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I. Purpose of Tests. 

The 102-inch ring,follower gates for Gra1~ Coulee Dam 
have sliding type seats. These seats were leaded to approximately 
800 pounds per square inch (based on evendistribution over the en- 
tire seat), at complete closure, but during the process of opening 
or closing the gates there are portions~of the seats subjected to 
nearly 12 times that amount or approximately lO,O00 pounds per 
square inch. For this particular gate, difficultywas experienced 
in making castings of class "D" bronze which were capable of carry- 
ing such a load. Therefore it v:as necessary to find a combination 
of material= having suitable properties for sliding surfaces, capable 
of withstanding such loads and having more desirable qualities for 
casting purposes. 

2. Abstract of Results. 

Tests of bearing materials using different combinations 
of bronzes, "S" Monel and stainless steels were made under as close 
to actual conditions as possible. Thc surfaces werc planed to 
about the same degree of finish as to be expected on the actual 
gates and with direction of finishingcuts parallel to the direction 
of movement of the material. 

The results indicated thnt high tin and high aluminum 
bronzes have rather high coefficients of friction and show signs of 
gallin~ ~md wear but do not fregzc or cold-weld. The leaded bronzes 
(approximately 80/10/10) run very good with stools (both stainless 
and the ordinary carbon steels) both dry and inwater, ~The leaded 
bronzes on bronzes rlm fairly good both as to seizing and coeffi- 
cient of friction when dry, but when running in water intense ch~t- 
toting occ-urs at all loads. 

The best combination of bronzes for gate seats as deter- 
mined by this test is class "C" on QO-B-691a No. 6 (both listed 
under Government specifications) or the nick61 bronze KN40 (Kcpners 
Company) with either of the above bronzes. The use of graphite in~ 



Gensral Set-up for Sliding Friction Tests. 

Close-up - Showing Pla~ and Blook. 



sorts improves the bearing qualities of any material as it does 
not allow metal-to-metal contact, but because of this it cannot 
be used on ~te seats. If the water is relatively pure so as not 
to form an eloctrolito, the use of a loaded bronze against a sta~u- 
less steel should work very successfully. 

3. Specimens and Tcstin~ Procedure. 

Gate seats are usually made of a cast bronze and operate 
dry or under water with loads varying from a few hundred pounds 
per square inch up to about 6,000 pounds per square inch. 

The test set-up is shovm on plato I. The normal load was 
applied by means of the 4,000,000-pound Southwark-Emery testing ma- 
chine. The force to produce the sliding, of the test plate was ob- 
tained by me~is of a hydraulically operated piston havin~ a S-inch 
stroke and moving at a rate of about one foot per minute. This 
force is the product of the piston area by the pressure. Rollers 
were used so as to have single slidin~ friction. 

The size of the block, wi.ich was stationary in this test, 
was 3-inch by 3-inch and the plate, which moved a distance of throe 
inches, was 4-inch by 8-inch. With such a set-up the block was al- 
ways in full contact with the plato. The plate and the block were, 
in most cases, smooth-planed with the direction of cut parallel to 
the direction of movement and with all the sharp corners of the 
block removed by filing. The typG of finish a-ud direction of machin- 
ing wore made to simulate field conditions as nearly as possible. 
When run under water, a pan was placed under the plato sad filled 
with water so as to have approximately one-quarter iof an inch of 
water above the sliding surfaces. 

The load was applied in increments of approximately 500 
pounds per square inch of block area by memos of the testing machine. 
The block was moved back omd forth about l0 strokes under each load. 
This was continued, noting the force required and the condition of 
the surface ~Itil there was a failure in surface or bearing, until 
thG chattering~ bocame of such ma~uitude as to establish a serious 
condition, or until the pressure required in the oil cylinder to move 
the plate was greater th~un the capacity of the pump, 

The data sheets give a resum~ of the tests, listing matc- 
rials, loads, forces, coefficients, end remarks. In the column 
"remarks." the word vibration indicates a jerky movement of the mov- 
ing parts such that it could be felt by holding one's hand on that 
part. When chattered is used, it indico.tes a vibration so intense 
as to cause the entire sot-up to vibrate and also to cause consider- 
able noise. 



Iu addition to the materials listed on the chart, "Physical: ~, 
and Chemical Properties of Materials Tested" tests v~ere also made on 
"S" Monel furnished by International Nickel Co. and 12-chrome and 
18-8 stainless steels furnished b~ Republic Steel Corporation and the 
United States Steel Corporation. The graphite insert blockswore 
prepared by Merriman Bros. 

4. Conclusions. 

The combinations found to be best were class "C" on QQ-B- 
691a No. 6, the latter including Cramp Brass No. 91 and KGS0 (Koppers 
Co.) or nickel bronze KN40 with either of the above bronzes. S.A.E. 
64 (Gover~ment specifications) on steels (either alloy or carbon 
steels) runs very good either dry or under water. 

After running the sliding friction tests, it is apparent 
that further study is necessary to draw definite conclusions on slid- 
ing friction. At present time, physicists, both here and abroad, 
are doing some rcsoarch 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 surfaces in contact. How- 
ever, from thc tests as run, the following conclusions have been 
drawn: 

(a) The coefficient of friction is independent of the normal 
load up to the load atwhich seizure takes place. 

(b) At speeds of approximately one foot per minute the coeffi- 
cient of friction is the same for starting and running. 

(c) From the standpoint of seizure, smooth plane surfaces are 
superior to ground surfaces. Also a combination thathas a tendency 
to seize will seize regardless of finish, if run for some time even 
at relatively low loads. 

(d) Stools on steels will seize ~ud freeze or cold-weld while 
bronzes on bronze or steel will seize or gall but will not freeze 
or cold-wold. 

(e) Bronzes containing load have a greater tendency to vibrate 
when operated under water than bronzes without load, except when 
used in combination with steels. 
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HY-TE~-SL (IA) /~nerican ~mganese Bronze Co. :Block (Round) 

Condi- Total Load on Force ' Coeffi-'" 
Description of ' tion-of:.load:onl block. ~ • ''in : .cient.of; . Remarks ' 

te~t~ iblock i . . . . .  i jp.s.i.: lb. •:friction • material . i "iin'Ib. : . . . .  
, , , , . . , .  ! ,= , ,  ~ 1  . " 

Block (ulaned surface)• i, 6,500 ~ 956 ~ 2,115!i 0.33 Sl:iEht ~_L.r~tion 
on Qq-~-69~a #6 ( G o ~  :Dry < to i I !1 
specs..) having planed i :.I~.000' :2,800 6,340: :0.37 Slight vibration 

surface . ,.I.29; 500 .': -~,"340 ~ Ii, 300:!.. '<0.38 .:i '"Bacl- .chatter 

Ti , , m , , " , 

• . ; f 

Block (p~sned surface) I ~,800 706 498 0.i0 ? i 
o n  D.H,S. (Eoppers I [ I ' t 0 ~ I . . . .  ' I '  r L 

+ 

od ~ . Co,) having plan Dry i 68,000 I0,000 9,690 0.14 " • Surfaces .O.K. " 
surface :, :, 

Same as above 
: 0 

36,000 " :5,290 :! !11,7,10 

I ~!  ~n ! surface " 

- " i~ - ' 

Block(planed surface)I I 7 , 5 0 0  1:1,103 I:l;TSol 0;24 l~ibration 
on KE62 (Koppors Co.) I~," ~, ! to ~ :l ~1 : t o  r : 
having planed surface:l !!4e,ooo i, 7,2oo I~zo,43o 'D,21 IBad Chatter .... 

• I " . ' , . ' , ~ I 

i i I 1 ¸ ! ¸ 
W=ter l  / 9,ooo L 1,324 !i 2, e8o! o . = 2  IVibr~'~ion 

0.$3 no vibratlon, 
'I " ..... ~ black zlo~.es ° ~ .on 

~!! 

r i 
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plate having planed 
surface 

. .. . , .. , , • 

A.S.T.M. B-I00-35 T Grade A Block (American Brass Co.) 

Condi- I Total Load on Force l Coeffi- ' 
Description of tion of load on block in cientof Remarks 

material test block p.s.i. ~ lb. friction 
in Ib.i 

Block (planed surface) Dry 4,500 517 974 0.22 

I on A.S.T.M. B-I00- 
35 T Grade D plate " 14,000 1,810 3,490 0.25 
hnvinG planed surface " 14,000 1,610 ~~ 7,580 0,54 After 3 strokes 

Iseizure) 

[Block (planed surface) Dry 1,700 195 546 0.32 
,~ No seizin~ 

on D.H.S. (Koppers to 
Co.) plate having 
planed surface 37,000 4,280 12,900 0.35 

i l ,  ] I : • | . . . . .  

Block (planed surface) Dry 4,000 299 618 0.15 
on KH 73 (Koppers Co.) to Seizurelines 

65,000 7,465 9,050 0.14 in plate 

. . ~ . i  ] 

Water Same material ~s 
above - surfaces 
refinished by file 

= ~ 4|. , 

13,000 1,495 
Z2,500 2,585 
35,000 4,040 

L 
! 

I ' ! • .... 

1,495 0.12 i Runs smoothly, i 
2,950 0.13 Chatters badly i I 
5,580 0.16 but no sign of i 

seizure 
l 

! 



A.S.T.M. B-I00-35 T 

Description of 
I~terial 

Block (planed sur- 
face) on Frontier 
# 5  F plate having 
pls~ed surface 

Block (planed sur- 

Condi- 
tion of 
test i 

Dry 

GradeD Block 

Total [ Load on 
load on I block 
block i p.s.i.J 
in :lb. ] 

4,000 I 460 

,Force 

(American iBrass Co.) 

Co.effi' ] " 

. i[ , 

1,093 ) 0 . 2 7  

' t O  i 

40,000 'i 4,600 9,150 'i 0.231 

Dry 4,500 517 

J 

face) on QQ-B-SOIa, 
#~6 plate having 
planed surface 

Block (planed sur- 
face) on D.HeS. 
(Koppers Co.) plate 
having planed sunb 

D r y  

41,000 4,730 . 12,940 
| 

1112,500 I 1,440 i I 4,230 

! 2 3 , 5 0 0  2 , 7 0 0  10,270 

i 

e 

38 i 0 411i 12,000 i, 0 4,870 

2 4 , 5 0 0  ' 2,815 8,010 0.33 
i 

, m w 

i • 

4,000 ' 460 
to 

. : 2 4 , 0 0 0  2 , 7  60 
E 31,000 3,565 

Surfaces scored 

I ", 
| 
! 

1,'115 0 . 2 5  ': 

Chattered .and 
surfaces badl5 
s c o r e d  , - 

i 903 ' 0 , 2 3 :  

,,7' 630  i 0 . 3 2  
10,080 0.33 Slight ' chatter 

f ~ c e  

B l o c k  ( p l a n e d  s u r -  
f a c e )  on K.S. 95 
(Koppers Co.) plato 
ha~ng planed ~r- 
face 

0.32 • Slight chatter!i 
i 

~4 ~ 

~4 Seizuro 

i i 



Description of 
material 

Block (planed surface) 
on American Brass Co. 
~452 plate having 
planed surface 

Block (planed surface) 
on American Brass Co. 
~937 plate having 
planed surface 

° ~ . ~  . . . . . . .  

Block (planed surface) 
on :Cramp Brass ~ol  
plate having planed 
surface 

American Brass Co. ~452 Block 

C endi- Tot~l ~ILoad on 
tion of load onl block 
test block p.s.i. 

in lb. I 
..... --T~ ..... 

Dry 4,500 517 

13,5001 1,550 

23,000 2,6~0 

Dry 3,500 ~02 

13,000~ 1,492 

24,000 

43,000 

! i 1 

Dry 2,500 

12,000 
to 

34,000 

Block (planed surface) Dry 
on S.A.E. 64!(Gov't. 
specs.)plate having 
planed surface 

I . . . . .  |. 

