R T R R I T o L
% C Lo
-

*

- UNITED® smrws ,
. \DEPARTMENT OF THE- INTERIOR
'BUREAU ‘0¥ IRECLAMA.TIO

LR R Ot R R

HYDRAULIC MACHTNERY LABORAIURY
. REPORT.NO. HM-2 .

a

*
*
“‘* -
,*.'
*
*

g 3
*
.
">
L
R
x5
=3
. *
B
.
*
¥
Lk

R

Gk k R *, * *—* Sk Al kK

i




Tochnical Libivnry
Burean . of Roeplom.ulon
~pbenver, Colorads

Bureau of Reclamation © -+ " Laboratory Report HNo. HMZ
: - o - Grand Coulee-Dam .
Hydraulic Machinery Leboratory Columbia River Basin - :
' ' R ' Compiled-by: W. Hamilton
Denver, Colorado : : N o N. Noonan
' ‘ . ‘Checked ‘by: N, Noonan :
August 25, 1939 . Submitted by. G. J. Hornsby

Subject: Sliding friction tests on metals.-

‘1. Purpose of Tests.

The 102-1noh rlng-follawar gates for Grund Coulee Dam
have sliding type seats. These seats were loaded to approxlmately
800 pounds ‘per squaere inch (based on'even distribution over the en-
tire seat),at complete closurs, but during the. process of opening
or closing the gates there:are portions of the seats subjected to’
nearly 12 times that amount or approxlmately'lo 000 pounds per
square .inch. For this partlcular gate, dlfflculty was experlenced
in making cestings of class "D" bronze which were capeble of carry-.
ing such a load. ‘Therefore it was necessary to. £ind ‘o combination -
of materialc having suitable properties for. slldlng surfaces, capable
of withstanding such louds and . hav1ng more a351rable qualltles for '
easting purpcses._

. 2Q Abstract“of Rosulfs.uf

. Tests of bearing moterials using different combinations . -
of bronzes, "S” Monel and stainless .stecls were made ‘under as close
to actual conditions as .possible. The surfaces werc plancd to.
about the same degroc of finish as to be’ bxpocted an - the actunl :
_gates and with direction of flnlahlng cuts purallel to the dlrectlon
of movement of the matorlal. e '

“the results indicatod that high tin and ‘high aluminum
bronzes ‘have rathor high coefficicnts of friction nnd show:signs of
- gelling nnd wear but donot freezc or cold—wcld.‘ The leaded bronzes:
(approximately 80/10/10) ‘run very good with stécls. (both ‘stainless
and the ordinary -carbon stéels) both dry und in-watér. “Tho-leaded
bronzes -on bronzes run fairly good both as to soizing end ‘coeffi- "
cient of friction when dry, but whcn running in water intensc chat~
torlng oceurs at 21l louds. s o L S

Thc hest combination of bronzos for gato sonts as detor- .
mincd by this tost is class "C" on QG-B~691a No. 6 (both listcad
under Government specifications) or the nickel bronze KN4O (Kopwers
Company) with ¢ither of the above bronzes. The usc of grophite in-




Close=up - Showing Plate and Block.
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sorts improves the beering qualitios of any moterinl as it does

not ellow metal-to-metnl contact, but because of this it cannct

bc used on gate seats. If the weter is relotively pure 50 as not
to form an eloctrolite, the use of a leadod bronze against a stoin-
less steel .should werk very suscessfully, ‘ - :

3 SpocimenS'and‘Testing Procedure, -

Gate soats arc usuaily madgﬁof:n cost bronze ﬁnd'bporatd _ ]‘

dry or under water with loads verying from o fow hundred pounds

per squarc inch up to ehout 6,000 pounds per square inch.

The test set-up is showvm on plotec I, The normal load was
oapplicd by mecns of the 4,000,000-pound Southwark-Emery tosting ma-
chine. The foree to produce the sliding of the test plate was ob-
tained by means of a hydraulieally operated piston having a 3-inch
stroke and moving nt a rate of about onc Toot per minute. This -
force is the product of the piston arca by tho prossure, Rollers .
were used so us to have single sliding friction. P

The size of the block, widch was stationary in this test,
was S~-inch by 3-inch and the plote, which moved n distence of throe
inches, was 4-inch by 8-inch. With such a set-up the bloeck was al-
woys in fyll contact with the plato. The plate and the block were,

" in most ecases, smooth-planed with the direction of cut parallel to. -
the diroction of movement and with all thc sharp corners ‘uf the
block romovﬂd'by-filing.~'Theutype‘of_finish'and direction of machin-
ing werc mado to simulate field conditions as nearly as possible. =
Vhen run under water, .o pan wns placed under tho platc and fi)led

with water so as to hdvc-upproximate1y]oné~qudrtorfof aninch of

wator above the sliding surfaces, |

The ‘lond was applied i;rincremdnts'of'approximatcly.SOO‘
pounds per square inch of block arca by means of the ‘tcsting machine.:
The block was moved back and forth about’ 10°strokes under each load.
This wes continucd, noting the force required“and'thefcondiﬁion‘cff
 the surface wntil therc was a failure in surface or benring, until
the chattering became of‘Such,magnitudeﬁas‘to;CStablishya‘sérious"

condition, or until thq‘prossure.reqxirod_in the oil eylinder to move -

the plate wes greater “than tho .cupacity of the pump. -

The data shocts give o resumd of the tests, listing mate- =
rials, loads, forces, cocfficicnts, and remarks, In the ‘column .-
"remarks," the word vibration indicatos o Jerky movement of the mov- .
ing parts such that It could be felt by holding one's hand on thot
pert. When chuttered is used, it indicatos a vibration so intensec’ -
as to cousc the ontirc seteup to vibrote and also to cause econcider-
able noise. o o e




_ In addition to the materials listed on the chart, "Physical:,
and .Chemical Properties of Materials Tested" tests were alse mede on
- "S" Monel furnished by International Nickel Co, and 1Zz~chrome ‘and
18-8 stainless steels furnished EyuRequlic:Steal Corporation and the
United States Steel Corporation. 'The graphite insert blocks wore :
prepared by Merriman Bros. ' R o :

4, Conclusions.

- The ‘combinations found to be best were class "C" on QQ-B-
691e No. 6, the latter ineluding Cramp Brass No. 91 and KG6C (Koppers
:Co.) or mickel bronze XKN40 with either of the sbove bronzes., S.4.E,
- 64 (Governmont specificetions) on steels (either alloy or carbon
steels) runs very good ‘either dry or under water. = - " AR

. After running the sliding friction tests, it is epparent.
that further study is-nGGGSSary‘tO'draw:definitc'concluSions on slid-
ing friction. At present timo, physicists, both here and ‘abroad, -
ere doing sime rcscarch ‘on’ the relation of sliding friction to size
and shape of grain structure, to molecular attraction of the two
metals, and to the heat developed on the surfeces in oontaet. ' How-
ever, from thc tests as rum, the following conclusions have been.
drawn SRR ST : SR

(a) The coefficient of friction is independent of the normal
load up to the load at which scizure takes placc, S

=

(b) At specds of apprdximatciy-one foot per minute the 6oaffi-
cient of friction is the samc for starting and -running, =

(e) From the standpoint of seizurc, .smooth plane surfaces are
superior to ground surfaces. Also e combination that has a tendency
to seize will seizefrogardlessfbf'finish,fif_run‘for‘Some time - even
at relatively low loads., -~ = SRS S : '

(a) Stoels on steels will seize and frecze .or cold-weld while -
bronzes on bronze or steel will seize or gall but will not freeze =
or cold-weld., ; e B o o

‘(e)  Bronzes containing load have a groater tendency to vibrate
when operated under wator thun bromzes without load, oxcept whon
used in combination with-steels. : L B
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HE—TEN-SL (1A) Amerlcan Mﬁnganese Bronze Co. ‘Block . (Rnund)

jCondi~-"} Totul Losad on|. Forcs Coeffl- 1

~Description of ‘ftion -of 1oad on “bloek.:b. iin o ].cient.ofi| ‘Remarks.f
material . . ‘Jtest iJvlock p.s-:»..‘f""\Ii.“t:vf.'__}:_fr:'p.‘ct“ic'm_‘,_‘j Lo

e R R 1b. SN PR B b

“JBlock (planed surface) | | 648007 956 2;115?   *" 7fSlltht Vﬂbraulon
| on QQ-B-691la #6 (Gov*i Dry i[> to j ol

specs.) hoving planed 1 f175,000°1 2,800 | 6,340:] " 0« ;ZSlltht vﬂbrutlon
‘surface , C }29,500 | 4,340 i} 11,300¢ 0. "J}Bad chatter o

Block (planed- surfucc) ol a,s00° 0 mos
.on DHS. (hopners = o ke b e T
Co.) having plencd | 'Dry. |6€,000 |10,000 i ‘9,850 }  0:14 |Surfaces O.K.
surface e S T B T E T P | I PN NDNEE

