




































































































































































































































104 THE THEORY AND APPLICATION OF PRECISION MECHANICAL COMPONENTS 

MULTI-JAW COUPLING 

Multi-Jaw couplings are available for engaging and disengaging 
shafts. (See Figure 8-10.) This coupling essentially comprises a pair 
of pin-type hubs with interlocking teeth in the engaging faces. They 
are rated for 200 oz. in. torque. They measure 7/8" long by 3/4" in 
diameter. A smaller miniature multi-jaw coupling, 0.79" long by 
17/32" in diameter, is available for use when minimum space is 
available. 

UNIVERSAL JOINTS 

Universal joints with pin or split hubs are available for use when 
one shaft meets another at an angle of up to 30°. (See Figures 
8-11 and 8-13.) 

SHAFT EXTENSIONS 

Shaft extensions are provided for use when it is desired to 
lengthen a shaft. (See Figure 8-12.) The extension has an enlarged 
shoulder at one end and this shoulder is drilled out to receive the 
shaft that is to be lengthened. An end section of the shoulder is 
turned down and slotted for clamping to the shaft that is to be 
extended. 

FIGURE 8-12 
DOUBLE JOINTS 

FIGURE 8-13 
CYCLE ERROR 

All couplings are designed to permit driving conditions whenever 
there is a shaft-to-shaft or angular misalignment error. However, 
there will always be a cycle error. 

For example, shaft A which is misaligned .100", travels through a 
30° angle. Then shaft B will not follow through: the 30° angle but 
at some larger angle. When shaft A has traveled 45°, shaft B will 
have traveled at an angle greater than 45°. Thus, it is obvious that 
there will always be a cycle error. The bigger the angular or shaft-to­
shaft misalignment, the greater the cycle error. Couplings permit 
but do not cause angular and shaft-to-shaft misalignment. They 
cannot eliminate the cycle error. 



Chapter Nine 

MAGNETIC CLUTCHES 

T here are many types of clutches for engaging and disengaging 
shafts, but the one generally used in automatic control systems is 
the magnetically operated friction-disc type. This clutch best achieves 
the speed of response, long life, and reliability necessary for modern 
automatic control systems. 

The magnetic clutch (see Figure 9-1) is a rotating electro-mag­
netic device having input and output shafts. It looks like a small 
motor with a shaft coming out of each end, or two concentric shafts 
coming out of one end. Coupling between the shafts is controlled by 

FIGURE 9-1 

a magnetic field set up by passing DC through a coil built into the 
clutch housing. (See Figure 9-2.) ''-,~ 

Input and output shafts have fixed magnetic cylingers attached 
to adjacent ends. The output shaft is free to slide axially along its 
shaft. Under the action of the applied magnetic field (DC), the 
output cylinder makes strong physical contact with the input cylin­
der, thus coupling the two shafts. Rotation of the input shaft results 
in rotation of the output shaft. Upon removal of the DC signal, a 
spring forces the moveable cylinder away from the input cylinder 
and opens the coupling. 

105 



106 THE THEORY AND APPLICATION OF PRECISION MECHANICAL COMPONENTS 

MAGNETIC COIL 
DE-ENERGIZED 

CLUTCH DISENGAGED 
(DRIVEN SHAFT STOPPED) 

MAGNETIC COIL 
DE-ENERGIZED 

Magnetic Clutch 

SLIDING COUPLING 
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SHIFTING 
COUPUNG 
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FIGURE 9-2 
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" MAGNET!C. CLUTCH BRAKE 

The magnetic clutch brake (see Figure 9-3) is similar to the 
magnetic clutch. It has the added feature that the output shaft is 
positively stopped and arrested when disengaged. The output shaft 
is mechanically locked to an opposing braking face on the frame 
by a spring when the DC signal is removed. ' 

The magnetic field of the magnetic clutch must be sufficiently 
strong to overcome the spring force, and at the same time yield good 
firm contact between the clutching surfaces. The spring, on the other 
hand, must be strong enough to overcome the holding action of re­
sidual magnetism when the DC signal has been removed. In the 
clutch brake the spring must not only open the clutch, but must also 
hold the output disc against the braking surface in opposition to 
any torque imposed by the driven device. 

FIGURE 9-3 

Standard magnetic clutches and clutch brakes for control systems 
are designed for operation from a 24- to 28-volt DC source and con­
sume three watts of power. Special units are available for voltages 
ranging from 1.5 to 300 volts DC. 

EFFECTS OF VOLT AGE VARIATIONS 

Variation of applied voltage will affect torque output, as shown in 
the typical curves in Figures 9-4 and 9-5 and makes the magnetic 
clutch valuable as a speed changer. Reduction of the voltage will 
result in clutch slippage and lower output speed, but output torque 
will remain relatively high. Specific curves and specification tables 
for clutches of various capacities, as well as data explaining how 
output torque, breakaway torque, inertia and other specification 
data are derived, are available from magnetic clutch manufacturers. 

In addition to developing high output torques at intermediate 
applied voltages, magnetic clutches provide angular accelerations 
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VOLTAGE VS TORQUE AT 72° F AMBIENT 
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far exceeding those of conventional motors. They also can reduce 
shock loading such as incurred during sudden reversal of high-inertia 
loads, or when engaging limit stops. They may be incorporated into 
the design of speed changers, rapid cycling systems, accurate shaft 
positioners and other specialized devices. 

HIGH HOLDING TORQUE 

When extra high holding torques are required, toothed faces can 
be supplied on clutching or braking surfaces. Such couplings pro­
vide torques up to four times that of smooth-face types. They are 
not recommended where slipping is required or where angular dis­
placement between shafts cannot be tolerated. It is necessary for 
teeth to line up in order to engage and hence an angular error is 
introduced. Also, the teeth create a ratcheting effect in engaging while 
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FIGURE 9-5 

rotating, which results in damaging the teeth, reducing their life 
and reducing torque characteristics. Crown tooth magnetic clutches 
are not recommended for speeds over 300 rpm. 

TIME DELAY 

The time required for the clutch to engage after the coil has been 
energized is caused, for practical purposes, by spring resistance to the 
magnetic pull set up by the energized coil. Typical. delays are indi­
cated by curves Band C in Figures 9-6 and 9-7. Delays as low as 
three milliseconds can be achieved, as indicated in Figures 9-4 and 
9-5, by special adjustment during assembly of the gap between 
discs and the tension in the return spring. 

There is some loss of output torque at relatively high operating 
temperatures, as indicated by the curves in Figure 9-8. 
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SELECTING MAGNETIC CLUTCHES 

In purchasing magnetic clutches, detrimental factors to avoid 
include: 
1. Soft metal clutch faces which quickly break down creating small 
particles that destroy torque output and eventually get into the 
bearings. 
2. Composition faces which have the following inherently poor 
characteristics: relatively short life; slippage when wet; are fungus 
nutrients; harden, glaze, bum or slip when hot. 
3. Metal faces of corrosive material which corrode, destroying initial 
torque. An attempt to correct this is sometimes made by plating with 
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chrome. If the chrome is thick enough to be wear resistant the 
torque is reduced. When thin, the chrome quickly chips off, exposing 
the base metal to corrosion and all of the difficulties of soft faces 
mentioned above. 
4. Eccentricity of moving parts which creates caroming (rotation of 
shafts when turning clutch on and off), uneven breakaway torque 
and eccentricity of shafts when clutch is turned on. 

In contrast, hardened metal clutch faces will provide high torque 
and long life, even when slipped continuously, corrosion resistance, 
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resistance to effects of temperatures between -lOO°F and +400°F, 
no loss of torque when wet, and no nutrients for fungus. 

Additional magnetic clutch features required for precision in­
strument application include: 
1. Concentricity of .001 and squareness of less than 5' of shafts to 
mounting diameters and faces. 
2. Low breakaway torque. 
3. No rotation of shafts when clutch is turned on and off. 



