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Bureau of Reclamation 

Hydraulic Machinery Laboratory 

Denver, Colorado 

August 25, 1939 

Laboratory Report No. HM2 
Grand Coulee Dam 
Columbia River Basin 
Compiled by: W. Hamilton 

N. Noonan 
Checked by: N. Noonan 
Submitted by: G. J. Hornsby 

Subject: Sliding friction tests on metals. 

1. Purpose of Tests. 

The 102-inch ring-follower gates for Grand Coulee Dam 
have sliding type seats. These seats were loaded to approximately 
800 pounds per square inch (based on even distribution 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 10,000 pounds per 
square inch. For this particular gate, difficulty was experienced 
in making castings of class "D" bronze which were capable of carry­
ing such a load. Therefore it was necessary to find a combination 
of materials having suitable properties for sliding surfaces,capablo 
of withstanding such loads and having more desirable qualities for 
casting purposes. 

2. Abstract of Results. 

Tests of bearing materials usinf- diff0rent combinQtions 
of bronzes, "S" Monel and stainless steels were made under as close 
to actual conditions as possible. The surfaces wore planed to 
about the same degree of finish as to be expected on the actual 
gates and with direction of finishing cuts parallel to the direction 
of movement of the material. 

The results indicated .that high tin and high alurninlli� 
bronzes have rather high coefficients of friction and show signs of 
galling and wear but do not freeze or cold-w0ld. The leaded bronzes 
(approximately so/10/10) run very good with steels (both stainless 
and tho ordinary carbon steels) both dry and in water. The leaded 
bronzes on bronzes run fairly good both as to seizing and coeffi­
cient of friction whon dry, but whon running in water intense chat­
tering oc�urs at all loads. 

Tho best combination of bronzes for gate scats as deter­
mined by this test is class "C" on QQ-B-69la No. 6 (both listed 
under Government specifications) or the nickel bronze KN40 (Koppers 
Company) with either of the above bronzes. The use of graphite in-
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sorts improves the bearing quo.litics of any material as it does 
not allow metal-to-metal contact, but because of this it cannot 
be used on go.to seats. If the water is rGlo.tively pure so as not 
to form an elcctrolite, the use of a loaded bronze against a stain­
less steel should work very successfully. 

3. Specimens and Testing Procedure. 

Gato scats are usually made of a cast bronze and operate 
dry or under water with loads varying from a fc1,v hundred pounds 
per square inch up to about 6,000 pounds per square inch. 

The test set-up is shown on plate I. The normal load was 
applied by means of the 4,O0O,OOO-pourrd Southwo.rk-Emery testing ma­
chine. The force to produce the sliding of the test plate was ob­
tained by means of a hydraulically operated piston having a 3-inch 
stroke and moving at a rate of about one foot per minute. This 
force is the product of tho piston aroa by tho pressure. Rollers 
were used so as to have single sliding friction. 

Tho size of the block, which was stationary in this test, 
was 3-inch by 3-inch and the plate, which moved a distance of three 
inches, was 4-inch by 8-inch. With such a set- up the block was al­
wo.ys in full contact with the plate. 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 tho sho.rp corners of tho 
block removed by filing. The type of finish a.�d direction of machin­
ing wore made to simulate field conditions as nearly as possible. 
When run under water, a pnn vvas placed under the plate and filled 
with water so as to have approximately one-quarter of an inch of 
water above tho sliding surfaces. 

The load was applied in increments of approximately 500 
pounds per square inch of block area by means of the testing machine. 
The block was moved back and forth about 10 strokes under each load. 
This was continuod, noting tho force required and the condition of 
th0 surface until ther� was a failure in surface or bearing, until 
the chattering bucamo of such magnitude as to establish a serious 
condition, or until the pr0ssure required in tho oil cylinder to move 
the plate was greater thD...� tho capacity of tho pump. 

The data sheets give a rosQmt of the tests, listing mate­
rials, loads, forces, coeffi�ionts, n.nd remarks. In tho column 
"remarks, 11 tho ·word vibration indicates a jerky movement of tho mov­
ing parts such that it could be felt by holding one I s hand on that 
pc.rt. When chattered is used, it L1dicates a vibration so intense 
as to cause tho entire sot-up to vibrate and also to cause consider­
able noise. 
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Plate I 

General Set-up for Sliding Friction Tests. 

Close-up - Showing Plate and Block/ 
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In addition to the materials listed on the chart, "Physical 
and Chemical Properties of Materials Tested" _tests were also made on 
11S11 Monel furnished by International Nickel Co. and 12-chrome and 
18-8 stainless steels furnished by Republic Steel Corporation and the 
United States Steel Corporation. The graphite insert blocks were 
prepared by Merriman Bros. 

4. Conclusions. 

The combinations found to be best were class 11C11 on QQ-B-
69la No. 6, tho latter including Cramp Brass No. 91 and KG6O (Koppers 
Co.) or nickel bronze K...�4O with either of the above bronzes. S.A.E. 
64 (Governme nt specifications) on steels (either alloy or carbon 
steels) runs ve ry good either dry or under water. 

After running the sliding friction tests, it is apparent 
that further study is n0cessary to draw definite conclusions on slid­
ing friction. At present time, physicists, both here and abroad, 
are doing some ro soarch 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 conto.ct. How­
ever, from the tests as run, the following conclusions have been 
dra-wn: 

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

(b) At spe eds 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 that has a tendency 
to seize will seize regardless of finish, if run for some time even 
at relatively low loads. 

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

(e) Bronzes containing lead have a greater tendency to vibrate 
when operated under water than bronzes without lead� exc0pt when 
used in combination with steels. 

3 
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• CHEJ.UCAL COUPOSITIONS AND PHYSICAL CHARACTERISTICS OF MATERIALS TESTED 

I 

I 
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I 
CHE!HCAL COl.'JIOSITIOUS -- ' 

I ' I I . \ I 

�--·- • FRON TI ER , •• ,.. • i 
AMER. MANG. ANACONDA COPPER COUP.ANY BRONZE i 
BRONZE co. (A!,'EHICAN BRASS co.) CRAt:P BRAi:>!:> & IRO!·: F'OUi':DRIES co. CORP. GOVERNMENT SPECH'ICATIONS KOPPERS COMPANY 

• • • • • • • • • 4 • • 

I 
I � ' 
' 
' 

. . '3; � ;, I i 
...__, .. .. � 
..:I � E-1 Id • • ·.-, J ,, C/l •LO ' •u, l""4 rt r1 CO i:b ",i:, . J � '? < =! � Cl N ll) t- u A � � � � • • � g :: t � �. � , , I 00 �01'.il r:-.OM U> r-4 ti:> LO m r-t en r:r.. C/l <.I) I I I I rxl C/l ' I I I I I I E-1 •Oi:-:1 •o�· � O"> Ol ,ti ,;I< O> � LQ r.tl , C/l � � $Z:1 $Z:1 • • C:s1 o 1:1:1 := iz,.; � Cll . I C/lr-4< C/lr4 � � :,t:, 9*=: � ::fl:. � :==I;:: < -< I I I I- < ::::2 � � i,.: � ::.: � � • >-< • I � • I . H ..:I Cf CY a a . • 
t:c: <�o <('1:lt..'l u o cY cY cY cY C1J o 

.... --· 
• C?pper 

. 64-70 Remain. Re�in. 60.00 89.25 59.25 55-60 60-70 87.6 95 91.0 _8�-83, 82-83 85-89 . 85-89 73-80 55-60 78.5-81.0 62-66 82-84 87.5 77-79 84-86 87.6 83-86 , 95 (o�p�f 
Tin ______ _ _ -. _____ 3.6.Min. 71·1n. o.76 0.40 9.19_ l.5Max ___ s.p _____ --·- .6.,_f?-7.5 4.75-f? .• .§ o.5Max 7.5-ll.0 ___ 5.o-7.0 l.6Jax. 9•ll 12-5-1495 7.76 _6-8 9-10.lQ._6_ 9•11 ____ T,�_ . 
Zinc . . ZS-30 39.25 39.00 58-42 20-50 4.0 6.0 -6.0 4.0 -5.0 1.5- 4-.5 O-C c 5 �!3-42 o.75 Max. 20.5-25 l.O Max. 4.0 2-3 _'Z..\VI._C. l 

I Lead ·· 0.2 Max 4.5 -s.o 7. 75-8.25 0 - l.O 15-20 0.2 Max. 9-ll 2.5- 4.5 12-14 2-3 2-3 Lu.� I 

Niokel " 0.50 . 0.5 O. 75 .Max. 1.0 l.!a.x. o. 75 2 1. 75 � N\,ckk I 
Iron · 0.60 o.ao 0.4-2.0 1.s 1.0 2.5-4.0 0 . 25 Pl.ax. 0.25 Ma.x. 0.4-2.0 2.25-3.5 ,_ I!QV. ! 
Sili�OI!__ . __ ---- ·-· , _ . �--� _. - _ _ . . � _ _ " � _ _ ·- _ _ -- --- �- _ _ _ -� _ _ ..Jia.§.. .- . _ � -- . _ · __ ... . _;_ � -- �---� _ 3.15 .5 I� 

-lla.nganeae , , 0.25 _b_5 Ma� � 
· 316 Ila� , . � l.25 _t'lt\. _ , 

Aluminum 
r.Q 

.Lll 1.5 Max < _JhQ. 7.0-9!.Q 1.6 Max. 5.75-7175 _ A\. 
; 

�hosp��roua ·--
� 

0 o.os�.60 _Q_.9s-o.so -- - - - ,;; -� -� ·- . Oo60 Max. o.os--0.25 !)�ox. - Hone o.2L�De9�. _efu.�.... . I 
All others -� 0.05 Max. .. OJ\\t('.;..\ 
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• PHYSICAL CHARACT�RISTICS (T.AKE�1 FROM SPECIFICATIONS) / . 

. . . -
Hardness (Brinell) :' · · 240 100-160 140 Min. 84 119 107 100 185-240 60-70 70-80 55-65 160-175 60-70 38-54 100 · 46-50 200 55-65 60-70 48-55 50-60 86-86" 60-90 85-95 -�-MN 

ii Ultimate tensile strength 116,000 ��:8o°8 72, 000 Min. 57,000 74.200 68. 700 75,000 115,000 45,000 45.000 66,000 35,000 27,000 76 ., 000 25.000 106 .,000 33,000 46, 000 32,000 30.,000 46,000 40,000 45,000 �_'i��Sl_\� '. 
___!!eldpoin� ___ ---·-�-- 10,000 2s,ooo·m.n.40,000!�n. __ -·- 38,ooo ss,ooo 21,000 23 ., 000 ____ 4 7 ,ooo 1a,ooo l·1s !.0_()0� _!8.ooo __ 1_9,000 .,.so .,ooo __ ?o,ooo 21,000�1s,ooo 1e,009��900__!�,ooo 22.002__y,�JL ,i 

Compr&asion of 0.001• • � - --- -- � - -- -___ ,_ --1:,;000-· ·�12,000 - . 13,000 14,000 14,000 12,000 - 20,000 C•oMi,._ 
Elongation % . 10 15 10 38 .6 27 .s 25 .o 20-30 10-25 20-30 15 m1n. 20 18 12 20-30 6-8 17 10-14 20-30 12-15 15-18 · 18 8-14 18-2 2 (\ 0 "'.!. 
Yit. pe r eubio inch ' 0 .280 0.305 0.280 0.315 0.280 0.315 O.Z05 0.280 . 0.315 Q,v.�i!-� 

- . 
. ' 

., .. 
-------· - -�- -- --- -�---- - _ __,____ --- -- - - --�--- - ---------- -· - ---��- - -� ----� -----� . -�-�-- --------------



... 

-, ,. 
-� 

-" 
.I, 

• I 

----------
HY-TEN-SL (lA) American Manganese Bronze Co. Block (Round) 

Description of 
material 

Condi-
I 

Total 
tion of load on 
test block 

Load on 
block 
p.s.i. 

Force coeffi-
in cient of Remarks 
lb. friction 

in l h. ,__ ------- --1-------+------·---·+-------1------+-------+-

Block ( planed surface) 
on QQ-B-69la =/1=6 ( Gov'tl Dry 
specs.) hu.ving planed 
surface 

6,500 956 
to 

1'7,000 2,800 
29,500 4,340 

-·····----- -·-·. ·------· ---· ····--·---·-···--!-------------1--___ .., __ ._ 
Block (plnned surface) 
on D.H:s. (Koppers 
Co. ) having ph,nod 
surface 

1same as a"tiove 

I 
-H-••-HC ·---·-

IBloclc ( plm10d surface) 
on KE52 (Koppers Coo) 
having plo.ned surf9.ce 

Dry 

I Water 

Dry 

4,soo I 706 
to 

68, ooo \J.o, ooo I 

I 9,ooo I 1,021 I 
to 

36,000 5,290 

·--····-···-

7,500 1,103 
to 

49,000 7,200 

' I 

4 

2,115 

6,340 
11,300 

-·-�· .. ·-
498 

9,690 I 

2, eso I 

11, 710 

--·--·· 

1,780 

!10,430 

! 

0.33 

0.37 
0.38 

0.10 

0.14 

0.32 

0.33 

0.24 

0.21 

Sli:ht vibration 

Sli[ht vibration 
Bad chatter 

-

I Surfaces O.K. 

I Vibration 

:No vibration, 
black flakes on 
surface 

Vi 1:irfa tion 
to 

Bc,d chn. tter 

-- - -• ----·----
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t A.S.T.1'�. B-100-35 T Grade A Block (American Brass Co.) ,. ______ _ 
I 
I Description 

material 

---·-·······-

of 
Condi-
tion oi 

test 

-�-----
rf::cce) Block (plo.ned su 

on A.S.T.M. B-1 
35 T Grc.de D pl 
hc.ving planed s 

00-
ate 
urfoce 

----·--···· " . . .. ..... . _____ ------····--
Block (plnned su 

on D.H.S. (Kopp 
Co.) plate ho.vi 
planed surface 

·Block ( plc,ned su 
on KH 73 (Koppe 
plo.te having pl 
surface 

Sn.�e materio.l o.s 
o.bove - surfD.ce 
refinished by f 

rfo.ce) 
ers 
ng 

-· 
rfc.ce) 
rs Co.) 
a.nod 

-- . .
.. . -----

s 
ile 

Dry 

II 

" 

··--· ·· 
Dry 

Dry 

___ .. , _____ 
Wo.ter 

Tota]. 
lor .. d on 
block 
in lb. 

4,500 

14,000 
14,000 

...... .,. 

1,700 

to 
37,000 

4,000 
to 

65,000 

··----
13., 000 
22., 500 
35,000 

London Force 
'hlock in 
p.s.i. lb. 

--
517 974 

1,610 3,490 
1,610 7,580 

·-·-·--·---· ---·--·---
195 

4,250 

299 

7,465 

" 

1,495 
2,585 
4,040 

5 

546 

12,900 
·- --· 

618 

9,050 

-- --
1,495 
2,950 
5,580 

I 

Coeffi-
cient of Re?11.c.rks 
fr1.ction 

0.22 

0.2s 
o.54 After 3 strokes 

(seizure) 
i-.-..-... 

0.32 
No seizing 

0. 35 

0.15 
Seizure lines 

0.14 in plc.te 

-------
0.12 �uns smoothly. 
0.13 Chatters 'l:lc.dly 
0.1s but no sign of· 

seizure 

'· 

; 
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________ A_._s_._T•=-
B-100-35 T·-;rade D j;�ock 7;�-;;ican B rass Co.) ·

·
·---� 

Condi- I Total Load on
T 

Force Coeffi-
Description of 

material 

---------
Block (planed su r­
face) on Frontier 
#5 F plate having 
planed surface 

tion of
l 

load on block in cient of 
test block. p.s.i. lb. friction 

in lb. 

Dry 4,000 460 1,093 o.27 

Remarks 

to 
40, 000 4, 600 9,150 0.23 I Surfaces scored 

- ··------·-······-------· ·-·· -+--···---- ··--1--· ·------�------

Block (planed sur- I Dry 
face) on QQ-B-69la, 
=#=6 plate having 
planed surface 

4,500 517 

12,000 1,380 

1,115 0.2s 

4,870 o. 41 Cho.ttered 
surfo.ces 
scored 

and j 
badl• uj 

·- ----t--+-+---l--+---l-----i 24,500 2, 815 8,010 0.33 

Block (planed sur- Dry 4,000 
face) on D.H.s. to 

460 903 o.23 

(Koppers Co.) plate 24,000 2, 760 7,630 o.32 
having plnned sur• 31,000 3,565 10,080 0.33

1
Slight chatter 

face 41,000 4, 730 12,940 o.32 Slight chatter 
�---··---- ·-""T""----------------- ---------· 

Block (planed sur- Dry I 3,500 I 402 I 880 I 0.25 
face) on K.s. 95 
(Koppers Co.) plate 1· 12,500 I 1, 440 4,230 o.34 
ha:ving pln.ned sur- 1 
fo.ce 

j 
23,500 2, 700 10, 270 0.44 Seizure 

! i 
L_______ -- I --�-�----·-··· -------�--- ---

6 
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Amer i can Brass  Co. �''452 Block 
1-------------------,-----,r--- -

Des cription of 
material 

I Condi ­
tion of 
test 

Tota.l Loacl on 
load on ½lo ck 
lllo ck p. s.i. 
in lb. 