Bame as ghove = fWater . ‘é | 2,880:)- 0422 ‘|'Vibration -

Ao vibration, ./
Ihlack flakes:on
surface '

Blcckf(plaﬁcd‘surfaée)gVl,Q”; : 'Ef ;'  ?;  ;.' { . _; f Vlnrctlon
| on KE52 (Koppors Co.):| T“";~ o | b e
having ploned surface | - - 149, jj 7,200 :110, 251 IR L2 S Bqd‘chaftqrz; ’




A.8.T.. B-100-35 T ‘Grode A ‘Block (American Brass Co.)
"~ Tdondi~ | Totol | Load on| Force| Coeffi~- | — .~ -
Description of 1tion off load on| hilock | in. ‘| cient off - Remcrks
material Jtest | Plock | pesels 1b. {frictionj - ' '
' : ' ~in vl e | R

Block. (ploned surfoce)| Dry | 4,500 | B5I7.4) - 974} . 022 |
on AdS.T.M. B-100= = v o
35 T Grade D plate | " - }14,000.4 13,400 0e25 4 - .
hoving planed surface| " = |14,000 17,5801 0454 |After 3 strokes:

o 2 . 1 . ,‘ o i (seizure)

Arn s g vem——

¥Block (pluned surface) | Dry | 1,700 196 | 5464  0.32.} .
1 on D.E.S, (Xoppers R b LT S . |Vo seizing
{ Co.) plate having |t 1 RN U
| ploned surface ' 137,000 | 112,900 1 = 0.35

1B10ck (ploned surface) | Dry | 4,000 1 4 e18. -,0;15 i-. .
on KH 73 (Koppers Cou)| -~} to | . 1 ASeizure lines

1 plete hoving plened | 66,000 | A 9,050 | "~ 0.14 | 4n plave
surfnce 1o ‘ T : |- B B A

—— — -

Some meteriel os L 113,000 | 11,488 | 0.12 vns :smoothly.
{ above - surfacos : 122,500 124980 0413 Khetters hadly:
refinished by file |~ }35,000 | 15,580 | 0416 | but no sign of |

' : ‘ : : - ~ ¥'seizure & .




A.SeTeke

B-100-36 T Grade D Slock

(American Bress Co.)

Deseription of
material

Condi~ |
tion Df
' block.

Tbtal,
load on

‘Loead on.|

‘block -
pdS@iif

‘Force |
in

cient of]
thuT ;

R

CoafTi-

friction

: "Remafks

Block (planed sur-
face) on Frontiur

#5 F plate having
planed surface

{40,000

{in 1b, |

4;ooof

to

460

4,800

8,150

1,093

.'0127:

' -0¢235

Surfaces score%

Block (plemed sur-
face) on QQ-BE-G%1a,
#6 plate heving
Planed surface

4,500
112,000 :

| 24,500 °

517 |

1,380

2,815 |

1,115

4,670

‘8,010 |

0.25

- D.41

Chattered and .
:  surfaces badly
0483 T

geored .

Block (planed sur-
face) on DeHaSs
(Koppers Cos) plate
heving planed sure
face ‘

4,000

| za,000
13Ls000 |
‘| 41,000

460

2,760
3,566
4,730

7,630
12,840

903

) 0423

o.z2) o}
8light chatter:]

0433,
032

$light chatter|

Block (planed sur-
face) on KeS. 95

(Koppers Cos) plata.|

having plorned sur-
face L

3,500

{12,500

{23,500 -

402

1,440 '}

2,700

10,270

feso\

4,230 |

.25 |

 0034;

R Y

‘Seizwro




American Brass (Co. 7452 Block

Description of
material

‘test

Condi~:
tion -of

Totel

load on:
‘b hlock.
Jin lbe

{Load on
‘bBlock i

'5p-84i-%

“Force
© in
1b.

Coeffi="
Jcient of

Jfrictiont

Remarls -

Mlock (planed surface)

{ #4852 plete having
‘| planed surfaece

on Americen Brass Coe

CDry

4,500
13,500 |

23,000

1,550

2,640

517

1,405 |
3,610 .

5,540

0027

0424

0.33

Sliznt vibration

Seizure

Block (planed surface)

#937 plate having
planed surface

on.American Brass Coe

15,500
13, 000:
24, 000"

43,000 |

g0z

1,492

4,940

24760

1,085 |

5,350

20,930 |

5,820

0425

04811}
0:26

-o.gé,'

Seizure

| on :Cramp Brass 391

‘1-surface

Block (planed surface)

plate having planed |

2,500
12,000
- oto

'287:
1,380

5,910

1,070

5,800

0432

0429

0.43 ]

‘Seizure

i} ploned -surface -

?Blockﬁ(planed\surfucc)f
| on B.A.E. 64 (Gov't. |
"|:spees.) plate having |

to

2,000’

23,000

0,23

‘0;19?'
: . HO;lK-_

Vibrot.es or
chettersat all
‘loads, surfoces

'} Cos) plote having
|'ploned surface

;EBlock.(blcﬁedvéurfagé}i Dr
1 on K.S. 95 (Koppors - |-

1 to
| ses000

1] Vibretos or ‘
1 ehotters ot.cll ™
| londs. .Seizurce




.‘.Amefican”BrﬁééﬁCd,_#@l5 Block
{Condi- | Total :} Load on| Force | Coeffi- - R
Description of |sion of [loud on ‘block || in || cient of . HRemerks'
material ftest  |block | ‘pessis| 1bs |frietion} i
: 1 Jin 1be - 3 B *

| Block (planed surface)|:Dry | 4,000 . . 4601 1,260 | 0432 |
| on American Brass Co.: S ke R AL I 5
F#a52 plate having : i o R SRR R R

‘plened surface 1 1. 34,500 -4 8,460 0«25 | Seizure

‘Block .(plened surface)}: 12,500 { | 3,420 ) 0,27
on American Brass Cos. | o SR
#4915 plate having Lo WO q 1 I i . : : ‘
planed surface . - 44,000 111,880 | 0427 | Blight seizure |-

Block (plened surface)|Dry | 2,000 230 | 5231 0426 |

"] onCremp Brass #49 |- : w0 | o S
-{ plate having planed S T : IS D ' o

surface o .| 465000 | 113,540 0430 | Surfaces -Q.K.

Block (planed surface):| Dry - | 4,000] 460 | 1,115 | 0.28
on -Cramp Brass #91 I EB! BRI :
plate having planed R TR R ‘ A
surfoce : Aoy 4R 1 111,520 | © 0.27 | Seizure

-Blockk(?laned_surf&ceJ-' ot 40 eRT | 73741 0.29

on QG~B~671 (Gov't. | RS | T B,

‘specs.J plate heving C o) g R Rt | I o
planed -surface o b : f.ll;ﬁﬁo; 0428 | Surfuces 0.Ke

‘Block (planed surface)| Dry = :| 2,000 287 . BOO | ~ 0200 4. -
on American Brass Co. | - = PR S R S
#915 plete having . 1. 01 EERU U SIS TR
planed surface D 1 13,8257 017 | -Chotters




-AmericaﬂiBrass*Co.«#ﬂS?;Bléck

ICondi- | Totadl [ Lond on| Force ICocffi- [ . . .

Deseription of tion ‘of[ load on . bleck | in  feient of| . ‘Remnrks
‘material test [block | pesele| b qifriction).. = ‘

. : : 14N 1be o KN e g

Block ‘{planed sur-= | Dry ¢ 3,260 | 374 998 0.3
fuce) on American : ool R
Brass Co. F915 ‘to.
heving ploncd : SRR O 1 Ao e '
surface 46,000 .| 'B,170 i|10,900 '} 04247 Seizure . . |

Block (plined sur- Dry {14,000 ‘| 1,810 |'3,180 | 0.23 |
fzce) on Amoriecn ' o | : B
Bruss Co. #937 L 1 : B BRI 3 e
hoving planed surfcced 145,000 | 5,170 | 9,480 0«21 | ‘Chuttored oll -~
o B ‘ g S i} ‘lowds = 8oizurc

ﬂlDCk (plmEd ST Dry 3’000 545 V } 808 : 0027 ‘ ’ -
fece)on Class "C" S R : : NS .

(Gov't. specse) huvf. | te . A {1 :
ing planed surface 11,000 | 1,265 2,230 ° ‘020 | Chottered nll .
' 1 ' S I . 4 ‘loads

D Lt TY T SIPUY- IRIREPPUIN SENUIININON S
- B LR s IRLIS SIS TG S v tremrri b w4 e .

