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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

.-

TECHNICAL NOTE NO. 956

BIBLIOGRAPHY 01?PISTON RING LUBRICATION

By Mayo D. Hersey

INTRODUCTION”

In the oourse of an investigation of the lubrication,
friction, and wear of aircraft engine piston rings conducted
at the Massachusetts Institute of Technology under the spon-
sorship of the National Advisory Committee for Aeronautics, a
survey was made of technical information contained in the
literature on this subject. Over 300 sources were reviewed
and classified according to the type of information presented.

Since it is believed that the results of this survey
will bo of interest to the laboratories and agencies who are
currently engaged in research on aircraft piston rings, and

\ to tho manufacturers of aircraft engines, this classified
bibliography has been prepared.

*
References are arranged chronologically by years and

alphabetically h~- authors in any one year, as in~icated by
identification symbols in left margtn. Classification sym-
bols A, B, (2at the right designate, respectively, engine
experiments, other experiments, and publications without new
experimental data. Tor example, reports on wear testing of
ring materials belong in class B, while review articles and
textbooks are put in class C.

. Luia

89-D-1 Denton, J. M.: On the Friction of Piston Pack-
ing Rings in Steam Cylinders. Trans. A.S.M.E.,
vol. 10, 1889, pp. 392-401.
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V
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1913

-.

13-K-1

15-F-1

20-N-1

21-G-1

21-J-1

22-J-1

22-M-1

22-M-2

22-M-3

Karpenko, V. G.: K Voprosu o Tren~i Porshn~a
(On the Question of Piston I’riction).

A

Tomsk, Sibirskoii tekhnologicheskoii
Institut. Izriestiia, vol. 29, sec. 1, I

no. 5, 1913, 80 pp. and plate~.

1915

Flowers, A. E.: A Cylinder Friction and Lul)ri-
oation Testing Apparatue. Proc. A.S.T.M.,
vol. 15, pt. 2, 1915, pp. 400-414.

1920

Nilson, T. C.: Piston Rings. Trans. SAE,
vol. 15.(1X), 1920, pp. 605-638.

1921

Gibson, A. H.: Piston Temperatures in Aero
li!~gines. Rep. No. 13, Light Alloys Subcom-
mittee, British A.C.A., 1921, pp. 282-298.

James, W. S.: Elements of Automobile Fuel
Eoonomy. SAE Jour., vol. 8, June 1921,.
PP ●

543-562.

w“

Jehle, 3’., and Jardine, F.: Aluminum Pistons.
Trans . SAE, VO~. 17, pt. II, 1922, pp. 285-
304.

Magee, J.: Piston Rings. Trans. SAX, vol. 17,
pt. 11, 1922, pp. 304-308.

McDewell, H. S.: Supplementary Report of Oil
Scraper Piston Rings. NACA TN No. No. 3.14,
1922.

McDewell, H. S.! Test of 011 Scraper Piston
Ring arid Piston Fitted with Oil Drain Holes.
NAGA TN NO. 88, 1922.
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* 22-R-1

22-s-1

23-J-1

23-R-1

.
24-J-1

.

24- S-1

25-M-1

25-M-2

Ricardo, H. R.: Some Recent Research Work on
the Internal Combustion Engine. The Auto-
mobile Engineer, vol. 12, 1922, pp. 265-
2?3 , 299-306, 329-332.

Suhara, Toyotaro, and Satio, Naozo: On the
Distribution and Variation of Temperature
in the Cylinder and Piston of an Aircraft
Engine . Rep. No”. 5 (vol. I), Aero. Res.
Inst., Tokyo Imperial’ Univ., Dec. 1922, pp.
137-17’0.

1923

James, W. S.: Service Tests of Lubricants in
Internal Combustion Engines. Bull. Am.
Petroleum Inst., vol. 4, 1923, pp. 3.32-141.

Rlcardo, H. R.: The internal Combustion En-
gine. vol. 2* P. Van Nostrand Co., Inc.
(London), 1923, ch. IX, figs. 89, 90, pp.
214-238.

1924

Jardine, E’rank: Scuffed Pistons Result from
Cold Jacket and Lack of Oil. Auto. Ind.,
vol. 51, July 31, 1924, pp. 242-244.

Stanton, T. E.: E’riction of Pistons and
Piston Rings. R. & M. No. 931, British
A.R.C., 1924, 4 pp. and plates.

Mader, O.: Weiterentwicklung des Junkers-
Doppelkolbenmotors (Further Development of
the Junkers Double Piston Engine), ZOV.D.I. ,
TO1. 69, 1925, pP. 1369-1378.

Moss, H., and Stern$ W. J.: The Mechanical
Efficiency of an Internal Combustion Engine.
The Automobile Engineer, vol. 15, March
1925, pP. 78-82.
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26-B-1

26-B-2

26-~-l

26-E-2

26-G-1

-,

26- G-2

26-L-1

26- S-1

26- S-2

26-W-1

No . 956

1926

Becker, A. E.: Surface Aotion and Flutd I’ilm
Lubrication. Some Film Thickness Measure-
ments. Ind. Eng. Chem., vol. 18, 1926,
pp. 4’71-47’7.

Burkhardt, O. M.: Causee of Wear and Corro-
sion in Engines. SAE Jour., vol. 19, Dec.
1926, pp. 657-682.

Ebihara, K.; Researches on Piston Rings.
Jour. Sot. Mech. 7Jng. (Jap~~~A vol. 29,
Sept . 1926, Pp. 533-564. ● s Mech. Eng.,
vol. 49, Jan. 1927, pp. 57-58)

Eichelherg, G.; ~ber die Mittel zur kompres-
sorlosen Brennstoffeinspritzung (Fuel Injec-
tion without Compressors). Z.V.D.I., ?701.
70, 1926, pp. 1079-1089.

Gibson, A. H.: Piston Temperatures and Heat
3’1ow in High-Speed Petrol Engines. Proc .
Inst. Mech. Eng. (London), vol. 1, no. 2,
Jan. 1926, pp. 221-249,

Gilson, E. G.: Some Little Understood Factors
Affecting Lubrication. Ind. Eng, Chem. ,
TO1. 18, 1926, pp. 467-470.

