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Chapter 3 - Detail Design 
Section 3B - Flight Control 

Systems 

DESIGN NOTE 3B1 

AFSC  DH 2-1 
DN 3B1 

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-5U2^ cables for flight  controls.    When necessary. 
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Chapter 3   -  Detail Design 
Section 3B -  Flight Control 

Systems 

AFSC DH 2-1 
DN 3B1 

use MIL-C-18375 non-magnetic  control cables.     Provide a 

3-inch clearance between adjacent  cables.     Uä^/MS20218 

eMZK/B^03gy>V>UiUii/U/WtWiMil    Use MIL-B-6038, 

MIL-B-6039,  MIL-B-79U9 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 

soecification 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 wrao angle causes overstressing of the cable  strands. 

6t/dmtXfid/MMMtii/ät4 'tHtttft&l' /Mi/fW%%%liV\i*tMi.W 

iM/WütMI'iiWH^il 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 be fabricated so the clearance at the 

pivot   is  0.030 inch maximum,  and the  pivot bolt tightened 
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Chaoter 3 - Detail Design AFSG DH 2-1 
Section 3B - Flight Control DN 3B1 

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.U     Guards 

Install guards at  the approximate point  of tangency of  the 

cable  to the pulley.    When the wrap angle exceeds 90°, 

install at   least  one intermediate guard. 

1.2    Fairleads and tumbuckles 

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 l/l*   inch.    Use MIL-T-8878 tumbuckles  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. 
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CHAP 3 - DETAIL DESIGN 
SECT 3A - FLIGHT CONTROL 

SYSTEMS 

j   SUB-NOTE 1.1.2(1)      Standanl Pulleys                                                             ~| 

DRAWING 
NO. 

ALLOWABLE 
LOAD ON 
PULLEY 

IN POUNDS 

USE 

MAXIMUM LIMIT LOAD IN POUNDS ON CABLE 
(IndipMdml el Wrap Anglt) 

CABLE DIAMETER (Inch) 

l/lt 3/32 VI $/32 3/1$ V32     !       1/4 

MS20219 
-2 
-3 
-4 
-5 

480 
480 
920 
920 

Secondary 
Control 
Pulley» 

307 
307 
307 
307 

460 
460 
460 
460 

MS20220 
-1 
-2 
-3 
-4 

500 
1.680 
2,500 
2,500 

Flight 
Control 
Pulleys 

830 
830 
£30 
830 

1,040 
1,040 
1,040 
1,040 

1,250 
1,250 
1,250 
1,250 

MS20221 
-1 
-2 
-3 

2,800 
4,900 
7,000 

Heavy Duty 
Control 
Pulleys 

2,620 
2,620 
2,620 

3,060 
3,060 
3,060 

3,500 
3.500 
3,500 

MS24S66 
-18 
-2B 
-38 
-4B 
-58 
-€8 

-108 
-148 

300 
500 

1,500 
2,000 
3,000 
4,000 

10,000 
17,500 

Flight 
Control 
Pulleys 



Chapter 3  -  Detail Design 
Section 3B  -  Flight  Control 

Systems 

AFSC DH 2-1 
DN 3B1 

1.3 Cable.  The wire stock from vhich 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 ^00), then the failure 

of wire rope occurs oritnarily by fatigue due to pressure 

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

This pressure is given by 

2F 
s -  D d s c 

where F = the tensile force 

d = the cable diameter c 

D = the sheave diameter 
s 

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

illustrated in Figure 1. 

nr dc 

F F   ■ 

Figure 1.     Gables      (7 ) 

8* 
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Section 3B 

Detail Design 
Flight Control 
Systems 

AFSC DH 2-1 
DN 3B1 

The Figure 2 curves of the number of bends to failure 

versus the ratio" of  p to S ,.   (ultimate strength) 

indicate  that ■  failure by fatigue  is j unlikely  (N >106), 

if  p/SuU   is equal  to or less than 0.001.     The  substitu- 

tion of  this experimental . value  in the expression 

above yields 

F = 
d D S _ 
c s ult 
2000 

relating all the  necessary parameters  for the design 

of a cable  of  indefinitely long  life. 

2 «10» HxJO* 6*\V gxlO» 

Number of Hcnii to Failure 

lO« 

Figure 2.     Pressure Ratio Vs.  Number of Bends      (7) 



Chapter 3 - Detail Design 
Section 3B - Flight Control 

Systems 

AFSC  DH 2-1 
DN 3 El 

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, 

»Ol 

-fa ■-4-^3 

0.? 0.4 0.C 08 1.0 

Cycles x 10s 

1.2 t,< l.C 

Fi'C. 3        laiifue life of inn!l cables. 7x7 cable, nylon-iackcted; 
 ■ 7x7 cable, bare; 7 x 19 c?Ne. nvlon-jackcicii; -— ■  
7 X 19 ciblc, bJtc. Reprinted from /WOT* Enjincerm*, O;'.,  10, 19C6. 

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 

8 
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Chapter 3 - Detail Design AFSC DH 2-1 
Section 3B - Flight Control DN 3B1 

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 r   ds 

MWi<tXMt/<<Xii*tÄ?<t4M*if//Xyi/tüt4{/M/ttä}ieiäd/1i6/ibdhl6itii 

UtäMt/W/iiUttvtiX/<ZiniiiMt/UUn6tWUrt/4f/i-iW6tti/i 

m!>iüt/ti/HX6<iitt/ttä$MiM6l//lti 'tiMi/iiiiit/ttiiWWXX/ 

HUtiMtXMiiiüitä/4f/*iiMWitä/iiUUi    Sufficient 

clearance should  be  designed  into push-pull  rod 

systems to permit   structural deflections  of 

supports and joints.     Push-oull 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 
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Chapter 3  -  Detail Design AFSC DH 2-1 
Section 3B -  Flight Control DN 3B1 

Systems 

to avoid the possibility of their jamming at  the end 

fitting during structural deflection.     JfyidüM/tfliiM 

mUtä/HUiU* /6t/iM/iWii/#PL/tUiii    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. 

\Z^ 

10 



CHAP 3 - DETAIL DESIGN 
SECT 3A - FLIGHT CONTROL 

SYSTEMS 

AFSC DH 2-1 
ON 3B1 

SUB-NOTE 1.1.3(1)     Cable Pull 

PULLEY PLANE -^ 

2* CABLE 
PULL Of F 

ji— PULLEY PLANE 

[•—PULL£V CENTER LINE 

- PULLEY PLANE 

PULLEY CENTER UNE 

«- 2* CABLE PULL OFF 

13' 

ii 



Chapter 3 - Detail Design AFSC DH 2-1 
Section 3B - Flight Control DN 3B1 

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)). 
i 

Often  spacer installation  is neglected during maintenance. 

zi>ättw/m&/MUitHfitiM/4i/*miti/fM/tiumiM/*tä 
iMi/tt/MItfM/HVii/iiti/lt/Znm*/    When hollow rod ends 

are riveted  inbo 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. 

5 V 

12 



Chapter 3  - Detail Design 
Section 3B - Flight Control 

Systems 

Rationale 

AFSC DH 2-1 
DN 3B1 

Usintf rivets for attaching end connections  is an 

old «nd unreliable method,  mostly because the  shank 

is unsuoported.     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     loads,   (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  soaced to  prevent whipping or bending. 

Do not use tubing with a wall thickness less than 0.035  inch. 

5 5 

13 
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CHAP 3 - DETAIL DESIGN 
SECT 3A - FLIGHT CONTROL 

SYSTEMS 

SUB-NOTE 1.2(1)    Fatigue 
Failure Turnbuckle 

INTERMITTENT MISALIGNMENT' 
(ECCENTRICITY) OF (ABIE 
CONNECTION CAUSED FATIGUE 
FAILURE IN FITTING 

FATIGUE FAILURE OCCURRED IN 
WEAKEST TURNBUCKLE FITTING 

DEGREE 
OF 

MISALIGNMENT 

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

WASHER AND SPACER INSTALLATION 

POSSIBILITIES OF INCORRECT INSTALLATION USING 
WASHERS AND SPACERS: 

SPACER MISSING 
ON ONE  SIDE 

BOTH SPACERS 
INSTAllEI 
ONE SIDE 

f-w I muim m 

BUSHINGS 

BY 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 
misallgnmfcu. that can occur will be from 
relative motion of the driving and driven 
components if such relative motion is 
possible (see MIL-G-6641). Provide flex- 
ible or universal Joints to prevent ex- 
cessive forces being applied (see DH 1-2, 
Sect 4C). 

SUB-NOTE 2.2(2)    Example of 
Why Shfjar Bolts are Preferred 
When I is tailing Rod Ends 

FATIGUE FAILURE 0CCÜRRED- 
IN BENT RIVETS 

\J 

14 
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Section 3B - Flight  Control DN 3B1 

Systems 

^.     Self-Retaining Bolts 

Use  self-retaining bolts  (SRB)   conforming to MIL-B-83050 

in all  critical flighf- 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. 

15 



Chaoter 3   -   Detail  Design AFSC DH 2-1 
Section  3B  -  Flight Control DN 3B1 

Systems 

5.     Bearings. 

The  bearings utilized   in flight   control  systems are of   the 

following  types: 

Needle  Roller MIL-B-3990 

Airframe  Ball  Bearings M11-8-79^9 

Rod   End  Ball  Bearings MIL-B-6038 

Rod   End  Ball  Bearings MIL-B-6039 

Rod  End TFE Lined  Bearings MIL-B-89^8 

Plain  TFE Lined Bearings MIL-B-8942 

Plain TFE Lined Bearing MIL-B-81820 

Sleeve  Plain and  Flanged 
Bearing? MIL-B-89^3 

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. 

s< 

16 
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Chapter 3   -  Detail  Design AFSC DH 2-1 
Section 3B  - Flight  Control DN 3B1 

Systems 

A multitude of load,   life,  and  speed 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 hav3 become assemblies  of  relatively high 

precision,  which are therefore more  susceptible  to 

damage. 

17 



CHAP 6 - AIRFRAME BEARINGS 
SECT 6A - BEARING SELECTION 

AND SIZING 

AFSC DH 2-1 
DN 6A2 

1 
DESIGN NOTE 6A2 BEARING SIZING 

1.      STATIC CAPACITY 

The next step is to determine the proper 
size, h 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 to move) 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=dlameterx length 
(Eql) 

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. 

TT-i* i^-^  —i     tot*l Ioad on bushing, lb Unit load, psi = proJected areat ln2 

(Eq2) 

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 TEE bushings is 
used in MS21240 and MS21241 (see DN 6F2, 
SN 6(5) and SN 6(6). 

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) 

«MM 

M«M 

'       ^ 1 

h 
i 

•«M 

t 

J 
■■it                  \ 

 MOU                              i 

M* . __^                        ,       J 
IM* 

wniM •lutm iwaui 

SUB-NOTE 1(2)    Static Capacity 
of Rolling Element Bearings 
(Self-Aligning) 
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AFSC DH 2-1 
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CHAP 6 - AfRFRAME BEARINGS 
SECT 6A - BEARING SELECTION 

AND SIZING 

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 6B1. 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 

of static load limits, if used in dynamic 
applications, must also be reviewed to be 
sure that the desired wear rate is 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 avoided. Unit load-life curves are 
available for bronze 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. 

'1' 



CHAP 6 - AIRFRAME BEARINGS 
SECT 6A - BEARING SELECTION 

AND SIZING 

AFSC DH 2-1 
DN 6A3 

DESIGN NOTE 6A3 HIGH TEMPERATURE CONSIDERATIONS 

1.      MATERIAL SELECTION 

Standard bearings made of E52100 and 4130 
steels begin to lose their hardness when 
temperatures over 3509F 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 

these bearings can be used to approximately 
BOO'F. 

c. When bearings with higher temperature 
capabilities than 600aF are desired, consult 
the list of high temperature materials in 
DN 6D1. In addition, a number of high 
temperature bearings are illustrated in ON 
6F1 together with performance data. Bear- 
ings similar to these high temperature de- 
signs can be selected using the same NO2 

(where N = no. of balls andD = 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 
foverning strength and stress 
istributions respectively. 
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Design Note 6B1, 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 (SLr) ratings for ball bearings are 
based on the formula: 

SL_ « K x N x D 2 (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 limit load can be applied 
to the bearing for a sho t 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. 

^ 
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DESIGN NOTE 6B1 BALL BEARINGS 

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 consldersrl 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 
LL 

(Eq2) 

where 

DL 
C 

LL 

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

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

!  - 

M.« \Tö5ö) 

-    tv* »SN 1.2(0 of DN6B2 

■   ■  ■    ....'y-       i   i  i i niii._   i   i i M m 
.IM w man 

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  failure 
governing  strength and stress 
distributions  respectively. 

