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Mr George K Burgess Director
Burean of Standards '
Lashington D C

Dear Sir:

Your interesting letters of iApril 13 and June 25th

regarding "the guestion of international agreement on the standard

temperature for intercomparison of industrial standards of lemgth",

have been duly received and 1 herewith have the pleasure to send you

=
my opinion in the question, explaining my experience in using different / i,

@)

"normal temperatures"™ for standards of length, in my pioneer work in

Eskilstuna, Sweden, making gage-blocks and accessories thereto, which at

the present time, excluding those made in Dearborm, Michigan, (Pord-Johan-
son Blocks) smount to about ome million gage-blocks in metric and imeh
systems,

After having designed snd made my first set of block
gages in the year 1896 I commenced to investigate different mekes of gages
as micrometers and end standards of imerican and European mske: for
instance, from Brown & Sharp Mfg. Co., Us.S.4.3 Ludwig Lowe, Berlin, snd
Reinecker, Chemnitz; and also from the State Industrial Vorks in France,
for the purpose of obtaining the right measuring values for millimeters
and inches, From this investigation I found that nearly all of these
cle:noern- used different adjusting temperatures (standard-temperature] for
their gages; that is Brown & Sharp Company, U.S.A. used +sz°r.; Ludwig

Lowe, Berlin 4 26° ¢; Reinecker, Chemnitz, Germany, 4 14° C; amd in the

State Works of France 0° C or its equivalent § 22° F. were used.
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In my experimental work and during the time I made up the
first thousand sets of my combination block gages for the market from 1899
to 1914, I found that the average and middle temperature im laboratories
and shops in which end gages were used, was about Zoo ¢ or 680 Foand I
therefore always tried to keep the temperature in uw laboratory constant at
that temperature (4 20° C) and only when the customers expressed their wishes
to have the block-gages adjusted to hold the measuring vslue at amother
certain temperature did I do so, for instance: for France (in mm) at 0° GC.
= 32° F., and for England (in inches) at & 62° F., and in some cases, al-

though only a few sets, at & 66° .
Nevertheless and although my customers in France reguested

to have the block-gages hold their measuring value at o°c, 1 made the adjus-
ting and checking at 20° c. (68° F.)(at which temperature the block-gages
would be used) thereby using a "standard block"™ 100 mm calibrated at nearly
20° C. at the Buresn International des Poids et Mesures, Paris, and by toem
calculated to its measuring value at 0° Centigrade.

An exception from the adjusting and measuring of the block-
gages at the temperature of definition (Standard Temperature) of 20° ¢ (68° 7)
has been the Master Standard Combination Blocks lud. for England, which
blocks I adjusted and measured at 52° F. ?oﬂ" Japsn I also made the combi-
nation block sets at 620 F., until that country in 1926 adopted the metric
system. The block sets in metric for Japan are now sdjusted at 20° g (68° F)
as standsrd temperature,

Adjusting block gages at 62° F. however, I found it more diffi-

eult to make the adjusting and calibrating at that lower temperature than

at 20° ¢ (s8° F).



The radiation of the warmth from the body of the operator

had a quicker influence on the block gages at 62° F, than at ss° r, Con-
sequently the gage blocks during the adjusting and measuring operations at

62° ¥. were inoreasing quicker smd more in length, due to the expamsion
of the steel, than they were when the adjusting and me asuring operations
were made at 20° Cs

Another advantageous circumstance in using 20° Ce (680 Fo) a8
standard temperature is that in reductions from Centigrade to Fahrenheit
the figures 20 and 68 go evenly up amd the calculations are more simple aml
easy to handle.

The Johansson gage blocks have been delivered during the yo ars
1899 to 1928 inclusive to all industrial countries of the world, about
1,000,000 gage blocks having been produced and sold at Eskilstuna, Sweden,
and approximately 100,000 by the Ford Motor Company at Dearborn, ¥ichigan.
lost of these gage blocks (which are used ss standard blocks) are adjusted
and calibrated at 20°C. (68° F.) and the industries of all countries Qmpt
England and the State Vorks in France have founi this temperature practical
and good from every standpoint., Even in England some manuf scturers have
expressed their desire to adopt 68° F. (20° C.) as standard temperature.