Lehmaa, O. H.: Die Abnutzung des Gusseisens
bei Gleitender Reibung (Wear of Cast Iron
with Sliding Friction). Giesserei Zeitung,
VO1. 23, 1926, pp. 597-600, 623-627, 654-
656.

Scott, P.,L.: Diesel Engine Lubrication.
Ind. Eng. Chem., vol. 18, May 1, 1926, pp.
477-480.

Sulzer, R.: Temperature Variation ‘and Heat
Stresses in Diesel Engines. Engineering,
TO1. 121, 1926, pp. 447-450,

Woog, P,: Contribution ~ lldtude du graissage
(Contribution to the Study of Lubrication) .
Delagrave (Paris), 1926, 277 pp.
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&

27-K-1

5

1927 --

Koch, M., and Sommer, P.: Neue Kolbenober- A
fl~chen (New Piston Surfaces). Jahrb. ‘1927
der deutschen Luftfahrtforschung. R.
Oldenbourg (Munich), pp. II 193 - II 197.

27-K-2

27-L-1

27-S-1

\ 28-B-1

3

28-M-1

28-W-1

29-B-1

29-E-1

r

,

Kflhnel, R.: Die Abnutzung des Gusseisens
und ihre Beziehung zum Aufbau und zu den
mechantschen Eigenschaften (Wear of Cast
iron as Related to structure and Me~hani-
cal Properties). Giesserei Zeitung, vol.
24, 1927, pp. 533-541.

Lowry, E.’ J.: Cast Iron in Its Relation to
the Automotive Industry. Trans. SAE,
TO1, 22, 1927, pp. 210-226.

Sparrowg S. W., and Thorne, M, A.: Friction
in Aviation Engines. NACA Rep. No. 262,
192?,

1928

Bramberry, H. M.: Piston and Oil-Trapping
R1.ngs for Maintaining an Oil Seal. SAE
Jour., vol. 23, Nov. 1928, pp. 495~496,

Moss, H.: Motorfng Losses in Internal Com-
bustion Znginee. R. & M, No. 1128,
British A.R.C., 1928.

Wickenden, T. H.: Data on Machinability
and Wear of Cast Iron. Trans. SAE, vol.
23, 1928, pp. 381-189.

Boegenhold$ A. L.: Wear Testing of Cast
Iron. Proc. A.S.T.M., vol. 29, pt. 11,
1929, pp. 115-125, 166-169.

Ebihara, Keiktti: Researches on the Piston
Ring. Set. Papers, Inst. Phys. and Chem.
Res. (TokYo), vol. 10, 110. 182, 1929, p.
107-185. (Also NACA TN No. 1057, 1944 7
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~
29-F-1

29-H-1

29-K-1

●

29-N-1

30-A-1
*

, 30-L-1

30-M-1

30-s-1

30-T-1

3CJ-11-2

No . 956

Foord, l’. A.: The Lubrication of Aircraft
Engines. Sour. R.A. S., VO1. 33, 1929, pp.
1089-1132.

Hoffman, A. H.: A Study of Engine Oil-
Filters. SAE Jour., vol. 25, no. 6, Dec.
1929, pp. 625-629.

ICryopoulos, S.: Untersuchungen fiber die
physikalischen Grundlagen des Schmier-
vorganger Insbesondere im Explosfonmotor
(Physical Basis of Lubrication with Especial
Reference to the Internal Corn%ustion Engine),
Zeitschr. Tech. Phys., VO~ 10, 1929, pp. 2-
18.

Nagel, A.: The Transfer of Heat in Reciprocat-
ing Engines. Engineering, vol. 127, 1929,

PP ●
59-60, 179-182, 279-282, 466-469, 626-

630.

1930

Alcock, J. I’.: Thermometry in Engine Research.
Aircraft Eng., vol. 2, no. 13, 1930, pp. ‘
57-60, 65.

Lee, W.: Lubrication of Aircraft Engines.
Aircraft Eng., vol. 2, no. 18, 1930, pp.
212-213.

Michell, A. G. M.: Crankless Reciprocating
Machines. !Xrans. A.$,M.Il., VO1. 52, 1930,
APM 7, pp. 85-89.

Spa ter, R.:
f

Eesais de Resistance de la Fonte
l:Usure (Tests on Wear Resistance of Cast

Iron). First Communications, New Int.
Assoc. Test. Mat., Group Az 1930, pp. 64-73.

!l?hornycroft, 0., and Barton, C. H.: The Lubri-
cation of Engfnes. Aircraft Eng., vol. 2,
1930, pp. 36-39, 109-13.3.

Treiber, O. D.: Light-’#eight Diesel Engines.
SAE Jour., vol. 26, May 1930, pp. 580-583;
discussi~n, pp. 583-586.
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3o-v-1

31-B-1

31-F-1

31-K-1

31-H-2

31-K-I

31-L-1

31-M-1

31-M-2

31-P-I

No. 956

Vogel, H.: Zur Frage der Flugmotorenschmier-
ung (On Aircraft Engine Lubrication).
Luftwacht, no. 2, 1930, pp. 87-89; Deuteche
Motor-Zeitschr, , no. 4, 1931, PP. 158, 160,
162.

1931

Bulkley, Ronald: Viscous Flow and Surface
11’ilma. Res. Paper 264, Nat. Bur. of
Standards, Jour. Res., vol. 6, 1931,
PP ●

89-112.

Fomin, W. N., and Kokoreff, N. A.: Researches
on Friction in a Light Duty Engine (In
Russian). MOGIZ, MOSCOW, 1931, p, 128.

Hillman, E. E.: Direot Measurements of Oil
Film Temperatures on Diesel Piston Rings.
Diesel Power, vol. 9, 1931, PP. 226-227.

Hughes, Adrian, Jr.: Utilizing the Latent
Heat of Cooling Water. SAE Jour., vol.
28, no. 1, Jan. 1931, pp. 66-73; discus-
sion,pp. 73-76. (See p. ‘70.)