Chapter Ten 

DIALS 

Dials indicate shaft positions. They are usually read against 
fixed indexes. Two types of dials commonly used are the disc dial 
and drum dial. (See Figures 10-1 and 10-2.) 

FIGURE 10-1 FIGURE 10-2 

DISC DIALS 

The disc dial has equi-spaced radial graduations precisely en­
graved around its circumference. Standard discs range in diameter 

FIGURE 10-3 

from 1-1/2" to 4" and are available with from 10 to 360 graduations, 
clockwise or counter-clockwise. The disc dial is generally staked to a 
pin hub or split hub by the manufacturer. The split hub enables the 
dial to be shifted or zeroed out with relation to the shaft whereas 
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the pin type hub is fixed once pinned. (See Figures 10-3 and 10-4.) 
The disc dial index is a metal or clear plastic plate with an en­

graved index line. It is mounted in a fixed position on the indicator 
panel. Metal plates are mounted alongside the dial so the index lines 
up with graduations as they rotate into position opposite it. Clear 
plastic indexes extend over the dial and the index line coincides with 
graduation lines as they come into position under it. 

Vernier indexes are available for particularly accurate readings. 
Discs for vernier readings are graduated in one or two degree incre­
ments and the index, or vel'!lier, is marked off in six- or twelve-minute 

--, 
I 
I , 

FIGURE 10-4 

graduations. When a given graduation on the disc lines up with a 
given graduation on the vernier, the total reading is the degrees 
indicated by the disc graduation plus the minutes indicated by the 
vernier graduation, as with micrometers. (See Figure 10-5.) 

FIGURE 10-5 

DRUM DIALS 

- ... 
@r-L- . 
-~ , 

The drum dial has equi-spaced graduations engraved parallel to 
its axis around its cylindrical surface. It also comes ready-staked 
to a pin or split hub of various bore sizes. It is the preferred type 
for breadboard applications. 

Stl:Uldard hangers are available for mounting drum dials in bread­
boards. Transparent plastic indexes may be mounted to the tops of 
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hangers to extend over the dial, and drum dial indexes and verniers 
are made to fit between the hanger (or panel) and the dial, as 
shown in Figure 10-6. 

TOLERANCES 

Angular tolerances of dials graduated in one degree steps are 
within ten minutes. Dials graduated in two degree steps or greater 
are within fifteen minutes of nominal. 

FIGURE 10-6 
STANDARDS 

In order to standardize on engraving of characters, height, width, 
thickness, depth and length of lines, basic standards have been es­
tablished and are most commonly used by engravers and ~sers. 
(See Figures 10-7 and 10-8.) 
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DISC DIALS & INDEXES 

Dia. of CHARACTERS 
Dial Height Width Thickness 

1Ifl" 3/64 R .035 .010 

2" 1116 R .050 .012 

3" 3/32 R .080 .012 

4" 118 R .092 .014 

Average Depth of Engraving .006 Line width .010 

SERIES DISC DIALS & VERNIERS 

Dia. of CHARACTERS 
Dial Height Width Thickness 

1W' 3/64 C .025 .010 

2" 1116 C .030 .012 

3" 5/64 C .035 .012 

4" 3/32 C .050 .012 

LENGTH VERNIERS LINES 

Average depth of engraving .006 Line Width .008 

R=Regular Gothic Type 
C=Condensed Gothic Type 

MATERIAL - Aluminum 
FINISH - Black Anodized 

Engraving Fi lied With 
White Enamel 

LINES 

Depth Long MId. Short 

.005 7/64 - 1116 

.006 118 - 1116 

.006 118 - 1116 

.007 3116 - 118 

LINES 

Depth Long Med. Short 

.005 7/64 - 1116 

.006 118 - 1116 

.006 118 3/32 1116 

.007 3/16 1/8 118 

118 3/32 1116 

Angular Tolerance 
10 Steps=Within 10' 
20 Steps or More=Within 1,5' 

Series=Within 10' 

FIGURE 10-7 
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PRUM DIALS 8. ItmEXES 

Dia. of CHARACTERS 
Dial Height Width Thickness 

1" 5/64 C .055 .012 

1W' 5/64C .055 .012 

2" 5/64C .055 .012 

2W' 3/32 R .080 .014 

3" 3/32 R .080 .014 

Average depth of engraving .006 Line width .0lD 

SEniES mmr.1 DIALS & VErtrllEIlS 

Dfa. of CHI\IlACTEIlS 
Dial Height I.'Jidth Thiclmess 

Ph" 5/64C .055 .012 

2" 5/64C ,055 .012 

2W' 3/32 R ,080 ,014 

3" 3/32 R ,080 .014 

Average Depth of Engraving ,006 Line Width ,008 

R=Regular Gothic Type 
C=Condensed Gothic Type 

MATERIAL - Aluminum 
FINISH - Blacll Anodized 

Engraving Filled With 
White Enamel 
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LINES 

Depth Long M0d. Sil:lli 

.005 1/8 - 1/16 

.005 1/8 - 1116 

.005 9/64 - 5/64 

.006 5/32 .... 3/32 

. 006 5/32 - 3/32 

LI~[S 

Depth Long ~.1Gd. S~ort 

.005 1/8 - 1/16 

,DOS 9~64 - 5/64 

,006 5/32 - 3/32 

,006 5/32 - 3/32 

Angular Tolerance 
10 Steps=Within 10' 
20 Steps or More=Within 15' 

Series=Within 10' 

FIGURE 10-8 





Chapter Eleven 

SERVO BREADBOARDS 

T he availability of some 20,000 assorted, standardized preci­
sion instrument components make possible a relatively new design 
technique which eliminates detailed mechanical drawings, models and 
prototypes. Servo system components are mounted on metal plates 

FIGURE 11-1 

according to a template-made drawing and are adjusted or changed 
until the system is perfected and ready for production. (See Fig­
ure 11-1.) 

Components are mounted in vertical plates, or hangers, with 
cutouts for bearings and electrical components. The hangers have 

~-..... -.. --.- -.-

FIGURE 11-2 FIGURE 11-3 
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feet with tapped holes. The feet are secured to the breadboard plate 
through .slots from below. Hangers are readily available for standard­
size components. Blank hangers can be machined to size for mounting 
special components. 

FIGURE 11-4 

The first step in using the breadboard technique is to prepare a 
rough sketch of the proposed servo system as shown above. Normally 
the next step would be to prepare a. scale drawing from the rough 
sketch. By using templates, however, a draftsman can prepare a 
working drawing from which to assemble components in a fraction 
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of a day. (See Figures 11-2 and 11-3.) 
The templates comprise full size outlines of precision instrument 

components on light-weight paper. The draftsman slips these under 
his drawing paper in the position the various components will occupy 

SQUARE POST OR 
ROUND POST 

AS DESIRED ---' 

FIGURE 11-6 FIGURE 11-7 

according to the rough sketch, and traces them oft'. Templates are 
available free of charge from component suppliers. (See Figures 
11-4 and 11-5.) 

After the drawing has been finished, the necessary parts are 
ordered. They are often shipped the same day the order is received 

FIGURE 11-8 

and should be in the hands of the assembly group within a matter 
of days. 

The first step in assembling a breadboard is to assemble the 
leg posts to the slotted mounting plate as shown in Figures 11-6 
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FIGURE 11-9 

and 11-7. This is accomplished by inserting wing nut screws from 
above into plate cornerholes and tightening the screws into holes 
tapped in the upper ends of the leg posts. The leg posts have rubber 
feet to prevent marring finished surfaces or slipping on them. 

Next, spur gears, couplings, differentials, clutches, etc., are fitted 

FIGURE 11-10 
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to the shafts of electrical components. The electrical components 
are then secured in component hangers, and the hangers mounted 
on the board in the approximate position indicated on the drawing. 
(See Figure 11-8.) 

Thumb screws extend through the slots from below into tapped 
holes in the hangers. Thumb screws are not securely tightened until 
all equipment has been mounted and can be accurately aligned. 
General practice is to start installing at one side of the board and 
work across. (See Figure 11-9.) 