TM- 
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3.      EQUIVALENT RADIAL LOAD 4.      MOMENT LOADING 

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 (Pr) is equal to: 

V  [l«F/'6] 1/3,6 w> 
where 

In some cases a moment or overturning 
load is present in an airframe bearing 
application. 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. 

p
r * equivalent radial load, lb 
f « fraction of time spent at F  condition r 

F. « radial load. lb. r 
As an examp^, a bearing has a load of 
1900 lb applied fur 5% of the time. 1200 lb 
applied for 40% of the time, and 700 lb 
for 55% of the time. The equivalent load 
on the bearing is: 

[0.05(1900)3,6 + 9.40(1200)3,6 + 

1100 lb. 0.55(700)3-6J 1/3-6 

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. 

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 (Pa) 
is calculated from the formula: 

Thrust Limit Load    -.   . v   .K    vM 
Radial Limit Load x 'r    ra  ""M 

(Eq4) 

where 

F. radial load, lb 

F    = thrust or axial load, lb 

KM = moment constant (obtained from 
data following each MS series of 
bearings) 

M ■ moment, in-lb. 
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ROLLER BEARINGS 

1.     NEEDLE ROLLER BEARINGS 

1.1     Aircraft Static Capacity 

The Aircraft Static Capacity (ASC) listed 
In ON 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 airframe 
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 O x (N-3)       (Eq 1) 

where 

ASC > Aircraft Static Capacity, lb 
L > roller contact length, in. 
O * roller diameter, in. 
N * number of rollers. 

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

SL • 7900 x L x Or (Eq2) 

where 

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 sfown in SN 1.2(1). The 
maximum load for ny life can be deter- 
mined by the relation -hip: 

DL  ^   ■?=- 
C_ 

LL 
(Eq3) 

where 

DL 
C 

LL 

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: Static capacity distri- 
bution preferred.  The relia- 
bility goal associated with load 
ratings should be defined. 

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

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

1 

i 
! 
5 
> 

14 
^r^^^ 

1 
• im m ««.MI                                           '         | 

Comment:  Distributional 
Dynamic Capacity curves preferred 
for reliability design. 

1.3     Equivalent Radial Load 

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

rc 
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bearing operating for various portions of 
life at various loads. The equivalent load 
Is equal to: 

Pr-[lf{Fr)10/3]3/10 (Eq4) 

where 

Pr " equivalent radial load, lb 
f » fraction of time spent at Fr con- 

dition 
Fr * radial load, lb 

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. 

I 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 in the use 
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, Rc= 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 

can be Increased by hardening the track or 
conversely if the track is made of aluminum 
or steel softer than Re ■ 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 MS24466bearings, 
and for the NAS562 cam followers. Use these 
graphs to determine the load life relationship. 
A limiting value is shown on the load life 
graph. 

Comment:  Dynamic capacity curves 
preferred in distributional form. 

3.  CONCAVE AND BARREL 
ROLLE* 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 xNxDxLxcosa 

where 

SLr " radial static capacity, lb 
N ■ number of rollers 
D = mean roller diameter, in. 
L ■ roller contact length, in. (area In 

contact with race, excluding end 
radii) 

a » 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 

»■1 
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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. 

3.2     Dynamic Capacity 

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

Comment:     Static  capacity 
needed  in distributional 
form. 

ro- 
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SPHERICAL BEARINGS 

1.      TFE-LINED SPHERICAL 
BEARINGS 

1.1 Loads 

Axial 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 is that load 
(when applied for two minutes to the bearing) 
which will not cause a permanent set of more 
than .005 inch. 

c. 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 
race fracture or ball push-out. 

Comment:    Limit  load  should  be 
defined  in terras  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 

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 avail- 
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 
various conditions. These methods can be 
found in the manufacturers' literature. 

Comment:     S-N or L-N curves, 1 
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 is based 
on the projected area of either the bore 
or the outer race on the ball, depending on 
the location where movement is takingplace. 

(K 
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For a given load, L. the unit loading la 
determined as follows: 

Load lb 
Unit Lood on bort, psi :     " ' (Eq 1) 

w2 i 0, 

Lood lb 
Unit Loodonbul'  p«i *   lr~ 

W,  « Db 
(Eq2) 

iAh 

-[ 51 

, 
1.4     Limiting Speeds 

While most TFE-llned spherical bearings 
are used for low speed oscillation or rota- 
tion, an occasional high speed application 
la encountered where the ability of the 
bearing to dissipate frlctional heat Is In 
doubt. 

2. GREASE AND DRY FILM- 
LUBRICATED SPHERICAL 
BEARINGS 

2.1     Loads 

The nondeformatlon 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 nondeformatlon 
load and must not cause fracture of the 
bearing. In addition, the permanent set after 
application of the ultimate load is limited. 
Nondeformatlon and ultimate loads and maxi- 
mum permanent sets are shown on MS21154 
and   MS21155   bearing  sheets  in DN 6F2. 

Comment:     Need distribution.    | 

2.2 Load-Life 
Relationships 

Dry film-lubricated bearings of MS211S4and 
MS211SS configurations have variable 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-llned bearings. 
Load-life relationships of several spherical 
bearings lubricated with various high tem- 
perature dry films can be found in DN 6F1. 

|Comment:    Need  distribution,   j 

12 



CHAP 6 - AIRFRAME BEARINGS 
SECT 6B - LOAD RATINGS 

DESIGN NOTE 6B4 

AFSC DH 2-1 
DN 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 yield strength of the material. 
Sub-Note 1.1(1) shows the suggested allow- 
able yield strengths for various types of 
bushing materials. 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:     Allowances  loads  should 
be based  on distributions and 
reliability gi.ods. 

SUB-NOTE 1.1(1)   Static 
Capacity of Bushings 

MATERIAL 
MAXIMUM STATIC 

CAPACITY. KSI 

MAXIMUM 
TEMPERATURE* 

CF) 

4130 StMl 
(180 KSI UTS) 

17-4 StMl 
(AMS S643) 

Befyllium Copper 
(Fed Spec QQ-C-530) 

Al-Ni-Bronze 
(MIS 4640 and 4880) 

Al-Btonze 
(Fed Spec QQ-C-465) 

115 

90 

90 

60 

60 

350 

500 

350 

350 

350 

•Muifflum temperatute at which bushing can be used w;»out 
lost of static capacity. 

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 be 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. 

IComment:     Distributional  L-N 
I 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. 

IComment:     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-lcingflulds all lower the predicted 
life. The dynamic unit-load rating (25,000psi) 
shown is a unit load that will permit more 
than 25,000 cycles of life (0.006 in. wear) 
±25* osctllatlon at ten cycles per minute. 

». *# 
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SUB-NOTE 1.2(1)     Load Life of Plain Bronze Bushings 

«A no * 

< o 
-i 

< 
5 < 
c 

I« 

ALTERNATING LOAD 

STEADY-STATE LOAD 

TEMP:    60O-120OF 
BORE:    0.25-1.50 IN.     , 
CLEARANCE: 0.5-1.5 « 10  IN. 
LEN6TH-T0-DIAMETER RATIO: 

0.29-1.20 
LUBE: MIL-6-81322 GREASE APPUED900 

TO 7000 CYCLES 
MAX WEAR: 0.006 IN. 
BRONZE: AMS4640 8 4880 

'   ' ' LLiill i   i i "i"l      i   i i "'"I      i   I ii'ii'l I   I I 
10« 1,000 10,000 100,000 

CYCLES (11° TO ♦45°, 8-12 FPM ) 
1,000.000 

33< 
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DESIGN NOTE 6D2 ROLLING ELEMENT MATERIALS 

I.      COMPOSITION 

Sub-Note 1(1) shows the material composi- 
tion of alloys used in airframs 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 

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

E ■ modulus of elasticity, psi x 106 

Fc = compressive strength, ksi 
Ft " tensile strength, ksi 
BH " Brinell hardness 
Rc = Rockwell hardness 
a = coefficient  of thermal   expansion, 

in/in/9F x 10-6 
« ■ percent elongation in 2 in. 
fi - Poisson's ratio 
P • density, lb/in3 

For additional information see Ref 587. 

1   SUB-NOTE 1(1)      Material Composition of Bearing Alloys 

|        MATERIAL c Co Cr Fe Mn Me Nl P $ SI V W OTHER    | 

|    ESI 100 steel 0.98- 
1.10 

0.90- 
1.15 

0.25- 
0.45 

0.025 
MAX 

0.025 
MAX 

0.20- 
0.35 

1    ES2IO0 steel 0.98- 
|  1.10 

1.30- 
1.60 

0.25- 
0.45 

0.025 
MAX 

0.025 
MAX 

0.20- 
0.35 

!    44QC stainless 0.95- 
1.20 

16.0 - 
18.0 

1.0 
MAX 

0.75 
MAX 

0.040 
MAX 

1.0 
MAX 

1.0 
MAX 

M-2 tool steel 0.85 4.0 0.30 0.30 2.0 6.0 

M-SO tool steel 0.80 4.1 0.30 4.25 0.25 1.1 

Steinte 25 0.05- 
0.15 

Bal 19.0- 
21.0 

3.0 
MAX 

1.0- 
2.0 

9.0- 
11.0 

1.0 
MAX 

14.0- 
16.0 

1    Steinte 3 2.45 Bal 30.5 3.0 1.0 3.0 1.0 12.5 1.0 

1     Steinte 6B 1.1 Bal 30.0 3.0 2.0 1.5 3.0 2.0 4.5 

Steinte 19 1.7 Bal 31.0 3.0 1.0 3.0 1.0 10.5 2.0       1 

j    Steinte Star J 2.S Bal 32.0 3.0 1.0 2.5 1.0 17.0 2.0        I 

|     Titanium catblde         Titanium carbide (TiC), grains bonded with Mi-Mo binder 

Alumina                       99.9% pure alpha alumina (Al2O3), polyctystalline 

Zireonia                     Zr02 stabilized with small amounts of refractory oxides                                                                                    I 
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SECT 6D - BEARING MATERIALS 

|   SUB-NOTE 2(1)     Mechanical and Physical Properties of Bearing Alloys 

1   MAT em AL E Pc !   't !      K< !       a « M 1       ' 
1    E5U00 ttMl 30.0 400 250 60-63 6.0 0.33 

1    £52100 •*•! 30.0 400 250 58-63 6.0 0.33 

1    440C tloinUt« 29.5 350 285 60.0 5.6 10 0.33 0 280      | 

{    M-2 tool ttMl 29.5 65.5 6.6 2.5 0.33 

1    M-SO tool tt**l 29.5 62.0 7.4 0.33 

1    Stallit« 25 33.0 150-240 45-55 8.24 6-10 0.25 0 330 

1    Still.»« 3 36.1 310 55 ss.o 7,8 0-1.0 0 312      1 

|    SMilitaöB 31.1 347 9 .6 39.0 8.5 11.0 0 303      | 

|    Sttllit« 19 33.8 310 105 52.0 7.9 0-1.0 0X2      | 

|     Stall it« Star J 37.5 335 62 58.0 7.0 0-1.0 0 316 

|     Titanium ea bid« 59.0 520 89.0 W 4.6 0.236 0 217      | 

|    Alumina 56.1 850^ 4.35 0.205 0.144      | 

|     Zircania 22.0 88 88 00    ! 260^   1 0 202      ] 

Net«»:      Q    That« valuat or« Reckw«ll "A" scala hordna»«.                                                                                                         i 

Q^    Erratic «apansian du« to phata chongai.                                                                                                                 1 

IComment:     Present  properties  in terms of  statistical  parameters.   | 

3.     CORROSION 
RESISTANCE 

Sub-Note 3(1) shows the corrosion resis- 
tance of the alloys to the common liquids 
encountered by alrframe bearings. 

4.     CAGE MATERIALS 

Many alrframe bearings contain a Ml com- 
plement of rollers or balls to obtain the 

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 
compress!ve 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). 
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i CHAP 6 - AIRFRAME BEARINGS 
SECT 6D - BEARING MATERIALS 

AFSC DH 2-1 
DN 6D2 

1    SUB-NOTE 3(1) Corrosion Resistance of Bearing Alloys 

|         MATERIAL WATER SALT WATER MILD ACID MILD ALKALI 

|         ES1100 MMI Poor Poor Poor Fair 

ES2100 •»•! Poor Poor Poor Fair 

440C ttoinlatt Gaed Fair-Poor Good Good                    | 

M-3 tool «t«*l Poor Poor Fair Coed 

M-SO tool tt««l Poor Poor Fair Good 

Suiiit« is Exeollant Exeollant Exeallant Exeallant                | 

Stallit* 3 Exeollont Exeollant Exeollant Exeallant 

St«lllt«6B Exeollant Exeollant Exeallant Exeallant 

I         Sullii« 19 Exeallant Exeallant Exeallant Exeallant 

|          Stallit« Star J Exeollant Exeallant Exeollant Exeallant 

I          Titanium earbid* Good Good Good Good                    | 

j           Alumina Goad Good Good Good 

|          Zireenia Good Good Good Good 

#♦ 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6D - BEARING MATERIALS 

AFSC DH 2-1 
ON 6D3 

DESIGN NOTE 6D3 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 (TFE). 
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(1) 
along with the installation methods. 