2,760 

4,940 10,930 

287 I, 070 

1,380 3,800 

~,910 9~810 

K ' i 

2,000 230 
to 

23,000 2,640 

Force Coeffi- 
in ci ent o5 Remarks 
lb. fri~cti or 

1,495 0.33 

3,810 0.2~ Sli~ht vibration 

5,540 0.24 Seizure 

1.095 0.31 

3,350 0.26 

5,820 0.24 

0.25 Seizure 

I 

0.4~ 

0.32 

0.29 Seizure 

L " - ,  | 

450 0 , 2 3  Vibro.tas or 
chatters at all 

4.325 0.19 loads, sur~ ~.ces 



L~ 

~Condi- , 
Description of tion 

material test 

| ,_ 

Block (planed surface) Dry 
on American Brass Co. 
~452 plate havinE 
planed surface 

American Brass~Co. ~915 Block 

• Total /:Load onr :Force; 
n of lo~d on ~ block in 

block Lp.s,i. lb. i 
inlb. 

, i  I I ,  I 

4,000 460 i~260 

Coeffi- " 
cient of, 
friction 

' ' ' 'l 

0.32 

to 

34,5001 3,960 8,460 0.25 Seizure 

Block (planed surface) Dry 12,500 1,440 3,420 
onAmerican~Brass Co. 

to 
#915 plate having 
planed surface 44,000 5,0S0 11,850 

• i IL I i 

Block (planed surface) Dry 2,000 230 523 
on Cramp BrassY49 to 
plate having planed 
surface 46,000 5,290 13,540 

i, e . 

0,2? Slight s 

0,26 

0.30 Surfaces 

II 

Block (planed surface)i Dry 4,000 460 i,I15 0.28 
on Cramp Brass ~91 to 
plate having planed 
surface 43,500 5,000 I1,520 0.27 iSeizure 

planed surface 

Block (planed surface) Dry 
on American Brass Co. 
~915 plate having 
planed surface 

42,000 4,830 11,550 0,28 SurfacesD.K. 

2,~k00 287 500 0.20 

to 

23,000 2,640 3,825 0.1V Ch~tte=s 



Description of 
material 

Block !(planed sur- 
face) on Amorican 
Brass Co. ~915 
having planed 
surface 

Block (pl~,mod sur- 
face) on American 
Br~.ss Co. ~937 
having planed surface 

!~lock (planed sur- 
face)on Class "C" 
(Gov't. specs,) hav- 
ing planed surface 

Block (planed sur- 
face) on D.H.S. 
(Koppers Co.) having 
plaued surface 

Block (planed surface 
on K.H. 73 (Koppers 
Co.) having planed 
surface 

American Brass Co..~'~.937 Block 

Condi- 
tion of  
test 

Dry 

Dry 

Dry 

Dry 

Dry 

Total 
~load on 
block 
in lib. 

3;25o 

to 

45 ,000  

14,000 

to 

45,000 

3,000 

to 

ii,000 

Load:on 
block 
p.s'i. 

374 

5,170 

I ~ 610 

5,170 

345 

1,265 

"Force I 
In 

l b . ;  ' , |  

998 

i0,900 

3,160 

.9,, ~60 

808 

2,230 

C-ooffi-: 
cient of 
friction 

:0,31 

0.24 ! 

0.23 

0,21 

0.27 

0.20 

3,500 402 

24,500 2,820 

to 
46,000 I 5,280 

2 ,500  287 

12,000 

927 

6,400 

13,150 

287 I 642 

1,380 2,375 

0.27 

0.30 

0 , 2 9  

i 0.26 

0,20 

R smarks 

:Seizure 

Chattered all 
loads -Soizurc 

Chattered all 
loads 

Vib rati on 

| 

Seizure 

Vib ~ti on 

I 
I 
! 

i 

Bad chatter 

9 



I 
Foundries Co. 

JL 
Block Cro~p Brass & Iron ~r48 " ! 

Condi- ] Total Load on' Force C0effi- .... ! 
Description of tion of lead on block in cient of Remarks 

n~aterial test bloc~ ~ p.s.i, lb. fri c~ion 
in Ib~ 

- - -  . 

Block (91~ned surface) Dry 1,800 ~173 380 0.28 
on American Brass Co. 
#452 having planed ll,000 1,265 3,165 0.28 Vibration 

s ur fa c e t o 
36,500 4,195 8,460 ' :  0.23 Bad chatter. 

Seizure 

Block (planed surface) Dry 3,000 i 345 ~ 760 0.25 
on Cramp Brass Co. to 
~49 having planed 
surface 45,500 5,230 L1,700 0.26 Surfaces O.K. 

• i 
r 

Block (planed surface) ~ Dry 4,300 Li95 1,115 0,26 Vibrr~tion 
on QQ-B-691a #6 
(Gov't. specs.) hav- 
in~ planed surface 33.000 3,?90 7,680 0.23 Bad chatter - 

Seizure 

Block (plo.ned surface) Dry 4,500 517 1,190 0.2? Vibr~;tion 

on S.A,E. 64 (Gov't. to 
specs.) havin~ plumed 
surface 23,800 2,700 4,970 0.21 Bad chatter 
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Description of 
material 

Block (planed surfac~ 
on ~aerican Brass Co, 
A.S.T.~. B-I00-35 T 
Grade D having planet 
surface 

Block (planed sur- 
face) on Cramp Brass 
Co.~49 having 
planed surface 

Block (planed sur- 
face) on Cramp Br~.ss 
Co.#99 having 
planed surface 

Block (scraped 
surface) on D.H.S. 
(Koppers Co.) hav- 
ing scraped surface 

Block (planed sur- 
face on K.N. 40 

I (Koppers Co.) hav- 
ing planed surface 

Cramp Brass & Iron Foundrics Co. ~49 Block 

~ondi- Total Load oi~ ?orce CoB#fi- 
bion of ioad~or bloc~ in Cient of ~ 
lest block p. soi. lb. friction 

Dry 

Dry 

Dry 

in lb. 

3,5OO 

to 

33,500 

4,500 

to 

60,000 

4,700 
to 

22,500 

32,500 

402 

5,850 

517 

6,900 

540 

1,72.5 

3,705 

Dry ~i, 000 

Water 4,~00 

460 

Dry 

3!,000 

4,000 

13,500 

24,000 

506 
to 

3,910 

1,3301 

11,680 

832 

12,730 

1,570 

8,530 

Ii,900 

738 

1,830 

10,900 

r .I. 

460 998 

1,550 2,570 

2,760 3,990 

0.38 

0.35 

0,19 

0.21 

0.32 

0.36 

0.37 

O.19 

0,42 

0.32 

0 . 2 5  

0.19 

0,17 

: Remark s 

Surface scored 

Surface in fair 
condition 

Vib rati on 

~Vibration 

Black flakes 
pre sent 

Vibration 

Chatter 

Bad chatter 

ll 



Description of 
m~terial 

Block (planed surface) 
on American Brass Co. 
#452 havin~ planed 
surface 

Block (.planed surface) 
on Cramp Brass Co. 
#99 having planed 
surface 

Block (planed surface) 
on C!ass "C" (Gov't. 
s pec . ) having scraped 
surface 

Block (planed surface) 
onQQ-B-691a ~7(Gcv~j 
spec.)having plmn~d 
surface 

Block (planed sur£acc) 
on K.H. 73 (Koppers 
Co,)having plcmed 
surface 

Cramp Brass +& Iron Foundries l C o . ~91 Block 

Cond i - ,  T o t a l  I Load on'I-Force"' 
tion o f l o a d  on I block I in 

1 i 

Dry 920 2,710 8,000 
to 

43,50O 

3,700 
to 

23,00U 

Dry 

Dry 

Dry 

Dry 

4,000 
to 

64,000 
back t( 
32,000 

2,000 

41,500 

51,000 

60,000 

3 , 5 0 0  
.%o 

21,000 

33,000 

5,000 

425 ~ 

2,640 

460 

7,360 

"3,680 ! 

1,470i 

11,300 

618~ 

10,030 

6,200 

+cooffi-;i 
cient of I Reme, rks 
friction ! 

', .... :| 

0.34 Vibrati on 

0,23 + 

0.40 

0~49 

0,16 

0.16 

<0.19 

230 333 

4e 7'~0 5, 5&O 

5,360 7,510 

6,900 9,5301 
+ !  

402 713 + 

2,,410 3,090i 

3,790 5 , 0 2 0  

0.17+ 

O.13 

0.15 

0;16 

Chatter. Soilzur( 

Bad seizure 

Started chat- 
tering 

+0,20 

0.15 

0.I~ .J 

rass & Iron Foundries Co. ~99 Block 

4,000 

to 

37,000 

Vibration 

Bad chatter. 
Slight failure 
in bearing 

Bad chc:tter 

• ? 

Block (planed~ surface)! Dry 
on Cramp Br~:ss Co. 
~45 having planed sur- 
face i 

[ r ,l ~ i 

f co) (pl d Bur Block ane Dry 
on DoH.S' (Koppors I 
Co.') having planed 
eurface 

460' 1,095: 0.27 , 

I 

4,250 13;170 0.36 Slight seizure 



iL 

._. _ 

Frontier Bronze Corp. #5 F Block 

Description of 
material 

Block (planed surface) 
on A.S.T.M. B-100-35T 
Grade D (American Brass 
Co.) having pl~med 
surface 

Block (surface as rolled] 
on Frontier Bronze-#SF 
having surface as rolle( 

Same as above 

Same as above but v~th 
pl onled surfaces 

Block (plomed surface) 
on 0.Q-B-671 (Gov't. 
specs.) having planed 
surface 

Same as above 

. . . . .  Condi--, Total 
tion of 
test 

Dry 

Total Load on Force -Coeffi.. 
load on block in cient of 
block p.s.i, lb' friction 
inlb. 

- , , n , e 

5 , 5 0 0  632 1,7~0 0.32 

to 

35,000 4,020 : 9,290 0.27 

lO.O00 1,140 2,160 0.22 

J 

Rem~.rks 

Surfaces in 
fair condition 

I , - . 

Dry 7,500 854 
to 

31,000 5,530 
v 

DmJ 4,000 460 
to 

47,000 5,400 

Seizure 
u ,-, 

1 , 6 8 5  0 .23 

8,220 0.27 Seizure 
i .I . . . . .  

1,115 0'28 

12,100 0.28 Frontier bronze 
J • 

sezzed 
_m 

Water 4,800 552 878 0.18 
to 

32,500 3,730 11,250 0~35 Black flakes 
present 

- ~  ! ! - - _ i  _ _ _ 

950 0 . 2 4  Block (planed surface) Dry 4,000 480 
on QQ-B-726 (Gov't, to 
specs.) having pl~ed 50,000 5,740 
surface 

; I ] 

Block (surface as Dry 3,200 356 

plan ed surface 

i~Same o.s above. Sur- Wcter 
I faces not refinished 

3 , 5 0 0  389 
t o  
3~,0>0 3,780 

618 9.19 

II,000 0.26 Slight vibratioz 

1,380 0,39 

10,050 0.30 Vibration 
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Description of 
matorizl 

Class "C" (GovornmentSpocification) Block 

Condi- 
tion of 
test 

IBlock (planed surface) Dry 
on American Brass Co. 
~937 havin~ planed 
surgaco 

Block (planed surface) Dry 
on American Brass Co, 
#937 having planed 
surface 

Block (planed mlrf~ce) Dry 
on Class "C" (Gov't. 
spec.) having planed 
surface 

Block (planed surface) Dry 
on Class "D" (Gov't. 
~spec.) having planed 
surface 

Same as above Water 

Block (planed surface) Dry 
on QQ-B-691a ~6 (Gov't. 
spec.) hs.ving planed 
surface 

. . . . .  . . . . . .  j 

Same as above Water 

Block (havins Lubrite 
~30 inserts) on QC-B- 
671 ,(Gov't.  spec,) 
havin~ planed surface 

Dry 

Total 
load on 
block 
in lb. 

