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Chapter 3 - Detail Design AFSC DH 2-1

Section 3B - Flight Control DN 3Bl
Systems
DESIGN NOTE 3Bl MECHANICAL FLIGHT CONTROLS

1. CABLE ACTUATED SYSTEMS

Crowded installations and identical cable connections
contribute to the possibility of cross-connecting
control cables. Ensure that adjacent cable connections
are keyed, sized, or sufficiently different so that
cross connection is impossible. Cable linkages tend
to become slack and catch on nearby objects. Ensure
that cable systems and their components are compatible
with adjacent structure from the standpoint of wear,
deflection, or durability to prevent any possibility
of creating a hazard by their proximity., Avoid cable
routing near systems where moving contact can result
in fuel, hydraulic, or electrical failure. Ensure
that a mechanical control failure (sudden release of
cable tension) does not cause control transients

in excess of those allowed in MIL-F-8785, If a cable
wear problem is a possibility, consider using nylon
clad cables. Design coated flight control cables so
that subjection to cold soaking will not produce
appreciable stiffness in the flight controls. Use

MIL-W-5424 cables for flight controls. When necessary,



Chapter 3 - Detail Design AFSC DH 2-1
Section 3B - Flight Control DN 3Bl

Systems
use MIL-C-18375 non-magnetic control cables. Provide a
3-inch clearance between adjacent cables. Ugé/M3202Y8

(MILABLBO38Y 'BeAX Ivigs/ iV /BeY Y ¥drik€/ Use MIL-B-6038,
MIL-B-6039, MIL-B-7949 or equivalent bearings in bell-

cranks. See MIL-F-9490 for additional information.
Rationale:

The MS20218 Bearing is of special design to be
riveted to a sheet metal bellcrank. By using

specification numbers, the manufacturing appli-

cation is not limited to specific bearings.
1.1. Pulleys

Provide pulleys of adequate capacity and diameter to
assure optimum cable life. A pulley too small for a
large wrap angle causes overstressing of the cable strands.
AVBIid/ YV /Udé/ df /YdB4€/SPAFEY' s /BeYWeer / UL Y éYs |/ BEAY Igs |
avd/BUY Y Ey/BYALKEY £/ // BpoY /e ded / spAdEx sy /LY drigdd /BULHINEL £ 4
dr/dimMpYed/ BYddKey 4 /dre ' BrefexXreéd (' /VEg/ KNBBE / (HeX/gdd )

Avd /NXBYOBY /de¥dcrewdd/ Eliminate all lateral chuck from

pulleys. Brackets may be machined to a maximum of 0.010

inch lateral clearance and the pivot bolt tightened to

remove this clearance. Sheet metal brackets should have

flanged bushings and he fabricated so the clearance at the

pivot is 0.030 inch maximum, and the pivot bolt tightened
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Section 3B - Flight Control DN 3Bl
Systems

this motion must not exceed 2°. Limit misalignment due to
catenary effect or slackening of cable by using cable

guide tubes or fairleads placed close to the pulleys.

1.1.4 Guards

Install guards at the approximate point of tangency of the
cable to the pulley. When the wrap angle exceeds 90°,
ingtall at least one intermediate guard.

1.2 Fairleads and turnbuckles

In designing cable operated systems, consider the possibility
of structural deflection and its effect on attached
components. When contact is likely, use fairleads or
rubbing strips. If possible, provide a cable to fairlead
clearance of 1’4 inch, Use MIL-T-8878 turnbuckles in
flight control systems. Design turnbuckle end fittings

so that they are not subject to a bending force that

can cause fatigue failure as shown in SN 1.2(1). Do not
expose more than three tnreads at the ends of turnbuckle
assemblies. Safety turnbuckle assemblies according

to MS33736.



AFSC DH 2-1 CHAP 3 - DETAIL DESIGN

DN 3B1 SECT 3A - FLIGHT CONTROL
SYSTEMS
SUB-NOTE 1.1.2(1) Standard Pulleys 1
MAXIMUM LIMIT LOAD IN POUNDS ON CABLE
ALLOWABLE (Independent of Wrap Angle)
DRAWING LOAD ON USE
NO. PULLEY CABLE DIAMETER (inch)
IN POUNDS T
1/16 3/32 1/8 §/32 316 732 ! 1/4
MS$20219
=2 480 k 17 460
-3 480 1 Secondary 307 460
-4 920 Control 307 460
-5 920 Putleys 307 460
MS20220
-1 500 830 1,040 1,250
-2 1,680 Flight 830 1,040 1,250
-3 2,500 Control £30 1,040 1,250
-4 2,500 Pulleys 830 1,040 1,25
MS20221
-1 2,800 Heavy Duty 262 3,060 3,500
-2 4,900 Contro! 2,62 3,060 3.500
-3 7,000 Pulleys 262 3,060 3,500
MS24566
-18 300
-28 500
-8 1,500 Flignt
-4B8 2,000 Control
-58 3,000 Pulleys
-68 4,000
-108 10,000
-14B 17,500
<



Chapter 3 - Detail Design AFSC DH 2-1
Section 3B - Flight Control DN 3Bl

Systems

1.3 Cable. The wire stock from which flight control

system cables are fabricated is usually stainless

steel (MIL-C-5424 or MIL-C-18375). Assuming that the

bending stress is made small by the use of adequately

large sheaves (Ds/d_ of at least 400), then the failure

of wire rope occurs primarily by fatigue due to pressure

against the sheave, and to & lesser extent by abrasion.

This pressure is given by

P _ 2F
s = D d

s C

the tensile force

where F

d the cable diameter

c

Ds = the sheave diameter

and where the contact angle is taken at 180°, as

illustrated in Figure 1.

Figure 1. Cables (7)
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The Figure 2 curves of the number of bends to failure

versus the ratio of p to Sult (ultimate strength)

indicate that failure by fatigue is unlikely (N ;’106),

if p/S is equal to or less than 0.00l. The substitu-

ult

tion of this experimental value in the expression

above yields

chs Sult
2000

F =

relating all the necessary parameters for the design

of a cable of indefinitely long life.

s ||
e, Nl | ! I—_
: _\w%ﬁﬁté:zg‘j_ F
Q002 [——- k;-:__ Ii;- Y ) o
| I—--_.___:_—-__-—_;'___‘,____ L]
| [ ] T
0 2x160 4xI6 6x 10 s;nw 10

Number of Bends to Failure

Figure 2. Pressure Ratio Vs. Number of Bends (7)
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Section 3B - Flight Control DN 3El
Systems

Cables, particularly in the smaller sizes, may be

coated to improve both fatigue life and wear resistance.

Nylon, polyolefin, vinly, and urethanes are used in

thicknesses ranging from 0.015 inch on a 1/32-inch

cable to 0.045 on a 3/8-inch cable. Figure 3 gives

typical values for expected life under design conditions.

20—

G021}
8120
B
£
¥
& eool

400

o 0.2 04 0.6 0B 1.0 L2 1.4 1.6 -
Cyctes x 108

Fig. 3 Fatipue lite of emall cabies. - =~ 7 x 7 cable, nylon-jacketed;
——— 7 X 7 cable, bare; — = — 7 x 19 coble, nylon-iacketed; ————

1% 19 cable, bare. Repanted frem Product Engincermz, O 10, 1966.

The relative motion of the wires, particularly during

bending, together with the high contact stresses, causes

fretting to occ.r at points where fatigue cracks are

observed to start and propagate. If corrosion or other

70<
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Section 3B - Flight Control DN 3Bl
Systems

unfavorable operating environmental conditions are

also involved, fatigue life will be shortened considerably.

Rationale:

Design guide for cable missing from section.

2., Tube Actuated Systems

2,1 Push-Pull "-ds

SUFFICIént /CYédriricé /may /In/ ¢ i€ |/ b/ tédvicéd ¥ d/YuBBing
EOUY ALY /BY /S YUY /AETVECYIgN ) /dereXIdY Ay Idr /8T / SUBBBY £ £{
S /U It eVt igrdY / Berd ivg /df /Yré/ ¥ad /during/ AorudY /Mg €/ dnd/
Wedr ./ VREHgVer / Iny gxf érenige/ 14/ YIkeYy/Ld/dAgtEXBp/ Y eXsU e/
YUBIrg /By /YeLdcdtr e /¢ omparents(// In ‘Hany/dhSe4 / BUSHAPULL/
Yod4/dYe/dedignéd /Wivh /euravdyd/ BoxLidrg/ vd/aXLev /£ar

rordy iouaY /Mgy eneny /87 /dy Y dd Vil gy /gdivir s/ Sufficient

clearance should be designed into push-pull rod

systems to permit structural deflections of

supports and joints. Push-pull components of

the flight control system must be located in their

most optimum position in relation to other aircraft

subsystems including the structure, If a push-pull

rod is design unsymmetrically, incorrect installation can
cause control system jamming. Design the rod so that it
cannot be installed incorrectly. Route push-pull rods

through structural openings with sufficient clearance

1<
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Section 3B - Flight Control DN 3Bl
Systems

to avoid the possibility of their jamming at the end
fitting during structural deflection. EA£uUre/YHAY
BUSHABMYY /X A4/ dd/ABY /CAXYY /NEdN /¢ OHBY £ 41V e/ Y BRALL
PYevevy /Y oydrtion /8 /Yie/Yod/dr/gXY/¥idég({ The lever and

bellcrank system should be so designed that the push-pull

rods carry the minimum compressive loads. Ensure that

self-aligning bearings have freedom-of-movement at all

times.

10



CHAP 3 - DETAIL DESIGN AFSC DH 2-1
SECT 3A - FLIGHT CONTROL DN 3B1
SYSTEMS

SUB-NOTE 1.1.3(1) Cable Pull

— 2° CABLE
PULL OFF

PULLEY PLANE
PULLEY CENTER LINE

PULLEY PLANE — CENTER
LINE —

PULLEY CENTER LINE
l— 2° CABLE PULL OFF

11



Chapter 3 - Detail Design AFSC DH 2-1

Section 3B - Flight Control DN 3Bl
Systems

2.2 Rod Ends

When the length adjusting portions of the rods are

designed with sharp V-threads, rod ends exposed to vibration

fail frequently. Stress concentrations occur in the thread

roots resulting in eventual fatigue failure. Rounded threads

or threads with rounded roots, as specified in MIL-S-8879,

are better suited for this type of service. Bushings are
preferred to spacers in rod end fittings (see SN 2,2(1)).
Often spacer installation is neglected during maintenance.
SpPECLiT Y/ EHEAY /BELY £/ INEY Bdd/BE /¥iveX /T oY /A¥ YAZ Nintg /¥ Bd
evide/td/USXX oW/ YUBEL/ AE€€/SN/2L(242) YL When hollow rod ends

are riveted into tube ends the maximum unsupported shank

length should not exceed 1 1/2 times the rivet diameter.

The driven rivet tends to buckle inside the hollow rod

ends as shown in SN 2.2(2). Some ways of eliminating

this problem may be (a) use shear bolts, (b) use non-

driven type rivets, (c) use solid rod ends. This problem

can be averted by threading the tube and bonding a rod

end in place. However control of the tube wall thickness

(during swaging) must be maintained and thread form per

MIL-S-8879 is preferred. Steel tubes are difficult to

thread and usually must be cut.

=N\
.“\
hY

12
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Section 3B - Flight Control DN 3Bl
Systems

Rationale:

Using rivets for attaching end connections is an

old and unreliable method, mostly because the shank
is unsubpported. Bolts are acceptable for low
quantity items but are too expensive for large

quantities. Bolts should have special washers to

provide surface contact over round tube.

2.3 Torque Tubes

Design torque tube systems giving consideration to:

(1) airframe deflections, (2) expansion by temperature
differences, (3) impact 1loads, (4) ease of removal

for repair, and (5) attachment bolt size., Insufficient
clearance around rotating tubes can cause excessive wear
and eventual breakage. Provide torque tube clearances

for maximum structural deflections. Mount tubes on
antifriction bearings spaced to prevent whipping or bending.

Do not use tubing with a wall thickness less than 0,035 inch,

N\
1
N

13



AFSC DH 2-1
DN 3B1

SUB-NOTE 1.2(1) Fatigue
Failure Turnbuckle

CHAP 3 - DETAIL DESIGN
SECT 3A - FLIGHT CONTROL
SYSTEMS

SUB-NOTE 2.2(1) Benefit
of Bushings for Rod End
Installation

\— OEGREE

INTERMITTENT MISALIGNMENT —/ of
MISALIGNMENT

{!((!NTR'(ITY OF CABLE
ONNECTION CAUSED FATIGUE
FAILURE IN FITTING

WASHER AND SPACER INSTALLATION

POSSIBILITIES OF INCORRECT INSTALLATION USING
WASHERS AND SPACERS:

SPACER MISSING
ON ONE SIDE

BOTH SPACERS
OMITTED

8Y PROVIDING THE FITTINGS WITH BUSHINGS,
OMISSION OR MISPOSITION OF PARTS IS ELIMINATED.

3. POWER TRANSMISSION

Design powershafts so that the shear
strength is greater than that of the driving
and the driven section, Support shaft over
36 inches long at intervals along the
entire length of the shaft and at both
ends, Mount gearboxes so that the only
misalignmen. that can occur will be from
relative motfon of the driving and driven
components if such relative motion is
possible (see MIL-G-6641), Provide flex-
fble or universal joints to prevent ex-
cessive forces being applied (see DH 1-2,
Sect 4C).

s e

14

SUB-NOTE 2.2(2) Example of
Why Shezar Bolts are Preferred
When Iastalling Rod End3

FATIGUE FAILURE OCCURRED
IN BENT RIVETS
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Section 3B - Flight Control DN 3Bl
Systems
4, Self-Retaining Bolts
Use self-retaining bolts (SRB) conforming to MIL-B-83050
in all critical flight control linkage joints. A linkage
joint is defined as critical if it meets both of the
following requirements:
a. Separation could prevent pilot control of the
aircraft resulting in flying qualities less
than Level 3 as defined in MIL-F-8785., (Separation
in this requirement involves any flight control
including mechanical connections between the
crew station manipulators and primary control
moment producers, connections of secondary
flight controls such as flaps and slats, and

connections of any augmentation devices.)

b. If the linkage joint requires disassembly
to perform any aircraft field maintenance, or
rigging on the flight control systems, or to
provide access for maintenance on other

subsystems.



Chanter 3 - Detail Design AFSC DH 2-1
Section 3B - Flight Control DN 3Bl
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5. Bearings.

The bearings utilized in flight control systems are of the

following types:

Needle Roller MIL-B-3990
Airframe Ball Bearings MIL-B-7949
Rod End Ball Bearings MIL-B-6038
Rod End Ball Bearings MIL-B-6039
Rod End TFE Lined Bearings MIL-B-8948
Plain TFE Lined Bearings MIL-B-8942
Plain TFE Lined Bearing MIL-B-81820

Sleeve Plain and Flanged

Bearings MIL-B-8943

In flight control system application, bearings are

characteristically lightly loaded, operating intermit-

tently at low speed over few or partial revolutions

(cyclic and oscillatory motion). The environment

includes a wide range of temperature, humidity, and

vibration. Sand and dust is particularly deleterious

to utility vehicles such as helicopters. These

environmental factors particularly affect life and

necessitate the use of adequate seals to keep lubricant

in and dirt out,

16
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A multitude of load, life, and spced capacities

combinations available provide the designer with a

wide latitude for choosing configurations and it is

not often that a design needs to be modified by

bearing restrictions. To provide these capacities,

bearings hav: become assemblies of relatively high

precision, which are therefore more susceptible to

damage.

17



CHAP 6 - AIRFRAME BEARINGS
SECT 6A - BEARING SELECTION
AND SIZING

DESIGN NOTE 6A2

AFSC DH 2-1
: DN 6A2

BEARING SIZING

1. STATIC CAPACITY

The next step is to determine the proper
size. In many airframe applications, the
ability of the bearing to accept momentary
loads greater than the normal operating
load (when the bearing is stationary or
starting tomove) is the primary consideration
in sizing the bearing. The ability of the
bearing to accept these loads is known as
the static capacity and is listed in DN 6F2
for each size of airframe bearing. Sub-Notes
1(1) and 1(2) compare various rolling element
bearings based on static capacity and out-
side diameter, Bushings can be sized by
determining the projected area and from
this (Eq 1) the unit loading (Eq 2):

Projected area, in2=diameter xlength

Due to shaft bending in large length-to-
diameter ratio bushings, only a portion of
the shaft will be in contact with the bearing
surface, Therefore, in computing the effective
projected area, the length used in computation
should not exceed the bushing diameter even
though (in actuality) the length of the bushing
may exceed the diameter,

total ioad on bushing, lb
projected area, in2
(Eq 2)

Unit load, psi =

The unit loading should not exceed the static
capacity ratings of the various bushing
materials shown in DN 6B4, SN 1,1(1). A
slightly different method of calculating the
effective projected area of TFE bushings is
used in MS21240 and MS21241 (see DN 6F2,
SN 6(5) and SN 6(5).

(Eq 1)
Comment: Static capacity curves should be in distributional
form for design for reliability.
SUB-NOTE 1(1) Static Capacity

of Rolling Element Bearings
(Nonself-Aligning)

SUB-NOTE 1(2) Static Capacity
of Rolling Element Bearings
(Self-Aligning)

BAIAL STATIC LENT LOAP (LBS)

e
1000 1.300 1000 2900

GUTHNOE BANETER (cnED)

Wbuky ETEAVR Lomn T LORG | LB

—

) C"
e -



AFSC DH 2-1
DN 6A2

2. DYNAMIC CAPACITY

After a tentative selection has been made
on the basis of static capacity, the size
selected must be reviewed to determine
if it has adequate life for the rotation or
oscillation desired. If loads are primarily
radial, they can be used directly in the
life versus load curves shown for rolling
element bearings, If an appreciable thrust
component is present, in addition to the
radial load, an equivalent radial load must
be calculated, using the method outlined
in DN 6Bl, Methods are also given for
calculating the average load if the dynamic
load varies appreciably during the life of
the bearing. Bushings selected on the basis

"3
h

CHAP 6 - AIRFRAME BEARINGS
SECT 6A - BEARING SELECTION
AND SIZING

of static load limits, if used in dynamic
applications, must also be reviewed to be
sure that the desired wear rateis compatible
with the unit loading on the bushing. If
the wear rate is too high, the unit loading
on the bearing must be reduced by making
the projected area of the bushing larger.
The length-to~diameter ratio of the bushing
should not exceed 2:1 if excessive edge
loading of the bushing due to shaft bending
is to be avolided. Unit load-life curves are
available for hronze bushings and TFE-lined
bushings (see DN 6F2, Para 6). No standard
load-life relationships have been developed
for dry film-lubricated bearings, due to
the large variation in life that can occur
because of differences in application and
dry films used,



CHAP 6 - AIRFRAME BEARINGS
SECT 6A - BEARING SELECTION
AND SIZING

DESIGN NOTE 6A3

AFSC DH 2-1
DN 6A3

HIGH TEMPERATURE CONSIDERATIONS

1. MATERIAL SELECTION

Standard bearings made of E52100 and 4130
steels begin to lose their hardness when
temperatures over 350°F are encountered
for periods of time exceeding one hour
(see DN 6D1). Therefore, it may be neces~
sary for the design engineer to use a bear-
ing employing other than standard materials,
In this case, a bearing specialist should
be consulted, if possible, However, if it
is necessary for the design engineer to
specify a high temperature bearing, the
following guidelines should be followed:

a. Bearings of high temperature metallic
materials can be constructed using standard
MS configurations and dimensions.

b. Rolling element and plain bearings of
440C steel are available from manu-
facturers. When lubricated with high tem-
perature greases and dry film lubricants

[
&9
A

these bearings can be used to approximately
600°F,

c. When bearings with higher temperature
capabilities than 600°F are desired, consult
the list of high temperature materials in
DN 6D1. In addition, a number of high
temperature bearings are illustrated in DN
6F1 together with performance data. Bear-
ings similar to these high temperature de-
signs can be selected using the same ND2
(where N = no. of balls and D = ball diameter)
values or unit loads to obtain a life similar
to that of the bearings shown,

2. LOADS

The values obtained in load spectrum tests
can be used as the basis for static limit
loads. A value of 75% of the average failure
load obtained in dynamic load spectrum
tests is generally a safe limit load,

However, safe limit loads should

be selected for a target relia-
bility utilizing the failure
governing strength and stress

distributions respectively.