Klingenstein, T.$ The Wear and Surface Con-
dition of Cast Iron. The Metallurgist,
Sept . 1931, pp. 132-134. (From M+tt.
Forschungsanstalt Gutehoffnungs-Htitte -
Konzern, April 1933, p. 80)

Lienhard: Le remont~e dihuile clans les cylin-
dres (011 Puqping). Jour. Sot. Ing. de
I!Auto., vol. 4, April 1931, pp. 1346-1350.

Mahle , Ernst: Auswechselbare Zylinder Lauf-
buchsen (Removable Cylinder Liners).
Ileutsche Motor-Zeitschr. , vol. 8, no. 5S
May 1931, pp. 166-1800

Mougey, H. C.: Oil Consumption as Affected
by Engine Characteristics. Trans. SAE,
Tol . 26, 1931, pp. 365-372.

Petre, A. P.I Leakage Tests of Piston-Rings.
SAE Jour., vol. 28, no. 6, June 1931$ PP.
685-686.
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31-s-1

31- S-2

31-s-3

32-T-I

31-Z-1

32-B-1

32-M-1

32-0-1

3 2-R-1

No. 956 8

Seguy, E.: Anomalies de fonctionnement des c
pistons et segments (Improper Functioning
of Pistons and Piston Rings). Jour. Sot.
Ing. de llAuto., vol. 4, June Z931, pp.
1418-1428.

Sencebaugh, C!. E.: Piston Packing Efficiency. c
Diesel Power, vol. 9, July 1931, PP. 371-
372.

Stern N.: Neue Untersuchungen iiber den B
Gi.itegradvon Kolbenringen in Abhitngigkeit
vom Herstellungsverfahren, (Radial Pres-
sure of Piston Rings). ATZ, vol. 34, no.
4, 1931, p. 89, .kbs., The Automobile
Engineer, vol. 28, 1938, pp. 27-28.

.Taylor, P. B.: Increasing the Thrust Horse- C
power from Radial Aircooled Engines.
Trans. SAE, VO1. 26, 1931, pP. 531-541.

Zimmerman, E.~ Friction and Wear Tests on B
Solid Dry Bodies. Metals and Alloys, vol.
2, l’eb. 3.931, pp. 95-96. (Diss., Aachen,
abe. by H. W. Gillett).

w

Boerlage, G. D;, and Gravesteyn, B. J. J.:
Cylinder Weak in Diesel Engines. British
Motorshlp, vol. 13, Aug. 1932, pp. 171-173.

Nucklow, G. T.: Piston Temperatures tn a
Solid-Injection Oil Engine. Proc. ,Inst.
Mech. Eng. (London), vol. 123, July-Dec.
1932, pp. 349-372.

Ottaway, E. C.: A Review of the Piston and A
Cylinder Assembly in Relation to Oil Con-
sumption. ‘ Proc. Inst. Auto. Eng.s VO1. 26s
1931-32, Pp. 150-212.

Ricardo, H. R.: Some Notes and Observations A
on Petrol and Diesel Engines. Proc. Inst.
Aut O . Eng., vol. 27, 1932-33, PP. 434-476;
discussion, Auto, Ind., vol. 69, no. 6,
Aug. 5, 1933, pp. 153-154.
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t

32- S-1

32-T-1

33-B-1

33-c-1

33-E-1

33- G-1

33-N-1

33-s-1

33- S-2

No, 956

Salzmann, F.: W5rmefluss durch Kolhen und
Kolhenringe im Dieselmotor (Heat Flow
through Piston and Rings in the Diesel
Engine) . Diss., Eidg. Tech. Hochschule,
Zurich, 1932; A. G. Gebruder, Leeman & Co.
(Zurich), 98 pp.

Teeter, R. R., and Bramherry, H. M.: Pi,ston-
Ring Progress. Trans. SAE, vol. 27, no. 2,
1932, pp. 323-326.

1933

Bulkley, Ronald, and Snyder, G, H. S.: Spread-
ing of Liquids on Solid Surfaces. .. Jour ,
Am. Chem. Sot., vol. 55, 1933, pp. 194-208.

Clayden, A. L.: Factors in Engine Design Which
Affeot Oil Performance. A.S.T.M. Symposium
on Motor Lubricants {Philadelphia), 1933,
pp. 101-113.

Elektron Metall Co.: (Ring and Cylinder Wear) .
Abs.,- Auto. Ind.: Skirt Wear Not to Blame.
vol. 68, no. 3, April 1, 1933, pp. 407-408.

Garlock, E. A., and Ellis, Greer: The Effect
on Engine Performance of Change in Jacket-
Water Outlet Temperature. , NACA ‘TN No. 476,
1933,

Nutt , Arthur : Aircraft Engine Lubrication.
A.S.T.M. Symposium on Motor Lubricants
(Philadelphia), 1933, pp. 114-121.

Salzmann, R’.: WSrmefluss durch Kolben und
Kolbenringe im Dieselmotor (Heat Flow
through Piston and Rings in the Diesel
Engine). VDI Forschschung, vol. 4, 1933,
pp. 193-198.

S6hnchen, Erich, and Piwowarsky, Eugen:
Einfluss der chemischen Zusammensetzung
von Gusseisen auf seinen Verschleiss.
(Influence of the Chemical Composition of
Cast Iron on Wear). .4rchiv. ffir D, Bisen-
hiittenwesen, vol. 7, ].933, pp. 371-373.
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I 33-W-1

33-Y-1

34-B-1

34-B-2

34-B-3

34-B-4

34-G&l

34-L-1

34-L-2

I

Williams, C. G.: Experiments on Cylinder Wear .
First Interim Report. Inst. Auto. Eng.
Jour ., June 1933; The Automobile Engineer,
VO~, 23, 1933, pp. 269-264. (See Collected
Researches, 1940, pp. 24-47.)

Young, H. J.: Piston Rings and Their Relation
to Liner Wear. Inst . Marine Eng., vol. 44,
no. 12, 1933, 10 pp. Abs., Mech. Eng.,
vol. 56, 1934, pp. 103-104,

1934

Baker, H. W.: The Operating Temperatures of
Cast Iron and Aluminum Pistons in a 12k
~nch Bore Oil Engine. Proc. Inst Mech. Eng.
(London), vol. 127, Nov. 1934, pp. 217-243.

