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The essential characteristics of all bearing 
alloys is a structure made up of alternately 
hard and relatively soft miscroscopic par 
ticles intimately mixed. The function of the 

5 hard particles or bearing crystals is to sup 
port the load and resist the wear. These 
bearing crystals should not be hard enough 
to prove distinctly abrasive to the journal 
surface. General experience shows that an 

10 extreme hardness of the bearing crystals is 
characterized by an excessive wear of the 
journal. The function of the softer or more 
leadily abraded crystals is that of being 
plastic and permitting the bearing crystals 

15 to adjust themselves to surface requirements 
of the journal. These softer crystals are 
also more readily abraded, and therefore 
wear slightly below the surface of the bear 
ing crystals and thus form slight depres 

20 sions upon the bearing surface which serve 
for the retention of the lubricant. 
The importance of a knowledge of the 

micro-characteristics of alloys has long been 
appreciated by investigators who have used 

25 the microscope in the study of alloys, but 
the only device heretofore employed for 
testing the relative hardness of the different 
crystals has been an ordinary needle point 
by which a scratch was made across the 

30 surface of the crystals to be tested, under 
as uniform a pressure as possible. The part 
of the scratch through the soft crystals is 
deeper and therefore wide than the part 
through the hard crystals, and by measur 

85 ing the width of the cut the relative hard 
ness of the crystals is determined. The re 
silts obtained with a needle are however un 
Satisfactory in that it cannot be ground as 
fine and sharp as a jewel and its control is 

40 difficult and irregular. 
One of the objects of my invention is the 

provision of a convenient microscopic at 
tachment which permits a nice and accurate 
adjustment of the Scratching point or cutter 

45 and insures a reliable action and control 
thereof. A further object is to provide a mounting 
for the cutter which renders it extremely 
delicate and sensitive in action, enabling it 

50 to follow the undulations or irregularities 
of the surface of the tested alloy. 
The improved attachment, which I have 

named a “microcharacter', is mounted on 
the usual stage of a microscope. It com 
prises, in its general organization, a scratch 
ing point, cutter or jewel carried by an 
arm or bracket and adapted to make an in 
cision across the surface of the alloy to be 
tested; a carriage for the tested surface 
which is adjustable to bring said surface in 
the optical axis of the microscope, and mech 
anism for slowly and regularly feeding the 
carriage in the proper direction to carry the 
test surface past said point. The attach 
ment also includes a delicate elastic mount 
ing for the jewel point, as well as means for 
adjusting the mounting and its carrying alm 
to properly position the point. 

in the accompanying drawings: 
Figure 1 is a perspective view of a micro 

scope equipped with the invention. Figure 
3 is a top plan view of the attachment re 
noved from the microscope and showing 
the micrometer feed thrown out of gear. 
Figure 3 is a fragmentary sectional pla: 
view of the attachment, showing the mi 
crometer feed thrown into gear. Figure 4 
is an enlarged transverse section on line 
4-4, Fig. 2. Figure 5 is a fragmentary 
longitudinal section on line 5-5, Fig. 2, on 
an enlargGd Scale. Figure 6 is a vertical 
section, on an enlarged scale, of the means 
for raising and lowering the bearing of the 
Sispension bracket. Figure is an en 
i.arged transverse section on line 7-7, Fig. 
2, on an enlarged scale. Figure 8 is an en 
larged longitudinal section on line S--8, 
Fig. 2. Figures 9 and 10 are transverse sec 
tions on the correspondingly numbered lines 
in Fig. 2. Figure 11 is a perspective view 
of the carrying spring of the clitting point. 
Figure 12 is a greatly enlarged side eleva 
tion of the cutting point. Figure 13 is an 
end view thereof. Figure 14 is a top plar, 
view of a test-surface showing the cut pro. 
duced by the instrument. Figure i5 is a 
fragmentary front elevation of the instru 
ment. Figure 16 is a top pian view of the 
bearing of the suspension bracket. Figure 
17 is a plan view of one of the holding jaws 
of the carriage. . . . 