Again working across the board, shafts are fitted with gears, shaft 
hangers, and other components such as differentials, dials, cams, etc., 
and mounted in place according to the drawing. (See Figure 11-10.) 

Once all of the equipment has been assembled and placed on 
the board, it is aligned with a square using the machined edges of 

FIGURE 11-11 

the slotted plate as a guide. The thumb screws are then securely 
tightened. Terminal strips are available to facilitate wiring of elec­
trical circuits. 

Once the breadboard has been completed, it can be operated 
under all electrical or mechanical conditions which might be en­
countered in practice. Weak points can be corrected, improved spac­
ing arranged, and a complete range of operating characteristics 
obtained for evaluation and study. 

Breadboard kits are available for use when frequent breadboard 
construction is encountered. These assortments reflect the require­
ments of many component users over a period of time. (See Fig­
ure 11-11.) 





Chapter Twelve 

TOOL AND FIXTURE COMPONENTS 

T his chapter has been prepared for the purpose of affording 
the general designer and engineer a clearer concept of standardized 
tool components readily available in today's market. 

This knowledge of tooling applications should not be limited to 
the tool designer alone, but made available to every mechanical and 
electronic designer, as a valuable adjunct toward a better under-

FIGURE 12-1 

standing in the development of his specific engineering projects 
and designs. 

It is hoped that the information in this chapter will prove an 
important complement to the engineer's and designer's technical 
knowledge. 

WHAT TOOL COMPONENTS ARE! 

Tool components are standard parts for jigs, fixtures, tools and 

125 



126 THE THEORY AND APPLICATION OF PRECISION MECHANICAL COMPONENTS 

dies. In the past, the tool designer has always designed jigs and 
fixtures over and over again to suit the particular problem. All the 
parts of the jig and fixture were special and custom made. Now, he 
can save valuable detail and design time through the use of the more 
common part or components. (See Figure 12-1.) 

They include very accurate CD jig plates manufactured under 

FIGURE 12-2 

controlled conditions, ® jig buttons, <ID jig legs, @ sever~ types 
of clamps, ®i numerous interchangeable thumb screws and ®,swivel 
"C" washer. Also ® double threaded studs, @ swivel and thumb 
nuts, @ heel pins and many others. 

Some are available in tool steels, heat treated and plated, ready 

FIGURE 12-3 

for immediate use and some are made of stainless steel to eliminate 
rust and lubrication problems, and to assure long life and reusage. 

Many tool component parts come in a wide range of· sizes. Com­
plete clamp assemblies are also available as units or made up from 
individual components as desired. 
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ADVANTAGES OF USING STANDARD TOOL COMPONENTS 
Design time is saved since many jig and fixture components can 

be specified from the catalog and need not be individually de­
signed. (Figure 12-2.) 

Machine shop time is saved in that these components do not 
have to be custom made but can be purchased from stock at pro­
duction cost. (Figure 12-3.) 

[§@)--t1tj ----i-
I . , , 

FIGURE 12-4 

Delays are avoided since components are available from stock in 
almost a matter of hours instead of in weeks or months as when 
custom made. (Figure 12-4.) 

Better components are frequently obtained since the skills of 
men devoted exclusively to this phase of metal-working are embodied 
in the design of these components. Further, the experiences of many 

•• - " .. -;:===B 
I I 

FIGURE 12-5 

companies, as reflected back, are incorporated in the design of these 
elements. (Figure 12-5.) 

HOW COMPONENTS ARE USED 

The designer uses precision ground jig or instrument plates as 
foundation bases; on which to assemble other elements of the jig or 
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fixture. Rectangular, square and round plates are readily available 
in a range of sizes in aluminum, stainless steel, tool steel and ground 
stock to meet the tool engineer's requirements. Since the base plate 
is the foundation of the jig or fixture, it is essential, for accurate 
machining, that the plate be precision made. Therefore, jig plates 
have a 32 micro inch or better ground finish on all six sides, and 

FIGURE 12-6 

surfaces are flat and parallel within +0.0005". Comers are square to 
+ 5 minutes. Thus, we have ideal starting or banking conditions for 
reference use and jig boring. For drilling operations, jig buttons are 
inserted at the comers of the plate to provide four resting points 
and assure level positioning of the plate on the drill table. Jig buttons 
are press fit into reamed holes in the jig plate. Jig buttons also have 
other uses as will be brought out in typical applications to follow. 

FIGURE 12-7 

Jig legs are used to support a second plate above the· jig plate 
(Figure 12-6), and also to permit tumbling of the jig so that it can be 
used in drilling more than one surface of the work, and to ease loading 
work. This application will be illustrated in one of the examples to 
follow. 

Clamping assemblies are used to secure work to the jig or fixture. 
The choice of clamping assembly is determined by the size to be 
held, whether the surface of the part is smooth (machined), or rough 
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(casting), and to some extent upon the preference of the designer 
. or tool engineer. 

The following discussion of typical jigs and fixtures will illustrate 
the various ways in which standardized components are used to 
save design and machine shop time. 

Figure 12-7 shows a typical jig used in vertical drilling operations. 
Some of the components are custom made, some are standard parts 
and some are altered standardized parts. This particular jig has a 

FIGURE 12-8 

EXAMPLE 

hinged leaf with guide bushing insets, which is folded over and 
locked in place once the work has been positioned and clamped. 

The base plate of this jig is a jig plate, Figure 12-8 with jig but­
tons, Figures 12-9 and 12-10, at the corners. In placing work in the 
jig, the spring-loaded pusher in the block opposite the leaf-supporting 
block is pulled back, the work is placed in the center space, and the 
pusher released. The pusher secures the work against a horizontal 
pin in the leaf-supporting block. This item is fashioned from a stand-

EXAMPLE 
I 

--$- -{3s--
I FIGURE 12-9 

ard socket-head cap-screw, the threaded end against which the work 
rests being filed to a point~ The pin is locked in place by a nut 
which is tightened against the block once the pin has been properly 
adjusted. The pin normally stays in one position in handling a given 
lot of castings. However, dElviations among lots may require inter­
mittent pin adjustment. 

The pusher is made from standard components - a stud, knurled 
thumb nut, spring, and retaining pin. The stud passes through a 
hole in the supporting block and the thumb nut is screwed on the 
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outer end. The spring is fitted over the inside end, and is secured 
to the stud with a retaining pin. The stud is drilled to receive the 
retaining pin. 

The horizontal thumb screw in the block at the right end of the 
jig plate is a standard item. It passes through a tapped hole in the 
block and pushes against the work to secure it against the opposite 
block. It has been fitted at the threaded end with a swivel shoe that 

CLAMP~ 

SPACER~ '4IIH-fI~~~ 
I 

FIGURE 12-10 

JIG 

JIG BunON 

engages the work without turning while the thumb screw advances. 
Precision ground jig and fixture plates are available in #440C 
stainless steel which can be hardened and heat treated, if desired, 
for wear reasons. 

The clamps at the ends of the jig are flat sliding clamps, Figure 
12-11. The groove in the underside fits over a heel pin screwed into 

Ii! 

FIGURE 12-11 

EXAMPLE 

rl-n 
Lt+iJ 

the jig plate. The center slot fits over a stud which screws (stud fit) 
into the supporting block. A spring and washer are interposed be­
tween block and clamp to provide spring loading. A thumb nut 
(loose fit) screws onto the end of the stud which extends above the 
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clamp, and tightens and loosens the clamp. The clamp slides back 
and forth to engage and disengage the work, being guided by the 
heel pin and stud. The heel pin may be adjusted for height and is 
locked in place by a nut which is tightened against the block when 
the heel pin has been adjusted to the desired height. 

The nose of one clamp has been cut back to a slight taper and 

FIGURE 12-12 

the nose of the other has been slightly concaved. This has been done 
to prevent the clamps from obstructing the path of the drill. One 
of the components also has been undercut to permit it to overlap 
a lip on the cast part. 

