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New Screw Thread Standards 
E. G. Wertheimer 

Sterling Bolt Company, Chicago 

S SOVEMBER 18, 1948, a group of dis-
t~nguished gentleinen representing govern-
mental bureaus, engineering and standards 

associalions, and industries of Great Brilain, Canada, 
and the United States signed an important docunlent. 
That docuirient was the Declaration of ilccord with 
respect to the IJnification of Screw Threads and i s  
rc,p~.odriced here (Fig. 1 ) .  

Declaration of gccord 
rmlhnqllt tom 

9lnifiration of mem '8hnods 

i% B hntbgdtrlartd mar Ihr undrrolgnrd,rtpnsrnranuteof IhorL5ourrnnrnr 
and aa6u- BOW.rhrrgtd rmm rhr d~r@mrnr of srrndlrdu for s r w  
an&, 3gmr m r  rhr standards fnr rhr U~htd-*crrm Ohnrds 8Ntn In rhr 
p r l k a m o f r h r  Q m r r r r s  ofrhr Bnnsh Brondards ansr~mnnn. PrnJdlrn 
Brandam m a n m .  BnrntJn BIJndJrds %onJnon 2nd of rhr anrrrdr 
prrnnmr~l&I@ P h m d  Bmn~rrrr  fuKU all If rhr basu rrqounrnrs for 
gmnrl mrmhanflrabrm d rhrrrdrd produrrs mrdr In Jrrordrnrt mrh an0 of 

r h t  Bodlrs nottd oboor rmll n~omrom ronnnuoue rooprronon ln ht 
forhndm&polt ond txmuuon of mret erondorde 

(&@ f-L 	 %%%%$$r%l:Rnral zngmrns 
BMlgofanmomzngmmrnm 
~onsonBmdoftln8lrd Btmu and Hnlad 
ltmgdrmm htlnXI<~Mno l l m  t h u a d l  

Announct.lnerrt of the signing was niade in  :r few 
daily newspapers and national ~nagazines. Since then 
the public seems to htlve forgotten it, screws and screw 
threads apparently being so prosaic as to invite only 
passing interest. There was nothing about the event 
to make it as dramatic as nuclear fission, atornic 
energy, a te5t fo r  detecting the presence of cancer, or 
jet propulsion, and yet its effects are nrornmtous. 

Screw threads are essential to the mechanisnrs and 
structures of our ii~odern technologic society. One has 
only to think how Inany objects in his immediate sur- 
roundings are  held together by bolts, nuts, and screws 
to realize the great number of industries that are  in- 
volved. Allnost all assembly line and duiable goods 
industries arc affected by the new standards. 

The first attcnlpt a t  a standard thread for111 was 
made about a hundred years ago by a British tool- 
iiiaker nained Joseph Whitworth. British industry 
:~dopted this standard in 1841 o r  about then and it  
becaine known as the British Whitworth Thread. It 
is distinguished frorn the thread we have used i n  this 
rountry by its 66' thread angle and its rounded crest 
and root as shown in the contour sketch, Fig. 2. 

I n  1864 a Philadelphian by the nanre of William 
Sellers urged the Franklin Institute of that city to 
establish and adopt a different design of thread. A 
nuinber of contentions were advanced to demonstrate 

I?rc:.2. C o n t o u r o f B r i t - Icrc:. 3 .  C o l r t o i l r  o f  
is11 \\'hitwort h '1'lri.c-ncl. . \ i ~ r e r i c : r r r  N : ~ t i o n a l  Thread. 

\ \hy the Sellers tllread was a better one l o r  our in-
dustry. I t w a s  subsequently adopted as  the standard 
for  the TJnited States nnd has been known recently 
as the Arnerican National Thread. I t  is prinripally 
distinguished from the British Whitworth Thread by 
its 60° thread angle and iti flat crest and root as 
shown in contour in  Fig. 3. 

T t  is not necesqary to discuss illany of the scientific 
and engineering factors which reacted against each 
other when a n  attempt was lnade to interchange prod- 
11cts illade in accordance with the two systenrs. The 
interference is self-evident in a comparison of Figs. 
2 and 3. 1t  is thrs lark of interchangeability Ih:11 
caused so many difficulties over the years, not only 
here but in  Britain and Canada as well. Canada sul- 
fwed doubly because its trade and comlrlerce were of 
such a nature as to require sorne products to be adapt- 
:ble to either one of the standards. 