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 

Fb ■ flexural strength, ksi 
Fc  - compressive strength, ksi 
Ft   « tensile strength, ksi 
k     » thermal conductivity, BTU/hr/ft2/ 

•F/ft 
TA ■ operating   temperature  range   in 

air, 'F 
Ty s operating temperature range in a 

non-oxidizing atmosphere, an inert 
gas, or in a vacuum 

v     ■ maximum  surface  speed, ft/min 
a     = coefficient of thermal expansion, 

in/in/8F x 10-6 
fi    ■ coefficient of friction 
P    » density. Ib/ft3 

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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CHAP 6 - AIR FRAME BEARINGS 
SECT 60 - BEARING MATERIALS 

!    SUB-NOTE 1.1(1)     Uses and Installation Methods                                          | 

MATERIAL MAJOR USE PRESS 
FIT 

BOND BRAZE 

Filled Teflon 

Nylon 

Delrin 

Carbon-graphite 

Impregnated 
sintered bronze 

Plain bearings, slides, cages for 
rolling element bearings 

Gears, plain bearings, slides, cams, 
cages for lightly loaded bearings 

Gears, plain bearings, slides, rolling 
element bearing cages 

Dynamic seals, sleeve bearings, slid- 
ing electrical contacts 

Self-lubricating plain bearings, rolling 
element bearing cages 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Yes 

Yes 

|    SUB-NOTE 2(1)      Material Composition of Plain Bearing Alloys 

MATERIAL Al C Cr CH Fa Mn Mo Nl P S St OTHER 

Bronzt (AMS 4640) 10.25 81.0 2.75 1.0 5.0 

17-4PH stainlMt 0.07 15.5- 
17.5 

Sal 1.0 
Max 

3.0- 
5.0 

0.040 
Max 

0.03 
Max 

1.0 
Max 

I7-7PH (tainlui Bai 0.09 
Max 

16.0- 
18.0 

Bal 1.0 
Max 

6.5- 
7.75 

0.040 
Max 

0.03 
Max 

- 

410 sttinltst Bai 0.15 
Max 

11.5- 
13.0 

Sal 1.0 
Max 

0.040 
Max 

0.03 
Max 

0.5 
Max 

Km 41 0.06- 
12.0 

18.0- 
20.0 

0.5 
Max 

9.0- 
10.5 

Bal 0.5 
Max 

AllB,Co,Fa,Ti 

A-2K 0.06 
Max 

13.5- 
16.0 

1.0- 
2.0 

1.0- 
1.75 

24.0- 
27.0 

0.4- 
1.0 

AI.B,Fe,TI.V 

Incond X-750 0.0R 
Max 

14.0- 
17.0 

1.0 
Max 

70.0 0.5 
Max 

AI.Cb.Fa.TI 

LT-2 rnttal cwamic IS« AljOj. 25% Ct, 60% W 

38' 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6D - BEARING MATERIALS 

AFSC DH 2-1 
DN 6D3 

SUB-NOTE 3(1)      Mechanical and Physical Properties 
of Plain Bearing Alloys 

MATERIAL E fc Ft Re BH a « f> 

Bronzt(AMS4640) 17.5 110.0 187- 
241 

15.0 0.273 

17-4PH ttainlMS 29.0 170 190 40- 
47 

6.5 10.0 0.282 

17-7PH «tainlass 28.0 180 200 44 5.7 7.0 0.282 

410 (tainlcst X.O 110 20 7.5 23.0 0.280 

Rant 41 30.0 145 180- 
191 

39- 
41 

7.8 14.0 0.298 

A.286 29.0 100 145 34 9.9 24.0 0.298 

Inconal X-750 31.0 100 170 36.5 8.5 25.0 0.298 

LT-2 matal ceramic 38.0 52.0 4.6 0.320 

Comment:  Present properties in terns of statistical parameters, 

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

MATCmAL E Fb ft Ft k TA TV V a M P 

Taflon 14 9.0 20.0 2.7 2.3 •320 to 550 -320 to 550 70 33 0.05- 
0.24 

0.0814 

Nylon 15 13.3 35.0 4.5 1.9 -320 to 250 -320 to 200 Low 82 0.15- 
0.33 

0.394 

Oalrln - - - - 1.6 -320 to 250 -320 to 200 Mad 45 0.10- 
0.30 

0.0515 

Carborcgtaphlta IS 28.0 175.0 8.4 18.0 -420 to 1000 -420 to 3000 12,000 3.5 0.07- 
0.60 

0.0543 

Impragnatad 
Sintered 
Bconza 

14 13.5 27.8 4.5 -65 to 200 Oil 
evaporates 
in vacuum 

200 10.5 0.02- 
0.30 

0.242 

Comment:  Present properties in terms of statistical parameters, 

- <■ - 
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DN 603 

CHAP 6 - AIRFRAME BEARINGS 
SECT 60 - BEARING MATERIALS 

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

{     MATERIAL WATER SALT WATER MILD ACID MILD ALKALI 

1     Bronze (AMS 4640) Good Good Fair Fair 

1     17-4PH stainless Excellent Good Good Good            1 

17-7PH stainless Excellent Good Good Good 

j     410 stainless Good Poor Fair Fair 

Rene 41 Excellent Good Good Good 

{     A-286 Excellent Good Good Good             | 

|     Inconel X750 Excellent Good Good Good 

1      LT-2 metal ceramic j Excellent Excellent Excellent Excellent         i 

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

|                         Teflon Inert except in perfluorinated liquids above                             i 
570oF 

Nylon Good except to strong acids and oxidizing                              1 
agents                                                                                  1 

|                          Delrin Good resistance to organic solvents, oils,                               i 
and moisture.  Poor to acids, caustics, and                             1 
bleaches.                                                                              1 

Carbon-graphite Excellent except to strong oxidizers                                       | 

'                           Impregnated 
j                             sintered 
|                             bronze 

Resistant to salt water. Poor resistance to                           1 
concentrated acids and bases.                                                 i 

10< 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6E - LUBRICATION 
DESIGN NOTE 6E1 

AFSC DH 2-1 
DN 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 unlubrlcated. 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 1(1). 

MIL-HDBK-275  presents  a more 
comprehensive  selection of 
TuBncanün 

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 
structural members having a relative motion 
exceeding 3* during service operation, install 
lubricators in the portions surrounding the 
bolt or shaft as shown in SN 2(1) and 2(2). 

Include Instructions as the proper MIL spec- 
ification lubricant and relubrlcating periods 
in the maintenance manual of the aircraft 
or accessory in which the bearing is used. 
Use lubricators in accordance with those 
shown in MIL-F-3541, MS15001, -1 and -3 
of MS15002, and MSI 5004. 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- 
impregnated sintered metal, bronze, or iron 
in accordance with MIL-B-5687 need not be 
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, provide lubricators 
or lubricant reservoirs that will contact 
outer surface of the sintered bearing. 

Comment:     What   is  the  physical- 
chemical   life distribution. 
This  should be defined and 
statistical parameters  published." 

|    SUB-NOTE 1(1)      Selection Chart for Lubricants (Plain Bearings) 

GREASE DRV FILM LUBRICANT TFE-UNED BEARING 

|      TEMPERATURE RANGE. 'P 

BEARING LIFE 

LOAD CAPACITY 

NEED FOR REPLENISHMENT 
DURING BEARING LIFE 

CORROSION PREVENTIVE 
ABILITY 

•100 to +600 

Excellent 

Good 

Yes 

Good 

-100 to +375 
Organic binders 

-320 to +800 
Inorganic binders 

Poor to fair (Depends on 
stress level) 

Excellent 

No 

Poor 

-320 to +550 TFE-giass                i 
fabric types                              i 

-100 to +275 Military spec            1 
materials 

Good                                        1 

Good                                      | 

No                                           I 

TFE liner excellent (Bearings 
mad« from corrosion resistant        I 
metals or plated)                        1 

*i^ 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6E - LUBRICATION 

SUB-NOTE 2(1)     Lubricators for Plain Bearings 

LUBRICATOR 

LUBRICANT GROOVES 

a   a 

' B   »' ';/   //  'ii   ii .,11 .ff 

ii  n   n   ii   agra ft "* 

»VS^TTT^SX^ \— SHAFT 

HOUSING 

LUBRICANT RESERVOIR 

BUSHING 

E«^ 
ÜUM 

NORMAL GREASE GROOVE R -♦ 

SUB-NOTE 2(2)     Lubricators for Sintered Bearings 

LUBRICANT 
RESERVOIR 

HOUSING SHAFT 

OIL HOLE 

HOUSING 

LUBRICANT 
RESERVOIR 

SHAFT 

HOUSING 

SHAFT 

WICKFEED, LUBRICATOR 
AND RESERVOIR 

SHAFT 

HOUSING 

LUBRICANT RESERVOIR 

LUBRICANT 

12< 
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CHAP 6 - AIRFRAME BEARINGS 
SECT - LUBRICATION 
DESIGN NOTE 6E2 

1. CHARACTERISTICS 

The majority of rolling element and 
sor%> sliding surface bearings are grease-
lub^icated. This type of lubrication has 
the advantage of sealing simplicity, low 
torque at normal temperatures, long life, 
afyl if proper greases are used, good pro-
tection against corrosion. Grease-lubricated 
rolling element bearings for airframe use 
normally 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-
tton. 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 

AFSC DH 2-1 
DN 6E2 
GREASES 

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, raliatlon, and chemicals such 
as phosphate ester fluids or propellants. 

2. GREASE TESTING 
Comment: What i s t h e p h y s i c a l -
c h e m i c a l l i f e d i s t r i b u t i o n ? 
T h i s s h o u l d be d e f i n e d a n d 
s t a t i s t i c a l D a r a m e t e r s p u b l i s h e d . 
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 

I * ) - ' •»•> 
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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 
▼alue 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 0566. Fed Std 
791. Method 142) of a grease is essentially 
a 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 0942 and D1261) consists of sub- 
jecting the grease to oxygen at a controlled 
temperature (2109F) in a bomb. Copper is 
sometimes added as it acts as a catalyst 
for grease deterioration. The deterioration 
of the grease is 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 
01478. Fed Std 791. Method 334). a 204 
bearing is filled with the test grease, soaked 
at the desired temperature, usually -65' or 
-ICO'F, and the breakway and running 
torques   determined.   Although the results 

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. 

2.1.5     Rust Prevention 
To test the rust preventive properties of 
greases (ASTM 01743), clean, tapered 
roller bearings are lubricated with the test 
grease under carefully controlled conditions 
and stored for two weeks at 770F and 100% 
relative humidity. The bearings are cleaned, 
inspected, and rated after this exposure. 
Corrosion in excess of three small spots 
is not allowed. 

2.1.6     High Temperature 
Performance 

In the high temperature performance test 
(Fed Std 791. Method 331). a 204 bearing 
made of either E52100 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 applications. 

2.2     Used Grease 

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

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 oil. 
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DESIGN NOTE 6E3 OILS 

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 
in oil lubrication, but to the difficulty of 
either feeding oils to a bearing or containing 
them in a housing surrounding an airframe 
bearing. However, when these application 
difficulties can be surmounted, oils provide 
excellent lubrication for airframe 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 lubricate 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 450oF. Teflon (TFE) seals can 
be used to contain the oil before use and will 
also sublime without leaving a residue at 
temperatures over 600oF. 

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 130s to 
140SF for 20 min, removed and cooled to 
room temperature before insertion into 
their housing. 

j    SUB-NOTE 1(1)     Oils for Airframe Bearings 

TYPE OR NAME 
SPECIFICATION 

OR 
DESIGNATION 

USE AND SPECIAL PROPERTIES 
FLASH 
POINT, 
*FMIN. 

USEFUL 
RANGE, *P 

BASE OIL 

Gwwal PurpoM 
Oil 

MIL-L-7870 Low viscosity corrosion preventive oil 
useful for preservation of bearings 
used at high temperatures. Oil will 
evaporate without residue. 

265 •65 to 160 Petroleum 

AitftanM Tuibine 
Engine Oil 

MIL-L-7808 Good load carrying capacity, good 
oxidative stability. Wide distribution 
and aircraft use. 

400 ■65 to 250 Diestei 

Instrument Oil MIL-L-6085 Very »table oil, low dirt count for 
small bearings. 

365 -65 to 250 Diester 

High Tempttatura 
Turbine Oil 

MIL-L-27502 Good load carrying capacity, excellent 
oxidative stability. 

475 •40 to 500 Ester 

Methyl Phenyl 
Silicone Oil 

Dow Corning 
DC 550 

Wide temperature range oil. Good 
thermal and oxidative stability but 
poor lubricity. This oil has one of 
the best high temperature capabilities. 