Chapter 6 - Airframe Bearings AFSC DH 2-1
Sect 6B - Load Ratings: DN 6Bl

Design Note 6Bl, Ball Bearings

1. STATIC CAPACITY

The static limit load ratings, given on
the pages accompanying each MS series
bearings, represent the standards adopted
by the Anti-Friction Bearing Manufacturers’
Association (AFBMA) (see Ref 26) and the
military services, The radial static limit
load (SLy) ratings for ball bearings are
based on the formula:

SLr--~KxNxD2 (Eq 1)

where

K = design factor
N = number of balls
D = ball diameter, in,

Allowable ‘K" factors are 10,000 for deep
groove bearings, 4800 for single-row self-
aligning bearings, 3800 for double~-row self-
aligning bearings, and 3200 for rod-end
bearings. The static l1imit load canbe applied
to the bearing for a sho:: period of time
without affecting the smooth operation or
endurance under the normal loads and os-
cillatory motion encountered in airframe
applications. The minimum static fracture
load (where an actual breakage of the bearing
occurs) is not less than 1,5 times the
static limit load and may be three to four
times this value, Axial static capacity varies
from approximately 50 to 60% of radial
capacity for nonself-aligning ball bearings
and 13 to 20% for self-aligning types. Both
axial and static capacities can be found
in the data following the MS series of
bearings in Sect 6F,

Comment: Static capacities should
be presented in statistical
distribution form indicating para-
meters and values.

A
e
A



CHAP 6 - AIRFRAME BEARINGS
SECT 6B - LOAD RATINGS

AFSC DH 2-1
DN 6B1

DESIGN NOTE 6B1 BALL BZARINGS

2, DYNAMIC CAPACITY

The basic dynamic capacity of an airframe
bearing is the constant radial load at which
10% of the bearings tested will fail through
fatigue of the ball or race material within

2000 cycles. A cycle is defined as either
one slow rotation (<100 rpm) or as a 90°
rotation from a fixed point and return,
However, any degree of oscillation, more
than the angular ball spacing of the bearing,
can be considerzd one oscillatory cycle,
If a bearing life of more than 2000 cycles
is desired, the constant radial load must
be reduced to values below the basic dynamic
capacity. The dynamic capacity of an air-
frame ball bearing at other than 2000 cycles
can be obtained from the equation:

DL =

1? (Eq 2)

where

DL = the dynamic capacity desired
C = basic dynamic capacity from data
sheets accompanying each MS
series of bearings
Ly, = life factor from SN 2(1)

SUB=NOTE 2(1) Life Factors
for Rolling Element Bearings

|
e (zo55) ™"

The basic dynamic capacity is based on
the inner race moving and the outer race
stationary, If the inner race is stationary
and the outer race is moving, the dynamic
capacity should be divided by 1.20. Load-
life curves for MS bearings have been
computed using the formula in Eq 2 and
can be found after the basic sheet describing
each series of MS bearings in Sect 6F.
However, the fatigue load-life data given
in conjunction with the MS series of standard
bearings is invalid under the following con=
ditions:

a. Where airframe bearings are rotated
over 100 rpm

b. Where angles of oscillation, smaller

than the angle of ball spacing are being
imposed on the bearing,

However, safe limit loads should

be selected for a target relia-
bility utilizing the faillure
governing strength and stress
distributions respectively.

o)
~
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AFSC DH 2-1
DN 6B1

3. EQUIVALENT RADIAL LOAD

It is sometimes desired to determine the
equivalent radial load experienced by a
bearing operating for various portions of
life at various loads. The equivalent radial
load (P,) is equal to:

pr' [Zf(F,Ja'G] 1/3.6 (Eq3)
where

Pr = equivalent radial load, 1b
f = fraction of time spent at Fr condition
I-'r = radial load, 1b.

As an exampic, a bearing has a load of
1900 1b applied for 5% of the time, 1200 1b
applied for 40% of the time, and 700 1b
for 55% of the time. The equivalent load
on the bearing is:

P, = [0.05(1900)>-€ + 0.40(1200)3-€ -
3.6 1/3.6
0.55(700)™°] *"%*° = 1100 Ib,

The equivalent radial load is used in con-
nection with the load-life curves following
the MS series of bearing. In no case should
the radial loads exceed the radial limit
load value of the bearing.

Comment: Source of equation
should be stated; prefer
accumulative damage-type
equation,

N4
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4, MOMENT LOADING

In some cases a moment or overturning
load is present in an airframe bearing
upplication. This moment loading should not
exceed the limit moment rating given for
each nonself-aligning bearing in the MS
series., Self-aligning bearings are not de=-
signed to carry any moment loading,

5. COMBINED LOADING

An airframe bearing may be subjected to
radial, axial, and moment loading at the
same time. It is then necessary to calculate
the equivalent thrust load and to determine
the proper size bearing by a comparison
of the calculated equivalent load and the
limit thrust loads (found on the data sheets
in Sect 6F). The equivalent thrust load (Pg)
is calculated from the formula:

- .Thrust Limit Load
a Radial Limit Load

P xFr+Fa+K xM

M
(Eq 4)

*xj
(]

radial load, 1b

)
n

thrust or axial load, 1b

K., = moment constant (obtained from

data following each MS series of
bearings)

M = moment, in-lb,

M
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ROLLER BEARINGS

1. NEEDLE ROLLER BEARINGS

1.1  Aircraft Static Capacity

The Aircraft Static Capacity (ASC) listed
in DN 6F2 for the MS series bearings
is based on the rolling elements of the
bearing only. For properly housed bearings,
the ASC corresponds to the ultimate or
static fracture load rating. The limit load
or working load rating is two-thirds of
the ASC, Airframe designers commonly use
the terms, ‘‘limit load rating'’ and ‘‘ulti-
mate or static fracture load rating.’” The
limit load rating (or working load) can be
defined as the maximum radial load which
can be applied to a bearing in airirame
applications. The ultimate or static fracture
load rating is not less than 1.5 times the
limit load rating and may be several times
greater. The ASC for all needle bearings
with the exception of the NCC type is com-
puted from the formula:

ASC = 12,000 x L x D x (N=3) (Eql)
where
ASC = Aircraft Static Capacity, 1b
L = roller contact length, in.
D = roller diameter, in.
N = number of rollers,

The limit load for the NCC series (MS24462)
{s computed from:

SL = 7900 x L x Dp (Eq 2)

where

SL = limit load capacity, lb.

Dp = pitch diameter in inches (distance
from roller center to roller center
across bearing)

L = roller length in contact with race,
in,

Needle bearings are not capable of handling
thrust loads.

Comment :

bution preferred. The relia-

bilitv goal associated with load

ratings should be defined.

1,2 Dynamic Capacity
and Load Life

The life of the bearing (when failure is
due to fatigue) can be determined from
the basic dynamic capacity and the life
factor relationship stown in SN 1.2(1), The
maximum load for ny life can be deter-
mined by the relatio. :hip:

. C
DL - = (Eq 3)

where

DL = maximum load (for given life)
C = basic dynamic capacity from the
graphs in DN 6F2
Ly, = life factor from SN 1.2(1).

SUB-NOTE 1.2(1) Life
Factors for Housed
Needle Roller Bearings

——
i m o0 SP5LE0)

Comment: Distributional
Dynamic Capacity curves preferred

Static capacity distri

for reliability design.

1.3 Equivalent Radial Load

It is sometimes desired to determine the
equivalent radial load experienced by a



AFSC DH 2-1
DN 6B2

bearing operating for various portions of .
Iife at various loads. The equivalent load
is equal to:

Pr = [z f(Fr)IO/a] 3/10 (Eq 4)

where

Pr = equivalent radial load, b
f = fraction of time spent at Fp con-
dition
Fr = radial load, Ib

The equivalent radial load is used in
connection with the load life curves following
the MS series of bearing. In no case should
the radial loads exceed the indicated limit
load (working load) value of the bearing.

Comment: Prefer cumulative
damage curves.

2. TRACK ROLLERS

2.1 Static Capacity

Certain needle bearings are fitted with thick
chrome-plated outer races and are designed
to be used as track rollers. Because the
outer race is unsupported by a housing,
the static capacity of the bearing as a track
roller is considerably less than the same
needle roller unit used as a bearing with a
supported outer race. The track roller
capacities of the MS24465, MS24466 and NAS
562 series are given in Sub-Notes 3(5), 3(6),
and 3(7) in DN 6F2. Another factor intheuse
of track rollers is the capacity of the sup-~
porting track to resist indentation by the
track roller, The load on the roller that the
track can support (a 180,000 psi UTS, R¢ = 40
track) is considerably less than the capacity
of the needle bearing as a track roller. When
using a 180,000 psi (or less) tensile sheet
track, the track capacity, given on the MS
or NAS562 data sheets, is the determining
static capacity factor rather than any char-
acteristic of the bearing. The track capacity

-
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can be increased by hardening the track or
conversely if the track is made of aluminum
or steel softer than R¢ = 40 the capacity will
be reduced. The relationship between track
hardness and capacity is shown in SN 2,1(1).

2.2 Dynamic Capacity

The dynamic capacity (load~carrying ability
while rotating) versus life relationship is
shown in DN 6F2 on the graphs for the
MS24465 bearings, for the MS24466 bearings,
and for the NAS562 cam followers, Use these
graphs to determine the loadlife relationship,
Alimiting value is shown on the load life

graph.

Comment: Dynamic capacity curves
preferred in distributional form.

3. CONCAVE AND BARREL
ROLLE X BEARINGS
3.1 Static Capacity

The radial static capacity of both single-
and double-row self-aligning concave and
barrel roller bearings is given by the fol-
lowing formula:

SLr = 12,000 x NxD X L x cos a

where
SLr = radial static capacity, 1b

N = number of rollers

D = mean roller diameter, in,

L = roller contact length, in. (area in
contact with race, excluding end
radii)

e = roller inclination angle to bore
axis

The axial static capacity ranges from 30%
of the radial static capacity for single-row
bearings to a high of 72% for some of the
wide series double-row bearings. It is
difficult to compute static capacities of self~-
aligning roller bearings without a thorough

PR}
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knowledge of the bearing geometry, How-
ever, radial and axial static capacities
are given in the MS bearing data sheets
in DN 6F2, Sub=-Notes 4(1) through 4(4).
“The fracture load is at least 1.5 times
the limit load, See Ref 111 for additional
information.

Comment: Static capacity
needed in distributional
form.

~ 8
)
A
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3.2 Dynamic Capacity

Load-life relationships follow the equation
graphed in DN 6B1, SN 2(1). The dynamic
capacity is the B1Q life at 2000 cycles
(shown on the MS bearing sheets in DN 6F2,
Sub-Notes 4(1) through 4(4).
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SPHERICAL BEARINGS

1. TFE-LINED SPHERICAL
BEARINGS

1.1 Loads

Axia] and limit static load values are given
in DN 6F2, Sub-Notes 5(1) through 5(4).
Qualification loads are defined in MIL-B-
81820 as follows:

a. The radial static limit load is that load
(when applied for two minutes to the bearing)
which will not cause a permanent set of
more than 0.003 in,

b. The axial static limit load {s that load
(when applied for two minutes to the bearing)
which will not cause a permanent set of more
than .005 inch.

¢. The ultimate load (sometimes called the
fracture load) occurs when a load 1,5 times
the limit load, radial or axial, is applied
to the bearing without resulting in ball or
raze fracture or ball push-out.

Comment: Limit load should be

defined in terms of reliability.

1.2 Load-Life Relationships

Load-life relationships of TFE-lined plain
spherical bearings are not as well character-
ized as those of rolling element bearings.
The normal mechanism of failure of TFE=-
lined bearings is a gradual wearing out of
the TFE lining, This wear is more rapid
when movement is first started and gradually
decreases in rate until very low values are
reached near the end of the bearing life, A
maximum wear of .0045 inch has been
selected for rating TFE-lined spherical bear-
ings. Qualification tests described in MIL-
B-81820 are based on this figure. Bearings
qualified under this specification must pass
an oscillation load test of 25,000 cycles
(+25° 10 cpm) at loads listed in the MS

11

specifications. These oscillating load test
values can be found in DN 6F2, Sub-Notes
5(1) through 5(4). To determine the life of
a TFE-lined bearing under all conditions
found in aerospace applications, consider the
following factors:

a. Load
b. Angle of oscillation

c. Projected area of race on ball (bearing
size)

d. Speed of oscillation
e, Temperature

f. Contamination with hydraulic and deicing
fluids.

Because of the numerous factors involved
in the prediction of bearing life, no com-
prehensive methods of calculation are avajl-
able that are applicable to all makes of
bearings and that take into account the
temperature of the application. Some manu-
facturers of spherical bearings have devel-
oped methods for calculating life under
varjous conditions. These methods can be
found in the manufacturers’ literature,

Comment: S-N or L-N curves,
distributional form, needed.

1.3  Unit Load

The unit load (psi) is a convenient method
of comparing the load on spherical bearings
of different sizes. The unit load i{s baszd
on the projected area of either the bore
or the outer race on the ball, depending on
the location where movement is takingplace,

- 0<
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For a given load, L, the unit loading is
determined as follows:

Unit Load onbore, psi = Load,lb (Eq1)

d,!
Unlt Load onbult, psi s 28810

w‘ x Db (Eq 2)

1.4 Limiting Speeds

While most TFE-lined spherical bearings
are used for low speed oscillation or rota-
tion, an occasional high speed application
is encountered where the ability of the
bearing to dissipate frictional heat is in
doubt.

3
b
A
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2. GREASE AND DRY FILM-
LUBRICATED SPHERICAL
BEARINGS

2.1 Loads

The nondeformation load is defined as that
which when applied to the bearing will not
cause enough set or deformation so that the
bearing is difficult to turn. The ultimate
(fracture) load is double the nondeformation
load and must not cause fracture of the
bearing. In addition, the permanent set after
application of the ultimate load is limited.
Nondeformation and ultimate loads and maxi-
mum permanent sets are shown on MS21154
and MS21155 bearing sheets in DN 6F2,

lComment : Need distribution.

2,2 Load-Life
Relationships

Dry film-lubricated bearings of MS21154and
MS21155 configurations have varjable lives
due to the difficulty of applying the dry films
uniformly to the rubbing areas of the bearing,
Dry film-lubricated bearings have a high
dynamic load capacity, up to 50,000 psi, but
an unpredictable wear life when compared to
grease lubricated or TFE-lined bearings.
Load-life relationships of several spherical
bearings lubricated with varfous high tem-
perature dry films can be found {in DN 6F1,

Comment: Need distribution.
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DESIGN NOTE 6B4 BUSHINGS

1. GREASE-LUBRICATED
METAL BUSHINGS
1.1  Static Capacity

Steel bushings are used primarily to handle
static loads and can be loaded to values that
are approximately one-half of the com-
pressive yifeld strength of the material,
Sub-Note 1.1(1) shows the suggested allow-
able yield strengths for various types of
bushing materfals, The projected area of
the bushing (length times diameter) should
be used with the total load to calculate
the unit load which should not exceed the
values in SN 1,1(1).

Comment :
be based on distributions and
reliability g.ods.

SUB-NOTE 1.1(1) Static
Capacity of Bushings
MAXIMUM STATIC MAXINUM

MATERIAL CAPACITY, K$) TEMP??:)TURE
4130 Steel 115 350
(180 XS UTS)
17-4 Stee! 90 500
(AMS 5643)
Bery!lium Copper 90 350
(Fed Spec QQ-C-530)
Al-Ni-Bronze 350
(AMS 4640 and 4380)
Ai-Bronze 60 350
(Fed Spec QQ-C-465)
*Maximum temperature at which bushing can be used without

loss of static capacity.

Allowances loads should

1,2 Load-Life Values

Although steel bushings (if generously lubri-
cated) can be used for a few cycles without
galling or excessive wear taking place,
bronze bushings should he employed if an
appreciable amount of motion is expected
between the shaft and the bushing. Under
dynamic conditions, excessive wear of the
bronze bushing is the mode of failure, Sub-
Note 1,2(1) is a plot of life versus unit
load under well-lubricated (MIL-G-81322
grease) conditions,

Comment: Distributional L-N
curve required.

2, TFE-LINED BUSHINGS

2.1 Static Capacity

The unit static capacity of TFE-lined bush-
ings is approximately 60,000 psi, A unit
load of this magnitude can be tolerated by
the bushing without impairing its functioning,

Comment: 100 percent distribu-
tion required.

2,2 Dynamic Capacity

and Load Life

A nomograph can be found in DN 6F2, SN
6(5) or 6(6), describing straight and flanged
TFE bushings (MS21240 and MS21241) that
relates life (before 0,005 in. wear occurs),
load, angle of oscillation, and projected area
of the bushing, Elevated temperatures, sur-
face speeds in excess of 150 ft/min on the
bore surface, and contamination by hydraulic
oils and de-icingfluids all lower the predicted
life. The dynamic unit-load rating (25,000 psi)
shown is a unit load that will permit more
than 25,000 cycles of life (0.006 in, wear)
+25° oscillation at ten cycles per minute,

Lol ol
-
A
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SUB-NOTE 1.2(1) Load Life of Plain Bronze Bushings

TEMP: 60°-120°F
BORE: 0.25-1.50 IN.
CLEARANCE: 0.5-1.5x10 "IN,
LENGTH-TO-DIAME TER RATIO:
0.25-1.20
LUBE: MIL-G-81322 GREASE APPLIED 500§
TO 7000 CYCLES
MAX WEAR: 0.006 IN.
BRONZE: AMS 4640 8 4880

L] —d

RADIAL LOAD, KS!

STEADY-STATE LOAD

L L L1t L L1 11l ool o luunl L1
100 1,000 10,000 100,000 1,000,000
CYCLES (21° TO £45°,8-12FPM)

33<
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ROLLING ELEMENT MATERIALS

1. COMPOSITION

Sub-Note 1(1) shows the material composi-
tion of alloys used in airframe bearings
(races and rolling elements),

2, MECHANICAL
AND PHYSICAL

PROPERTIES

Sub-Note 2(1) lists some of the mechanical
and physical properties of alloys used in

airframe bearings. The symbols in the chart
are defined as follows:

E = modulus of elasticity, psi x 106
F¢ = compressive strength, ksi

F¢ = tensile strength, ksi

BH = Brinell hardness

R¢e = Rockwell hardness

a = coefficlent of thermal expansion,
in/in/°F x 10~6

¢ = percent elongation in 2 in,

u = Poisson’s ratio

p = density, 1b/in3

For additional information see Ref 587.