Similar characters of reference indicate 
corresponding parts throughout the several 
views. 
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The improved attachment is herein shown 
in connection with a jaicroscope 20 of ordi 
aly constriction having the custolikaly 
stage 21, a vertical illuminator 22 with coin 

r and an oculia 23 rovided 
ial nicroaieiei scale. 
es the statioinary horizontal 

of tie juicrocharac{er which is pref 
y L-shaped and provided at its elicis 

aid its angle with suitable claiaps io" re 
novably securing it to the stage 2i, this 
frame extending across the front edge and 
along one side of the stage. in the pre 
iered construction shown, each of these 
clamps comprises a jaw 25 extending in 
wardly over the top of the stage and an op (Lly Y 

losing ear or jaw 26 carrying a clamping 
SC 27 which bears against the under 
side of the stage, as best shown in Figs. 4 
and 5. 

Aiolunted on the stage to move both 
lengthwise and crosswise thereof, is the al 
low carri: 4 ge for the test surface, he'eilbe 
fore neiationed. This carriage may be of 
any appropriate construction, but that 
shown in the drawings is preferably em 
ployed. It is constructed as follows: 
Movable transvesely of the stage and ex 

tending lengthwise thereof, is a primary 
slide 28 provided at one end with a trans 
verse carrying bar 29. This bai' is pro 
vided on its inner side with a dovetail 
groove 30 which receives a corresponding 
guide-tenon 31 on the contiguous side of the 
frame 24. This slide is actuated by a pinio, 
32 carried by its end bar 29 and meshing 
with a horizontal rack 33 fastened to the 
outer side of the frame 24, as shown in Fig. 
5. This pinion is secured to the lower end 
of a spindle 34 journaled in the slide-bar 
29 and having an operating knob 35 at its 
upper end. On their adjacent longitudinal 
edges, said slide-ball 29 and the frame 24 
are preferably provided with a scale 36 and 
a vernier 37, respectively. 

slounted on the primary slide 28 to move 
lengthwise thereon, is a scondary slide 38 
provided on its underside with a dovetail 
groove 39 which engages a tenon 40 arranged 
on the upper side of the primary slide, as 
shown in Figs. 4, 5 and T. Preferably, the 
secondary slide is equipped with both rapid 
and slow feed devices. T the rapid feed con 
sists of an upright spindle 41 iournaled in 
the primary slide and carrying a pinion 42 
which meshes with a gear rack 43 on the 
back of the secondary slide 38, as shown in 

2 and 4, the spindle having a knob 44 
for turning it. The slow feeding devices of 
the secondary slide consist of a horizontal 
shaft 45 journaled in bearings 46, 47 pro 
iecting fren the rear side of the primary 

riage :nd carrying a worm 48 whicher. 
a worn wheel 49 secured to the spin 

This shaft has a crank 45 for 

Fly's 
- . . . . 

by allowing the shaft 45 to rock horizo:ht 
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triling it. By the Rise of this wolin gea', 
tle Sciondary slide is fed slowly and to a 

't shall extent lengthwise of the 
stage for every rotation of the wor': 
shaft 45. ) 

r G 

l. 2. A- j 

trated in the drawings, this is a { 

ly in its front bearing 46 and providing its 
rear bearing 47 with a horizontally-elo 
gated opening 50, for that end of the shaf: 
as shown in Fig. 7. Abutting against oppo 
site sides of the rear end of the worm sinai 
are shifting pins 51, 52 which slide in the 
walls of the bearing 47. One of these pins is 
pressed inwardly by a spring 53 carried by 
a bracket 54 of the primary slide 28 

8. 