Force 
in 
lb. 

Coeffi­
c:i.ent of 
fri ction 

Remarks 

1---------- ---------+-------+----- ·-·1-·-·--------+- ---·--1-----·-i-------·-----
Blo ck (pl a..�ed surface ) 
on Ameri ce.n Bra s s  Co. 
#=452 plate having 
planed surfa ce 

Block (planed surface) 
on Ameri can 3ra s s  Co. 
=l/=937 plate hav ing 
planed surface 

Dry 

Dry 

4 , 500 

13,500 

517 

1 , 550 

23, 000 j 2 , 640 

402 

1,492 

2 , 760 

1, 495 

3 , 610 

5, 540 

1 , 095 

3, 350 

5, 820 

3 , 500 

1 3 , 000 

24,000 

43 , 000 4, 940 I 10, 930 

0. 33 

o. 27 1 Sli:=_·ht vibration 

0. 24 I Sei z ure 
-

0.31 

0.26 

o. 24, 

0.2s Seizure 

--1--------- ·---+----·----+---····· ---�-----· -- · ···--+------+------ ------
IBlock ( planed surface ) 

on Cramp B r2, s s  41�91 
plate having pl aned 
surface 

·-
Slo ck ( planed surf!.'.ce) ; 

on S.A.E. 64 ( Gov 't. 
specs. ) plate having . 
plo.ned surface 

··-

�lo ck ( plc.ned surface } .. 
on K . S. 95 (Koppers 
Co. ) pl ate hci.ving 
pl aned surfo.ce 

Dry 

Dry 

Dry 

2 J 500 

12 , 000 
to 

34 , 000 

2 , ooo I 
to 

23, ooo I 

4 , 500 

to 

287  1 , 070 

1, 380 3 , 800 

3 , 910 9 , 810 

230 I 4-50 

2 ,  6L.':O I 
4

, 325 

517 I 832 

34 , 000

L
0 

____ 

9, 1 8

.

0 

L 

7 

0. 43 

0 .32 

0.29 Sei zure 

o.23 Vi  bro. t .  O S  or 
chatters 2. t n.11 

o.19 I load s ,  surfe. ce s 
0 .  K. 

-
0.19 1 Vib rc.tcs .or 

cht1.tter s  cd� c.,11 
loetd s . Sei z ur e  

0. 2 7  
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Description of 
material 

Block (planed surfece) 
on Ame rican B rass Co. 
=f/=452 plate having 
planed surface 

Block ( planed surface) 
on Amerioan B rass Co. 
=f/=915 plate havi ng 
pl �ed surface 

Block (planed surface) 
on Cramp B rass =l/=49 
plate having planed 
surface 

Bl ock ( planed surf2,ce )  
on Cramp B rass #91 
pla te having planed 
su rfe.ce 

Block (pl&ned sur fa ce ) 
on QQ-B-671 (Gov 1 t. 
specs.)  plate having 
planed su rface 

Block (planed surface) 
on Ameri can B r6.ss Co. 
=/1=91 5  plate ha.ving 
planed surface 

Ame rican Brass Co. =f/=915 Block 

Condi- Total Los.d on Force 
tion of load on Mock in 
test block p. s , i o  lb. 

in lb. 

Dry 4, 000 460  1, 26 0 

to 

34, 5 00 3, 96 0  8 , 460  
· -- .•..... 

Dry 12, 500 1, 440 3, 4 20 

to 

44, 000 5, 060 11, 850 

Dry 2, 000 230 5 23 

to 

46, 00 0  5, 29 0 13, 540 

Dry 4 , 000 460 1, 115 

to 

43, 500 5, 000 11, 5 20 

Dry 2, 500 287 737 

to 

4 2, 000 ·l , 830 11 , 550 

Dry 2 , 500 28 7 500 

to 

23, 000 2 , 640 3 . 825  

··- -

8 

·---' 

Coeffi-
ci ent of Remarks 
fri ction 

0. 32 

0. 25 Seizure 

' 

0. 21 

0. 21 Slight seizure ' 
0. 26 

0.30 Surfaces 0, K. 

-
0. 28 

0.21 Seizure 

0, 29 

0.2s Surfs.ces 0.K. 

o .  20· 

0. 11 Chc..tters 
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D e s c ription o f  
mc,tori o..l 

Blo ck ( plo..ned sur­
fac e )  on P�no ri can 
Brn. s s  Co . =#=91 5  
hc.ving pl u.nod 
surfc.co  

Ameri c an B rc� s s  Co . {,�937  Block 

Condi - To tal . I Load on 
tion of load on 

I test block 
in l b .  

blo ck 
p. s . i .  

·r 

Fo r c e  I Coeffi-
in \ c i ent of 
lb.  fri c ti on 

Dry 3 , 2 50 

to 

37/i I 9 9 8  0 . 3 1 

4:5 ,  000 5, 1 7 0  110 , 900 0 . 24 

Remc:, rk s 

S ei zure 

-·-'--·-·-···· . ... -- -- ..•• · ----- ----1-. .  --------4-- · --. .  ··-·-·· .. --·1--- ... . .... . .. ---1--·-----+----·--·--------
bn� ck ( p

_
l cmod � u�

- '! Dry 1 '1 , 000 I 1 , 6 1 0  I 3 , 1 60 

f-c o )  on Amo n cc .n t II , 0 
Br� s s  Co . ff93 7  I 
hc.vin6 pl aned surfc.c�  . { 5 , 000 I 5, 170 I 9 , ( 60 

0 . 2 3 

0 . 21 Chc.ttcred nl l 
l o c d s  - S e i zure 

1---·----------... . ). .. .. _._,.,,_., ---------------------- ·-·, 

IBlock ( pl 2ned sur-
I 

Dry 3 , 000 i 
face) on C l as s " c "  
( Gov ' t .  s pe c s . ) ho.v-

1 
to 

ing pl aned surfac e l l , 000 I 

�lock ( pl an e d  s ur-
fac e )  on D . H. S . 

l Dry I 3 , 500 I 
( Kopp e rs C o . ) having I I 24, ,  500 l 
planed surfac e to 

3 4 5  I 80 8 

1 , 265  I 2 , 230 

, , __ _ . . j.. .. 

402 I 927  

2 , 820  I 6 , 400 

o . 2 7  

0 . 20 

o . 2 7  

0 . 30 

Chatte red o.1 1 

lo ads 
--- ... _______ . .  __ .. - - ·  _ ._, ___ _ j 

I 

Vib rc,ti on 

4 6 , 00
��

280 � 3 , 1 5 0  

��o ck--( p�=ed- �urfa�e
r Dry 

I 
2 , 500 2 87 � 642 

0 . 2 9 
j 

S ei zure j 
________ .,., _ _ .. _ ----------·------- . - 1  

0 . 2 s Vib ro.ti on 
on K . H. 73 ( Koppers  
Co . )  having plo.ned 
surface I I 1 2 ,  ooo I 1 , 380 I 2 , �5 7 5  0 . 20 B£-.d ch:::"ctt.er 

>-------------�----;.., I I 

9 
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II Cr::tmp Brc.ss & · Iron Foundries Co. 1t45 Block ----- . -- . -Condi- Totd Loo.d on Fo rce Coeffi-
Descripti on of 

mo.terio..l 

Block (pl nned su rface) 
on Americc.n B rass Co . 
=#=452 having planed 
surface 

tion of  
te st 

Dry 

load on 
blo ck 
in lb. 

1, 500 

11 , 000 
to 

blo ck in 
p .s. i. lb. 

I 17 3 I 380 

I 1, 2 65 I 3 , 185 

___ ____ ..l -· · _ .
.1

3 6 , 500 

. . J_
.
4

, 1 9 5  l.8 , 4 6 0  . . 

Bl ock (plo.ned surfo.c0) I  Dry 
on Crnmp B ru.ss Co. 
=#=49 ho.ving pl aned 
surfo.ce 

3, 000 
to 

45, 500 

345 760 

5, 230 �1, 700 

ci ent o.f 
friction 

0.2 5  

0.28 

0.23  

0.2 s 

o . 2 6  

Remo.rks 

VibrCction 

Ba.d c hatter. 
Seizure 

·--------

Surfr,ce s O. K. 

1----··--··-··-·--------·---- i-·-·--·- · ·--· ·t-·---- -- ·-·-- · I--- - -- -- ---�---·--·-I-···· ·--··· · ·- -+--------·-·· ·-··- .. .. 

Bl o ck (plo.ned surf'o.co ) I  Dry 
, on QQ-B-6910. =#=6 

I 4 , 300 

( Gov ' t. specs.) ho.v-
in6 plC\.ned su rfctce I 1 33' 000 

I 1:l:95  1 1, 115 

I 3, 790 1 7 , 680 

0.2 6 

0.2 3 

Vib rc:tion 

Bo..d chn.ttor -
Sei zure 

1-------------------+·· . ... . ·--· --··
--1-·-- ··-

·
··· ·

·
-· - - ·+--· .. ·----·-· ·+-- -··-· --···· �--- ·----- -!----------··-·--

Bl ock (plo..ned surf�cc) I  Dry 
on S.A.E. 64 (Gov ' t. 
sp ecs. ) havinr pl! Lnod 
surfc.ce 

t;, , 500 
to 

23, 500 

517 1 1, 190 

2 , 700 l �- , 970 

1 0  

o . 27 Vib rs'.tion 

0 . 2 1  Bnd cho.tter 
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Cramp Brass & Iron Foundries Co. ·#49 Block 

Description of 
material 

�
ondi- Total 
ion of load on 
est block 

Load oril F'orce·f-Coeffi-
blo ck 
p . s.i o 

in 
lh. 

cient of 
fricti on 

Remarks 

---- -- ----· ---·--·---+-·-- -----+ -�� -�.?.• __ 1- --· ·-· · -- - ----1 ··--- ----- +-- - -·-·-----·- - +----· ·-·----·---·7 

Block ( planed surface) j Dry I 3,500 
on American Brass Co. •  

402 1,330 0. 38 

A.S.T.M. B-100-35 T I I to 
Grade D having planed 
surface ! I 33,500 

I 

Block (planed sur- Dry 

I 
4: , 500 

fe.ce ) on Cramp Brass to 
Co. =#=49 having 
planed surface I I 60,000 

3, 850 l

�

r

-

0.35 
l 

Surface scored 

-
517 832 0.19 

6,900 12,730 I 0.21 Surfo.ce in fair 
condition 

+----------·---· ·---··-+-·- --· ···--·-t------1----··-- ----1--------------� 

Block ( planed sur- I Dry 
face ) on Cr8Jllp Brass 
Co. =/1=99 having 
planed surface 

4,700 
to 

22, 500 

32,500 

540 

1,725 

1 , 570 1 0.32 

8 , 530 1 0.36 

3,735 1 11,900 0.37 

Vibration 

Vibrntion 

---·-··------·-·-····-·· .. --------·· ·+-------·----· ·- -· · ----- �-----·----1------+----------1--------------·-
Block (scrupod I Dry I 

surface)  on D.H.S. 
I 

(Koppers Co.)  hav- l Water
l ing scraped surface  

LJ:, 000 I 460 I 738 

4,40 0
1 

506 ! 1,830 
to 

34 , 000 1 3,910 1 10,900 

0.19 

0.42 

0.32 1 · Black flakes 
present 

--·· ----- -----------· ·-+--- ---··-�----·--·····--4-----···- ------+--.. --....... +-·---- -···-1----.-------------· 
Block (pl aned sur- I Dry I 4,000 1  

face on K . N. 40 
(Koppers Co. ) he.v- I I 13,500 1  
ing planed surface 

I 
24 , 000

1 

-

4. 60 I 998 

1 , sso I 2,570 

2,760 I 3 , 990 

\ 

11 

0.25 

0.19  

o.17 

Vibration 

Chatter 

B ad chatter 
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Crz..mp Brass & I ron Foundri es Co. f,=91 Block 

Description of 
matcria.l 

Block (pl aned surfc.ce) 
on American Bro..ss Co. 
=/1=452 hQving plc.ned 
surface 

Condi--
tion of 
test 

Dry 

Total 
load on 
block. 
i n  lb. 

8,000 
to 

43, 500 

Load on Force Coeffi-· 
b lock in cient of 
p . s . i .  lb. friction 

920 1 2,710  0. 34 

5, ooo I 9 , 9 60 0. 2 3  

Remarks 

Vibre.ti on 

Cho.tter . S oizur, 
I ---- 1 1 ---------i----·-- -·-'-4 - - --------1------·-------
Block (planed surfo.ce) 

on Cramp Bro.ss Co. 
=/1=99 ha.ving plcned 
surfo.co  

Dry 3, 7 00 
to 

23, 000 

4 25 I l, <r7o o. 4o 

2, 64 0 1 11, 300 o . 49 Ba.d seiz ur e 
. ··-· -·-- ·-+---·-·- ---4-·---------+-· ··· -··----�---------·---t---

BJ. ock ( planed  surfo..ce) I Dry 
on Clo.ss "C" (Gov ' t .  
spec • ) having sc ro.r;ed 
surface 

4, 000 
to 

64 , 0 00 
back tc 
32 , 00 0  

460 618 

7 , 36 0 1 10., 030 

3 ., 680 1 6 ., 2 00 

-+----··· ------ - ·· ·'----·------·-�---------
Block (pl aned surf�cc) I Dry 

on QQ-B-691:.:t =f/·? ( Gcv rt .. 
spec • ) hewing plo.D Jd  
surfac(:; 

2., 00 0 

41 , 500 

5 1,000 

60, 0 00 

230 I 333 

4., 1�0 I 5, 5,10 

5, 3 6 0 1 7 ., 510 

6 , 900 1 9 , 530 

0. 16  

0. 16 

0. 19 Str.,.rtod chat­
tering 

-··----+---------
0. 17  

0.13 

0 . 15 

0. 1 6  

Vibration 

Bad chc.ttor. 
Slight failure 
in bo8.ring 

1------------------+---------+--· ··· ··---'--·----!--------+------------
Bl ock (plc.nod surf::.co) 

on K.H. 7 3  (Koppers 
Co.) having plnned 
surfac e  

Dry 3, 5 00 
to 

2 1, 000 

33, 000 

,:02 I 713 

2 ., uo I 3,o9o 

3 , 790 ! 5., 0 20 

0 . 20 

0. 1 5  

0. 15 

Crc..m.E_ Brass & Iron Foundries Co . =f/=99 Block 

Block ( pl aned surfo.c o) 1 Dry 
on Cramp Brass Co. 
=/1=45 huving plc..ned sur­
face 

3,500 
to 

39, 50 0 

4 0 2  998 0. 29 

4 ., 5-1-0 1 10, 10 0 0. 26 

Bo..d chc.tter 

Vibro.tion 
to 

Bad chc.tter . 
Seizure 

i---------------1,------+-----+------1-----+------1-----------·-·· 

Block ( pl nned surface) 
on D. H.s . (Koppers 
Co. ) ho.ving planed 

Dry 4, 000 

to 

4: 60 I 1, 0 95 0. 27 

0. 36 surface 37 , 00 0  4, 250 [ 13, 17 0 Slight seizure 

, __________________ ..1 ______ 1 ______ Ll�')::----J _____ J _________ ., . .. -- . . . - - - - . . . - .. ... -
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Desc ription of 
mo.terio.l 

Block ( pl o. ned surfo.ce) 
on A.S. T . M. B-100-35T 
Gro.do D (Amorico.n Brass 
Co.) having plo.ned 
surface 

--- �-·-- - -·---·-----··· ··---------
Block ( surface  as rolled) 

on Frontier Bronze #5F 
having surface as rolled -

Same as above 

----- - --··--
S�me as above but wit h  

pl aned surfaces 

---
Block ( planed surface) 

on Q.Q-B-671 ( Gov 1 t .  
sp ecs. ) having planed 
surface 

Same as above 

- . -------- - , . . .  ---
Block ( planed surfQce)  

on QQ-B-72 6  (Gov ' t. 
specs. ) having pl aned 
surface 

Block ( surface as 
rolled) on K.N. 42  
( Koppers Co. ) hQving 
phm ed surfo.ce 

·-· - . . ---
Same o.s  above. Sur -

fQces not r efi nished 

-
- Frontier B ronze Co�pi #5 F Block 

Condi- Tote.l Loc..d on F orce Coeffi-
tion of loc,d on block in cient of Romc.rks 
test :Jlo ck p . s . i. lb. fricti on 

in lb. 