4,000 • 

to 
ii ,000 
21,500 

3-,500 
to 

22,500 
42,500 

3,800 

I0,O00 

22,'000 

to 

68,000 

6,000 
to 

2~,500 

I0,700 1 

to 

63,500 

8,500 
to 

112,000 

7,000 ~ 
to 

51,000 

69,000 

Load on 
block 
p.s.i. 

460 

1,265 
2,470 

4O5 

2,585 
4,'885 

437 

1,150 

244 

7,555 

690 

2,§30 

1,220 

.7,250 

970 

12,800 

8oo 

5;8~0 

7,890 

Force Ooeffi- 
in cient of 
lb. frictioz 

• / 

808 

1,.780 
3,420 

926 

4,850 
8,840 

760 

2,020 

190 

8,0301 

1,0&5 

5,780 

I,.610 

7,200 

0.20 

0.16 
0.1'6 

0.27 

0.22 
0.21 

0.20 

0.20 

0.09 

0.12 

0.19 

0.23 

0.15 

9351 

ii.000 

642 

5,225 

9, ~.50 

0.II 

0.11 

0.i0 

0.09 

0.I0 "' 

0.14 

14 

Remarks 

Bad chatter 

Bad chatter. 
Seizu re 

Vibrated 

Chattered 

Slight failure I 
in bearin G =. 

Chatters all 
loads 

Surfaces O.K. 

Surfoces O.K. 

Runs smoothly " 

Started to chat- 
ter, then rod 
smoothly.. Sur 

O.K. faces " 



f~ 

Class "C" B!ock Continued) 

. Condi- . Total Load on Force Coeffi- | 
Description of tion of loa~ on: block in clent of Remarks 

material test block p.s.i, lb. friction 
. .. in lb. I I 

• ' ' ' ' I | . . . . .  

Block (having Lubrite Water 36,000 4,130 3,970 0.II Runs sn~oth- 

1 ?~30 inserts) on QQ-B- to ~" i I ly 
671 (Gov't. specs.) 95,000 10,850 19,380 0.I0 ! 

! ~.,s lo having planed surface Ii0,000 i 70 ii,O50 O. Chatt~rs, 

' I surfaces 
• . ' ' 1  ] O.K. 

. . , , - ____ ~' 

Block (planed s,~rf~ce) : Dry; 8,0o0 910 1 1,1401 0.i4 

S °'~' 82,500 9,400 8,500 0.I0 urfaces O.Z 

Block (planed surface) Dry ~ 0 , 0 0 0  1,1_o I ; , 6 lS~  o.16 
o~ D~S. (Koppers Co. to 
h~bing plamed ~urface 37,000 4,210 6,120! 0~17 I' 

46,000 ' " o J 5,240 9, ~20 0.22 Chattered. 
. . . .  L . . . . . . . . . . . . . . . . . . . .  j . _  . . . . . . . . . . . . .  I ' ] n o c k - s e i z e ~  

Block (planed surface) Dry 6,500 747 869 
on K.G. 60 (Koppers Co.) to 
h~vin G planed surf~.~ce llO, O00 12,850 11,280 

Same as above Water 12,000 1.380 1,496 
to 

123,000 13,800 Ii, 500 

Note. A large number of tests 1~er~ run on this comfcino.tion and though this ~as i / 
the best run, it r~n consistrnt!y good, b o t h  wet and dry, up to loads t 

-- of ~bout 8,000 p.s.i. --~.o _j 
i 

Dry 9,000 1,O30 1,420 0.16 Rcn since thl~ 
on K.N.40 (Koppcrs Co.) to 

88,500 lO,100 ll,100 0.13 Sur_.ces O.I~ 
I 

Block (planed surf~ce) 

hay%rig pin.ned surface 

0.13 Ran smoot~hly 

O.10 Surfaces O.K~ 

0.13 Rein smoothly 
• i 

0.09 Surfaces O,i~ 

15 
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k ̧ ~ ~ 

Class "C" Block (Continued) 

. . . .  Condi- -~ot~.t ~Load on '~orce Coo~'f~- L 
Description 0f tion of load on |block in cient of~ Remarks 

~2.terial test block | p.s.i, l b, friction~ 
in lb. . . . .  

F 

Block (pl~nad surface) Water 12,000 1,370 1,56~ 0.13 Rza~ smoothly 
on K.N.40 (KoppcrsCo.) to 
having planed surface 103,000 1~1,730 10,160 

Dry 3,000 545 54~ 
to 

43,500 5,000 ]S,IBC 

Block (planed surface) 
on K.S. 98 (Koppors 
Co.) having planed 
surface 

0,18 

Seizure 

Surfo.c es O.K. 0.IO 

~J 

~D 

16 
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Class ~"D" (Govornment 'SpocfficD:t~cns~) Block . -  ! t  

' ~ '~ ~ i : ' ' Condi- ~ :.Total ~jLoc, d.~on ~Force. Cooffi- 
tion of lo~dion Io"dk!1 in .:cient 'of' R~narlcs i 
test block ~ P- s-i~ ' ~b. frictionl i 

i n  : ,lb.i - -  

on Class "C L~ov~. ~ :81~sht bearing specs.) ihaving pl~ued 68,500 7,800 8.270~ 0.12 ~ f/ilure" ": 

surface : i . - ~ I -- • ' - "  

. , , . .  

• I 

.Same :as above i Water 9..700 i.%100 1,380 i 0..14 1 

L68,000 ,71750 7,320 i 0.II Slight :tendenc~ 
to ~ the.tier 

. - B l o c k  (planed surface) Dry :9,3001 1,060 '~. , 1 ; 2 6 0 '  O.!l& 

on K.8. ~ , ' 9 5  (Koppers ..... ~ ~ , ~ , ~ g n  ~ 0 . 2 1 1  ~Si~:ns of 
, Co.~):ha~.ng-planed 64, 
~ surface 

S~mo as above . . . .  .surfacei 
~not refinished after ! 
.pre~ious~tost 

Wctor :1,o7o %26o i!: 
i 

~ 3,24o 3,z~O i 

.4,1oo i .4,9~oi 

0.o12 S~e.r.tod ~to 
chatter. 

Om:~14 . Bc'..d -chcttor. 

17 
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Aiuminmn Bronze QQ-B-671 (Government Specification" ) Block 

. . . . . .  I Con( 
Description of tier 

material I tes~ 

Block (planed surface)i Dry 
on A.S.T.M. B-100-35T 
Graded (A~lerican 
Brass Co.) having 
planed surface 

Same materials as 
abe ve 

Block (Lubrite ,~20 in- 
Serts) on A.S.T.M. 
B-100135T Grade D 
(American Brass Co.) 
having planed surface 

Same materials as Wat~ 
ab eve 

Block (planed surface) 
on Frontier Bronze #5 
having planed surface 

Block (planed surfac0) 
on QQ-B-726 (Gov't. 
spec.) having plaaed 
surface 

Block (planed surface) Dry 
on S.A.E. (GovTt. 
spec.) having pl~ned 
surface 

Condi- Tot'al I Loa'd :on Force 
tion o~ io block ad on I in 
test block~ ] p.s.i. ~ lb. ! 

in. ib, i 

20,000 2,285 8,D70 

22)500.  2., 570 Z, OtO 

22,500 

to  

44,5001 5,090 13,130 
~ . . . ° . _ . . ° , . o  ~ ...... . ° . .  . . . . . . . . . . . . . .  .-- 

19,000 2,170 1,'925 

to 

.Water 
f 

Dry 

48,000 5,490 

water 4 £ooo 
"to 

. . . . . . . .  7;87o -69.000 1 . . . . . . . .  

to  
39,000 4,480 

~ /  3,500 400 

to 

32,600 

~, 200 

to 

Dry Block (planed surface) 
on KN40 (Koppors Co.,) 

having planed surface 

Block (scraoed surface 
on KN40 (Koppcrs'Co.) 
having planed surface 

30.000 

5,700: 
to 

.52,000" 

7,000 
.to 

37,000 

] o effi- 
zient ,of' 
Criction 

) Water 

0~40 

0.31 

2,570 6,860 0.30 

0.30 
,, ,° . . . .  

0 .lO 

;5,900 0.12 

5,490 4,990 0,~I0 

. . . . . . . . . . .  . . .  

9,980 0.26 

665 0.19 

2,500 5,870 

368 650 

3,450 1,780 

655 1,021 

5~980 12,5~0 

824 I, 220 

4,350 12, 610 

Remarks I 
No vibra~ionor 

serious galling 

No vibration 
or galling 
though sur- 
fsoes ap- 
peared scraped 

Ransmoothly 

Ran smoothly 

Seizure 

0.,20 

S ei z uro 

3.19 Chatter - sur- 
faces O.K. 

I 

o . 1 8  t 

0,24 Surface O.K. -I 

0,34 :t l Surfaces O.K. 
0,34 Black flakes i 

on surface, i 
i 

s 
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QQ-B-691a~6 (Government Specification ~ BLock 

Oondi-i Total !-Load on: Force i Coeffi- 
tion ol:loadon Cl ent~ofl Description of. block in 

material ~tes~ ~blook ~ p.s.io lb. 
; in ib.i .... 

Block (planed surface) i Dry ,3,500 403 :1,2831 :0.37 
,on A.S.T..~. B'I00"35TI 

to Grade A (~erican 
Brass Co.)having 
pla~e~d su r f ace  23,500 2,700 6,720. 0.29 

L I S ! • - 

B l o c k ( p l a n e d  s u r f a c e )  I 
on A,S.~,M. B'I00"35 TI 
Grade D (American 
Brass Co.)havin& 
planed surface 

Block (planed surface) 
on Class "C" (Gov't. 
spec.) having planed 
&surface 

Same as above 

Block ~planed surface) 
. on 0.~-B-671 ( Govtt. 
spec.) having planed i 
surface :I 

Block (planed surface) 
on QQ-B-681a ~6 (Gov't 
spec.:) having planed 
surface 

Same as above 

4,500 

23,000 

Dry 9,000 

to 

:68,000 

Water 8.,000 
to 

JDry 5,000 1 

I to 

Dry 

! 

!We:tar : 

i 
t 

517 j 

2, 640 6,985 

:u , • ,• i 

1,025 1,420 

7,670 

1,040 

8,33O ~ 

1,283 

,7,750 
. . . . . . . .  - . .  

915 

68,000 .7,.750 1 

575 

40,000 4,600 

9,000 i ].~020~ 

to 

38,500 4,'380 

7,800 889 ~ 
to 

92,000" 10,450 

5701 
to 

52,000 5,920 

- -/o0oj :1,1 o  

11,600 

1,420~ 

8,740 

:1,210 

1!,9001 

Block (planed surface) I Dry 
on qq-B-726 (Gov't. I 
s I~c+)  hav ing  p l aned  
surface t 

:Same as above Water 

40,000 4,555 8, 

i0,050 

1,855i 

~ J  . . . . . . . . .  !! 

T~ri cti or~ ... i 

0.~l 

0 .30  

0 .16  

,o;n 

0.13 

0.12 

0.26 

0,29 

0.16 

0.23 

0.16 

0..13 

~0.20 

0.19 

0619 

0622 

3hatters - I 
Seizure J 

I 
.I 

. 

Surfaces O;K. 

Surfaces O.K. 