It i i  natural for  a group of people to consider its 
own particular product, principal, or standard to be 
(he best. E'or years Britain insisted upon requiring 
the use of a 66O thread and the United States was 
just as insistent upon a G O 0  thread. The loss in trade 
hetween the two countries, where threads or threaded 
fasteners were important, has never been measured. 
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Thc need for  adjustin? tllesc differcnccs bc tw~en  the 
two systems must have heen written and talkcd about 
almost from the vcry moment we adoptcd the Sellers 
lhlscad. F o r  years, however, nothing much was done 
about it. I t  has taken two world wars to bring all 
parlics to the rcalization that action was necessary. 

There are some appalling storics about lhc loss of 
time and nloney incurred by Allied nations because of 
nonintcrcl~angcable screw threads. I t  h; been said 
that it  took us ten months to start manilfacture of 
the British Rolls Royce mginc. Supposedly, most of 
that time was lost becausc our factories had to be spe- 
cially set u p  to produce the British thread. Another 
story has it  that i t  took six months to adapt the Bofors 
gun to American rnanufacturc, largely because of 
thread diffcwnccs. I t  has been estitnated that thc 
differences betwcen the British and American threads 
cost the recent war effort no le5s than a hundred mil- 
lion dollars. That statement, if hue,  becomcs all the 
illore realistic when we think of it  in  terms of time, 
pffort, and blood. Tllcsc cxamples represent a very 
few of thc scrious situations which finally brought 
about the signing of the Declaration of Accord. 

I n  fairncss to all conccrned, however, we owe a debt 
of sincere gratitudc to the carly lcaders in tllc screw 
thrcad movement. Those old systems stood thc tcst 
of timc for  over 75 ycars. 

I n  the United States there has been, over the years, 
a great deal of criticism of our system. I n  developing 
the new standards, cilreful consideration was given to 
these complaints, and where possible the objectionable 
features were avoided. The new standardi therefore 

servc a twofold purpose in  providing a unificd screw 
thread, interchangeable among Britain, Canada, and 
the United Statcs, and in overcoming many of the 
othcr objections to the old standards. 

I t  is important to notc that  these new standardi 
resulted from a cooperativc attack on the problcm by 
the threc governments, the producers of threaded 
articles and tools, and the consumcrs of such articles. 
All interests werc representcd. Numerous bodies, 
such as governmental burcaus and trade associations, 
other than those specifically inentiorred in  the Decla- 
ration of Accord, havc participated over the years in  
this program. 

The ncw standard is known as  the Unified Thread 
and Fig. 4 indicatcs its characteristics fo r  both in- 
ternal and cxternal thrcads. I n  comparing Fig. 4 
with Figs. 2 and 3 i l  is im~nediately evident that the 
ncw form is a compromise. Ccrtain charactcristics of 
both the Sellers and the Whitworth forms are  evident. 

Note that the new thread form does not diffcr too 
gwatly from the old American National form. The 
thread angle is the sarrie-(iOO. The principal differ- 
ence is a t  thc thread root in  thc external thread, which 
is shown roundcd rather than flat-bottorricd. This 
round form is not mandatory with new tools. At the 
crest of the external thread, it  will be noted that two 
forms are  shown. Onc is  rounded, which is the lorn1 
prcfcrred hy the British, and will bc published in their 
standards. The other is flat, which is preferred by the 
rn i tcd  States and will be shown in thc Amcrican 
pnblic:~tion. 

The various classcs of thread provided in the new 
standards, whilc similar in  form, differ principally by 
l l ~ eamount of pitch diametcr toleranec and allowance 
specified. Thesc classes are : 

External thread Internal thretrd 
1 A  (Allowance) ....................... 1 B  
2A (Allowance) ................................ 2B 

3B 
2 .................................................................... 2 

3 

Generally speaking, classcs 1 A  and 1H will find 
their greatest application in Britain amony the so-
called black bolt manufacturers. I n  this country their 
greatest application will bc fo r  ordnance work, plastic 
nlolded thrcads, or die cast threads. Classes 2A and 
2B will be the recognized standards fo r  normal pro- 
dvction of bolts, nuts, and scxrews. Classes 3A and 
3H are included to provide for  close tolerance work. 
These classes are experted eventually to replace classes 
2 and 3, which were the standards largely in use prior 
to the signing of the 1)cclnration of Accord. These 
two latter classes are not unified threads, but have been 
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relaincd in the sli1nd;trtls bccai~usc oS thcir cviclespread 
current usage. They will continue to serve l,l~rrong1.1 
the dil'fienlt Lritlisitioll j~criotl from the old to thc necv 
standards. 