600 •40 to 550 Silicone 

29 



• .. ^eww'mUMfefMWWy 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6E - LUBRICATION 

AFSC DH 2-1 
DN 6E4 

DESIGN NOTE 6E4 DRY FILM LUBRICANTS 

1.     CHARACTERISTICS 

Dry film lubricants suitable for use on 
bearings consist of a thin layer (0.0002- 
0.0007") of M0S2. 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 lOOCF, 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 -320s to ap- 
proximately +8009F 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 bushings, 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%. 

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 best treated 
before application of dry films by applying 
iron-manganese phosphate coating according 
to MIL-P-16232, Type M. The phosphate 
coating adds some corros'on 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. 

-IS- 
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DESIGN NOTE 6F1 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» 

c. KP-21B Type Steinte 19 Ball Bearing 
(seeSN 1(3)) 

d. KP-21B Type Steinte 25 Ball Bearing 
(seeSN 1(4)) 

e. KP-33-BS Type Ball Bearing (see 
SN 1(5)) 

f. Needle Bearing (see SN 1(6)) 

g. Spherical Bearing (see SN 1(7)) 

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

1. Metal Compact Plain Bearing (see SN 
1(9» 

1.   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 spectrum and life tests. In the 
load spectrum and temperature spectrum 
tests, the points, 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 

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. 

b.   Self-Aligning Ball Bearing (see SN 1(2))       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 ON, 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 NO2, 
NOL, or psi values, in addition to the 
safe test temperatures shown on the high 
temperature bearing data 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 fall by fracture. 

2.      ZONE III 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 ultrahlgh 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 (see SN 2(1)) 

b. Plain Spherical Bearing (see SN 2(2» 
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SUB-NOTE 1(1)     B-542 Torque Tube Ball Bearing 
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SUB-NOTE 1(2)     (Sheet 1 of 2 Sheets)   Self-Aligning Ball Bearing 
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SUB-NOTE 1(2)     (Sheet 2 of 2 Sheets)   Self-Aligning Ball Bearing 

10*0 Vt   UK 

■ 
9 

n 
r yl 

 niiim 
[«••MOO (NO. or wusxuu DU)> 

(••«00 ilk 
i'ii 
i 

[(••MO \ 

(••» » 
FT jk 

^ 

■^ l 'UtOOOf 

«••1 00 

1WI TT u s 

«••f n 

H" 
- 4JI V MT 

In 
|l 

_ jii 

lln rtfls. 

100 1000 

ciati • tw, txn* 

IOAO MCnUM Tim ■ 1000, IJOO, M00, IM0 *NO IIW» 

10-»10, »CM« 
crem AT 

lOM - U • 10' 

Comment:  Load life curve should be distributional for design 

for reliability usage.       "3*^ 



CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F1 

SUB-NOTE 1(3)     (Sheet 1 of 2 Sheets)   KP-21B 
Type, Steinte 19, Ball Bearing 
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SUB-NOTE 1(3)     (Sheet 2 of 2 Sheets)   KP-21B 
Type. Steinte 19. Ball Bearing 
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SUB-NOTE 1(4)     (Sheet 1 of 2 Sheets)   KP-21B Type. 
Steinte 25. Ball Bearing 

«•.«•'•2Ü 

 JSSI 

jgf- 

<■»•:% 
MUi- »VWDW. 

MATMAli UCBtMaj-ITmnilSeOiDDOKBtO«,)!« 

UMM «NO MHtUTION INIOMMteN • 

MOUNTMOI        pwsnr 

«iniCAinNi       HI nuo<M*MCi MM 

MUN MTTt nWS 

Ml« STRl - tt 
t • »,1V 
fOnSOMt lATIO ■.» 

inuni • i wr 
I • r J • ic^ 
rOHJONt lAtIO • .» 

■■■'■■■   ■ 

kOADI • U •10* 



t»a H«. (4S.oae evens) 

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 
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SUB-NOTE 1(5)     (Sheet 1 of 2 Sheets)    KP-33-BS Type Ball Bearing 
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SUB-NOTE 1(5)     (Sheet 2 of 2 Sheets)   KP-33-BS Type Ball Bearing 
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SUB-NOTE 1(6)     (Sheet 1 of 2 Sheets)   Needle Bearing 
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Comment:     Change dimensions  as   shown above. 

Rationale:     Dimensions  of  bearing diameter are not compatible, 
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AFSC DH 2-1 
DN 6F1 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 1(6)     (Sheet 2 of 2 Sheets)    Needle Bearing 
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Comnent: Load life curve should be distributional for design 

for reliability usage. 
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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 
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AFSC DII 2-1 
DN 6F1 

CHAP G - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NCTE 1(7) (Sheet 2 of 2 Sheets) Spherical Bo:u ir.g 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2 - 1 
DN 6F1 

SUB-NOTE 1(8) (Sheet 1 of 2 Sheets) Spherical Loader 
Slot Bearing 
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CHAP 6 - AIRFRAME BEARINGS 
SECT   6F - BEARING CHARACTERISTICS 

SUB-NOTE  1(8) 
Slot BcfU'ing 
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Comment:  Load life curve should be distributional for design 

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

AFSC DH 2-1 
DN 6F1 

SUB-NOTE 1(9)      (Sheet 1 of 2 Sheets)    Metal Compact 
Plain Beariru; 
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AFSC DH 2-1 
DN 6F1 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEAKING CHARACTERISTICS 

SUB-NOTE 1(9)      (Sheet 2 of 2 Sheets)    Metal Compact 
Plain Bearing 
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Comment: Load life curve should be distributional for design 

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

AFSC DH 2-1 
DN CF1 

SUB-NOTE 1(10) (Shod 1 of 2 Sheds)   Graphite Bushing 
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DN 6F1 

CHAP 6 - AIRFHAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 1(10) (Sheet 2 of 2 Sheets)   Graphite Buching 
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Comment:    Load life curve should be distributional for design 

for reliability usage. 
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CHAP 6 - AIRFHAME BEARINGS 
SECT GF - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F1 

SUB-NOTE  1(11)      (Sheet 1 of 2 Shoet^Kloxm-nl Pivots 
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CHAP 6 - A1HFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 1(31)      (Sheet 2 oi 2 Sheets)    Flexural Pivots 
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Comment:     Load  life  curve  should be distributional for design 

for reliability usage. 
J 
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CHAP C - AJHrUAMK  HKAHINCtf 
SECT 6F - DKAHINÜ CHAHACl'KlilSTJCS 

AFSC DH 2-1 
DN GF1 

SUB-NOTE 2(1)      (Sheet 1 of 2 Sheets)    Ceramic Ball Buuiing 
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DN 6F1 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTEXUSTICS 

SUB-NOTK 2(1)      (Sheet 2 of 2 Sheets)    Ceramic Ball Bearing 
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Conunent:     Load  life curve  should be distributional  for design 

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

AFSC DH 2-1 
DN CF1 

SUB-NOTE 2(2)     (Sheet 1 of 2 Sheets)    Plain Spherical Bearing 
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CHAP G - AIRF1UME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUis-NOTi;: ;:(r')      (Sheyt 2 uf 2 Sheets)    Main 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 

Al'SC DU 2-1 
DN CF2 

DESIGN NOTE 6F2 STANDAIU) BEARillG1 

1. INTRODUCTION 

To aid the designer in bearing selection, 
this Design Note preBonts the standard MS 
bearings with supplemental dimensions and 
load data. In addition, correct housing bore 
and shaft dimension.1? are [jiven for the 
proper mountingo^cr.elibearing. Withpropcr 
lubrication, the bearings are useful for a 
temperature range of -(j5°F to 350°F except 
the MS2122Ü, MS21221, andMS2l22abe;'rings 
which are useful for a range of -UT' to 
250rj''. 

2. BALL BEARINGS 

The standard airfrume ball bearings ; re 
shown in fuN 2(1) throughSN 2(10). 

4.      ROLLER BEARINGS 

The standard airfram:! self-allgnhig roller 
bearings are shown In SN 'l(l) thrcn'^ji 
SN 4(4). 

5.      SPHEKICAL BEARINGS 

The standard airiramo pL-.hi spherk.'.l be;'v 
ings are shown in SN 5(1) tlu'ou.,:. hX rv'.;. 

C.      BUSUINGS 

'i'he standanl airlratae buchiufts i.re. S'.OV.M 
in SN  G(l) through SN G(C). 

3.      NEEDLE BKARINGS 7.       ROD ENDS 

The standard airfrume needle roller bearings       The  standard rod end bearings art shov/u 
are shown in SN 3(1) through SN 3(7). in SN 7(1) through SN 7('J). 

i •■ Vu 



AFSC DI! 2 - i 
DN CF2 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 2(1) (Sheet 1 of 2 Sheets) Heavy Duty 
Hall Bearings (MS27640) 
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CHAP 6 - AIR FRAME BEARINGS 
SECT 6F - BEARING CHARACTEIUSTICS 

AFSC DH 2-1 
DN 6F2 

SVB-NOTE 2(1)      (Sheet 2 of 2 Sheets)    Heavy Duty Ball 
Bearings (MS27640) 
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Comment:  Load life curve Rhould be distributional for design 

for reliability usage. Engineering strength data should be 

presented in statistical terms (parameters). 
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SUB-NOTE 2(2)      (Sheet 2 of 2 Sheets)    Medium Duty Ball 
Bearings (MS27C4]) 
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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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SUB-NOTE 2(3)      (Sheet 1 of 2 Sheets) Extra-Light Duty Ball Floarinp.s (MS27r,42) 
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SECT GF - BEARING CHAHACTHU1KTICS 
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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 - AIRFRAME BEARINGS 
SECT GF - BEARING CHARACTERISTICS 

AFSC DH 2-1 
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SUR-NOTE 2(1)      (Sheet 2 of 2 Sheols-)    Double-Row Heavy 
Duly Sulf-Aliijniru; Ball Bwrnngy '.MS27C43) 
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Conunent:     Load  life  curve  should be distributional  for design 

for reliability us\ge.     Engineering strength data should be 

presented  in  statistical  terms   (parameters), 
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CHAP 6 - A1RFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

Sim-NOTE 2(5)      (Sheet 1 of 2 Sheets)    Double-Row Heavy 
Duty Ball Bearings (MS27644) 
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(«)     ft'.-  1 • i'ii.p ruro win  11 'ir' " cjit» "'A. 

C'.'L   II   "  LO/.:.  rti{0  WITH   FfitfEl   10   ISM»   «A!! . 
(f)       VUl   l.'-lur,'.   r'   1   <■  .-.-[r-.Ti   ■,  .-r   1-   r-:-!   MM      yum  SIBJECTEO  TO  WOmilON   tJ   JSO*   f,    THE   «ATlNCi iMJuLD 

11 wtjci.- • ■ ?;.(. 
(j)     t'.ij ;i  1?,.:.." f.i ii'.'!.■. '.frvjiM sn: "i;;!?^; T-J otvusf i;.t WDIAI. LIHIT LOAD SHOVN. 
('.)       b.iT'.   ;F   160,003 IJ'   Tli..,llF   Slir. M  Am   F[,;in.-.  TT  [,(v(tnF  THE  »ftDIAl   LIHIT  LOAD  it'OWN. 
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?.     ItAlS,   i:.<ll UAMUOROiTr-ri |R[   FEB   A-ijH,?  of   P01 »TETHAFUiOROETMYLENE   SMEEI,   CLASS  FAHIC   Pf IhFOBCEC 
Ml A".03C(6- 

3.     SI'l   FCTAll.lt.-..   T.nu.   ••'■•   O'.ION  PESISIli.I 
"i.   LI;'"!;;.!   ".. ■■'li.?. IIUI: f..- MH. 

hJP.ONl'.S      Ht'T  TK»II"«       fLAl   TklAI   Sill» ANO  BALIS 10 POCkWELL  "C" 60 TO 66 AlC  'TABIMZEO  TOR OPESATIO« AT   7i0'f, 

SUOIACi   a^.'fCii:     liV|ii.'.»v  A.-1.  <y..t_',   -   B •ti:i(0|ir"!S  V.  OF» AJISl   HW.l. 

P'.AIIN-.-     A! i   ;>Tf>i.M   S.-./.as   ElUPI   BORE,      AND  SEd   PEIAINfRS,  CAOw'iJM  :'l AT 10 BE R  Q5-P-lil6.   Tm   I,  CLASS  2. 

J.     «AOIAL  AV   lA-EF.Al   ECtENTH-.nY:      INSE«   FA'.l   0.0010" 
CUIEF   Ffn   0.0016" 

8;i 
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CHAP 6 - AIRFRAMK BEAWNGS 
SKCT 6F - BEARING CHARACTERISTICS 

AFSC DU 2-1 
DN  6F2 

SUB-NOTK 2(D)      (Sheot 2 of 2 Shuets)    Double-Row Heavy Dut; 
Hall Bearings (MS27644) 

\Htak tAU MOVlUCi 

l »ULK   0ÜUR  R'.CE   'S  HOViV: . DW :■'    K^D'H   lOA'tC    P*   1   ?C ) 

-T-rr~"r f—rr-min y : T I--;-;—-T-I  --■;-.■. 

t    - * ij ■ 
i ' ••i'M 

,■:.;..\  -■-- :.- 

i  i i      •,   \ \ < ■■■■ 

In i    i ' i! ; ; 
Lii:.i-..l.J_üJ:  '.. 