Chattersail 
loads. 
Seizure 

S e i  m r  e 

Surfaces :0.E. 

i 

C h a t t e r  - 
S e i z u r e  

C h a b t e ~ s b a d / y  
S e i z u r e  



{~q&B-691a~6 (Government Specification)Block 
(Continued) 

cri ption of 
~ate~ial 

(planed su#fcce) 
A.E. 6~ (Gov't. 
) having :planed 

Same as o bove 

Block (planed surface) 
on D.H.S. (Koppers 
Co.) having planed 
surface 

Same as above 

Block (planed surface) 
on K.E. 52 (Koppors 
Co. ) having planed 
surface )~ 

Block (planed surface Dry 
on K,E. 52 (Koppors 
Co.) havin~ planed 
s urfac o 

_ , ~ , , ,  , 

Block (planed surfr.co) ~Dry 
on K.G.60 (Koppors 
Co.) h~:ving planed 
surface 

Block (pl~m~sd surfnce)~ 
on K,H.74 (Koppers 
Co.) hc.ving planed 
surf~,ce 

Block ' (DI aned ' '~ surface/ 
,on I(.N~; 40 (Koppers 
~Co.3 h~:ving pl~ned 
:surface 

Condi-] total 
tion o~ load on I 
::test !l block i 

- 1 in lb.} 

Dry 4,000 

to L 

37,000 

Water ~,500 
to 

.35,000 

:Dry ~ 4,000 

to 

21,500 

Water 

t 

D~j 4,300 ! 

to 

22,:500 

,~,3oo 

to 

22,'500 1 

~ 000 

3C,000 

D ~ ,  , 4 ,ooo  

t o  
_ 3_4., 5_o.9. 

~Dry ~,, 500 

• to 

63,800 

W~ter 7,400 Stone as above 

_ . J _  

3cad o~ Force,, I Ooeffi- ~ 
in I c fl Remarks.. ~block iI iemt o 

• f ri c~to~ 

455 ~. 
J 

, ~ 2 1 5  

~00 

712 I O JIB i 
" ! 

7.,120 0.19 

522 0.18 

3,985 4,510 0.'13 

455 760 0.19 

2, 450 

490 

3#700 

490 

2 , 5 6 0  

490 

:2 ,560 

460 

~, 370 

102,000 II, 600 

Cba~ters after ~i 
!cad of 2,1300 !i 
p.s,i. 

Chatters, all 
loads 

Seizure on the 
5,390  0.25 block 

]. , ' I60 

10,800 

713~ 

5,420 

1,0~5 

0.2f  

0.33 

o.17 

UrO 

i 

Chatter - i 
0.24 Slight seiz 'ur~ 

I 
OoZ4 -:l 

5,620 0.24 
| 

808 . 0 . 2 0 .  

0 . 2 5  i 

Chcttors - 
Sli&ht seizure 

Chn.tters - 
iSeizure 

46o~ . . . . . . .  8 0 8  ~=1 . . . . . . . . . . . . . .  : o . . 2 o  - [ - ! ,  . . . . . . . . . . .  

.... 3 , 9 6 5 -  5,5_i0: i :Chattero~ " 
c.t 

1.,0801 1, '660 0..~18 | / 
.?~ 270 9 , I 0 0  ! 

84'ii 1,330 

12,900 

0.14 

0.18 

0.13 

Surf noes O.K. 

Surfaces O.K. 



QQ-B-691a ~6 (Government 
(,Con 

Description of' 
material 

Sleek (planed surface) 
on "S" Monol having 
planed surface 

Total 
Condi- 

load tion o 
test - block 

in Sb. 
J, 

Dry 9,000 : 

: 24,000 

34.,,.000 

.V/c.t c r  35,'000 
474000 

69,000 

D~r 17,000 i 
to 

L19,000 

~c.me materials as 
above, both rc- 
finished b T filint 

LBlock ~(havins Lubrito I 
No. 20 inserts) on ~"S" 
Monol he.ring planed 
surfn.co 

~Load 

:i, o3qi~2; 7].o 
:] 

2,'7&01.5,820 
3,:890 8,550 

• I 

~4i000 6,-~I0 
;5, 37C 8,'.550 

i.940 

13,600114 

n) Block 

Cooffi-~ 

Remarks 
friction 

0,30 ii Slight ~vi:bra%ion 

0.24 ' Slight.chc~ttor 
0 , 2 5 ' i  Chattor~Bronzo 

~,0.18 
0.18 
O@22 

0.12 

0.12 

sco rod 

Sl~ghtw,~ratmon 

Ran smoothly. 
Surfaces 'O.K, 
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1 .¸ ~I 

%, . 

! 

Description of 
material 

OnA;S,T;M. B-100 35 T~ 
Gra/de .A :!Am~erican Brass 
Cee)~havingplaned 
surface 

8amematerials as above 

m 

Block (planed. surface) 
~on A.S.T.I~A. B-I00-35 T 
'Grade .D (American Bras~ 
~Co.'~) having planed sur- 
face 

QQ'B- 6915 :~7 ( Government Spe cification:) :BI o ok 
~ [  Con~i---'----] Tot~l 1Toad on i Porce coerri- 

tic,, orlloaa o~ i ~look ! I i~  cient .o:. / test 

Dry 4,000 .460 523 ~0.,13 

Water 

Dry 

:inTb.! 

.to 

9oiooo 
6,000 

to 
:29,000 

2,~oo 

t o  

:10,350 

690 

3 , 3 3 0  

287 

j:'6%:OOOj 7,700 

~of 
f ri c:tio~ 

9,74o o.11! 
988 ~ 0.I.7 i: 

5,,lO5 ~ o.18! 

375 0~15 } 

8,860 0.'.13 

:Remc.rks 

SurFaces :0.K. 

:Chatters all 
,iloads 

SurFaces 0.K. 

• :Same-materials as above Wate~ &O,OO0 ] 1,150 I,~80 
i to 

I ! 

: 32,000 3.680 4,610' 

Block ~(pianed surface), ~ :Dry-- 3,000[! 345 
: on Cramp Brass #-45 hav- ~to ' . 

ling planed surface 21'000!~I 2,410 

! Block:~planed surface) " Dry 5,200 ! 592 
on Frontier Bronze ~5 :to" i 

95' ... having planed surface ~50,000 5. 6 : ,~6,.220 
r 

:I 

':. Same materials as above Water I .5,500! I 626 :I ', 13 
i t ~o ! t 
/ . ii 51"O00il 5"810:t 6"560': 

" " Block~(planed'.surface) Dry &6,,500 1,880 :2,020 
on 'qq-B-.681a ~6"(Gov'~.! 

• speeJ) :having planed i I to 
surface 61,:000'! 6,950, 7,430 

. :..L.~.: .2 ...... :.i ........ : 

:. 17,0001 ii'9401 ::2,090 'S~ne materic;is as above :, Water .28,5001 3~250 3,990 

0.14 

0.14 ! Chatters nil 
loads 

' 7s---~- 0.;26 • : 

3.,710 '0,18 -Chatters ~a!l 
loads 

L . .. 

665 0.13 

(0.12 Started to chat- 
~er:' at 12,000 
~..s.i. 

" . 0:;i3- 

.0.:33 Ch.o.t%l~'~'b~:dly ~.:t. 
loads gre~ter 
than 2,000 p.s.i~ 

" 0..12 

4 
0.12 Surfaces O.K. i ._ j  

• :.0,,12 ] 
"O'l Chatter, slight 

seizure ' :t 
:i 



':!::.•~ "7 

: ":'( C o n t i n u e d ' )  ' .-- : . !  

:' test '. 

.Doscr~iption of 
me.torial 

Block ( p l a n e d  surfo.ce) D r y  • ~ ~ 3" ' 0.'i 2 '~ i , , 9 , 0 0 0 ! :  1,02 -i, 070ii : 

Same materials as • c! Water 

above ' ~i ~. 

: -, ., 2 2 , 0 0 0 i  : . .2 ,53C 
. I  

, , ,, , , . . . . . . . . .  

B ook (p1 ned surface):" Dry i'   .7ooi[ .:42a 

5,000! 575 :8321 ' o.17:' " " . !  

: t  ' to  i :~ ~' " : 

: 5 9 4 i  o , 1 6 1  " . 
. . t 

o n  DES ( K o p p e r s  0 o . )  ~. , t o .  ,~ = 
h~vin~ planed surfc.ce' i 68,000; 7,740' 10,450 0,15' Surfaces :0.K, 

Same material as above. •.Water i 14_,000 1,'595' 2,14.0 D,15 ' 

s - = f ~ o s  ~s ~ r =  ' : 1  ,'to i .  i! ' 
previous tests ! i "28,000 ' 3,190:5,.230 I .0.19 Chattered all 

• : 1 , < ' ~ .loads , 

23  

r ~ j 



_ _ • , _ - • 

il 

Description of 
material 

Block (plmaed surface) 
on QQ-B'671 (Gov'~, 
spec.) havins;pl~%ed 
surface 

!Same materials as 
above 

Block:(planed surface) 
on QQ-B-691a#7 
(Gov't. spee.:)having 
planed surface 

Same material as ~.bove! 

Block (planed surface) 
:on S.A,E. 64 (Gov:t. 
spec~) having planed 
surface 

Block:(planed surface ' 
onlK.H.74(Koppers 
Cod) having planed 
surface 

I 

QQ-B-726 (Govornmont SpeCification).Block 

Condi:i i Total': 
tion oflload on 
test I block 

~ in :i b.! 

Dr}- .l 4,300to 

53.000; 

Dry 

n - 

Water 

Dry 

Block (planed surface)i 
onK.N.40 (Koppers 
Co.) having pl~ned 
surface 

Block~(planed s arface) 
on~K.E. 95:(Koppors 
Co.:) havin C p]ano~ 
surface 

Dry 

~ 'Tir y , 

12,500 
to 

43,00o 

5,7oo 

,%o 

68,000 

, ,  , , , , , t  J 

5,700 
to 

41,000 

3,.700- 

;Load :on 
b loo.k : 
~), eel ,i 

490 

6,040 

1,425 

4,900 

Force Coeffi- 
in i cient or 
,b'; :fric~on 

998 

655 ~ 713 

71,815 - 

655 : 

~4,710 ! 

425 ! 

31,ooo i ° 3,5~0 1 ..~,850! 

5 i • 

• I 
34,500 1 O, I 

J 

3,000 345 

tO 

44;5oo : S,~lO 

5;500 632 '1 903; 0,,16 

o 4,830: .9i8~:5 o.23 

_ _ ,  . . . . .  J . . . . . . . . . . . .  

~0.23 

_/:1,o5o ,,o;21 

:3,2O5 0,26 

10,870 
• ,°. 

0.1-3 

ll, 950 

,666 

¢;630~ 

546 

. : ,  .. 

/ 

' I Remark s 

I 

Slicht ,vibra- 
tion at all. 
loads- ,$eiz- 
UY'8 

Oi2S Vibration - 
Seizure 

Sl:i~ ht vibra- 
0.18 tion ~t high- 

er ,loads. 
;Surfaces 0. K. 

0.~12 
Chatters at 

:0.ii loads above 
2~000 p.sii. 
Surfaces O.K. 

O.&5 
! 