Figure 12-12 shows a fixture used with a lathe. A segment has 
been cut from the plate to facilitate turning the adjacent thumb 

FIGURE 12-13 

screw. The round member at the back of the plate fits into a chuck 
adapter used with the particular lathe for which this fixture has 
been designed. The hole near the uppermost point of the plate is for 
a pin which comes through the back to aid in securing the fixture 
to the chuck. 



132 THE THEORY AND APPLICATION OF PRECISION MECHANICAL COMPONENTS 

Work to be turned is positioned against a pin on the far side 
of the clamp, and against the adjustable stop just below the hole 
for the chuck-pin. The adjustable stop comprises a jig button which 
has been drilled and tapped to receive a socket-head set screw. A 
nut on the set screw located between the jig button and the set 
screw head, locks the set screw in position. This screw generally 
requires adjustment only when changing from one lot of castings 
to another. 

Work is tightened against the pin and adjustable stop by the 

FIGURE 12-14 

thumb screw at the flat side of the plate. The end of the screw which 
engages the work is fitted with a swivel shoe that does not tum a~ 
the screw is tightened. A slot has been cut from the edge of the block 
to the thumb screw hole and a vertical socket-head set screw provided 
to tighten the slot so the thumb screw may be locked in position 
during the machining operation. 

FIGURE 12-15 

The clamp in this case is a swinging taper nose clamp. It swings 
about a set screw which passes through a hole toward the forward 
end. A spring and washer are interposed between the clamp and the 
plate and a washer is inserted between the clamp and the head of 
the screw. A rear end-supporting jig button fits into a hole at the 
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rear of the clamp. Thus, the clamp can pivot about the set screw 
and the nose can be moved up and down by regulating the set 
screw. The pin in the plate near the rear of the clamp is a stop for 
the clamp. The shorter pin between the clamp and the thumb screw 
is a "fool-proof" pin to assure proper positioning of the part in the 
fixture. 

Figure 12-13 shows a fixture for a vertical milling machine. In 
this case the work is clamped to the underside of a top plate, two 

FIGURE 12-16 

I <9--t-E-~-------3 
special rear tightening clamps being used for the purpose. The upper, 
or banking plate, is supported on four jig legs. The cutting tool ex­
tends into the opening in the banking plate and is guided by a 
pantograph type controL 

The clamps are secured to the banking plate by socket head 
screws, one of which fastens to the plate itself, the other to a block 

I 

--$-- --t-t--G ffi--I--~ [ - ] 

FIGURE 12-17 

secured to the plate. Nuts tighten against the underside of the bank­
ing plate or block to hold the socket head screws in fixed adjustment. 
A spring and washer are inserted between the clamp and lock nut 
in each case. A swivel washer, Figure 12-14, is inserted between 
the head of the socket head screw and the clamp. This arrangement 
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enables the clamp to swivel up and down to engage and disengage 
work, the center sl.ot in the clamp being beveled· or countersunk 
to receive it. The clamps are adjusted by means of thumb nuts at 
the rear of the clamps. These thumb nuts fit onto studs screwed 
onto the base plate. Between the thumb nuts and clamp are swivel 

FIGURE 12-18 

washers. Flat washers and springs are inserted between the clamps 
and base plate. 

A spring loaded pusher, as described in the jig discussion, is 
inserted in the block which is attached to the banking plate, and 
positions the work against several pins in the plate's undersurface. 
The clamps used here are special in that they have slots at each 
end so they can slide back and forward for engaging and disengaging 

I ____ ..... U [ -IJIt-I-+-

FIGURE 12-19 

the work under the conditions illustrated. They have pins inserted 
in the ends as finger aids in sliding the clamps back and forth. 

Figure 12-15 shows another drill jig. In this case, wide face 
clamps (see Figure 12-16) are used since the casting to be drilled 
has a broad surface area. Each clamp has two points of contact on 
its clamping surface so that it firmly holds the work regardless of 
irregularities in the surface. These clamps are of the sliding type 
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and each has a groove in the underside. This groove fits on a heel 
pin, Figure 12-17, which screws into the base plate. 

The forward end of the clamp has a through-slot which fits into 
a stud which screws into the base plate. A spring and washer are 
inserted between the clamp and plate to provide spring loading. A 
thumb nut screws on the upper end of the stud and controls tighten­
ing of the clamp. 

This particular jig is equipped with slip bushings. One set of 
bushings fits into holes in the top plate and a second set fits into 
the first set. The slip bushings enable drilling of a small size hole 
which can then be enlarged to a certain depth by removing them 
and using the fixed bushings as guides. 

FIGURE 12-20 

Tool components also adapt jigs to hold work for drilling holes 
in more than one surface. In 'Figure 12-18, a jig plate has been 
equipped with jig legs at each corner, and these legs in turn have 
been fitted with jig buttons near the upper extremities. With this 
arrangement, the jig may be accurately positioned in a horizontal 
position, tipped on end or tipped on its side. 

The portions of the jig legs, Figure 12-19, which extend beneath 
the plate provide precise leveling when the jig is horizontal, and the 
jig buttons, in conjunction with machined plate projections, provide 
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accurate four-point support of the work in the other two positions. 
A number of other components are also illustrated in Figure 12-20. 

These include sliding swivel clamps for clamping unfinished sur­
faces, knurled swivel nuts which tighten and loosen the swivel 
clamps, studs on which the knurled swivel nuts turn, springs and 
washers which support the swivel clamps, and heel pins which guide 
and also support the clamps. Also used here is a front tightened 
taper nose clamp with knurled thumb screw and a swinging "e" 
washer and shoulder screw. 

Figure 12-20 illustrates seven clamp assemblies used under vari­
ous conditions. In the lower row, right, is a sliding wide-face clamp. 
This clamp slides back and forth to engage and disengage the work. 
It is tightened and loosened by means of a thumb nut which screws 
onto a stud that screws into the base plate. A spring and washer are 
inserted between the clamp and plate for spring loading, and a groove 

EXAMPLE 

FIGURE 12-21 

in the underside of the clamp fits over a heel pin screwed into the 
base plate. This clamp is used where wide surfaces are to be clamped. 

Lower row, center, shows a swinging taper-nose clamp. It pivots 
about a socket head cap screw which passes through a hole toward 
the clamping end. The clamp is spring loaded and a washer is in­
serted between the head of the screw and the clamp. A jig button 
is inserted in the underside of the clamp at the rear and stop pins 
are inserted in the jig plate as guides in swinging the clamp. This 
clamp is used where the clamping area is small. 

Lower row, left, shows a sliding clamp which is tightened and 
loosened by means of a hex nut. A washer is inserted between the 
nut and the clamp. The clamp is spring loaded and has a groove in 
the underside that fits into the heel pin. 

Upper row, right, shows a sliding swivel clamp. It is similar to 
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the sliding clamp except that the through-slot is beveled to engage 
a rounded nut,FIGURE 12-22, thus enabling the clamp to swivel up 
and down in addition to sliding back and forth in engaging and dis­
engaging work. 

Upper row, second from right, is a sliding swivel clamp assembly 
for rear adjustment. A spring-loaded swivel stud,FIGURE 12-21, passes 
through the center slot and screws into the base plate. 

FIGURE 12-22 

A knurled thumb screw which passes through a tapped hole at 
the rear of the clamp tightens and loosens it. The thumb screw ter­
minates in a slot in the plate to provide control of the sliding motion 
when releasing or securing work. 

Upper row, second from left, is a wide-face swivel clamp with 
knurled swivel nut. (Figure 12-23.) 

Upper row, left, is a swinging taper nose clamp which is tightened 

FINE 
DIAMOND 

KNURL 

FIGURE 12-23 

and loosened from the rear by means of a thumb screw. The forward 
fastener is a' swivel stud, the forward hole being countersunk to 
receive it. 

Also shown in this photo is a jig plate, jig legs, and jig buttons 
for tumbling, and a jig button with horizontal thumb screw for po­
sitioning work against a banking surface. 