Dry · 5 ., 500 632 l , 7q0 o . 32 

to 

35 ,000 4, 020 9, 290 0 . 27 Surfac es in 
fair co ndition 

·-· 

Dry 10, 000 1., 140 2 ., 160 0 . 22 

to  
44 , 000 5, 010 10., 900 o.25 Slight vibratior 

Wo.ter 10., 000 1, 140 3,040 0.30 
to 

41, 000 4 , 670 9, 570 o . 23 Slight vibratio� 
Seizure 

.__ ____ --·· -·-- · 
Dry 7 , 500 854 1, 685 0.23 

to 
31, 000 3 , 530 8, 220  0.21 Seizure 

•--•u-•••-- .. 

Dry 4., 000 460 1, 115 0 . 2 s  
to 

4 7 , 000 5 , 400 1 2 , 100 0 . 2 6 Frontier bronze 
seized --

Wo.ter 4 , 800 552 878 0 . 18 
to 

32 , 500 3 ,730 11, 250 o.35 Black fl akes 
present �------ --··--- .. 

Dry 4 ., 000 460 950 0 . 24 
to 

50., 000 5 ., 740 11., 000 0 � 22 Slir; ht seizur e 

.. 

Dry 3, 20C 356 618 'J. 19 

to 

43, 000 4, 780 11, 000 0 . 2 6  Slight vibratior. 
. -··-··-- ·----· HO·------- --� 

Wo.t0r 3, 500 389 1,380 0 . 3 9  
' 

· to 
10, 050 Vibration 34, 000 3, 7 80 0 . 30 

1 3  
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Description of 
m�tori�l 

Clo.ss " C "  ( Govornmc,:nt Spocifi cc.tion) Block 

Condi-
1 

Totc,l · 
f 

Load on Force  Coeffi-
tion o lond on block in cient of 
test block p . s . i .  lb. fri ction 

in lb . 

Remarks 

1---------------------i--------+-------+---------1,------+------+----------------i 

jBlock ( plctncd 
I A . l on mo ri cc.n 
! =ffg 3 7 he. ving 
i surfc.co  

surfc,co ) 
Brc .. s s  Co. 
planed 

Dry t,000 

to 
11 , 000 
21 , 500 

460 

1,265 
2 , 470 

808 

1 , 780 
3,420 

0 .20 

0.16 
0 . 16 Br.d cha ttcr 

1----------·--· -- . .. . · ··· - ·· ··· · ····-·· · +- · ----+------+------!--- .I 
Block (planed surface) 
on Ameri can Brass Co. 
=f/=937 having pl aned 
surface 

Dry 3,500 
to 

22,500 
42,500 

405 

2 , 585 
4,885 

, ____________ --···· ·· ···· -- !-·--------··· ··· ·--�----·· ···· -··-···+--·--·· ·· -····-· 
Block (planed surface) 
on Class 11 C 11 (Gov 1t. 
spec. ) having planed 
surface 

Dry 3,800 

10, 000 

437 

1 , 150 11--------- ···------·-�·----·-·- ·----!------- -- -·+·· --······-· ·· ··-

Block (planed surface) 
on Class 11 D 11 ( Gov 't. 
spec .)  having planed 
surface 

Dry 22,000 

to 

68,000 

244 

7, 555 

926 

,t , 850 
8,840 

0.21 

0.22 
0.21 I Bad chatter . 

Seizure 
-·-··---· ·- �--...-� -�----, 

7
60 0.20 Vi hre. ted 

2 , 020 0 . 20 Chatte red 

I 

··-·-----4-----------·------...... � 
190 

8,030 

0.09 

0 . 12 Slight failure 
in beariYJ.g 

i------------ -----1-----·--·-+---·- -· ··· ···'-··-· - ·-·- ·- ··+---·- ·-·-··-+-··-··--·----+------- . I 
Same as above Water 6 , 000 

to 
2P,500 

690 

2 , 930 

1 , 045 

5, 780 

0. 19 

0 .  23 j Chatters all 
loads 

--------------l·--------- �·---- ·- · ······-i------·------4---------
Block ( planed surfac e) I Dry 

on QQ-B-69la =f/=6 ( Gov 't. 
spe c . ) having planed 
s urface 

10,700 
to 

63 , 500 

1, 2 20 

1 ,  2so I 
·---�-----+ 

So.me as o.bove Water I 8 , 500 
to 

112,000 
1--------------- ---1-------------1--,.------ ·----

Blo ck (having Lubrite 
=f/=30 inserts) on QGl.-B-
671 ( Gov 1t .  spec.) 
having planed surface 

Dry 7,000 
to 

51,000 

69, 000 

970 

12, 800 --· · �---
800 

5 � 830 

7,890 

i 

1,610 

7,200 

935 

11 .000 --
642 

5,225 

9, 450 

0. 15 

0.11 I Surfaces O . K . 

O . l l  

0 . 10 I Surf�ces O . K . 

0.09 I Runs smoothly 

0 . 10 I Started to chat-

0 . 14 
ter, then ra.n 
smoothly. Sur­
fa c es b.K. 

- - - - - - - - - -·· - --· - - - - - - .. ,. __ - - - - -- -- L -- - _. - -... - - \__ - - - - - - - -

14 
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Class " C"  Bl ock ( Continued) 

D es cri ption of 
material 

Block ( having Lubri te 
#30 ins erts ) on QQ-B-
671 ( Gov ' t .  sp ecs. ) 
having planed  surface 

Condi-
tion of 
test 

Water 

1----------·· ···--····-- ·- ------11--------�-
.
.. 

Blo ck ( planed surface) 
on S .A . E. 64 ( Gov ' t. 
specs.) having planed 
surfac e  

Dry 

Total 
load on 

block 
in lb. 

3 6,000 
to 

9 5,000 

110,000 

t---- · · · · · -- - .. -
8,000 

to 
68,000 

Load on 
Ho ck 
p .s. i .  

4,130 

10,850 

12,570 

-··- · .... . ··--- . --· 

9 10 

7,750 

l<'orc e 
in 
lb. 

3,970 

9,380 

11,050 

... -- --·--

1,140 

7, 780 

Coeffi­
c i ent of 
fricti on 

o .u 

0 . 10 

0 . 10 

0 . 14 

o .n  

Remarks 

Runs smooth­
ly 

Chatters, 
surfaces 
O. K .  

Surfr,ces 0 .  K 

---------·-· ··- --·•·-··- · • • --·• -··-·• .. · ---• • •"'-•- ---·•---· ·· ••·--• - •·--· -• - ·--• ·-• r - ·--·---�------+-----··---·· 
Same as above Water 9 , 400 

to 
82,500 

-----·-------··- -� -- - --- · -· · -··- - -- ----- ------�--··· -- -·-- ··--- . f--- . 

Blo ck (pl aned  surfac e )  
on D. H. S .  (Koppers Co. 
hahing planed surfo.ce  

Dry l;0, 000 
to 

37,000 

4. 6,000 

1,070 

9,400 

1,140 

4, 2 10 

5,240 

1,190 

8, 500 
-· ·-- -·-· · ' . 

1, 615 

6,120 

9,920 

-·····-

0 . 13 

0.10 Surfctc es O . K  
.. ·-··--· ---·--· -------··-· ·-· 

0.16 

o·._1 7  
0. 2 2  Chattered. 

Blo ck seized .  
-------·-····--··· ·-··· . . .. ·---4----- ·· · .. . . . • • •• • •• ·•-·•••••· -·-··--·• ••• ••- •·-- ·-- - -· -·--- -·--· - ---·------·----•"'••..- •n 

Block ( planed  surfo.ce) 
on K . G.  60 (Koppers Co . )  
ha·ving pl aned surf�-. ce  

Dry 6 , 500 
to 

llO, 000 

747 869 

12,650 11,280 

0.13 

0. 10 

Ran smoothly 

Sur:fc, ces 0 .  K; 
---------- ·--·•----· ·" � -·--·• ... •••,---..· .. _ ,•,•-•••••· .. • •••- .... r · -----· ·•-·- • · • ... ...... .. ......... ... ___ ••-••••-·---·· • ••• L.... '"•-·•-• ... ... _..•·-·---· --•-• 

So.me as n.bove Wnter 12,000 
to 

1 123,000 

1, 380 1, 496 

13,800 11, 500 

0. 13 

0.09 

RP.n smoo thly 
; 

Surfo.ces O . K; 

Note. A lc. rge numb er of te sts were run on this c. omcim\tion r .. nd though this was 
the best run, it rc.n consistc.ntly good, hoth vwt and dry, up to loads 

i 
I 

-- Block ( pl::e:�::�:
-
��-_P�:; ----�: oo� -;, �;r· 1,420 

I
I on K . N . 40 (Koppers Co.) to 

he:.vine; plo..nod surfa.cc  88,500 10, 100 ll,100 

- - - - - - - - - - - - - - - --- -· -- -· -·· --- -·· - --· -- -·· J __ - -
15 

0 . 16 Rc:.n smoo thl v, 
v , 

0.13 Surf: cos O . K� 

_ _ _ _ _ __ _ J  
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De scriptio n  o f  
mc.terio.l 

Block (pla.nad surfo.co ) 
on K. l'if. 40 ( Koppe rs Co. )  
having plo.ned surfo.ce 

···- . -·- ·---···--·------ ·------
Block ( plc. ned surfG.co) 

on K. S. 95 (Koppers 
Co . )  having plo.ned 
surface 

Clo.s s  

Condi-
tion  of  
te st 

Wo.tor 

-·-- ···· · · ·- ·- ·· 

Dry 
. . 

" c" Block ( Co11 t.inued)  

To tr.l Load on 
loc,d on blo dc 
block P•  s • :i... 
in lb. 

12 ,00 0 1, 370 
to 

1 03, 00 0 11 ,  730 
. ---�- . - - . . . ·· ·- · ----·-·-� ------ - �- - ·· -

3, 000 345 
to 

43, 500 E , 000 

1 6 

Fo rce 
in  
lb. 

J. , 5C5 

10 , 1 60  
·-- ------ - - --

5'1 6 

]J3, 18 0  

Coeffi-
ci ent of 
f"riction 

0. 13 

0. 1 0  
- ---- - - ·- -- --

0. 1 s  

o .3o 

RomcLrks 

Rc.n smoothly 

Surfc,cos O . K. --- ----····----..---

Seizure 
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-----·---------- ---------------
Clc,ss "D" ( GovcrnmEJnt Spocifico.tio11s) Bl ock 

--· ---
D escription of 

mo.terio.l 
-

C ( pl CIJ'.lOd surf,.co )  
P} o.ss II 

C
it (Gov ' t .  

Blocl 
on 
sp� 
sur 

cs. ) ho.ving pl a.nod 
fs.ce 

--·· ·--· 

Sc.mo o.s above 

------- ·--- ·--· · ·- ····-

k ( plo. nEJd surL.co) 
Clo.ss "D" ( Gov ' t. 

Bloc 
on 
spe 
sur 

cs.) hc.vi ng plo.ncd 
f ::-.ce 

So..rnEJ o..s above 

Condi-
tion of 
test 

Dry 

Vfo .. tor 

,._. ······--· ·-· ----

Dry 

+--- · ·--· -
I Vfater 

... . _____ ------
k Bloc 

on 
Co. 
sur 

( pl o.ned 
K .S. =#=95 
) huv:i. ng 
face 

o..s  c.bo ve 

surfo.co )  
oppo rs 

lo.nod 

- surfG.cei Sc.mo 
not 
pre 

refinished after 
vio us test 

Dry 

Wc.tcr 

-
Tota.l 

loo.d 011 

--

b lock 
in lb . 

3 ,000 
to 

68, 500 

·---·· -· ··-· 

9,300 

81, 000 
. --··· ----- -

2,500 

63,200 

Loc.d 011 
1·Jlo ck 
p. s. i .  

342 

7 , 800 

�-.. ·-·-· ... __ ,._ ·--

1,060 

9,230 
·-·-··-- - --····. ·- . 

285 

7 , 200 

-----·- ·-·--- ••n_,.., • .._, 

9,700 1 , 100 

68 , 000 7, 750 

9 , 300 1,060 

64, 000 7, 300 

9 ,  •'.,00 1 , 070 

28,500 3 , 240 

36 , 000 --1:� 100 

17 

Force 
in 
lb. 

420 

8,270 

----------

1,135 

8,500 
----- ·-·· -·- -

475 

7,070 

1, 380 

7 , 320 

1,260 

6, 72·0 

1, 260 

3,270 

4,940 

Cooffi-
cient of Romn.rks I 

fricti o n  ! 
I 
I 

0.14 
; 

0 . 12 Slicht beo.ring 
fc,il ure 

---··--·--- - -

0.12 

0.11 Surf:'..ce s  O . K. 

1---------- --·--·- -- -·· ··-· ---- - ----· 

0.19 ' 

: 
0.11 Very slicht 

seizur e 

0.14 

0.11 Slicht tendency 
to chc.tter 

o.14 I 

' 
O o ll Sicns of i 

soiz uro i 
I 

0.13 ! 

0.12 Sti'.rtcd to I 

chnttcr. 
0.14 Bo.d chc.ttor. 
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Aluminum Bronze QQ-B-671 ( Government Specification· ) Block 

Condi-
Description of tion 

material test 

Block (planed surface ) Dry 
on A . S . T . M. B-100-35T 
Gr ade D (Amer ican 
Br ass Co . )  havin& 
plane d  surface 

of 
Total Load on 

load on ·t-lock 
block p.s. i. 

in . lb. 

20 , 000 2 , 285 

22 , 500 2, 570 

Force :::oeffi-
in �ient of 
lb. "ri ction 

8,070 0. 40 

7, 010 0.31 

Remarks 

No vibre.tion or 

�erious gal ling 

I 
j 

1----------------------------- ---�------- . - ----�-- - . .  ---- ·--- ____ ______ _ . .... ------ -- ·-· - -·------

Same mater ials as 
above 

Water 2 2, 500 

to 

44 , 500 

2 , 570 6, 860 0.30 

5, 090 13 , 130 0.30 

No vibration 
or galling I 

thou6h sur - I 

f9_ces ap-
pear ed scraped -·----· I'--- -- - -·-- ----- · --- -·- ·· . ·-·· . . . . --- . . - . . . · - . - .. - - - . .  ... . . . .  · ···-- -------·· . ··- ·-------- ----·- . ... 

Block (Lubrite =#=20 in- Dr y 
serts ) on A.S . T.M. 
B-l00-35T Grade D 
(American Br ass Co. ) 
having planed  surface 

19, 000 2,170 

to 

48,000 5,490 

1, 925 0 . 10 

5 , 900 0 . 12 Ran smoothly ---------------- ----- -·---- - - ----- - ·--- ·- · ·· - -- ·· -· __ ,. __ ___ ____ _ _ _ •.. - - -· ·· · -·· -- -- -- - - -·- -···- · ----------- ·-····------------
Same materi als as 

above 
Water 48 , 000 5,490 

to 
4 , 990 0.10 

Block ( pl ancd surface) • D;; .
. 

.. 

6
;��� _? ,  

:�; 
+--6�

;;; ,���--- . 3\a,i__s_moo '::l y 

on Fronti er Br onze =#=5 to I 
having planed sur face 39 , 000 4 , 4:80 9,980 I 0.26 S ei zure --------·-·-----1---------- - ____ ,.... ···-·· .. ·--···--- ----�· .. .. -.--.. ···-·---+--·-- --·- ·-· -- · ·· -.... ·--------

Block (planed surfaco) 
on QQ-B-726 (Gov 1t. 
spec . ) having planed 
surface 

Dry 

i 

3,500 

to 

32� 000 
1-----------······--+-- -·----- - ·· . . ·· · -· . .  

Block ( planed surface) 
on S .A . E. ( Gov 't.  
sp ec . ) having planod 
surfc,co 

Dr y · 3,2'00 
to 

30.000 

' 

4:00 

2, 500 
.. - ··- - -· -·-· 

368 
·· -·· 

665 0.19  

3,870 0.18 
I 

S ei zur e  - - - -··-·--·---� . · ·---.. --
650 0.20 

-·- ... 

! 

3, 450 1 , 780 l 0. 19 Chs.ttcr - sur-

1 
faces 0 . K. I 

----------·--· · ·· ·-· · ·· · · ·-

Block ( pl onod sur fs.cc ) 
on KN40 (Koppor s Co.) 

having pln...�ed surface 

____ ., __ _ ---- ----··· ··--·---· ·-· ····· ··· - - ·· -· - ----- - · t---·----,----·-----·-
Dry 5, 700 

I 
to 

52 , 000 

655 1, 021 0. 18 

5 , 980 12 , 540 0 . 24 Surfc,cc ,  0 . K. ,---------·-·----·-·------�---_ .. _ --· - ·-- ··· -·- · . - . ···-·---· ... --·· - . - ···-----··· . . . .. ·- .. .. ·-----· -·----- - ··-----·
--

··
-.. 