The writer will herewith present the fundsmental rules and
principles regarding temperature, wnioh have been used since 1903, when
determining the measuring values of laster Standards used in adjusting and

calibrating block gages made in Eskilstuma, Sweden, and in Dearborn, Michiganm,

j O st

In 1902 I made one 100 mm end-rod marked "B", at 20° G. with
flat and parallel measuring surfaces and sent it to the International Bureau



y,

at Paris fpr calibration, with the request that they wuld measure it

gnd give me the temperature at which it held its length, 100 mm, exactly.

On April 29th, 1903, the International Puream issued a certificate, with

a description of its work, vhen detemmining the length in comparison with

the Prototype Meter, and the temperature given in said certificate was

20°,63 Centigrade at which tempersture the 100 mm (B) held its right messure-

value of 100 mm,
I therefore had to incresse the length of the 100 mm (B)

apbout L0007 mm to give me the "iblolutc" measuring-value of 100 mm at 20°3.
I proceeded with the work of the block gages and I sent in

new Blogks to the International Bureau for calibration and in a certificate

dated April 22, 1912, I received the following figures:

‘s oo ‘a 20°
Q u
100 100 mm 23, 6§ 100 mm 40, 1
n
50 50 mm 11, 8 50 mm 0.0
u u
25, : 26 mm - 6, © 26 mp -0, 1
u
2Bss : 25 mn - 5, 9 25 mm 0.0

These same measuring values have been the Master-Standard
measuring values for all metric Johansson block geges made and distributed
during the period 1912-1928, and are also equivalent to the measuring

values during the years 1903-1911.

2. Bor the Inch System:

A, English Inch
In the year 1904, I received from lionsieur Reme Benoit, Direc-

tor of the International Buresu, Paris, the egquivalent between the English

Inch and the millimeter as being: 1 inch » 25.3999772 mm and thess figures



were confirmed in 1908 by Dr R J Glazebrook, then Director of the National
Physical Laboratory, London.

Using this equivalent 25.3999772 and the measuring value of
the "100 B" calibrated at the International Bureau in 1903 (Certificate
of April 29, 1902) I made the first set of combination block-gages in inches
for the National Physical Laboratory in sccordsnce with their standards

for 52‘ Fe
In the year 1908 I made a set of block gages, containing 81

end gages for the English Admiralty at 62° F.and sent this set to the National
Physicsl Laboratory for calibration. On September 25, 1908, 1 received a
certificate of examination, which show?“%&e National Physical Laboratory found th
size and parallelism of sll block-gages in the set to be within ,000,01 part
of one inch.

For investigating the munﬂng-vidms from time to time,
block gages were sent to the National Physical Laboratory amd Bureau Interna-
tional for calibration. The Certificate of October 23, 1922, shows two
4" block gages to correspond with the Nationsl Physical Laboratory's Standards

0
at 62 F, within respectively .000001" and .000,002",

B. Americsn Imch
The Legal Eguivalent adopted by 4dect of Congress, July 28, 1866,
viz: 1 Meter = 59,57 inches gives us the value of the imerican inch as
25,400,050,8(00,1) mm,
In the ym— 1905 one 5-inch block gage (Marked "F") of my make

was inspected by the Bureau of Standards, Vashington, and & certificate was
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issued which gives the following values:

[o]
©+00080 inghes at 27 5 C.

Gage F

2.99994 inches at 62° Panr.

based upon the use of the temperature coefficient 0.000,011 per degree

Centigrade, and using the same temperature coefficient I got the mes-

suring velue of 3,000,062" at 20° ¢ (368° #.),

Based upon the temperature coefficient .000,011" per
inch, per degree Centigrade, I found the measuring-value of "Gage F"

at 66° 7. = 18.9° 0. to be: 3,000016 inches.

Therefare, according to the Burecam of Standards mea-
suring result, Test No. 1604 and Certificate of August 19, 1905, I
considered said "Gage FP" to be nearly correct, to give the measuring-

value of the American inch within the limit at that time.

Consequently sround the year 1908 I marked some sets

: o
of the Plock gages thus: "at 66 F" and made other blocks in the

block-gage set subdivisions of said "Gage ¥", the measuring-value of
which I, for some Je2rs, used for comparison of the measuring-value

for the American inch.