USING TOOL COMPONENTS IN YOUR PLANT 

As indicated by the foregoing examples, standard tool components 
are easy to use and save substantial amounts of both'design time 
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and machine shop time. Once the components have been selected, no 
further design work is required, and, of course, no machine shop time 
is required. The availability of the components is as rapid as the 
carriers which link the designer with the plant. 

Components are often ordered for a particular project and re­
tained upon its completion for future use. Some of the larger com­
panies maintain an appropriate inventory of the various types and 
sizes of components so that they are available from the company's 
own tool room. Some of these companies all?o include information 
on component application in their manuals on design procedure. See 
the following few suggested uses for some standard tool parts. 
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A FEW SUGGESTED USES FOR 
SOME OF STANDARD TOOL PARTS 
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Chapter Thirteen 

MISCELLANEOUS COMPONENTS 

PRECISION SPUR RACKS 

S pur racks have been established to offer the conversion of 
rotary motion to linear motion or linear motion to rotary motion 
and/or for pick-up signals from rotating components such as po­
tentiometers, resolvers, etc. (See Figure 13-1.) 

Because of limited requirements for such gears, there is limited 
equipment and little or none is available to produce the precise, high 
accuracy racks that could run with the conventional Precision 1, 2 
or 3 spur gears. The one basic problem is holding the straightness 

FIGURE 13-1 

of the rack, after the teeth are notched all along the surface. The 
material by normal action must bow, distort and twist, and all 
accuracy is lost. Thus tremendous caution and care must be main­
tained in starting with dense, stress relieved material. Then the 
blanks must be rough cut and again stress relieved by heat treat­
ment, aging or deep freezing, to remove additional stresses before 
the final finest teeth are cut. This is why certain very precise, Pre­
cision 3 racks are made of only short lengths, approximately one foot, 

141 
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to maintain the critical tolerances. These are classified as Certified 
racks. Such racks are designed for butting to enable the engineer 
or designer to have lengths of more than one foot to infinite lengths. 
(See Figure 13-2.) 

Classifications and tolerances for such "Certified" racks are ref­
erenced in Figure 13-3. 

The advantage the butt rack gives is that one can compensate 
for tooth to tooth accumulated errors in the butting operation. 

Many of these precise racks are now used in numerically con­
trolled machine tool table motion in conjunction with resolver and 
potentiometer pick-ups. Because table motion of thousandths of an 
inch must be measured, a new gear pitch, namely 1/10 circular 

Methods of Butting Two or More Racks 
SET TO LINEAR PITCH 
BY DIMENSIONAL CONTROL 
OR BY ROLLING MATING 
GEAR SMOOTHLY, OR USE 

GAUGE BLOCK 

I 

-+--

SET TO 
MEASURING 
WIRES OR 
USE 
GAUGE BLOCK 

~~ CLEARANCE ---11---- CLEARANCE 

SET BY MESHING - - - - - '\ 
GAUGE BLOCK / 

UPSIDE DOWN AND ) 

LOCKING BUTTED ----- " 
RACKS IN PLACE - f\f-\;I\N~J'\;jrv'lArv\AA:Jtr-\h.f\.r\.r 
OR USE STANDARD 

RACK 
GAUGE BLOCKS 

---1~ CLEARANCE. 

FIGURE 13-2 

pitch, which gives .100 rack motion for one tooth of the gear, has 
been established. This can be amplified or reduced through gearing 
to receive or send the proper signal in tenths of thousands. 

ROTATING COMPONENT MOUNTING CLEATS 

Many methods of mounting rotating components such as motors, 
resolvers, potentiometers and syncros to instrUIhent plates have been 
developed. 

The most practical and commonly used method is the swing 
washer or clip method, as indicated in the following illustrations. 
(Figure 13-4.) 



MISCELLANEOUS COMPONENTS 

Available Pitches and Tooth Data 

Pitch 
linear Addendum Dedendum Pitch 

24 .1309 .0417 .0520 
1 10 .1000 .0318 .0402 
32 .0982 .0313 .0395 
48 .0654 .0208 .0270 
64 .0491 .0156 .0208 
72 .0436 .0139 .0187 
80 .0393 .0125 .0170 
96 .0327 .0104 .0145 

Classifications and Tolerances 

Adjacent Non·Adjacent Max. Overall 
Class Tooth·to·Tooth Tooth·to·Tooth Accumulated 
Rack Error Error Error in 11" 

PREC. 1 .0005 .001 .002 

PREC. 2 .0004 .0007 .001 

'PREC. 3 .0002 .0005 .0006 

Terminology and Tolerances 

C:THC~ 

DEDENDUM 

LINEAR .­
PITCH 

ADDENDUM 

143 

Whole 
Depth 

.0937 

.0720 

.0708 

.0478 

.0364 

.0326 

.0295 

.0249 

Parallelism 
To 

Base 

.001 

.0007 

.0005 

Figure 2 

f pLIT-C-H-....:...---·· __ ~.-J~L_. ___ -;.:...~-E~-R-~-~-C~-O-R-r:'-:-A-~U-K~-I....:.~-G---·----~~--
DISTANCE TOGETHER. SEE FIGURE 1. 

Material: #416 Stainless Steel 
Stress Relieved (Not Heat Treated) 

FIGURE 13-3 
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CAPTIVE SCREWS 

Captive screws have been developed to eliminate possible loss of 
the screws for the cover, often removed from the mechanism. (See 
Figure 13-5.) 

The panel or cover is tapped to accept the screw until it reaches 
the undercut or reduced area. Thus the screws always stay with the 
panel or cover and are used or assembled as indicated in Figure 13-6. 

-~ -=8- --$--
FIGURE 13-5 FIGURE 13-6 

PRECISION GROUND INSTRUMENT PLATES 

A wide variety of standardized and stocked precision ground in­
strument plates of high accuracy has been established. They are 
available in many different thicknesses, widths and lengths in both 
stainless steel and aluminum to meet almost any possible require­
ment or application. (See Figure 13-7.) 

FIGURE 13-7 

Although these are basic plates, they are square, flat and parallel 
within -I- .0005 and are ideal for the start of the critical jig boring 
operations, cage assembly, gear centers, tools and fixtures. (See Fig­
ures 13-8 and 13-9.) 

Typical cross section of a basic assembly is indicated in Figures 
13-10 and 13-11. 
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FIGURE 13-8 

STAINLESS SPRINGS 

A range of stock stainless steel springs, both open and closed 
wound, have been designed and made available in various diameters 
and spring wire sizes which can be slightly modified to suit almost 

FIGURE 13-9 

any individual engineer's or designer's basic problem. (See Fig­
ure 13-12.) 

The ends of the spring can be squared and ground for proper 
seating in the holes or loops can be formed to fit on the spring posts. 
(See Figure 13-13.) 
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INTERNAL SPUR GEARS 

A wide, variety of internal spur gears ranging in outside diameter 
from two inches to four inches in diameter and in stainless or alu-

~--STYLE 

CLUSTER 

GEAR 

POST 

FIGURE 13-10 

FIGURE 13-11 
~--BEARING 

POST 

GEAR 

BEARING PLATE _A!W~~~~~&±fl!:::!:.:~ 

minum, are available. Figure 13-14 illustrates internal gears being 
shaped. 

Unfortunately, again it is practically impossible to produce better 
than Precision 1 in internal gears because of the nature of the equip-

!NNJJJJJJJJJJJ~ 

WNNJJJJNNJJM~~ 
~~IJIJMlJm.,lJ.M,IJJ,l~~~\k\ki,,\A 

1((JJJJ.!.WlJ,I,jJ,IJMlJi,!ci1IJA\i.\I..IJJ. 

FIGURE 13-12 
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SPRING 
OPEN WOUND 
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~ 
lOOP ENDS 
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AS DESIRED 

EXAMPLE 

if--WIRE DIA.±.OO3 
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FIGURE 13-13 
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FIGURE 13-14 Internal Spur Gears Being Shaped on Fellows Equipment 

ment available in today's market and blank distortion due to the 
basic shape. (Figure 13-15.) 