Barton, C. H., and Messrs. Ricardo and co.,
Engineers, Ltd.: The 3!ffect of Benzol on
Piston Ring Sticking. Shell Aviation News,
no . 41, Nov. 1934, pp. 17-18. Xng. Res.
No. 107.

Bass, E. L.: Aero Engine Lubrication”. Shell
Aviatfon Xews, no. 41, Nov, 1934, pp. 14-15.

Blache, H. H.: Main Factors in Modern Diesel
Engine Construction. British Motorship,
vol. 15, May 1934, pp. 52-55.

Godron, W. G. (3.: Wear of Piston Rings and
Liners Influenced by Design of Rings. ?roc.
Eighth Oil Power Conf., Penn. State Cole
School of Eng. ‘I!ech.Bull. No. 20, 1934,
PP ●

53-70.

LeMesurier, L. J., and Stansfield., R.: Some
Observations on l’uel for Heavy Oil Engines.
Trans. Inst. Marine Eng. (London],vol. 46,
pt . 4, 1934, pP. 129-154, 51.

Lichty, II. C., aid Carson, G. B.: Engine E’ric-
tion Analysis. SAE Preprint. (Chicago), ~ug.
28 - Sept. 4, 1934, 8 pp., figs.
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f
34-M-1

34-R-1

34-T-1

34-T-2

34-W-1

35-B-1

35-C-1

35-E-Z

35-E-2

35-H-1

Mahle, Ernst: Neuerungen im Kolbenbau (Piston
Developments). ATZ, VOL. 37, 1934, pp,
316-324.

Robertson, B. J., and Ford, A. R.: An Inves.
tigation of Piston Ring Groove Pressures.
iliesel Power, vol. 12, 1934, p. 548.

Talanoff, F. W.: Lubrication of an Aviation
Xngine. (In Russian) Nat. Mil. Public. ,
Moscow, 1934, p. 214.

T!eetor, R. R.; Conformity of Cylinders, Pis-
tons, and Rings. S~E Preprint, (Chicago),
1934.

Williams, C. G.: Experiments o’n Cylinder Wear.
Second Interim Report. Inst. Auto. Eng.
Jour., Aug.-Sept. 1934; The Automobile -
Ilngineer, vol. 24, Oct. 1934, pp. 367-369.
(See Collected Researches, 1940, pp. 48-66.)

w

Bastow, S. H., and Bowden, F, P.: Physical
Properties of Surfaces. II - ViSOOUS 3’1ow
of Liquid Films. The Range of Action of
Surface Tortes. Proc. Roy. Sot. London, ser.
A, vol. 151, 1935, Pp. 220-233.

Connor, K. W.: Surface and Shape Characteris-
tics of Cylinder Bores. Trans. SAE, vol.
30, no. 3, March 1935, pp. 95-111.

Everett, H. A., and Stewart, F. Q.: Perform-
ance Tests of Lubricating Oils in Automobile
Bngi=es. Penn. State Col., Eng. Exp. Sta.,
Bull. No. 44, 1935, 51 pp., charts.

Eweis, M.: Reibungs und Undichtigkeit sverluste
an Kolbenrtngen (Frictioa and Blow-Ily in
Piston Rtngs). I’orschungsheTt 371, VDI-
Verlag (Berlin), 1935, 23 pp.

Heron, S. D.: The In$?luence of E;g~g~.0~~: on
Aircraft-Engine Pe~formanpe. *
Pox. 30. ~Une 1935. mm. 2dl-205.
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35-P-1

35-R-1

35-s-1

36-A-1

36.3-1

.

36-C-1.

3 6-F-1

36-H-I

36-H-2

36-H-3

No . 956

Merrill, D. R., Moore, C. C., Jr. , and Bray,
U. B.: Service Characteristics of Motor
Oils as Related to Composition. Proc. Am.
Petroleum Inst., vol. 16, M(III), 1935, Pp.
143-161; Oil and Gas Jour., vol. 34, no. 3,
June 6, 1935, pp, 17-18.

Pyles, R.: Diesel Lubrication. The Electric
Jour., vol. 32, 1935, pp. 191-194.

Robertson, D. Do: Factors Controlling the
Performance of Pistons and Piston-Rings.
Trans. SA.E, vol. 30, 1935, ~p. 370-377.

Sparrow, S. W.: Problems in the Development
of a High-Speed .Engine. Trans. SAE,. vol.
30, 1935, pp. 58-69.,

1936

12

A

c

A

A

.

Automotive Industries: Ringless Piston Avail- C
able . Vol , 74, no. 21, May 23, 1936, p. 719.

Boerlage, G. D., and Gravesteyn, B. J. J.:
Cylinder, Wear in Diesel Engines. Trans.
S.43, vol. 31, May 1936, pp. 197-199.

Castleman, R. A., Jr.: A Hydrodynamioal Theory
of Piston Ring Lubrication. Physics, VO1*
7, 1936, pF, 364-367.

Fairlie, M.: Laboratory ?I!ngtneTesting of
Ilotor Lubricants. Oil and Gas Jour., vol.
34, no. 44, March 1936, pp. 114-117, 119.

Haling~ Otto: Pressure under Top Piston Ring
Major Cause of Cylinder Wear. Auto. Ind.,
vol. 74, no. 10, March 7, 1936, p. 370.

Hanft, Friedrich: Untersuchung %ber die Ab-
nutzung an Kraftfahrzeugteilen (Investiga-
tions on the Wear of Automobile Parts),
ATZ, VO1. 39, 1936, ‘pp. 9-19.

Hawkes, C. J., and Hardy, G. F.! Friction of
Piston Rings. Tran~, N. E, Coast Inst. Eng.
Shipbut~ders, vol, 52, 1936, PP. 143-178,
D 49-68.
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.
36-I-1

36-K-1

36-L-1

36-M-1

36-P-1

36- S-1

.

36-T-1

36-T-2

36-W-I

36-W-2

Insley, Robert: Aircraft Engine Piston Ring
arid Cylinder Wear. Ahs. , SAE Jour. , VO1.
~8, no. 2, Feb. 1936, p. 36.