But as i had since the year 1905 made all metric block gage
sets (except a few for the Freunch State Torks) for a standard temperature,

temperature of definition, of 20° G, and as I had in 1912 received the Imter-



national ﬁnrcm's Certificate dated April 22, 1912, which testified to the
high accuracy in my block gages in mm at that temp: rature, my next step was
now to make up 2 block gage set im inches, which would correspond with the
metric measuring value at 20a ¢ 13 68° F) and since that time (1912) I
adjusted all for the American industry ordered block-gages at and for the

o
temperature 20 (., (68’?.) to correspond with the equivalent: 1 inch e

25.,40000 mm increased by a positive, progressive tolerance of 4 0.000051
($+000,002%) per inch, and in that way making efforts to keep the legal

measuring-value of the imerican inch = 26,400,050,8 mm with following result:

October 1, 1928, The Bureau of S:andards, Washington, geve the
absolute measuring-values at & 20° G, = § 68° P, of 7 block-gages (5 only one
inch blocks and 2 omly'four inch blocks], A1l were well within the given
tolerance of accuragy of .000,002" per inch. These blocks were all 2djusted
in the Johansson Gage Department of Ford Motor Compsny, Dearborn, Michigan,
and out of them 4 only one inch blocks handed to Buresm of Standards 1926,
where they were calibrated, were sent further to 21l of the following authori-
ties for comparison with their standards and for obtaining their result of
calibrations for absolute measuring-values:

National Physical Laboratory, England,

Physicalisch-Tecnnishe Reichanstalt, Germany,

Buresu International des Poids et Mesures, France,
and these Institutes in addition to

The Bureau of Standards, -ashington, D.C., U.S.4.
have found said 4 only one inch block-gages at & zo°c. = 3 58°P. to be as follows:

1 inch Gage Block, marked Bl. 1.000,001,7 inech.

1 inch Gage Block, merked Bl: = 1,000,000,1 inch.

1 inch Gage Block, marked B.% = 1.000,001,4 inch.

1 inch Gage Block, marked Bls: 1,000,001,5 inch.



The measuring.values I ﬁsod a&jmting these Gage blocks

were the same a&s given in above mentioned OCertificate éf 4pril 22, 1912,
from Burean International des Poids et ﬁocuru France, and the equivalent:

1 inch 25.400,056,0 mm, .comspomnng with fhe legal equi-
valent for the American inch,

Having thus during my experimenting and mamufacturing 6f more
than 1,000,000 Block-gages distributed in all industrisl 'omt.riu, eovorh{
& period of over 30 years, investigated and worked out rules and principles
for temperatures and messuring-values of End standards for lengths, i have

found it important to watoh the tollew;ng taqpmtunn
1 pamsdstion Temperstwre 0°0. = 3 32° P,

Corresponding with the temperature of the Prototype meter (ile-
ter des iArchives), This temperature to be used as a basis from which thp
other temperatures are caloulated.

II Standard Temperature & 20°C. = & 68°F.

At vhich temperature the gage blocks and end standards, etc,.,

are chosen to hold their nominal (sbsolute) messuring-value.

111 j

1.E. the temperature at which gage blocks and end standards,
ets., sre to be adjusted to their size must correspond with the standard
temperature ¢ 20°C. - & 68° 7,

IV Inspecting Tempersture & 20° ¢ - § 68°F,

I.E. the temperature at which gage blocks and end standards,

etc.. ave to be calibrsted must correspord with the standard and adjusting

temperature 4 20° 0. = § 68° F.
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vV Zorking Temperature

a, Gage York The temperature in the working-room, the work pleces
and the gsges should correspond with each other, and in accurate work, i.e.
manufasturing, adjusting smd lcalibrating of high precision gages and the
like, the standard temperature 4 20° ¢. =+ 68° F. must be meld.
| T £roduction .ork, the ideal condition for producing and measuring
of interchangesble machine parts and the like would be to do all work and
inspection at & 20°C = $ 68°F., then all severe trouble would be eliminated
what measuring-values are concerned.

But when this can not be done, thé next best and more possible

. way is to use cooling plates or other means for bringing the work and the

gages to the sane temperature. In this case the difference in coefficient
of expansion only would change the measuring-value, and in most cases it.
would be found to be well within the given tolerance snd thus a cheap and
good interchsngesble product can be obtained.

Trusting that above description of my work amd exnerience
will help to enlighten the subject and soric to zzxaktoZ the question clesr

when choosing the international Standard Temperature, I beé to remain

Yours very truly

__,ZM m%.
g Lo Craaa Q«f—&_,

Pt fon 2T PAF.