Block (ploned sur- | Dey | 3,500 | 402 | 927 | 0,27
(Koppers Coe) having| | 24,500 ‘| 2,820 16,400 | 0430 ‘| Vibration ..
planed surface = | | i b g ke s
b ' 46,000 | 5,280 ‘fi8,150 | <0429 {:Beizure .

ests L - ]

. +
— e b s e A -

{Brock (planed surfuce} Dry. | 2,500 1 287 | 642 | :0.26 :| Vibration
on K«H. 73 (Koppers | RE Y R S B ER
Co«) having ploned 1 [ ERRREE SR q |
surface b 12,0000 01,3800 /.2,375 ¢} - 10420-¢ Bad .chatter




Cromp " Brrss & Iron Poundrics Cou 545 Block =

k ‘Condi~ | Totzl A,Lpad on;.Force ;Coeffl— 1 s
Deseription of . [tion of load on { ‘block | dn . ‘jeient of: ‘Remarks
matericl test Iblock: ) pesele] Abe frictiomi .0 o
--mmmﬁ RN (TR | ISR

Block‘(plﬂned,Surfade) Dry :1.506 : 11731‘ ,380l:‘ 0425 |
on Americen Bross Cos| 191000 | 1s185 1 o.2e | vivretior
dla52 boving planed | . |11e000 | 1,265 3,185 |  0.28 ?'vlbr&tlon
surface. i SR L NIRRT NG| RPN
RO _ 1. N186,500. | 4,1951 8,460 =} - 0+23 *~Bud chatter-,
: : o , S a i*Selzure

Block (ploned: surfaco) 13,000 | 345} - 760 .
‘on Cromp Brass Co. 1 1 '
#49 having plﬂned S : . o ' | IR S
surface o ,500 |- 5,230 k1,700 _ |'Surfacos 0.Ke

’mak(mmmdsmﬁmﬂ D 1a {495 11,115 | 0. | Vibrotion

‘on QQ-B=~891a #6 1 0 e e R

(Gov't.‘spccs.) h&v— ‘ : : _ . ‘ . ‘ 3

ing planed sarfoce | {33, s 17,680 |} 0623 |Bed chottor =
‘ - : N § o e | Seizure:

Block (planed surfaco) ry 4,800 11, O I _\f Vivrotion:
on SebeEe 84-{Gov'ta EILOURE S O, : U B : S
spoes.) having plemedj - o R I T HEE e R
surfece _ . 23,500 ,700 f4,870 | ~ {Brd chattor




Cramp Brass & Iron Foundrics Co. #49 Block"

Description of
material

ftion of
test

Condi_j'

Totel -
‘load . on
block.

: | Peseds
_El.n lb. ' g

Load en
Block .

| Block (planed‘surfac@v
on ‘American Brass Coa

A.S.T.H. B=100-35 T

Grade D having planed

surface

Dry

T

3,500

o

| 33,500

P

402"

8,850 -

'Forcq
4p
,lb-;

_quffif Y
cient of |.
jffidtioni

" ‘Remarks

1,

530} .

11,680

0.38

0435

ﬁSurfaqeLSCOred:

Y

8
S
1

Block (planed sur-
fece) on Cremp Bress
‘Coe #49 having '
‘planed surfece

Dry

4,500
to

60,000

17 -

6,900

12,730

B3Z.1

'T0021

| :Surface in fair|
| . condition

{'Block (planéd sur-

face) on Cramp Bross

Co. #99 having
“planed -surface

Dry |

4,700
oo
22,500

32,500

11,8701
| 8,530

111,200

C 0632 |
0436 |

0437

¥ibrotion

Vibration

Block (secrnpec

surface) on DeHeSs
(Koppers Cos) have
ing scraped surface

* Dry

Water]

4,000

| 34,000]

“110,900.1

7ag|

Cioaae
0.2z |

  :”0;325

LBléck7fiakes
|+ - present . . .

Block (planed sur-

face on K.N. 40
(Koppers Co.) ‘have
ing planed surface

'} 13,8500

{ 24,000

4,000

| ees]
| 2570l

3,990

0425
1 0.19

0417

“Vibration
&Ch&tter 

kBaé chatter

11




Cromp BP&SS%&YIron.Foundfiés'Co;ﬂ#gl'quck

Description of
nmatericl

Condi~ N

| +ion of:

test

Total

block.
‘in 1b.

load oni-

Load on:
block .
Pasede

dn

Foreo

1be

“Coeffi~ -
| clent of |-
~friction ‘

Block (ploned surfacc)
| on Americen. Bress Coe
| #452 having planed ‘
surface '

Dry -

to

| 43,500

920

”55000;

19,960

2,710

; _ﬁ70423Q§ 

Vibretion

Chatter. Soizurc J

-{Blocx (planed sur?"ce)
| en Cromp Brass Coe

| #69 hoving planed

| surfaco

|.23,000

35700,
+to. .

“a25'

~ 2,680 11,

1,470

W

0et5

Bod soizurc

iBlock'(pinned‘surfaco);
on Class "C" (Gov't.

| spoc &) ‘having scra pcd
: surface ,

| 84,000
| pack tqg -
)| 82,000

to

£,000 |

3,680 |

460

%,360

0416

019

0416 |

Stirtod chat- o
B terlng

‘Block (planed surfrce)
on QQ=B-691a #7!Govta
spec ) ‘hoving planud
surfacc

| 60,000

i'41;500f'

| 51,000 |

2,000

5,360

230

4,770 |

0.13 |
0,15 -

0.16 -

;Vibratidn;_

;Badfcﬁét%ora' .
| Slight failure

in bearing

{Biock {plencd surlmcc)
on K.H. 73 (Koppers
Co.) heving plened
surfoce ‘

13,800

| 33,000

to .
21,000

3,790

1o

35080

ﬂ§ﬁ02°%'

;0;2003_“

|- o.as |

Bod chetter

Cromp Bross

Co. &

‘&7Iron;F6undrios

99 Biocki

1. on Cromp Bross Coa
| #45 hoving plqned sure
faco

‘ Blcgk?(planed'surfdco){-

¥

1.39,5001| 4,

3,500
“-td" :

y|10,100°

R

0.2 |

026

Vibrotion:

td'

”Bad cb"tter.
Seizure

|Block (planed surfacc)
on D.H.S. (Koppors
‘Co.) having plened
surface

4,000

37,000

260 1,095 |

118,170

0.27

| S1light seizure




 .fSame as ohove.

Frontior Bronzc Corp. #5 F Block

Deseription of
‘material

1 tost

Condi-
tion-of

Totc_xl
load on

IPblock

Locd on.
‘block
PeSela

~1ba.

Foree |

Sincs

‘Coeffi~

: clcnt of_
ﬁfncbon

Rome.rks -

1Block (planed surfaco)

) on AeSJT.M. B=100«35T
Grodo D (Americon Brass
Coe} hoving plencd
surfoce

Dry

1in 1be
1 5,500

to

632

0432

|Surfeces in
1 feir condition

{Block (surface as rolled)
on Frontier Bronze #5F |

heving surfece as rolled

Dry

[s1ight vibretior

1Seme as above

.?Sllght vzbratlo: 

','jSelzure

Ssme as above but w1th
ploned surfaces

- |Seizure

Block (plened surface)
| on . QQ-B-671 (Gov't.
specse) hoving planed
surface .

5. [Frontier ‘bronze
| ‘'seized

{Same us'above

{Black flakes
| present

Block (planed surfoce)

1 on QQ-B-726 (Gov't.
“specs.) having plqncd
surf&ce

 :51ight;scizure

Bloc? (Burfuco Gs
“rolled) on K.¥. 22 .
(Koppers Co.) having
plemed surface

‘ . Sure’
) faces not rofinished

5 Jslight vibretior

;Vibration :




Irumeta e

ClaSs‘"G"L(Gdﬁorﬁmcnt’SpccificatiOn) Block . -

Doseription of
matorial

Condi=~
tionxoﬁ
tgst'

Tobel
losd on

Thlock ]

| Locd ‘on
“hloeck
P.VS..il }

~Force

i,
- Tb.

Coeffi=:

ciént of .
{friction| -

Romarks -

Block (plencd surfoce)
on Amcricen Bross Co.
#937 hoving plancd

surface : '

Block (planed surfoce)

1 #937 having plomed
surface

A P

on American Brass Coe ||

Dry

to

4,000 -

460 |

{11,000 | 1,
21,500

1,780
3,420

/808

0,16
0416

0,20

‘Bad chntﬁbr

to =

| 22,500 | 2,
‘42,500;%1_

5,500 )

526

14,8501}
8,840

1 Bad chatter.
I 8eizure”

Block {pirusd curface) -
on Class "C" (Cov't.
spec,) having planed
surface

3,800

110,000

750

2,020]

20 { Vihrated

| Chattered:

IBlock (planed surface)
on Class "D" (Gov't.
speca) heving planed
“gurface

22,000

to

| 68,000

1904

8,030

|'s1ight failure

in bearing

|Sems .25 sbove

6,000
S to
25,500

1 1,045]

| 5,780

” Ghatters &11

loads

IBlock (planed surfuce)
1 on QQ-B~891le #6 (Gov i
spec.) heving planed
surfoce

| 10,700 |
to

63,500 Lo,

1,810

7,200/

| Surfcces 0.%.

1Same ‘28 above

8, SOO

_i:“ to -‘ -
‘12,000 | 12,

|Block (hoving Lubrite

671 (Gov'te specs)
1 hoving plened surface .