i 

tending constantly to urge said shaft to 
ward the wolin wheel 49, so as to hold the 
shaft in gear there with, as shown in Fig. 
3. Bearing against the outer end of the 
other shifting pin 52 is the inner ai'in of : 
shipper lever 55 fulcrumed at 56 on the 
bracket 54 and having a knob 57 for opera 
ing it. Upon swinging the long aim of this 
lever fron the position shown in Fig. 
that shown in Fig. 2, the inner rear end 
the worm-shaft is swung away from the 
worn) wheel 49, disconnecting the WOI in 
therefron. This lever may be locked in this 
position by a stud 58 behind which the Je 
ver Snaps oil reaching the position shown in 
Fig. 2 

5 
-- 

The secoildary slide 38 is prefer:lly ex}- 
vided with a scale 59 and veinier 60 sinia 
to that corresponding parts of the primal' 
side 28. 

Carried by this secondary slide are a ps' 
of spaced horizontal jaws or holde's 61, {: 
lying closely to the surface of the stage and 
adapted to grasp between then a (:: 

105 

10 A . late (3: 
of glass or other suitable laterial to whic 
a piece or surface 64 of the alloy to be testes: 
is cemented or otherwise rigidly seculi'er. 
One of these jaws is preferally provided at 
its free end with a pivoted spring-p}'e:Se: 
finger (35 which engages the rear edge of the 
said plate and serves to hold it in position 
isetween the jaws. This finger, which swings 
horizontally, is provided with a laicile (3.3 
for withdrawing it to release the plate (33. 
The jaws are adjustable toward and f'o: 
each other to accommodate different-sized 
plates, and for this purpose the shank of 
each jaw may be provided with a longitudi 

20 

nal slot. 67 for receiving a clamping screw li: 
(38 carried by the secondary slide, as showi. 
in Fig. 7. 

69 indicate; the scratching point, styles 
or cutter past which the test-sui face is 
caused to move by the longitudinal travel 
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8... of the carriage. This point is carried by 
adjustable mounting or bracket preferably 
constructed as follows: 

tigidly nounted on the coat member of 
the fixed frame 24 is a standard 70 carrying 
a vertically-adjustable slide 1 which is suit 
ably guided on the standard and which may 
be adjusted by a pinion 72 mething with a 
vertical rack 3 secured to said faine line 
ber, as shown in Fig. G. This pinion is cal'- 
ried by a transverse operating shaft 4 jour 
maled on said slide 1. Carried by this slide 
is an upright bearing or sleeve 75 which re 
ceives a spindle 76 having a "-head 77 which 
normally rests upon said bearing in a posi 
tion parallel with the secondary carriage 
side 38, in which position it is retained by a 
stop face 78 formed by the upper end of the 
vertical slide 1 which extends above the top 
of the bearing 5 for this purpose. This 
"-head may be turned at right angles to its 
normal position, for a purpose hereii)after 
inore fully described, by raising it above the 
happer end of the slide 1 and then giving 
the "-head a quarter turn and allowing it to 
drop into a locking recess 79 in the upper 
end of said slide, as shown in Figs. 4 and 16. 
The spindle 76 is loosely seated in its beai 
ing to permit of this lifting and releasing 
action of the "-head. 

Pivoted on an upright stad 80 at one end 
of said "E-head is a horizontally adjustable 
backet 81 of substantially "-shape which 
carries the mounting of the cutting point. 
One end of the crossbar of this bracket is 
fitted upon the pivot-stud 80 while its other 
end carries a transverse yoke 82 which re 
ceives the adjacent end of the -head it. 
Interposed between one of the yoke-jaws 
and said "-head is a spring 83, while in the 
opposite jaw is threaded an adjusting Sci'ew 
S4 which bears against the adjacent side of 
the i-head and serves to adjust the cross bai 
of the backet 8 laterally with "eference 
to the ""-head, theirely changing the position 
of the body of nain alm of the bi'acket : 
cordingly. 

: 

V. 