Vibrates all 
0Jl6 loads 

• i 

Chattered .... 
Slight ~seiz- 
ur~ 

2 

Seizure 

24 

~Vib rati on ~ at 
hiEher loads 



• ,;% 

,1 

Doscripti on of 
material 

QQ-B-726 (Government 'Speclflcatlon)'" '" " ' "~lock 
..(Continued;) 

Condi- Total : Load on~ .Force Cocffi-" I - 
~lion. of loaa on: -bloCk ~ ~;in ~eient iofl 
test block pos.i.i lb. fr.ictio_~ 

. . . .  i~. ~b., / 
Dry 9,000 1,030 ':~ 1,825 0.20 

26,000 2~970 5.,370 0.21 

35,000 /.4,000 7,550 0.22 

I - ~ o ~  ....... ,I . . . . . . . . . . .  ~..ooo ~ ~7:[~::~:,.. . .  . . . . . .  o,~., 

17,000 1,945 I ~ , . ,960 0.23 
| 

I 

3,;200 ~ 6,1480 0.23 

,6~s ~:78 0.08 

:Block (plm,~d ~u ~ " '  " r~ ,,CO 

on "S" Mone! having 
ground surface 

i] 

[ , , I -  ° Sanlo mauorlais as 

above 

I 

"! "i :28,000 

• B ,~ L . _ _ _ _  lock (having Lubrite Dry I '6,000 : 
~ No. 30 inserts) on I "S" ~ono! havin G to 

ground surf..'~ce 69,000 

Sc~no material as Water ~,000 
above to 

51,000 

I 
..49,000 
6..,'OOL, 

• Remarks 

7,890 

457 

3,545 ~ 

-5'600 i 
7,890 ' 

i 

6,660 

410 

2,870 

~,390 

0.i0 

0°i0 

0.09 

SliGht ,-ehat-. 
for 

Sl:i c, ht. chatter 

/Slight chatter I 
i 

B,,d ch~.ttor f 
I 

Rml smoothly 

L 

~R,"m. sine o thl y 
.8!i2:ht chatter 

Bad chattcr 

25 

., - L.. . . 



! | 

ISamo material as above :: Water I 3,500 
! 1 to 

' :~, '! . ! 0 i 6 0 0 ,  

. i  ' 

, , , . t i , . I ' 

olock (plo.nod sur£:'.cc) ;; ~Dry 1 7, 500  ~ 
on qQ-~-691r 5~7 (Gov't. :I ~ to 

, I 36,30o 
spoo. ) 1 ,:.5,0oc: 

S.~me mc:teri~.l c:s c.bovo i 'Wc.tcr i] 9,000 i 
! 4. i 

'~ ; 18,5.00 :. 
I ! 

I "i Block (p!ancd surface) Dry 
m.~ ~Q-B-726 (Gov'to 
spec.~) ha~ng planed 

.S.A.E. :64 (Gover~anent Specification) •Block ~. 
! 

.... i Totc.i "I !Load on Force 'Coeffi-' " ' - 
conai-i~.lo=a on~l L, lo~1: i ~.in i ci~nt.of 
rich of .block :I 'P':sii'~l .Ib, ;fric~ion ' R!marks : 
test '~ in lb. I , : [:. 

• c)il.Dr , " .7,,500' 85= I .1.,020::0.14 ':I ' 

i ,.740 i] 8 , 2 7 0  ' l  0;12'  i t .fm:~lure :on.:tho 

,.o: ~'~.~or I 12,000 i 1,370 i! '1,7,~0 0.1'~, i ' . '  
~. : to' ! " ." 
i. i 60,000 - '6,840..6,610 : • O,l& i ch::tters~'~' :...t.c.l ~- 
' ' I : • :I loa~s ' 
: ! '~ ' :. J :, ~, :~ ' .... 

% ~ : " . "  0 - 

: ' 40,500 " e : ~ 5 , 0 0 0  I .6,3=0 0 . 1 6  ' .Surf. .cc~ O . K .  
, . ! !  , ~ . . . . . .  

, ,  ~ , . . _ . J _  ...... ~ . , 

:9 i"Dry i ~2,7,00 307~i 3561!. 0..13 :! 

 ooI • 641:' o.18 
' | ', "I ' . 

:i,195'I 2,070 ':0.20 !'Chatters badly 
. .~ : " : ~ I at ~'ii &ohds" 

854 o,1 i 
i~ il 'i' 

~.,1 .0 '5 ,180 I 0.'_~ :;Runs smoothly 
5,130 1 -~,600I ' O218-! .Vibr.~.tion 

• . .. ~. - . l  _ : !:, 
1,020 I 1,260 O'l& 

4,500 
to 

68,000 

L . . . . . . . . . . . . . .  _ ........................ _' ..... 

2,no! o.,33o" o.~13 i! 
• I i! 

- ' . , u 

517 594 0.13 

7,810 ~: 7,120 0.II 
0oli 

Vibre.tion ~,.iI , 
& oc.d s .... ' ~ i 

, uns 

Chc.tto rs 

] 

26 
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'~.'~'~,...~ .?:,":L % ;  

i '  

.:[" 

i ". ! 

Description of I Condi- 
mc, torial' I tion oS block 

' ~ . :! test ~ :in :Zb. 

I " or. S.A.E. 64 (Gov't. :i 
i Spec.) h::vin Z planod i to 

..: . . 'I su~faco i 68, 0 ,30  

:i " : S~ e matorial cs above ~tVf~:.tcr ~I 5,o0~I 
i ~ io I 

• i f  i 23 ;OC':: 

: |  • I 

i 8c~,~o m a t c r m , : . l  ~ . s  C, bovooiIVc, tor 
'I Di o.gonc.l grooves 

I 

. . . .  '--" . . . .  -'-- ~hc block i 

I 

,on :D~H.S. (Koppors I 
.~:' .Co..) he ving pica~ed .i 

I surface 1 

I ' . .Scmo matorial .as abovo, IWatc~ 

S.A~E. 6 4  ,(,Government Sp,,~cifica1{ioni),Block ._ I 

('Oon~inucd~) I 
~otul Loo:d o n l - ' : ~ o r - o e  Cooffi- 

loc~d on p,soi. ~' Ib:. Cient of i "'lock] in ~ ~cm.:'~rks 
I Tri c ti on ! 

i 

:?-. 

5,0C0 
to 

30,000 

'%o : 

30,000 

Sc~mc. mattri:7.1 :,s above. 
Refinished :~,"  file. • • J. 

a t e r  .t 5 , 0 0 0  

i 
! 

Block (:planed surface)iDry - I  3,700~ 
on K.H. 73 (Koppors , i .±o 
Co.') having plcmcd ,' 2C',:500 
surfaco '~ I "; P~' 

I 

We.for I ' "' 

3 3 ,  C,:: "' 

: 37.., O001 

Block (plm~od surfk-cc) .Dry 
on :K.N.40 (Koppcrs 
Co.) h~-.ving plc.ncd I 

319 

2,165 

i su.r f,qcc ~_ : 

iI S,~nc mat~ri.~.l as above iV%.tor 2~800 
• "ho 

19,000i 

• 4 5 5  ' '~'75 0 ° t 2  i 

I 
¢~ 1 7 # 7 5 0 :  7., '390 ~ , , : l  R u n s  . s m o o t h l y  . ; 

625 •71'2 C.'!5 , ! : 

1 

'loads ' 

570 , ...... , 0.13 i 

3,415 : ~,-.65 C:..l~ C}m,t.ters ~Ii ~ ." 
~i ~t i 1 °:~ds i 

t 
470  ~ . . . .  ' O , & 6  

1,175 i 1,:8.35! '0,.18 iiChc.tter~ hcd- t 

o , ' 53~  ,~,.010' C. .19 C h a ~ t c f s  :be:d- i 

i - i e "IF i 
. . . .  -4- " 

,588". 690 0.1~ !Chc.ttcrs bad- '. :: 
: ~! i 1 13, 1 

I 

'435 523! 0,!~ 

8 5  i : 2, 2,410 : i 5 ~'.'13 ~ :R~ms smoo.thly. ,i :. : 
, :v 

3, .765  &, 6 3 0  0 . ' ] . 5  T . C h c t t o r s  h...:..'d- 

. , I  • 0 . . . .  ! 

• :[ 7 ' , • .~ .. 13 0.17 
~! Chc.¢tcrs 'b?.d- . 

8P.O '~ 5 , 5 8 0  : 0 ~ 1 7  ~13" ~'~,t t  . l o L d s ~  ~! 

342 ~75  C*~6 i 
1 

4,2!0 :5,18fi O.14 Surfr~ccs O,'K. ; 

! 

452  0 , 1 6  ~ ~ 

2,850~ 0 , 1 5  V a o r ~ t e d  a l l  I 
leads I 



I 

:I 
Description of 

t material 

S.A,E. 64:(Gove:mmentSpecffic&~ion) Block 
~Continued;) 

~Conai-ilload'on 
.~ion of I block : p.s.&~ 

• ~ ~  in"Ib. . , !.___ 

&,:500 :517 '760 
to 

I ;32.~500! 3,;,738 5;015 
| . | 

Block 6planed surface')iDry 
;onK.N.42 (Eoppers 
Co~)having pl~ed 
surface ', 

blockl in j Cient ,of 
lb. fri ct&on 

Remarks 

0~15 Chatters all 
, loads .... 

P on :"S" Nonel having ' " '' ? ] Vibration ;1 p i a n e a  s u r r a c e o  ne  :1 t - ; ::i ~ = - -  :1 -'~; i 
'l NS" "Monel surface ,wuS ii: " ~ !  " " " :t \. ; I :  
~l"~ather , = ~ " . ,  . i j 20,000 .I...;~.;~5"! ~3,280'I  0 ,16 ~ib~ation 

;, Block (:having Lubrite %3" : i .4,000 . 0.07i ~45 ~': ~i : ' :2 85 
,t ~O~nser~s) on s I , .-~o_ !! ;., 
;I ~onel~having grotmd ~l 'I-4fi,O00!i .5,'480 4,580! O. lO 

, surf-co :i !i ! ~ 
:I I i ~69~000: 7,890 ~ 7,130 .0.I0 

3,'085 : 

10,500; 

&2,, I00'  

9 7 1 !  

~ - ° w  

57 i  ! 

,7~,090 : 

' C h a t t e r e d -  iil 
S urfaoes O.K.,! 1 . t 

2,~.~o o'o9 

8,430 o.o9 R~= ~0o~y 

9,62o ! 0.09 

- l ~  o. :12  :. 

'13,'801 i, 0.08 IRnn Vcr~.;.,smooth!:, .,, 

l ':Ssme material as above 

i 

L " 
L ~  m J . ~  - - 

mock . (p l=ea  ,s~rface:) i 
"-on :3~2-Or. Steel ,Plato 

i" ,having~a. surface pro- 
'viousl;.y scored 

rials as above, 

Water {, 2 / , 0 0 0  I t o  
92, 000 

I t106~ o00:.  

D~( ! 8,5oo 
i ' t o  '~ 
'!!64~000 

Water 5,000 

69:,.'600 

Chattered - 
,~urf~ces O.E., 

°I°iI I smoothly 

28 



: . . ~ . . . , :  

Description of 
materi&l 

O%ndi -  
t f o n  of 
test 

D.i.~. (Koppers' o.) Bronz~e Block 

!Lend'on Force.  

Block '(planed surface) iDry 
on A.s.T.M, B-I00-35 
..., Grade A ~Ammrzcan 
Prass :Co.!) ihavin~ 
planed surface 

Block/(planed surface) 

Rota'li 
,leaden 
,'block 

in:. Ib~ t 

t 

5,000 6 2 5  
~o 

, 21;700 :2, 713 

:~ 3&,000 4,'250 ~i 

.i Dry ~,300 . :-&_9:4 

3,,7S5 

: ,,1 

to 

~/ ,on %moricn~,Brass •"" " zt~ 
I ~915 ho, ving pianod ' " ' : !, 

I I surfaco ' ' . 

F 
Block (plmed surf,:c0) iDn, 2,500~ 

:32,500 

tient of l£emarks :, 
lb. .if ri,,o tion 

. ~ o ~  

s,2~o - o , ~  :t , 
" " ii . . . .  " I :~hat ter  - Seiz-  

13;:1201 0,39. j ure on plate i 
! s 

' I 
' ; f : . } 

'V~:b ration :i 
:,12,1~0 o.3~ Se:izu~o o.~ i 

': I i *J I 

Slzzht ~e~z-- I :12;~5o I 0.24 i~ " ~" ' 
I . + .~Ire 

on A.-S.T,~. B-I00,35 
T.~' Grade D (American 
Brass Co.)~havin~ 
plancdsurfaco - ' ~ j  

Block (planed . surfac~) 
on ,Frontier bronze I~5F 
having planed surface 

i Block (planed surface) 
on Class "D" (Gov'%~ , 
~spoc~:) having planed 
surf so0 ", 

on.:Amoriccm Bruss 
~937 havin~ plo~md :Ii to 
surface } 5&j 000 

\.Block ~( pl~med : L ~ u ~ f - a c o ' . ~ " ~ -  ~ 000-----~ 
on Cramp br~.ss .~45 I to. :~ 

55,500 h0.vin~ planed .surfaco,i 

~ ........ - ' -  ....... 't- . . . . . . .  """ 
]Block (,planed surface)! Dry ~.200! 