30 insartsj on-QC=B= 3.

e

31 11.000{ " 0.l

f Surfsces 0.K.

§ 7000 |
I DU RS
| 51,000 | 5

f'Rune smoothly 1

i,Started to chata‘

_“ter, then ron | .
smoothly. Sur-f
faces QKo ) °




Class nen Block (Contlnued)

Description of
moterial

Condi~- |

1 sion of
tost

Total
1oad on
"bleck

| Load on

“hlock 1
't P -St.i..

Force
“in

U 1be

Toefli- |~
“jzient of
frietionf

Ramtrks_”

IBlock (having Lubrite

| 430 inserts) on ‘QQ-B- .
| €71 (Gov't. specs.)

| having pleaned surface

4 Water

56,000
Citbo
© 95,000
{110,000 |

4,130
10,850
‘12,570

[Block (plened surface)

Rk on S-A.aEu . 64 (GOV"E].
“specs.) heving planed

surface ‘

15,9701

19,380
11,0501

" 0.10
0.10"

-0,11"

.Runs'santhr‘uh

1y

Chatters,
surfaces

o, K

| surraces 0.k

18ame as nbove

9,200 1,

to -

1 82,500 9,

1,190

8,500

0413

‘o;io ”Surfaﬁést;K‘;‘“‘

{Block (planed surface)
{ on DeHeSe (Koppers Co.
hekipg planed surfoce

Slock (plansd surfice)‘

hoving

on K.G. 60 (Eoppers Co.}}
planed surfice - |

-] 20,000

to

37,000 |
46,000
" 8,500
1. %o
~|110,0600 |

4 f*fl 515§

g, 120_
9,920

0.16.

-~ 0.22

0a17

‘-Chattéred.” -
Bloclk seized. .|

1869

1 11,280}

0.13

. 0.10.

,'Sux‘-ﬂt‘hces 0 Kq; :

Ren shndﬁhi&'”v

T

Same os obove

Note.

o — gt gy ® ban

A lorge number cf teqt
the best run, it ren. conszstrntlv good
cof =hout g, OOO POS. s :

' 12,boo3

Lo

leo ooo

-L"1'380'”'

-

13 800

et

1 496

11 soo_;

0.3

go;oé'

up to loads -

t. )
+ . .
Sur*wcos O.Q__j

mers run on- ih“s comrznatlon and thcuvh thls was‘Q i
hpth wet,end‘d:yv

1Block (planed surfrce)

hoving plencd uurfacc

. ‘Dry‘”-i
on K.N.40 (Xoppors Co.) | . '

OGO ;
! ERR I
: “08,300';

1,030

“1,420{

10,100| 11,

0.a6{"

o
1

R”n smootnlv

'Surf‘:fccs .0_.1(& :

i d e

fRnn smocth1"3, \



Class "C" Block (Comtimucd) =~ ©

Description of
moterial

Céndi—

tion of
_test.g

Totel "
load on
‘block "
in 1lbe

Load on
hlock

Peseis

Forgé
SAnte
b

"Coct'fi=
“elent of

frictionj -

Remarks .

Block (planed surfdée)*

123066:-"1-370? . 1,568 | 0.13 JRﬁn“smdbthlyq'
P to fooo oo S - S
~|os,000 {11,730 | 10,250

on K.¥.40 (Koppers Cou)

{ having planed surfoce - ' 0.10" aSuffaposlo.K.

Biock {plcned surfeco)
| on EK.5. 95 (Koppers
Coe) heving planed

‘surface o '

15,000
to

43,500

5,000

. 345 |

13,180

546

Cdas |

0430




Clrss ot (GOVOrnmont Spcc1f1cst10n59 Block

R : " Total jLoad: ‘on .“Forcel:C : -

Deseription of _% load on “Wlodk | in  i|eient ofif -Remerks .-
otericl j‘.. } Hlock Peseiaiy 1b. @yfrlcthon L e

S L ooopin 1b. T Ao _

e O il s i e N

: _,?Block (plmnod surf“cc) | R I ooo omazl 420 10;14,%f»
“Fom Closs "C" (Govtt. - ] te b BUTRE | N (T SR AR S
| specse). ‘hoving plﬁncd RO 68, 500 'T;BOOL;Y”B}E?O%”:”O@lzf?;Slightfbpdrfngiﬁ -
{ surface BRI B R I EECHERIEE | R IF1 DR ,;:;TdiluraV '

ASeme as above - - | Water 1 ‘9,

3 ij_::Su‘rf:_iqre.s‘_:_‘Qf‘K_.

e

réBlocL (ploned sur;:cc)
on Closs "p" (Cov't. .
speesa) hoving Dlancd R R b ‘: L e
surfwcc o Sl 8 63, 0| 742 1 7,070 ’Ofi',é’veryQSIight
s | ST R IS | DR DRI | I At

LSamc;uéiabb#élﬂw ;.,\‘Whtefff
'%}81iéhﬁﬁtehdency
- f. toschotter

{Block (planed aurfaco)
| on .S -#96 (Koppors . S S P SR e T
‘Coe) ‘having plancd .3 | ek |7y %57 ff! f.,f%KSignsjof‘*“'
surEACﬂ T TR R | R ~»§;§,, el sedzure

;ngc os above - sur;ace*{
ot rofinished “ftor R I ! B R | RS R
orﬂv1ous toqt \In; EIEERIN 28,500 ‘é‘b_* B R T & “stertod to
| Bod rehothor.




Aluminum Bronze QQ»BnS?l (Government Speciflcatlon-)

Description of
‘meteriel

~,Condiv;

“tion of
test . !

,Iotalf

load oxj -

wlock
ine . 1ba

Load ‘on
*lock:
fpdSnicg

J}orcp Joaffi-
2din
Ib.

prentor}
friction}

- |Block (planed surface)’
. on A-u-TnB’I' B 100"35T
Grade D (American -
Brass Co.) hav1ng'=-"
planed surfece

Dry

120,000

| 22,500

:2;285-3

TE;SVQ

8,070

b
i

7,010 081

0sd0

No vibretionor .

| merious ‘galling

-

18ame materlals as
ahove

Water

¢ 2

Block (Lubrlte #@0 ine |’

serts) on A.S.TeMe:
B=100=35T Grade I
(American Brass Co.’)
‘having planed surface;

Samq.matérials:as
above '

L.

| No vibration
{ or galling -
| though sur-
1 foces .ap-..

peared scraped

: Raﬁ smo6th1y -

EERan?émpothly

E»Block_(planéd surface) .

‘on ‘Frontier Bronze #5 1
1 ‘heving ‘planed surfacc '}

| Block :(plancd - surfaéd);:‘

on QG-2«726 (Gov't;
spec.) having’ plancd
surfoce N . ‘

" Block (plened surfice) | D

on S.AE. (Gov't,
spec.) ‘heving plhncd
surface.

1'Block (planed surf&ro)

on KN40 (Koppors Cos) | -

| having plened surface

e i 1

| 33 200 3
ftD" ;?Hfh

1 30,0003

1'Seizure

Seizure

"{Ch&tfcf -ysuf~
| foces 0.K.

Dry .

| 5,700

- |.52,000

“to

1 Block (seraped surface)l;

on KN40 (Koppers ‘Coe)
hav1ng planed surface

‘1.37 ,000:

el
7 000
to

Burfeces C.Ka

“Bleack flokes
.on surfaces.




QQdB-GQIai#E;(Gg#ernmentﬁSpecification)?Blbok3.‘
‘ — ~TCondi- | Total | Load on| Force| Coeffi=- 1
‘Description of ~  i|tion ofi{loed en :block i ~in :| ctent rof]
;material o test if dlock || peselo} 1bs ! frictlon
L : U ¢ panloef o .

| ‘Brock (planed surface) -Dry }+34800 o 403 E.l;ZBSﬁ C 0a37
“on A.8.T.s B<100-35 T R N T B
 Grade A (Americen” - | ko g e BT
Brass Co.) having | . . N I 1 SR R T ©
plaped surface 2By 1 2,700+ 6,720 . 9 { hatters aﬂl
7 . AR L O T TS R : 1 loads;

YBlock“(planed surface)
QI A- S-Laul- B"'.LOD"IJS S 4.
| ‘Grade D (Americen "W‘ ] te
| ‘Brass Cou) heving .~ | i SR R RPN - N SRR
: planed surface - 123,000 | 2,640 | 6,985 30~ :IChatters -
IR : : 4 . T .| ‘Seizure

*f.iBlock (planed surface) v | 9,000 ) ,”‘L
on Class "C" {Gov't. e 45
- spece) having planed SN S ‘ A T I | (AR TR ST

:surface R e 7 68 000 287071 0411 |Surfaces O.K. -

‘Same,as,above W 'l B 000

e X

[ss.000 | 7,750 | 8350 | 0ie [surtaces 0.

Bloock /(planed surface) |Drx 1 5, ooo
.on QQ=Bw871 :(Gov'te . | o S (O R 1 . :
specs) having planed S R °e o 0 | Chatters all
“surface o 140,000 || 4,600 ] 11,600 02 | loads.