------Block (scr aped surface) Water 
on KN40 ( Koppers Co.) 
having planed surface 

7 , 000 
to 

37 , 000 

824 1 , 220 

4, 350 12, 610 

18 

0.34 

0 . 34 
Surfc,ccs O .  K , 

Black flo.kcs 
on s urf8.ce ,  

· I 



,. 
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QQ-B-69la =#=6 (Government Specification ) Block 

· condi-
Description of 

material 
tion 
test 

Block (planed surface )  Dry 
on A . S . T.�. B-100-35 T 
Grade A (American 
Bras s  Co. ) having 
planed surface 

of 
Total 

load on 
block 
in lb. 

3,500 

to 

23 , 500 

Load on Force Coeffi-
block in cient of 
p . s.i. lb. friction 

403 0.37 

2 , 700 6,720 0.29 

Remarks 

----

Chatters all , 
lo ads ,----.--------·-· . - - ·-- ----- .. ····-·- . ---- - - ·- -- . . . .  , ..: - --- ·-- ---------------+---- ----· 

Block (planed surface) 
on A. S . T , M.  B-100-35 T ! 
Grade D (American 

I 

Bras s  Co. ) having 
planed surface 

Drv 4 , 500 

to 

23,000 

' 
517 1,830 0.41 : I 

� ( 

I 2, 640 6, 985 0 . 30 Chatters -
Sei zure ------·--·· ------- ·- . . . . ·- . . - -- - . · -· · ·  ... -- - · ··-· -· . . - .. . . . - - --- - - ·· ··-· --- ---------� ·--·---------

Block (planed surface) Dry 
on Cla s s  " C "  (Gov 1t. 
spec.) having planed 
surface 

Same as  above Water 
! 

9,000 

to 

68, 000 
· ··-- - - · 

8, 000 
to 

1, 025 

7 ,750 

915 

1,420 

7,670 

1 , 040 

68, 000 I 7, 750 8,330 

0 . 16 

0. 11 

0.13 

0 . 12 

Block ( planed sur;ace) l�r; 
-·--·- �:;�

·
;

··- ·-- --- ··;;;- · --�-,
-

2
_
8
_
3
--+---

0. 26 
on QQ-B-671 ( Gov ' t. i 

I to spec.) having planed 1 
i 

surface I 40,000 4 , 600 11,600 0.29 

Surfaces O . K .  

Surfaces O . K. 

Chatters all 
loads . 
Sei z ure 

; 

I 

,---------------·-·· · ·-·----·-- -·- --- ---------· -· ------- - --- --------·------------
Block ( planed surface ) Dry I 9,000 1, 020 

on Q.Q-B-69la #6 ( Gov ' t  i to I spec . ) having planed I surface I 38 , 500 4 , 380 
I 

1, 420 

8 , 740 

0 ,  16 

0.23 Seizure 
------------� ----··-----·-- ·-·-· ·---- -·--· ·-- .... -··--- --·-- ... . -- --·.- ---········- - ·+------------

i w£' ter 7, 800 Same a s  above 
i to 

889 

j 9 2 , 000 10, 450 
------·------------!·--------- - ------ -- -· . .. . .. .... . 

Block (planed surfr,ce ) / Dry 5, 000 
1 

570 
on Q�-B-726 ( Gov ' t . i to 

I s pec . ) ho.ving :olaned i 
surface i 52 , 000 5,920 

i----------------··-- . !--.. ·-- ·-·-· ·-· '-·-··--· - -· -·-·· · - ··-·-···-· . - -
Sa.me a s  above Water 10 , 000 1, 130 

i to , 

: 
40, 000 I 4,555 

1,210 0.16 

11,900 0 . 13 Surfaces O . K . 
-- --- -- -·· ---·--· · ---·--- -- �------------

974 0.20 

10, 050 0.19 Cho.tter -
Seizure ---- - -·· · - - - - ---·- ·- - ___ .... _________ _ 

1,8 55 

8,750 

0.19 

0.2 2  
Chntters badly, 

Seizure 



, . . .... 

. , 
.,..· -, . 

� . .  
..... .  . . 
- . � '  

- :  

--------.--..... .... ---· ---- · . - ..... -····· ·· · ··- -·-·--·- ·- ---.-- �--·- ·· ··- ·· - - -· - -... - . . . --------- ----· ------ - --- ----- -· -- - - ... . . . . . 

QQ-B-69la #6 ( Government Speci fic2,ti on ) Block 
( Con tinued) 

Condi- I Total 10 0.d O -·F'o_r_ce Coe-;f:-::f�i---,--·- ·· - - ---·-· ·· -··---· 

Descripti on of tion of load on block: in c i ent  of 
materiaJ test block p .  s. i. 11:J. fricti on 

.__ ___________ }_,_ _____ 7:-�_i_n_].��--
··-----·· · ,1.._ ·- - ·· ______ ·-----·--· 

Block ( pl aned surfc.ce) - 1Dry 
on S . A . E . 64 ( Gov 't. 

455  712 0 . 18 

Remarks 

spec. ) h�v inc  planed 
surfc.ce 

4 , 000 

to 

37 ,000 4 , 215 7 , 120 0. 19 
C• atters aft er 

I load of 2,300 

Sarne as c..bov e vVo.ter __ ,_ 5,500 
to 

35,000 

p���_i • .... -- ·- -- -·! 
! 

Chatters ,  C',l 1 
I 3,985 

----·----.--- . .. --··- --- .. ·- . .  -· - . -
4 , 510 

760 

0. 13 

0 . 19 

loads 
----·--·----------- ] 

Block (pl u..ned surface) Dry 
on D . H . S. (Koppers 

4,000 

to 

4,55  

Co.) ho.ving;  plru.1.e d  
surfo.c e 21,500 2, 450 5,390 0. 25 

S ei zure on th o 
I bl ock 

1----------·----------·-· . . ....... . ·--- ----·· ----·-- ·-·-- . -· -- ···--------··· - ·- -------· I 
Same o..s  above vfatcr 

Block ( pl ane d surfo.c e) Dry 
on K. E.  52 (Koppers 
Co.) ho..v ing plo.nod 
su rf2...c e 

4 ,300 
to 

32 , 500 

4, 300 

to 

490 

3 , 700 
-- -------�--

490 

1 , 160 

10, 800 

713 

o.2 7 

0.33  

0 . 17 

0.24 

Cho.ttor - Sei z ­
ure ---·----- -

Cho.tter -
Slight s ei z ur e  

� 

22, 500 2 , 560 5 , 420 

Block ( plan od_s_u_r_f_ci._c_o ) ,--�-�:,-.r--.- �� �-��- . ---· �,��11·:�
4

� -----�� 24:·· · 

on K.E. 52 (KorJpe rs ' u 

1 

- to Co. ) ha�inc pl o.ned 
surface 22 , 500 2, 5 60 5, {20 

Chc,ttors -
0.24 Sli�ht seizur e  

1--------------+·--·--·-·-+--- ·-- ···-·· · ·- ··--···· ·-· --1----- --------- --·-,·-··-···---·--·-·· ·--·-
Block ( pl C'...nod sur ic. c o )  

on K . G . 60 (Ko ppers 
4 , 000 

3 8, 000 

4 60 

t , 370 

808 

9 , 580 

o .  20 I 

0.25 
ChP.ttors -
S ei zur e 

Co . ) hc.ving pl
o
.ned

-·- - --�- . 
surfc.ce · -------·---- ---- · - - -· . . .. · -- ----- -----· -·· ···-- ---- ---- ---- . .  ·-···- . - ---- �- --- ----· - · 

Block (plrn ed surfr.ce) Dry 4 , 000 
on K . H . 74 (Ko ppers 
Co. ) huvinr plo.n ed to 

�:60 

surfac e 34, 500 3,965  --------,-- -----!--------·· -·--· · -- --- . ·-----· · · ·- -· 
Blo ck (pln.ned surfCLco) Dry 9, 500 1,080 

on K . N: 40 (Koppers 
Co.) hav ing  plc.:n od to 
surface 63, 800 7,270 

808 0.20 

Ch.attcr od c.t 
5 , 510 0 . 16 this 102.d 

---·- -- -· ··-- ..  · · --4' · ·-·-- - - -··· ..... - . . ----- - · · ··--

1, 660 0 . 18 

9 , 100 0 . 14 Surfr.ces O .  K .  
1-------------·----1--------1- -- --- ------· - - .. . . · --- ----------· -- - ------ ------·-· -·--·· · ··--- . ····-·--------------------1 

Samo  as o.bove We.for 7 , 400 
I to 
I 102 1 000 11,600 

- - -- - - - -- - - --- --- _I _. -- - -- .... -·- - --- -·· - . -·· .. -- --
'2.0 

1 , 330 0 . 18  

12, 900 0.13 I Surf2.c os O . K. 
·-· ---· -- ·- . -··· .. . ·-· --- L -·- - --- ·- -- . . . . . . 
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QQ-B-69la #6 ( Gove rnment Spocificc.tion) Bl ock 

Description of 
mo.torio.l 

---
Bl ock ( pl o.nod surfc;cc) 

on "S" Monol hc.ving 
pl nnod surfc,co  

.... � ---· .. ···--· 
So.me me. tori c.l s ns 

o.bovc, b oth re-
finished by fil inc 

,. , 

!Block ( ha.ving; Lu bri to 
No. 20 insert s) on 11 S 11 

Monol hc.ving pl c.ned 
surf:::.ce 

I 

(Continued) 

-Condi-
Toto.l Coeffi-
l oc.d on tion 0 Loc.d on Force cient of 

test bl ock bl ock in friction 
in lb. p.s. i. l b. 

Dry 9, 000 1, 030 2, 710 0.30 

24 , 000 2, 740 5, 820 0 . 24 
34 , 000 3, 890 8, 550 0. 2s 

-----·-
Wc.tcr 35, 000 4 , 000 6 ,  'il O 0 . 1s 

47 , 000 5, 370 8, 550 0.1s 
69, 000 7,890 15, 070 0. 22 ---· ·- --- · ·--

Dry 17 , 090 1, 9(0 2, 05 C
1 

0.12 
to I 

tl. 19, 000 13, 600 14,360 j 0 . 12 

I 
I 

21 

Rema rks 

--·----- . ..,, 

Sli [.;ht vi b ro. tion 

Slight cho.ttor 
Chc.ttor- B ronzo 

scored �--.. ----.. -- . .  

' 

Slight vib r8.tion 

Rem smoothl y. 
Surfncos  O . K .  



.. . 
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-----·-----·----
QQ-B-69lo. #7 ( GoverDi"!lent Specificati on) Block 

Condi- Toto.l Loc,d on ·r Fo rce Coeffi-
··--·----

Desc ri ption of tion of loud on blo ck · in cient of 
materio.l test b1 ock p.s.i. lb . f riction 

in 1 b .  

�lock (planed surfuce) 
on A . S.T.M. B-100-35 T 
Grade A (Americcn Br ass 
Co .)  having planed 
surface 

Dry 4, 000 

to  

4 60 

90 , 000 10,350 

523 0.13 

9,740 O . J. l  

Remo.rks 

Sur .fc.ces O .  K. 
, ----�----·-· .. · · ·- --·-· --·· ····· ..,._ ______ __ _ , ._ �·· - ·· · ·- - --. - . . . .  - - · · - -- . ....

.. . - - ---- ··----- ----------- -.. -L---------'--------

Same mater ials as above Water 6, 000 690 998 
to  

29,000 3,330 5, 105 
·----- --· - ---- -----+-----4---- -- ,... , · -- -----k-I.--·--· --

D ry 2,500 287 375 

t o  

0.17 Chatter s all 
loads 

0.18 
L--...:.·---- �---·-- · 

o.15 
---

Block (planed surface) 
on A. S . T . M. B-100-35 T 
Grade D (American B rass 
Co.) having planed sur­
face '6 7, 000 7, 700 8 , 8 60 0.13 Surfaces O. K • 

----··---------·· ··---· i----- ----_.._ .. 

Same materials as above Water 10, 000 1,150 1, 3 80 0.14 
to 

32 ,000 3 , 680 4 , 610 0.14 Chatte rs o.11 
--�--------- - - __________ -- ----· ·--- ·· ·· _ _ ___ ____ _ _ .  loads _______ _ 

Block ( pl aned sur face) Dr y 3, 000 345 784 0.26 
on Cr amp Br ass =#=45 hav- to 
ing planed surface 21 , 000 2 , 410 3 , 710 0.18 Chatters al l 

•----------·-· ·------
Block '(planed surface) 

on Fr ontier Br onze =l/=5 
having planed surface 

D ry 

___________ _ ,, __ , .  ___  .. - · -·· · ·-· . -�----·- -

--

Same material s  as above Wo.te r 

5 , 200 592 
to 

50, 0 00 5, 695 

5, 500 626 
to 

51, 000 5,810 

loads -- --·- -· 
665 0 . 13 

6 .,220 0 . 12 S tar ted to chat-
ter at 2 , 000 

. .  ·- .. . .  - - --·· . . . - · . - P.•.? .!..i_. ·- ···-
713 0.13 

6 , 560 0.13 Chatters bc.dly o.t 
loo.d s  gre8.ter 

_______ ...._ ______________ ____ � _____ _.._ _____ ____ than 2,000 p. s . i , 
Block (planed su.rf-;:;e) 1,880 2,020 0.12 

on QQ-B- 69la J6 '. (Gov 1 t. 
spec.) having planed 
surface 

Same ma.teriE\l s as above 

Dry 

·- ------· 
Wat er  

16,500 

to  

61,000 
·-···---·-· . . ,_ . . , ,..  

8,000 
17,000 
28, 500 

6 , 950 
--·- -·· ·-

910 
1 ,910 
3 , 250 

? ') 

7 , 430 
··· -···- ··----

1, 140 
2,090 
3 , 990 

0.12 Surfaces O.K. 
'---· 

I 
I ---+-----------, 

0.14 
0.12 
0.14 Cho.tte r, s li[ht 

sei z ure 

-- - ·-· -- - - -· _ .. - - - -
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110.-B-69la =/fa7 

Description of Condi- I 
me.tori o.l tion of 

test 

Block ( plo.nod surfo.c e )  Dry 
on S.A. E. 64 (Gov ' t. 
spec. ) ho.vi ng plo.nod 
surfo.co 

Samo mc,t ori ul s D.. S  Water 
n.bovo 

Block ( pl c..ned s urfl'..c c) Dry 
on DRS (Koppers Co. ) 
h'.1.vin6 pl aned surfc.co 

So.mo mo.toriul o.s o.bo ve. Wr1ter 
Surfc.c os o.s from 
previ ous tests 

( Government Specifi c c,tion 
( Continued) 

Totc.,l 
loo.d or Load on Forc e 

block 1,l ock in 
in lb. p. s . i. lb. 

9,000 1,023 1 , 070 
to 

54, 5�200 7,920 
-

5,000 575 832 
to i 

22, 000 2 , 530 3,730 

·-------.--
3,700 4:21 594 

to 
68,000 7,740 10, 450 

·---·--
14 , 000 1,595 2,140 

to 
2 8 , 000 3,190 5,230 

I 

23 

)
-

B
-
l o

-
cl
_
c �----=7 

Co effi- - ----1 
! ci ont of Rom,.:.rks ,
1 f_r_i_

:
-
�
-
:
-
:
-n-+-----·--------t

, 

S li[}t viorc.tionl --+--·-----·· ··i 0.15 

0. 17 

0 . 17 I Cho.ttors c..11 I 
lon.ds -----··-··----· I 0. 16 

I 
0. 15 Surfs.cos O . K. 

·------·---� :  
0 . 15 

0.19 Chattered o.11 
1 00..ds 

---------·- --------
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� ._, 

, ____________ 
Q
_
Q 
___ 

B 
_
_
_ 
7
_
2
_
6
_

(
_
G
_
o
_
v
_
o
_
r
_
r.u
-·
a0:�-

S
-
p
-
e
�
c
-
i;i

-
cc
-
.tion) 

.. -���-��--- -------·--
_
-
__ 
·7 . 