! l~ving pl~nod ~surfaco I . " '42,000 

~Dry ~, 300 
to 

1 Dry t 2,~oo 

Same mc_torials as 
above 

I 

, o r  

, t o  ' ' 

2 8 ,  OOC 

2~,3~.~ 
to 

27.~ 000 

.306 

6.,490 

305 

6,,060 

r4G 0 

6,"~60 

''506 

.5,060 

&,o2,! 

618 I. "";b.25-Oo25 l se i zu rc  .on :i 
~5. (  4 
• I plato ~ "I 

iO. ,g6 I s 

I . q  

"12.,40( 0.22 ,Soiz~o i 

i 

~ion. Sur- ,i 
faccsO.K.• 'i 

5., 31'3 

2861 

262 ! .33~ 

i t 

0.25 : 

i1,16( 0.26 Slight so~-z, ure 

52~( o.21 
o~" 

0.14 

0.15 

O • I~I 

Bad chatter 

Chatters c.ll - 
loo.ds 

% 

:/i 

:i 



' 1  

D.H.S. (Koppers Co.~ Bronze Block 
:(Cont&nued) 

Pondil~ Total"l,~oad.onl Force i Co 
~ono~lo~d"on~ I .b1oik i I. in. /ci 
test ~| :blockin Zb. Ell p.'s,"&,]/ lb. '1 I~r: 

Dry I0,500i 
to 

&,195 

;I ):'' Description of 
material 

,| 

Block (plemcd surf~;cc ! 

] on qq-B-691a #6 
I (Oov't. spot.) :havin 6 
~1 pl;med surface 

.ISc~ne matcri~.Is as abovc 
:i Refinish0d by filing 

! 

; Block (pined :Arises) 
I on S.A.E. 6 4  (OoV't. 

spec.) having planed 
1 surface 
! 

J Same materials as 
• above 

Blook (pl aned surface 
on :(Koppers 

Co.)  having planed 
surface 

Same materials as 
above 

: B'.I o,ck '(having Lu~r~m t--e: 
,~20 ins erts) .D.H. 
S. (KoppOrs Co..) heav- 
ing planed Surface 

Same materials as 
above 

42,{500 

Water ~, 0oo ! 
to 

32,5O0 

Dry "['-7~55-" 
[ t0 

t 46,500 ; 

L 

Water I 7.000 
I 
I 
! 

Dry ~iI I0~000 

I ire 
I 81,000 

/ 121' 500 ' 

;I 
35~000 i 

i 
-D¥,)-7- ~-o,50o 

~i ire i 

Wator 

1,664 

4,840 11:,520 

486 

3,95o I 

798 

:5,300 i 

798 

1.140 

8, 2201 111,830 

Cocffi- 
cisnt 

o,16 i 

0,:27 i 

Remarks 

760 O.19 

I0,I00 0,31 

:1,140 O.16 

6,O001 0.13 

1,1401 0.16 i! 

'1',&251 

9381 6,o10 2. 688; t 1,925 
• i 

4,375 I 9,930 

2, o_~5 1.970 

. 2.,4c,o 2,~6oo 
69,500 : ?,940 7,130 

. . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . .  ii . . . . . . . . . . . . . .  

Block (planed surface Dry 2,700 I 307: 425 
on K.N.40 (Koppers to i 

Co.) having planed L_ iil surface 441,000 ~,010] 8,310 

. . . . . . . . . . . . . . . . . . . . .  _ 

. F n  

0.14 : 

Chatters - 
Plato scored 

Vib ration - 
Sli6 ht seiz- 
ure 

Surfaces O.K. 

. : 0 . 1 5  

0,16 

0.19 

k .... 

Chatte 
loads 

Rom smoo±hly 

Slight vibra- 
tion 

0.28 S.light vibra, 
rich. Black 
flakes formed 
on surface 

[~.n .=ooehly 
0.i0 

~0e12 P.-.m smoothly 

0.i0 Stc.Tted to chnt- 
tor o.t this 
load ~.i 

Plate scored 
sl ight!y 



D. K. S. (,Koppers Co°,)Bronze Block 
(Continued) _.- --_-_ 

[Condi -~ Tot~f ~[ Load',~0B ?ores i Co~ffi- 
Description of |tion ol load ,on I block in ! Cient of R 

Itest • block '| p.s.i, l~b- i fri:ction 
m a t e r i a l  i i n  °lb. L-  - ~-~ - 

Block (planed ~surface ~) Dry ~,000 345 523 ~ 0.17 
on K,N. 42 (Koppez-z 

. . . .  . ,_ ,  to 
Co.~)~havingplaned 
surface 

Block (planed surface) D~ 
on K.S. ~ 9 5  (Koppers 
Co.) having plmaed 
surface ~, 

Some materials as above 

3~200 
to 

Water 9.200 
to 

27,500 i 

Vibrated all 

400 822 0,16 

2,'250 4,275 0..24 ~ Pl~%e scored 
w 

31 



K.E. 52 (Koppers 0o.9 Bronze Block 

Description o f  . tion 
material test 

Block (planed surface) D~, 
on QQ-B-67!(" ' (=or t. 
spee.) havin~pl~led 
surface 

Block (planed surface ~ 
on qq-B-691~ ~6 
(Gov't. speo.:):having 
pl,aned surf~:ce 

Dry 

[ load ;on 
b l  o ok ~ i2~. :_1I._ 

!I 2, 5oo 

iI 23;000 

4,600 

%0 

22,500 

block i] in 
~p. s.i., lb. 

287 'I 780{ O.SO 

8. 3, 40 

2, 560 

Same materials as 
, above 

Block:(,la:~ed surface) 
on QQ-B-;691a ~7 
(G0v't. ,~Bpec.) having 
:planed surface 

I , -~ 
Block (planed surface) ~ 
on QQ-B-726 (GoT~t. 
spec.) h a v i n g  planed 
surfr~ce 

I 
5,160 { , 0.22 

..... "950-'"-]---"---'0.21 

'1 
-6,sooJ o,2~ 

Water 3,700 422.  499 
%0 

49,000 5;580 7,180 

Water i' 5 ,500 632 808 

Water 

32,500 

4,500 
,. 

to 

22,500 
i 

~ ,500 

Block (pl,med sur~.ce) l Dry I 3,000 
on K,H,73:(Xoppers i ~ I t : 
Co..)h~vin~ p!~med i o 

u r f , .  I s .~ce I 8,000 

n~e m~%terials as 
o$Dove 

Block (planed surfae~J) 
_on K.H. ~74:(Keppers 
Co..) havingpl~m~ed 
surface 

0.14 

0.15 

0.15 

:Remr;rks 

Chatters ~ii 
loads 

I 

!',water 35O 
68 ,000  

4,000 
to 

L 

3,7-4-0 

i. 045. 

,Dry 

5,225 I 0.16 : 

Chatters- 
S eiz ure 

Chatters at 
loads above 
/3,000 p.s.i. 

. . . .  ~ .... . . . . . . . . .  loads 

518 i ,045'1 0.23 
! 

2,5~5 5;250 1 0.23 

7,9"-°I 0.23 

342 [ f n i., ~. ~7.4, 0.30 

I 

i 

912 ! !,.o5oI 

40 i 48 
7,7.40 I 9,320 

Chatters all "i 

Started to t 
vibrate i 

I 

--..: Chatters i I 

4S0 879 

! 

28,500 5;275 ; 5,250 

-I 
I 

32 

" Chatters all 
0.25 i loads 

o.l~ I ' -] 
0.14 :I Chatters all ! 

. . . . . .  :V:,: 1 .J 
..22 O" ~ I 

:I 
.f:."I8 Chatters c.ll I 

lords - " I 
J 

Seizure I 
• .. 2 .  



,, , , ,, , , 

K,G. 60 ~(Koppers 'to.i) Bronze Block 
7 

material test i 
! 

L • i 

B ' i lock Iplaned surface) 
on Class "C" (Gov't. 

surface ~ : ~i!l 

' -i 

Same material as 
above 

Dry %500 b21  ', 

Water 4,000 460 
to 

,68,000i 7,~820 ': 

80~00( 9,190 

Block (scraped surface 
on K.E. 52 (Koppcrs 
~Co,~) hr.ving plc.ncd 
'SU 1"fO.C C 

5 2 2  

7,"600. 

9,240 

0.13 

Oo12 

Runs %moothly 

• Chattcrs~ 
:Slight boar- 
:'inz faiiuro 

:A largo number of tczts wcrc ru: on the o.bove com- 
b inr.tion. Thc ~.ho ~ vc results ~.ro f~ ~m ,the ~bost tests. 
There vz~:'.s ,no .oh ...... ~or~n,_. or: 'scizuro in nny ±ost bOlovt 

). per squcoro inch. 

49.a i, 235 

: 2 , 5 0 0 "  0.29 

:0.29 : 

Chatters ~ll 
loads. 
Seizure i 

I 
t 

. , ~ ° .  

4,500 lb. 

4,300i 
to 

Dry 

.... , • • k_~'j • 

. • •. .. t t 

55 



Description .of 
material .. 

Block (pl~ned surlk..ce) 
,on A.S.T.}i. B-I00-35 
~, Grade D (A~:,er:ican 
Brass.) havin~ plcned 
surface " 12~ 000 

Block (planed surfc~ce) D~,- 4,00-6--" 
on Cr~anp brc;ss ~145 to 
havin~ pl e~ed surf?.ce I12" 000 

Block (planed'surface) Dine I 4~500 
on Frontier bronze 4:5 ~ to 
having planed surface '" i42"500 

Block :(planed 'surf~:ce) Dr-j I 4.,000 
on QQ'B-726 (Gov't. i o t 
spec.) h~ving planed ! 
su  oe j 34., 500 i 

K,H. 73 (Koppers 0oo) Bronze Block 

rich" ~ .... ' " block I O°efTi'l~ 
C0nd~;-  ] ~Otal L o a d  On ~ForceT- - ~ ' -  . . . . . . . .  

of lload on :"t~ cient of Remarks 
S ' ;  " ' te t blocR, pos~$~, . l b . ,  ,frictian 

,J, in ib? .--__ .... .~. . . . . . . . .  

t o  

I,~80 1~925 0.1'6 

~80 I,,045 ! 0.26 J C h a t t e r s  

1,3eo 2,5s5 .o,21 J l o ~ d s  ~.n 

5].,7 :570 0.13 I 

,~ nn: 5,520 O,lS 

~60 666 0.17 J 

6,500 
to 

59,000 

j 5, 000 
to 

27,000 

6 ~ 0 0 0  

t o  

28,500 

£, O00 

Block (planed surface)j Dry 
on K.E~52 (Koppers Co, ! having planed surface 

Block ! ,planed surface) ! Dry 
om K.il. 74 (Koppers ! 
Co . )  having ! 
surface ! 

Block (milled surluce) i Dry 
,on K.~'. 42 (Koppers i 
Co.) having milled J 
surfcce 

S=ale m:.teri~.is ::.8 'lj ~, 
a~ove ,, ~efinished , . c.ter 
by tile I 

" T 

832 0.21 

3,9701 5,060 I 0.15 .L__~ ~ 

Chatters all 
loads 

,i 

Vibr-:.ted c.t , 
this load 

& 

Chatter - 
Sli~jht seizure i 

574! 