AR B | b e ) o et | Selzure

1 Block (planed surfane) ' 49,000 |
on QR-B-691a #6 (Gov't S EEON I B
‘spec.) having planed - RN B T B I
~surface ‘ R T 138,500 |- 4 8,740 0,23 ifSeimre -

Seme &5 Bbove o lweter | 9,800
: T ke AL T e
1-92,000°f 10,450 111,900}~ .0 3 |Surfaces 0.Ke

. Block (planed sur*ace) ) | 6;000°
on QG-B-726 (Gov'+ I +0

spec.) having plened | .- S R |
surface : ‘ | | :62,000 ¢

f Chatter -
: qelzure

et b e et e . o e

f':Same»as above : :x_,' “Water .| 10,000

g . 4 : S E‘Cha+texs bndlvr
40;:'000.. CoRyRuY, ‘{ s 1 ce22 Selzure :

e o e v m e e e e b7 e re ] pm Eemmm e e s ey e




Yo wun e

T e e

.h uBusgla.#o (Government Specific tlon) Block

-

‘(Continued)

Description of
-meterieal

.jﬁtest

Condi-f
‘tion -of

Total
doad on |
“block.

T Lond on
block
“PeBels

aFofca
in -
1be.

Gueff1~%
|cient off -
1 friction‘

e

‘Reme.rks

1 Block (planed surfece)!

“ : dn ‘SeAsE. 84 .(GOV'to. r{ :

speu.) h“vlnf‘nlaned\
surfcce

4,000 | -
] te )
- |87,000

455

| a215 | 7,

a2

j
e

SR

0.19 |

! Chatféfé affert

Load of 2,300 ‘j
paS.l. B :

'}jSame Bs above

ol emaanll

Block - (p]uned surpacc)
on D.H.S. (Koppers
Cos) hoving planed.
surfoco '

{Wetor

Dry

8,500
i ey
'5 .«55 OCO‘
: '4 oooj
kot

{21,500 | 2,480

.Same as above

400

i%

f.Chattcrs, 011 i
i1: Toads .

_QfSelzuro on iho

hlock

e to e
; ,32 500'; gt

”%49o5

:E’Chatter —‘8012—

SAre

,Blook (planed surfucc)
on K+E. 52 (Koppors
Co.) having. plancd
surface

é;500f
1w
22,600 | ‘2,

| :Chattor -

8light séizurq

Block (planod surf%c;)

. on KeBa 52 (Xoppors
Ca.) kaving ploncd
-gurfeco

aQ;SOOf
boto i
122,800 )|

jfchatﬁofs';
:>181ight'sei;urc

‘Block (plened surircc)
on K.G.80 (Koppors
Co.) heving planed
surfaee

e o m e < e e pe

;_‘Block {plmed surPace)-

on K.F.74 (Koppers
Co.) hoving piened
surface

14,000 |- 48

‘3@;000’
'DJ.‘E"‘.:'. '4,‘0(5_0 : .
o 'to o

34,600 i

”‘é_ Block -(planed . sarfacc;

on KN, 40 (Koppers'
Co.) ‘having plqned
surface A

CopChetters - 0
4 Sedzure. . .

pravey

| Chatterod ot

9,50013_
| to
'“63'800‘

i tb:s lq“

s = 18 o

'8urfrees O.Ke

’Sume‘as‘abQVO-.f

17, 200 |
: to “E“
11202,000

—— e

jj*SurfgcQSjDak;

-

e mwns - e e e




b

OQuB-ﬁglu 4#6 (Governmcnt Spcclflcntlon) Block"‘“
{Continued} e

" " : iy " Fatam— *
Description of _Condi—j 1°tu1 I R R °°°ffi'é e
metorial |tion of ioad .om} LOad'd””ForcefCient,oﬁ - 7 ‘Remerks

' ftost || BLook | plock| in | friction) Lo

: ?‘1ﬂ 200 | peseief 1b. 5

_éBlock (plunéd éurfuooy Dz',y_:i 9, 000 -‘i;c36:2;710 “ffO;ﬁdg qlichf vibrétiﬁﬁ ;
24,0004 2,7605,820| 024 || Slight chattor

34,000 /| -3,:890}8,550 -0.25] Chettor= Bronzo

: A 1 e e i e e gepred

{Seme matoricls as | Wetor 35,000 4,000]6,410] © 0.187f ¢

| chove, beth ve- ) |47,000 ) 5,3v0ls,s50] 0By o o

finished by filing f .| 69,000 3;7,530153070 . '0s22 '} Slight vibration

on 8" Monel hoving
pl rmnd surrnco

4

'Block’(having”Lubrftbﬁ.: v o1 17,000. v71;940 2 OGO‘VVO.iB-. el e e
No. 20 ‘inscrts) on 8" . - SR SR © . ) Ron smoothly.
‘Moncl heving plrncd 1. p1e,000. TlE,GOO]AjoBO 0412 |} Surfrees ‘0.K.
surfﬂco : B! SRR RS U S T




QQ-B-GQla #7 (Govornment Spoclflcatlon) Block

=Deécription‘of
“mogtericl

‘Condi=:}"
~tion of
test. |

Total:
loud_oq
‘block:
4n 1o

Tond on:
‘block | :
Pe S‘a:iv:.';;

Sy

1b.

Forces
in.

Coeff‘

Joient” oft, a
rriotion|

- ‘Remorks’

Blwckﬂ(planed surfoce)
‘on ‘Ad8eT M, 'B=100=35 T ;
iGrede A {(Anericsn Brass
Co.) hnv1ng plnned
surf

_ESdmejmatorinlsLas‘abovcﬁ

.:tof%

'R -
3

‘4,000

90 OOOZ

By ooo B

460 |

690

525

s, 780
:)_._ B i

998

D41

Surfcces Q.

thafféréf
loads:

|Block iplaned surface) |
on LS Telle B-100n35 T

‘Grade D (Amerlcan Brass
Coat) having plwned surn
’face

2,500

Cto

1 167,000

287 .

7,700

8,860

875 |

0a1B |

013!

‘Surfaces

'“%\Blpckydplaﬁéd‘Surfhge)“*

Séme?materials asahove

b

Water

,00

10

',:‘32;000;

1,150}

5,680

1,380

{,610

7}0:145

oaa}

Chetters

1%Bloek (planed surface)

con ‘Cremp ‘Brass 45 . haws

il ing planed surfece

Dry

"o

‘g:él,coofp.

;3,@091__

345

‘2,410;

i

T "7ea”

s

'To.Js

2 lopds

%Chﬁtteﬁsfy'

”;oaQS:

‘on ‘Frentier Bronze #5

  ,%‘:havingiplaned-surface

3D¥V"‘z

st mrmre agas

f Same materiale as. nbove{

'"Whter

"ﬁ;zﬂdf\
B R TR
;SO;OOQEQQH“

s, 500 1
C i to. 8 E
"-511000§‘

5,810

: @B;QZQ/\lils

- 6,560 .0

Started to chat-
terat 2 OFD

Ifabulo

Ch*tuwsbwdlv.n]‘,u
i koods greater L
than B OUO;P-S-lvH

PR

'ﬂé'Block {pioned. surf“ce)

.on OR=B-691a 56 (Govit,
8pecs) huv;ng planed
surface

Dry

16,8001
1 61,000

S

1,880

we pem

6,950} 7

2,020

,450|

Q.12

Surfoces 0.,

ot e -

5-Sﬁme¥mQterialsuas above i

— e - —— — W |

Woter,

417,000
|| 28,800

910
1,940
B 280

1,180

: 2,090 :
.'3,990

Gold:
"»u 012
0.14

Cnctter, slirht
seizure

— g —— -




‘Q-B-691a.#7 (Governmcnt Spcc1fwcnt10n) Block

(Cont;nucd)

Doscrlptlon of
metcr~01

4;Condi~f‘
~tion of
togt:

Tot"

‘loqd on
" bloek

. a

Load on

blnch‘ﬁ'r :
U 1Y, -

PlS.ld

Force
“in’

COeffi—éi
icient-nf
frictionf - |

Remerks

‘Block {ploned surface)
on SJAWE. 64 (GOV bo;
spcc.) ‘having planod
surfuco

‘EDry

“in o 1oh|

_ 9;00oéf.
- to. i
184;500%

1, 023

s;zoq

7,920

1,070

1

o

02

015

Some notorials os
‘above '

5 OOO
to-

{zz,oqdé

575

~.2,530].

H

gz2

0417

0417 1|

fChattcfs;dll

loads

félightlvibfation
ST

:Bloék (plnned*surfapc)f
on 'DHS (Xoppers Cos) -
‘hoving Dlan ad surf"cc

: A‘:DI,'];"' :

+o

68,000 ;

La21}

7,740

0416

0415,

ESurfadcs§O¢K{

ISamo mateorial as.u.ove.
‘Surfoces s from
Previcus tests

}Whtcf

4,000
bo

28,000 ¢

3,190,

1,595 2,140

| 0.9

0415 |

Chettered 1l -

Yoads




—B«?ZS (Govornmont Speclflc"tlon) Block

Desceription of
‘mébericl

1 test

Condi~-
tion . of

Total -
load onj .

bleek |

Load on
block
"0»5010

'Furce
in
lb. ;

: ,CQBffit- .
relent of
friction

~Remarlks .