One serious error usually made by engineers and designers is in 
specifying the size of the spur gear which can roll properly with a 

INTERNAL GEAR ----11-- .125 I I .. 002 

"-:,- --'---T, .002 
I ~ggo I -. 000 

P.O. - - 1.0. 

L_ J 

FIGURE 13-15 

particular size of gear. A quick rule of thumb selection has been the 
number of teeth in the gear should never be more than 60% of the 
number of teeth in the internal gear. 





Chapter Fourteen 

ENGINEERING REFERENCE DATA 

The following pages contain valuable engineering data compiled 
to assist you in expediting your specific project. 

They contain such information as gear specifications, data, and 
formulae; military specifications; screw head, drill and tap data, 
standard symbols, torque measurement, and other data. 

Below is a comparison chart between the old and new 

A.G.M.A. Quality Numbers 

Class of Gear OLD A.G.M.A. New A.G.M.A. 

Commercial 1 Commercial 1 Quality #5 or 6 

Commercial 2 Commercial 2 Quality #6 or 7 

Commercial 3 Commercial 3 Quality #8 

Commercial 4 Commercial 4 Quality #9 

Precision 1 Precision 1 Quality #10 or 11 

Precision 2 Precision 2 Quality #12 

Precision 3 Precision 3 Quality # 13 or 14 

Ultra 1 NONE Quality #15 or 16 
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152 THE THEORY AND APPLICATION OF PRECISION MECHANICAL COMPONENTS 

GEAR SPECIFICATIONS 
- GEAR TAPE --~ 

'00'" '~- - '":31- ~ <OM .. "n ... 0. ~ 1 
_ _ AI _ %V - } 

TOTAL COMPOSITE ERROR ~ • 

Flicker of indicator of a variable center distance fixture shows the effect of Clrcu!ar pitch error. 
tooth thickness variation and profile error. 

Gear Tapes are included with all Prer; 2 .• 3 or Ultra Prec. 1 gears 

Gear Tapes are available with Prec. 1 gears upon request, 

Class Gear Recommended 
Total Tooth to Tooth Class for Various 

of Gear Composite Composite Pitch line Velocities 
Error Error 

Comm. 1 .006 
Speeds Class 

.0020 R.P.M. Gear 
Comm.2 .004 .0015 
Comm.3 .002 .0010 Up to SO Comm. 1 & 2 

Comm.4 .0015 .0007 
Up to 400 Conlili. 3 & 4 

Prec. 1 .00100 .0004 Up to 
Prec. 1 

Prec. 2 .00050 .0003 2000 

Prec. 3 .00025 .0002 Up to Prec.2 5000 
Ultra Up to 
Prec. 1 .00020 .00015 

10,000 Prec.3 

Over Ultra 
10,000 Prec. 1 

SPUR GEAR DATA 
Standard Tooth Addendum Dedendum Whole Circular Checking 

Stock Pitches Size Depth Pitch Pressure 

24 f\ .0417 .0520 .0937 .1309 2Soz. 
32 0' .0313 .0395 .070S .09S2 24oz. 
4S . , .020S .0270 .047S .0654 20oz . 
64 " .0156 .0207 .0363 .0491 12oz. 
72 · .0139 .01S7 .0326 .0436 12oz. 
SO · .0125 .0170 . 0295 .0393 Soz . 
96 · .0104 .0145 .0249 .0327 .soz. 

120 · .0083 .0120 .0203 .0262 4oz. 
200 .0050 .OOSO .0130 .0157 2oz. 
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BACKLASH IN GEARS 

BACKLASH BETWEEN MATING GEARS 

BACKLASH is the shortest distance between non·driving tooth surface of adjacent teeth in 
mating gears or the amount of clearance between the teeth or mating gears and is usually meas· 
ured at the common pitch circle. It varies from .0000 to .0015 depending on the class of gear, 
the pitch, number of teeth and tolerance variations. So·called zero Ililcklash applications are ex· 
pensive and should be avoided if possible. 

In general, backlash in gears is play between mating teeth. It occurs only when gears are in 
mesh. In order to measure and calculate backlash, it is defined as the amount by which a tooth 
space exceeds the thickness of an engaging tooth. Unless otherwise specified, numerical values 
of backlash are understood to be given on the pitch circles. 

Backlash is provided for a variety of reasons and cannot be designated without consideration of 
machining conditions. The general purpose of backlash is to prevent gears from jamming to· 
gether and making contact on both sides of their teeth simultaneously. 

Any error in machining which tends to increase the possibility of jamming makes it necessary 
to increase the amount of backlash by at least as much as the errors. Consequently, the smaller 
the amount of backlash, the more accurate the machining of the gears must be. 

Runout'of both gears, errors in tooth profile, pitch, tooth thickness, pitch diameter tolerance 
and center distance, all are factors to be considered in the specification of backlash. 

Backlash can ttl measured on a variable center distance fixture similar to that used in check· 
ing the composite error. In this case, the backlash is approximately equal to the change in 
center distance multiplied by twice the tangent of the transverse pressure angle. 

EXAMPLE: .001 Center Distance Change 
20 P .A. Gears 
Tangent of 20 P.A. = .36397 

BACKLASH = Center Distance Change x (2 x Tan. 20 P.A.) = .001 x (2 x .36397) = .0007 Backlash 
CONTINUED 
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BACKLASH IN GEARS 
Exaggerated examples of Spur Gears as measured on adjustable center distance fixtures. 

I ,,~, I~' 1( I \ / I 
;'..... t /1' I 

--f- ~~ -$-1 ( l'-'l- <f---) _.-
" : A "\±' EXAMPLE I '___________- EXAMPLE I '" 

1.000 P.O. 2.000 P.O. 
GEAR I--C.O. MAX,-! GEAR I.. C.O. MIN. 

C 0 _ P. O. (pinion) + P.O. (Gear) + (2 X T.C.E.) 
.. - 2 

P. O. = Pitch ~iameter 

0.0. = Outside Diameter 

T.C.E. == Total Composite Error 

PO _ No. of Teeth 
. . - Oiametral Pitch 

o 0 _ No. of Teeth + 2 
. . - Oiametral Pitch 

No. of Teeth = P.O. X Oia. Pitch 

O· p't h No. of Teeth 
la. I c = P.O. 

C· p't h 3.1416 
Ir. I c = Oia. Pitch 

C.D. 
Class (Max.) 

Prec. 1 1.501 

Prec. 2 1.5005 

Prec. 3 1.50025 

Ultra 
1.5002 Prec. 1 

PIC 
Total 

Class 
Composite 

Error 

Prec. 1 .001 

Prec. 2 .0005 

Prec. 3 .. 00025 

Ultra 
.00020 Prec. 1 

C.D. C.D. 
(Min.) Differences 

1.499 .002 

1.4993 .0012 

1.4995 .00075 

1.4996 .0006 

P.O. 
Tolerance 

+.000 
-.001 

+.0000 
-.0007 

+.0000 
-.0005 

+.0000 
-.0004 

Max. 
Backlash 

.00146 

.00087 

.00055 

.00043 

PRESSURE ANGLE of a gear tooth is the angle between the tooth profile and the radial line at its 
pitchpoint or the angle between the line of action and the line tangent to the pitch circle. Stand· 
ard pressure angles have been established .il) connection' with standard gear tooth proportions to 
transmit smooth action at constant velocity with minimum intereference. The basic 20 pres· 
sure angle (P.A.) is most commonly used in the fine pitch field, and fine pitch gears are 
~TOCKED in 20 P.A. only for stronger teeth and smoother rolling. 

DlAMETRAL PITCH is the number of teeth to each inch of the pitch diameter. 

