6-32 stainless 
steel screws was obta ined with an 
ultimate breaking load o f 1,000 
pounds c o r r e s p o n d i n g to a stress o f 
111 ,000 pounds per square inch. 

A N o . 6-32 brass mach ine screw 
had an ultimate breaking load o f 6 4 0 
pounds with a c o r r e s p o n d i n g stress of 
71 ,000 pounds per square inch. 

N o n e o f the mach ine screws tested 
have the r e c o m m e n d e d strength o f 
150 ,000 pounds per square inch ulti
mate tensile strength for repeated 
types o f load ing . 

In the second phase o f the test, it 
had or iginal ly been planned to run a 
comple te fat igue test o n the mach ine 
screws in direct tension. S ince t ime 
was l imited and a c o m p a r i s o n o f the 
different makes o f screws was desir
able, it was dec ided to run a partial 
fatigue test and test all o f the screws 
with just one l o a d i n g : a load ing high 
enough to p r o d u c e qu ick results. 

Al l o f the mach ine screws were 
tested in direct tension with a load 
vary ing f r o m zero to 4 3 2 p o u n d s cor 
responding to a stress o f 48 ,000 
pounds per square inch. 

It was or ig inal ly p lanned to test 
the screws with n o p re load and also 
with vary ing amounts o f pre load. 
Lack o f t ime prevented running any 
tensile tests with pre loads . 

The test results were fairly well 
scattered. It was quite o b v i o u s , 
though, that the g r o u p of three makes 
of screws with an ultimate tensile 
stress o f a round 200 ,000 pounds per 
square inch were not as well suited for 
alternating tensile loads as the g r o u p 
of four makes of screws with an ulti
mate tensile strength a round 90 ,000 
pounds per square inch. 

The one type o f stainless steel ma
chine screw tested gave the largest 
variation in results, f rom very g o o d 
to very p o o r . Apparen t ly this can be 
expected of stainless steels in general . 

T h e brass screw gave the lowest re
sults, as expected . N o plated brass 
screws were tested, but these wou ld 
undoubtedly give lower results. 

The third phase of the investigation 
consisted o f testing the machine 
screws in single shear with the same 
load ing used in the alternating ten
sion test. Th i s phase consis ted of 



two parts ; with p re load and without 
pre load . 

T h e results f rom the single shear 
fatigue test were also fairly well scat
tered. T h e g r o u p o f four makes o f 
screws with an ultimate tensile stress 
a round 9 0 , 0 0 0 p o u n d s per square inch 
were not as well suited for single 
shear as the g r o u p o f three makes o f 
screws with the h igher ultimate ten

sile stress. Th is lower tensile g r o u p 
failed in pure shear while the higher 
tensile g r o u p fai led in tension due to 
bending . 

P lac ing a pre load o n the screws 
increased the life. T h e amount o f in
crease was quite var iable but was con
sistent e n o u g h to definitely say a pre
load should b e placed on all screws if 
long life is desirable. 

" W H A T ' S N E W ( S ) " 

• Truform Anatomical Supports has 
designed a surgical fitters7' "stay shaper" for ease in the shaping of heavy 
steel o r dura luminum to p roper b o d y 
con tours . T h e new instrument is made 
of a luminum. N o adjustments are 
required, the stay shaper be ing so set 
that the steel is inserted to the poin t 
desired. H a n d pressure shapes it 
readi ly , even to the very end. 

• Howard Hollander has been named 
by the P o p e Brace Div is ion as its rep
resentative in the Southwest area. Mr . 
Hol lander will b e cal l ing on b race es
tablishments in the states o f Ar i zona , 
N e w M e x i c o , Texas , Ok lahoma . A r 
kansas, Louis iana and C o l o r a d o . In 
announc ing his appointment , Ralph 
Storrs. Manager of the P o p e Brace 
Div is ion , emphasized that the P o p e 
D i v i s i o n would cont inue i t s efforts to 
ship orders the same day rece ived. 
Mr . Hol lander was formerly with the 
U. S. Pub l ic Health Service . He has 
represented several different c o m 
panies and has a w ide k n o w l e d g e of 
brace establishments. 

• 1956 is a key year in the life of 
Konrad Hoehler, O A L M A member 
and Certified Prosthetist in New Y o r k 
City. It's the fiftieth anniversary of 
his work in artificial l imbs and 
braces—it ' s the fortieth anniversary 
of his graduat ion f rom the German 
Or thoped ic Tra in ing Program—-and 
it marks a quarter o f a century that 
b e has spent in the United States in 
the o r thoped ic and prosthetic field. 

• "Care of Your Realastic Restora
tion" is the title o f a new bookle t 
prepared for patients by Prosthetic 
Services o f San Franc isco . The book
let and an a c c o m p a n y i n g sheet o f in
structions. " H o w to Care for it" has 
been prepared for patients w h o are 
wearing cosmet ic restorations such as 
g loves , leg cove r ings and facial pros
theses. 

"Stay-Shctper" for Surgical Fitters. 