5,105 

~ 6 7 ~  

U ~  

~~5"870 1 0o15 

903 " O.18 

4,590 

,., .50 

1,16& 

0.17 

0 . 1 9  

0.15 

0.19 .i  

Seizure 
! 

I 
J 

I 

C ~ h~tter ,II i 
lo~_,a~ _ __J 

I I 
! 

Chatte red - i 
Seizure 

Block (plcmed sur£cc8) ! Dry 
on K.S. 95 (Koppers i 
Co. ) ha~rinG plon ed J 
surface I 

i 
I 

J - - _  

5,000 575 

to 

31, 500 3,620 

- - . . ~  . . . .  ° 

1 , 0 9 3  

5 , 6 6 0  

34 

0 . 2 2  

0.18 Chattered ..ll 
loo.ds 



K.H. 74 (Koppers Co.) Bronze Block 

Block (planed surf=oe) 
on q~,B-691a ~7 Gov't. 
spec.) having pl~ned 

Description of tion of 
material } test 

i 
I 
I 

Dry 

load on block 
block p.soi, 
in Ib. 

2, 900 333 

to 

23~500 2,7OO 

4,ooo:I ,~6o 
't':.e~ / 

surfs.co 

Block (planed surface)' Dry { 
I on S.A.E. 64 (Gov't. ~ to 

spec.) having pl~.med 
surface { 51,500 J 

t 
I ; 6 8 , 0 0 0  

| 
Block (filed surfaces)~ Dry 6,.000.i 
on K.E. 52 (Koppers { to : 
Co.) having filed , { 
surface , 32,000 

I 
:t 
I 

:5,920 

6,72o I 

690 

-~%-r%~--Co4ffi- 
in clentof 
lb. friction 

3,825:1 0.16 

546 ~0.14 

5:,985 

7,295 

i,'472' i 

3,680 

Rem~.rks 

Chatters all 
loads 

0,12 Ru~us smoothly 

0.I~ Chatters 

'0.25 ! 

{ 
0.18 Chatters all , 

loads 

Block (planed surface) 
on K.G. 60 (Koppers 
Co.) havl'n ~ scraped 
surf[~ce 

Block (planed surface) I Dry 
on K.H..74 (Koppers I : to 
Co°) having planed I 
surface I 68,000 

I z_,000 I 460 i 
1 to ! 
!64,ooo { 7.3 5 

7,750' 

i II Block (milled surface) 
on K.N° 42 (Koppers 
Co..) having milled 
surface 

m ,,,, ,r _ 

1 ~Same materials o.s 
iil above. ~[ille~ sur- 

fc, ce 

t 

L 

Dry ' 5,5001 

to 
i 
[ I02~000 

Water 12,O00 
to 

S8,O00 

82,500, 

626 

II ~6~ 

i, 3.~,5 

7, 7&O 

9, ..uO 

855 

12,.610 

0.21 I ! 

I ' 0.20 Surfaces 0.Ko 

594 t 0.1'5 

8,770 

760 

10,TG0 

I, 690 

7,790 

10,160 ~ 

0.13 

0. i4 

i 0.i! " 

0.o13 

I 

! 

,Slisht seizure 

R~m smoothly 

0.12 ?u~.n smoothly 

3S 



Description of 
m~,terial 

Block (planed surf poe) 
?, on A.S.T.,.. B'I00-35T 

Grade A (American 
Brass Co. ~) hating 
planed surfc.co 

,, , . . . .  _ . -  . .- . _ . . ~  

Block (~pl.aned surfc.ce) 
ell Frontier Bronze ~5 

h n v i n ~  planed surface 

B]:ock (planed surfacc~) 
on Class "C" ~(Gov't. 
spoc.) hc.ving planed 
surface 

S~m~e mc.t6ri~ls ns 
above 

K-NI .'40 !(~Kopperz Co.;) Bronze Block 

Total ~ 
tion o~ load:0n~ block I ~ . ~  

test block!| p.s.i, tl ilb. if r: 
~ in .l'b, ' 

. , 0 2 0 .  

65,000 ' 
q . . . . . . . .  i "" , i 

• ! ~ . , 7 o o  " ~ 9 ~  .... i ;~~:6 
on Cla[~s "D" (C'ov't. j i: 
spcc.) having, ple~ed ,, to . 
surface ~ 6 3 , 5 0 0  ' 7. , .?. ;o0 :8,500 

................................... } ...... C . . _ .  . . . . . . . . . . . . . . . .  

:Scme m a t c r i & l  cs " ' "" ~''~ C ' - "  . . . . . . .  : ' 
} < . 
! above I : to : 

..ofl Remarks 

I ' I J I D ~  4 , 0 o 0 '  I ~=~o J 1:.19o .0.30 
to I 

• i "i 

1 1 , 0 0 0  .I 1 , 2 6 5  6,, 990 0 , 6 4  . I  B a d  sei ] 

t 
........ Dry i ~,000 i 4:60' ']., 307 "'0: 

' t 

o ~1 ' 0 . 3 1  S l i g h % / s e i z u , r c  , . 3 4 , 0 0 0  '! 3 | q ~ ,0~o :i:'l°,35o 
" - - "  . . . . . . . . . . . .  " . . . . . . . . . .  l . . . . . . . . .  ' "  . . . . . . .  t 

! to i I 

] 63,ooo ' " " "  : 7,~v . 6,830 0.11 S u r f a c e s : O . K .  I 
. . . . . . . . . . .  + - - .  . . . . . . . .  ! . . . . . . . . . . . . . . . . . . . . .  : . . . .  ( . . . . . . . .  = .  . . . .  ' . } _ _ _  . . . . . . . . .  _ I  

.~'.".tar i~ 9 , 5 0 0  ! 1 . ,080  :1 ,380.  0.1'5 
t i~o 

I 5 5 , 5 0 0  ! !6,~..70 0.1'2 Runs smoothly 
i 

i :37.;000 i ~i, 220~: 
# 

1,380 

. - . ¢ , . r ? O 0 ,  

!, 900 

!,i.40 

to 

3,510 

1,260 

!i, 9 5  1 

Block (planed surf~.ce Dry. :} 6,500 I 747~ 
on,Qq-B-671 (Gov't. l i to , 
spec~) hc~ng. _ planed:'~ l' 42,000 1 4,830 

--surface ' t : " " : • " - 

Block ('planed - -, .mrf,.co~ ?~ ' IO,O00 ~ i,!40; 
o n  . o . q - ~ - 6 ~ l ~  #6,C~:ov,~'  i i 

i 
spec.) having planedl } J 
surface i I I0,000 ~ i~140 

. . . . . . . . . . . . . . . . . . . . .  i Water I 9,000 I 1,020 S~e materials as ";~ "" <.~" ... . . .  "~i" . . . .  " . . . . . . . .  :i . . . . . . . . . . . . .  
above ' I .to , 

I 1104,500 I Ii,900 

. . . . . . . . . . . . . . . . . .  1 . . . . .  . . . . . .  L . .  i _ _  

F2 

i Slight seizure 
on elate 

..... l__... ...... 

0.16 I 
i Chattered ~.ll 

Oo~3 il l o a d  ~ 

0®29 il 

0.30 Seizure 

0-!i 

07f14--1-0°31 ~l :Seizure . ~ _ . . . ~  

0,ii I .IR~I smoothly 

, . il 

;;I 

J 



. " ' • " ' "  , v '  . .  , .  y ,  

" I 

.Description of 
material 

I Block (planed :surface), 
on Q(, B 691a 7r~ 

I (Gov't. spec.) ,having ! 
• planed surface 

- | 

"' 'I Some materials as 
! 
• I above 

I 'K.N. 40 (K0ppers Co.0) ' ronze •Block 
((~O0_ntinue'd) 

i l i n , l b . : i  I , !1 ,~ ,,:! 

:'3.,300 

!t'o 

'.13,000 

I ?{ater I ?1'3,000 

'Block (planed surface) I Dr~j :3;,700 
~on~4~-~26 (~.o,-,t. | I to 

ii surf'ace I 4E, 5.00 

:.Same material :as } 
above I .Water 

Block !(planed surface) Dr3t 
on.S,A.E, 64~ ov ~., 

D~ , i 

-Water ' 

I 
I 
i 

:376 il 880 

!,<480 !I :2~805 
:1 

0,27  ! 

0;22 i 

.425 i 

l~Block i,(plaued:surfaee! 
onD.Ii~S° (Koppors • 
Co,).havins.pianed . 
surface 

S~me ~.tori~l as above 

:1 
1 

I 

:-%560 

"4,.800 
.to 

52,ooo! 

27,000i 
'I 

37,000! 

~9,000 

2B.oool 
' O 4 • t . !  

_~ioo__o.i 
2.~600 

" tO 

35~'000 

9;5001 
• t o  ! 

:2 8~ 0001 

~7'°°( l i e  ~,22o 
46,500 5,800 

.4,'880 

552 

" 8 3~0 0 

'4,220! 4,:710 

5,580 

3,190~ 

5 , 5 8 0 : 6 ; 8 5 0  i . . '  j, :f.. .... : 

296: t i:~51 
 ,ga ;l :o.soo i 

i, 080 

:9;320" 

':642 

Chatters~badly I ' 

0.24 

'0,)22 ScJ:zure 

.:0.,'13 i 

D.~I9 ~ .Surfaces O,K. 

-, 3;51o il ~,on.,3 ! 
o.,!s i 

!6.' 2 5 0  '.0~,13 

~,ooo' o.i.4 

..:~A~o,i. o.14i 
0.17 ) 

O.,~l 

r,'i 

'3,270 

9,210 i 0 . 2 5  

.z~,3oo o,~27 

Vibration 

q 

Chat.%er • 
| , - 

:Chatters _~Ii 
loads 

,I 

J Block scornd ' 
at o,O00 p.s.i~ 

! 

:i' .0o18 i ,Chc.ttere d badl ,J / / I  

~" 8topped chUt- I' 

37 



KeN. 40 (Kol)ors.Co:) Bronze!Ble6k 
Continued 

! 

il ~,84oi ' (Koppers Co.)hav-~ ~' ! . " 
ing ..milled surface ~ , 43,000 ~ " l ' ' ' 0.15 . Chatters ,all ' .6,370 ! . . . .  

- -  ~ " '  . I !: . ~ . . .  
O.l-o:] . : .... I " 6 6 5  .. . . . . . . .  '~! Same materieLl as Vater 4,500 [ 507 

above to i !i 
,. I ' .. 21,000! ,2,370~~2;970:~ :0.14 ~ Chatters ,,all , 

| ~ , 

' ' " : L ' 
~, . ' , . ~ -.. ", loads . . 

. B l o c k  ( p l i e d  s u r - i  D r y  . ~:Sj 'O00: . 3 4 2  ! 5 6 :  , i 0~18  !' . , 
) ' 40 , ',, face on k.N. i O. IK. 

,(Koppen,~ Co. ) . hav- I ; to 3, ~ I00' ' 4  750' ' . , '27.,200 . . , ~, ',0.18 ',' 
, ing .planed .surfaces ,: :, ! , ~ . . . . . .  

. . . . .  ' " : 4  : . 0~20  .! Lines 'of seiz-i 
' " I . 3 5 .  6 0 0 i  , O 5 0 : 7 , 2 0 0 !  ' 

~ .  - = - ~ - : q  . " , |  • . . . . . .  . . . . . .  : - -  . . . . . ,  . . . . . .  . _ .  _ . ,  

, s :  ,Same material as ~ Water : :I0,0001 ~i,140i 1,49 0;15 Vibrated at 

i f  above • ~ " ' ' i i  ,~ i ,~,~.~ ~]~ea~s " 
• 1 68,000! 7;7401 7,7401 0,12 No bad effoeb 

I :1 "1 : ' ! . . _ . ,  ' ;I.. " ' - : ' on  ; t h e : s u l f ~ c e  

~ l o c k . ( h a v ~ n g % , u b -  D r y  , 7 , 0 0 0 "  800: 5 2 2 !  .0~,08 ~1 " ' : '! 