CIRCULAR PITCH is the distance from the center of one tooth to the center of the next tooth. 
measured along the pitch circle circumference. 
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TO FINO RULE FORMULA 

Diametral Divide 3.1416 tiy D' p't h 3.1416 
Pitch Circular Pitch la. I c = Cir. Pitch 

Circular Divide 3.1416 by C· p't h 3.1416 
Pitch Diametral Pitch Ir. I c = Dia. Pitch 

3.1416 Multiply Dia. Pitch 
Dia. Pitch X Cir. Pitch = 3.1416 

by Circular Pitch 

Pitch Dia. 
Divide No. of Teeth No. Teeth 
by Diametral Pitch P.D. = Dia. Pitch 

Multiply No. of Teeth 
No. Teeth X Cir. Pitch Pitch Dia. by Cir. Pitch and P.D.= 

3.1416 
Divide by 3.1416 

Outside Dia. Divide No. of Teeth 
O.D.= 

No. Teeth + 2 
Plus 2 by Dia. Pitch Dia. Pitch 
Multiply the No. of 

(No. Teeth + 2) X Cir. Pitch 
Outside Dia. Teeth Plus 2 by Cir. O.D.= 

3.1416 Pitch & Divide by 3.1416 

Multiply O.D. by Dia. 
No.ofTeeth Pitch & Subtract No. Teeth = (O.D. X Dia. Pitch)-2 

2 frtlm this Product 
Multiply O.D. by 3.1416 

No. of Teeth 
& Divide by N T th - e·D. X 3.1416 )-2 

Cir. Pitch & Subtract O. ee - Cir. Pitch 

2 from this Product 

Addendum 
Divide 1 by 1 

Diametral Pitch Add. = Dia. Pitch 

Addendum 
Multiply .3183 by 

Add. = .3183 X Cir. Pitch 
Circular Pitch 

Working Depth 
Multiply 

Working Depth = 2 X Add. 
Add. by 2 

Full Depth Divide 2.157 by 2.157 
of Tooth Dia. Pitch Full Depth = Dia. Pitch 

Full Depth Multiply .6866 by 
Full Depth = .6866 X Cir. Pitch 

of Tooth Circular Pitch 

Dedendum Subtract Add. Ded. = Full Depth - Add. 
from Full Depth 

Tooth One Half the Tooth Thickness = 
Cir. Pitch 

Thickness Circular Pitch 2 
Divide Teeth in 

R f No. Teeth in Driven Ratio Driven by Teeth 
in Driver 

a 10 = No. Teeth in Driver 
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MILITARY SPECIFICATIONS 

Hardness of = 303 Stainless Steel 
B75-83 Rockwell 

MATERIALS 
"Mil. or Fed_ 

Designation Specification 

=303 Stainless St. MIL-S-mO 
(Bar) Camp_ 303S or SE 

= 302 Stainless St. MILW-6713 
(Spring Temper) Camp_ B 

=416 QQ-S-763a 
Stainless Steel Class 6 Type A 

=440 QQ-S-763a 
Stainless Steel Class 10 Type-A 

=420 AMS-5506 
Stainless Steel or SAE-51420 

=1020 QQ-S-633 
Carbon Steel Camp_ FS1020 

24ST QQ-A-268 
Aluminum Condo T4 

24ST QQ-A-268 
Aluminum Condo T4 
=lDB Cast QQ-A-601A 
Aluminum Camp. 8 Condo T55 

Bronze MIL-B-994a 
(Tobin) Camp. A 
Oil-less MIL-B-5687a 
Bronze !ype I Camp_ A 
Brass MIL-S-22499B 

(laminated) Camp. 2 Class 1 
Beryllium MIL-C-6942 
Copper 

Nylon MIL-P-17091B 
Type I 

Phenolic MIL-P-15035B 
Type FBE 

Phenolic MIL-P-14P (Molded) 
Neoprene MIL-R-6855 
(Molded) Class II 
Plexiglass MIL-P-5425B 

(Clear) Finish A 

Grease MIL-G-3278 

Oil Mll-L-6085a 

I 

Military Specifications 

FINISHES 
Mil. or Fed_ 

Designation Specification 

Clear MIL-F-14072 
Passivate Finish E300 

Clear MIL-F-14072 
Passivate Finish E300 

Clear MIL-F-14072 
Passivate Finish E300 

Clear MIL-F-14072 
Passivate Finish E300 

Clear MIL-F -14072 
Passivate Finish E300 

Black Finish 57-0-2C 
Type III CI. A 

Heat Treat AN-H-201 Par. 0-2 
Chromic Acid MIL-A-8625a 

Anodized Type I 
Black MILA8625a 

Anodized Type I 
Chromic Acid MIL-A 8625a 

Anodized Type I 

lubricated 
With SAE 40 Oil 

Fungus- JAN-T-152 
Proofed 

Materials 
Finishes 
Treatments 
Lubrication 

USED ON 

(Recommended) 

Gears, Shafts, 
Couplings 
Springs, 
Washers 

Ball 
Bearings 
8etainer 

Rings 

Adjustable 
Clamps 

Gears, 
Spacer Posts 

Dials 

Hangers, 
Breadboards 

Worm Wheels 
-~---

Bearings 
Thrust Washers 

Shims 

Retainer 
Rings 

Gears 

Gears 

Terminal 
Boards 

Flex. Couplings 
Pulley Belts 

-~----

Indexes 

Gears, Bearings 
.=-65 L!!.:+-250f 

Gears, Bearings 
-65 F to +250F 
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SCREW HEAD DETAIL DATA 
FILLISTER HEAD SCREW ROUND HEAD SCREW FLAT HEAD SCREW 

I r"~ ~ 
~A~ "e" L 3. 

"B,r' "D" "8' "0" ~fr.J 

Size uA" liB" lie" "0" 11£" "A" liB" "e" uDu "A" liB" lie" "0" 

0 .096 .059 .023 .025 .021 .113 .053 .023 .039 .119 .035 .023 .015 
1 .118 .070 .026 .031 .024 .138 .062 .023 .043 .146 .043 .026 .019 
2 .140 .083 .031 .037 .028 .162 .070 .031 .048 .172 .051 .031 .023 
3 .161 .095 .035 .043 .032 .187 .078 .035 .053 .199 .059 .035 .027 
4 .183 .107 .039 .048 .035 .211 .086 .039 .058 .225 .067 .039 .030 
5 .205 .120 .043 .054 .039 .256 .• 095 .043 .062 .252 .075 .043 .034 
6 .226 .132 .048 .060 .043 .260 .103 .048 .067 .279 .083 .048 .038 
8 .270 .156 .054 .071 .050 .309 .119 .054 .076 :332 .110 .054 .045 

10 .313 .180 .060 .083 .057 .359 .136 .060 .086 .385 .116 .060 .053 

BINDING HEAD SCREW OVAL HEAD SCREW 

~ 1LJj~ "E" 
"e" "e" 

"8' . L o" .,.~ .. 

Size u." 118" IIC" liD" liE" IIA" ua" "C·' liD" uEn 

0 .125 .028 .022 .019 .007 .119 .035 .023 .030 .021 
1 - - - - - .146 .043 .026 .038 .025 
2 .181 .046 .031 .030 .018 .172 .051 .031 .045 .029 
3 .208 .054 .035 .036 .022 .199 .059 .035 .052 .033 
4 .235 .063 .039 .042 .025 .225 .067 .039 .059 .037 
5 .263 .071 .043 .048 .029 .252 .075 .043 .067 .041 
6 .290 .080 .048 .053 .032 .279 .083 .048 .074 .045 
8 .344 .097 .054 .065 .039 .332 .100 .054 .088 .053 

10 .399 .114 --:060 .077 .045 .385 .116 .060 .103 .061 
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DRILL & TAP REFERENCE DATA 
LETTER SIZE DRILLS 

Let. Oil. Let. Oil. Let. Dia. Let. -IIil • Let. Ole. 

uA" . 234 UF" .257 1'K" .281 uP" .323 "U" .368 
uB" .238 "G" .261 "Llt .290 "a" .332 "V" .377 
"c" .242 "H tf .266 "M" .295 uR" .339 .,w" .386 
"0" .246 I'I" .272 "N" .302 .,s" .348 IIX" .397 
"E" .250 "j" .277 "0" .316 "T" .358 I'Y" .404 

TWIST DRILL & STEEL WIRE GAGE 
No. Dia. No. Dia. No. ·Dia. No. Dia. No. Dia. 