COn.di- Total � Load on -FO rce--Coeffi.:- ---------·-·- - I 
Description of tion of l oad on b l ock in cient of Remarlrn 1 

materic.l test bl ock p . s. i .  lb .  
in lb . --------·----1------+-----·-------t·--

Bl ock (planed surface) Dry 
on QQ-B-671 (Gov ' t .  
spec . ) having pl aned 
surface 

4, 300 

to 

, 53.000 

490  998 

6,04 0  11, 050 

-·---.. ·-·-· ·· -- - ·�--- · -- ·-- -- · -·-·- ---·- ··----r-- --- ..... ..... , ... _ -··· -- -·- ·· ···- ------ ·--·· ·-·-.. ·-. .  ·-- -· 
Same material s as Water 12, 500 1,·J 25 3 , 205 

above to 
43 ,00 0 4 ,9 00 10 ,8 7 0  

fri ction 

0. 23 

0. 21 

0. 26 

0. 25 

B l ock (pl aned surfac e) 
on QC),-B -6 9 la =/-,�7 
(Gov ' t .  s pec . ) having 
pl aned surfe.c e 

Dry s. 7(
)Q

r-:,55[ -713. ---0-:13 
to I 

68 , 000 i 7,815 11 , 9 50 0. 18 

-
Same raaterial as e.bove 

I 
Block (ple ned surface) , 

on S.A. E. 64 (Gov ' t. 
spec . )  having pl aned 
surface 

Bl ock (pl ane d surface)I 
on K.H . 74 (Koppers j 
Co. ) having planed :I 
surfac e 

Bl ock (pl aned surface); 
on K. N. 4 0  (Koppers 
Co. ) having pl aned i 
surfs.c a 

Bl ock (pl aned surfacej 
on IC . E . 95  (Koppo rs !I 
Co. ) havinc planed 
surface  

Water 

-----·---- ·· 
Dry 

Dry 

Dry 

--·-· 
Dry 

- - - --

1--- -- --··-
---·---� 

5,700 655 6 6 6  O o l 2  
to 

4 1 , 000 4 , 7 10 4 ,  630  O o ll 

�---.. --.. -·· ·· .... -· ---- -··-··· ·-·--··-
3 , 700 4 25 546 0. 15 

to 

3 1,0 00 3 , 56 0  I ':'t , 850 0. 16 
I 

3 , 0 00 345 
: 

656 0. 22 i 

to 

34, 500 3 ,9 7 0  ,-
,) , 850 0.17 

··--·-·-·J 
3 , 000 345 7 13 0. 24 

to 

44 , 5 00 s , no 
1 

9, 640 0.22 

5, 5 00 63 2 I 9 03 0. 16 

to I 
I 

4 2, 00 0  4 , 8 3 0  I 9 ,  815 0. 23 

- - - � - - - - - - - - - - - -

24 

Sli�ht vib ra­
tion at al l 
l oads- Seiz-

I __:i.u:,e_ ____________ r 

Vib ration -
Seizure 

Slirht vi 1-i ra­
tion at hi[h­
er loads. 
Surfaces�-�� 

Chatters at f 
l oa ds a.hove j 
2,000 p . s. i. 
Surfaces O .  K .  I 

! Vibrates all 
, l oads 

Chattered -
Slight seiz-
ure ---1 

I 
I 

Seizure I -----i-
Vib rati on at 

I· 
hi:._· her loa.ds 

- - - - - -- -
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QQ-B - 7 2 6  ( Gove rnment Speci.fi c o.ti on ) 3l o ck 
( C on tinned )  

Condi-
Descripti on of ti on. of 

me.terio.l test 
--- -·····----·-

Blo ck ( pl m ed surl�c. c e )  Dry 
on "s n Honel hc.vil1g 
ground surfcce 

I 

' 

T o-tc-.1- - Loo..d o-n-- -cF-o_r_c_e __ C_o_o_f_f_i _______________ ·--

lo o .d on bl o ck in ci ent of 
b loc).-: p. s . i .  lb .  fri ctio:r 
i• n l'c .  ---_, ___________ ___. __ -�----�------
9 ,  

2 6 ,  

3 5 ,  

000 

000 

000 

1, 03 0 1 , 825  

2 , 9 70 5 , 3 70 

4 , 000 7 , 550 
I 

0 . 20 

I 0 . 21 

0 . 2 2 S l ic;ht 
ter 

chat-
I 
I ______ ..,_,_ 

So.mo mo..torio.l s o. s  

- . - ·· · ·  

Wo.tcr r 5 , 000 

000 

000 

-
. . ...

. , 572 
.•. ---- . ·-·-·-

1 ,  3(::5 
-·-···-· ---··· ..• 

0 . 27 

--- -- · . - ·-·· --- ---· - 1 
S l i rht chc.ttor 

I a.bovc 

. 
·-· 

Block ( having Lubri tc 
No .  3 0  ins e rts) on ns " Uonol ho.Ying 
ground surfr:·.CC 

Dry 

17 , I -r�· 
, 000 

to 

,ooo 69 

Sc.mo mo.tc ri o.l 
a.bovc 

c..s Wc-.tor 

- --7-�--- ---
·--·- . 

4 , 000 
to 

3 1 , 000 

i 49 , 000 

1 , 9�5 3 , 9 60 0 . 2 3 S l i�ht ch�ttcr 

-�' :;:-r-
6 , �;:l - :::� I _ BLd 

c"'.ec
t
�

c
: _ _ i 

. , I i 

_ __ "..'._�90 l6 , 6 60 i 0.1 0 I R�» ���':lily --
4 5 7  

I 
410 0 . 10 

3 , 545 I 2 , 870 0 . 09 R::-.n smoothly 
I 

.')
, 

600 <i
,

3 9 0  0 . 09 S l i ;· .ht chc.ttcr 

69 , 

_________ l_, __ _,__ ___ or. __ 1 __ 
7

_, _sg_o_ 

1:: , 2 60 0 . 09 Br..d chc, ttcr 

_ __,__ ----- ------ ·-

2 5  
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S .A . E .  64 ( Govcrmnent Specificc�tion) Block 

D escri pti on of 
mo.tcr i nl "  

I 

I Condi-
ti on of 

test 

i Block ( pl onod surfc.ce ) Dry 
II on Clo.ss " C "  ( Gov ' t .  

s p ee . ) hc'.v ing pl m10d 
I f 

) 
sur c,c c 

! T otr.l 
: loc d  on 

block 
in lb. 

I 1 ,  soo 
! to 

i 68,000 

Loo.d on 
1::.-locl-:: 
p . s.i. 

854 

7,740 

Fo :tco C o effi -
in ci cnt of 
lb. fr icti on 
--,__ ____ ---+---------

1,020 0 . 14 

Slight b ee.ring 
8,270 0.12 fr..il ur o on tho 

I Chts s " cu 

I bronz e 
-----------------------·----+----+----4--------4-------·----; i 

I -
Sc.mo mo.tor i c.l o.s above We.tor i 12,000 

to 
60,000 

1,370 

6,8�0 I 
I 

I 

1,730 

6, 61 0 

0.14 
Vibr :·- tos �'�Tld 

O.ll ch'.:.ttcr s ·��t :::'..ll 
lor,ds i 1--------------------�------J.------I---

[ '1 , 000 �9� 
I 

·· ·--·---· 
Block ( plo.nod surfQco) Dry 

on Q0-B-671 ( Gov 't,  
sp ec. ) ho.ving plmiod 
surfc-.cc 

to 

40 , 500 

618 

5,000 I 6 , 3�0 

0 . 16 

0 . 16 
Bad chf'..ttor . 
Surfc.co s  O .  K .  

---·--------- ··- ----··-- ·-- ---··"-···- ·--4------··-- · --···-L------ ·- -·-·· ······ . .. ---·---· · .. . -·· -·· ---·---- ··· -- ... . ····----·-······ 
Block ( pln.nod surfC1.cc) Dr y 2 , 700 307 3 56 0 . 13 l 

on QQ-B-69ln #6 ( Gov ' t ,  
) to spec. having planed 

surfc.co 68 , 000  7,750 8 , 1.:20 0.12 Sui-fc.ccs O .  IL 
1------------------1----------...-

Samo m:::..tor ial c.s o.1-J ovc Wo.tcr 3,500 
to 

lC, 500 

L.l:QQ i 

1, 195 

611 

2 , 070 

0.18 

0 . 20 Che ttcrs bc.dly 
2.t all J o r.ds I ---·--------------1------11------+----..._----1----

Block ( plo.nod surf�.cc) 
on Q(:_- :3-69lc. J7 ( Gov ' t .

1
1 

, sp ec . ) 1 

isc. mO mc,tor i :,l C.S C.b OVO 
I 

Dr y 

Weter 

Bloc� ( plo.nod surf�cc) Dry 
on �(-B-726 ( Gov 't. 
sp ec.) ho.ving ploncd 
surfo.co  

7, 500 
to 

36, 300 
(5,000 

9 , 000 
to 

18,500 

4
,
500 

to 
68,000 
81,500 

·- - - - - - - - - -- - - - - - - - --- .. . . - -·· ·-

85t I l, H. O 

( , H O I 5,180 
5, 130 I 

i 
c, 600 

l 
1, 02() I 1,260 

2,110 2 , 330 

0 . 15 

0.1( 
0 . 15 

Runs smoothly 
Vir,r r',tion -----···-----

0.11,; 

0. 13 Vi½r f'.tion ::--.11 
lof'.ds 

! --·----'- ------'-- -------l 
517 

!. 7, 810 
9,370 

59� 

7,120 

0 . 13 

( O .ll Runs smoothly i 
8,9EO 0.11 Ch�ttors 

I I -- -- ··- --· - - -· - -- -- -- - - - - - - -- - -
26 
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-------·-·-------··- -·--·- ... - .. - - --·· · ·- ·-- - · ··-------- -·-·--·-· ···- -·--·- · ··· ----- ---- ·-- ·--· - - -··-· ----- -· - -·-··" 

S.A.E. 64 ( Govern::,!r.m.t Sp, )ci fi cc.ti on) Bl ock 
( Conti nued) 

! Tokl Loo.cl on! 
----- ------------ _____ ,t 

F:-orc o . C0offi-
Des c ri pti on of 

me, te rio.l 
i Conc.i- loc.d on ' -loc)--: 

1

. in 
, ti on of ·blo ck p. s. i. lb. I 

ci ont of 
fri c ti on 

F.oms.r �cs· 

----·--------- i tc.s_!_ _____ i_n 1 b. ·•------+--
--t----·--·------·----------:; 

J 
i 
J 

Block ( pk. ;_1.od su rfo.c o )  
o� S .A . E. 64 ( Gov 1 t .  
spe c. ) h�vin; pln nod 
surfc,c o  

i Drv 
I 

•• 455 4 75 

to 

68 , 000 7 , 750 7 , 390 

·'."'· . 12 

c .n  Runs smoo thly , __ _ 
I s t · J , 1 vv" · · 5: 500  I 625 r 712 

------- , 
I c.mc ma -enc _ c. s o ,covo , , ,  o,,r 

I l l � ; 1---------··-------·-·-------- · ··;--·----·-· 
i 
I Sc.mo mc,tc ri c.l o.s c:!)ovo. i Tfatcr 

Di c.gono.l grooves I 
machined in  tho '.:.ilock: i 

Blo ck ( plnnod surfQco) 
on D.H.S. ( Koppe rs 
Co. ) ho.vint:, plc.ncd 
surfo.c o  

! 

I 
, Dry 

-co l 

n . 13 

-
2 3, 0> '

j_ 
2, 62C 

� 
2 , 5 6

]-
o . ll 

5, C'O::'O I 570 : 665 0 , 13 
to 

Chc.ttors  o.11 
loc.ds 

3C, OC0 3 ,t65  � . 12 I Ch�tto rs o.11  

I to 
1

. ! ly 

Semo ma tori o.l 

I 30, 000 , 3 , 5 30 5 , 610 � .19 ! c� o.ttors h�d-
i i ! 

t 
: ly 

o.� -a-b_o_��w�-
t
-
cr

-�
1
-·--�-

, :
,;;;;·1 --

5
-
8
·�- ---

690 
,
- o .  {�---r;��-tto rs be-el-

Block ( plQnod surfo..c o) 
on K .H .  7 3  ( Koppo rs 
Co. ) ha.vine plc..nod 
surfc, co  

I Drv 
' .J ! 3 ,  7C;O 

I to 
1 2 (', 5 .JC 

, j 32 ,  ere 

l I ; ly 

,,,i-�1- ·-s2-; I o , 1 4  

2 , �10  2 , 565 0. 13 
3 , 7 65 ,.:;_ ,63('• 0. 15 

Runs smoothly 
Chr.tto rs  1� �·.d-

ly. Soizuro : I 
s.-.. -�o a.tr ri � l · s � '· ovo 1 w� t

·
c
�--
r 

; ·-·-
,
:-

2
·;·::- l ----·

;
·
9�

- ---+-- ----··- ------�----�--· ·-.. ···-·· ! 

'"�-· · m _. - ... , . "' ·  · • , ,.. 1 � ,  · . . I -" " 
Rofi ni shed 'oy fil e ,  I I to \ ' ! 33 , ,:- · · I 3 , 8 P()  1---·-------------··-- · _____..__ - .. -- . ... ... . .. 1. ··- .  

j Block ( plP.nod sur.L' cc ) , Dry 3, on') 1 

i on K. N.4C' ( Koppers tCJ 
i Co.) h�vi ng pl� ncd I 37 , 000 

su rf, co 
____ __ ) _ __ _ __ _ _  , 

Sc..mo mo.tc:, ri c.l e,s o..bovo : We.tor 

l 

2 , 800 
to 

19 , 000 

�: , 2 10 

319 

2 , 165 

71 3 

5 , 580 

5 , 18C 

L,,52 

2 , 850 

0. 17 

C.17 

C' . 16 

r . 1t!: 

c . 16 

C'. 15 

Chc.ttc rs  1Y-. d­
ly c,11 lo[J.ds 

Surfr ccs O. Y, . 

Vibrc..tod o.11 
lo o.ds 

- - - - - - - - - -- - _1 - - - _: -- - - - -· - - -- - - - - -- - - - -- - - - -· -- - - . -..l 
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S .A. E.  64 ( Government Sp ecifi c ati on) 

I 
I 

Descri ption of 
material 

Block ( pl aned surfo.ce) 
on K . N.42 (Koppers 
Co.) having pl aned 
surface 

Block (planed surface) 
on "S" Monel having 
pl aned surface. The 
"S" Monel surface was 

Totai 
C_ontt��;}d¾l 

Condi- l o ad on bloc� 
tion of block p . s.i 

test in lb. 

,.-i Dry 4, 500 
to 

32,500 

517 

3,738 l 

··---T·------ - ----·--
Dry ! 3,000 345 

! 13,000 1, 485 
I 

I ! 

I Block ( havi ng 

rather 11wavy11 • , 
j 20,000 2 , 285 - ·-··i-··-······ . ·-·T · · · --- · · --- --, ---·· 

Lubri te Dry : 4,000 4,57 
on "S 11 i to jf30 inserts) 

Monel ho.vine 
surfD.ce 

grom1.d 1 48 ,  000 
I I 

: 69,000 
I 
I 

5,490 

7,890 

---------·--·- -..- ---- -· ·' ___ . __ ..., ___ _ l Same mo. terietl as o."h.ove Water I 
! 
I 

2 '7 ,  000 
to 

92 ., 000 

3,085 

10,500 

12,100 

I 
! 

I 
1 106,000 

------------------�..-----...___ ---------·-----· -
Block (pl aned sur face) 

on 12 Cr .  Steel Pln.te 
Dry 

I
' 8,500 

to 
971 

Force 
in 
lb . 

--·------
760 

5,015 

523 

2, 376 

3,280 
______ ,, ___ 

285 

4,5 80 

7,130 

2,490 

8 ., 430 

9,620 

··- ·----
1,020 

l 
ho.ving n. surfo.cc pre- 1 164,000 18, 750 1 3,480 
vi ousl y  scored --------- -------··-··-·- -...- ·- · --- -- --·----------·----- - -·-·· --

So.me mn.terio.l s a s  above Water 5 , 000 

69,500 

571 

7 ., 090 

28 

·- · -···-

610 

5,240 

I 

--- - -----·---
Bl ock 

-Coeffi -
ci ent of  Remarks 
fri cti on 
--- - ------·-'"" 

0.17 

0 -.15 Chatters all 
l oads 

0.17 Ran smoothly 

0.18 Vib rati on 

0.16 Vib ration 
·---�-·-····-·-·----· 

I 

0 . 07 

0.10 

0.10 

0.09 

0.09 

0.09 

--··---
0.12 

o.os 

·----- -
0.12 

o . os 

., 

Rc..n smoothl y 

C he.ttered -
Surfc,c.es O . Ko ·-·-.. --.... H--··-- _• 

Ran smoothl y 

Chc.ttered -
Surfcsces O . K .,, · . ,  

Rnn v ery 
smoothly 

·-----· -

Rc.n very 
smoothly 
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----------------------·-----·------------ -------
D . E .  S .  (K oppers Co . )  Bronz e Block _?;'3 �, 

.f-------------�Co_1_1_d_i_-.-=T-o_t_a._l _.,.._ __ L�o-&-· d on Fo_r_c_e __ C_o_e_f-: f_i __ -----------i 
Des cription of 

material 
tion of load on block in ci ent of Remn.rks 
te st block p. s . i. lb. fri ction 

in lb. -----·----------------- ,.:___ ___ , _______ _ 
Dry 5, 000 6 2 5  

to 
21, 700 2, 7 13 

1,340 

8 , 2 90 

0 . 2 7  

0 .38 

----·---
Block ( :Jlonod surfe. ce) 

0n A. S . T .M.  B-100-35  
7 ,  Grade A (American 
� rass  Co.) having 
p�_ o.ned surfac e  

Chatter - S ei z -
34,000 4, 2 50 

__ ,,. .. ,-------·--·-------·" -----·-- -- --·-- ·-·· -· ---·-· · ---· --
Rl o ck (�la.nod surface) 

on A . S . T . M. B-100-35 

T ,  Grado D (American 
Brass  Co. ) having 

4,300 

to 

494 

13,120 0 .39  
. ·- -·-·---!-----

8 80 0 . 21 

ur�_on .!lat� 
_ _,j 

i 

planed surfa.co  
Vibration -

3,73 5 

i 
I I 
i 

! 
32,500 j 

:1 i 
.f I . . . .. 7---····- ·--·-r··- ----- ·--·,-··· -

12 ,1 50j 0 .37 Soizuro on 

-· . ____ � ---------+--p_
l
_a_

t 
__ 
e 
____ _ 

Block ( plan0d surfc.co) i Dry i 2, 500 i . 306 
on Amoricnn Bra s s  I I 

784 0 .31 

=#=915 hewing planed : ·1 to 
! i surfr,co  , ' 53,5()(' i G , 490 1 2,850 0. 2�  l Slicht sei z-

ure _________ ! I ·-i··-------+ _______ __,_ 
Blo ck (pl::n ed s urfL.ce) i Drv 

; 
,t 2 , 500 303 618 0 . 25 

on Arr:ori cc.n :::3r�·. s s  
=#=937 havi nr; pl ancd I to 

surfr.co  I , I 
i 50,000 j 6,060 

I 
1 2 , 450 0 , 2 5  Sei zure on 

-·--------- ·--· ... .. . . -.. .. --t-;---·---�--:-::::-t---- -...... ----+-----i--n,._. l_ o. tc ____ _ 
Block ( plo.ned surfc.c o) ! Dry 4

t
, 0

0

00 
I 

4 60 1, C20 O .  26 
on Cramp bro.. s s  #45 i 

i having planed surfc.co  I 5 5,500 6 , 380 12,400 0. 22 
_________ .. . . .... --.. ·· .. .. . . ...... .  --+· ·-- ---· . . ... - r· . .. .. 