‘Block (planed:surface)

SPGG-‘)

havlng planed
urface :

Dry.
on Q0-B«671 (Gov'te b

in 1be

-4;300:i5"

o

| 58e000 |

m—— b

.Same materials as
‘above

-

908,

.

181iht vibra-

'L tion at &1l

iﬁloadéj*§éi;- ;

ko

;§43;ooof"‘

urg. -

{Vibration - .

Block:(planed- surface)
on QA-B-691a #7
- (Cov't. .specs) hmvzng
planed ‘surface -

| sare0

‘ﬁd.

| 68,000 -

‘Seizure .

S1icht vihrae

“tion at highe'

:-:erfioads.va‘
fSugfacéséQJK.‘

‘Bame material as above

gther'

| Chatters at

. loeds ;tLhoﬁ'é_
2,000 Pesaie |
‘Surfaces 0.K. |

Block {plened surfgéé)
on S«A.Bs 64 (Gov'te
spec.) having planed

surface.:

il 0;16

| Vibrates sll

Bloci (planed -surface)
-on K.He74 (Koppers
Co4) having planed
surface

0422

0417

E'Chatteféa;;

- Sligznt ‘seiz~
“ure |

fBlock (planeu surfac°}
* on ‘K«Ns40 (Koppers

-surface

i
‘Co.) ‘having plened: i

0424

0.22

‘1 Seizure-

on K.E. 95 -(Koppers
Co.) hav1nb planed
surface_ : s

Block (planed surfucex_;‘,
b

9,815

. i W B
vt e G P pwpn

 ~0;23

0.16

I¥Vibration at

hirher loads |




 QQ—B472 (Govarnment SDPCLflCQtlon) Slock
' {Continued) o

‘Doseription af
" meteriol

_Condi-:

To+a1

eion.of lOQd on

.”tes

blocb

-Load-on
ps Se ie]

Forca
An:

1b?

Cooffi-
wwient off
frmctlcn‘i

»}Rcmgrk5f5;7

‘Block ((plmed surface)
cn "8% Monel hawing
crground surfice

| ‘Some materiols as
above o o

Dry

'“Whtor

9,000

47n-1ba)

28,000
35,000 |-
5,000 |

17,000

| 1,080

2,970}

 %;0@§:

oz |

.22 -

Slzhht chain‘
te“ ‘

Bloeck (having Lubrito
‘No. 30 inscrts)on.
"s" loncl hoving
‘ground surfuace

0.27 ¢

fSlightaﬁhd ;

ESiigh

cHattcr

“d chattor e

v e pane <y

Ran smnothlg

Same material as
anove

4,000
tO_ .

31,000
49,000

69,000 |

| et ehotror

L )
1

EE

Rﬂn smnothlg

Sllfht cn ttnr




Sehs E. B4 (Governmant Speclflcotlon) Block

Doscription of
‘matorial-

fCondiwﬂ
tion of]

Total

«lon@;on
‘block -

ALond.oq
“loek |f
- ‘Peselel

‘ Cﬁﬂffl-gf‘,
|-cient off"
qfrictionf

Romarks

‘Block {plencd .surfoee).
"-on (Class "C" (Gov't,
Spece ). H”Vln” plancd
surfuce - o

- test o

Dry

ir 1ba:

{68,000

7,500 ;
ko

REDERY

i {5612 

 ?0;14‘€4

Sllvht bccrlng
feilure on:tho

Glssq "C"
brnnzu

{}°Scmo motoricl as above

iWhto; J

‘12’DC_
o to o ‘;
1450,OOQ‘

'Ti;37dﬁ_‘

16,820

Vibretos ond |
ch”ttnrs ok BN vll

londs

"B »ek -’ (planﬂd surfncc)
on QNaB=g7] (Gov't.\
_spec. hav1n5 plqncd
surfﬁcc

4,000 [
oo
140,500

- 0.18

PRPRRRS

"®iock {‘plancd surfacc)

b”c;)
surfucc

‘having plunod

{iDry.
1oanQ-B-691a:#6‘(Gov’t,, -

S2,700

‘1£q~

168,000

a:307k

0413

0012

.

‘:Bﬁﬂ'chnttcr;:
HSurfaecs 0K

2 . e ———

i;gSuff&Ecng,K;

“{Same materiel ss chove

A Wetor

#3,500 f

to

10,500 .

1 o.20

jdolg’é

'Chﬁttcrs]bﬁﬁly e
1ot all lovds

]Blch (p1€hod‘surfac¢)
on QG- 4»69ln-r7 (Gov'tu
SPCCO)

Dry-

7,800 |
8 ol .
36,300
4E8,00C ¢

st

C 140

5,130 &,

;'RunSASﬁdbtﬁlymi
Virration

Srme mutericl os above .

Weter

9,00
Lo
18,500 ,

1L:Ozb:

2,110

S Vibredion. o
“logds

Block (planed surfoco)
“on OC-~B=726 (Govtte
.speccs) having plancd
.surfoce

ry

R B e T T .

4,500 i)

to-

168,000 -
81,500

517

7,810

9,370

'40,11 ?

013 ]

Q.11 ¢

Rune

Phcttcrs

b

[, S

smoothly



.-

Se A»E. 64 (Govonuuﬂnﬁ Snnciflc ilon) “100“

(Gcntlnuod)

Doscription of
matorial’

Conél—f
Lion of

Jtost

“otal
“Lood on

An Tb.

~Load on
L on{ . “loel,
block | ] T

Force
in

CIbe |

Cnoffl- g
clent -oft

fr;ct1en

[

-} Bloek {plencd surfo éd):
]

| on B.hJE. 64 (Gov't._
i hPCG-) ‘hoving planed
‘1" surfoco.

Dry!

'f ("'\f"

f??uns sm “thly

amc_:‘matoric.l AN D.‘r-ovc

i
f
:
i
.
il
X

Wetor

FChotiors.
~Locds

R Dlovon ol -grooves

‘mochined in the sloc

Smme matarlhl.hs “hovoo'watnr

"1‘301cftcrs”

1 va;d-s :

‘on DvH.Se (Koppers
Cos.) hov*nf plnrcd
surf '

i

;Blnck‘(plﬁnc& surfeee)

?
1
[
i
i
|
|

Drﬁ':

'Ch;.ftérls B

ly
Chntﬁers'
lv )

Sﬁmc m¢t0r101 os qnnve

i
i
By

Wdtcr

1 on K.B. .73 (Koppors
: Cav’) hmv1ng ﬁlancd
surface

3
I
J
Y

J
.
!
.
IE
!
i

Blogk - (planed surfacc) iDry

ly,

‘5§Rurs Qmoathly p
hettors: 1‘Hd--‘_n-

Sclzur

i

© lene ttcrs bad-;‘_'f

Roflnlshﬂd ‘V fllo.m

18eme. moto ricl os w.ovc.1w for

‘Block (plened surfe

ont KeNadi (Koppers
. ‘Ca.)_having Ploncd
1 surfnco

i
H

1y a1l loads .

-

3ch;tté}§"b»d;=

pt

o

vibrated 11

1loads

‘ Suk'f CCu O ILG =

1
i
]




Sehe E. 64 (Government Specif;c tlon) Block
. “(:Continusd)

Description of
_material :

Fondi-?
tion of
test -

-Total.g
Toad on:
block -

Lcad;oﬁﬂ
“bloek}

'1 Pos.il . 1b.

Borce
Sin

Poeff%%

‘} cient of
;fncﬁon

.

Remarics

pe

: Block (planed surface)
" con KoNe42 (Koppers
COa) ‘Thaving planed
surface :

Dry

An"1be.

4,500
o to o
32,500

3,738 |

BT

“:5 ,':f.'_)'15 k.

047

jChatters all

'loa6§f7 ; -

B"oc,k (plu.ned surfacs)
on "S" Monel having
:_1131&1:16& surfacau The

g Mbnel su*face wrs'

‘rrather wuvy

Elobkjfhavingwiabfite,f*

3F30 ‘inserts) on 8"
Monpl thaving grcund
surfuce ‘

_ 35000
4 13,000 [

omas |

528

'Q%Ran smoothlvf'

?;Vlbratlon

Nvsvration

| Ran smoothly

| Chettered =

Surfooes 0.K.:

‘Same moterial os

ohove |

';92 ooo

;106 ooo‘

s i

?;Ran smoothlv

: "hvttared w0
| “Surfrces’ D.K;T

Block (planed surface)
Lon- 12 Cr. Steel Plete.:

- hoving .o surface pre-f

V1ously scored

8 500
to &

asnnothlv

ffSume;matdrials_as‘abowé

Woter

| Ren very

jampothly;‘




D.E.S. {(Kovpers Co.). Bronge Blook .