- 

?ounted at the fi'ee end of said hi'acket 
is a yoke or cairier 85 having an upright 
stud 86 capable of Oscillating in a bearing 
87 of the bracket. This yoke is provided 
with a laterally-extending arm SS the outer 
end of which is a tie ad it stable in a hori 
Zental plane, preferably by a yoke 89 car 
fied by the bracket 81, an adjusting Screw 
90 and a spling, similar to the yoke 82, 
spring 83 aid adjusting Screw 84. 

91 indicates a vertically-swinging beam or 
level suspended between its ends and slight 
ly above its center of gravity, in the oscilla 
tory yoke 85, preferably by Sapphire jeweis 
93, to minimize fiction and render the ever 
exceedingly Sensitive in action. Extending 
lengthwise along the underside of the lever 
9 and secured with its real portion to the 

B 

rear arm thereof, is a delicate spring 93, 
referably a steel lade, in the free end of 
ich the cutting point 69 is lounied, is 

best shown in Figs 8 and ii. 5; its Dié 
ferred form this spring 
Ward the cutting poin 

One or nor'e Shali 
ipon a Stud 95 at the 
91 directly 
i 

Weights 94 are placed 
front end of the ever 

over the cutting point to cause 
he latter to exert the desired pressure to: 
the test-Su'face. 
By this eastic mounting, the point is 

caused to bear yieldably upon the test-sur 
face, allowing the point to rise and fall as it 
is traversed by crystals of different degrees 
of hardness. 

Provision is also made for regulating the 
tension of the spring 93, the device shown 
in the drawings consisting of a vertical 
Screw 96 arranged in an opening of the ever 
and bearing upon the spring at a suitable 
distance from its point of attachment the e 
to, 
A suitable spirit level 9 is carried by the 

(eve', preferably by its rear aria, as shown, 
o facilitate the adjustment of the jewel 
Spring 93 to a horizontal position, which is 

ential to obtain accurate resilts. 
to protect the delicate jewel point and its 

spring, a suitable guard 98 may be extended 
around the front and along the sides of the 
eye 91. 

utting point may be of any appro 
priate construction, but it is important that 
it shall be extremely fine and sharp, hard 
and tough, and of the proper shape and pro 
portions. It has been found that a jewel 
point cut from artificial white Sapphire 
(fused Al-O.) is very satisfactory and heets 
all Fe?ire:nents. It has also been found that 
special advantages are possessed by a point 
having the shape of a corner of a cube, as 
shown in Figs. 12 and 13, and accurately 
mounted so that the three facets 99 make 
equal angles with the test-surface, with one 
edge of the cube in the direct line of motion 
of that surface. The leading or advance 
edge 100 of the cube and the line of cut form 
an angle of 35.26 degrees (the angle of in 
cision), which insures that the normal pres 
st 'e lipo; a crystai is always greater than the 
transverse pull, thus completely eliminating 
the objectionable tearing effects of a sharp 
conical point. This form of the cutting 
point has the further advantage that its back 
face is inclined and not abrupt, allowing the 
point to side from a hard to a soft crystal 
Without a jump or jar and giving a more ac 
curate reading. 

Figure 13 preserts an end view of the 
preferred jewel point, showing the three 
facets ground at an angle of 54.3 degrees 
to the axis, each facet being ground after 

- - - - O 

rotating the jewel upon its axis 120 degrees. 
In its original form the jewel is a small cyl 
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inder, say 0.022 inches in diameter and three 
thirty-seconds of an inch long, and the point 
is ground and tested before the jewel is 
mounted. The mounting is preferably done 
by accurately clamping both the jewel and 
the jewel spring in a jig ol' fixture while in 
the field of the microscope. A heavy solti 
tion of specially refined shellac is then ap 
lied to the point on the lower side of the 

spring and permitted to harden. The spling 
is then l'enoved from the jig and a simali 
amount of this sheliac is applied to the jewel 
on the uppel' side of the spring. After this 
has hardened the excessive top length of the 
jewel is ground off in order to reduce its 
Weight to an absolute minimia. Alcohol 
should therefore never be used in cleaning 
the point, Xyline being the nost desirable 
solvent to employ. 