Kehl, B., and Siebel, E.: (The Wear of Metals
under ~liding Friction). Archiv. f. d.
Eisenhuttenwesen, ’vol . 9, May 1936, pp.
563-570. Abe., The Metallurgist, Oct. 30,
1936, pp. 164-165; Metal Progress, vol. 31,
Jan. 1937, p. 41.

Larson, C. M., AinsZey,, W. G., and Fairlie, M.:
Cylinder Wear and Piston-Ring Sticking Ten-
dencies of Automobile, Bus, and Aircraft
Engines. SAE Preprint, Jan. 1936. Abs. ,
SAE Jour., vol. 38, Feb. 1936, p. 36; Oil
and Gas Jour., vol. 34, Feb. 13, 1936,
PP ●

24-25.

Moore, Charles S., and Collins, John H., Jr.:
R’riction of Compression-Ignition Engines.
NACA TN NO. 577, 1936.

Planiol, Andre: Les Pertes par I?rottement
clans les Moteurs (Friction Losees in En-
gines) . Jour. Sot. Ing. de l~Auto. , tome
9, June 1936, pp. 198-210.

Sparrow, S. W., and Scherger, T. A.: Cyltn-
der Wear, Where and Why. Trans. SAll, vol.
31, April ,1936, pp. 117-125.

Taylor, M. P.: The Effect of Gas Pressure on
Piston Friction. Trans. SAE, vol. 31, May
1936, pp. 200-205.

Teeter, M. 0.; Cylinder Temperature. Trans.
SAE, VO1. 31, 1936, pp. 328-332.

Wenzel, R. N.: Resistance of Solid Surfaces
to Wetting by Water. Ind. Eng. Chem., vol.
28, 1936, pP. 988-994.

Williams, C. G.! Cylinder ?/ear in Gasoline
Engiues. Trans. s43, vol. 31, May 1936,
PP ●

191-196. (See Collected Researches,
1940.)
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1937

Ackerman, D. E.: Some Important Variables En-
countered in Wear Tests on Cast Iron.
A.S.T.M. Symposium on Wear of ~etals,
(Philadelphia), 1937, pp. 24-41.

Alcock, J. F.: Discussion on Engine Lubrica-
tion. Proc., Gen. Discussion on Lubrication
and Lubricants, Inst. Mech. Eng. (Loudon),
1937, VO~. 1, pp. 635-637.

The Automobile Engineer: Cylinder Wear Effect:
of Pressure. Volq 27, Dec. 1937, p. 500.

Baker, H. W.: Piston Temperatures in a Sleeve
Valve Oil Engine. Proc. Inst. Mech. Eng.
(London), vol. 135, Jan. 1937, pp. 35-71.

Barrington, R., ancl Lutwyche, J. L.: The Pe-
trol Engine and Its Frictibn: Proc., %n.
Discussion on Lubrication and Lubricants,
Inst. Mech. IGng. (London), 1937, vol. 1,
PP ●

398-406.

37-B-3

37-B-4

37-B-5

37-B-6

37-B-7
a

Bass, X. L.s Aero-Engine Design and Lubrica-
tion. X’roc., Gen. Discussion on Lubrication
and Lubricants, Inst. Mech. Eng. (London),
1937, VO1. 1, pp. 414-420. 0

Bassett, H. N.: Discussion on Engine Lubri.
cation. Proc., Gen. Discussion on Lubri-
cation and Lubricants, Inst. Mech. Eng.
(London), 1937, vol. 1, pp. 637-639.

Bean, A. L.~ SelectIons of Oils for High-
Output Aircraft Engines. Trans. SAE, VO1.
32, 1937, pp. 48-55; discussion, pp. 55-56.

Bouman, G. A.: Lubrication of Piston Rings.
Proc., Gen. Discussion on lubrication and
Lubricants, Inst. Mech. Xng. (London), 1937,
Pol . 1, pp. 426.431,

Bridgeman, O! C.t The Problem of Ring-Sticking
i.n Aviation Engines. Trans. SAEt 701. 32,
1937, pp. 545-547,
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Buckingham, Earle: Qualitative Analxsis of
Wear. A.S.M.23. Spec. Res. Corn. on Strength
of Gear Teeth, Prog. Rep. 15, Mech. Eng.,
vol. 59, 1937, pp. 576-578.

Chatel,, M.,: The Lubrication of Locomotive
Cylinders on the French Railways. Proc.,
Gen. Discussion on Lubricat~on and Lubri~
cants, Inst. Mech. Eng. (London), vol.. 1,
1937, pp., 439-444.

Everett, H. A., and Keller, G. H.:. Rating
Oils for Cylinder Wear by the Iron Contam-
ination Method. Proc., Gen. Discussion on
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Lubrication and Lubricants, Inst. Mech. Eng.
(London), vol. 1, 1937, pp. 451=456.

Gillett, H. W.: Considerations Involved in
the Wear ‘??esting of Metals. A.S,T.M. Sym-
posium on Wear (Philadelphia), 1937, pp.
3-22.

Gruse~ W. A., and Livingston, C. J.: X!ngine A
Deposits - Causes and Effects. A.S.T.M.
Symposium on Lubricants (Philadelphia),
1937’, pp. 1-28.

Higinhotham, H,$ Lubrication under High-
Temperature Conditions with Reference to
the Use of Colloidal Graphite, Proc,, Gen.
Discussion on Lubrication “and”Lubricants,
Inst. Mech. Eng. (London), vol. 1,. 1937,
pp., ~80-486. ““

,.

Jackson, P.: Discussion en Engine Lubr.ica- A
tt.on~” Proc., Gen, Dtsoussion on Lubrica-
tion and Lubricant, Inst. Mech. Eng. ●

(London) ,,vol. 11, 1937,, Tp. 632=633..

James, W,, S.: How to Select a Motor Oil from c
the Standpoint of the Consumer. A.S.T.M.
Symposium on Lubricants (Philadelphia) “ ‘
1937, pp. 75:89,

Jominy, W. E.: Wear of Metals from the Auto- C
motive Viewpoint. A.S,T.M. Symposium on
Wear (Phi3adelphia)T, 1937s, PP. 4~-60c.
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. 37-o-1

37- O-2

37-P-1
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37-R-1

.