SUB-NOTE 1(1)

Material Composition of Bearing Alloys

MATERIAL c Co Cr Fe Mn Mo NI P H ] v w OTHER
ES51100 steel 0.98- 0.90- 0.25- 0.025 | 0.025 § 0.20-
1.10 L15 0.45 MAX MAX 0.35
ES52100 steel 0.98 - 1.30- 0.25- 0.025 | 0025 | 0.20-
1.10 1.60 0.45 MAX MAX 0.35
440C stainless 0.95- 6.0 - 1.0 0.75 0.040 | 1.0 1.0
1.20 18.0 MAX I MAX MAX MAX MAX
M-2 tool steel 0.85 4.0 0.30 0. 2.0 6.0
M-50 tool steet 0.80 4.1 0.3 4.25 025 | 1.1
Stellite 25 0.05-| Bal 190- 1 3.0 1.0- 9.0 - 1.0 14,0 -
0.15 21.0 MAX | 2.0 11.0 MAX 16.0
Stellite 3 2.45 | Bal | 30.5 3.0 1.0 3.0 1.0 12.5 1.0
Stellite 68 1.1 Bal | 30.0 3.0 2.0 1.5 3.0 2.0 4.5
Stellite 19 1.7 Bal | 31.0 30 1.0 3.0 1.0 10.5 2.0
Stellite Star J 2.5 Bal | 320 3.0 1.0 2.5 1.0 17.0 20

Titanium carbide

Titanium carbide (TiC), grains bonded with Ni-Mo binder

Alumina

99.9% pure alpha alumina (A1203), polycrystailine

Ziteonia

Z102 stabilized with small amounts of refractory oxides

L ad
LN
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SUB-NOTE 2(1) Mechanical and Physical Properties of Bearing Alloys
MATERIAL E Fe Fy Re a < B p
E51100 steel 2.0 400 250 60-63 6.0 0.33
E52100 steel 0.0 400 250 5863 6.0 0.33
440C stainless 2.5 350 25 60.0 5.6 20 0.33 0.280
M-2 tool steel 2.5 65.5 6.6 2.5 0.33
M-50 too! steel 2.5 62.0 7.4 0.33
Stellite 25 33.0 150-240 45-55 8.24 6-10 0.25 0.330
Stellite 3 36.1 310 55 55.0 7.8 0-1.0 0.312
Stellite 68 3. 7 91.6 9.0 8.5 .0 0.303
Stellite 19 2.8 3 105 52.0 7.9 0-1.0 0.2
Stellite Ster ) 3.5 338 62 58.0 7.0 0-1.0 0.316
Titeniom corbide | 59.0 | 52 090 | s 0.23% | 0.217
Alumine 5.1 8s.0 () 435 0.205 0.144
Zirconio 220 8 8s.0) | 260 0.202
Notes: 8 These values are Rockwell ‘A’ scole hardness.

Erratic expension due to phose chonges.

| Comment :
3. CORROSION
RESISTANCE
Sub-Note 3(1) shows the corrosion resis-
tance of the alloys to the common liquids
encountered by airframe bearings.

4. CAGE MATERIALS

Many airframe bearings contain a full com=~
plement of rollers or balls to obtain the

Present properties in terms of statistical parameters. |

maximum load capacity, However, certain
bearing types do require cages for roller
guidance or to reduce internal friction.
When cages are used, the materials from
which they are made need to have the
qualities of moderate to high tensile and
compressive strength, toughness, and must
be compatible from a friction standpoint
with the rolling element, High temperature
materials used for bearing cages are
Rene' 41, A-286, and Inconel X-750 (see
DN 6D3).

Lol e P
wd T
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SUB-NOTE 3(1)

Corrosion Resistance of Bearing Alloys

MATERIAL WATER SALT WATER MILD ACID MILD ALKALI
ES1100 steel Poor Poor Poor Feir
€52100 stee! Poor Poor Poor Fair
440C steinless Good Fair-Poor Good Good
M-2 tool steel Poor Poor Fair Good
M-50 100! steel Poor Poor Fair Good
Stellite 25 Excellent Excellont Excellent Excellont
Stellite 3 Excellent Excollent Excellont Excellent
Stellite 68 Excellent Excellont Excelient Excellent
Stellite 19 Excellent Excollent Excellent Excellent
Stellite Star J Excellent Excellent Excellent Excellont
Titenium carbide Good Good Good Good
Alumina Good Good Good Good
Zirconia Good Good Good Geood
L6
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PLAIN BEARING MATERIALS

1. SELECTION

A variety of materials can be used for
plain bearings. Unit loads are low com-
pared to the very high contact stresses
encountered in rolling element bearings.
Most high temperature alloys, steels and
some bronzes have sufficient strength for
plain bearing use. Materials for plain
bearing use should have sufficient impact
resistance to withstand the rapidly applied
loads that may occur. One of the most
important considerations in a sliding sur-
face bearing is the frictional compatibility
of the rubbing surfaces. For low tempera-
ture applications, compatible metals like
bronze and steel can be used, and oil or
grease lubricants are generally employed,
At higher operating temperatures, stainless
alloys of poor frictional and galling
characteristics must be used, and the selec-
tion and maintenance of a lubricating film on
the rubbing surface is of great importance.

1,1 Plastics and
Porous
Materials

The plastics used in bearings are nylon
(2% water), Delrin, and filled Teflon (T FE).
The Teflon properties refer to a solid
section and not the thin woven linings used
in spherical and plain bearings. The woven
linings have a much higher compressive
strength due to support from the bearing
shell. The major uses for the plastics
and porous materials are shown in SN 1,1(})
along with the installation methods.

18

2. COMPOSITION

Sub-Note 2(1) shows the material composi-
tions of alloys used in plain bearings.

3. MECHANICAL AND
PHYSICAL PROPERTIES

Mechanical and physical properties can be
found in SN 3(1) for alloys and in SN 3(2)
for plastics and porous materials. The

symbols in the charts are defined as
follows:
E = modulus of elasticity, psi x 106
Fp = flexural strength, ksi
Fe¢ = compressive strength, ksi
F¢ = tensile strength, ksi
k = t.he/rmal conductivity, BTU/hr/ft2/
°F/ft
TA = operating temperature range in
air, °F

Ty = operating temperature range in a
non-oxidizing atmosphere, an inert
gas, or in a vacuum

maximum surface speed, ft/min
coefficient of thermal expansion,
in/in/°F x 10~6

# = coefficient of friction

p = density, Ib/ft3

8 <
un

4. CORROSION RESISTANCE

Sub-Note 4(1) shows the corrosion resis-
tance of the alloys to the common liquids
encountered by airframe bearings. The cor-
rosion resistance of plastics and porous
materials is shown in SN 4(2).
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SUB~-NOTE 1.1(1) Uses and Installation Methods

MATERIAL MAJOR USE ngTss BOND | BRAZE
Filled Teflon Plain bearings, slides, cages for Yes No No
rolling element bearings
Nylon Gears, plain bearings, slides, cams, Yes Yes No
cages for lightly loaded bearings
Delrin Gears, plain bearings, slides, rolling Yes Yes No
element bearing cages
Carbon-graphite Dynamic seals, sleeve bearings, slid- Yes Yes Yes
ing electrical contacts
Impregnated Self-lubricating plain bearings, rolling Yes Yes Yes
sintered bronze element bearing cages
SUB-NOTE 2(1) Material Composition of Plain Bearing Alloys
MATERIAL Al | ¢ Cr Cu | Fo M o | m » s 8 OTHER
Bronze (AMS 4540) | 10.25 810 | 215 1.0 5.0
17-4P1 stainless 0.07 | 15.5- Bal | 1.0 3.0-10.040 | 0.03 | 10
Max 11.5 Max 5.0 |Max Max Max
17-7PH stainless Bal | 0.09 16.0 - Bal 1.0 6.5-10.040 0.03 -
Max 18.0 Max 7.75 | Max Max
410 staintess Bal | 0.15 | 11.5- Bal | 1.0 0.040 ] 0.03 | 0.5
Max 13.0 Max Max Max Max
Reng 41 0.06- | 18.0- 0.5 9.0- | Bal 0.5 | AiB,CoFeTi
120 20.0 Max 10.5 Max
A-286 0.08 13.5- 1.0- 1.0-} 24.0- 0.4- [A\,B,Fe,Ti,V
Max | 16.0 20 175 | 2.0 1.0
Inconet X-750 0.0t | 140- 1.0 70.0 0.5 | ALCDFe,Ti
Max 17.0 Max Max
LT-2 metal ceramic | 1% Al203. 2% Cr, 60% W

36~
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SUB-NOTE 3(1) Mechanical and Physical Properties
of Plain Bearing Alloys
MATERIAL E Fe Fy Re By a « P
Bronze (AMS 4640) | 17.5 110.0 187 - 15.0 0.273
24
17-4PH stainless 2.0 170 190 40 - 6.5 10.0 0.282
47
17-7PH stainless 2.0 180 200 44 5.7 7.0 0.282
410 stainless 30.0 110 y. 7.5 2.0 0.280
Rene 41 2.0 145 180 - 39- 7.8 14.0 0.298
191 41
A-286 2.0 100 145 M4 9.9 24.0 0.298
Inconel X-750 31.0 100 170 3%.5 8.5 25.0 0.298
LT-2 metal ceramic | 38.0 52.0 4.6 0.320

Comment: Present properties in terms of statistical parameters.

SUB-NOTE 3(2) Mechanical and Physical Properties
of Plastics and Porous Materials

MATERIAL [ 4 Fy Fe L {] K TA Ty v a I P
Teflon 14 9.0 20.0 27 2.3 | 320 to 5% -320 to 550 70 33 0.05- | 0.0814
0.24
Nylon 15 13.3 35.0 4.5 19 | -3 to 250 -320 to 200 Low 82 0.15- § 0.394
0.33
Delrin - - - - 1.6 ] -320 to 250 <32 to 200 Med 45 0.10- | 0.0515
0.30
Carbon-graphite 15 2.0 175.0 | 8.4 18.0 | -420 to 1000 -420 to 3000 12,000 15 0.07- | 0.0543
0.60
Impregnated 14 13.5 27.8 4.5 - 65 to 200 oil 20 10.5 | 0.02- | 0.242
Sintered evaporates 0.30
Bronze in vacuum

Comment: Present properties in terms of statistical parameters.

-yt -
RV B
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SUB-NOTE 4(1) Corrosion Resistance of Plain Bearing Alloys

MATERIAL WATER SALT WATER MILD ACID MILD ALKALI
Bronze (AMS 4640) Good Good Fair Fair
17-4PH stainless Excellent Good Good Good
17-7PH stainless Excellent Good Good Good

410 stainless Good Poor Fair ~ Fair
Rene 41 Excellent Good Good Good
A-286 Excellent Good Good Good
Inconel X-750 Excellent Good Good Good
LT-2 metal ceramic | Excellent Excellent Excellent Excellent

SUB-NOTE 4(2) Corrosion Resistance of Plastics
and Porous Materials

Teflon Inert except in perfluorinated liquids above
570°F
Nylon Good except to strong acids and oxidizing
agents
Delrin Good resistance to organic solvents, oils,
and moisture. Poor to acids, caustics, and
bleaches.
Carbon-graphite Excellent except to strong oxidizers
Impregnated Resistant to salt water. Poor resistance to
sintered concentrated acids and bases.
bronze

0=
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CHAP 6 - AIRFRAME BEARINGS
SECT 6E - LUBRICATION AFse gx\l‘ll 6213
DESIGN NOTE 6E1 SELECTION

1. TYPES OF LUBRICANTS

Depending on their use, materials of con-
struction, and environment, bearings may
require various lubricants, or they may
operate unlubricated. Where temperature
permits, lubricants are used to reduce
friction and wear of the bearing, In addi-
tion, lubricants are often required for cooling,
corrosion protection, sealing, lubrication
of seals, and flushing out debris formed
by friction and wear, Lubrication for air-
frame bearings may be accomplished with
grease, oil, dry film lubricants, or plastic
linings. The advantages of each type are
shown in SN 1Q1). :

Include instructions as the proper MIL spec-
ification lubricant and relubricating periods
in the maintenance manual of the aircraft
or accessory in which the bearing is used,
Usc lubricators in accordance with those
shown in MIL-F-3541, MS15001, -1 and -3
of MS15002, and MS15004, For coupling
and uncoupling the grease gun connector,
allow clearance space of 25° in any radial
direction from the axis, normal to the head
of the lubricator fitting (ABC 17/8B, Grease
Nipples). This requires a cone of clearance
with an included vertex angle of 50° and a
slant side as long as the overall length of
the grease gun, when the axes of the grease
outlet head and the body of the grease gun
coincide, Plain bearings fabricated of oil-

MIL-HDBK-275 presents a more
comprehensive selection of
Tubricants,

impregnated sintered metal, bronze, or iron
in accordance with MIL-B-5687 need not be

2, LUBRICATORS

Provide lubricators and lubrication reser-
voirs for all types of plain annular and plain
self-aligning bearing installations, Where
plain bearings are used at the connection of

provided with lubricators if they will not be
expected to maintain lubricity beyond the
physical-chemical life of the lubricant with
which they are impregnated, In applications
in which the amount of lubricant contained
in the bearing is not sufficient to last for
the service life required, providelubricators
or lubricant reservoirs that will contact
outer surface of the sintered bearing.

structural members having a relative motion
exceeding 3° during service operation, install
lubricators in tle portions surrounding the

Comment : i i -
bolt or shaft as shown in SN 2(1) and 2(2). S e rishtie Jphysieal

chemical life distribution,
This should be defined and
statistical parameters published.

SUB-NOTE 1(1) Selection Chart for Lubricants (Plain Bearings)
GREASE DRY FILM LUBRICANT TFE-LINED BEARING
TEMPERATURE RANGE, °F -100 to +600 -100 to +375 -320 to +550 TFE-glass
Organic binders fabric types
-3 to +800 100 to +275 Military spec
Inorganic binders materials
BEARING LIFE Excellent Poor to fair (Depends on Good
stress lovel)
LOAD CAPACITY Good Excellent Good
NEED FOR REPLENISHMENT Yes No No
DURING BEARING LIFE
CORROSION PREVENTIVE Good Poor TFE liner excellent (Bearings
ABILITY made from corrosion resistant
metals or plated)

;.";
A
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SUB-NOTE 2(1)

Lubricators for Plain Bearings

LUBRICATOR

HOUSING

LUBRICANT RESERVOIR

SHAFT

NORMAL GREASE GROOVE

LUBRICANT GROOVES

SUB-NOTE 2(2)

Lubricators for Sintered Bearings

LUBRICANT
RESERVOIR

s PAF LS

HOUSING SHAFT

HOUSING SHAFT

LUBRICANT
RESERVOIR

HOUSING

SHAFT

WICKFEED, LUBRICATOR
AND RESERVOIR

HOUSING

LUBRICANT RESERVOIR
LUBRICANT
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AFSC DH 2-1
DN 6E2

GREASES

1. CHARACTERISTICS

The majority of rolling element and
somg sliding surface bearings are grease-
lubMcated. This type of lubrication has
the advantage of sealing simplicity, low
topque at normal temperatures, long life,
and if proper greases are used, good pro-
tection against corrosion. Grease-lubricated
rolling element bearings for airframe use
pormally operate best when packed so that
about two-thirds of the capacity of the
bearing is filled. Where relubrication is
required, the bearings must be filled with
grease and some loss of lubricant can be
expected due to churning. Bearings which
never or seldom oscillate or rotate should
be packed full of grease to provide a maxi-
mum reservoir for lubricant and to give
corrosion protection. Most grease~lubricated
airframe rolling element bearings are re-
ceived from the manufacturer lubricated,
sealed, and ready for installation. They
have a shelf life of approximately two years.
Many prepacked bearings need no relubrica-
tion during their service life and are dis-
carded at component overhaul. Design to
avoid the necessity of component overhaul
for the express purpose of bearing lubrica-
tion. All bearings which require relubrica-
tion must have devices, such as grease
fittings, included in their installation so
that application of grease to the bearing can
be made without disassembly of the bearing
housing or removal of the bearing from the
shaft. (See DN 6E1, Para 2,)

1.1  Military Specification
Greases

A large number of military specification
greases are available that can be used in
airframe bearings. Caution must be exer-
cised in the selection of these greases
because some of the lubricants are designed

24

primarily for use in lightly loaded high
speed ball bearings. They may be inadequate
in load-carrying capacity for heavily loaded
airframe bearing use. The greases listed
in SN 1.1(1) will handle practically all
airframe bearing requirements. The pre-
ferred grease for airframe bearing use
is MIL-G-81322, It has good storage (two
years minimum) stability, excellent load-
carrying capacity, and good low temperature
properties. Greases other than those in
MIL-G-81322 are needed only when its high
temperature capability has been exceeded
(350°F for continuous operation), Other
greases are needed when airframe bearings
are required to operate in unusual con-
ditions such as high vacuum, lack of
lubrication, raiiation, and chemicals such
as phosphate ester fluids or propellants,

2. GREASE TESTING

Comment: What is the physical-
chemical life distribution?
This should be defined and

statistical parameters published.

2.1 New Grease

A number of laboratory tests are used to
evaluate greases. Exercise some care in
the use of these values to predict service
performance, for these laboratory tests
were designed originally as quality control
tests for the manufacture of grease. Tests
commonly used for the evaluation of grease
used for airframe bearing applications are
as follows,

2.1.1 Penetration

The penetration test (ASTM D217, Fed
Std 791, Method 311) consists of dropping
a weighted metal cone into the grease and
allowing it to sink for five seconds. The
depth of penetration is then measured by
means of a penetrometer. An unworked
penetration refers to measurements made
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of the undisturbed grease as it comes from
the can. After the grease has been pumped
back and forth for double strokes in a
mechanical worker, a worked penetration
value is determined. Greases employed for
airframe bearing use have worked penetra-
tions of from 260 to 340.

2.1.2 Dropping Point

The dropping point (ASTM D566, Fed Std
791, Method 142) of a grease is essentially
& melting point run under controlled con-
ditions. In most cases, it defines the top
temperature to which the grease should
be exposed in service., However, in many
cases, greases are unsatisfactory for long-
term use at temperatures below their drop-
ping point, due to effects such as bleeding
and oxidation.

2.1.3 Bomb Oxidation

and Corrosion

The bomb oxidation and corrosion test
(ASTM D942 and D1261) consists of sub-
jecting the grease to oxygen at a controlled
temperature (210°F) in a bomb, Copper is
sometimes added as it acts as a catalyst
for grease deterioration. The deterioration
of the grease {s measured by the drop in
oxygen pressure due to its reaction with
the grease. This same test is repeated with
strips of copper immersed In the grease
and after test the strips are examined for
corrosion. These tests correlate to some
degree with the long-term storage stability
of greases. They do not correlate with
the dynamic oxidation of a grease that
occurs in a high temperature bearing.

2.1.4 Low Temperature Torque

In the low temperature torque test (ASTM
D1478, Fed Std 791, Method 334), a 204
bearing is filled with the test grease, soaked
at the desired temperature, usually -65° or
=100°F, and the breakway and running
torques determined. Although the results

AFSC DH 23-1
DN 6E2

on the 204 bearings cannot always be ex-
trapolated to other kinds of bearings,
especially full complement types, this
serves as a useful comparison of the low
temperature properties of greases,

2,156

To test the rust preventive properties of
greases (ASTM D1743), clean, tapered
roller bearings are lubricated with the test
grease under carefully controlled conditions
and stored for two weeks at 77°F and 100%
relative humidity, The bearings are cleaned,
inspected, and rated after this exposure,
Corrosion in excess of three small spots
is not allowed.

Rust Prevention

2,16 High Temperature

Performance

In the high temperature performance test
(Fed Std 791, Method 331), a 204 bearing
made of either ES52100 or M-50 steel is
filled with the test grease and run in a
standard Pope spindle at 10,000 rpm and a
light radial and axial load. The bearing is
artificially heated to the desired test tem-
perature, is run the desired length of time,
or to failure, as indicated by a temperature
rise over the stabilized bearing tempera-
ture, Failure in this test is almost always
due to grease deterioration caused by oxida-
tion, bleeding, or evaporation of the fluid
constituent, This test is used extensively
in military specifications for determining
the top temperature limit of a grease.
Because conditions are so different in a
high speed, lightly loaded bearing and a
heavily loaded airframe type, service tests
should be run at high temperature with an
airframe bearing to determine the upper
limit of a grease for airframe use in
critical applicctions.

2,2 Used Grease

The following tests are useful in determin-
ing the suitability of used grease removed
from bearings.