Blo ck ( planed surfac e) ! Dry · 4,200 
on C ramp b rc, s s  :/1=9 1 j to 

506 

5,060 

713 0 . 1 7  

1 2 , 280 0 . 2 9  

Seizur e  

Sl i �;ht vib :rc,-

·1 
J 

.; 
. i  

hn.ving planed surf:.1co 
i 

42 , 000 
tion . Sur-
fac es O .K. 

___ 11 

I Block (pl D.ned surf�·,c o) . Dry 4, 300 538 
; on Frontier  bronze #5Fl to 

I ho..ving plan�-�-�-urfo.c c_t-------· · _4
2,5

��- - -----�!_�-�
3

--
Blo ck ( planed surfc..co) I Dry 2,500 285 

-1-:-c,9 31 o .  2 5 

11, 16C'l
t 

o .  26 
. .  , ·----- ·--- - � .. ·-�--- · 

520 0 . 21 

Slight s ei z ure  
- -- --·-···-------.. - .. 

on Class "�" (Gov ' t. 
\ to 

· :����� /
mng phnc d -1--- 2 8, 000 I __ 3_:_:�o- !:�9-0 --�'. �4 I Bad_°��t_tcr __ 

Sruno mc�torio.ls as I Water 2 , 3cci 2 62 335 0 . 1 5 

abov e 
: J 27, 0('(.' 3,070 3,04. 01 0. 11 Chr .. tter s c.11 
! i t.o 1· 
; I ! lo::-.ds 

- - - - - ·- - -· - -·- - · - - I·- - - - : ___ - - - - - -- ... - - - - J - - - - - -- -- - - - - - --
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----------------------·------------·--------------
D.H.S. (Kopper s Co. ) B ronzo Bl ock 

( Continued) 
Condi- Tot�l Lo�d on Force Cocffi­

loc.d on block in c5. ent of Des cription of 
mo. to ric,l 

ti on of 
test blo ck p. s .i. lb. fri ctio n 

B lock ( pl r.-.nod  s urf Cl.co Dry 
on QQ-B-69lc. =#=6 
( Gov 1 t. sp o c. )  ha.ving 

i n  lb. 

10,500 
to 

-
1,195 1,664 0.16 

pl r.:n od surfc.ce 0. 27 42,500 � ,  840 11,520 ·--- -· --···-·· ··-- ·-·· 

SOJno mo.tc ri c.l s as r..bovc- 0.19 Wo.tor t.: ,oc,o ,-:s6 760 

R
efi ni s hs,d by fi 1 ing to 

32,500 3,950 10,100 0 . 31 

Romnrks 

.. 

Ch::.'cttors -
Pl ato s core d  

Vibrr,tion -
Slicht sciz-1--------- ------------· .. __________ __________ -------+-------1__.;u:::.;.r:..o;;;.- ___ _____ _ 

B lock (pl aned s urface) Dry 7,000 798 1, 140 
on S.A.E. 64 (Gov 1 t o  to 

0. 16 

:;;;;l
e 

h
avi

n
g pl

a
ned -----+ 46

,
500 

_ -· 
5

,
3 0 0  

€
,
�:�--- - ��1-

3
_ 

S
:�

fac e s  
O

.
K

. 

Same material s as  Water 
I 

7, 000 798 1,140 0. 16 Chatters all 

on D . H . S. (Koppers to 
Co.) having planed 

1,425 
-----.. 

0.14 

I l oads 
--.  

B::::

e 

( pl aned -:��a:e )' D-;.; - -
r 

l;�-000 -· -- ·
;:-1�� 

s;;;�;������-�- -:: - - - ���;- 1 I�J� - -- �: ��r: � ;11 ---;-; ;-:-
8

-1-
R_

s
_:

n

_
i
_

f

_�_
t
_

o

_:-:-�-
r
-:-_ --·

· 

-------- ... --·---·-·· ... , . ---- -----· ··· · 
Block (having Lub rite  Dry 
#20 ins erts ) on D.H .  
S. (Koppers Co. ) he v-
i ng pla ned su rface 

35, 000 .,1e, 375 9,930 0.2s 

··--·----·---· J-.. - --· -· - ··----- · - - -----·--· '- -·- ···· · - - -·- - ' 

20 , 500 
to 

68 ,000 

2,345 1,970 

7,770 7,750 

0.10 

0.10 

tion 
$ l icht vibra­

tion . Bl ack 
fl akes formod 

__ 9� __ §Urf:::.ce --··-· 

Re.n smoothl y 

-------------41------1---------... - · - ---·--··· ·  --- ---.-- - --- - -- ------ ···- -·- ·----- -- --- ---- ---·-· ·· · ·  - ---· -�--- -
B rune material s o.s  

o.bove 
Water 

,--------·-·---· · ··-· ... ··- _ .. __ . . . . 
' 

Block ( planed sur fc.ce) Dry 
on K.N.40 (Koppers 
Co.) having pl aned 
surface 

21 ,  '.)00 
to 

69, 500 

2,400 2 , 600 

7,940 7,130 

0.12 

0. 10 

Rc.n smoothly 

S tested to chn t 
tor r,t th:i. s 
l o o.d 

- ------· · · ·· · . .. . --- · ·· · ··· . .. . . .. . ·- - --... �--- - .. · -- ----- -- - - �-------- --- ··-- --------·--· 
2,700 

to 

44, 000 

307 425 

E , 010 8,310 

0 . 16 

0 . 19 
Pl ate s cored 

sl ightl y 

-- - - - - - - - - -- - - - - - - - - -- - -· - - -- - -- -- - - - - - - L..- - - - - - - · - - · -
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.-----------------·-----------·· -----------------------
D. H .  S .  ( Koppers Co . ) Bronze Blo ck 

( Continued) - --------...-,C-o_n_d_i---...--T
=o-t-a"- . 1-·---y;oado n Fo re e Coe ff i -

Description of 
material 

tion of 
test 

Bl ock ( pl a ne d  surface ) Dry 
on K. N. 42 (Koppe rs 
Co. ) having planed 
surface 

load on 
block 
in lb . 

3 � 00 0  

to 

5'.) , 5 00 

block in cient of 
p.s. i. lb. fri ction 

34:5 523 0.1 1  

5, 805 7 , 390  0. 15 

Remarks 

Vibrated al l 
loads. S1 i2_·ht 
seizu re 

---··--------·· ----·--· -- ·· ·  -----·-· . ---· ···· ·- -- - . . --· ' . ·------ ···- . · · · -·- ····--· . ., _ ____ -- -�·-· · - ·- ··---·-· · ··-- --·-------------
Block (planed surfs.ca) Dry 

on K.S. #95 (Koppers 
Co . )  having plan ed 
surfP..ce 

3 , 200 
to 

1 8 , 000 
·---------------------··· ·· -·-· �--· ...

. 
------- -- -- __ .., ____ _ 

Sc.me material s as o.bo ve Water 9 , 200 
to 

27 , 500 

400 

2, 250 
··--- - ----···----

1 , 045 

3 , 140 

· -----

31  

522 0. 1 6  

� , 275  0. 24 Plate sco red 
- ---- -·••• •-•• , HO• ·-· ---- ------------
1 , 375  0. 15  

5, 1 8 0  0 . 1 9 Plt1.t;e sco red 

l ·-· 
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� Condi- Tota.i-·- ·· Lo :-.d on Forc e  , ···---· --·- --------

� 

Des c�i p':io:n of tion of l oad on 1,lo ck in c i ent of 
mo."L,e ri c.l test ·1:, 1ock p. s. i ,  1 b .  f ri ction 

in l b .  ------ _____ ,.. _________ _ ,__ --·-- ·-·--- -·- --··-· --

! 
Block ( pl c.ned surf'.-:. c e )  Dry 2, 500 2 8 7  7 60 O .  30 

Rer,,. rl:.s 

·-·---·-·---··· 7 
i 
i on QQ-B- 67l ( Gov ' t. to I -

1
· spec . ) hc.Yinb pl C·.ned 1 

su r:fc. c e  2 3 , 000 3 , 64.0 5 , 1 60 i 0 . 2 2 
I 

Cho.tters c..11 ! . 

:ll o c.k ( pl cmed s urf:·. ce ) Dry 
on Q�-B- 6 9 1 "- #G 

(Gov 1 t .  sp e c , )  h,�vin g 
pl an e d  s urfc. c e  

4 , 600 

to 

2 2 , 500 

1-------------+------+----···---- --
S o.me mc.teri c.l s as 

c.bove 
Wo.ter 3 , 700 

to 
49 , 000 

-----------··-····· · ·----� --· · ·  ----· -···- ·- . �---· -·· ·  - -- - . 

Bl ock ( pl nn e d  surf::i.ce ) 
on QQ-B - 6 9 l c.  =#=7 
( Gov 1 t .  s pe c . ) having 
pl ::in. ed s urfc.c e  

Wc.ter I 5 , 500 

j to 
' 3 2 , 500 ' 

Bl o ck ( pl c.ne d surf[�c e )  t Wc,ter 
on QQ-B- 7 2 6  ( Gov ' t . 

,t , 5 00 
to 

spec . )  hQVing pl c..ned 
s urfr.co  

Block ( ph·.ned surfr . . co ) ! 
I 

on K . R . 7 3  ( Koppers I 
C o .  ) h::-.vin6 pl cned 
su rf::-. c e 

Dry 

22 , 50 0 

l 
:'ii.!: ,  500 

-···- . 
---·-----· 

3 , 000 

to 

8 , 000 
--------------,.,--·· ·-·-·--··-

S nme mat c ri o.l s � s  ! Wdcr 350  I � 68 , 000 . 

-·-----------------· ·--- ··--··--·-
Block ( pl o.ned surf�c e )  

on K.H.  74 ( Koppers 
Co . )  ho.ving pl cmcd 
sur fr.co 

Dry 4, , 000 
to 

2 8 , 500 

524 
. .. . . .. . ·-·�- -- --- ·-·- -·· .... _ l o c.ds _ --·--· - -..i 

950 l 0 . 21 

2 , 5GO 6 , 3 00 J 0 . 2 8  Cho,.tters­
S ei z ure 

.. . .. .. ... ... .  /- --· -· · · ·· ·· 

4 2 2  

5 , 5 80 

499  1 0 . 1 4: I • 1
1
' Ch�tters �t 1 

I! 7 , 1 80 t 0 . 1 5  1 l oc.ds ;,,_':1ove 
j I 3 , 000 p . s • i .  I 

632 

·- --·· --i·· ·· ··-- ·-···- -----· ------ ·l 
808 !

I 

O . J. 5  j 

I ! 
3 , 740 5 , 2 25 I 0 . 1 s Chc;tters :::..11 

1 oc.ds 
. . 

.
.. - .

. ·- .. � ·-· -
. 

518 1 , 045 I o . 23 
I I 

I 
S to.r te d  to 

2 , 585 ! 5 , 2 50 0 . 2 3 
i 
i 

3 , � 65 7 , 940 0 . 23 Cho.ttors j ·--· - ··-·+- -------·-··r···--·-------- ---··--·······-·- -- -1 
34:2 i 9 74 i 0 . 33 ; l I . -i 

1 I i Cho.tte rs r-J. l 

1

·, 
9 1 2  ! l ,  850 j O o 23 I loo.ds 

• •  --···--· I - -·--··· ··-+·--··---···-,---·----
4 0  l 48  j 0 . 14 ' I . . 

7 ,  7 
4°. 

.... 
;·
·
-· 9� 

3 20 I __ �-
1
-4--

C
�.� �-:�_

r
_

s
_c_

.1
_
1 
__ 

1 
460 � 0 . 2 2 ! 

3 ; 2 7 5 

3 ?,  

I I 

5 , 2 50 1 0 . 1 8  Cho. tters :'.11 
l o c.ds -
S e i zu r e-
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Des c ri pt ion of 
mo.tcrio.l 

Block ( pl ::med surfo. c c )  
on Cla. s s  t i  CH ( Gov ' t . 
spo c o ) having pl ru.10 9-
s urfa.c e . .  

-·-
S o.mo mc.to ric.l o.s  

a. h,ovc 

---··-·-------�---
Block ( s e re pod s u rf'�.c o )  

on K . E .  52 ( Koprc rs 
Co . )  hc.ving pl,.ncd 
su rfe;. c c  

K . G .  60 

Condi-
.tion of 
t e s t  

Dry 

---·-�� 
Wate r  

. 

---- ----
( r � Aop_;_.,c rs  C o . ) B ronz e B l  o clc 

-
1
1 C o cffi­

c i ont of 
I f ri c ti on 

Tobl Lo,.d on 
loo.d on b lo ck 

�1l o ck ;_1 . s . i .  
in lb . 

4 , 500 521 

to 

131 , 000 16,230 

-
4, 000 460 

to 
68, 000 7, 820 

80,000 9, 190 

·-· Force  
in 
lb . 

---i--·-·---
5 13 513 I 0 .11 

12 ,710 

522 

7, 600 

9,240 

0 . 10 

0.13 

0 . 11 

0 . 12 

Rern.c,rks 

Runs vc r,· smo o tl-: -1 
ly 

Run s smoothl y 

Che. tto rs . 
S l ight b ee.r­
ing fc.il u rc 

A lo.rgo TIU.1t1r. er of tests  vm rc run on the o.bovc com­
e from tho best te s t s . 
u ro in c..ny tost bel ow 

bino.ti on . The c.l:c ovc r c s ul ts  c·. r 
The re, V-!C.� S 110 chc ttori nc; o r  E- Ci z  
4 , 500 11) . pe r s ou c. rc inch . 

--�---�--· - ---- ---- · 
Dry i 4,300 I 

to 

20, 000 

494 

2,300 

33 

' -

1, 235 

5,800 

�-----------------
0.29 

0 .29 Cl:.o.ttcrs  ::.,1 1  
loc.d s .  
S e i z ure 

_,___ _ _______ ...,_ ___ _ 



. " ' . .  _ 
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,------------- -------- ·· - -·-------- -·-·--··---- --·-··------· --------
K . H .  73 ( Ko ppe rs C o . )  B ronz e Bl o ck 

Des c ri pti on o f  
mate rial 

Condi- T ote.l 
tion o f  l oad on 
test b l o ck 

in l b .  --··-··--- --·· -------------+·---·-··-·-· ... 