The new standard thread dimensions overc.ollre 
v:irior~s E:jull.s found in  tlre oltl syslerrr. Tlre oltl 
stnlrtlnrtls took irito consitler;rtiorr orily olre vilriilblc - -

thread piI,nh. Thtr new st.nntl;rrtls curisitlcr a t  least 
I w o  atlditionnl vnriat)les, narrrely, t~i~sin rrrajor tliall~ctcr 
and 1errgtJ1 of engagellrent. 

The tolerances and allowances of Lhe iir~ified Lhreads, 
classes l A ,  2A, SA, IB, 2B, and 3B, :Ire based uni- 
I'orrr~ly upori il lrrw rrnpiricill for~rmli~. I t  was devcl- 
oped through a study by fasl.ene3. 111ar1r1Taclr1rer.s arid 
r e p r r s ~ n t s  norrrral iiocuriley in p~.rscrit.-tl;ly threading 
pri~otic:c. This iorlliula contains n mulliplying f:~e~lol., 
C, wl~ich is introtluced to proporlion llie I'orrrrr~lil For. 
lhe various c1:rsst.s ol' llireiltl. 11rspcc:tion of this 
ro~.rririltt will s!row that tile tolerai~ec or allowance 
depencls upon Llnve vilr*iahles: tlre rrlajor diairrctcr, 
iengtlr of cagtigerrrei~t, and pitcll of tlre thrcarl. 

The I:olIowirig forlnu1:r is applictl in setl.irrg IT ;'"I-
lo~vanccs on all tiitrnlet,ers and t,olei.ances or1 pil.ch 
di;rrnctcr of thr  i~nified clas~cs of threads : 

Toirri~nci. (or i~llon i111c.c)= 
001~5;/D- 0 . 0 1 5 ~ ? / 1 ' ~ ) .I O . O O ~ ~ V L ~  

Where (! - f:rctor for* e:+~.lr :+llow:rrrce or lolei,ance, 
I) = basic major (Xlanlctcr, 
Lc = lrngth of cngnjicrncnt, and 
p =pitch. 

F:ictor G 
Cl;tss F o r  lolersnnce Forb allowallce 
1~ . . . . . 1.600 
1 B  . . . . . . 1.960 
?A . . . . . . 1.000 
3B . . . . . . 1 .:300 
.?A . . . 0.760 
3R . . 0.975 

. . . . . . 0 :300 

. . . . .  

. . . . . . 0.300 

. . . . . .  

. . . . . . 0.000 

. . . . . .  
As ill(, h , t  ot clnii rlcir-.ntrt~oni ~ I l o u i ,  there is an 

allownl3cc In clirises 1 A  a i d  SA. 
b'or. ye:ili n v r i  ol threaded tritic*lcs h:~vc been 

pltiqnctl wltli tlic rt~etal-ic~-l~it.tttl conttrc~t b(htwchc.n in- 
tcrn:~l 2nd ~-,trbrnnl tllrratlh tuitl(hr t l ~ e  nrnxinnliu rnetnl 
condlt~on, p r r t ~ ~ i t t e d  in tlle old standardi. Tlle al- 
lowance in thr new stantlnr~l is actually a vnall air 
grip or ncntral clenrance \)etmeeu ~watetl inl+~rii:~l and 
cutcrnnl thrrad5, even uildrr rt~nxininm n1ct:rl eoi~di-
tiorr5. T1.115 air g:rp is so s111all as to  Iiave prac.tio:~lly 
no chICrct upon fhc s t r~ngtl i  of ~liated iller~rhcrs, get it  
,trues a n i c t ~ i l  ptirpoie. The r11:lss production as-
-crrrhly llne irrdizbiiie5 in j,articnl:rr w ~ l l  be g ~ x t e f u l  
io r  this allowance. Sorllc of it5 advanlagcs arc:  

1 .  T t  ftrcilitates high cyclc wrenching. I n  the past 
~t 11:)s not bee11 i ~ n ~ ~ s i ~ n l  to d(l\rlop hr:rt thro-1q11 fric.- 

Frc, 5 .~l lor\ . tr~r a n d  nrlrcs?'olt~rn~>ce\.  r s ,  c3rcs t  c l c : ~ ~  f o r  

~ . l i l \ h ( ~ s  R I I I I  21%.ll\, I&, 3A 

Lion, whcrr poaer  \r,rei~c.hcs arc nircl. Tltli ol'len 
cmlsed the internal 1rrrrrll1c.v t c  eupui~d, and qnllinji 
trnd sciznre of the tliread, rcsnltcd. 