LA T
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2.2.1 Penetration

Normally, not enough used grease is avail-
able for a penetration test using a full-size
cone, 80 a quarter-scale cone must be used.
Grease, which is originally in the 260 to
340 range, should not decrease in penetra-
tion past 220 due to oil loss or be thinned
by mechanical working to a penetration
above 400.

2.2,2 Loss of Oil

Oil content should be determined, by a
hexane extraction in a Soxhlet apparatus,

28
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on both the new and the used grease from
the bearing, A loss of more than 40% of
the original oil in the grease usually means
that the bearing will show wear due to
lack of oil,

2.2.3 Neutralization Number

The oil from the Soxhlet extraction in Para
2.2.2 can be subjected to the neutralization
number test described in ASTM D974-58T,
Neutralization numbers over 1.0 (with
petroleum oils and esters) indicate over-
heating of the grease and oxidation of
its oll,
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DESIGN NOTE 6E3

AFSC DH 2-1
DN 6E3

0iLS

1. APPLICATIONS

With the exception of oil-impregnated
sintered metal bearings, oils are not
usually employed for airframe bearing
lubrication. This is not due to any deficiency
fn ofl lubrication, but to the difficulty of
either feeding oils to a bearing or ccataining
them in a housing surrounding an airframe
bearing. However, when these application
difficulties can be surmounted, oils provide
excellent lubrication for sirframe bearings,
Some of the properties of oils suitable for
use are listed in SN 1(1), It is often
desirable to lubricate high temperature
bearings for one time use in missiles and
reentry vehicles with an oil that will pro-
tect and Ilubricate the bearing during
storage, installation, and preflight checkout
before the high temperature service occurs.
Military specification MIL-L-7870 oil will

perform these functions and will evaporate
without leaving any residue to jam the bear-
ing after it is exposed to temperatures over
approximately 450°F. Teflon (TFE) seals can
be used to contain the oil before use and will
also sublime without leaving a residue at
temperatures over 600°F,

2. OILS FOR SINTERED SELF-
LUBRICATING BEARINGS

Sintered metal porous bearings are used
in lightly loaded airframe bearing applica-
tions. After these bearings are machined
and degreased, they are immersed in a
bath of either MIL-L-6085 or MIL-L-7870
oil, maintained at a temperature of 130° to
140°F for 20 min, removed and cooled to
room temperature before insertion into
their housing.

SUB-NOTE 1{(1) Oils for Airframe Bearings
SPECIFICATION FLASH USEFUL
TYPE OR NAME OR USE AND SPECIAL PROPERTIES POINT, RANGE. °F BASE OIL
DESIGNATION “FMIN. '
General Putpose MiL=-L=-7870 Low viscosity corrosion preventive oit %5 -85 to 160 Petroleum
0il useful for preservation of bearings
used at high temperatures. Oil will
evaporate without residue.
Airframe Turbine MiL-L-7808 Good load carrying capacity, good 400 65 to 250 Diester
Engine O} oxidative stability. Wide distribution
and aircraft use.
Instrument Oil MIL-L-6085 Very stabie oil, low dirt count for %S5 65 to 250 Diester
small bearings.
High Tempetature MIL-L-27502 Good load carrying capacity, excellent 475 -40 to 500 Ester
Turbine ON oxidative stability.
Methy! Phenyl Dow Corning . Wide tempesature range oil. Good 600 -40 to 550 Silicone
Silicone Oil DC 550 thermal and oxidative stability but
poor lubricity. This oil has one of
the best high temperature capabilities.

r ovey
-‘(
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DESIGN NOTE 6E4
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DRY FILM LUBRICANTS

1. CHARACTERISTICS

Dry film lubricants suitable for use on
bearings consist of a thin layer (0.0002-
0.0007*") of MoSp, with smaller amounts
of other solids, bound to the bearing surface
either by organic resins or inorganic
binders such as aluminum phosphate, sodium
silicate, or other glass compositions, Most
dry films must be hardened or cured by
heating to between 300° and 1000°F, depend-
ing on the binder. Dry film lubricants have
good tenacity, a low coefficient of friction
(0.05 to 0.25), chemical inertness and ex-
cellent resistance to high bearing pressures
(up to 90,000 psi on hard substrates). They
are useful in the range from -320° to ap-
proximately +800°F in air but should be
used with caution above 600°F, Dry film
lubricants generally used for airframe
bearing applications are shown in SN 1(1).

2, USES

The major use of dry film lubricants in
bearings is for the lubrication of sliding
surface units of the plain bushing or spheri-
cal type. On plain hushings, the dry film
lubricant is applied to the bore and to the
face of the thrust flange if one is present,
Dry films are used in the bore in some
cases, on the spherical surface of the ball,
and on the inside of the outer race when
spherical bearings are coated. In some
cases, the shaft is also coated because
applying dry film to two contacting surfaces
increases the wear life up to 300%,

30

3. PRETREATMENT

3.1 Aluminum

Aluminum bearings should be anodized
(MIL~A-8625) if possible, but chemical con-
version coatings such as MIL-G-5541 can
be used where anodizing is not possible.
These pretreatments add corrosion re-
sistance and harden the soft aluminum on
the surface so that the dry film can carry
more load.

3.2 Low Alloy Steel

Low alloy steel bearings are kest treated
before application of dry films by applying
iron-manganese phosphate coating according
to MIL-P-16232, Type M. The phosphate
coating adds some corrosion resistance to
the steel substrate and enhances the wear
resistance of the dry film lubricant. For
additional corrosion protection, a nickel
or chromium plate can be substituted for
the phosphate coating under the dry film
lubricant.

3.3 Stainless Steel

Stainless steel or other noncorrodible alloys
should be abrasive cleaned to remove
oxides and to roughen the surface before
dry film lubricants are applied.

8«
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DESIGN NOTE 6F1

AFSC DH 2-1
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HIGH TEMPERATURE BEARINGS

1, ZONE II BEARINGS

Bearings evaluated and found suitable for
this zone (-150° to 1200°F) are as follows:

a. B-542 Torque Tube Ball Bearing (see
SN 1(1))

b. Self-Aligning Ball Bearing (see SN 1(2))

c. KP-21B Type Stellite 19 Ball Bearing
(see SN 1(3)) :

d. KP-21B Type Stellite 256 Ball Bearing
(see SN 1(4))

e. KP-33-BS
SN 1(5))

Type Ball Bearing (see

f. Needle Bearing (see SN 1(6))
g. Spherical Bearing (see SN 1(7))

h. Spherical Loader Slot Bearing (see SN
1(8))

i. Metal Compact Plain Bearing (see SN
19

j. Graphite Bushing (see SN 1(10))
k. Flexural Pivots (see SN 1(11)).

1.1 Evaluation of Bearings

High temperature bearings were evaluated
in three types of tests: load spectrum,
temperature cpectrum and life tests, In the
load spectrum and temperature spectrum
tests, the pointc on the graphs represent
friction at one load point., Where two bear-
ings were tested, two curves are shown
on the data sheets. Individual life tests

£0-=

are not generally shown but composite load-
life curves have been plotted showing life
at a specific temperature and load. Each
point, unless otherwise stated, represents
the results of one life test. Much of the
data shown has come from Ref 79,

1.2 High Temperature Bearing
Evaluation

The designer can feel safe in using bearings
similar in materials and dimensions to
the bearings shown in this DN, providing
the operational temperatures and loads do
not exceed those shown in the test data.
Bearings similar in configuration, but differ-
ent in dimensions to the test bearings shown,
should be limited to the workable NDZ,
NDL, or psi values, in addition to the
safe test temperatures shown on the high
temperature bearingdata sheets. Static limit
loads of about 75% of the dynamic load
spectrum test values can be used for bear-
ings that failed due to high friction. A value
of 50% of the dynamic load determined
should be used as a static limit load for
brittle bearing types that fail by fracture,

2, ZONE IlIl BEARINGS

The bearings shown in this zone (-150°
to 2000°F) are included to demonstrate the
type of materials and bearing configurations
that are needed for ultrahigh temperature
operation. Design data should not be taken
from these bearings without first running
a confirming test program. Bearings shown
are:

a. Ceramic Ball Bearing(seeSN 2(1))
b. Plain Spherical Bearing(seeSN 2(2))



AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F1 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 1(1) B-542 Torque Tube Ball Bearing

LOAD V3 L¥E
1,08~ 4000
! SLARING « 1342, 440C
" TERMPIRATURS - 600F (AM)
8,40 000~ OMASE - MCG 43185

T e Ll

HOURS OF OPERATION

LOAD SPECTRUM TEST

K13 -

TEST TEMPERATLRE - 50C°F

- LUBE « MCG 43-185

W e e OISPLACEMENT - 40°, 30 OPM
ol rocvaussaTmck a0 rona

MAXIMUM ALLOWASUE FRICTION COEFFICIENT

AIRCRAST STATIC LIMIT LOAD OF B-542
SLARING [N 52100 STEEL AT AT,

GALL COMPLEMENT: 34-1/8° DIA
SADIAL CLEAMNCE: .001-.0013

FRICTION CORFFIQENT -»
2
L

G
s CAPACITY UMIT OF
- | TESTER REACMID

MATENAL: BACEWAYS - AIS) 440C STAINLESS STEEL
BALLS ~ AISI 400C STAINLESS STEEL
SEALS - TEFLON TFE
SNAP INGS - 300 SERIES STAINLESS STEEL
LOAD BATINGS: MECOMMENDED LIMIT LOAD - 9950 LIS MADIAL

MACE CURVATIRES: INNER, 51.0 TO 51.9% OF BALL DIAMETER
OUTER, 51.5 TO 52.0% OF BALL DIAMITER

SHOULDER HEIGHTS: SO SHOULDER 17 TO 19% OF BALL DIAMETER
LANCATION: MCG 45-185 (AMMELINE THICKENED SILICONE GRIASD

comment: Load life curve should be distributional for design

for reliability usage.




CHAF 0 = AINMIANMDE DEAINNUD
SECT 6F - BEARING CHARACTERISTICS

SBAWY AFBE = -

DN 6F1

SUB-NOTE 1(2) (Sheet 1 of 2 Sheets) Self-Aligning Ball Bearing

MATERAL:

MACE CURVATURE:

SHOULDER HEIGHTS :

SLECVE ASSEMBLY:
CLOSURE:
LUBNICATION:

- 00
e

M =i

GALL COMPLEMENT: 47-11/32° DIA
MADIAL CLEARANCE:

SALL ASSEMBLY: ,0008-,0012
AUGNMEINT SLEEVE:  .0002-.0008

SMACEWAYS AND ALIGNING SLEEVE - KAYNIES STELLITE NO. 19, e - 30 MINIMUM
BALLS - HAYNES STILLITE STAR 1, fs - 30 MINIMUM

SNAP WASHESS - INCONEL

SEALS - TEFLON UP 10 40°F, STAINLESS STEIL 600°F ANO OVER

INNER BING BALL MCE TO HAVE GROOVE SADIUE EQUAL 1O 51.0% YO 31.9% OF
BALL DIAMETER

OUTER NG BALL RACT 1O HAVE GROOVE RADILS EQUAL TO $1.9% 10 52.0% OF
SALL DIAMITER

BAUL BACIWAYS 7O HAVE BALL RACE GROOVE DEPTH (SHOULDESS) EQUAL 1O 17 7O
19% OF BALL OtAMETE?

OPTIONAL = SINAP ASSEMILY Of MESSEESCHMIDT TYPE LOADER SLOT
TEFLON SEAL AND SNAP WASHERS FOR STORAGE AND PRE-FLIGHT STAUNG ONLY
RACTWAYS AND BALLS TO B€ DIPPED IN MIL-L-7870 OIL IMMEDIATELY MEFON

INSTALLATION OF SEALS FOR PRESERVATION AND ROOM TEMPERATURE OPERATION,
OIL WILL EVAPORATE AT HIGH TEMPERATURE AND MABING WILL OPIRATE ORY.

UBAGE AND AP LICATION INFORMATION Smmemmemassm———

SOLLER STAKE
SEE PEAPORMANCT OATA

-l
N
A



AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F1 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 1(2) (Sheet 2 of 2 Sheets) Self-Aligning Ball Bearing

LOAD V3 LFt

1AL
v o 3400 \ "'(no.ovuunmgw)’

E
3. Di~.. \ f‘“m
3, feeml TIPS <
i w.j}“ﬁ
0 K* = 1900 § S
Nh.>\ I ~~~~
i éf-mw\‘w\r.“ \\N b
sﬁ\'ﬁ~ A
s
y 10 100 1000 10,000

LOAD S$PECTRUM TESTS - 1000, 1200, 140D, 1600 AND 1700°F

10- ¢ 10, 20 OPMt
CYCLES AT EACH LOWD RON

Comment: Load life curve should be distributional for design

for reliability usage. =

4



CHAP 6 - AIRFRAME BEARINGS

SECT 6F - BEARING CHARACTERISTICS

- AFSC DH 2-1

DN 6F1

SUR-NOTE 1(3)
Tyve, Stellite 19, Ball Bearing

{Sheet 1 of 2 Sheets) KP-21B

MATERIAL:

BACE QURVATUAR:

WARICATION:

MOUNTING:

APPLICATION:

]
ool
1
Cuamm —
T I o
- EE et
o 00 ALLS - 20 1° DIA
T MADIAL PAY - ,0013-,000

GALLS - STILLITE 3, & 38 MIN

RACES - STEWLITE 19, §_ 52N

SEALS - TEFLON FIBEIGLAS JONDED 10 5.5 BACKING,
ETAINED BY 5.5, SNAP RINGS

OUTER - 52,3 1O 50.9% OF BALL DIAMETER
INNER - 51,3 TO 52.9% OF BALL OlAMETER

OEIGNED 1O OPERATE DY

USAGE AND APPLICATION

PRESS FIT IN ALLOYS OF COMPARANLE EXPANSION
COtFFICNT

SO PRRPOMMANCE DATA

MEIAN HERT2 STRESS

08 b=

.0 b

0.2 -

MEAN HEXTZ STRESS - 34 « M (mereeR aACD)

staLnt - o7,

52100 STEEL - 0.7,

€=30. 100

POISSON'S MTIO = .33
£ - 12008

teD.3x 100

POISSON'S BATIO = , 25




AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F1 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 1(3) (Sheet 2 of 2 Sheets) KP-21B
Type, Stellite 19, Ball Bearing

WOAD VS LM

I 8 3 4 0 & F 8 % W il o W
4B, 1 5 ¥

Comment: Load life curve should be distributional foi design

for reliability usage.

rerr .-
JJ



CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

AFSC DH 2-1
DN 6F1

SUB-NOTE 1(4) (Sheet 1 of 2 Sheets) KP-21B Type,
Stellite 25, Ball Bearing

*.000
&30

SALLS « 3 MW" DM,
GADIAL PLAY - ,0013-.000

MATERIAL: RACES § BALLS - STERLITE 25 COLD WORKED TO &, 32 MIN
GACE CQUEVATURE:  OUTIM MACT - 52,5 TO 5).5% OF MALL O
LUBRICANT: NONE

USAGE AND APPLICATION INFORMATION

MOUNTING ragss Y
APPLICATION ! $08 PERFORMANCE DATA
MEAN HEXTT STRESS

=R
FOELOMT WATID =
\ o
* "—C;:lm“!!l-l'
1ob

L] v 4 ¥

POISSON'S BATIO = .29
STRLITE - 1300°¢
(AR L1

POISSON'S RATIO » .23




AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F1 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 1(4) (Sheet 2 of 2 Sheets) KP-21B Type,
Stellite 25, Ball Bearing

-4
.:\‘
LOAD SPECTRUM TESTS
T T
At uLnl mclv:ou | F
COEFMCHNT |
» - - b o o o b B A e e R Y
i 717
) H
1200°% ,? |
-
H | v a1
g - * l =5
$ . A TA |
% .. }( ij e Tl rone |
2 : ’ ( LUSHCANT: NONE
- ,l (/f
- A
A 2000 n0? 10,000 no?
0 1 L
! il
7 3 r e 9 0 W a2 1 s

Comment: Load life curve should be distributional for design

for reliability usage.



CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

AFSC DH 2-1
DN éF1

SUB-NOTE 1(5) (Sheet 1 of 2 Sheets) KP-33-B

S Type Ball Bearing

MATERAL:

S8ALS)  TIPLON TPE SEALS

INCONEL X SNAP WASHERS

MR CQARVATUNRE: ININER BACE - 51.0-51.9% OF BALL DIA

OUTER MCT - 51.5-52.0% OF BAU DA
SHOULDER MOIGHTS: ALL BACEWAYS - 17.19% OF BALL DIA
Qotunes: TEFLON AND INCONEL WASMEES LBIO
LWBICATION

INBTALLATION OF SEALS, TRE SEALS Al

MUS: o1 D

BADIAL CLEABANCE:  .O008-.0012 (BALL ASSEMBLY)
.0007 0008 (SLEEVD)
801-.0018 101AL

ALL COMPONENTS DXCIPT $EALS - -2 TOOL STEEL 628, MIN

FOR PREFLIGHT SEALING

SACIWAYS AND BALLS 1O 88 LUBMCATIO WiTH MiL.L-7870 SEFORE

ND OIL VAPORIZES AT

TOMPEAATURES  600°F WNERE BEARING OPERATES DaY,

——  VAGE AND APPLICATIO

SE PEPORMANCE DATA

SOLLER STAKE HOUSING Of MIOWMNICAL MTENTION METHOOS

a8~




AFSC DH 2-1 CHAP 6 - AIRFRAME BFEARINGS
DN 6F1 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 1(5) (Sheet 2 of 2 Sheets) KP-33-BS Type Ball Bearing

\OAD 2 UM
g (--J. »
h Y ' . 1040
—tos0 _, | |
’ SRS (NO. OF BALLSHIALL DIA)* 7]
3 L Jeeow N S
[ ] Y \\
] . ¥
1 -
J N N4 - 008
] Joove AN MO
! N NSl
il £
; g § & 1000t \\ ~
e =100 \ 1 l L -
& N | S
K° - PR LL; "~
L4 -
-4
L gl | |||
» e00 10,000 0,000

CYCUS - 027, D O™

VACUUM PEIFORMMANCE: NO LUBNCANTS

17, 308 15 LOAD 2.6 2 10~ 108 - 1200 028° CYOUES ore et
WOPF, 2900 18 LOAD 7 « 100 TOM - 1350 92° CYCUIS )

LOAD SPECTRUM TRSTS

LIMITING FRICTION COTFFICIENT
___________________ - -

4

- !—'
(MO, OF BRLLEWBALL D)

FRCTION COSFFICHNT

L
L

i
e 7 w9

Comment: Load life curve should be distributional for design
for reliability usage.
59
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CHAP 6 - AIRFRAME BEARINGS * AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F1

SUB-NOTE 1(6) (Sheet 1 of 2 Sheets) Needle Bearing

149
e —i
.4, W™
o e ;E—m —
il I
27300~ teim u imee,
1.2477 - L7495
1u77 901
! st itk « Camma M |
MATIMAL: OUTER MACE, INn2X BACE & BOUSS,
HAYNES ALLOY #28 PER AMS 759
COLD MDUCED & AGE HARDENED TO &, 48 MiIN
. #10-13-The STAIVLESS STEEL

WEAT TRAT 1O 8, 36-45
UBIKCATION:  NOME

— SAGE & APRUICATION INFORMATION e

MOUNTING : rass AT
AFPUCATION: SE§ PERPOMMANCE DATA .

AN Heetz sTRRSS

L
™ MPG  ARCRATT STATIC

|
—r

=J5
L - 4, 1293 DA
MEEOUE LENG W - 7991
PORIONT MATO - .5
0.0, -1.04,1-1.00

MBAN WTZ SRS - 18 » W (PN ACE
—4 ¥ 9

MATERAL - FOLLEES AND BACES COLD
WORKED §-35
CAQE -PISINe 8.8,
SUINGT™ IN CONTACT
4 A A e e ) Y
e »n 300 $000 0% ne 0000 [

Comment : Change dimensions as shown above.