Description of
moterial

i

] Condi-"
§tion of
Hest. e

Lo b in bl

“Total
‘Load -on

bloek

Loacd on|
© hlock |-
+ ‘.PwS.;i'-

N
i

Force -
in -
11-’)0 I -

|'Coelfia fo
pelent of |-
Afrlctlon*j«.r

Remurlks

A

"-'Block (nlanod surface;
1 on Ad8.T M. Bw100-35

T; Grade A - \Amerloan
“rass Cos) huv1nb .

i 28 aned surfaca'

| sy0007

o

121,700 |

32,000 |

2,73 |

4,250 “f !

H
3 S

625 |-

l 540

a 290foﬁ§é&j"'

”;bhutter - 80171

15,120

if‘eszJf.f

ure, on. plahs_

-_ffEloca (plancd surfaue}
| -on AsS.TaMe Bu200=35
T, Grade D (Annrlcnn
Bross Co.) having
planed surface _,.v»"

o

o4 o0 | a0
to

?:32;50§ﬁ 8y

880].

e V:bratzon - _;f

PR

_ |

—
!

|

Selzu“e on

{‘Blockﬂ(plangd éurfﬁcd)*
con Amoricon Bross

e surfaee

4

#9156 having pluncd';uftnf'

hDry S

1

. 2,500 .3

| mate

| saiem ;glz-i,"'

ure

"‘-j Blook " (p1a1ed surf~¢e)

‘on Americon Bross
#937 having planud ‘
surfwco ‘

iD;Y' -

| 2,500
V€i5&;OQQi'

|Seizurc on
Yoplote o

"ﬂ.BLOGk {ploned - surfacc)"
1 on Cramp ‘bro S5 F45 .
hoving piancd ssurfaco (-

=onck (ploned surfecc)
on Cromp brass #91 -

heving plancd :surfaco i

: R

T

“ﬁ,_é,ooo;‘

F

,‘4,200'*:
: to
42,060

‘ﬁ Scizurd‘lj

Sll ht v1brn-:;
tlon. Sur=.

1}

¥ Block (planed .surf

having~plundd‘surf&cc;

aca) i
on Frontier bronze F5H

14,3000 0
oo
42,6001 - 5,

*H- aspece) ‘having planed

Block {plancd . surf&co)"

on Class "D" (Gov'is

surfaco

| 28,000

2,500

72‘31ightlsqi¢gr¢j

fncgs Q;Ka,

ﬁjﬁgdfqhatté: o

1 Samec meoterials os
chove

1 2,300]
2500

t 27,00@1’3

| chatters en




L ;Same mﬂterlals o8

D 2, S. (Korpcws Co. D Bronzo Block

(Continued)

“.. Description of -
T omateoricl

: ‘Condl-s‘
| tion of}
test i

Totel 1
10“d on
block i

Lond on’

blocV |
~PaSula:

Foroc
in:

1ba

Cocffl-; .

‘eient of

- Remarks

| eriction

Block (pluned uurfacc}'”

on QQ-B-~691a #6

. (Gov'ta. spcc.) hJVln@:ﬁ

plmed surfoee.

Dry.

‘;-42;5OQQ§'“‘}

'ﬁ 10, 50055'”
1 o

'1;19$

1,664

013,520,

0427

| chottors = e
| Plate seored. .

'.rSamo-mntCrials‘as:nbovc

1 Refinishod by filing !

£,000 4}
S ke E
"ji_32;500w§‘_ 3

760

B _*«ta}f7VEbrﬁt16ﬁ‘-
0410,100 | . 045

Sllght 5913- *

‘Block (planed surface)] .

on S.A.E. 6% (Gov’t.t

spac.) heving nlaned ‘

surface

1oryo00 ol
SRR |
| 46,500} 5,

.| 8,000 ¢

{140

uro

fg:su;racesfo.x;,‘

ZSame r&ter1a1s as,
~.above

;watér\l

C7,000

[L1s0| oae

é'Chﬂtters &11 ‘
4 loaas S

Q’Blo X (planad surface)
1 on D.H.S. (Boppers .

‘Coe) heving planed =

1 surfnce

LDry._

——

above ”

{10,000} 1,

“to

':;sl,ooo_g:

B Te—

| 25| o

iiﬁmfﬁ#ﬁﬂﬁyj’

7,500 |

Jesee |2

LQbrlté

Blockf(havin§
on DaHd"

#20 inserts

S. (Koppers Coa) hev+ . -

ing "ploned. surfgce .

. "D'r:f’ :"‘::;i

20,500

o SR

W

"iss.ood

'\\

3\Sll"ht v:brn—,
R K v R (R .
;?gSllght vibro=. -

“tion. Black :
flakes formed

‘-f on_surfice

| Ren smoothty .

Seme matorlals QS‘
above R

°‘iWh£6¥fi

| Block. (planed surfecc)l Dry

on :K.N.40 (Koppers
COo) havlnb plﬂned

R
0

HOOOWS 2

‘}.69,‘50.0 o940

Ren ‘sﬁobthly =

‘ A Sterted o chut—

Ctor oot thws‘
lc d

Y'PlﬁLé scored

slightly

ZJL......._.,__.......,.




D, H. S. (Koppers Co.) Bronze Elock
' (Continued) '

Description?éf-
meteriel

Condini

tion o

i"tast :

/

Total

1 ‘bleck
it in TIba

f{'load :onj|.

“Lond ‘o
-~ block”
PeBoels

Torece

ToelTim |
«cient of
frictio

f

H

' Remerks

| Brock (planed surface):

| on X.N. 42 (Kapperz.

~Coe’) ‘having plened
;surfoce :

Dry

Block {planed surfrce).

on K.8. #95 (Koppers
Co.) having plemed
.surfrce '

5,000
to
5,500

Foraert oo 1 s

345 -

5,805

017

Y

| ous

i

A vibrated 211
1 logdse Slizht |

4

5,200

{18,000

400

0416

04B4

| seizure

?Plgte-écored“é

:

‘Some metericls as obove

-

Weter

4oote
127,500

9,200 |

‘.0'_1_‘5_‘."

.19

EPléﬁé:scoréd";




————— - 2y

Ko B 52 (Koppers Co.) Bronza BLocP

. Condie: Totcl Lond-on (Porce3fCoefii---V S T
‘Deseription of 4 tion off.locd ‘on || Wloclk 1" dn [ cient of |  ‘Renmnrks
moterial . test | Mloek p.s.i- 1be | friction ERT
' : ~ i in Abe o | R
- — . -7-»—-—»- | Bt Eeteene N
‘Block (planed surface}y Dry = 1 2600 | 287 ‘7e0i  0.30 ;
on QQ-B-671(Cov's, E o] PR TAUER ) SRR PR K S R

specs) hoving plemed [ o T b g H Fo ‘
surface A 23,000 i} 3,840 | 5,160 . 0.22 w:Chotters ell
_ ' S I : ‘ R louds :

Block (planed surf nce)§, vy | 4,600 ] B4l 950 | 0.2l

on QR-B-691c 6 ; T R b L R I
(Go-v-'t. SDFG.) hrv{ng . . T L . e s . :
Planed surf*oe N B 122,500 {2, | 8,300 . 0.20 | Chotters-

‘Some moterinls os - | Woter, :| 3,700 1 422  209% . 0.14 o
ahave o o ke o o | Chetters ot
e o 149,000 1} 5560 | 17,1804 . Tonds ahove .
) IR SRR £ | .3,000 peseis

. ' CEANEPGSIES! EOU MY RS |
'fBloékf(pléﬁed surche)_} 2 ‘é':ﬁ;SOO":‘ €3 :",Bﬂﬂé'

on” QQub-le“ &7 : SR R
PR ETEN s 1)

{Gov s | spec.) heving

planed surfoce L y32,500 |'2,740 | 5,2260  0.16 | Chotters il
ST 1 S B : o loeds

Block (planed surfuce) “Wetor 4,500

on QQ-B=726 (Gov't. | . . - ; “to s T TN TR S DR TS
.8pec.’} hoving ploned R B R Sterted to
surfrce _ S - |22,800 .f 2,585 | 8,250 | wivrote

fJCthtefs:

Block (pl.ned surfr.ce)’
on KE«E.73 (Koppors | . ; | T T Y N TEEEE S PN S
Cos) hoving ploned SRR IO | I R S Jo ] Chetters a1l
surfrce R IR - R1 e 171,850 0423 4 ‘loads

Some matericls ns ”‘ 50 . 0414
| anove . . 1 168,000 ;; : e ",~(a0huttors
: : C B B i ' a ' 1o.ds

.| Block (plened surfeee)
.on K<He 74 (Koppoers
Coe) ha v1nc plwnad ‘ . - T SR
surfree - - e |28y ] 185275 -0 5,250) V1B | Chattors <
- 1 ‘ S b T docds -
“Seizure




.