3. Thc allownncc solvri tlre 1)l~oblern oL' ii1lcrfolcnt.c 
hctwccn rrrilted n~errlherr due to plaling. 

:3. llnntlllng of thrcatled t~rtioles, sue11 as bo:ts, 
~rllts, and svrews, occa:~sionally rrsults in tire \)u~rin': 
nnd nickinq of thretrtls. Thc producer's pl,~rrt Itrap 
contrihntc :I lrlv burrs trnd Lhesc. :rrr adrlcrl to by the 
wliolcsnlcr, the ret:uler, and lin:rllp tile ronsllnrcr. Eu-
c.chssivc h i ~ r r s  fornlerly enrlsed interference h(ht\%-(>cn 
lhrendcd part5 to he irrnted, but tlre trllowtrncc. in Ihc 
new stnndar~l clil~rirlntes llle interferri~ee. 

~ l - iWuct1 of the Ireezinq of t11rc:ids nndcr condl- 
tiorlr of elejaled ielrrperat~ues will he :ivoidcd. 

F I S .  5 qoe5 into qleater tlt7loil :IS to the gcncrnl 
c,ontour> or tllr new thrchud :{nil shows tolrr:rnccs, al-
lowtrnc.t~, :rnd crril clramnc~cs for  classes l A ,  IP,, 3A7 
:tnd 3R. 

No i~tlerllpt is bein: nlatlc h(br(. to  d.c~lvc into the 
ii11ric~:rcics of sc.rc,m tlircnrl theory. l'hc icicnt~fic and 
englnc~c,riny aspects have brcn in qood hands and the 
new 5tanrlard tal,l(>i \pc.:rli fo r  thenisclues In this re- 
slxvdt. Srvc1r:il nrticlci hnvc hccn publisl~ed on these 
jb11:rsc.s of the prohlcin ( I - . : ) .  

.'Vhe 1tlo5l \vitl(hly i~scd thrcnd cl.isi Tor bolts, x~oti,  
nnrl w r c a s  i r ~  i l ~ r  ol(l il:~lldard is tlcs~qn?trrl as class 
'1. 115 ri4trtrtl c.l:~iscs In tlic J I ~ T T --t:intl.l~tl :lrae '11 for 
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STANDARD 

FIG. 6. Comparison of present standard class 2 pitch di
ameter tolerances with the new standard class 2A and 2B 
for 5-13 national coarse thread. 

external threads, such as on bolts and screws, and 
class 2B for internal threads, such as on nuts. Fig. 6 
gives a clear graphical example of the difference be
tween the old and the new standards. This difference 
is shown for one size only, that is i inch, 13 threads 
per inch. 

Tables have been compiled for the new standards, 
covering every conceivable screw dimension for every 
size and class of fit, and every thread pitch series. 
For example, the limiting dimensions for the i-inch-
diameter, 20-threads-per-inch, coarse Unified and 
American Thread Series, class 2 A, for external 
threads, are: 

Size 
Threads per inch 
Thread symbol 
Allowance 
Major diameter limits— 

maximum 
Major diameter limits— 

minimum A 
Major diameter limits— 

minimum B 
Major diameter 

tolerance A 
Major diameter 

tolerance B 
Pitch diameter limits— 

maximum 
Pitch diameter limits— 

minimum 
Pitch diameter tolerance 
Minor diameter maxi

mum 

i inch 
20 
UNC2A 
0.0011 
0.2489 

0.2408 for finished and 
semifinished items 

0.2367 for unfinished items 

0.0081 for finished and 
semifinished items 

0.0122 for unfinished items 

0.2164 

0.2127 

0.0037 
0.1876 

work that went into the tables. It is little wonder 
that it took so many years to accomplish the task. 

The impact of a change such as this one could very 
well upset the economy of the producer, distributor, 
:md consumer of threaded articles. These three 
groups represent possibly 90 percent of the world's 
trade and commerce in manufactured durable articles. 
An approach to such a world-wide problem calls for 
extreme caution. The three principally affected 
groups are now faced with the problem of placing the 
new standards in effect. However, the job cannot be 
done fully in a month or a year. It has been esti
mated that it may take five years from the time of 
publication of the new tables to complete the conver
sion. 

The producer of threaded fasteners and articles 
must produce and purchase the necessary new tools, 

These few figures serve as an indication of the great 
amount of engineering, mathematical, and editorial 

FIG. 7. Modern screw thiead rolling machine. 
dies, and gauges. If his operations are broad, he may 
be manufacturing in accordance with both the old and 
the new standards at the same time, but during the 
transition period he will gradually increase produc
tion of new standard parts and decrease production 
of the old. He will have products made with both 
standards in his inventory at the same time. It is 
fortunate indeed that the old standard threaded fas
teners are interchangeable with the related new stand
ard counterpart. If this were not true there would 
indeed be chaos. A photograph of a modern thread 
rolling machine, upon which will fall the burden of 
producing the new standard threads on bolts and 
screws, is shown in Fig. 7. 