Loc.d- on
l 

Fo r c e  

��:��l i�. 
:B l o ck ( pl r--n e d  s urfc. c e )  Dry 'l , 000 4 80 I 8 3 2  

on A . S . T . li. B - 1 00-3 5  to 

1 
'R, Grade D ( A-(, 1 e ri c2.::1 
B ras s )  ha.vi11.g pl on ed 
surf

n
c e  

----�
-

1

----+
-

1
_2_._o_o_o_

�
,--l

, 3
�

0 
l 

1
,

9 2 5  

Bl ock ( pl·;-;;;a: s urf'r.c e )  Dry LJ: , 0OO 460 1 , 04 5  

Coeff·-r:-·...----------·­
c i ent of 
fri  cti o.r 

Rermrlrn 
i 
I 

-......+-----···-.l 
0 . 2 1 

0 . 1 6 Che.tters  c.11 
___ ......;;;;1. oc.ds 

0 . 2 6  

I Cbntters r.11  on C rcmri br�. s s  =/:,�H-5 I to 

J 

1 - --�:>:���� p
_
.l

_
fill

�-
d

-
s 1

_
,1.r

_
J 
_
_ 'e:

_
. c e  

_ _,_ 
· l

��-�-
0
-�-

l ,  3 80 2 ,  5 6
_

5--

-1

! __ 0_._2_1_......,_lo o.ds  

t;J 7 .,· 5 70 0 . 13 
-----·----·-··- -: 

Block ( pl rme d surfr . c e )  Dry 
on F ronti er b ronz e =#=5 
ha.ving pl a.ned surfnce 

4 , 500 
to 

4 2 , 500 

V:i.1·.1 rr·.ted c.t 

Bl ock ( pl aned su rfc. c e )  Dry 
on QQ-B- 7 2 6 ( Gov ' t .  

4 , 000 

to ·- 4

,

::: t-

5

· ::: ii. :::: 

thi s lo <cd 

spec . )  ha.vi ng pl aned 
surfo. e e  

Bl o ck ( pl an e d  surfe. c e )  j Dry 
on K . E . 5 2  ( Ko ppers  Co . 
hr,ving pl D-ned. s urfa.ce 

I Chr.tter -
31 , s_o_o--.,___� '-�-:°---}-:.-'-o��J __ o_._1_s_-1-s-1_i�_' h_t_s_e_i_z,_.,. �-; 

748 737  . 0 . 1 5  6 , 500 
to 

3 9  ., ooo 4 , 485 5 , 87 0  0 . 1 5 S e i zu r e  
---· -----------1----------··--t------+----+------1---------: ! 

Block ( pl a.ned s urfuc e )  1 Dry 
on K. li .  74 ( Koppers 
Co . )  hc.vin.::,: plcne d  
surf,1ce  

Block ( mi l l e d  surf u c e )  
on K .M . 4 2 ( Koppers 
Co • ) h LYin[ JT'.i l 1 ed 

I Dr�r 

5 , 000 
to 

1 2 7 , 000 

E\ 0 00 

, J-::o 

2 3 , 500 

574  903 0 . 1 8 

o . 1 7  Cho..tte r  d l  
loads 

0 . 1 9 

Ch, ... tt e :i:-ed 
0 . 1 5  S ei zure 

_
s
_

u
_

r
_f_c_._

c
_

e 
__________ L ____ _ 

i 
---·---1------+-----1-------1---------J 

S c-..rne m·· .ter :Lc. l s  r:. s I o.l,ove , Refin i shed ; Yir.t.er 
by f il e  i 

6 , 000 Gi33 1 ,164 I 0 . 1 9  Chc.tters hc,d­
ly 

---- ·--- ·-----· --·- ·-··--4·--· ------··----· . · ··--·------ - - ··-· .. ... .. · ----· -·· .. ------1------·-----· -- ····· -- - -· --- ... 

Bl ock ( pl c.n ed surf,·. c e )  I Dry I Ei , 000 575 1 , 09 3  
on K .  S . 9 5  ( Korrners 

I 
t 

Co . )  ho.vint; pl on ecl J��� surfc. c e  3 ,  620 5 , 6 6 0  

I 
---------·- -·--·- -' - - · ·- ----- ------------· 

3 4 

0 . 22 

0 . 1 8  Chattered ull 
l oc,ds 

--·---·-·------'-
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�------------·-·-·------------ ··-- ·------------- ---·--- ----·-------�-------------------

Desc ri ption of 
mc,teri a.l 

K.E . 74 ( Koppers Co. ) B ronz-e Bl ock 

Condi - To tal Loo.d on .. Force Coeffi ­
tion of lo�d on block i n  ci ent of 
test block  p. s. i .  l b. fri ction 

in l b. 

Remo.rks 

-----------------t-------t----·------------- ------·------- --
Dry 2, 900 

to 

33 3 546 0. 19 Bl ock ( planed surfo.ce) I 
on QQ-B-69la. #7 Gov 1 t4  
spec . )  havi ng plc.ned I 
surfo.ce 1 23, 500 2, 7 00 3, 825 0. 16 Chatters o.11 

i loads ! i 1--------------+------,1-----+---- -+-----------------.. I 
Bl ock (plc,ned surfa.ce ) ; Dry �, 000 460 546 0. 14 ! 

on S.A . E .  64 (Gov 't.  
) to spe c .  having pla.ned 

su rface  51, 500 

68 , 000 

5, 920 5 , 985 0. 12 Runs smoo thly 

6 , 7 20 7 , 295 0. 13 Chc.tters 
---+---------------r-------.---- --1-------.. �- ,_., .,., .  

a1ock (fi l ed surf�c es) ! Dry 
on K. E.  52 (Koppe rs 
Co. )  having fi l ed 
su rfac e 

6 , 000 

to 

32 , 000 

69 0 1 ,  �. 72 

3 , 680 5 , 655 

O .  2 E, 

0. 18 ChA.tters  o.11 
l or..ds 

1-------------+-----t-----+-----+------,t---·---+------ ----· 
Blo ck (planed surfC'. ce) ! Dry 

on K. G. 60 ( Koppers 
Co. )  hc.ving sc raped 
su rfcce 

4. , 000 

to 

64, 000 

t60 855 

7 , 355 12, 610 

0. 21 

0. 20 Surf::: ces  O . K .  

Bloc k  ( pla.ne d  surfc.ce) i 
on K.H.  74 (Koppe rs 
Co. )  havi ng plo.ned 
surfc,ce  

-------------1 
Dry 1 , 000 

to 

59-s: 0. 1 5  

I 
i 

68 , 000 

455 

7 , 750 I 8 , 7 7 0  l o_._1_3 __ 
s1i cht __ sei zur4 

1_
B
_
l
_
o
_

c
_
k 
__ _ 

(
_
m
_
i
_
l
_
l
_
e
_
d
_

s
_
u
_
r
_
f
_o._

c
_e

_
)
-t--

D
-
r
_
y
_--r

j
,-5-

,
-

5
-

0
-

0
---t----

6
--

2
-6--i-- _ . . _ 

7 60 
i--· 0 • 1 ..C: 

on K.N. 4 2  (Koppers to 
Co. )  hQvi ng mil l ed ! 
surfo.ce 102 , 000 ll , 6a::l 10, 7 6 0 , 0. 11 

I 

So.me mo.tcri o.l s  o.s Wo.ter 12 , 00 0  1,365 1 1, 69 0 0. 13 

Rem smoothly 

I' 0.bove . Mill ed sur- , to 
ff:,ce I 68 , 00 0  7 , 7/  .. 0 7 , 790 0. 12 Rr.n smo0 thly 

L ___________ J ------ 1 :

2

�:.00- -- ��-.co_o _ _ ��-· �

6

-o.........__o
:_1 2_t::

c

���d ct 

3 5  
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f-----·-·· 
D e s cr i ption of 

K.N. 40 (Kopper s  Co. )  Br on.ze Blo ck 

-·-,condi- ·-·7ro-t::'cl---i-1.o-c;fo1� For ce C oeffi-
ti on o load on ) bl o ck in c i snt of 

IHC, ter iD-1 

Blo ck (planed surf�ce )  
on A. S. T . M. B-100-35T 
Gr o.de A (Ameri c :J.n 
Br o.ss  C o. ) hc,vini; 
plCI.Iled sur fr.co  

test block i p. s.i. lb. f r i c ti on 

Dry 

in 1 b. ! - ·-1 ·- . -··- - -·· ·--------·-- -- - ----- ---· 
l 4,000 j 4 60 1,190 0 . 30 

I 
to ! 

! 
I 

ll,000 1 1, 265 6 , 990 o.64 

Remo.r ks 

Bnd sei zure 
1-----------·--·-

Blo ck ( pl o,ned s urfc.ce) 
on Fr onti er Br onze #5 
hc\Ving plcmed sur fc.ce  

l I -- - .. .  - · ·- - - 1- ·---·--·--------··--·--·-· j 
Dry 4, 000 

to 
".', 60 1, 30 7 0. 3 3  

34,000 3 , 910  ! 10, 3so 0 . 31 Slitht s ei zu re; I 
... . . ........ .... , .  ... . . . ... ,. ____ __ _ ._,,,,j ,-------·· ---··· - --·- -----·-····-- · · - ·-· · · .  -·- ---+ - ..... . . . . . 

Bl o ck (plo . .ned surfo..co) Dry 1 9 , 200 1 , 050 1, 310 0. 14 1 

on Clr. s s  " C "  (Gov ' t. to l .I 
spec. ) ho.vin.g; pla.nod l I 

I sur fa c e  
-·- ·-· l-··--- - - · . . .. . j .. -�-3_:_?°.

o
_ . .  J . . .. 

1

7

_ 
. . '
,
-
1

0
·-I

. 

o

0
_ .

1 
. .  _

1

6 
�

.
· S
u
� �

8

-
o

0
1, _ _ _ _ _  o

0
_ � 

•
. -
J

l

_ 
:i· 

---
(

����!
c
�����- --�:��---- - -

S c.'cri1e :m:::.tGric.l s o. s 
I
! Vfr.ter 1 9

t
, 
0
500 · o -

o.bove I 
! 6 , 3 20 ,1· 6 , 470 1  0.12 I Runs smo o thlv 5 5 , 500 
I 

!

I 

�- �-1.9�

0

9
·
0

0

L_
1
7

·
,
'

,,

2
·:j
1
·
·
"

o

o
l
,
--· --·-

o

o
· 
•
• -
1
�-�-· - i_�;-��::.�/

o 

B 1 o ck (pli:-;;:�d- s u;T�:-;;} -- -D �;. --- <c: 1 
on C l a s s  "D"  (G·ov ' t. . 1 

j' 

6f, , 000 
i J 

. . , __ � ! 8 , 700 ' i 

spec. ) h,.ving plr.ned 
j 

_ Slil0,ht seizure 
su __ r r_: r_,c_�-- -

-
--
· ·
· ·

·- - _ _  
· ·

· · -
-
- · - · · !, · · -

- [-- -�� ,-�
oo . . ::

9

� _ _ 

9

s.
0

o _ _ ___ .
l

�

,

· -:
o

8

·
_

-

,
-

0

o 
. .  ___ 

0

0 

__ 
• 

_
__ 
1

1

3

6 

__ i·--�� ��-��
e 

to 

SCJ11e mc,tcri ,J. cs  i We.tor ; 8,700 v 

above I to Chc.t-ter ed c,11 I 3 7 , 000 4 , 2 20 f , 700 0 . 1 3  la uds ---------------·--·· ··- , -� -- ------·-- ., -- . --·-----·----- , ---------·- ·-··-·-·-··-·--- . ..... .. . 
I ' 

Blo ck ( pl n.ned surf:::. c o )i Dry  6,500 71-.7 1, 900 
on QQ-B-671 (Gov ' t. I to 
s pec.) r1c.ving plc,ned :  ,12,000 4 , 830 12, 380 

0 . 29 

0.30 S oi zur e 
sur fQCG ! j 

B�i:iQ�g����i �ii��.:11
· . llcy-- i ��; �� r ;:-{�;r ;:�4� -�:;; ·------· ----------

spec. ) having :. :,laned , , 
sur face 10, 000 ; 1,140 3,510 0 . 31 Seizure 

s
:,;

�
v
:·teri•�-s ��- --- l -;.���T · ;��� f 1, 02� ,. 1, ;�� · - -;;:�� r---·-·-- --... --

I _ _ _ _ _ _ _ _ __ . . .. J .. __ _ . ! 1
0

4 ,  �
o

� l_ � 1

�
9

�\ �
1

�
9

�
0

- _ �-�
l 

JR.�
n 

_,:
o

:
t

�
l

= _ 
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----------· ----------------
K . N .  40 ( Koppers C o . ) B ron z e  Bl o ck 

( Conti nued )  i---------- - -··-----,_,C,..o.-n-d-i:- To tal Load on Fo rc·e--:-::c:C-o-ef-=-f-=-- 1-· _ _,.- _______ ___J 
Des c ri pti on of 

material 
ti on of l oad on 
test bl o ck 

in lb . 

1, l ock 
p. s . i .  

in ci ent o f  Remarl'.:s 
1 ,, . f ri cti on 

__ ... _____ -�----·t----·---------· 

Bl o ck ( pl aned surface ) Dry 
on Qq-B-69 l a  )7 
( Gov ' t . spec . )  having 

pl aned s urfac e  

3 , 300 
to 

1 3 , 000 

3 7 6  

1 , 480 

880 

2 , 805 

0 . 2 7 

0 . 22 Vih rat:es all 
l oads 1--------·-·-·--· -·- ·-- ·- -·-· --- -· - · · -·-· .. -... .  ·----- - � -·-··----·· · - ---------- ··----------t--·------...... , · � 

Sam e  materi al s a s  i'Va ter 1 3 , 000 1 , 480 3 , 5 60 0 . 2 7  Chatters badlv I 
.. -·· .. . - ·- - ·-·-· -- t-----· - ·· ···------·· -�---V · ···I 0.�)0VB 

-· ·····-·- ·· · · - · -
·
·· ·-··- · ·· · ·-+-- -··- ___ _ 

Bl ock ( pl a.n ed surfe. c e )  Dry 
I 

3 , 700 
on Q�-B- 7 2 6 ( Gov ' t . to 
spec . ) ha vine. planed 

, I 

4 2 5 903 

l

, o . 2 4 
j ! 

s
u

rf
£>..

c e  
_ ··-· _ ..... _ ___ _____ ! ·· ·· ·--·· · _ _  --��:_

5
_
0

�- 4 ,-�
8�- - ___ 

9 __ '_ 3 2 0 
1 

0 . 2 2  
-�-�-i z���- --·--- --- -J 

s::v:•t_e_' r
�:�� - __ _  J _:��� _ _)�:� - � ' �; �' �� _;: :_: Surface s o� __ j 

Bl o ck ( pl aned s urface ) !  Dry 2 7 , 0 00 3 , 080 3 , 51 0  l 0 . 1 3  
on S .A . E . 64 ( Gov ' t. 1 

spec . ) having pl aned i 
surfac e 

3 7:, 000 

4 9 , 000 

4 , 2 2 0 

5 , 5 80 

L;, , 710  0 . 13 Vi b ro. tion 

E , 2 50 0 . 1 3 Che.tter 
-----·- - -··--·----··--i---· ·-·-··- ···--·---· · ··------- ---------- ------·----· 

Same mate rial a s  ab ove·
! 

Wator 2 8 , 000 3 , 1 9 0  
t o  

---�- - ---·- · · ---�9 , �o.q ··-- 5- ,  ��-0 
B l o ck ( pl aned surf£tce ) Dry 2 , 600 2 9 6 1 on D . II . S .  ( Koppers to , 

C o . ) havin_s pl0. ncd 3 5  000 3 , 9 8 5  
su rfc�ce  

l , . . 
i--

S
-
o.
_
m
_
e
_

m
_a_

t
_e_

r
_i_a_

l 
__ a_

s
_a_"b_

o
_v __ c-r,

1

1 

W 
c��:�- --1 . .. \:oo . . --�� ·;�; 

2 8, 000 ::., , 1 9 0  
i 

3 7 , 000 
to 

4 , 2 2 0  

4 , 000 0 . 1 4 Chatte rs Ql l I 
s ,::� -���:- -B: :::·�:� ro: -1 

1 0 , 800 0 . 31 at 3 , 000 p . s. i J  - I 
. · - -·-··- ---- -··· · -···- . .  -· · · . . ·- ·· ··-·-· ---- ·- -· -····-· I 

1 , 3 8 0  

3 , 2 70 

9 , 21 0  

0 . 1 5  

0 . 18 

0 . 25 

I 
46 , 500 5 , 300

1 
1 2 , 3 00 

I I 

0 . 2 7 

Chctterod badl;' 

S to pped chr.,t­
toring 

Surfr.cos  s i:: cred 

_ _ _ _ _ _ _ _ _ _ _ J _ _ _ _ _ _ _ _ _ _ _ _  l - - - � - - - -

3 '7 
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De scription of 
material 

Block ( pl a.ned sur-
face) on K.E. 52 
( Koppers Co. ) hav-
ing mil l e d  surface 

Same material as  
above 

Block ( pl aned sur-
face) on K . N .  40 
(Koppers  Co. ) hav-· 
ing plane d  surf�tce s 

Same mat erial as  
above 

Bl ock ( havi ng Lub-
rite #20 inserts) 
on K.N. 40 (Koppers 
Co. ) having planed 
surface 

Same material s as 
above 

Block (pl ane d  sur-
face) on K.N. 42 
( Koppers Co. ) hav-
ing pl ane d surface 

I 

i---
Block ( pl ane d sur-

face) on K.S. 95 
( Koppers Co.) hav-
ing pl aned surfo..ce -

S ame mate rial s  D. S 

above . S urfc: ces 
as from previous 
test .  ---- --··-· -�-·-------- ·--· 

K. N. 40 

Condi-
tion of 
test 

Dry 

Water  

Dry 

Water 

Dry 

Water 

Dry 

Dry 

Wn.ter 

(Kopfers Co.) Bronze Bl ock 
Continued) 

Total - Load onj Force 
l oad on bloc� ! in 

bl ock p. s.1.. ·  lb . 
in l b. 