(SLOWftDlAUOrJ^iy, m.. CH." CiM'H.^* Of 1. ■.!".» N KAU ^i-Otv*^ 

t-tf5 

UAIA FRC'". 1Y(" "AL K'.S??C44SHUFS tf'SiM-S 

HM1T ».■/■j^-.si, 

_7 

23 

? _ 

U .■ ,e 

".:r 

Cff, 

Df-I 

t.mc. 

iifi  i-i'-r.iNG 

.7;o''-."^M 
>'• .   •.■.f4 

*.i c; 
,Fti 

."t.'-.7.'(? 

.»-"/-».'3 

I.I:«)-I.WH 

l.4T>   l.<'.,J 

T.*T~.." M" I 
.< — "£ 

:n 
::J- 

■;". 

"   U'^Cf ft *PfllC*TlUI    t MA, 

DW si^-f. M>»tf#c»s »Kt i'iri IN f-f»;!'/' pre v..it i.: v t.'At t f •: i 
lA»Or »N    M-iAlIGN'.'    .1 Lt'-i TK.'IJ !  V.   l-'.r I1 f A:i (■•.■• VAI 

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 JS-1 
DN 6K2 

CHAP G - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 2(C)      (S'Vct 1 of 2 Sheets)    Self-AHgnlng 
Ball Beariiii's (MS^if';.) 
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OJ 
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L_m_ 77      . 021"1 

_Ui    .. 12» -.   "5 Od 

-JiSi jlna. .028 10 

i' ■  oj: 15 

D-J 3470 P> .032 23     1 
SJ:O too t5f; 4 HO .03* "    1 

(«)    AH tiiHii.r. 
(1.)      0 T-or -to L 11; ■. 

(c)      A UMai ClVl'.     .-   i •'■• 
(J)        A f I'll, ,   CU I1      A".'.'' 
(,)        H'.l    I     -   I ••      1(0« 

CAM 11 ■ i   ■•:  i 'Hi »■ 
(f)       llliS1   ««III   ■    '   .    I •>:   1 

i\ no :i; o' ; 

1 •    «AVPIAL; .    ui.os, '. ■ ■   . I», 
E < ■ 1.1, s Ui. (t • 

2-    W\   . i     .ii ■■ ■-; 

3       »A,   Ii      l',i    ■ ,   V 
»      l--!       :    K.-o  ■ 

>.     KA'M.ir.S:     I- '1   !■■: ■ ■ ■    • I        i, 
6 £.11:1 •  i   V X. !.■ ■/.      1     • „ • 
7 PI» l:'.'.      Ai l   iill'"       '..■it'' 

■ii   MIO».!   '   f'l   I'1'   11 tllHtP OIPtUION t'ttPT HS-li«,  -Vi,  «ill -tA 
ii it" Ahi     uf  '1 lOalkC It'. 9"   IK [ITHf   DIKfC'ION 

Til    [./'(I.- 

♦ of •.■, •.C;o, 
;; OIA     • •.,.:. • 0010 
■ IT   St-1   '    '■    rri   ;!/■ I'O  V-l   CiAMNC   IN Til   HOUSINO  KIU   tC  »CCIPTA6U. 
■ !•       ',■■•■     M.:'!    .VlA>'.'lll   t'lL   It  ACCHIAO.l. 

■! '. ■' 

'I   P.. «.   W1LK  SUP.'tCUO TO OPUATION AT   ISO"   f,     T«(   MTINC  SHOULO 

o?;;ii 
!■;. .- r'.jtoo 

I   III   A-'..jl!.?  Ok  fOlYTHhAnUOIIOITMYltKI   SMttt,  CLASS  fA«RIC  «(IHWCIO 

ill'.  10  I'Cr.'lU  "«" 60 30  (■(  «TO  STAIIIIZCO  FOR OPtWTION AI  2S0-r. 
:■• H '. AA m «1,1 fit.l. 

A'O SIAl   H'AlHllv,  CAOMU^ MATED  PC» CQ-P-Ht,   T»Pt   I,  CLASS  I. 

87< 
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CHAP  6 - AIRFIUMF,  nKARlK'GS 
SECT 6F - BEAWNG CHARACTERISTICS 

AFSC I3H 2-1 
UN 6E2 

SUB-NOTE 2(G)     (Shwet 2 of 2 Sheets)   Self-Aligning Ball 
Bearings (MS27G4t.) 

WlUit. tACt MOVING 

I»HE» fjiin nci i» UCMHO.IVIM; rt.~).v LCHUS II i.'Oi 

H,U-i 

y-UM[ . Al /t 

TTTTT- • T ' r; r: ■: 1    IM! 

i !i!i:;TS 
-nT;:-—f-T-i-TTcr--, 

i    ! 

.•;!' II 

.'■•■ ...H 

M ü, 

I | II, 
_I_LJ ;J_M. 

! i i; .-.i—, 
IS,","" 

(uo-' ► ii/,tioi. < i 

ll>l CiC, I". 

' IHA'.- Mil VfAt'NO) 

DATA !K0;.: TYflCAl f.'-l sr.Kir.s I-LAIM'.'C. 

f 

1    «AM^r. ■••ll   !■,•  *     .      | 

i   "t.'-u~_ 
I'll                 \ 

i     rs^u \,f                   i 

1     • :■■■« 1 e                  j 
r^*uA 1   :<                      | 

r- M 1 
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:. f 

"i  n Mjr. i      j 

••--- 
'/ . - 

■"'          1 
(>;       j 

no 

... 
fv j 
tu   ~ \ 

1 .- ■' ii        I 
3/ - >i       j 
<: . U ,3.'          | 

SH*n /U'   HC-t'VIUG WO'v'lüCC DlAWItt* 

$HMT A.-'.' t    i. ^ J% UTS fCf ' ■Sfil.lMOCV <■ i ,"■;£ 

1       MWING OD..  INC»    S 
S 

»srj- .c.:-  .*.;*: 

!        KSPtt / •.■>,/'-: 

i     rsMv »   •■  in jo 

j         K^Pt* e'L--   t.-'i 

ttSP! '    .V. 7-' -.TTif 

!      r if >■:■*■>>' 

IVS t.?K/i-i.:-i ■ 

Ki». t <i?i-I rfl- 

I      rsr.- i *.  ^ ■<-■'. J 

1     ivio l.V.'7t-l  V'j". 

s.." i,:,,srJG A' C : k\j"^','■■!•. 
f,-   , IN. 

?-■;■ it.. 

.iiei-ntr      i 

■•/ -i ,■■■ ,i 

t» M: i n 

11 v. 

s ■.■ ,i.'.b'l — 

,3;« 

t-mJ 
-J 

IT."',! A /^ITMiOü &A1* ■ 

^ I «.»Klin.   I-""-.- '''■J »;■ '.r,.'.» *  i:r I.-- 'iM AN » 1-     'I IOVJ; , 

i./.:'it:. A     I'K*  . pi !. ''*.), , 1 4. 

*  -Ml. .V< i           .^>'. 

.7.1/ 3-C 

» '. • s* 1 ''." ,' 0 

t'.r^ i  '/.'J .5» 

viif1;' ttt .t»r 

t :N .           ^            - .jvv 

l«Pi i CM *■*> 

t^f* t Mi !■■: 

KW« i.i.j Kt 

VSflO l.Cli .(15 

._ Jfssp 
1 r 

r—i 

■q L ... 

ii 

"I. J 
j 1 

\0 
L2Z 

Ml AI.1C.NMOM 

Comment:     Load  life  curve  should be distributional  for design 

for  reliability usage.     Engineering strength data should be 

presented  in  statistical terms   (parameters). 

<• -o 
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AFSC DU 2-1 
DN  6F2 

CHAP 6 - AIRFRAME  BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 2(7)     Extra Light Duly B;;)l Bearings {MS27646) 

x1 r 
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m 
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i :.,'• 

. J.>j v.. 

■. ■  i   !,..:■ 

. •;    I    l    , 

'   •    '   .'.■.■. 
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( 1- . 
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(!)                 (r,) 

■.(..' 
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1 1 >1 1 1 
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i r-! 

IIHIT 
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f '11 HO 

1 /"O 

RATIKO   L6S. 
f'.',  ,-,fK/-Jt   lift 

OF    ,u.l JC   CCCl L£U 

:-.' ecus 

WlIC"! 

(AHM») 

./■;/ 

-lil).(.':'LJ 

_ _ J':': ■■  
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1 ?o 

■(tik \r.T. 
-Ol.- 

. i^.i;  

;,rj x-i 2?C0 

21 10 

2 1 ,0 

19 70 

2Q21 
.£i_ 

1 . i ;. i t:;."    i  2700 2:70 7 1 v: .03 

,     •I" 1. /. -■ JJ00_ 
j^ori 2(3-i 

? 1 so 

J ■A!'' ???0 .11 

I.}ht  

! 011)0 

IG." 2340 ?2M .15 

:.'.■' . .»^  .17 

(..)   /■ 1 pi"'' ..1, : IO [' HU ■■<■■<■ HAT IN;. 

(. )     '•  i-M-"   CIVI',     .'i. ....... ill .   II-,    l.VlL   o""'   Fül.   f.TAi.l.'.  iH.r   BtAhIK,   IN   iHt   HOUSING  Will   U   ArCf'l AbLf. 
(c)     AMil'JWIVI       Ci1    > 11 "f lillit   SAfl  T II 1 IT  Clf «.'NCt  ULI   6i ACCfHAIilt. 
(r,    if,i  1 - 1;  '  1 1 ■•;, »'i i:, i. •■■;   j  10 Oull'   P«£. 
i'.1;    c; .1 11 . i- ■.. 11 .■ i wir 1 1. .. ui 10 n,- r» I-AU. 

(•j   1.11 fin -/IF r ciiyiici w TO 71   > I-M.   WHCN st-bjuiii. TO cfATinii 47 jjo' f,    TKE RATINCS SHOüIO et 
»fill HU Ll  / ..' 

I.    HATtllUS;    nv.', ■■Mr, t "(••;' ;i Cü, I. 5? 100 
i'ii', laii , 1   . :.,..-",   fino^ ..■■ K.'ioo 

2.    Si.'li,   FGe'ni   iL-_'   ••7i'<nM   fCK  K::.?l,l? C»  FOintlFVTLWROtTHTll«   SlllfT,  C'ASS  rADRK   FEFNtot.CtO fER 
/■■:.--.ii. 

'■   LIUH'/'T, HK-C  'i,-;?. iillEt  l'.l hin, 

k.   i:r'■■••.'■::   hin TI'.T.H. '. / ... mis TO ro'.'.'.u "C" 60 TO ft «w STABIUJEI FO'- crtRATFOii AT 250*F. 

5.    '-•'.   /.i  P'>r.>:i',■,■    K-.-j v-  j,.,. j.i.j , .- fi i.-:,,;f "M ....-, v. (... ,.-r. j mtj. 
'•    fl " :'.        .•; 1.   1 .,1 . ..i   < i> .;   ! s  i'^iil   rrr.    All!'     IAL   UTAlNtm,  CADMIUM flAUO f I ». QU-P-Hf.   TYTE   I,  cuss  2. 

7.    imff ..•: F"-.i£i  ri 1.   M, .      .c-   1 10 .ti'iiP 
E.     RADIA-. AM- tAU".l   I'.Ctl.VF.lC Itf;      Hure   kl«   .OftJO 

ti'Urt  Fll)..-,   .Cjlfc 

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 - A1R.FRAME lil'AHfNGS 
SKCT OF -  DEAKINÜ CHAUACTKRLSTICS 

AFSC DH 2-1 
DN 6F2 

Sim-NOTE :",:■.)      Extra VViu..-, Douhle-Row Intermc-dJate 
Duty Ball isciriuy . ^\i,?.',cv,) 
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•,;:■    , ■■   r i '.,K-r. FUL'I  :IIA»/IPIC1.VIU (i AUtflAUt. 
^U .  I: i"   [I   M li'.'Ttf  '..■.:!. 
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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 DU 2-1 
DN  CF2 

CHAP 6 - AIKFHAME   BEARINGS 
SECT 6E ■■ BEARING CHARACTERISTICS 

SUB-NOTE 2C9)     Externally Self-Alij2:ning. 
Extra Light  Duty Bearings  (MS2 7648) 
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ATSC DH 2-1 
DN  6F2 

CHAP 6 - AIRPRAME BEARINGS 
SECT CF - BEARING CHARACTERISTICS 

Rational:    Make title agree with MS title. 

Comment:    Picture  seems to be  in error,  the self-aligning ring 

should not be  shown tilted over same as bearing inner and 

outer ring. 

Comment:     Load  life curve  should be distributional  for design 

for  reliability usage.     Engineering strength data should be 

presented  in statistical  terms   (parameters). 