~20 ~nserts) ; . ! i 
:on K,N. 40.(Koppersl '! to ~ :' , .~: ] 

:1 ,'COo') having ~pls_ned i " ~ ,850 [ _ 
surface : . 95,000::I0 -8,380± _ 0,09 i Ran smoothl~_~ 

! 

6 0 , 0 0 0 : 1  

h , , , 

Block,(pi~}edsur- !Dry 
~face):.onlK~N. 42 .. 
. ( K o p p e r s , ' C o ~ ) h ~ v - " i  i 
ingp~aned surface 

~' : I . 

? 
: 5 7 5 ~  , 8 5 6  

~;89~ ~ lo,31o! 
i 

7, , .  011 , ,  . 

&,02Oii 1,570 

9.,230 

:0.161'Surfaces 0,:K, 

0.17 1 

Z 0.14 ~ Surfaces O. ,. i 

Same materials~as I Wat°r I 9,000 
above. •-Surfaces to 
as from prew~ous 81,(~0 
test. ~ 

• i 

3 8  



Description of 
material 

BIo~ (planed surface)! 
• on Cramp Brassy91 
having planedsurface 

~K.~. '~2 (Koppers;Oo,~) :Bronze Block 

" . 'Cond i -  .Tot~;1 -" : i L o a S " ' ~ ' o n : : ~  ! 

'tion, o~:loa'd :.on ":b~'o6F. :; : !l'in ,c i 'ent  ,i 
t es% i I ';~loek ! ~p~si:i,i lb. { Irio~ i 

: :832 0;18 
. ',%o ; 

i ' : 24 ,000  ! ,  :~ ,760 i ,4.;280, 0 ~ 1 8  
' } . . . . .  

Block (planed surface)' , 
on S.A.E, 64 (Gov't. 
spee.[) havin~ 91dried 
Burro.co 

S a m e - m a t e r i a l s  as 
above 

Block (pl~med surface) 
on D.H.S. (Keepers 
Co.I) having planed 
surface 

Block f( planed ; surfac~ 
onK.H.74 (K:oppers 
Co.;) h a ~  pl=ed 
' surface 

: t o  !1 i 

' ;I ,61~000 i 7, ,000 ~; 
| 

Dry ! ~ , 5 0 0  ,i 512 

:: !19,500 i : 2 , 2 2 0 ,  
~i 3 0 ; 5 0 0  i 3 ; 4 7 5  

i Dry ~,000 " 4 5 6  
to 

68,000 ! 7,740~ 

I Same materials as I 
above 

~.cn.K;N,40Koppers Co.~) i 
having planed surface 

• S~me :,~aterials as 
~l~ ~. ore 

.45s ii o ; 1 3  

Water 

io,28~!I o, o9 

,594! o.~12 

E,25o i O.lO 
~, , 0 . 1 0  

0.'~I 

:i,900 
:5;!130 

808, 

9;810 

. . . . . . . . .  I" 

i i 

! 

4;5oo 
:to 

1,11,500 
22,500 

to 
.~3~000 

3 , 0 0 0  "~ 
' to  ' 

20 ;500  

: '29,500 

 l, OO ii 
! 

, !Remarks 

$oizure 

Surfaces O. K. 

iRan ~smoo~hly 
' St~,rted to 

'0,:10 iI .Ran .smooth ly  
0.i0 I Ste.rted .to 

ch~,t er. !i 

0 , 2 0 :  

0.'14 i 

o12 i 
1,310. i !,496.'i -0,~13 
2,560 : Z,730 : :D, I~  

71:.I.70 "8,290 !' 

345 .~546 !1 0.18 

'.0..'18 

'.3,,~9o ] :•5;:700: 0.'19 

,~7300 '3 ~:!60.! i ~ 0.~'16 
- I  

• 3,62o! ~,345 1 o,16 

,39 • 

I :Chz.tters :u~ll 
loads. 

: Sl%ght seizure 
• ~'-"~" -----'~"~--'N 

ii :Ran smoothly 

i :the, trots , 
i LSurfaces O.k. 

I 
;.P,z,.n ~oothly I 

| 

ChCtter,6d I ! 

i 

! 

0 

Chattered 
j 

Surfc~ces O.K. I 
i 

• /,, 

: i ii" • 



.S. 9v ,(Koplor~ uo~..) Bronze.Block 

Dosoription ,of ~ion of ,lead block; ciont o:t  
:matorio/ tost : on block ,:p..soi, i'~ric~ion 

iRomc.rks 

Block (planed surfa 
onAmericanBrass 
#915 having planod 
BUffalo 

Dry 6;'800:. '-780 : .1,99u I. : 0.29 

! : t O  ~ :J 

. ~'7,ooo ~,aoo ~ I v,o~o] o.2o 
Block (planed surfacc)l Dry 
on QQ-B-671 :(Gov't, 
spcc£) h,.v~n~, planed 
surface° Dircction 
of machine marks on 
block and plate at I 
right ~ngl cs J 

Block ('pl~J~od surf::co:)l Dry 
on QQ-B-691a ~6 I 

((Gov't spoc.) h-:ving 
plomed surfacc 

J 

I 5,000 

I . t o  

i 

t 5,%'000 ! 
i = :_ - . . . ' . _ .  

4.,000 

to I 
1 40,DO0 
I • 

Same material as 
abo~e 

Water i 

Block (planed surface) I Dry 
on qQ-B,691a (,Go~'t.i 

I spec.:)having pl~ed~ 
surface 

!Same material as 
~bove 

525 : 

i i I i 
! 

~,2'i0 ~]: Ii,430: 0.21 
. . . .  - i ' - + - : ' - . . -  . . . .  .---- 

4o.:~ ] 712 0.18 

t 

i 
4 , 5 5 0  ; " " 8,6~0: 0;22 

i I 
64,000 i 7,340 1 I 

.Soizuro 

o~18 ' 

Sur~c~ n "V 

S ~: .rtod, :,,0 

!! 
:i I ': 

i jl 
i • t!~is load i 
. . . . . . . . . .  n . . . . . . . .  . L  . . . . . . . .  J.. " l  

I 'i" i 5 ,000  : :570 ~J 8 3 2 ,  0.17 
t o  i i 1 I . : 1  

85~000 "9,670 1J12,130! :9.14 :i :Surfaces ,O.K0-. 

322 '350 0,12 ';I 

to ! 
I ~6,720i i O.ll Ran :amoothly - '  
i .j Surfaces :O,K. 

I 7 
cha±ter at 

i I 4 , ,  O0 ~,.S.m. 

l , 0 0 0  Water ,i 32,0 
,, to 

5%6oo 

to 

36.,,0oo !:~, io0 
°"i 1 

D~, i t° ' °~1 t j  ,,...,.°°',o 97~, ] 1.7~ol. o.2! 
64~000  '7 3 1  . C ,80  0.'1'7 

,! 

I ~ on DeE.S,. (Kop~.ers ~i 
i I C0,,) having :planed /i 

i I Block (planed surfacei 
:I on K.N.40 (Ko[.q?ers 
I ' C o . )  h a v i n g  Fl~.ued 

L°/Z:__, J Surfc.ces O,K. I 

. / 



X,S. 95 (Koppers Co.) Bronze Blbck 
( Continued)~ 

, Condi-<i ;rTOt'~ll 'i ~Loc.d :on' ~:~'°rce ~ 
block ~ in ' :Description Of i' ~ion of, loe.d on • ~ " clent ,Of I R6~ 

i ' '!'ilb~-i friction m~teri~l te:~t ~ block ~I p°s.i, i te:~t ~ block ~I p°s.i, i i 

L. i in~l ,~: ~ L ~ .| , :i 

T '¸ 

! 

': • i_',i 



' j '  . " 

% 

"S" ~,[onel BlOCk 

3 6 , 0 0 0  ~.,~1,I5) t 2 ] , 100  0 . 3 4  3 r d  s fc r~kc .  
. S e i z e d  ., 

:Block (ground surf~.co~ Dry 2,000 :229 285 0.14 Ran smoothly 

on Ll2 Cr. steel hav- 
in~ pl~od surface. ~ • TI,O00 1,260 : 1,640 ! 0.15 ' ls~t ,s~roke 

Both block and plato ' 
painted ~,rith ~ col- 13,000 ,1,490 5,510 ! 0~42 ! !2nd stroke 

loidal ~raphito i 
15,00'9 l,~:l~ 9,050 i :0.:60 3rd stroke 

Load b ,~lt up 
~_ wi%hout in- 
: croc.sing the 
load .by ,mcans 
of ~ho test- 
in~ m~chine  

i _ L ~" . . . .  l . . . . . . . . .  
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L 

1 

'Description ,of 
m~.terial 

I 

12 Chrome Steel ] i.i 

Condi- Total i' Load on: Force ' Cooffi- . : ." -~ 
tieu :of load enl block in ! .  cient of i:R~mc.rks 
te.:~ block i p.s,i, i lb. friction 

' ; ~i :in l b .  ! ,q 

i 582 

~I to ' ' : 
I :Block (planed surfc, co) Water 5;700 

on S.A.E. 64 (Gov't. : 
I spsc.) having p l a n e d  : , 

surface : " : 6 9 , 5 0 0  . 7 i 0 9 0  
- i I in _ ' i 

B l o c k  (p a n e d  s r ) ry . I u faco 'D ~ 4 , 0 0 0 '  . 4 6 0  i 
on D.H.S. "(Koppors " to : 
Co.) having planod ! 

; 0 . 1 2  i , : , 

' 5 , 0 8 0 ~  0.07 ~ Ran very smootP 

i | 

t60 I, i00 ::' ' :!i!~ 0 , 2 8  ' : 

' 2 5  3 , 6 0 5  ':0.24 S e i z u r e  

0.79 2nd stroke 

surface 

Same materials as 
above 

Block (planed surface) 
on 12 Chromc steel 
having planed surface 

,J 

Water 

J 

5 

i 

, ! ,  ' 

!, 

  .ooo 

J 
: 4, 000 

15,000 

.i 1,000 
i 

' 2 , : 6 0 0  

1 3 , 0 0 0 1  

9 , 4 0 0  1 
I 

i 

1,610 i: 3,140 0.22 Slight vibra- 
t 

tion- Plato 
I • i, j~ scored ~ ' '  

4 6 0  - - "  " 

i, 7 2 5  " 

1 0 2  . , 2 3 8 '  ~ 0 , . 2 4  ~ ].st i s t r o k e  ": 
o 

2 6 5  ~' .2~ ,065  ~ , 
' j  

1,325 ~9,380 0 . . 7 2  I I 3rd stroke 

.960 'i 

4 3  

7 ~ 0 3 0  i 

II 

&th,stroke ~ • 

All,above loads 
occurred v~th !i 

t 

0 . 7 5  

t h e - , _ n l , & n l  s c  
: of ~h6 testing 

• , m,.ch~nc 
i 

j * , 

/," 

I 

i 



18-8 Stainless Steel ~ 

Condi- 'Total 7Load on! Ferce Coe#f i - -  
Description of tion of load o~I block i in cient of 

material test block p.s. i l. ibo friction 

:Block (planed surface!) Wa 
on S.A.E. 64 i(Gov't. 

inlb. 

0.I~ 

Remarks 

Ran smoothly 

on18-8 steel having 
planed surface 

iJ 

to 
5,500 

5,500 ~ 

B,O00 

L.O00 : 

G29 ~ 1,950 '0.36 ~ Scored 

629 1,5~5 0.28 

686 2,610 0°44 

1,255 8,860 0~53 Seizure 
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