#1 .2280 #17 .1730 #33 .1130 #49 .0730 #65 .0350 
#2 .2210 #18 .1695 #34 .1110 #50 .0700 #66 .0330 
#3 .2130 #19 .1660 #35 .1100 #51 .0670 #67 .0320 
#4 .2090 #20 .1610 #36 .1065 #52 .0635 #68 .0310 
#5 .2055 #21 .1590 #37 .1040 #53 .0595 #69 .0295 
#6 .2040 #22 .1570 #38 .1015 #54 .0550 #70 .0280 
#7 .2010 #23 .1540 #39 .0995 #55 .0520 #71 .0260 
#8 .1990 #24 .1520 #40 .0980 #56 .0465 #72 .0~50 
#9 .1960 #25 .1495 #41 .0960 #57 .0430 #73 .0240 
#10 .1935 #26 .1470 #42 .0935 #58 .0420 #74 .0225 
#11 .1910 #27 .1440 #43 .0890 #59 .0410 #75 .0210 
#12 .1890 #28 .1405 #44 .0860 #60 .0400 #76 .0200 
#13 .1850 #29 .1360 #45 .0820 #61 .0390 #77 .0180 
#14 .1820 #30 .1285 #46 .0810 #62 .0380 #78 .0160 
#15 .1800 #31 .1200 #47 .0785 #63 .0370 il9 .0145 
#16 .1770 #32 .1160 #48 .0760 tt64 .0360 80 .0135 

RECOMMENDED DRILL & TAP DATA 
AMERICAN STANDARD - NATIONAL COARSE 

Screw Outside Roo~ Tap Drill Data Bottom Tap Clear Drill 
Size Dia. Dia. Drill No. Size 

-.-- Drill Dp. Dr.No., SIze Dp. Tap Dp. 

# 1·64 .073 .053 #53 •. 059 .23 .16 .19 #46 .081 
'# 2·56 .086 .063 #51 .067 .25 .17 .20 #41 .096 
# 3·48 .099 .072 #47 .0785 .30 .20 .23 #36 .106 
# 4·40 _112 _080 #43 .089 .34 .23 .26 #31 .120 
# 5-40 .125 .093 #38 .1015 .37 .25 .28 #29 .136 
# 6-32 .138 .097 #36 .106 .42 .28 .31 #26 .147 
# 8·32 .164 .123 #29 .136 .50 .33 .36 #17 .173 
#10·24 .190 .136 #25 .1495 .56 .38 .41 #6 .204 

AMERICAN STANDARD - NATIONAL FINE 

# o-SO .060 .044 #56 .046 .18 .12 .15 #51 .067 
# 1·72 .073 .055 #53 .059 .23 .16 .19 #46 .081 
#2'-64 .086 .066 #50 .070 .25 .17 .20 #41 .096 
# 3·56 .099 .076 #45 .082 .30 .20 _23 #36 .106 
#4-48 .112 .085 #42 .0935 .34 .23 .26 #31 .120 
# 5·44 _125 .096 #37 .104 .37 .25 .28 #29 .136 
# 6·40 .138 .106 #33 .113 .42 .28 .31 #26 .147 
# 8·36 .164 .1?8 #29 .136 .50 .33 _36 #17 .173 
#10-32 .190 .149 #21 .159 .56 .38 .41 #6 .204 
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How to MEASURE TORQUE 

~ 
"R" 

)-
"R" in Inches 

"S" in Pounds 

"R" X "S" = Torque (in inch pounds) 

STARTING TORQUE 

Break-away friction i$ always greater than any succeed­
ing friction. Therefore, starting torque is generally greater 
and must be considered so. Following above sketch, one 
can determine simply but accurately your starting torque. 

RUNNING TORQUE 

1111 III II II UII 11111 4 
"R" 

"s"~ -~ 

Running torque is the normal torque required for driving 
and therefore must be considered. Some uses have constant 
torque but most uses require varying torque. Therefore, 
take th~ highest reading when measuring the torque. To 
measure running torque, take several wraps of card around 
a drum, attaching one end to the drum. The free end is 
pulled by the scale to rotate the drum at least 360· or more_ 

Multiply the highest scale reading by the drum radius, 
as in the sketch above, to obtain your torque. 

"R" X "S"=Torque (in inch pounds) 

159 
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CAST IRON 

4 

WROUGHT IRON 

7 

BABBITT OR WHITE 
METAL 

WOOD 

13 

RUBBER 
OR INSULATION 

COPPER OR BRASS 

5 

WROUGHT OR ROLL 
STEEL 

ALUMINUM 

11 

WATER 

14 

3 

STEEL 

6 

PACKED SHEET STEEL 
OR LAMINATIONS 
9 

LEVEL OF EARTH 

12 - ~ 
~~ 

GLASS 

15 

CEMENT OR SAND 



ENGINEERING REFERENCE DATA 161 

DEC IMAl EQUIVALENT 
FRACTIONAL DECIMAL FRACTIONAL DECIMAL 
EQUIVALENT EQUIVALENT EQUIVALENT EQUIVALENT 

- 1/64" .0156 - 33/64" .5156 
- 1132" .0312 - 17132" .5312 
- 3/64" .0468 - 35/64" .5468 

1116" - .0625 9/16" - .5625 
- 5/64" .0781 - 37/64" .5781 

( ~~ - 3/32" .0937 - 19/32" .5937 
- 7/64" .1093 - 39/64" .6093 

1/8" - .1250 5/8" - .6250 
- 9/64" .1406 - 41164" .6405 
- 5/32" .1562 - 21132" .6562 
- ll!64" .1718 - 43/64" .6718 

3/16" - .1875 ll!16" - .6875 
- 13/64" .2031 - 45/64" .7031 
- 7/32" .2187 - 23/32" .7187 
- 15/64" .2343 - 47/64" .7343 

114" - .2500 3/4" - .7500 
- 17/64" .2656 - 49/64" .7656 
- 9/32" .2812 - 25/32" .7812 
- 19/64" .2968 - 51164" .7968 

5/16" - .3125 13/16" - .8125 
- 21164" .3281 - 53/64" .8281 
- ll!32" .3437 - 27/32" .8437 
- 23/64" .3593 - 55/64" .8593 

3/8" - .3750 7/8" - .8750 
- 25/64" .3906 - 57/64" .8906 
- 13/32" .4062 - 29/32" .9062 
- 27/64" .4218 - 59/64" .9218 

7/16" - .4375 15/16" - .9375 
- 29/64" .4531 - 61164" .9531 
- 15/32" .4687 - 31132" .9687 
- 31164" .4843 - 63/64" .9843 

112" - .5000 1" - 1.0000 
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• 
• 
• TECHNICAL TRAINING FILMS 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

There is a growing trend among manufac­
turers and suppliers of precision mechanical 
components to provide technical and training 
films for use by their customers. These serve 
to introduce new products, and explain the 
proper use and handling of existing products. 

Professionally produced, these films are 
usually available without charge, and vary iri 
running time from ten to thirty minutes, de­
pending on their subject matter. 

Typical of these, are two films recently 
completed by PIC Design Corp., of East 
Rockaway, N. Y. - "Standardization of Pre­
cision Instrument Components" and "No-Slip 
Positive Drive Belts and Geared Pulleys", with 
a running time of thirty and ten minutes, re­
spectively. Arrangements for the loan of these 
films, or for a showing by company personnel, 
may be made by contacting the above concern. 

Most suppliers and manufacturers of pre­
cision parts and components will, upon inquiry, 
supply a list of such films available from their 
libraries. 
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