H>J' 
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CHAP 6 - AIRFRAME REARINGS 
SECT 6F -  HEAUINU CHAHACTKIUSTICS 

AFSC DU 2-1 
DN 6F2 
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l^all fiearii.frs (M.^ViMS) 
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CHAP 6 - AIRFRAME BEARINGS 
SECT GF - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

Rationale: Temperature limit should be added to high 

temperature interference. 

Comment:  Load life curve should be distributional for design 

for reliability usage. Engineering strength data shoaxd 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 3(1)     (Sheet 1 of 2 Sheets)    Heavy Duty Needle 
Bearings (MS24461) 
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CHAPTER 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

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 

I 

SUB-NOTE 3(2)     (Sheet 1 of 2 Sheets)    Light Duty Needle 
Bearings (MS24462) 
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CHAP 6 - AIRFRAME BEARING« 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN GF2 

SUB-NOTE 3(2)      (Sheet 2 of 2 Sheets)    Light Duly Needle 
Bearings (MS2MC2) 
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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 G - AIRFRAME BEARINGS 
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)      (Sheet 2 of 2 Sheets)    Heavy Duty Self-Aliening 
Needle Bearings (MS24463) 
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Conunent:  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 - AIRFRAME BEARINGS 
SECT CF - BEARING CHARACTERISTICS 

SUB-NOTE 3(4)      (Sheet ] oi 2 Sheets)    Heavy Duty Self-Aligning 
Double How Needle Bearings (MS24464) 

UiniCAT^NHOU 

- 0 1.7 

t   ir 

1 
..f '1 

.ÜK 

. .u 

f 

tio 

.fcl3 

f 
'SIX 
■Mi ■Mi 

0 
roil 

H 

..0*} 

.183 

CL* "-»IMG 
til* SIMI: 

CAPACitr 
u 

«4 : 

1:*J 

MIGHT 
It 

AffKCW 

loin 

HAY 

HODSiNO sm 
CG! 

*.c.r»3 
-.«»1 

MN —ffi*?,,. 
I.IS7V .449 .y. 

.1!» 

.IV 

.1)11 (IJO l.l;-7 

,f/l .1*1 .67'. .(«4 

.'»4 

.8'1 

.174 

«Ml 

l.3>lt I.31M 

'>:■!■•;■.■ 
1.0.11 

i.T < 

.654 

"_7»i 

I.IJ5 

i.no 

nfj .?.) 1.4iyl 1.49»> 

T ;•■ ö 

..w; 

l/.O' .470 1 etiM l.«7? 

1.7-^7 .JiO 
1   155 

.•■■■1 

l.C'?J 

ziy*1 .5» .<U3J 1.7. ^1 

i.r.Vot) iw .IUO .»34 1.6741 1>147 

,CiJ7 

4.;K' 

I  

1.0« 

.375 

I.3JS 

I.MT l.»W 

3ÄÄ4) .S7l) CO!7 7.17..» 7.1?« 

.«40 

0641 

3.74M 7 Uli 

l.»l l.«?S 

J.J75 

4/i:^ 1.070 J.4>H 7.4«S 

54AVJ 1.230 } 74.-,1 r.7«w 

rc.00 1.4« .11043 3.7.J5 
u1"'6 

J.7-«      ■■    ' 3.6i? J.t/S MX»! I.7K OM I.749S 3.74JS 

JAi? 1.1» 10IWÜ 7.0;) Mit 4,>4«S 4.?4;j 

.'>*< 4.6;.H' .il. 4.14] }.»ä« IWTO 3 «50 OOW 4.87JI 4.6745 

r:\ 
5tZf 

-« 
Tt!"J 10 

mil) ■u 

4 

4 _ 7 

»UtttlAt: Sllfl. Wl-S-'4J0. M'l-i-WW, Wa-J-74<), QQ-SOl 
Slid HO. »»93, 5nx, /N? 57U» 

HATING    <.4n,*'J'JMriATt, Oi.p-41«,  TVPr I, CLASS 3 
MACMTNt W'ISHi   '^■'l   fe'.'-1-1683 
(IKMCAIIOH;    KACINSS fiUNlSl:'!' S1AUII LltHCAtlD WITH G«*SC 

CONfC»MING TO I' i,.G-73»27 
OirnHVOHilUtHCiti.   UNlC«lOIMUWIS   SKCIfllO, lOUUNCtS,   DtCIMAtS -  ocs 
PlMt'NSiOUS 10 t' MfT AMI* KATING 

«M.3W All b'Ji'vAMO JMAIH. ..ri 

mi AIPCWII 5TATtr»r'.«(naCAf*cnyii»fiHGSASNotf.6i>Mt5rni  rr«f ui'imtf     tonoiHtxt HIOHIST IOAO »'MICH CAN M 

MAriUOHIl . '-'MG WItlüN    A>(A||OWA«lf ,W0I HlCHtKinfU nf Tui l"llit. »Ad.   MIChtt tOADS Will OANGHOJSlVfSI'ftll 
Irr kACi5A>4t< lt«(AW«KIlY0tJOIMtlli ►OllftS. fHIUlM C« VOIntJi UMOOI THE CAJIMO SK'JID l( TA«N },'3 Of IHI AltCtAFT 
VAttc C/'ACtlY. 

1 r.4 < 

2k 



:   V 

i 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

SUB-NOTE 3(4)      (Sheet 2 of 2 Sheotfi)    Heavy Duty Self-Aligning 
Double Row Needle Bearings (MS244G4) 

-iSf i  
I _. 

; ,     I  

SlOW not Al ION (< 103 FPU I   OR  OSCILI «HÖH CPF/Ti I>  IIIA I! KOLlEtl  SPACINO 

}p= 
i-lli- 

iii'iT ion, riAtiUS  i 
!/! {..HIKLII SI/.U: cA'.-cir 

rt 
—j 

-!l.-Ml:.--.:~ 

^Llljli."--.^-^'--^! 

i:  I-. 

.,).._.. 

Tr—:.-p 
l  

n- 

m^ -i^-.:: 
: i 

_ i j UM:::, IT 

,,j j.. . 

I    T-    J   :   ! 

r-CH- ^ 

-rh-.!"---H I-j 

/C-^%  

:~ .-in. 
I« 

Inii^Ri:HtS^ 

i 

rrUn: zi-m 
:i; ,—■vr..v 

u-U 

10» 

I   «OTf :    LOAM ATlu* CrClCSMECOUll 

j Tl» Uli   B45IC l'lN/.'.tH' CAPACITY IC) 

i 

J.. -.I— j—LOJ-U-i _J i ._ 

t 
I!  - 

i I 

UM. 
T-ll- 

--I't-l- 

I04 10« 
Lii 

-4 
- -4— 

iTm 

- 
i 

- -(—f---. 

H4 

M 
lift lllla I IH   CICLI S 

jiiAit ANUHOUSINO mi n« OVMAI W I stmci 

-7 

-» 
•10 

HOut",GIO»t S'li. o 
I.IW-I.IM? 

l.3l??-l.ilH 

i.Ajy?'i./.iw 

1.3"?I.74'I 

i.«?«.i.e?cii 

?.!?«■}.ITi« 

j i v-r.ira 
? 7'  :  i.7t:i 

"j.JI '5-.l'.J«3 

J.7< j-l.?«. 

« J«v:..4.J4lt5 

4.8/IJ-<.l/JS 

Mli«- 

1.11174 

i sn: 

-1.4 .v 

/-■.ClTi 

i-l.P.*49 

';.;<>* 
' ? •■■'.• 

'-; K-M 

l-l.c^f 

4 fvi i :i"i 

-.31." 

■ .M7'^ 

.7^«- 

.c^i 

I:;3-.:;4J    |   i i 

.t-.i:y 

1.1 -"l 

l.MI? 

!.4;./ 

TV^r.Tv,^ 

1.4n<-3.49S4    J    1  '■   ►;-]'••( 

.■ - 5? M 

'...■ - fl/H 

i; • i ? -J 

)'.; . J 1/1 

.^ -'"iTi _ 

' ?i_. i • ■- 
i. -1 7 J 

v 'JJ - 7 W 

4 */W - j il j; 

V^WMIN ' OUMTINO ICAHinj? IN AtUMlt4UM KOJSIN&S KD-JCt Alt DIM M.ICNS .0003 

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 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 3(5)     (Sheet 1 of 2 Sheets)    Single Row Track 
Rollert; (MS24465) 

-   lUIMCMON H-.>1 ( 

4 

A 
• XOXI 
-.i*i7 
KM 

INN»; 
l/.tl 

i 

-.nc 

••vii. 

.on 

c 
«.o*.o 

!.a?5 

D 
I.CPIO 

i 
• .00 
-.en: -.0Ä 

.t: 

..cno 
K 

WiD'H 
MI'J 

.ir 

rLOWSG 
M 'J 

ttPAtiry 
*■. 

1K.O 
join« 

i« 

su-.ic 
Ci'AOtT- 

7,>CO 

»•ilOMI 
I» 

AfPF.OX 

_   .... 
TOUl 
KM til 
HAV 

IKACtC       1 
CAPACITY   1 

m.van 
sun 

■ye 

'".3~r 
.y/i^ 

i .MH' 

l.tli 

.«i-     1        «CO .CJJ .»IS r/o 
.< .rM .1« 

.167 

.Hi 

.S'J 

.(44 

l,4M 4,r..,i ,0« 57J 

1      -i .3/V) i ''J 

4,3'0 

e.i. .C-VJ 

.l."6 .KI4 

l.t'JO     1 

4 

na 

1 i.Ji:.. t.m   1 
5.«00   j -10 

\      -IJ .MOO 

1.SO30 ll.VS 

~fi.n 

T.i w 

l.VO .jrs 

.43/ Mi A.*.." *■■*>■   1  *« 

S./vP." 

1.1. .0 

1 J» 

! ,6*5 

l'.t-.' 

UU 

831» 

srso 

.;- 

,U7 

.VI 

1.1» 

I.J1! 

lo.roo >»,i.i .<■» 4.K0   J 
5.JM     1 1      *U .«?» n.xn 41,Kn . ■' 1 ? 

-JO i ;•</ .t 

1.112 

l.tfS 

l.»M ?A,4 » 

1.1» .C..I4 >,l«     1 
•M 1 soon W,* >'.; ;•(» 

•" 
.»as 

u.too    1 
i        It l.TV/-. Mil ! '."-.O ►.'.•4J tvrs   j 

•;> I.CO* S( n.3 1 Ifi-J ^f? l.'.WO   J 

10.H-1O     | 

-44 

f ttoo 

f.weo 

<l^i-. 

».101 

4'  tO0 1^ /--'JO / ii 

«.TK-jjT«» 44,',-O • bJXA M4 IM»     | 

_if^J Jin Htl 4"^*W ■it.oa.. ». rti it.coi   l 

MAIltiAl      SItCl. Wll-5.74», Mll-i-fMO. MIUS-?«», (« ■•-4S4, <yj-!-4)l, 
ICDSIDNO.USIIUNO. K''00, SU«.', A'j>) JJH! 

flAIINC:   CO. AU-j SUIS Of Dim: KM.I, O 'ÖM1UM riAIl. Oi-C-J'O, CLASS J, 
iKirtNfis .(OB u> crio 
Olrtd'WrAa,, fACWUMHAII, O0^-41*, tVM I. Cl ASi 1 

MACHIH1 llji;.H.   «".M  t ". I - U52 
lUMlCAHOHi   HAHrJGS K'«Hnm0»l!*U IE IHSIICAICD WII» Ci;A<I CV3NIOUJ.IMO 

11) l."l-f. ."i 77 
«fcOVf MUl>C ANt'^HA»? [nois 
CtMMSIONSIN INCUR.  Hi ■IV'. OIH'r.rSt SMCimD.TOLHAN'OS- PtCVAAl» i.oa 
DIMINilO'JS tO M Mil Alii., »ullN'C 

U HOU>-lTfD IN ArOir,INC.<»)PlOA1tIl AS A»[A11N0. IHI A TACK IOII fl, » LOAD fOUA.l TO T"! AI7C> vn STATIC CJACITV Will 
MINIU mriArr, io A UA« BlfTHOf   !OJI I'Ki.tS. Ml C.'.»»(1TV »5 A lUC« •OUT'B T'll HIGiUM mAOwKiCHCAMItrtACIAON 
TH* ITAtirJO TO» A»l AVIWr.l 111! Ct Ir.-,ft)V KVOlUIiONS (.)' JO.UA.IN *-b* HVOIUTKW5.   IIIMrAC*: I' '.'HI. C'.7ACItY li UlflCAl 
wiTHiis»(n TO'nr it«.'i. fmin cA>»!-iiycif mi »u»:»«». ANiNcitAM n IIA''« t.iH»v'iss wiu INOHASI IM: UIHIU CAUCIIY 
OM « l«Atri HOWIVlt, IMI ItA'iMi. K'.tr K)lll»C'7'   irr «lOUlD'lOl It IXCIEDID. 