Co.) Bronze Blocx,d“f"

i

Descrl\tlon of
matorial

'i'Ccndi-;
E,fidn;of

tost

”TF%a;;*
1owd on |
hlock.

-Load on‘ Fbrca

.block£

s

| pesaial
in lb-‘ ‘ .

|

COOffi— 1
'chﬁnt ‘of) "
‘ Tfrictlon'

‘ifBIUCk'(pluned surface) |

t

é 500

on Clags "C* {Gov't. i} ! to
spec.) having ploned ]

surface ;213130002”: .

L SR P IR RTINS DRI IR i o

';Runs vorV'smontli"
‘ |

1

!

‘Somo meterinl as o t 1 4,000
-ohove - | PR R T | I '
| %685000? I Runs ‘smoothly '
JChettorss
Blight bucr
“Apg- foilure

’-ao ooo

Sy : . o i

5A‘1&rgo number of tuvtu were ni on tho nbove som-
| tinztion.  The ctove rosults cro Izvm the best testes
;vThcrngLSrno ch"*uor1nﬁfor nolzuro 1n nnv tost bﬁlOW‘*
'?;é;SOQ&Lba por squerc *nﬂhg ' i

‘Block (scroped surfree)l Dry - ! 4,500

on K.B. 52 (Koppors {7 LQ
Fo.) ‘ho v1ng ploned | L
anrfoc

zo omof‘ hottors a11y““




R:89:28 70 (Konpers COo) uronze Bloar,'

0 ifCendi- f Totel | Locd ‘onpForce: Goeffm—j{,‘ LT
Description of tion of|lond on block" '”.‘-‘f-clent of| ' 'Rerorks
~meterind . Jtest . ] Wloek | . | frietian] - -

’ O in 1be - N

Block {plened surfcee) {Dry o 4,000 i 4g0 | . .8%27  0.21 !
con A.8¢Ty e B-100-35 [ o e b e
‘A, Grede D (Avericen oo e e BB AT
Bruss) huv1rﬂ rlened | i T R B T T | T
surfhcc e “{]' © 2,000 | 1,380 1,925 0416 [|Chctrers’ell
: : i Ao e ol Qords

Rlock (plknea surfncé) o L
on Cramp brass 47145 | oo T o entters a1
~having planed surftc&:; .0 .|125000 | 1,380 | 8,565 -0 LY qendn.

Block (plnned "urfuce) ADry o 4,500 | o EBLTE 1 oo
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h“v¢n&rplqnqd surf:ue A 142,800t 4, 0BE ;55, ¥ .F -‘ 4 this loud
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'specs) hoving planed ¢+ | R R S0 i Chetbter - o
surfoce - T - V. B,970 5,080 1 1:81izht seizure

lock (ploned surfoce)
on K.E«SZA(Koppers‘Go.ﬁ g N ISR IS I o SR
hoving ploned surfoee | © 0 & 14,485 | 65,8701 0415 |Beizure

Block (planed qurfuce)
om Keolls 74 (honpﬂr
Coe) hhv1n" rlened - N AT T e S | IR :
surface S S L iE7,000 4 3,105 ) 4,500 | 0 f‘};Ch“tter *114,j;

: ‘ “ g 1 S 1a&ds R

Block {milled surfuce)
n Ko. . 42 (KO)""GI’S _ 4 J‘o 1 . . T R
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151)..]"f5.ce. s : . . - 1.23.: 500 ‘f‘J e A4 ; : el Seizure .

Sume @ beris s us o . B5 e R R
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vy file Sy i Rt e B e
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o | o b S
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|
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4 (hopﬂors Go.) Bronze Block

Dascfiption‘of
material

Condi-
t;on of
tesf_ -

. Totol ¢

‘block';

load“oﬁf
: 17 pesed ol
Jin Y] o

Load on}
olpck

‘Forece,

Sin

i

Poeffi-
cient of

[friction

“ﬁ}Ramarké;ﬂ

Blook {plened surfoce)
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spec.) hoving. plwned
surfoce

Dry

| 2900 |

to

353

546 |-

| 3,825

0.9

Chattero nll
1oads

Block (planed surfoce)’
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spec.) hoving plnned
surche

| 51,500

168,000

4,000
i tol .

" 546

.f‘55985i

| 7,208 |

Loz

0.15
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Chatters -

on K.B. 52 (Koppers
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eurface
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L‘wﬁgQOOQ
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| 32,000 |
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. Cos) heving mllled
surf&cc
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foee
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K.N#ﬁéb (Kopper“ Lo-) Bronze Block

Description of
~metericl

. .‘test

‘Condi-} “Total :
tion of load on
block |

Cin 1.l

‘Blodk (plmned surfoee)|
‘on A. oa.u. B-100—55T
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Bross Co.) ‘having -

' planed surfncp

"D}y"
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Block (planed surfnce)
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.surface :
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:‘.“-——-‘l—-—-—*—-nw L . ...‘..‘-.,‘ .
:Bome matoricl ¢ o =
above v
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| surfaee

Block'(plmned surfie
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surfoce
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Block (mlened surf: cc)_f

Block, (planed surfoco)

t}_'ﬂé§'?i“'“

SR TN

‘fv4;qoof;yf

Liord ‘on

Pessiael

block ’

Force

~Eriction

T
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. ;;cient.of"

s 4
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Remnrks
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On. mlh%e

“o 16 ; -
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1, QO.Q . ‘
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Seizure
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~
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1+,950,,
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K.h. AO (Koppers COmJ Bronze blao
ot ‘(Continued) :
o TR ;_ﬁondi- || -Total rlLoed onf Force : Coef o e

‘Description of . . | tion'ofi{ived: on' | - hloek’, _T&n-' -c1ent cf Vﬁwaemqus
meterigl ' tast C3block T elef At &frictlan‘* S
S DT 3¥1n,1b‘;¢'1‘;r'f;'g‘“.é‘:*_) i 8

Block (planed surPace) ?Dry“‘ * :§;sooﬁ,ﬂ‘”
on QU~B=69la 37 - Ll g
.(GOY71.”spec.) havlng AR INTRS ST

Planed surface . [ o1 3,000 L,

1:5Vibra+es an -
1. doads R

Seme materils as- _'V‘;%ﬁater‘f b13 ooo‘
-above g

| chattors badly

R

Block (planeu surface)'ﬁnry¥f | 37004 :
con QO=Ba726 (Gov’t. ] R - R
ispecy ) heving planed |- o p e
_surface , J‘,'\ ‘1

|:Seizure .-
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above I o i

=
N -
b
L@
L
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o]

il Burfaces O.K.

Block {planed surface) fDrYj"[fFZT;Gcof
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speca) having planed L _ o1 sr,0000
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surfaue v
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on DS, (Xoppers. |7 T to
“Coe) having y&¢nead 135,000
ssurfrec :

| onattor

-Cbaéfers%mil
loads '
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e
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o o [ R SR g-'-'uQ,ié towing o
- 46,500] 5,8001 12,3004 027 ° Surfacos ﬂﬂcred‘
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K. 40

(Knp ors Coa ) Bronzo. Blcck S
EContlnued) e L

foesoripfiﬁﬁrof'
material

- {Condis '}
il tlon of
test

1oad ‘on
i} Bloek -
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Load en}’

block !,
196§9if“

Forae Coeffin,
'inﬂg oient of:
b friction,

* Remarks

Block (planad sure-
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‘(Xoppers Coo)’ haveﬁ
Cing milled surface
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'13§4§\

4,860115,

sezl|

1 0.6

10415 |
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{21,000

o
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£

2,3701]8,°
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0415
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loads
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‘Block '(having Lub-
rite 320 inserts)
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7,000 |
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RaﬁVEmomth;y e
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K N. 42 (Kopﬂars Do,) Bronze ‘Blook

o ] Cnndmu Totrl }.Lond¢pn ?Torce fCoeffl- . T
‘Description of. | tion: offLoad on | block | ‘in i} cientfofﬁl_}ERemnrkﬁ
‘matoriel © lwest | “bloek | ipéssiel] 1b. il frietiof .
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| 8 ‘51,000 ;| 5,660 ‘| 5,250 | 0.10
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!
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i
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;
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8

Blockﬂ(planed‘suffacé)m‘ ey 1 Q BOO | . 'Bl2 .- 4787}
1 on 'DeEeS. (Koppers |0 i irto of b b T N
*.Cos} having planed . - '{?‘aaysoo 72,220 111,900 1710410 f;Ran smpothly
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‘Doscription of
“matorinl .
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| doad |
Jon block
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Rr.m smoo‘th’*r -‘5- '

Surf ces Onu.

Same nmeterial as
ahove ‘

: :WD:{:}é_x: Pt

| Block (planed séFface)
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jFK-S 95 (Koaper° Co.

{Continusd).
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@otal
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‘block
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-poacriptidn-bf‘
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tion of|1
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) block
block .
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An Ibe] i
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‘Cooﬁfie(-
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f friction
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o

Wetor
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o
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‘surface ‘

4,000
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X i 4N 1Be’ e _ .‘ . 5
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]
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