Rationale: Dimensions of bearing diameter are not compatible.

11



AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F1 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 1(6) (Sheet 2 of 2 Sheets) Needle Bearing

FRCTION COEMPICIENT (BASED ON MTCH DIA )

Comment: Load life curve should be distributional for design

for reliability usage.

(4
}
A

12



i

CHAP 6 - AIRFRAME

BEARINGS

SECT 6F - BEARING CHARACTERISTICS

AFSC DH 2-1
DN 6F1

SUB-NOTE 1(7) (Sheet 1 of 2 Sheets) Spherical Bearing

MATERIAL:

MEAY 1EIATHENY

FInISH:

UM HEIONS:

QU LITY:

LLLRICATION

ASSEMELY METHOD:

pb——— 335 # 005 ~——o

CHAMFER o
027 #.,005 x 45°

m'.(v'}
s i3 s o000
I H 00000 "~
e i "g -5
() n i \
1 !
I; )

r
(s

PAts
FOLLOWIN
0O 1Ot CC
AT 14X*F FC

UNIF G228 OFDE SiLAt AS RESULT OF THE ARDVE MIAT TRZATAMLN

ALL DIMEREIC! 15 55 LU BE RET AT TEF S0AT LTATAE NT AND OXIDIZING FROCESS DeSCRISED
2EONE

RIATINGS SHALL B! FRLE
SCRATCHES, AN B4

MLTIUAL DRI LCHONS, 1001 MATES, SHAED THGES AND
CATin OF B Wit MARUAILY OLCIATLD OF MIAUGNED

(D7-% GO FLATE O EDME ARG L, PENLT 4L CritE ON I15IDE OF VTS SACE

SCHW THEFADL, O BALL AND IR 1A 0L

1 S PADIAL CLEAPANCE, 70°F : .0002- .0008

13
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§
]
K
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e e

AFSC DIl 2-1
DN 6F1

CHAF 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

SUB-NCTE 17)

(Sheet 2 of 2 Sheets) Splerical Beaving

FHCTION COLFFIQINT

FRCTION CONTTIOENT

LOAD SPECTAUM TEST

K
NAXI I AL ONARLE FECTION COLFFITITNT
o
TENP - BV, DISPLACSAE AT = 030%, 10 CRia
10 CYCLES A) BACH LTAD POINT
“-
SHNET (ENT
O (e - it
e EENGHIT O
F——)
2 Xth GOLD TL8TE LUEH CANT
ol e gt e e e e
0 s " 18 2 % » £ « < w
UMGT LOAD Glibr DAt ta 200
it
1.2F
b N i s r

" R : 000 0 N
24 AP, - WG s
¥__. SRR e S SR e 4_,/4‘?/’.-
O~ F (RIS ¢ o
JR i e =

g, ST & 5 -l
i o p i P S
NS o~
ap VN 75
ol 2 4. J. NI Socass ol IS SRS LS B R B
x «x “n [ Voin () ‘ [ 1 2
Cvaars, 123°, 36 C

WP - VAL, LORT
we

ok
1 P’ VACU A - 34w

r
g LAzt
o
o
-
&
o
o
5 ¥,
2
L
“
<
o2
.IL
0 A L 1 —d. Y el
° 000 0,0 15,000 20,003 5,000 ,ND M &t

CYCLLs, 028°, H OM

Comment:

Load life curve should be distributional for design

for reliability usage.

63+
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

AFSC DH 2-1

DN

SUB-NOTE 1(8) (Shcet 1 of 2 Sheets Spherical Loader

6F1

Slot Bearing
10* X
N

e
857
O » D
QIR

—< P
. : T ll-_“._ {.//_%/ / —_—T
.(0&-4'-‘ HANTER wem e l» - ) - ;

BADIAL CLEARANICE: 2
K~

PEATERIALS OUNER RACE: FENE 41 HIAT TiE2TID VO IV R, L)
BAL!: BEHIE' 4) MEAT TREATIOD 1O 37 0, MIN

LUBICATION: WVITROLUSE 1770 CEFAMIT BONDED DY
FILM LUBRICANT A7PLIED 10 BALL SURFACES

15




AFSC DH 2-1 CHAP 6 = AIRFRAME BEARINGS
DN 6F1 SECT 6F - BEARING CHARACTERISTICS

SUB=NOTIS 1(8) (Sheet 2 of 2 Sheets) Sphoerical touader
Slot Bearing

(T3 [S¢
np— e el e e -,
2,00 F1 \ | |
|\
10 |- L |
LR
Vool
\ ‘ \l
L L \
T k. i
!

% \ !
& \ {
n i
Y LML ] &0 Tl |
Z
& ‘\ f .1 | 1
2
‘ \ | |
| Vo
Ar h i
’ i
= | i
1
¢ L bt L 1 .
1o )
ot
' t PRV
Tys b
e o E el . ~ T
0.8
0.4}
z o x
FER] P, (AR CeCE L " B ?
& ]
5 |
£ [
¢ [
]
g': r e 1o d s, rh ,
s  see / . i
COu, S8 N . B e , |
a e S
Y— =y N, e omd N N L
0. . SLTT. W . oy e DRSS T A I
e s s e o 2T U St ~00 PO
TR Vigeto !
[ U y)
L— PIRNIE U TR e R Y W | L], P dJoov b ' . b P l, [URNUINY UM B l.l_
' Ve Vo 00, 5,0
cvoul e

SO VAT Bebeirer RALL AND Qrith, et

Comment: Load life curve should be distributional for design

for reliability usage.
CH~
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CHAP 6 - AIRFRAME BFARINGS
SECT 6F - BEARING CHARACTLERISTICS

AFSC DH 2-1
DN 6F1

SUB-NOTE 1(9) (Shect 1 of 2 Sheets)  Metal Compact
Plain Bearing

. w(wﬁl“_. -__/._/___' ]7“"7-4m sTenL
ey X

LWRICANT —_—
COIPIAT 412200 JECSRROONS | po
et g | f
o | e
! .50
B » 1,004
1.6

beo - 20—
L4 €I0s NS ERIIra}
YRR WS, T T2 1020 K ETALS
T i ESCOXA
Fowo gt 10 i e, o0 4
Cerer . S MU PRI ) 10," L |
BLEQTAICEL . v rwt, 70 aermw bt

WA O 0 " WCETN O BEATTIT T LAY VRGOS
VoA S ASD tesrii el TnS

ey S
v
Y
=" &
Qi (;
. e
o
o g
(G BN [
i
<
T 3
4 U
N . v.oo& |
SO0 HORN N
b b d 1:
Y i sy
) 0 Bl S
i v
& 1 A
¥ oo ’ :
X @ dp
(el rd ] 1 w
* . ::
; t ] 12
00 ! :: Hel e
3 |4 N
o g
PR s :‘
| 8 R C AT
och I T
n y e O |l -}:4
3 L ]
: | A
4
oo _I [ .| l i e

e \J
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AFSC DH 2-1
DN 6F1

CHAP 6 ~ AIRFRAMIT BEARINGS
SECT 6 - BEARING CHARACTERISTICS

SUB-NOTE 1(9)
Plain Beuring

(Sheet 2 of 2 Sheets)

Matal Compact

Lo —— -~

TYPICAL L1FD SEOTS

Ll o
A7 | |
-E' o H kS |-—- |
L 1=l 1
E | \ |
o 3 i
¥ o, ..-'n-\ AL, T H
o M e e 1\. | R "-\.I
.3 L™ £ 4
il h: Im~-*’ i
B o A o i T -
o b /ﬂvﬂﬂf" \ o ¥ |
R ™ 5
o Al OO 7
B b b T e _l._|_¢ e B I
-] bl [l ] i &
CYZLES s ¥ D2, B30 Te 'y
e OADMORU TS S
r [T A RO E R BT
POy b AL EAZ L e 1Y
0
[ T A AT B
Caoaritinng
g 60}
0
t
¢
. B $0F oo
; &wmowm/
o "\’c»' e 1=
5 % v~ "'O'C‘(L()r‘.
\ﬂY P -
o0 L > 7 [
uM‘A‘:‘x ATY\ :
N \ S - v
.0 J— 1 e - !
i U e f 12,5 i 1t
1¢,0m 95 4,05 ™ £.,eul [ XM

Comment :

for reliability usage.

LOAND « BT s

Load life curve should be distributional for design

Was
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AFSC DH 2-1

CHAP 6 - AIRFRAME BEARINGS
DN 6F1

SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 1(10)  (Sheet 1 of 2 Sheets)  Graphite Bughing

CHAMFFe
'ﬁ; v

= e g
A
g 'mT7 7/ ’>
(L/__‘_’//.A{L.././l.:;(‘.l e
31\\ 1’
7% :
7510 :;;;’
JESIEY IRV S
Kaly e B | e
O3 AN \
L- S || S
[ 7\ S S
AN

MATERIAL- RIGH 11D C AR e W1t H THE FOVLIran s 10 BiRY i3
[ AL PLEN SRR RS
COLI, Tetinat Eaispiyt 4 BT, D /e M
LRI V) Yin /b
COMnntt ne SO, Bl R, 00
FLE o al SIFTRCIH 401 14,00,
" HTERT DAL 3 80
MAT L U DT ST 0 GRE): B4
PCratug, e 1
LORETAN D HOL £ LaRtD

mr e e v (5G4 ACPUCATION [ 1A sreaecs smvces cerrcmaeme

MOUINING:
SHAFT:

AFPLUICATY M-

LIGHTE26-8 LR St kil
T PL M N SURFACE i B 39

SIEFLPOERUNTE DATA

tylg <
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AFSC DH 2-1
DN 611

CHAP 6 - AIRFRAME BEARINGS
SECT 6FF - BLARING CHARACTERISTICS

SUB-NOTE 1(10)

(Sheet 2 of 2 Shects)

Griaphite Buchiung

R

LOAD SPECTY 1 TELTS

TION COEFFICIENT

B J /7772;%
B o
iz s —
T L1 S Gl K ‘3 0.6250
— ~ . g :
| Y
S
| v e
. ‘l 1LCIUPLD B0 L CEI T a2, 30 Cim
P A/“‘\ H £ 0VTHES AT S£UH LOAD POINT
~4
\-— 51
I ,
— S ] f’ R AR £ 72 @ N Tad g
- " LIYR SR (S 2 /
! /\,
Y Rl LA
e A L= 3 )
3 ntplaimt.d #: S e S £ SR
SN [URUNUNUN IV SUNURS P RS B ! .
5 P o . ) o
[EYR TN ZV N B P S Y Y IC‘
oAttt ARt AR ADS
L0038 . -
i £
~ @2 ' f é
9
§ ! £l ]
§ ! # :
] G ¥
Ko .d bs) od r o
g B i 7
. =3 i . [
- "'. 4 A4 > ‘.
H i BT - 3
\Z L0015 [~ ~A i = $ V
& i i
Z‘ " 0 e = b
. "= - O
< i | A c & [
¥ iv 8 s ;‘ 5 !
z B : ¢
O %
0008 . ) T = o
' I £
]l "
Bl
[ 2oy —rdmemadd o e e

e

Comment: Load life curve should be distributional for desig

for reliability usage.
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CHAP 6 ~ AIRFRAME BEARINGS
SECT 6F -~ BEARING CHARACTERISTICS

AFSC DH 2-1
DN 6F1

SUB-NOTE 1(11)  (Sheet 1 of 2 Sheets)  Flexural Divots

S
fe——u728 L

]“-.— allarier ol m-" NPT 1T RS £ r‘“""!‘%_‘g‘
e (s —— 0 RN S,
.. 060 o
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AFSC DbH 2-1 CHAP 6 -~ AIRFRAME BEARINGS
DN 6F1 SECT 6F ~ BEARING CHARACTERISTICS

SUR=NOTE 1{11) (Sheet 2 of 2 Sheels)  Flexural Pivots

el g s sy 1 XU U e pt —
FLEAUSE 12D, 6012-40)
OLCIUEATITN #5030 (M
24 rit, - e ARUNEXURE RUN N TENDION
..__[._.1_. e
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I 265 188
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Comment: Load life curve should be distributional for design
for reliability usage,
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CHAP 6 = AIRFRAME BEARINGS

SECT 61 = BEARING CHARACTERISTICS

AFSC DH 2-1
DN 611

SUB-NOTE 2(1)

(Sheei 1 of 2 Sheets)

Ceratnic Ball Beuving
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AFSC DH 2-1 CHAP 6 ~ AIRFRAME BEARINGS
DN 6F1 SECT €} - BEARING CHARACTERISTICS

SUB-NOTE 2(1) (Shcet 2 of 2 Sheets)  Ceramic Ball Bearing
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Comment: Load life curve should be distributional for design

for reliability usage.
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

AFSC DI 2-1
DN 611

SUB-NOTE 2(2) (Sheet 1 of 2 Sheets)  Plain Spherical Bearing
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SEE PERS ORPAS NCE DATA
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AVSC DI 2-1
DN CF1

CHAP 6 - AIRFRAME BIARINGS
SECT 6F - BEARING CHARACTERISTICS

SUL-NOTE 2(7)

(Sheet 2 of 2 Sheets)  Plain Spherical Bearing
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Comment: Load life curve should be distributional for design

for reliability usage.
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

DESIGN NOTE 6f2

AI'SC DIl 2-1
DN 6172

STAMDARD BEARIGS

1. INTRODUCTION

To aid the designer in bheuring scleclion,
this Design Nole preeents the standard MS
bcarings with suppiemental dimensions and
load data. In addition, corrcct housing Lore
and chaft dimeasions are given for the
proper mounting of cuehibearing, Withproper
lubrication, the beorings are uceful for a
teroporature renge of =65°F to 350°1 caeept
the MS21220, MS21241, and MS212238 bevvings
which are useful for a runge of =677 (o
250°5,

2.  BALL BEARINGS

The standard sirfrome ball Learings ore
shovn in SN 2(2) throvh BN 2(10),

3. NEEDLE BEARIGS

The standard airframeneedic rollerbearings
are shown in SW3(1) throuph SN 3(7).

PA

4, ROLLER BEARINGS
The standord airfrume scH-aligaing rolics

bearings are shown in SN 4(1) thwcoyh
SN 4(4).

o, SPHERICAL BEARINGS

The standard pivirame plain spheric ol Loy
inge are shown in Siv B{1) thwou;n & &,
G. BUSLINGS

The standard aiviveme LGachings oo slovn

in SN G1) throust SN 6(C.

7. ROD ENDS

The standard rod end bheavings are shown
in SN 7(1) through SN 7().,



i AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
i DN 6F2 SECT 6F - BEARING CHARACTERISTICS

SUBR-NOTE 2(i)  (Sheet 1 of 2 Sheets) Heavy Duty
Ball Bearings (MS27640)
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FO% Se2aing THE BLARING 'N THE WOUSING WILL €E PCCEPTABLE.
FILLET CLEATAICE WILL BE ACCEPTABLE.

WMEN SUBJECTES TO OPERATICH AT 380° F, THE RATINGS SHOULD BE

fINGS,

BALLS,
£33 SEALS
PE# AMS3EEE.
3. SEAL RETAIMIRS, STIE! AC510M FESIS
4 4 LUBRICAYT, Pt Lo 80% M3
5. BOANPRESS T RACEAA 3 ARDTENTS A PER ANST BU5.8
6. kL EXTCHMAL SURFAZES EiciPl BOR:, SEALS AnD SLAL ACTAINERS, CADMIUM PLATED PER QQ-P-416, TYPE I, CLASS 2.
7. L RALIAL CLEAFANCE: .OO0A" 10 .coto"
B. MARINLSS: WGAT TREATMEWT: MEAT TRCAY RINGS AND BALLS 10 ROCKWILL “C'* 60 7O 66 AND STASILIZLD FOR CPERATION AT 250°F.
9. L AND LATERAL ECCEMTRICITY: INMER RING .0Q10" MAX

GUILK RING 0015 PAR




CHAP 6 -~ AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTEI

AFSC DH 2-1

{ISTICS DN 6F2

SUB-NOTLE 2(1)
Bearings (MS27640)

(Sheet 2 of 2 Sheets)

Heavy Duty Ball
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Comment:

for reliability usage,

presented

Load life curve should be distributional for design

in statistical terms (parameters).
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Engineering strength data should be




AFSC DH 2-1
DN 6F2

CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 2(2) (Sheet 1 of 2 Sheets)
Ball Bearings (MS27641)

Medium Duty

e~ %
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R

(a)

o)
FAUIAL
RATIN

|

LOAD

(Lgsh

LiFs | WEIGHTY

COSPLLTE | POUNDS

CYeies |(wmn
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SIMENSIONS TO LT 8V AFTEE PLATING

=0F-RCJMD TOLE#AWL:S. BORL: ¢.0002, -.0037
OUTE® DIA @ . 0055, -

(c) A RADIUS GIVING APPRITIMATELY Tui

SAME GBIP FOR STA

1ag 140 ELA ACCEPTALLE.

(4) A RRDIUS GIVING RPPAIZAMATELY THE SANF FILLET CLEARANIE Flul sl
(@) CASE 1| » LOAD Fikid wilst BESPECT TC 2UTeR BACE
CASE 11 o L2020 FINel wiT BESFECT 7O inwed EACE
(F) THESE RRTINGS ARE FOR CPLPATION UP YO 253°F MAX. WHEN SUZJECY6D 1D GFERATIZS AT 380%F, Tut RATINGE SHIULD BE
REQUCED &Y 203%.
1. RATERIALS: RINGS: STEEL. #ED-5T0-€6, E52100
BALLS: STEEL, FED-STO-6E, {81130 or £52100
2. SE2LS: POLYTFTRA ETHYLERE FER AMS Y 6n POLYTETRAFLUOSCCTHYLeRL SHEST, GLASS €ARRIC PEINFOPCED PR
3. SEAL PEITAIGIRS  STEEL, CORRI5100 BISIC 2453065,
LB LUEPITALT: MIL-0-B1322, FiliED &%
S. WABONESS:  MEAT YREAT RINGS AND BALLS TO KOCRJELL “T" 62 TO 66 /0 STAZILIZED PR GITRAYIOS AT 250%.
[3 CURFAZE ROJAESS: RACEWAYS AMD FALLS - B MICROINOVES 24 PER A0l 8000
7. PLATING: ALL EXTIBNMAL SURFAZES EXCEPT BIPE, AND SEAL RITAINERS, (Zoeils PLATED FOF QU -Poutd, YWRE 1, (1ASS 2
[ B I4TERAAL BADIAL CLTARAMCE: .CO24™ Y0 .0%10¢
9. PADIAL A3 LATERAL ECCEUTRICITY: IRNIR FACe L0010
OUTER KLk .00IS"
"?(’(
‘ -




—e—rws wa mmanivag GIHARAU FERISTICS DN 6F2

SUB-NOTL 2(2) (Sheel 2 of £ Sheets) Medium Duly Ball
DBearings (MS27641)

INNCR RACE MOVING
{¥MEN QUYER RACE IS #OVING DIVIDE RADIAL LOADS BY1.20)
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19,000 -7 : L TV T
8 2 g B [ R 41
HE SR g o BHl5 N iR
4 L . + LY - . “aen
' 8 o . o mogo =, s
S e BPIEA L . o B
Rl 6| 0 D 0560 e
I S PR X U
PR 1 )
5
\
o . .
<
(3] b ‘
H o o1
-
< .
<
:, .
-
b b 0 ogoob 0 g did . B =
0 0 gy o5 ol 0 oo . Caeey
o] aooea o o flobooo SRR RS S B LR e
L ", J N o icen vl P A T
10 e 16,00 100, %0 1,000,000 19,000,900

LHF IN CYCLTy
(SVU Y POIATELIN 1 RO R OIUILLATIONN G CBPAT LR THA B UL STACIHIG )

o e s i N . 1 SHAFT A%10 B OUSIG SHO UL R DIAMETERS
' [RLZSE A L WYOR A
Py

WRACE & APPLICATION: LATA

PS2UY PIabaT T AAE LI I L e [T ASSLIZATS
TRMRTLCAT BT S L ML BT UTED B 2PPLICATED
(3 438k

T3, TeDY CAPI TAYS HITHEF RADIAL OF
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Comment: Load life curve should be distributional for design
for reliability usage, Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1 CHAP 6 - AIMFRAME BFARINGS

DN 6¥2

SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 2(3) (Sheet 1 of 2 Shects) Extra-Light Duty Bal: Beer
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REDUCEN Br 2708
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CHAP 6 ~ AIRFRAME BEARINGS ATFSC DH 2-1
SECT CFF -~ BEARING CIARACTERISHICS DN 6F2

SUB-NOTE 2(3)  (Shect 2 of 2 Sncets)  Extra-f.ight Duty
Ball Beurings (M270050)
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1
DN 612

CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 2(4)
Duty Scl-Aligning Ball Bearings (MS27643)

(sheet 1 of 2 Sheets) Double-Row Heavy
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V. MATERIALS:

z.
3.
4,
G, HERINESS:
6.
7. P.ATING:
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTLRISTICS

SUD-NOTE 2(4)  (Sheet 2 of 2 Sheety)

Double-Row Heavy

A¥FSC DH 2-1
DN €12

B Duty Self-Aligning Ball Bearings /AS27643)

0,00 = T

INNER RACE MOVING

{ WHEN OUTER RACE 18 MUVING, DIVIDE GADIAL LOADS 6Y § 20}
/' LOADS AT 2000 - ARE LISTED AS BASIC DYMNAMIC CAPACITILS
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Comment: Load life curve should be distributional for design

for reliability usge.

presented in statistical terms (parameters).