3,500 394 522 

to 

43,000 4,840 6,370 

4., 500 507 665 
to 

21,000 2,370 2,970 

3, 000 342 546 
to 

27, 200 3 , 100 4,750 

35,600 4 ., 050 7, 200 
-

10, 000 1,140 1,495 

68,000 7,740 7,740 

7,000 800 522 

t o  

95,000 10,850 8,380 
9,000 1,030 879 
to 

1 64. 000 18,750 1 4,370 

5., 000 575 . 856 

to 
60, 000 6,895 10,310 

-----
2 .,000 228 3,420 

to 

66 ., 000 7,520 10,300 

9,000 1,020 1,570 
to 

81,000 9,230 11,000 -------- - -
38 

Coeffi-
cient of 
friction 

0.15 

0.15 

o. ls  

0.14 

0.1s 

0.1s 

0.20 

0.15 

0 . 12 

o .os 

0.09 
0.10 

0.09 

0.1 1 

0.17 

0.17 

0.16 

0. 17 

o.14 

Remarks 

I 
I 

Chatters all� 
l oa ds 

i 

Chatters al l 
l oads 

o. K. 

Line s of seiz-
ure I -

Vibrate d  at I 

al l l oads ! 
No bad effect 

on the surface 

Ran smoothly 

Ran smoothly I ·-

S l ir ht , .. seizure 
at 6 ,000 
p.s.i. 

S urface s  O. K. _ __i 
i 

I 
1 

S urfc., ces o. K.  i 
-· 
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K . N. 42 (Koppers C o.) Bronze Block 
,-------- -----·-......--

C
-
o
_n_d_i _____ T_o_.1._l,E-,l--0

L�o-a._d_o_1_1_'_F or c e Co eff i-
Description of 

material 
ti on oj load on block 
test bl o ck p.s.i. 

in lb . 

in 
lb. 

ci ent o 
fri ctio 

Re:rn.arks 

----- -------•---- ______________ ,_ ---'---------- --------- -·-
Dry , 4 ., 700 

I to 
540 832 O o l8 Blo ck (pl aned surface) 

on Cro.:mJ Brass =/1=91 
h�wing planed surface 

Blo ck (planed surfo.ce) 
on S . A.E. 64 (Gov ' t. 
s pec . )  having pl nned 
surfc.ce 

00 

·-·----·-"-·· -------·- ---�--+-----+----
Dry )0 

2 ., 760 

4:02 

4. ,280 

4,56 

0. 18 

0.13 

S eizure 
___________ 

.
, 

to  

109 ., 000 12,530 10 ., 28J 0.09 Surfac es 0. K.  -----·----·--..... ·-- ··· ...... -�-- ---··----- .. _ .. -·- .-----··· -- .. .. ...  _, __ . --· . . . ---�-�---__ ..... .. - - -----�----+--·-·····-- -·-··----·· ····-·-- .... -,l 

Same ma.toriuls as 
o.bove 

--------- --·-·-- . 
Block (plrmed surfi::. ce) 

on D . H . S .  (Koppers 
Co.) havin� planed 
surfc.ce 

'ifater I 
I 

Dry 

5,000 

to 
51 ., 000 
61 , 000 

4,500 

to 
19,50 0  

30, 5 00 

571 

5,860 

7 ., 000 

594 

5 .,250 

0.12 I l 
0.10 : Rc.n smoothlv ' v 

···-- -· -512 · · ---· 4 75 
- ·

o.n
··--+-- che.tter -- ----- --1 

6,2 2 0

1

0.10 : Stn.rted to ! 

2
., 320 

3,475 

I i 

I ! 1,9 00 0.10 I Rnn smoothly 

Block ( plo....-r1ed ·-;�;;;-f
._c._c_e __ ) 

..... __ 
D
_
r
_
y 
____ -

on K . H . 74 (Koppers 

3,130 
I
! 0.10 I StEtrted to 

che.tter . 

4t�oo- - - -456- - 808 o:-20i c:::::::· 
0

::
K

· -� 

68., 000 7,740 9, 8 1 0  0.14 
1-E

o
�
ads . · i  Co. ) havin0 pl aned 

. surf0.ce 
! 

Slilht sei z ure 
�----------- -·--·---- ···- · ·· ·- · -·-- .. -- · ··- ..... --. -.... · - -- .... . ·- - ·- · ·-··-·· --- --- . . • � l ,_ --- - ·- · -- ·--- --- - - ---------

I Same mo.teric.ls as Wn.ter 

I 
above 

4,500 
to 

11 , 500 

to 
63 ,000 J 
22, 500 

----------- --- ------ --·- ·-· - ·------ ·· - -- -
Block (planed surfe,_ce) \ Dry 1 3,000 

on K . N.40 Koppers Co.) ! to 
hewing planed surfo.ce 1 

20 , 500 

29,500 
-------------·-· ------ ... . . .... . ... ---+ ·- .. ··-·· •' .. --

S o.me - -1s..terio.ls c-.s 
0." 0Ve 

Wc,ter 11 , 500 

20 , 000 
to 

31, 500 

512 i 666 0.15 I 
' I 

1 ., 310 1 1,4.96 0 . 13 II Rc.n smoo thly 
2,560 2, 730 0.12 

7,170 

···---·----- · 

. . .  

345 

2,358 

3,390 
. . ·- . - · ··· - · 

1, 322 

2,30 0  

3,62 0  

'· 
I 

! 
� 

8 , 290 

--· ------.---
546 

3, 750 

5,700 
-- --- ----

1,735 

3 , 160 

E· ,  345 

0 . 13 
-- -------· 

0.1s 

0 . 18 

0.19 
., ___ __ _ -- - --· ·--

0.15 

0.16 

0.16 

Chatters 
Surfaces 0 . K ,  ---------

Rc.n smoothly 

Chc.ttered --·-·---- ·--·----··-- --
Rc.n smoothl y 

Ch:.ttered 

Surfc.ces 0 . K .  
i ' ._ _____________ _.__ ___ .._ ____________________ - ·----'---- ------------

39  
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__________________________ ... , ____________ ------
K . S .  95  ( Koppo rs .Co . )  Bron z o  B l o ck 

---i7 Dos c ri pti on o f  
mo.toria.l 

Condi- Totcs·-·T Loo..d or Force Cooffi-
-.rlr_-s·--

-
-tion of l oa.d t;J..ock in ci ont Of Rom:· ., 

in lb . -------------------+-------------1---·- �  --·----- �------·-·-··--·-··· ·· 
test on b l o ck p. s . i . lb . fri ction 

1 Block ( pl o.nod surf�co )  
o n  American B ro. s s  
#=91 5  having planed 
surfc.co 

Bl ock ( pl o.ned surf�co ) 
on Q�-B- 671 ( Gov ' t. 
s pc. c . ) hr,vin; pl G.r1e;d 
surftl.ce .  Direction 
of rn::.'.chine mtl.rk s on 

Dry 6, 800 780 l , 995 j o . 2 9  

Dry 

2 7�:oo I 3 , 1 00 7 , 060 ! 0 . 2 6  
1 

S eiz ure j 
�--- · ·· · · · · -· ·· ·-- -�- - -·· · · --- - --- ---- · ··- · -·t- --- - ·· -· ·· ·- . ---·---------1 
I 5 , 000 ! 52  5 808 I O . 1 6  . I 

l J ' I 
to i ; 

! - � 

bl ock [end i,12.tc  c,t 
ii 

1 , I  
ri6ht a.n[ l o s  54. , 000 6 , 2 10 \11 , 430 : 0 . 21 Surf::� c os O . K .  ! 

Blo c_l_c -(--p-,1-c,_n_o_d
-su_r

_f_c_.c
_o_)

·+-��
;

--· . .. ·-· -� 
�
-;�; ' ..... --

�;5
-+--·---

7�; �

-- ·-
O

-
� �; 

··-r--· ---- . -------. ·! 
on QQ-B- 6

9
1 ::� #6 

(Gov ' t  S :?o c . )  h::-.ving to '. 
I 

plr,ned surfr, c o  
I 

40, 0C-10 4, 55C  8 , 670 !  0 . 2 2  S t,. rtcd to 

l ' 1 vi"b r:!. to at 

, _____________ 4 __________ _ _ _ ··- --- __ ___ -- ·· ·· -· ·· ----t ·---···- · _L ... . - -- ----+- . ����-� -
-
�

o c
.d ___ _ 

S ame material a s  Water 5,000 570 j 832 ! 0 . 1 7 I 

B: :::• ( pl aned surf:�;)"-;;;; -

8
; �::;- l 9

' ; :;J
i
_z ';:; : ---� ��: +

���
f
's  c e

s O • K • - I  
on QQ-B- 69 la ( Gov ' t. to i j spe c . ) havi ng planed i ! I 
surfac e I 

64, 0 0 0  l 7 , 3 40 

Same materi al n.s  Water · · ·1 3 2 ,  000--
,

- 3 , 680 
abo ve I to 

; 54, 500 6 , 2 60 

Ran smoo thly -! 6, 720 ! 0 . 11 
, I Surface s O . K .  I ··· · --·- +--·· ·-· ·· ··-----------·--
i 4 ,  5 1 5 1 0 . 14 

I 6 , 890 ! 0 . 1 3  S ta rted to 
I chatte r at 
I 

! 

I 
-------------·- ···· ._ _________ .. . ·- . . . -· ·- - - . .  J 

Block ( planed surf�ce )  
on D .H . S .  ( Kop� e rs 
C o . ) ha.vinG plQne d  

Dry 2 , 9 00 

to 

_ --;�; t ·----�-�J--· -
;
-
�
-
;�

---··+---4 __ ,_0_0_0_1_:: ._s_._i_. 

su rfac e 36 , 00C 4 , 1 00 1 2 , 350  C . 34 Bl o ck s ei z ed ·--------------i-------·l---- -11------1----+-------+---------l 
Block ( planed su rfc.ce )  Dry ,,

- 8 , 5(:0 9 7() 1 , 7 80 0 . 21 
on K . N . 40 ( Kor. ; ers  to 

_ 
::�ia��

v

�

n

: �

l cn

�

d

- _! _ __ _ _  1 _�
4
-,

o
-oo_ -

7
�

3

�
0

-. i:�
s

�
o

- --0�
1
� J S:

r
�

c
:

e
� �-�·-
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K.S . 95 

Condi-
Desc ri r,ti on of tion of 

mo.teri nl test 

Block (planed surfo.ce) We.ter 
on K . N . 40 ( Ko�,per s 
C o e )  having plo.ned 
surface ------·- - -·- .. ... ·-- ·-- -····-· · ·- · 

Block (milled surface) Dry 
on K . S . 95 (Koppers 
Co.) having milled 
surfrcce 

� 

"' - . 

"'( '  .. 

--· 

(Koppers Co.) B ronze Block 
( Continued) 

Toto.l 
loo..d on 

block 
in lb. 

2, 500 

to 

20, 000 
. .. - - ------

3, 200 

to 

17,000 

Load on 
block 
p. s . i. 

--�- -
285 

2,280 _____ ,,_ . _ _... _  

364 

1,935 

·-· 

-----·-
Force Coeffi-

in c ient of Remarks 
lb. fricti on 

._ __ ----·----L-·- ·----- -

974 0 . 39 

9,220 O o 46 Seizure 
- ----·-�--·-· -, -.. _ �-- --- -�- · -------------- -·-

546 0. 1 7 

3,990 0.24 S eizure 

---1 
_[ 
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----------�--------··--·---- -------·-------- -· --------------.. --------·----·--·--�--

l Condi-
Description of ' tion of 

mo.t crial test 

I Bl o ck ( e:round surfo.c o ). .Dry 
on " S" Jtiionol havini:; 
ground surf2.co ---

So.mo matori o.l s D. S  Dry 
n.bove - Recheck 

Block ( ground surfc.c e )  Dry 
on 1 2  Cr. stool hav-
ing pl aned surfo.co. 
Both block and pl o. to 
pc.intod with 0. col-
loidal g;rG.phi t o  

" S "  Monol Bl ock 

'I'otccl 
loo.d on 

b l ock 
in lb. 

7,000 

7 , 000 
to 

36,000 

36, 000 

2, 000 

I 11, 000 

I 
\ 

13, 000 

1 5 , 000 

Lor,d onl 
1-)lo ci,� 
P • s . i .  

-· 

800 

,.,.. __ ··-· -�---
800 

4,115 

4 , 115 

2 2 9  

1,2 60 

1 , 490 

1, 7 15 

42 

Force Cocffi-
in ci cn.t of 
lb. fri ction 

3, 680 0. 526 

-··· ..... 
1,190 0.11 

5,580 OoJ.6 

12 , 100 0.34 

285 0 . 14 

1, 640 0.15 

5, 510 0. 4,2 

9,050  Oo60 

-----i-... 

··--
Romc.rks 

---·-· 

Soi z od in 3 
s trokes 

Sl ight 

··----- 1 
I vibrc.-

tion 
S litht vi h rc.-

tion 
3rd stroke . 

Sei z ed 

RLn smoothly 

1st stroke 

2nd stroke 

3rd stroke 

Loctd built up 
without in-
cro::'.sing tho 
l oG.d by mcc,ns 
::if tho test -
ing, me.chino 

··-

I 
I 
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'--··----------------------------------
1 2  Chrome Steel 

--i 

.__ --------
Condi- T oto.l Loo.d on For ce I Cooffi-

Des cr iption of tion of loc.d on blo ck in ci ent of Remc.r]�s 
mt:,terio.l test hlo ck p. s .i. lb . fr iction 

in lb. I I --- ----·-----·--' 
( ph�ned s urfC'. c e) 

I I Block Wc.ter 5, 700 582 705 0. 12 
on S .A .E. 64 ( C-ov't. to 1 s pee. ) having plan ed 

I smooth! surface 69, 500 i 7 , 090 5 ,080 0.07 Ro..n -ver:,r - .L - -- .--------· ,. ·l 
Block (planed surface) Dry 4 , ooo l 460 965 0. 24 i 

on D.H . S. (Kopper s to 
I Co. ) hav ing planod 

surface 14 , 000 1 1, 610 3, 14,0 0.22 Slig:ht vi br o.-
tion - Plate i scor e d  --

S£1JJ1e ma. ter i o.l s o.s Wo..ter 4, 000 460 1 , 100 0.28 
a.bovc ' 

15, 000 1 , 725 3,605 0. 2<1 Sei zur e  

Block ( planed surfc,ce) Dry 1 , 000 102 238 0.24 1 st stroke 
on 12 Chrome ste el - I 
hr\.Ving pl c..nod su rfc.co 2 , 600 265 2 , 065 o.79 2nd stroke 

. I  
I 

13, 000 1 , 325 9,380 0 .72 3rd str oJ�o 
•: 

9 , 400 960 7 , 03 0  0 . 75 4th str oke 

Al l c,bove lo a.ds l  
o ccur red  v1i th 
the ini ti 2.l s et 
of thE. to stin; 
mr.chine 

---·-· -
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--·--------------·- ----·-1 
18-8 S ta inless Steel 

Load ori-F orce Coeffi-Condi- Total 
ti on of load on Descri ption of 

material test 1:ilock 
in lb. 

½lock 
p.s. i. 

in 
lb. 

cient of 
fr ict ion 

Remarks 

------------------- ---�---------1- -----i-----..J-.- ·-··------··----.a; 

Block (pl aned surface ) Water 
on S.A.E. 64 (Gov ' t. 
spec. ) having planed 
surface 

12 ,500 
to 

42,000 

1 , 2 75 1 , 380 0 . 11 

4 , 290 3,610 0.09 Ran smoothly 
1-------------+------+-------·----·---···--··---+-------+--------

Block (planed surface) Dry 
on 18-8 steel having 
planed surface 

1,000 • 

to 

114 

5,500 629 

261 0.26 

1 , 950 0.36 Scored --------------..-----------i---------....1-------+--------
Same materi al as above Wc.ter 5, 500 629 

6 ,000 

11 , 000 

686 

1, 255 

1 , 545 

2 ,610 

5 , 860 

0 . 28 

0 . 44 

0. 53 S eizure 

,_ _________________ _,_ ___ _._ ___ _,_ ___ _. ____ ...r....�------_; 
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