Lane, P. S,: Discussion on Cylinder-Bore Wear.
Trans. SAE, vol. 32, 193?, p. 96.

Lane, P. S.: ‘ S,ome Experience with Wear ”!Cest-
ing. Trans. Am. I’oundrymen!s ASSOC., VO1.
45, 1937, pp. 157-199.

Neely, G. L.: Yriction and Wear Comparisons
for Lubricated Surfaces. Proc., Gen. Dis-
cussion on Lubrication and Lubricants,
Inst. Mech. lllng.(London),” vol. 2, 1937,
PP ●

378-385.

Neely, G, L.: High Oiliness - Low Wear?
Trans. SAE, VCJIO 32, 1937, pp. 548-552;
discussions 552-554.

Nixon, 3’.: Discussion on Engine Lubrication.
Proo., Gen. Discussion on Lubrication and
Lubricants, Inst. Mech. Eng, (London), vol.
1, 1937, pp. 623-624.

Norlin, E.: Discussion on Engine Lubrication.
Proc., Gen. Discussion on Lubrication and
Lubricants, Inst. Mech.’llng. (London), vol.
1, 1937, pp. 621.

Orloff, P. I.: Smazka Legkikh Dvigatele~
(Lubrication of Light Internal Combustion
Engines)._ N. E, IlriZling. eda, Glavna=
Redal@fllia Mashinostroitel’ noi i Avtotrak-
torno~”Ltteratury (Leningrad) 1937, 462 pp.
(See pp. 276, 288-292, 344-348. )

Ottaway, E. C.: The Problem of Oil Consump-
tion in Hiqh-Speed Internal Combustion
Engines. Gen. Discussion on Lubrication and
Lubricants, Inst. Mech. Eng. (London) , vol.
1, 1937, pp. 538-545.

Pearce, J, G.: The Wear of Cast Iron. Gen.
Discussion on Lubrication and Lubricants,
Inst. Mech. Eng. (London), vol. 1, 1937,
PP ●

546-549.

Ricardo, H. R.: Engine Lubrication (Internal
Com’t)ustioa Engines). Report on.papers in
Group II, Gen. Discussion on Lubrication
and Lubricants, Inst. Mech. Eng. (London)~
Vol ● 1, 1937, pp. 607-613.
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37-R-5
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37- S-2
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37-T-2

37-T-3

Rickert, P,, and Kuhm, M.: Ein Beitrag dur
Kolben und Kolhenringfrage (A Contribution
on Piston and Piston Ring Questions).
Jahrb. 1927 der deutschen Lu’ftfahrtforsch-
ung, R. Oldenbourg (Munich), pp. 11 98 -
II 102.

Roensch, M. M.: Observations on Cylinder-
Bore Wear. Trans. SAE, VO1. 32, 1937,

PP ●
89-96; discussions pp. 96-98.

Rosen, C. G. A.: Cylinder Lubrication of
Small-3ore Diesel Engines. Proc., Gen.
Discussion on Lubrication and Lubricants,
Inst. Mech. Eng. (London), vol. 1, 1937,
PP ●

559-567.

Rosen, C. G. A.: Engine Temperature as Af-
fecting Lubrication and Ring-Sticking.
Trans. SAE, vol. 32, 1937, pp. 165-172.

Stanier, W. A.; Engine Lubrication (Recip-
rocating Steam Engines). Report on Papers
in-Group II. Froc., Gen. Discussion on
Lubrication and Lubricants, Inst. Mech.
Eng. (London), vol. 1, 2937, pp. 614-618.

Stanier, W. A.: Lubrication and Lubricants
as Applied to Locomotive Reciprocating
Steam Engines. Proc., Gen. Discussion on
Lubrication and Lubricants, Inst. Mech.
Eng. (London), vol. 1, 1937, pp. 568-571.

Taub, A.: Cylinder Bore I/ear. The Automo-
bile Engineer, vol. 27, April 1937, pp.
134-139,

Taub., A.: Discussion on 3ngim Lubrication,
PYOC., Gen. Discussion on Lubrication and
Lubricants, Inst. Mech. Eng. (London),
VO1O 1, pp. 628-630.

Taut, A.: Engine Lubrication. Proc., Gen.
Discussion on Lubrication and ~11iJ~~C8.n*6t

Inst. Mech. Eng. (London), VOI. 1, pp.
57’2-576.
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Taylor, C. F.: Problems in the Field of Inter-
nal Combustion Engine Lubrication. Proc.,
Gen. Discussion on Lubrication and Lubri*
cant s, Inst. Mech. Eng. (London), vol. 3,
pp. 57’7-582.

I
Thornycroft, O.: Discussion on Engine Lubrica-

tion. Proc., Gen. Discussion on Lubrication
and Lubricants, Inst. Mech. Eng. (London)?
VO1. 1, pp. 620-621.

Williams, C. G.: Oil Visoosity in Relation to
Cylinder Wear. Proc., Gen. Discussion on
Lubrication and Lubricants, Inst. Mech. Eng.
(London), vol. 1, pp. 588-594. (See Col-
lected Researches, 1940, pp. 82-106.)

Yeates, A. C.: Lubrication of Stationary Oil
Engines. Proc., Gen. Discussion on Lubri-
cation and Lubricants, Inst. Mech. Xng.
(London), vol. 1, pp. 595-598.

Young, H. J.: Discussion on Engine Lubrica-
tion. Proc., Gen. Discussion on Lubrication
and Lubricants, Inst. Mech. l!lng.(London),
VO1. Is pp. 634-635.

Young, H. J.: Wear of Cylinders and Piston
Ring. Proc., Gen, Discussion on Lubrication
and Lubricants, Inst. Mech. Eng. (London),
vol. 1, pp. 599-606.

1938 ,

The Automobile Engineer: 3’orm Cast Rings.
Vol. 28, March 1938, pp. 82-88.

The Automobile Engineer: Ring Gumming. Some
De,sign Considerations; Vol ● 28, NOV. 1938,
P. 440.