The distributor's problem is somewhat simpler, in 
that he will only need to cope with his inventory, 
which will contain some of the old standard parts and 
some of the new during the transition period. Here 
again, the problem is minimized because of the inter-
changeability of the old and the new. 
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The eonsulner is the man who buys threaded fas- 
teners o r  threaded articles to be assembled in his 
plant into manufactured durable goods-automobiles 
radios, washing n~achines, and any number of other 
articles. H e  too has a problem during the transition 
period. EIis inspection will need to cover either the 
old or  new standard. His  warehousing, manufactur- 
ing, and assembly operi~tions will need to be flexible 
to aceomn~odate both standards. I l e  will find it  ex-
pedient to :rocept purc.hased articles, during the transi- 
tion period, which nlay have been produced in aceord- 
ance with either tlie old or the new standard. His 
inspeotors will no doubt be instructed to accept either 
standard during the transition period, regardless of 
which specific standard may have been ordered. I t  
would be simple, from the consui~rer's standpoint, if 
on a, certain day he could discontinue using tlie old 
a n t 1  start using only new standard threaded articles, 
but this is obviously impractical. What  might have 
betm a complex transition, however, is made easier by 
tlie interoh$ngeabilitp of the old and new standard 
art-icles. 

Solar Eruption of May 10,1949 
A. H. Shapley and R.M. Davis, Jr. 

National Bzlreazl of Standards 

OUTSTANDING SOLAR F L A R E  and its 
effects on tlie ionosphere were observed in un- 
usual detail on May 10, 1949, a t  the Sterling 

Field Station of the National Bureau of Standards. 
I n  addition to the usual magnetic variation and eon- 
tinuous wave radio field intensity observations that 
are always in progress, data were also obtained with 
solar noise radionleters (Wurzberg) a t  480 and 160 
megacycles, and rapid sequence, vertical incidence 
niultifrequency (h'-f) observa tioris of tlie ionosphere. 
1'relinlin:rry determinations of the times of significant 
activity have been communicated by Helen Dodson, 
of the McMath-Tlulbert Observatory, \3711o estimates 
tlie flare as  of importance 3+, the greatest reportable 
on the scale of the International Astronomical Union. 

All observations of the eruption and its absorption 
effects show that it  began between 20 : 00 and 20 : 03 
Universal Tinle (see Table 1 ) .  The solar burst of 
radio noise seems to have been detected before any 
terrestrial effect. Estimated errors in  tiine determi- 
nation are  -C 0.25 nlinute fo r  solar noise observations, 

Tlie entire problem resolves itself into the elements 
of time, patience, and nioney. The time, as noted, 
nlay be as much as  five years, and the patience of 
both producers and consumers will be tested during 
this transition. The nioney is a real consideration- 
many thousands of dollars will have to be spent on 
new standard tools, dies, and gauges, on product iden- 
tification, and on storage systems. 

The new standards offer so many advantages to 
everyone concerned that they will be plaeed in effect 
as quickly as  possible by all producers and users of 
threaded articles. Requests f o r  new standard threaded 
fasteners are already being received from some of tlie 
leading national industries. The wheels of industry 
have been set in motion to accomplish this gigantie 
task and it  may be completed much sooner than we 
expect. 
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itrid e 1 n~inute fo r  ionosplieric n~easureir~ents. The 
precision of the McMath estimates is not known. Tlie 
illaximuni effect was reached f o r  all types of obser- 
vation of tlie phenomenon a t  between 20: 10.5 and 
20 : 12.5; again the solar burst attained maximum first. 
The duration of the extremely intense portion of tlie 
solar noise burst lasted only two or three minutes. 
The severe ionosplieric absorption effects lasted con-
siderably longer, the duration being greatest f o r  ob- 
lique incidence paths. 

The intensity of the noise burst, presumably enla- 
nating from the srnall visibly active area, was about 
290 t in~es the normal energy output of the entire disk 
of tlie quiet sun on 160 megacycles, while the intensi- 
fication on 480 megacycles was probably 1000 times 
the background radiation. Tlie rnirror and antenna 
of the 480-megacycle radiometer were not set directly 
on the sun a t  the time of maximum of the burst, so 
that the value given is a n  estimate; the possible range 
of intensification ratio appears to be between 800 and 
1550. This is the strongt.st burst observed thur f a r  