in the use of the improved attachment, 
after applying it to the stage of the micro 
Scope, as hereinbefore described, the suspen 
sion bracket 81 with the said point and othe: 
parts carried by it, is swung aside, as show in 
by dotted lines in Fig. 2. The glass plate 
with the test-surface of alloy fastened there 
to is then placed between the iiw's {31, 62, oi 
the carriage, where it is securely held by 
the spring-pressed finger 65. The carriage 
is then noved longitudinally to its initial 
position by turning the spindle-knob 44. 
The cal'liage is next adjusted crosswise of 
the stage by the spindle knob 35 to bring the 
test-surface in the optical axis of the micro 
scope. Then the suspension bi'acket 81 is 
'eturned to its normal position, as shown by 
full lines in the drawings, and the bracket 
and the jewel-point lever 9i are adjusted by 
means of the sci'ews 84 aid 90 to acctii'ately 
position said lever parallel with the longi 
tadii; ai line of travel of the carriage and 
bring the jewel-point in the focal axis. The 
carriage is then advanced lengthwise of the 
stage, by the worm feed hereinbefore de 
scribed, thus feeding the test-surface past 
the jewel point which nakes an incision 
aci'oss it, as shown at 101, in Fig. 14. To 
ill sure corrobol'ative results, the test-surface 
should be moved past the jewel-point at a 
slow and constant rate, and this requirement 
is well met by Worm gealing. Any other 
suitable feed mechanism may however be 
employed for this purpose, and I do not 
therefore wish to be limited to the particular 
gearing herein shown and described. More 
over, the late of travel of the carriage should 
be so slow that so additional indentation is 
effected by stopping of the test surface. At 
the same time, the cutting point should be 
held in such a manner that while passing 
from one crystal of the test surface into an 
other, the point can instantly take a new 
position without having to overcome exces 
sive inertia of moving parts. Accordingly, 
the jewel itself is reduced in weight as much 
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as possible and carried by an elastic nount 
ing of the character described, which gives 
the point the requisite sensitiveness and del 
icacy of action to obtain the desired results. 

it is desirable to lubricate the test-surfaces. 
Standard optical cedai oil having a specific 
gi'avity of 0.96 at 15 degrees cent. has been 
found very satisfactory for this purpose. 
This oil may be left upon the surface while 
making the necessary measurements, afte: 
which the oil may be left to dry upon the 
Speci}}len and so form an effective coating 
against collosion. The jewel point should 
be kept clean and should be cleaned innine 

tely after use, since a small alnount of oil 
illied on alone or in connection with other 
laterial may produce very erratic and un 
accountable results, even though this dried 
Gil material be so Shall as to be barely vis 
ible. I have found that elderberry pith wet 
ted with Xylol is a very desirable materia 
for cleaning the jewel point. This pith is 
also very suitable for wiping of the test 
st lifaces after a cuit has been made, since a 
freshly cut surface of this material will not 
Scratch or mai' the test-surfaces aid will 
carry away the loose chips made by the cit. 
Figure 14 illustrates a micro-cit. 101 made 
by the unicitocharacter across a portion of a 
fused tin Oxide crystal elnbeddel in bronze. 
The difference in the width of the cut indi 
cates a difference in hardness between the 
two materials. This is but an example of 
a test. 
The instrument is adapted for a wide 

i’ange of such test work, including not only 
the various bearing alloys, but also all the 
steeis Suitable for journals, whether soft, or 
hardened, as well as any other imaterial con sisting of microscopic particles of varying 
hardness. 

it is obvious that this improved instri- . 
oir attachment hay be modified in 

cts within the scope of the ap 
'lai!: 18, and I do not therefore wish 

ii inited to the particial' ei: ; boilinent 
riyet. of the invention herein shown and des: 

claim as any invention: 
le coilbination with the stage of a 

tt achinent of the charac 

ille; this fo: 5:ek 
Carried by said 'ai.e. a scratching point 
lio inted on said bracket, and a carriage ii 
ciukiing a primary slide guided on silid raise 
to love ci'osswise of the stage, a secondary 
slide guided on said primary side to more 
lengthwise of the stage and having a holder 
for a test-stliface, neans for adjusting the 
primary slide, ald means for feeding the 
Secondary slide relatively to said scratching 
point. - 