B~nsch, H. W.: Der Ilinfluss von Kraftstoff
und Schmiermittel-Eigenschaft en auf den
ZylinCer- und Kolbenringversahliess (Influ-
ence of Materials of Construction and Prop-
erties of the Lubricant on Cylinder and
Ptston-Ring Wear). Jak+rb. 1~38 der deutsohen
LuftfahrtfoTschung, R. Oldenbourg (Munich) ,

——
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ilrfdgeman, O. C,, and Leidig, M. L.: The Ef-
fect of Oil Characteristics en Wear in Avia-
tion Engines. SAE Preprint, Jan. 10-14,
1938 (Detroit), 11 pp.

Breeze, J. J;, and Gravesteyn, J. J. : Fuel
and Wear in Diesel Engines. British Motor-
ship, vol. 19, 1938, pp. 216-218.

Connor, K. W.: Surface Finish Related to Wear
in Internal Combustion Engines. Trans SAE,
vol. 33, 1938, pp. 305-312.

Dutcher, 3’. E.: The Friction of Reciprocating
Engines. &tans. A.S.M.Il. , vO1. 60, 1938,
.PP. 225-232.

Znglisch, C.: AbdichtuhgsverhHltni sse von
Kolhenringen in Verbrennungskraftnaschinen
(Piston Ring Packing Conditions in Internal
Combustion Engines). ATZ, TO1. 41, 1938,
PP ●

5’79-584.

Finch, G. I.: Cylinder Wear, Lecture before
Imp. Col. Sd, Tech. Abs., The Automobile
Xngineer, vol. 28, May 1938, p.,116.

I’ester, A. L.: Chemical Treating of Surfaces -
New Principle In Lubrication. Nat . Petro-
leum News, vol. 30, no. 26, June 29, 1938,
PP ● 25-26, 28.

Gr~tsch, G., and Plake, E.: 3eetimmung des
Reibungskoeffizienten hei h~hen Geschwindig-
keiten ftir Stahl auf Stahl (Determination of
the Friction Coefficient for Steel on Steel
at High Speeds). Jahrb . 1938 der deutschen
Luftfahrtforsohung, pp, II 345 - II 349.

Hersey, M. D.: Theory of Lubrication. John
Wiley & Sons, Znc. (New York), 2d cd;, 1938,
pp. 10-21, 122-140, 158-164.

Kuhm, M. P.: E!influss des Werkstoffes der
Kolbenringe auf ihre Laufzeit (Effe”ct of
Mate~ials on Piston Ring Life), Jahrb.
1938 der deutschen Luftfahrtfor schung, R.
Oldenbourg (Munich), pp. II 87 - 11 96.
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38-W-3

*

lliekert, P., and Held, A.: Leistung und W/lrme-
abfuhr bei geometrisch ~hnlichen Zylindern
(Power and Heat Transfer in Geometrically
Similar Cylinders). Jahrb. 1938 der
deutschen Luftfahrtforsahung, R. Oldenbourg
(Munioh}, pp. II 80 - 11 82.

Sparrow, S. W.: Safe ‘Tiecosity for a Notor-
Oar Engine ~ubricant. Trans. SAE, vol. 33,
1938, pp. 393-402.

Stei.nitz, Otto: P$ston Rings. Some Notes on
Loss of Efficiency ly Friction. The Auto-
~obile Engineer, vol. ’289 Dec. 1938, p. 460.

Steinitz, Otto: Piston Rings. The Question
of Dfstri%ution of Pressure. The Automo-
bile Engineer, vol~ 28, March 1938, p. 98.

Stern, N.: Piston Rings. The Theory Underly-
ing the High Point Design. The Automobile
Engineer, vol. 28, Jan. 1938, pp. 27-28.

Taylor, C. F., and Taylor, 3. S.: The Inter-
nal Combustion Engine. International Text.
book Co. (Scranton), 1938, chs. VIII, XX,
XII, pP. 140, 187-221.

Teeter, M. O.: The Reduction of Piston-Ring
and Cylin&er Wear. Trans. SAE, VO~. 33,
1938, Pp. 137-140, 156,

Williams, C. G.: Experiments on Cylinder Wear.
Fourth Interim Report. Inst. Auto. Eng..
Jour., June, July 1938; The Automobile Engi-
neer, vol. 28, 1938, pp. 289-294, 305-3@8.
(See Collected Researches, 1940, pp. 82-106.)

Williams, C. G.: Piston Rings. Design, Mate.
rial, and Casting Methods in Relation to
Performance . The Automobile Engineer, vol.
28, 1938, pp, 305-308.

Wilson, W. A.: Cooling Fistons. The Automo.
tile Engineer, vol. 28, Sept. 1938, p. 320.
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American Hammered Piston Ring Division, Koppers
co: Engineers Piston Ring Handbook. 4tih
ea. (Baltimore), 19.35, P. %.58.

The Automobile Engineer: Chrome Hardening.
Eleotro De-position as an Antidote to Cylin-
der Wear. vol. 29, 1939, pp. 453-454,

Bass, N. L., and Barton, C. H.: Aircraft-
Engine Lubrication. Trans. SAE, VO1, 34,
1939, pp. 8-14,

Bean, A. L.: Piston Ring Performance and Its
Relation to Lubrication. SAE Jour., vol.
44, no. 3, March 1939, p. 11,

Beck, George: Zyltnder und Kolbenringver-
echliess (Cylinder and Piston Ring Wear).
Deutsche Kraftfahrtfor schung, no. 29, 1939,
11 pp. Abs., ,Motortechnische Zeitschr.,
VO~. 2. 19402. ~. 224.

Bowden, I’. P., and Leben, L.: The Nature of
Sliding Friction. Proc. Roy,, Sot. London,,
ser. A, vol. 169, 1939, Pp. 371-391.

Bray, V, B., Moore, C, C., Jr., and Merrill,
D. R.: Improvements in Diesel-Engine Lubri-
cating Oils. Trans. SAE, vbl. 44, no. 1,
Jan. 1939, pp. 35-42.

Glower, J. I.: Lubricants and Lubrication.
~g~:aw:~il;V~oo~p~ oi9~N;:5Yor”k and London) ,

8 . 9 ●

Oook, D. D.: Piston Ring and Cylinder Wear,
Diesel Power, vol. 17, July 1939, pp. 570,
572-575.