ALY

Engineering strength data should be



CHAP 6 - AIRFRAME BEARINGS

AFSC DH 2-1
SECT 6F - BEARING CHARACTLRISTICS

DN 6F2

SUDB-ROTE 2(5)  (Sheet 1 of 2 Sheets) Double-Row Heavy
Duty Ball Bearings (MS27644) '

| <

AR

¥,

|
;"f;if’.x'“

—
1
|
e ey

Ty NS e o
(ST o} g b . )
g ESL VTR TIN A ‘;r S aaar | reoien | vreust "f“',“. tehor
Hoog N YO rapren TNER ATTCHE = E PAvinG (LS.
Feolome | : e Linn i) ke LR WL POk FubnALE L IbE WEIGRT
3 : e g ineir & “ | inee O ITTTSCL N N Vel ;
reewl i Y ¢ SN I s T e |- S
p — LEa. l.b;” 3. Lt LHERDS)
sl - CEYCRSE T Tl At 1
025 018 1:005 | 2gse ] vpon ) acso | e Jos
___sz_wqmv_,e_:g 350 3009 i
032 | .006 11222 | 4o0o 7369 w250 17 ]
H— Y
= —— e e oo —— = —

L5 N IR SR Y 21 32 BEERD) FIER Fleu it
1.4 RN} 28 Foo | 1eror ean 37 ]

o i Yo e 0 e 2| B oxb |00y | 230204 7Rz | 1R f edexe | -

1o 2935 | 02Ty 450 28400 | 9460 1530 12129 53

(a) AL DERTME S T 00 RET ACICT PUATING.
(6} ) O Boery YPLEECNCES, S e c22, - 0007

CITER D w00y, - 0010

(c) FORDTANL LI, e e AT E y Te et CEGE ROR CTAVING THE BEARING IN THE WIUSING WitL BE ACCEPTABLE.
{d) A BLUIYS GivIRG P 0 r 08ty Tpd mp F UL ET CLOART UE wilh BE ACCEFTABLE.
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

A¥SC DH 2-1

DN 6F2

SUB-NOTLE 2(5) (Fheet 2 of 2 Shicets)  Double-Row Heuvy Duly
Ball Bearings (Mx27644)
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Comment: Load life curve should be distributional for design

for reliability usage. FEngineering strength data should be

presented in statistical terms (parameters).




AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F2 SECT 61° ~ BEARING CHARACTERISTICS

SUB-NOTYE 2(6)  (=heet 1 of 2 Sheets)y  Sslf-Aligning
Ball Bearings (MS2 (L
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-‘1
SECT 6F - BEARING CHARACTERISTICS DN 612

i SUB-NOTE 2(6) (Sheet 2 of 2 Sheets)  Self-Aligning Ball
Bearings (MS27640)
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be
presented in statistical terms (parameters).
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AFSC DH 2-1 CHAP 6 -~ AIRFRAME BEARINGS
DN GI¢ SECT 6F - BEARING CHARACTERISTICS

SUB-NOTI 2(7) sutra Light Duty Boll Bearings (MS27646)
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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CHAP 6 - AIRFRAMLE BEARINGS
SECT 6F - BEARING CHARACTIRISTICS

SUB-NOTE 21:) Fatrg Whie,
Duty Boll beardne. (Mn27¢47%)

Douhle-Row Intermediate
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for reliability usage.

presented in statistical terms (parameters).
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Load life curve should be distributional for design

Engineering strength data should be




AFSC DI 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6172 SECT 6F ~ BEARING CHARACTERISTICS

SUB-NOTE 2(9) Externally Self-Aligning,
Extra Light Duty Bearings (MS27648)
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Al'SC DH 2-1 CHAP 6 -~ AIRFRAMIE BEARINGS
DN 6F2 SECT 61 - BEARING CHARACTERISTICS

Rational: Make title agree with MS title,
Comnment: Picture seems to be in error, the self-aligning ring
/

should not be shown tilted over same as bearing inner and
. 1

outer ring. J

Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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CHAP 6 - AIRFRANMYE REARINGS AFSC DH 2-1
SECT ¢F - BLEARING CHARACTERISTICS DN 6I2

SUB-KOTE 2(0)  fmtermediate Duty High Temperature (-65° to#350
Ball Bearinges (M€ 6.49)
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F2

Rationale: Temperature limit should be added to high

Itemperature interference,

Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data shouid be

presented in statistical terms (parameters).
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AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6I'2 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 3(1) (Shect 1 of 2 Sheets) Heavy Duty Needle
Bearings (MS24461)
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CHAPTER 6 ~ AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 3(1)
Bearings (M524461)

{Sheet 2 of 2 Sheets)

Heavy Duly Needle

AFSC DH 2-1
DN 6F2
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Comment :

for reliability usage.

presented in statistical terms (parameters).

Load life curve should be distributional for design

Engineering strength data should be




AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 612 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 3(2) (Shecet 1 of 2 Sheets) Light Duty Needle
Bearings (MS24462)
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CHAP 6 - AIRFRAME BEARINGS AY¥SC DH 2-1
SECT 6F = BEARING CHARACTEWRISTICS DN 6F2

SUB=NOTE 3(2) (Sheet 2 of 2 Sheets)  Light Duly Needle
Bearings (MS24462)
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).




CHAP 6 - AIRFRAME BEARINGS

AFSC DH 2-1
DN 6F2 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 3(3) (Sheet 1 of 2 Sheets) Heavy Duty Self-Aligning
Needle Bearings (MS24463)
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

AFSC DH 2-1
DN’ 6F2

SUB-NOTE 3(3) (Shect 2 of 2 Sheets)
Needle Bearings (M$24463)
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for reliability usage.
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

AFSC DH 2-1
DN 61°2

SUB-NO'TE 3(4)

(5heet 1 of 2 Sheets)

Double Row Necdle Bearings (MS24464)
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CHAP 6 - AIRFRAME BEARINGS ' AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F2

SUB-NOTE 3(4) (Sheet 2 of 2 Shects) Heavy Duty Sclf-Aligning
Double Row Needle Bearings (M524464)

vo! $LOW ROTATION (< IOOKPK | OR OSCILLAVION GRFATER THAN KULLER SPACING
1334
444
4.0
10* d44
—rd o
[eTinsg
= 3 4+
- ;
2 : 3 =11
g | | d
<
S SIRE L)) . 1, -l
VY L0A, PATIHG
2/3 &mUREET SIAVIS CATECTY
IO‘ e e B B f e pY S
—de o deaf b4 b
B s o I I [ [ Tt PRR AP
gt e 64 {5 - i
b — - _..J)Ih.____ Boe
.._i s L 5 - N 0y 5 Jasall
:
,H el JES I LR !1,
) [ il !
[
‘ l KOYE: LOADS AT I CYCLES AL CONAL " ! : 11
i l YO THE RASIC IVNANIC CARACITY (C) h [
0! ,‘|]| ). Ao aad o dotoid), 1 Dk ,'l( e R ..!' ii_
108 104 int 1w 1w’ 1wt

LIFEUR) 5 ) 1N CYCLlS

SHAFT Asd» BOUSING TS 3 OTRLAT Bl v SePeC

'J ': cuvcl

II( AR

1.31e 1 3%
i ,

l 7 17 Y 74‘“
l i‘l’ ‘ !ll

41
) 4.8/45-4.972%

GWNIN FOUMTING LIARITSS 11 ALUMINUM B JSING S RTUSZE ALL DA 2 LICS L0002

Comment: Load life curve should be distributional for design
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AFSC DH 2-1 CHAP 6 ~ AIRFRAME BEARINGS

DN 6F2

SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 3(5) (Sheet 1 of 2 Sheels) Single Row 1rack
Rollers (MS24465)
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F2

SUB~NOTFE 3(5) (Sheet 2 of 2 Sheets) Single Row Track
Rollers (MS24465)
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AFSC DH 2-1 CHAP ¢ - AIRFRAME BEARINGS
DN 612

SECT 6F - BEARINC CHARACTERISTICS

SUB-NOTE 3(6) (Sheet 1 of 2 Sheets) Double Row Track
Rollers (MS24466)
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F2
SUB-NOTE 3(6) (Sheet 2 of 2 Sheets) Dcble Row Track
Rollers (MS24466)
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for reliability usage. Engineering strength data should be
presented in statistical terms (parameters).
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AFSC DH 2-1
DN 6F2

CHAP 6 - AIRFRAME BEARINGS

SECT 6F ~ BEARING CHARACTERISTICS
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Track Rollers (NAS5H€2)
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F2

SUB-NOTE 3(7)  (Sheet 2 of 2 Sheets) Cam Follower
Track Rollers (NAS5€2)
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be
presented in statistical terms (parameters).
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AFSC DH 2-1
DN 612

CHAYP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHABACTERISTICS

SUB-NOTE 4(1) (Sheet 1 of 2 Shcets) Self-Aligning Roller
Bearings (MS28912)
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1

SECT 6F - BEARING CHARACTERISTICS DN 612
SUB-NOTE 4(1) (Sheet 2 of 2 Sheets) Self-~Aligniug Roller B

Bearings (MS28912) /I —
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DI 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 612 SECT 6I' ~ BEARING CHARACTLERISTICS

SUB-NOTE 42) (Shcet 1 of 2 Sheets)  Beavy Duty Self-Aligning
Roller Bearings (11528913)
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F2

SUB-NOTE 4(2) (Sheet 2 of 2 Sheels) Heavy Duly Self-Aligning
Roller Bearings (MS28913)
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1
DN GF2

CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 4(3

(Sheet 1 of 2 Sheels) Extra~Heavy Duty

Self=Alicning Roller Bearings (MS28914)
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CHAP 6 - AIRFRAME BEARINGS

SECT 6 - BEARING CHARACTERISTICS

SUB-NOTE 4(3) (Shcet 2 of 2 Sheets)

Extru-Heavy Dutly
Self-Aligning Roller Bearings (MS28914)

AFSC DH 2-1
DN 6F2
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‘ Comment:

for reliability usage.

presented in statistical terms (parameters).
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Load life curve should be distributional for design

Engineering strength data should be



CHAP 6 -~ AIRFRAME BEARINGS

AFSC DH 2-1
SECT 6F =~ BEARING CHARACTERISTICS

DN 6F2

SUB-NOTE 4(4) (Sheet 1 of 2 Sheets)  Light Duty Sclf-Aligning
Rollcr Bearings (MS28915)
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CHAP 6 - AIRFRAME BEARINGS

SECT 6F = BEARING CHARACTERISTICS

SUB~NOTE 4{4)
Roller Bearings (MS28915)

(Sheet 2 of 2 Sheets)

Light Duly Self-Aligning
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Comment:

for reliability usage.

Load life curve should be distributional for design

Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DI 2-1
DN 6F2

CHAP 6 ~ AIRFRAME BEARINGS
SECT GF - BEARING CHARACTERISTICS

SUB-NOTE 53} (Sheetl
Spherical bearings (hS)

1 0f 2 Sheets)  TFE-Lined Plain
410))
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

Spherical Bearings (1iS14101)

SUB-NOTE 5(1) (Sheet 2 of 2 Sheets) TFE-Lined Plain

AFSC DH 2-1
DN 612

QUALITICATION LOAD LIFE DATA

1
19113 OSCHLATING IOADQ i
L0 FOR 22005 CrolE LIFE AT
CASH 1O L5 b
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L L3Es
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Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).



AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F2 SECT 6F - BEAXING CHARACTERISTICS

SUB-NOTE 5(2) (Sheet 1 of 2 Sheets) TFE-Lined Plain
Spherical Bearings (MS14102)

LINER , 025 MAX CHAM FE Ry
——— W

1392 X 45°, -3 THRU -5

T TFE LINER e
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A

1-MATERIAL: (2) BA!L 440C AMS 5430, ’\_)
(b)) OUTER RING AMS 5843 (17-4100),

(e} LINER - TFE SHALL B INCLUDED IV THE LINER,

2-FINISH: SURVFACE FINISH DALL DIA RHR 8 MAX: BORE, BALL FACE, AND OUTER EACE DIA RHR 32 MAX: ALL
OTHERS RHIU 125 MAX,

3-HARDNESS: BALL 53-62 Re OUTER RING Re 23 MIN ke 35 MAX,

4-DIMENSIONS IN INCHLS, UNLESS OTHERWEE SPECIFILD, TOLERANCLS. DECIMALS ¢.010 ANGLES 11/2°,

5-BREAK SHARD LDGES AND CORNELRS AND REMOVE ALL NUTRS AND STIVERS,

6-THE -3 SIZK BLARING IS PXEMPT FROM THE “RADIAL STATIC LIMIT LOAD” TEST AND THE "OSCILLATION
UNDER RAIMAL LOAD" TEST BECAUSE THE LOAD CAPACIIY OF BEARING 1S PIN CRTITICAL,

7-WHEN TESTED TO THE FLUID COMPATIRILITY ORR HIGH TEMPERATURL REQUIREMENTS OF THE
PROCUREMENT SEECITICATION,THE OICILLATING 1 OAD SHALL BE DECREASED TO 155 OF SPECIFIED 1 OAD.
DASH NUMBER DESIGNATES NOMINAL BORE DIAMETUER IN SIXTEENTHS OF AN INCH,
EXAMPLE OF PART NO. MS 14102-6 = . 3750 BORE.
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F ~ BEARING CHARACTERISTICS

AFSC DH 2-1
DN 612

SUB-NOTE 5(2) (Sheet 2 of 2 Sheets) TFE-Lincd Plain
Spherical Bearings (MS14102)

QUALIFICATION LOAD LIFF DATA
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Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1
DN 6F2

CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 5(3) (Shect 1 of 2 Sheets)
Spherical Bearings (MS14103)

TFE-Lined Plain
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NOTES: g TR S

1-MATERIAL: (o) BALL 440C AMS 5030,
(v) OUTER KING AMS 5643 117-4PH),
{c) LINER - Trt SHALL BL INCLUD D N THE LINER,

2-FINISH: SURFACE FINISH EALL DIA RHP 8 MAX: BORKE, BALL FACE, AND QUIER RACE DIA BHRA 22 MAK: ALL OTIIER EHP 125 MAX,
3-HARDNESS: BALL 5582 ke, QUTER RING Fc 23 Mit Fc 35 MAX,

4-DIMENSIONS IN INCHES, UNLESS OTHERV/ISE SPECIFILD, TOUERANCES: DECHAALS 3,010 ANGLES #1/2°

5-BREAK SHARP EDGES AND CORNERS AND PEMOVE ALL BUPPS AND SLIVERS,

6-THE -3 SIZE BCARING IS EXTPAPT FROM THE "RADIAL SYATIC [ HAIT LOAD' TEST AND THE "OSCILLAYION UNDI FaDIAL LOADY
TEST BECAUSE THE LOAD CAPACITY OF BEARING 15 PIN CRITICAL,

7-WHEN TESTED TO THE FLUID COMPATISILITY OF HIGH 1EMPIRATURE REQUIREMENTS OF THE PPOCURIMENT $PCCIFICATION,THE
OSCILLATING LOAD SHALL BE DECRLASED TO 75% OF SFLCIFIED LOAD,

DASH NUMBER DESIGHATIS NCOMIMAL BORE DIAMITER tN SIXTEFINTHS OF AN INCH,
EXAMPLE OF PART NO, MS 14100-6 » 3750 BORE,

Pl
i B e

A

Ly



CHAP 6 - AIRFRAME BEARINGS
SECT 6F. - BEARING CHARACTERISTICS

Spherical Bearings (MS14103)

SUB-NOTE 5(3) (Shect 2 of 2 Sheets) TFE~Lined Plain

AFSC DH 2-1
DN 6F2

QUALIFICATION LOAD LIFE DATA

LO%E OKCILATING lOAD®. u
.07 FUR 28,000 CYSLE LIFE AT
DASH NO. Y6 $28°, 19CPM
3 W) 4,50¢
4 250 4,800
$ W 6,080
[ .44 6,810
T AND A s 11,189
¢ .5%0 1,985 _
[ K% [T
10 AL .28
T Taup0e
1 67" T e
te oA o209

@ L8 R R-E1620 FOP OTHER CONRDMILNS OF LOADING

SHAFT ALD HOUSING FITS

0.b
000
DAtH N7 -8 HUUSING ST SIAFT DIAITER
e S R B R P R e e e

& LR VNl
3 82750 22 tORE DIA s
4 £750
S SHETS 50 €S0
] k125 8119 - 811
4 KA 6y - 9344
3 1.0v0 R R 'ﬁ
2 1,158 VAL . 1,109
10 1.0878 1.0869 - V. Va4
2 1,375 hEats 4,377
" 1.6250 1.6284 « 16219
1@ 2.12% 2.024 - 21237

Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F2 SECT €¢F ~ BEARING CHARACTERISTICS

SUB-NOTE 5(4)  (Sheet 1 of 2 Sheets) TFE-~1.ined 1'uin
Spherical Bearings (MS14104) ’

LINER .025 MAY CHANMFER  —an -

i W i i ' '%;%nb?.a'mnv-s

N 1 T4 x 452-6 THRU - 10
3
R m ™ RS- b3 xast12THRY -16
..d\.l.'l:u.‘- § A CAFRLYn /. k}'\\I
— N Ty o 4

~ . o g | _,.""ll i1
N -\_;—“ }f | N III:' ¢ i 4]
! / )/‘

i

~ L
. oot
|

(HEY

—— .
.. l‘"‘—
ey

] 7 % z,"
| 5 ; F
et i :
| 3 = L St P 54
S S M - I ] ' L . )
o A Y § P
| !|‘|""H.,_.-.,..-- | Vi 553 W, J i ‘
] Hy - \ /
. i ."'I- T
Rl YO nalUs /
prean A
- = = R o i__ e
DASH | D P H A Q| w VoA LE omen g epe | i J -
NO. [t Fe 000G b, 000 e Ve .‘.‘,)',".' . \ {)f
. ¥ G . 00 saprr aove o 't - Pl Ao s AY .
ST R VIR (P UV R S AE S SV S S CTP I T ! i . TORGUYL 1% LI
! '

NOTFS:
|8

MATERIAL (a) BALL 440¢ £0€ 5070

{b) OUTE R RING AN 564001740100,
{c) LINVR  THF SHALL PV INCLIDID IS TR LGETL

2. FINISH SURFACF FLISH, BALL DIA RHR &MY BORI. L LE PATT, SN0 G PR ICACE DIA RHR 52 MAX,
ALL OTHERS RPR 120 MAX.

HARDNESS. BALL 55-62Rq O™t HORING 23 o MINL RO 0hH oY

DIMENSIONS IN INCHFS, UNLESS OTHERWISL SPHLOWVIFL [T R L bs LECTIL 00 ANGLYS - \,~'2n.