2. A nicroscope attachinent, comprising 
an -shaped frame having clainping means 
to engage the front and the side of the 
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microscope-stage, a bracket carried by said 
frame, a cutter mounted on said bracket, an 
-shaped primary slide guided on the trans 

verse member of said frame to move cross 
Wise of the stage. a secondary slide guided 
on the longitudinal member of Said primary 
slide to move lengthwise of the stage and 
having a holder for a test-surface, means 
for adjusting said primary slide, and feel 
mechanism for said secondary slide. 

3. A microscope attachment, comprising 
a carriage for a test-surface, a standard, a 
head rotatably mounted on said standard, a 
bracket mounted on said head, and a cutter 
carried by said bracket, said standai'd hay 
ing a stop for retaining said head in normal 
position and a locking notch for holding the 
head in its inoperative position. 

4. A microscope attachment, complising 
a carriage for a test-surface, a standard, a 
head rotatably mounted on said standard, a 
bracket fulcrumed at one end on said head to 
swing horizontally thereon, means for later. 
ally adjusting the free end of said bracket 
on said head, and a cutter carried by said 
bracket. 

5. A microscope attachinent, comprising 
a carriage for a test-Surface, a standard, a 
head rotatably mounted on said standard, 
bracket provided at its inner end with a cross 
bar, said cross bar being pivoted at one end 
to said head and provided at its opposite 
end with a yoke embracing said head, an ad 
justing screw carried by said yoke and en 
gaging said head, and a cutter carried by 
said bracket. 

6. In a microscope attachment of the char 
actor described, a vertically-swinging carry 
ing member, a yieldable member attached to 
said carrying member and carrying a cutter 
points and a spirit level mounted on said 
carrying member. 

7. A microscope attachment, comprising a 
'arriage for the test-Surface, a support ovei 
hanging said carriage, a member swiveled 

5 

on Said support, a vertically-swinging lever 
fulcrumed on said swiveling member, and a 
cutting point carried by said lever. 

8. A microscope attachment, comprising a 
carriage for the test-surface, a support over 
hanging the said carriage, a member Swiv 
eled on said support, means for adjusting 
said Swiveling member on said Support, a 
vertically-swinging lever fulcrumed on said 
Swiveling member, and a cutting point car 
lied by said lever. 

9. A microscope attachment, comprising a 
carriage for the test-surface, a support over 
hanging Said carriage, a member swiveled 
On Said support and having an adjusting 
alin, an adjusting device for said arm car'- 
ried by said support, and a cutting point 
carried by said lever. 

10. A microscope attachment, comprising 
a carriage for a test-surface, a bracket over 
hanging said carriage and adjustable in a 
substantially horizontal plane relatively to 
the carriage, a member swiveled on said 
bracket, means for adjusting said swiveling 
member, a vertically-swinging lever full 
crumed on said Swiveling member, and a 
cutting point carried by said lever. 

11. A microscope attachment, comprising 
a carriage for a test-surface, a bracket over 
hanging said carriage and adjustable both 
in vertical and horizontal planes relatively 
to said carriage, a member mounted to 
Swivel horizontally on said bracket, a verti 
cally-swinging level fulcrumed on said 
swiveling-member, and a cutting point car 
ried by said lever. 

12. In a microscope attachment of the 
character described, a carriage for a test 
surface, combined with a cutting point hay 
ing the shape of the corner of a cube, the 
three facets of the point making equal 
angles with the test-surface and One edge 
of the point facing the direct line of travel 
of said carriage. 

CHRISTOPHER. H. BERBAUM. 
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