1939

Dodge, J. M.: I’aotors Which Influence the
Design of Piston Rings and Materials Used
in !I!hem. Diesel Power, vol, 17, July 1939,
pp. 569A570.

,
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39- G-1

39-L-1
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39-M-1

39-M-2

Englisch, C.: Das Einlaufen von Kolbenringen
und seine Verbesserung durch O%erfl&chen-
behandlungsverfah~en (Runnilng-In of Piston
Rings and Its Improvement by Surface Treat-
ment). ATZ, VO1. 42, 1939, pp. 648-652.

Englisch, C.: Der Radiale Anpressdruck Ton
Kolbenringen f~r Fahrzeugmotoren (Radial
Pressure of Piston Rings for Automobile
Engines). ATZ, VO1. 42, 1939, pp. 290-292.

Friend, P. E.: Lap Gage Examination Reveals
Importance of Piston Ring Accuracy. Aut 0.
Indus., VO1, 81, oct. 15, 1939, pp. 442-446.

Gebhardt, Wolf.: Das I!’eit-werdenvon Kolben-
ringen in einem Iuftgetihlten Zweitaktmotor
und seine Beelnflussung durch verschiedene
Massnahmen (Sticking of Piston Ri~gs in an
Air-Gooled Two-Cycle Engine and the Influ- -
ence of Different Precautions). ATZ, vol.
42, 1939, pp. 502-505,

Lane, P. S.: Bore Wear from the Viewpoint 6f
Materials. Trans . SAE, VO1. 34, 1939, pp.
413-420.

Lane, P. S.: Wear of Diesel-Engine Cylinders
and Rings. Diesel Power, vol. 17, July
1939, pp. 5?8, 580, 582, 584, 586. (Twelfth
Nat . Oil and Gas Power meeting, A.S.M.E.)

Lichty, L. C.:- Internal Combustion Engines.

~~~r~~-Hill ‘ook co ● ~Ne~S~gr~hand London),
lg39, 603 pp. . XIV, pp.

398-42+:)

McDonald, A. T.: Some Factors in the Lubrica-
tion of High-Speed Diesel Engines. Mech.
Eng., vol. 61, May 1939, pp. 356-358.

McDonald, A,. T., and Blanc, L. A*: Cylinder
Lubrication of High-Speed Diesel Engines as
Influenced by Temperature arid the Combustion
Process. Proc. Am. Petroleum Inst., vol, 20
(III), NOV. 1939, pp. 25-?J2.

.

22

A

A

c

A

B

AB

c

c

A



.

.

No. 956 .NACJL TN

39-M-3

. 39-M-4
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39-~$-l

39-N-2

39-N-3

39-T-1

39-T-2

39-T-3

39-T-4

MoKee, S. A.: Discussion on Wear in Lubrication
Problems. Trans. A. S.M,E., vo1. 61, 1939,
P~ 344.

Mundorff, Harms: Kolbenringe ftir Autobal~nbean-
spruchungen. (Piston Rings for Automobile
Speedway Requirements). ATZ, vol. 42, Feb.
15, 1939, Pp. 62-64.

Meier, Adolf: Messung schnell-ver%nderlicher
Zylinderwandtemperaturen (Measurement of
Rapidly Changing Cylinder Wall Temperatures).
VDI I’orschung, vol. 10, Jan.-Feb. 1939, pp.
41-54. (Also NACA TM NO. 1013, 1942)

Neely, G. L.: Recent Developments in Diesel
Lubricating Oils. Trans. SAE, VO~. 34,
1939, pp. 485-500.

Nixon, Stuart : Piston Rings from the Operator’s
Viewpoint. Diesel Power, vol. 17, July
1939, pp. 575, 578. (Twelfth Nat . Oil and
Gas Power meeting, A.S.M.E.)

Nutt, Arthur: Aircraft Engines and Their Lubri-
cation, Trans. SAE, vol. 34, 1939, pp. 501-
512.

Taub, Alex: Cylinder-Bore Wear. Engineering,
vol. 147, I’eb. 20, 1939, pp. 163-164, 169-
1’71; The Automobile Engineer, vol. 29, March
1939, pp. 82-90.

Tichvinsky, L. M.: Wear in Lubrication Prob-
lems. Trans. A.S.M.E., vol. 61, 1939, pp.
335-346.

!lichvinsky, L. M., and Fischer, E. G.: Bound-
ary F’riction in Bearings at Low Loads.
Tran.e, A.S.M.E., VO1. 61, 1939, pp. A 109 -
A 113.

Tischbein, H. W.: Reibung an Kolbenringen
(Triction of Piston Rings) . Kraftstoff,
Vol ● 15, Dec. 1939, pp. 83-87; VO~. 16,
Jan. 1940, pp. 6-8, 39-42, 71-75. Abs.,
Xotortechnische Zeitschr., vol. 2, 1940,
p, 94,
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Williams, C. G., and Young, H. A.: Piston
Ring Blow-By on High Speed Petrol Engines.
First Interim Report (abridged). Engineer:
ing, vol. 147’, 1939, pp. 693-694, 723-726.

Yates, B. A.: Reeent Development in Piston-
Ring Materials. Trans . SAE, VO1. 34, 1939,

PP ●
49-58.

1940

Automo%iltechnische Zeitsohrift: ~ber die Leie-
tungsgrenzen von FahrSeugmotoren (On the
Limits of Performance of Automobile Xngines).
ATZ, VO1. 43, 1940, pp. 239-246, 262-270.

Ohatfield, C. H., Taylor, C. F., and Ober,
Shatswell: The Airplane and Its Engine.
McGraw.Hill Book(:~~ @~w York and .London) .
4th cd., 1940. . VI-VIII, pp. 69-
17%.)

Clayton, D.: Influence of the Lubricant on
Wear . Engineering, vol. 149, 1940, pp.
131-135.

J

Daeves~ K.: (Thoughts on the Problem of Wear) .
Stahl und Eise~, vol. 60, Nov. 7, 2940,
PP ●

1007-1008.

Dayton, R. W.: Mechanisms of Wear: Their
Relation to Laboratory Teetlng and Service.
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