C'll 
in« 

 Wt 

-3 " 
IniU -10 

lOllP'U              J 
►.j. o   ••■us | 
Win »wo   1 

>       i 

-11 
| THIU -44 4                | 

i. I*' 

26 



CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 
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SUB-NOTE 3(5)      (Sheet 2 of 2 Sheets) 
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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 C - AIRFRAM.S BEARINGS 
SECT 6r - BEAR1NC CHARACTERISTICS 

SUB-NOTE 3(G)      (Shuot 1 of 2 Sheets)    Double Row Track 
Rollers (MS244G6) 
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SECT 6F - BEARING CHARACTERISTICS 
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DN 6F2 

SUB-NOTE 3(6)      (Sheet 2 of 2 Sheets)    Do'ible Row Track 
Rollers (MS2446C) 
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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 - AIRFRAME BEARINGS 
SECT 6F -  BEARING CHARACTERISTICS 

SUB-NOTE 3(7)      (Sheet 1 of 2 Sheets)    Cam Follower 
Track Rollers (NAS5C2) 

CMCJ.CU 
Cecoofi«- 

/ 

Ut- c--< 

VIX> KNCtH 
».031  -.01» 
an NOR ID 

--I !. 

INCOMfltU     «   »■>   'D WIN 
THH*DS —••   h— 

I    -«-I       «-tlOV .■IN 

-f  CIA 

CK/V/rt« 
com« P(N HOU 

.6«MAX (-"- 
AMD -•( cms. 
Stf NOft 3 J 

hJL   f 
(.C-K INCOMf INCOV.M£TI 

HSU/US 

r J OYP) 

—iL-.-fl 

k'fli *NCi «rv* iüeNIiFic*tiO:-i 
icuwonvti si oi f-fri 

f«.SIC CONflCWATJON 

::;r-};;rcA,os 

lUfMC/lO.: FlITIHG 
IMREAIvDU.O lU'-: CJ.i ."  !ni!i-!0 

CODtOOITIONS 

•";V-ri if- nfj. 
r>.   (SIS' 
1PTES  1'. 

II' ;1C 
KHSJC 

ir,--' 
1  -.- 

1/■;-•-' 

IM» ■ ■, ■ y\' 
t 

' ' f j' ■ 
J: 'A 

F' ■ :••: in FA.'J 

'•?:;--;;i 
■ • - !l ■■ i j ^f", 

.. . _. 
.?',l 

;f;-:K) 

KC .t'. 

_■"?;■ --- 
1 
1  • 5- ' ;• ■■■ 

1.1.'--j 
..-•'■&- 

[jlj " 1' r 
■ \ . 1'. <; 

.' 
'JS .'■i-j   1 

CONTA •: 
Lfi'TH 

.■ArAJiTi- A;, 

A fOLtn CH 

l-Tti 

I IMjt 
LOAD 

(SKE  K^IE  6) 
(W.XIMUK) 

. Mil ♦ CMf l.r 3rri h'CHlirt- )r .r  ■ -, 

.  ^i * .r:r [rsoni r;  ■''■!■■ A .----' 
. '.> ♦ :";"■■ ' r' '.". : v  ?".■ r >. .,::'. 
.£■-■51 « ür.:^ : r. -.TH K.'1' i f x .00?^ 
.i?o ♦ SP:I ■ -■. ..i! %   •-.:■.". x .:■"■;■;■ 

*11   -»it rc.llc*»r ■«) »m   Ve  Hf.tlfi. 1 »! 

r.   ir li .11 .•!   ?»frii4   U   r 

'r- rt^lfnttei 
I   «•»Unit»! 

TUfJ   d«tli  f J-I 
(Srt  »n-i !■ 

KlL'.y ?.l «ay b* 
L'itifl-itoi rm 
■taUH «■ •»»'■ 
tr,»ii t« fVnth. 
«f.y r. 1 •-IS - ■ 
t«i lr>,  11   l"-r»i 
«hull  if fu-, 
ft*  trt->   "r'r, 
c-f it» b»«rirj 

of tht t»»rl'.f 

llV«'»S   *'ll 

•If J   f.r   r-1.. 

• 1 t> •ill',, ttp r •: 1 *•.■. 

'•  f:••.■-] •■ 1 •: 
.-«••:, t  1 In 

!    f  ■* .:  .■ 

5. F-Ul-v  ■ »1 «rl'y   !    "   •   -1   1 

6. 1    fiilj twltir   »Ml   r*"    ,? . 

8.    r-.r-r^ to ^ 

KAÄINÜ fltf.tfNT 

■«ii-l  w:th  the   !■' 

.-    .;•■   Är»»<«  Mt ►■I. 
-•f   pr     .f   J.»i' r.    fll .1 1 :( 

• -••'.f    .|-*.l     '-.y. 

t ^»'Inn   J -r]' f 

r.r  I' 

.)-   p«   »•«el   »-.J 

16    Ihn ■  c f  r -*•!■• 1  (, r 1 r 

,r;:rj ■ ,1 .ir 

■l.   :•?• -Uy   I*   TIM   »1   (i,   r-if   '   '■ 
«'. i-T««»»  it  r.«'!i-*» of tic T» ■ 

>  or ih< tr«  ■,  t..'.  Ii ' ■ r<»f ■^   .t J „111'.«  ii» 1', 

30 



CHAP 6 - AllU'HAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN CF2 

SUB-NOTE 3(7)      (Sheet 2 of 2 Sheets)    Cam Follower 
Track Rollers (NAS562) 

-[-{(•jf- 

HCOMN'tNOEO MOUNTING DIMENSIONS 

.01(.MIH-«- 

•>-'.x '';,■;•: 
•■.'.,: :M; :A.M ''':''-'■'          i 

■;;■   i^ 
■.::!••■«.-     ; 

~     '•■■    1  •-      
'   ■ • 

'fUZ  :.  ■ —r  -^ 

,:;     v'-;'   i   f'*  •-■  ■■a 1 I'i'U'-r-..    FAF*>?1   .   cr  '.\.*f:\   sullit-it   f^r learlr.f, «p- 
[.li     (.tiM.f   . 
Fni  lii»'.!-.     r-t."-0.  l.'rJ'dfd  «nl  ;Iri-twn  to RccfWtM   'C    5X-59. 
T'*.!.    ^Ar'-ri'.'.  i!  i.*>"i  ^.sf-ti'.- fur ttarttr' Rtp!lc*tlcnt. 
hT:.v.--v  »;'■'-•   •r.-i'fJ   tc> h.-.-Kv-i 1   "C"   '•. ,   --I;,!---.. 
Coif  "'-1 Btuci   ii'.rth.     Heat   troali-i  to  KCC^WPII   "■;"   ^J-'W.. 
C^al;..    Acftsl  :-..::r.,  cat • a'.-n HPJ i.ylwi  .^r eq'il vulent ■    Construction 
0( tunal. 

fcll-T- '"■ .v. J T.MC..  :-t-,T---f- plotfi  m bee i-risr.c*' wl'h U-i-C-fi:, Cinr-   :-, 
«»■»11   Uilrk'.A'.   to VP   .     ■ ■"'  tc   .  ■   ■■,'   '-•.  ;.•■.-.     S"x(.(i^1  surf«  .-r   cjf c^tiier 
[■9 r*. !"•   r.'   r.   ■ - ' t  ! ,   r'. "I-.1 :■■,   t 1 *■*,»■ i    11.   B-   ■- ? i-i» ■■ r   vi'. f!   Tf r: .   f.-! - -I'       T>'[ >.'   I , 
'"'ar-!   ?,  J-'-li'llf.*', the urnitv-.i,.-! fL-rllon  of the PtuJ  (See Kotf IT). 

L'K  tARI   N"V!'K:- 

Ltf -irlf,,;,     ; :■ r .   aV r 
1.67? stuJ ir;lfc'n. wi 

A   -   Nc   c iU*t   fir, Net«    ; 
orii   for rv.-lUr pin hf U 

rlr,-^   J.lt*^     rcHfr   ,^C-Z   Mud,   sc»ltJ 
fjürv.fi m t .->!' e'ud,  l.r-*-*.  prl|i length, 

„•   .:^T-r rlr.hr.lr. 

requtp»i for 'VP«» T or TU.) 

 !e6rlti?, 

 Grip   lenglh   i'■   .«;6(l/Jt!-'i   Ir.f,   J nc r'-mei.ts 

F   <   ur/-o'il.- 1   wir1,   lu^rlcrator   Ir.   flenfcfd   ef..i  of  stud1 

T -   unspilfd wt.1.  lul'HcBtor ifi IhrtiOdecl tni of SIMü, no 
rottt i  rln hot"- 
*  ■..r.r-^Bl 11 without   lubrK-stor 

FKK ■  sealed  -l*li   lutrtcntor  In  fUifted er.d of ttu-1 
U.K - no cottfr fin tide with  lti&rlc«tor in threaiv) cnJ 

of r.tui 

-__ —Stud dlsmi'tcr In .c6(l/lfc)  Inch  incremtnts 

 Doribwnt nuF.lf r 

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 G - AIRFKAMK BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 4(1)      (Sheet 1 of 2 Sheets)    Self-Aligning Roller 
Bearings (MS28912) 
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CHAP 6 - AIRFHAME BEARINGS 
SECT  6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

SUB-NOTE 4(1)      (Sheet 2 of 2 Sheets)    Self -AligniHg Roller 
Bearings (MS28912) 
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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 DIF 2-1 
DN  6F2 

CHAP 6 - AIUFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 4.(2)     (Shccl 1 of 2 Sheets)    Heavy Duty SelX-AUgntng 
Roller Bearings (MS28913) 
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CHAP 6 - AIRFRAME BKARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

SUB-NOTE 4(2)     (Sheet 2 of 2 Sheets)    Heavy Duty Self-Aligning 
Roller Bearings (MS2&913) 
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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 DU 2-1 
DN  GF2 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE 4(3)      (Sheet 1 of 2 Sheets)    Extra-Heavy Duty 
Self-Aligning Roller Bearings (MS28914) 
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CHAP 6 - AIRPRAME BEARINGS 
SECT GF - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

SUB-NOTE 4(3)     (Sheet 2 of 2 Sheets)    Extra-Heavy Duty 
Self-Aligning Roller Bearlngd (AIS2B914) 
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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 C - A1HFRAME BEARINGS 
SECT CF - JiEARING CHARACTERISTICS 

SUB-NOTE 4(4)      (Sheet 1 of 2 Sheets)    Light Duty Self-AHgning 
Roller Bearings (MS28CJ15) 
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CHAP 6 - AIRFRAME BEARINGS 
SKCT 6F - HEARING CHARACTERISTICS 

AFSC DU 2-1 
DN  6F2 

SUB-NOTF 4(4)      (Shod 2 of 2 Sheets)    Light Duly Self-Aligning 
Roller Hearings (MS26915) 
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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 - AIRFRAME BEARINGS 
SECT GF -  BEARING CHARACTERISTICS 
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Si'FCirlC/vTK'N, I ill  '.:   ii I -.Vi    , 1 OA!' <;! M.L 1U KECIU ASK0 TO 75' 01" SPKIFIEU tOAl>. 

DASil Nl Mpl.I' |Jl.--iiiNAl I '   ■. ••.•.i:;M. MOM, l>I \MI TFH IN FIXTKENTHI OF AN INCH. 
KX/.Mi'l I. CI   r,-;.;  NO   M.\1-!10M. ' .3750 hOKE. 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

' 

SUB-NOTE 5(1)      (Sheet 2 of 2 Sheets)    TFE-Llned Plain 
Spherical Roarings (MSmOl) 
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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 -  BEAMING CHARACTERISTICS 

SUB-NOTE 5(2)      (Sheet 1 of 2 Sheets)   TFE-Lined Plain 
Spherical Bearings (MS14102) 
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115 

1-24 
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.031 
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J.100 

.1,15 

.160 

.240_ 

.350 

.970 

-MATKIUAl ■   h)   UA; I- 440C AMS 5030. 
(t.)   Of IKK RKti AMS :1f.43 (n-41'Hl, 
(r)   LINE» - UK SHALL BE ISCUDtl) IN 1 !!t. L1NKH, 

■A;) 

2-FINISH:   SUHl ACK IINl.Si; HALL DIA UHR B MAX:   UOItf. HALL I ACL. AND Ol'TKK IL\rL DIA HUH 3.! MAX; ALL 
OTHF.HS HUH 12;> MAX. 

3-HAItI)NESS:   HALL 55-f,2 He OUTKK KINO Kr 23 M1N Hi 33 MAX. 

«-DIMENSIONS IN 1SCHLS.    UNLESS OTHERWBE SI'ECiriEI», TOLERANfLS:   DECIMALS t.010 ANCLES tl/2". 

5-llHEAK SHAH1' LIXIES AND CORNEILS AND REMOVE AM, lUTliS ANDSLIVKKS. 