BHREAK ALL SHARP FDGES AND CORNSTRS &7 0 B IOVE 81D BUED 0 47 1 SLIVERE,

6. THE -3SI7E BEARING IS EXFEAPT FROM TEF  HADIAL C100h 100070 LoAL " 1VST WECALSE THE 1 0AD
CAPACITY OF BEARING IS PIN CRITIC AL,

T, WHENTESTED TO THE FLVID COMPATERILITY O BGH rovy s B

SPECIFICATION, THE OSCILLATING LOAD SHM L b 18 T LOF SPRCHIED LOAD.

DASH NUMBER DESIGNATES NOMINAL BOUE IHANMETYR OO TPRSTHE OF AN INCH,

EXAMPLE OF PAKD NO. M3 14104-€ - 3700 JORL,

~

o

LRI OUVIRUIMIN 20 THY FROCUREMENT




CHAP 6 - AIRFRAME BEARINGS
SECT 6F -~ BEARING CHARACTERISTICS

SUB-NOTE 5(1) (Sheet 2 of 2 Sheets) TFE-Lined Plain
Spherical Bearings (MS14104)

AFSC DH 2-1
DN 6F2

QUALIFKCANIO! LOAD LITE DATA

escrwsmres 10ad@
O CYELE Lire A1

DASK P,

LoD

4 - 3,800
s L840

S Ne——
6 €000
4 8,05 T
' 19,49
* wene
10 .

T

@ LU MA-B €162 10R CTHEP COMTITNNS OF LOAL G

SHART Ant: HOUSING FITS

[LAUIN K
g

Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1 CHAD 6 - AIRFRAMIE BEARINGS
DN 6F2 SECT 6F - BEARING CHARACTERISTICS

SUB=-NOTLE 5(5) Pluin Spherical Bearings (MS21154)

1 4
200 1oL
TOUAILY SPACED —
THIOL K JALL )
ANO RACE

T s, Al . 0 T
N o
(Rt . . I/ i
e ' D y o e Y3 TR I
. s vy L i H . ' 1
I % i o iy

. 1ALl
R N N

{o) IRER L P8I0 AT oA 0 b i YO0 R P20 ) FETLE SWAGING

MATLrEL- BALL « CAE 100 OF QAN 20N 500
BACE - QU Dul: 3 ALUL Y Jhoot, miat-Selos, Ml € 5706 OR MIL-S-C50, 3% ALUR P dL [0 TE

FiINNKM- BAEL o CMETME PLATE 0700 g0, FEASS 2, 00 7 041kt O SPRIRICAL SURFACES, L0 €0 ON FACES
BACE - AR PAFU TG OO L4, TyiE ], CLALS 2,

HABONESS. [ U S-S
RAZE - ALLOY SILRL, Ro 2000

LUBRICAION:  PREPACYED WITH LN -G-2T10 4 020
SUBFACE Firdtst: SPHERICAL SLUACE OF BOILL 8 37 ROST, BALL FACC ANID OUREX B2 CEO,D, 3P PHP, ALL OTHER SURFACE: 125 RHR
TEMPERATLIE DANGE:  £5%F 10 029004

OIMENLEIES IN [MCHLY, LTILELS LR ISE STEI LD
TOLERATIC S DECIVALS 1.0150, ANGLES 11/2°
BYAK SHAFP [OGES AND CCor P, APID BE2AIVE ALL BUBES AND TITVF S
EXAMPLE OF PAPT NUMETR, JLAHLCE X yx
T'-'- BOPE DIAMETLY COOE 11! MULTIPLES OF 1/io INTH
OUTER L0 1AYLRIAL CODE
~emsm BASIC MS PART MNUIAEER

T

Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be
presented in statistical terms (parameters).

A -~ re.-
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CHAP 6 - AIRFRAME BEARINGS AFSC DN 2-1
SECT 6F - BEARING CHARACTERISTICS DN 6F2

SUB-NOTE 5(6) Plain Spherical Bearings (MS21155)
T ‘ s

= “.1—'-— "l r:-n-,=——[-"-—r

L 7/ 5V5 N

L4
2013 HOLES A _IT
FQUALLY SPACED -
WOUGH B . \--._
AND RACE N L '
& » [

1

|| S H—-d }-
: =t
010 .]..1 ™ N T
.. o
o — ‘T?:]?',"" DRIAL A

4
} k(J’*‘-IJ‘. PRI SELN )

ads® 4 }e S

\. T s
I

023
018 04D O OPTIO LAL FLt 0ADIE

FICRS NS
[P -
wxirs

(0) L GINTNSION AND HOLE DILAMTITER 1D 12 JUASIRID ATILR SW/ACGING

MATRAL: BALL o 32V, 4400 AML LW
BACE - CODMS: *u® ALLOY $TFEC, MIL-S-500, MIL-$-4758 OR MIL-S4IK, “B° ALLI *1Lma RVONTZE

FINISH: BALL - CHEmosl PLATE, QL2 323, CLA%G 2, .0J07 MAINUMUSLON SIMEGCAL SURTACES, 0008 ON FACES
RACE « Cannimt FLALE Hi0 CF2-Potle, 1YL 1, €438 2

HAPONELS: PALL <R B
RACE » 0o 22238 ALLOY STIEL

LURRICATION: PLIPACKID wtH MIL-G 21 1ot
SUBFACE FINISH:  SFHINCAL SIPTACE OF BALL & BHR BOPE, BALL FACT AND OUNEL RACE D, 37 #rik, ALL OVHER SURSACES 127 MR
HMPTIATURE BANGE,  47°F 10 02%0°)

DIMAFIISIONS I RITIHES UNLESS OVRLPWITE SrECISHD
1OLEANZE: DECINALS ¢ L10, ANTLE et 2
SAF ALL SHARY EOGE. 20D (CTNERS AND PEAOVE ALL 8UBIS AND SIM/ERS

ERANPLT OF PAYY NUMB'E:  MS211SS LS __xf
PORE COUE I MULHPLES OF 1/16 INCHES

— RACE MAI(MAL CODE
s BSIC WS NAPARLE

Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F2 SECT GF - BEARING CHARACTERISTICS

SUB-NOTE 6(1) (Sheet 1 of 2 Sheets) Clamp-Up Bushings
(NAST72, 73, 74)

CHAMFER .00} X &°
PO1H ENDS

. ALL OTHER SURFACES
, 10 8¢

+.000 i)
8 201 MHOMEPLATING

ENLAZGED VITW O C500VE

LENGH LENSTH (LT LIGTH
DATH i LA i (231} 3 CAtH 1
NO . N3, NG ~O
19 1009 » PGt i ) ciz
s2r wioi |owrom —

tecn A ' e, | e, 1 1072 x 200 2 3072
NO. BNz | stein = - S -

) e 162 1138 22 2138 a2 ) 1

3 ha o oM e o 19" 1 1157 ' 70 238 110

4 250 A 030 Nl oA 240 154 V.28 > X g

5 31 e o &3] s 32 | s 1 760 'Y 3.4 3

Q 3% Batad ot Lse e S 196 1w . 3e 3wy

i 437 g w a“w 167 V.40 “r 2 447 a yar

¢ Dl -02 o 1y 15 1810 R 2510 1Y 350

3 PRz s © 04 [ ) n R KX ¥ 3802

10 £23 t71 -068 3 010 % 1o 163 i 2.038 an 3 e

12 70 -8 -103 e on & 1 17 m 2647 n 3¢5

1 275 1173 -1 -Hg [3F] 0 te 1.2 22 2 %0 3z 170

e 1.0 V28 129 B 013 n " Ve m e s en

G
m o 1 1 6as HO 2 Evs 2 e
s 447 1is V.oa 208 2.9 a5 360

NOWS  NAS-7Z ) SHIMGS UNDER 375 182 LEMC IR 1AL MOT 4 GFOOVID

2. INOILE 4D OUTSIDT O ARTYER TO B8 #4550 . L AND CONCENTHIC WITHGH 00D FOTAL INDICATOR 1FAUING
. REEAX AL SHARP EUCHS 018,

4 VHEST WUISHINGS MLT 10 TEMUED FOR RIAAIN G CH ASSERgi Y

8 VHESE MITHINGS ABE UL ONID FOR CLAMPIIG 10 ThE SHAFT, WITH RELATIVE A HON OCCURI I IG QN THE RISHING © O, ONLY
[depr]] FIRST DASH NO  OERGIATES WZEAS SWOWN [ ABOVE TARE

SECONIL UAH HO, DESIINATES LING I AY SHC Wed 1 ANTVE TAELE.

FOT BISHING LENGIHS 375 AMND LONGES, LETTER £ AFTER TIRST LASH NUMBER DESIGNATES IUISHING WITHOUT GROOVE

EXAMPLES IAS 72-8-012+ BUSHING, 5001 [, ¥ 76D LONG WITH GROCVE
NAS 7281012 = UING, 50 1.0, ¥ 760 LONG wITHCUT GINOVE

MATERIAL ALLOY STEEL HEAYT TREAVO 1) 424,000 - 145,000 P S0 MAY Bl MADE FROM €130 STREL BAR, SHC . Mil-$ 8792, A0 STHEL bAP SPIC
MIL-$ 8070 OF [CUIWALENT . SEAMLESS ALLOY STHIL TUBING MAY 8L USED AS AN OPTHONAL MATLEIZ L $sOWVIDED THE $10a7 8D OTUCT
MEETS ALL OTHER REQUINIMINTS OF THiS DRANING.

FINISH CHROME PLATE ©.0, #ND ENDS 1N ACCOIDANCE WITH OQ-C-320, CLASS 2, EXCEPT TO A SINGLE THICENESS OF 000 AN
{.00V0 MIN. ON 1118 0.D.)

SURFALE FINISH; SURF 2 CE ROUGHNT 33 DES'GHATIONS 1M ACCOSDANCE WITH AWS: 8461 -1082
ALL DIMERSIONS IN INCHES

LhAITS UPALLS OTHFEWISE SHCIFIED  DECIMALS ¢ 010, AMGLES e 5°

1<7<

50



CHAP 6 - AIRFRAMIE BEARINGS AFSC DH 2-1
SECT 6F -~ BEARING CHARACTERISTICS DN 612

SUB-NOTE 6(1) (Sheet 2 of 2 Sheets) Clamp-Up Bushings
(NASY2, 73, 74)

NOTE HAS. ) UM RS inir 375 1 LENG TR Sor L MDY 8E GROOVED,
2. WEILEAND Qo F OAMETER TOY R PARALLEL AFD CONITCENTIIC WITHitE 00 TOTAL
HOICATCR e, ,
I, BiiAy AlLp Seaki o, Ol
4 et DR Faetd hacet PaVERIDTD FOR RS IS OO0 ATLEMBLY
S Mt TR wrg TN A L1 ET RFOF MLasarid GO THI Shaf T WITH RELATIVE MOTION
OCUEING ON Tre S HNG O, OralY |

[qel¢l] BT DR a00aD Ll a1y G E A7 SHOWN IN AeD € Tar !
LY ANELY e RS IR Y ST T SR P S N RS B Y T
e [FRRYOR T AN AT AGER TETTEY € AFTER £ibLY DASH USRI DULIGOMATES
[ E N U LN S ]

o Ane (B HAIL QIZ v gt o™, St 0y 7e3 1007 WOH C 80V
FiaS2) Bl ¢ B Lot 0, NS L0, K T, LU WO 0 D0VE

MATERIAL ALLOY STIRL W 2T TPIATED IO 425,000 145 00 F $ 1 MAY P AV 5E a0l 4115 5TE0L Bad,
BT RSt E D STEEL BRAR, L0 M-S U OF BT ALY SRS ALOY

LT Sere L f A AN T U METERIAL BE Ly 1) T T (D RO ()
MU ARECete 3 ar BT Gl Yoety Lol Wiid 5.
et Ca ot RIATEPEY S8EC DO P8V, IVIE 1, (LAY, D

QUL AT Bty LR T eyt B R I A SR L LAg S IR PR LY 'Y J S I RO
LIS SR LR IS LRRN LN LR N

Loty Wt Qe L U FD DECIMAS s LD, 2T L, st

HHOTES 1AC4 LI SRR Y IS tfres e SR AT 1) BT G OED,
TR D NOEEPARALLY AL ittt 0 Wity LY TOAL

b) U

‘, SRt arte pae

H b e XTIV AR AN

6 T TR TR e e e e TN IO T A e T AN et D

CCCHANGUHEY LT St Dt e,

MATEGAL COTE FORALLIPA %4 08 BOS YE 0 2 Vb AL Lot T T (ITTER =47 10 THE DASIC B980T 1) AiEF
Fieyr s covnp FORCPoaattg FLATI . 0o dH S S0 Toe LETLER P 10 Tl LAST DASHND,
GUriieal COCY oS nAOH NI Tt ATEL NIV DI AN Y]

LTSGR AL VTR e LIRS BT A T Bt r v TADLE,

it i TG ANID Latiate AL R B ARIIS LT DANH RILLIE UG R TS
L)oeas wt oo,
[TYICEE LS BALTOE D12 LN Y X ety N C RSOV

A 2an OISR el S Y 2T L KT 0 GV
MASIMAELIP B i vocdly %010 2 240 L7540 Wiled Co 7 Orvl, CADAISA PLATED

WATERIAL- ALULIRGM BPOH2E BAR, PERSFIC, L3-C- 268

FINT, M- CATUI G PLAYE i7h S307 C O g, Tyel 1, TLATS Y 1 A DNITION CAT LM FLATED
BORERTOW o, AT T R G A L YEOW GO MHCH VL DT SIS OF O
BECMEIET By Ol T DICIGENTAL 10 D] I 256D SERVICL A%D Shatt 1OT B
SHJURIDUS 1O Tt paat (B 1

SUREAZE FINISH SUTFATE ROUGH IESY LU CHIATION, 113 2 CCORDAICE WITH ANSI BA6.1 - 16€7

AL BIPATHSIONS (N POHES.

Linmits LPLESS OTHERWISE SEECIHED CICHZALS ¢.019, ARGLES +5°

Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters),

18<
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AY¥SC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F2 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTIE 6(2)  (Sheet 1 of 2 Sheets)  Press-Fit Bushings (NAS75, 76)

g OO
L =005
.08

-0
BN N

e -..] SR PPLANDA RN

r
— 7
CHAI R DUTH B it / SO
10, 028 008, as / 4,000 UMLESS CTPER WISE

=800l PECITITD 1ri TAKE
0.0 .05~ 013, ¢4

NAS-?S LRI
= U R
wiiGHt | o
A ] LBE. /N, 18N
o1 onIn
™ K35 014
‘ 1 o | ot on 1]
boee e = e o T ]
s VTR RETPS B EERE P 02
e
¢ 3% PO IS R .02 N
o,
R . fy S
’ 02 03t
bee ] il
¢ £ 0%

s 018 o
Mot N R s N
10 .08 008
n | s om0
o A
12 .07 .o
14 ) 033
o ]
1 w7 .1es

| -
% 02 M
2 an an

iK9=
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CHAP 6 - AIRFRAME BLEARINGS
SECT 6F - BEARING CHARACTLRISTICS

AFSC DI 2-1
DN 6I2%

SUB=-NOTE 6(2)

(Sheet 2 of 2 Sheets)  Press~Fit Bushings (NAST75, 76)

NOTES:  NAS-?S

LENGTH CODL
Glretrat cont

EXAWPLIS

MATERIAL

RIS
SURTATE FirdtoH

DIENIIOPE N IO

NOTES PiAL-T

LG CCDE
MATERAL (LT
Firdin COTE-
GETEAL CLNE

EXAMILES

MATFEAL

FiraSH

S IRFACE FINKSH

L BBILE DIA, 1O B PabALLEL AMD CONCRITHC WITH OUISINE DIA. WITHING .03
TOTAL INDIZATOR NG,

2. AL DRAAESNSIOSS 10y B 1KY ASTFR PLANINIG

3 THEST BUBRINGS HO2 bl ESDID FOGR BHALONG ON ACEMELY,

LENGTH YO BE SPECIEILD 1N ICHES AND 1 %52 1D OF AN INCH
HAL ) - 1528 CASH IO ) « (APISIM LACY NO Y

MATTL@OR LG SN DA L 9

BIASTS acfS 0 Q10010 prile o S0 PQC T Lok 1532 LONG
BRAL e e, s QTELL " %0y o KU1 T D0 A, D CA20 I0
[N ANEERCE ST 10 SN TTLF SIS 1) N L PR YT S PO S B L T S TN

92 LONG
H

UL STEEL VERT L OL%in 00 128,00 12% L0 PO AN FE AWT C FE0AT 41V STRL BAR,
SEL7. #aal 8 ¢T84, BID) AL BAD SFTC ar R Pl v AR SERM [N ALY
L1) LA T SR SE S T LS AR S LAY ] ta.alf CF e Fratt D HOLICY
MEEL R0L I s Y OF T [ Tae te

[ B | R A T N AT Y N eTol BT LA QV IS |
PO NI Y DR P LI B TEANA (AN U )

TOLUANICES AT LR on®

Voo DI VSRR Rs TR AL O 10, ST WHH GOV E DAL WITHDY 003
YL PG AT R,
A LY AT Cat b P v AT R s TT AN PLATING,

I THINT BHI LY e il b B RRGIIG Lt AT EARLY

LE IS TO BR[Oy 1 1

CHECANT 173 KDY OF ANt n

BOU A ORI B E AATER AL, Snry s Tod LT AT 1O BATIT FART RO,

SOF CEDMSICTLATED FIrit s SUBFRCTME LETTER =0 10 THE LATT D Sl KO,

NAC LA (S PATH AT IUERGT LA MG ) (P P RIQ)

PUASICAL DD L AL A DTINGZE BTG - SO NGINE (0 CAQUNONG, (AT UM
LAV AN

HACERID s AL O EDHTE RTMINS - SRS B 0T LONIG

HAL A8 3E5 ¢ ALsar e IV Bt iZE BLHIRG « S0 DIDE DA, D12 52 LONG

ALLa gt BROTIZE 0P, L0, CY-C-Ge®

CANHUIATLAYE CEY 2, 0P 8¢ TyPEr, (1 it WAL (AL AT
(R M LRI & FOMLIGHY v 07N COLOR Vo T WL MOT 8t B Ot (Of

B 9ATAEL By CCo2Tr e PATAL YO mRPEEL1eS AR NEVGITE ANID SHATL SO §E
INDUSIOUE TO ThE malls AL

ALUSUSPACES 10900% P16 ANCI BEE ) 1802

DIMENGIONS I INCRE TOTFRANCES AP LT 05°

Comment :

for reliability usage.

presented in statistical terms (parameters).

120<
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Load life curve should be distributional for design

Engineering strength data should be




AFSC ’DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F2 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTE 6(3) Flanged Press-Fil Bushings (NAS77)

ANOD LONGE
CHAMFI 005 - 0180 43 J013 MAX WHERE L 1§ LESS THAN
L230 INC i 3

: F;ﬁ- ;2#1
"';4 —

\ 010
CHAW LR BOTH [NDS " .038
it ialisd A\ [y +-00 UraEss Otuirwse

-, 0010 SPECIILD IN TANE

082 MAR Wlll.l 15,290 INCHES ‘.'

003
MAN UNLLRCUT

OLTAIL A
ALTIONAT 5 $OL UNDECYT)

siE LYSITIAN X7
CasH NO )
Np— e 8 A gL e
== sz rirpme TLiama
) trep | O o (4

on

HOTES: V. ALL DiMEN D05 1O BE MET AFTER MATNG .
2. D ACD Y 6L CONTFRTEHIT wihiiind 001 YO TAL INDICATCK READING .
3. BMAK SHLvR DS 0L . 078
€. THESE 0 55INGS MIOT INTE S OLD FOR PEAMIMIG O ASSEMILY,
LINGTH COD* - LENGTH {10 BE STECIRITD 104 .01 INCH IMCREMINTS
MATLATIAL CODT-

FOR ALUMIISA RAONZE MATEFIAL, SUTFUL THE LETIFD A® 1O THE FASIC FART NUAECE, NOD LETIER BIDICATES ALLOY STELL MATERIAL
fINI“H CODE: AL gL e

PN MINGS SHALL BE CAD, PLATED, NOR A CAD, PLATLD FISIISH O BOLHZE BISHINGS SUFFIX YRL LETTER *9° 10 THE LASY
DASH NUMATL

GENHERAYL COUE: MNASTZ (A" [F (LQ0,) « SIZE DASH NQ,) « {LPIGTH DASHHO ) « (" If QD )
EXAIPLES: WNASTZL % » CAD, FLATED STEEL B SSHING = 830 119SI0F DIA - 150 1LNG
NAS7ZAR-1670 = ALUMINUM BEONTE BUSHING « 200 PIDE DIA « 120 LONG, CAD, PLATED

MATIRIAL ALUMItIUM BF D*12F PAR, ©O-C-455, ALLOY 442

ALLOY STIEL S FAY THEATED YO 125,0W « H5,000 P51 MAY BL0SADT FID 4130 STOML BAR STIC MILS 2756, 6830 STITL BAR SPIC MIL.S.4050

SEAMLESS ALLCIY STEFL TUBING MAY BF ULED AS AN QFHONAL MATE AL PPOVIDED 11T FINISKED PFODUCT MEETS ALL OTHEY FIQUIREMENTS
OF TH1S DRAWTHNG

FINIOH- CAD. PLATE FED SPEC QO-P-AML TYPE 11, CLASS Y 11 ANDINOM, CAD. PLATID BEOPZE BUSHINGS ASE 'O EF DYED A LIGH! YILLOW FOLOR

WHICH WILL NOT R OFF OF BF SMEARED BY CONTACT INGIDFIIAL TO HANDLING AMID SERVICE AND SHALL NOT BE INJUSIOWUS YO YHE
MATEPIAL,

SURFACE TEXTURE: PELANSI D481 1982, ALL SURFA.CTS V0 MICROMNCHES

Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).

e «
“-—d™
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CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTLERISTICS

AFSC DH 2-1
DN 6F2

SUB~NOTE 6(4)

Flanged Press-Fit Bushings (NAS538)

SPLAK SMARD [DGHS . 13

SO0 MAX WHELE L 1S 250 ICHES

e

CHAWR ALL CORNINS — 0D AND LONGLS
.00 +.0m 3. 018 a8 L0153 MAX WHERE | 15 LESS THAN
00 s s 290 INCHES
'{ Iy . -.]
- - 008,
ey b

JEoy

\(mwu BOTH ENDY = UD

025- 0130 4 DETAIL A

(ALTERRATIS 1O UNDEICUT)

VL C4CE DATA

Lo,
(R AT 1 B T S TP (A N R VO R R T
RO R e A0 R : e o e g
$12¢8 (O UD (UL <92 - [4¢ _HD STEEL Bl N

LIS % Sul’\'l‘.
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Comment :

for reliability usage.

Load life curve should be distributional for design

Engineering strength data should be

presented in statistical terms (parameters).
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AF3SC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
DN 6F2 SECT 6F - BEARING CHARACTERISTICS

SUB-NOTLE 6(5)  (Sheet 1 of 2 Sheets) TFE-Lined Bushings (MS$21240)
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CHAP 6 - AIRFRAME BEARINGS
SECT GF - BEARING CHARACTERISTICS

SUB-NOTLE 6(5) (Sheet 2 of 2 Sheets) TFE-Lined Bushings (MS21240) -I

AFSC DH 2-1

DN 6F2
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be
presented in statistical terms (parameters).
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AFSC DH 2-1
DN 6F2

CHAP 6 = AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTLERISTICS

SUB-NOTE 6(6)

(Sheet 1 of 2 Sheets) TFE-Lined Flanged

Bushings (MS21241)
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CHAP 6 ~ AIRFRAME BLEARINGS
SECT 6" - BEARING CHARACTERISTICS

AFSC DIl 2-1
DN 6F2

SUB-NOTY 6(6)  (sheet 2 of 2 Sheels)

Bushings (M321241)

TrE-Lined Flanged
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Comment:

o

for reliability usage.

Load life curve should be distributional for design

Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1
DN 612

CHAP ¢ - AIRFHAME BEARINGS
SECT 6F - BEAWNG CHARACTERISTICS

SUB-NOTE 7(1)

Solid Shank Ball-Bearing Rod Knds (MS2118687;

N
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Comment :

for reliabi

lity usage.

presented in statistical terms (parameters).
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Load life curve should be distributional for design

Engineering strength data should be
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CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1
SECT 6F - BEARING CHARACTIERISTICS DN 6F2

SUB-NOTE 7(2) (Sheet 1 of 2 Sheets) External Thread
Ball-Bearing Rod linds (MS21151)

45° 2
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AFSC DH 2-1

DN 6F2

ChLiAl G -« APREME BEARINGS

SECT GF ~ DIARING CHAY

SUB-NOTE 7(2)

(Sheet 2 of 2 Sheets)  Esxternal Thicad

Ball-Beuring Rod Ends (M323151)

ACTERISTICS

TOL, = +.000 - 015

[ VA SRR LI SLLNRP R O 3 SRN IR B A L L RN P AN A S LAY ¥ N
o

(dh CASEL  LOA0 RO Witk B0 1 1T 0 i haTh

CASI L. U7 AF sl wile 700

N R IR R4 R R4

G TMBERDT €70 T e s R e ey PIETRN S
SCPEWLTers St o T e el
fob AD RGN L D SRAl Rt e s FRY AN R NI
MEZUESY BEATY S8 A5 4 RTTIARE RN R
[T (LT AL TR AN L TR A SR S &
LN F R LR
A BiAy JERIUI R
MAVIVAL T et e
Frra. [ AR yrr
Lol 4 animss e [
LR A O A |
RS . RN Bt ' 0 THat b
' 3 [ ‘
(AT
e ) [ 15 ., Eoooi ome it Gl b
[ IV AR vpbAR,
.'r
LT i Aoyt i
W S s L B
Latn o TR A1 L 1 '
(XX I [ 1 P [ . g (60
p - t. A4 ks -k .
2
34T Voo 1 e i
Jusi |
. il O oy a— . .-
b & f b 1 [
I
sl
BaERy 1w [ ! i v
Taa.l
gy
PR T IR TR = == —a
L2'S
a3 o e
Wi [ e aen 34 L 17
= = - X e ==
Sl
L2 t &4 4.5 5 [y 2.7
Shels
12413 ™ Taee T e =3 e
L s el R SR =l

L

Comment:

for reliability usage.

presented in statistical terms (parameters).

Engineering strength data should be
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Load life curve should be distributional for design




CHAP 6 - AIRFRAME BEARINGS AFSC DH 2-1
SECT 6F - BEARING CHARACTERISTICS DN CF2

SUB-NOTE 7(3) Hollow Shank Ball=-Bearing Rod Ends (MS21152)
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strengtu data should be
presented in statistical terms (parameters).

i30<

63




AFSC DH 2-1 CHAD ¢ - AJRFRAME BEARINGS
DN ¢F2 SECT 6F - BEARING CHARACTERISTICS

SUB=-NOTE 7(1) (“heo! 36l 2 sheels)  Internal Thread
Ball-Bearing Red Eoads (110821155)
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CHAP 6 - AIRFRAME BEAKINGS
SECT 6F - BEARING CHARACTERISTICS

SUB-NOTLE 7(4) (Sheet 2 of 2 Sheets)  Internal Thread

Ball-Bearing Rod Ends (MS211563)

APSC DH 2-1
DN GFZ
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Comment: Load life curve should be distributional for design

for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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AFSC DH 2-1 CHAP 6 - AIRFRAME BEARINGS
SECT 6F - BEARING CHARACTLERISTICS

DN 6F2

SUB-NOTE 7(5) Internal Thread Roller-Bearing Rod Ends (MS21220)
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for reliability usage. Engineering strength data should be
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Comment: Load life curve should be distributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).
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Comment: Load life curve should be dis“ributional for design
for reliability usage. Engineering strength data should be

presented in statistical terms (parameters).,
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Section 6G - Bearing application for reliability.

1. Parameters for life and reliability.

Parameters for calculation of ball and roller bearing

performance are:

(L) The basic load rating, C, defined as the load that

90 percent of a group of aoparently similar bearings will

endure for 1,000,000 revolutions of the inner race.

Note that it has been found experimentally that life "L"

varies inversely to the "a' power of the load "C" (L& 2 ).

Values of "a' varies between 3 and 4:; 3 is recommended for

ball bearings and 10/3 for roller bearings. Note that for

"a'"' = 3; if the load is halved the life increases by a

factor of 8.

(2) The median life of a group of bearings, Lsgdefined

as the life resulting in a 50 vercent survival rate.

(3) The rating or catalog life, L,,, defined as the

life resulting in a 90 percent survival rate.

Note that if given a rated load for 50 percent survival '"Lgg"

(median life), the relationship which may be assumed with

Lo median life is that L.y == 35Ljg.
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2. Bearing failure distribution.

The results of standard calculations for life and load

involving various catalogue factors are characterized

by a high degree of conservatism and the validity of

results is supported by a very large amount of data

and experience,

The usual assumption is that bearing failures are fatigue

failures, Since the latter are random in nature, they

will follow one of the statistical failure distributions.

The distribution found most applicable is the Welbull curve

expressed by the relation

b (L)

Ps = e

where Ps = probability of bearing survival without

failure for a given time

t = time
@ = multiplier for design life in hours, a constant
b = Weibull function exponent

If b=1, the Poisson equation results

The Weibull curve is established with the coordinates

of failure percent (ordinate), and the ratio of operating

time to the B]O design life (absicissa). The two ordinate

R



values are available from catalogue data on life, Ps = 0.90

and Ps = 0.50; and two corresponding abscissa values known

for each ordinate.

3., Determination of bearing reliability.

Many manufacturers and the USASI Standard B3.ll give the

ratio of median to design life as 5/1, but data from the

National Bureau of Standards (3) indicate the acceptable,

but slightly less conservative, value of 4,08/1. The two

curves are drawn as in Figure 1. Then the probability of

survival of the bearing for which the median life of 5

(or 4.,08) times the By design life, d, has already been

determined, is given as

t 0.746 t
== (9.49 logePS) for = L,08 B, o
(2)
and
EP= 0.856 ¢ (3)
I= (9.49 log, Ps) for 7 = 5.00 Bo
s
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Fig. 1  Weibull plot of operating life of bearings. From E. Schube (4 )

The required design life Blo in hours is,

d =L (4)
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4., Determination of design life,

Normally, the reliability Ps and the required time t are

known. The curves of Figure 1 and Table 1 are set up

for convenience in determining the design life.

TABLE .1 Ratio of Operating Time to B, Design Life for Various

Probabilities of Survival
Probabilit ; : ; : ;
p Survivayl Ratio of Operating Time to Design Life
for Time ¢ t/d for median 1/d for median
o P, life = 4.084 life = §d
0.995 0.1030 0.0740
0.99 0.178S 0.1395
0.98 0.2910 0.2440
0.97 0.396 0.3460
0.96 0.492 0.4445
0.95 0.584 0.5405
0.94 0.672 0.6341
0.93 0.756 0.7261
092 0.840 0.8191
091 0.921 0.9101
0.90 1.000 1.000
0.85 1.383 1.450
0.80 1.750 1.900
0.75 2.120 2.364
0.70 2438 2.835
0.65 2.860 3.331
0.60 3.250 3.850
0.55 3.600 4.340
0.50 4.080 5.000
045 4.540 5.650
0.40 5.03 6.345
0.35 5.56 7.150
0.30 6.16 8.040
0.25 6.84 9.040
0.20 7.65 10.06
. 01s 8.64 11.80
0.10 10.00 14.00
0.05 12.40 17.55
0.01 16.40 25.15

sounrce: E. Schube [ 4 ], Table 1.



Another common requirement is the relation of the

reliability and equivalent radial load at required

life, to the catalog tabulation of basis load

ratings.

The Weibull equation in the following form permits

evaluation,

1 1/
Re _ (6 a Ln 1\ /ab (5)
C “ 1L : Ps

For a ratio of median to rating life of 5, and Ps = 0.50

and 0.10, # has been evaluated as 6.34 and b as 1.17.

For ball bearings, a = 3.00; for roller bearings, a = 3.33.

Then Equation (5) becomes:

for ball bearings,

Re _ 1.89% L1 0 (6)
C = T0.33 N TPs
for roller bearings

0.257
Re  _ 1.780 (Ln _1_) (7)
C 0.3 Ps

These relations are plotted in Figures 2, (a) and (b).
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Chapter 1 - Airframe AFSC DH 2-X
Section 1B - Detail Design DN1B2

COMMENTS TO AFSC DH 2-X

5. ELECTRICAL/ELECTRONIC SYSTEMS CHECKLIST

5.1 System Design

5.1.1 When redundant systems are provided, are the
systems separated as far as possible to avoid
loss of both systems from a single failure
or gunfire?

St 1 g2 Will failure of any component or assembly result
in additional failures? If so, what are the
effects?

5.l .8 Have the effects of variation in power supply
on the system been investizated?

5.1.4 Are system circuit tolerances adequate?

5.1.5 Are circuits designed to prevent shorts
caused by high voltage and overloads?

5.1.6 Have interlocks been provided where necessary?

5.1.7 Is circuit stable over entire operating range?

LuB<



Chaoter 1 - Airframe AFSC DH 2-X
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5.1.8

Is a means of detecting improper operation

incorporated?

5.1.9 Are all external parts at ground potential?

5.1.10 Are systems electrically deactivated during
functional checkout to prevent inadverent
operation?

5.1.11 1Is each piece of equipment in the system com-
patible with associated equipment from a
system viewpoint?

5.1.12 Are effects of electromagnetic interference
minimized?

5% % Component Installation

Se 41 Are mounting brackets rigid enough to prevent
excessive deflection at limit load and strong
enough to prevent fatigue under repeated loads?

5.2.2 Have cantilever mountings been eliminated where
possible?

5.2.3 Has the equipment center-of-gravity location

been considered in designing shock mounts

for each equipment item?




Chapter 1 - Airframe AFSC DH 2-X
Section 1B - Detail Design DN1B2

5.2.4 Will shock or vibration mounts support the

weight of the equipment during shock or

vibration conditions without bottoming?

5.2.5 Have vibration mounts been protected from

deterioration due to exposure to hydraulic

fluid, fuel, etc,’

5.2.6 For equipment items which use leads, have lead

weight, length, thermal expansion, supplementary

supnort, bend rate, and other mounting considera-

tions been evaluated:

5.2.7 Have installations been designed to prevent dam-

age to components during removal or replacement

of components?

5.2.8 Have installations been designed such that it is

impossible to install parts improperly or to

insert the wrong plug into a receptacle?

5.2.9 Are components and assemblies which are mounted

in areas subject to adverse environmental

conditions either sealed, protected by sealed

covers, or mounted in such a way that water,

fuel, and dirt cannot enter the unit?

5.2.10 Have water traps formed by brackets, components,

shelves, etc., been eliminated?

> oU=
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5.2,11

Are lock washers of a type which can break

through protective films?

5.2.12 Are locking features provided for all critical
connections?

5.2.13 Are indexed assemblies required and provided for?

5.2.14 Have suitable designs, processes, and finishes
been specified to protact against corrosion?

5.2.15 Have dissimilar metal interfaces been avoided?

5.2,16 Has the possibility of finish flaking been
considered?

5.2.17 Are all materials satisfactory for the tempera-
ture range expected?

5.2,18 1Is moisture protection provided where necessary?

5.2.19 Are all materials fungus-resistant or inert?

5.2.20 Are electrically conductive finishes provided
where necessary?

5.2.21 Has full consideration been given during

initial design to the effect that heat

dissipated by heat-producing equipment

will have on other components?

201%
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Chapter 1 - Airframe AFSC DH 2-X
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5.2.22

Is volume of air flow adequate to cool heat-

producing equipment?

5.2.23 1Is air flow to heat-producing equipment free
of interference?

5.2.24 Is air flow prevented from escaping through
lightening and access holes?

5.2,25 Are critical items located to receive best
air flow?

5.2,26 Where forced air cooling is used, are suitable
dust filters incorporated?

5.2.27 Will battery leakage cause damage?

5.2,28 Are electrical components, wires, insulation,
and cables mounted in such a manner that they
will not become overheated by the engine?

5.2,29 1In determining clearances between structure

and equipment, have the effects of airframe

and support deflections, vibration, tolerance

build-up, wear, etc., been considered?
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Chapter 1 - Airframe

AFSC DH 2-X

Section 1B - Detail Design DN1B2

5.2.30 Are equipment items, wire bundles, and cables

located such that they cannot be used as steps

or handholds? If not, are they strong enough to

withstand this use?

5.2.31 Are bonding requirements adequate to give a
good conductive path for electrical assemblies?

5.2.32 Are mating metal surfaces, which are required to
be clean, properly identified on drawings?

5.2.33 Are connector installations adequate to with-
stand the stresses produced by high cable
weight and by coupling and uncoupling of the
connectors?

33 Relays and Switches

5.3.1 Are relays not hermetically sealed protected
from freezing during altitude cycling?

5.3.2 Will contacts resist chattering due to
vibration?

5.3.3 Are adjustments for relay contact gaps

(power circuits) protected from misadjustment

due to vibration and improper maintenance?

163<
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5.3.4 Has an arc-suppression network been installed

across the contacts to absorb the magnetic

surge and reduce contact failure?

5.3.5 Vibrational forces can induce rotational

movement of the coil bobbin and result in

lead wire breakage. Has adequate consideration

been given to prevent excessive movements of

relay part?

5.3.6 Have the contacts been sealed or isolated from

contaminating vapors and organic materials?

5.3.7 Does the switch configuration lend itself

e g

easily to positive actuating and release

action?

5.3.8 If transient suppression components are used

within a sealed unit, will the internal

operating temperature have any degrading

effect on the suppression component?

5.3.9 Are the terminals of a sealed unit adequately

identified to prevent the possibility of

misapplication of coil polarity voltage?

5.4 Cables and Wiring

1o~
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5.4.1 Is protection of wires and cables passing

over and through partitions or through

lightening holes adequate to prevent

isulation wear and breakage due to wires

rubbing on metal surfaces?

5.4.2 Will slack in cables or wires

(a) Allow structural flexing or temperature

expansion?

(b) Eliminate stretching and pulling of wires

or cables when disconnecting and connecting

service subassemblies?

5.4.3 Has decomposition of insulating materials been

considered?

5.4,4 Will all clamps used in supporting cabling

withstand the vibration environment in which

they are to be used and not damage wire

insulation?

5.4.5 Is insulation or cables or proper design and

material to withstand damage from water,

abrasives, footsteps, vehicles, and other

abuse when laying on the ground or floor?

lob