C-T1IE -3 SIZE HEARING IS IXEMKI   f ROM Till.  "RADIAL STATIC I IMI'I  LOAD" TEST AND THE "OSCILIATION 
ÜNUEK RADIAL LOAD   1 LSI BECAUSE THE LflAD CAI'ACU Y OF HEALING IS PIN CKITICAL. 

7-WHEN TESTED TO THE M.Ull) COMl'ATDMLITY OR HIGH 1EMPEHATVUE REQU1HEMKNTS OK THE 
PHOCi:KE.MENT SI'KCiriCATION.lMK OSClLLATlV'fi l.OAI) SHALL HE DECREASED TU 7 5?. 01- SPIXIHED 1 OAD. 

DASH NUMHEH DESIGNATES NOMINAL BORE DIAMETER IN SIXTEENTHS OF AN INCH. 
EXAMPLE OF PART NO.  MS 14102-0 « .3750 BORE. 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC I3H 2-1 
DN 6F2 

i 

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

OUAllPICAtlON 10*0 UFF OAtA 
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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 - AIHFHAME BEARINGS 
SECT 6F -  BEARING CHARACTERISTICS 

SUB-NOTE 5(3)      (Sheet 1 of 2 Sheets)   TFE-Llned Plain 
Spherical Bearings (MS14103) 
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1-24       '-H 
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1-MAURIAL:   (a)   BALL 440C AMb 5630. ' 
(b) OUUR RING AM5 5^43 'l''-4PH). 
(c) LINER - m SMALL BE INCLUDED IN THE IINER. 

?-FIMISHi  SURFACE FINISH fALL DIA RHP B MAX;  BOS!, BML fACE, AND OUUR RACt D1A RHI, 32 MAX;  ALL OlIltttHR 125 MAX. 

3-HARDNESS:  BALL 55-12 RcOUTER RING Rt ?3 MUfc 35 MAX. 

4-DIMEN5IONS IN INCHES.   UNLESS OIHERV.ISE SPECIfi:!), 10U?ANCF,5:   DECIMALS j ,010 ANGLES il/?" 

5-BREAK SHARP EDGES AND CORNERS AND REMOVE ALL BURRS AND SLIVERS. 

6-THE -3 SIZE BEARING IS EXEMPT FROM THE "RADIAL STATIC IIMIT LOAD' TEST AND THE "OSCILLATION UND!I: RAOIAt LOAD" 
TEST BECAUSE THE LOAD CAPACITY OF BEARING IS PIN CRITICAL. 

7-WHEN TESTED TO THE FLUID COMPATIBILITY O'1 HIGH UMPfRATURE RfOUREMENTS OF THE PROCURtM£Nl SPECIF|CATlON,THt 
OSCILLATING LOAD SHALL BE DECRLASED TO 7i% Of SPECIFIED LOAD. 

DASH NUMBER DESIGNATES NOMINAL BORE DIAMETER IN SIXTEfNlHS OF AN INCH. 
EXAMPLE OF RART NO. MS M103-6" .3750 BORE. 
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CHAP 6 - AIRFRAMK HEARINGS 
SECT 6F. - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

SUB-NOTE B{3)      (Sheet 2 of ?. Sheets) 
Spherical Bearings (MS14103) 

TFE-Lined Plain 
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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 

CHA1J G - AIRFHAME BEARINGS 
SECT GF - BEARING CHARACTERISTICS 

SUB-NOTE 5(4)      (Sheet 1 of 2 Sheets)    TFE-Uned i'h.in 
Spherical Bearings (MS14104) 
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DASH NI'MMFR DKSIGNATFS NOMINAL MOl'i: HI AMlTt II 1. I!' Til.- PiS OF AN INCH. 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

SUB-NOTE D{1)     (Sheet 2 of S Sheets)   TFE-Llned Plain 
Spherical Bearings (MSI 4104) 
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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 G - A1UFRAME BEA1UNGS 
SECT CF - REARING CHARACl ERISTICS 

SUB-NOTE 5(5)      Plain Spherical Bearings (MS21154) 
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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 - AIRFRAME BEAU1NGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DU 2-1 
DN  6F2 

SUB-NOTE 5(C)      Plain Spherical Bearings (MS21155) 
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Conument:     Load life curve should be distributional for design 

for reliability usage.    Engineering strength data should be 

presented in statistical terms   (parameters), 

U9 



AFSC DH 2-1 
DN eF2 

CHAP 6 - A1RFRAME BEARINGS 
SECT CF - BEARING CHARACTERISTICS 

SUB-NOTE 6(1)      (Sheet 1 of 2 Sheets)    Clamp-Up Bushings 
(NAS72, 73, 74) 
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CHAP 6 - AIRFRAME BEARINGS 
SECT 6K - BEARING CHARACTERISTICS 

AKSC DH 2-1 
DN 6F2 

SUB-NOTE 6(1)      (Sheet 2 of 2 Sheels)    Clamp-Up Bushings 
(NAS72, 73, 74) 
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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 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

SUB-NOTE G(2)      (Sheet 1 of 2 Sheets)    Press-Fit Bushings (NAS75, 76) 
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CHAP 6 - AIRFRAME BKARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

SUB-NOTE 6(2)      (Sheet 2 of 2 Sheets)    Press-Fit Bushings (NAS7St 76) 
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Conunent:     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 - AIRFRAME DRARINGS 
SECT 6F - BEARING CHARACTERISTJCS 

SUB-NOTK 6(3)      Flanged Press-Fit Bushings (NAS77) 
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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 - AIHFRAME BEARINGS 
SECT CF - BEARING CHARACTERISTICS 

AFSC DH 2-1 
UN 6F2 

SUB-NOTE 6(4)      Flanged Press-Fit BushinRS (NAS538) 
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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). 

Xw»*rf 

55 



AFSC DH 2-1 
DN 6F2 

CHAP 6 - AIIU'RAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

. 

SUB-NOTE 6(5)      (Sheet 1 of 2 Sheets)    TFE-Llned Bushings (MS21240) 

COMCINIIICIIY tOlOAMCI VrmiH I AND D 01* 
VUU NO) »CtiO .0011.1.1. 

1  DASH 
NO. 

■Ot 

NOMINAL 

Slit 
• tin 

>.«nci 
•.0010 

.»1! 

D1A 

.)>MS 

wtiom II'I> («n 1 
l-LOCO         1 

Al 

.CM 

CMS     1 

•09 5'16 .31« «iit .'X» .ovr   1 
■a, J/H »12 .rw .O:J 

1   -m >/ii .4JW SiM .CI'J .o:ti   ] 
[■Oi 

5/1 - 

jKllS .«?»5 

$U3 

.Oil .Mi   j 
01J .OJc 

-10 5'a on .«1     j 

1   ■" 11/1« .»."> <;6? KJ .«< 
1   '" %M .7115 «:'-3 (05 .ft     j 

• 14 »/.: .'■'<-■■ 1 (V.<S 0?. .080 

.1» I.Mi: i w» oji .Wl    J 
-1« 1     l/S 

"iT/it." 

r.;.;,.'i 
* "iT/ 3'- 

1 3I4A '■"■; .101     j 

.» 1    XA .',•: .111 

1     1,'; 

i yu 0(1 .   •!» .. 

.("5 

,J7v    j 

.w  1 
■a i   ;.\ 

■ff 

iii 
1    J/4 

(A)  UtOUfAtO; fcUJMl;«J^, «.W05, 
CtfS, *.0»C, -.0005 

1*llt 11 

•UNCMMi:**                                                                                  ~1 

MO, 

1   "^ 

' 1/7' 

7/U. 

1/4   I ? "J/ 5'If 

II 
1? 

10 

10 

1C 

10 

— 
:•£ 

10 

1? 

in? 1 V 

i; 

7.'!6 

14 

U 

1* 

14 

1< 

JL 
14 

1   > 

1; 

V16 s.« 11/lA 

J7 

l/< M i 1 1/8 i i ■< 1  1 V 1 \t/ i s r i r« ■; .4 7 l'.' /li ! 3V 7 1 -. ■-" 3   I 

l; 

1; 

i; 

IJ 

1? 

1. 

i; __ 

IJ 

1! 

3l 
M 

!'• 

■— 

ÜJ.i« 
('" 
c- 
1." 

i'> 

07 

pi 

u 
tfl 

Id 

14 

!' JS 

I  -in I'l 17 7' 

7' 

7» -     
1   -O» 

-10 

.i; 

1  -13 

«14 

11.10 

>; 
»i w .ilj 

74 » 

37 

34 

V 

40 

40 

44 

It 

44 

4t 

4.' 

IT' 
si 

-- -A r 13 
3.-< JO 14 

W 

li LlL. 
li 

IP 

Ifl 

?.' 7;- i- 

74 

74 

J'l 
7' 

•t 

jr. 

79 

1 •u 
7* CO rw 

V 
i-J 

7? 

40 

4J 

44 

44 

4) 

4? 

(0 

1   -16 

1  -13 

-:; 
•>* 
'■a 

-» 

1 

11« 

Vi'< 

10 

~to _!L 
15 

|; 
i7 

14 

l< 

..713. J 
77 7» j'l y. __4o_ 

40 

44 43 

4C 

S3 

5! 
64 

4P '6 It. 

IE 

J*_ 
i? 

in 

it M 44 

44 l! 14 K »7 74 i. « 40 43 

4. 
J'... 

!.? 

S3 

i li — 1! 14 13 7i i4 43 44 Je- _ ». 

(-.. 
t4 

6* 

7,' 

7S 

76 

76 
JL 

eo H i w >J 77 24 K 17 4". 44 

44 4r 

4" 

i J/« >• 77 74 3/ 

3! 

3.; 4.; S? 

"sf" i-:. 

76 

74 - 
f! »»I 

■e 1. ?) »1 34 n 40 44 
M w 

♦ttlielM  ttVSNATlO«   SHOULt)  KAVt "O-OIC'T  ttfORt  «UMtl*   SH0«H 

[«»KM .     [. J4   | |rt  |r.c»  joo» |0IC jOll |0ia [014 | 

las- 

se 



V 

CHAP 6 - AIRFRAME BEARINGS 
SECT 6F - BEARING CHARACTERISTICS 

AFSC DH 2-1 
DN 6F2 

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

MAIMIAli 

•IAIINGI 

UNI«. 

•*•  •  MUMimiW AHOY, OQ-A.?»/M0llC>O-*-nJA 
■C* • COCIIOWOF4 t^litANI SUIl, AMiUil|l7-4ni), tISI 4I0OI 41» 

5tl riOCUMMENI SfrClfiCAIION 
I7-4PM CONI1 H-1150 *i M• H!I.M<«?1 

410, 41« «.   PJJ «J fit MIL-H-M» 

UNISMI AlUMINlM tO II MJCX'I'f 3 «1 Mll^ M7? 

$U«'*Cl FMISH:    S*4r>0tHM*tMIMf f.SMUJ ViCtO-INCH OK ON O.D, liri MICHO-INCH »M« OM AU OTIIII i'H'*ClS fl» «V/U-.rki  . IM), UNUSS 
OTHfwBl Sfecific; 

iiwuMun «AMO,.1 -*»• r TO •»!• r 

l?'A»: SKAitP IOO(^ ^NdCOKMEItS 4N:1 RJ'-OVI All If'Fi* AUOMMtS 

ttlMINilOt.'', IN INCHES USlfS^ CrtHfxWfM SPtCIMIÜ 

C«A*"-U Of f»n HUi/twti 

MS?li40 - 04 

1 _ fc^t 

«» •  1/4 INCH lO« Bl* WUWIWUM X  lAlOMO 

L UNOTH C'L't IN MAtlPUS Of I 'J? 1 ICH 

nuktt 11*1 coot 

loif K'.KCI« co:>r iMkuaums CIF I/K INCH 

1 i/'i.»« f*«i NU'.itn 

lüADHIr.OS     DVN*V.ICC*»*CI1YJ5,(KKI  )-  I  IMDtJS.tX   »'  IB *''lCt ".'t» ft IKUt 
STAllllU'tl l.OM>M,'.ug I >   I  11'fi'   iv (? It VfiCriiiVrP BlfiStf. 

FtSfORWANCf D.'IA 

IOA[)- un 

■                                  v                    < , 
IN ..   'i.1 

10,(OJ 

10,»C 

»,ox 

iM,ai; 

3oo, cm 

ifO.tUl 

l,0«,OM 

l,tW.tC6 

5, a», ooo 

10,OM,0O0 

SHAfl A MO^'SINO HIS 

llNCl. ANO« 

i M 

hte 

[■ Ki 

'■■ 60 

I 40        "*~~-^^. 

►•30 

r JO 

!- 10 

im;— 

(Ul 
-loo 

■ JI» 

- SM 

- 1,000 

- 1.VÜ 

. lO,»»1 

-K.VjO 

■ »,C~- 

.»• 

f   '• .■ 'i /jri/ 

(ix'U'l.O. 

-.05                         ^^ 

/ 
-   K 

-1.(0 

-7.W 

-J 00 

-a' 

r.   HA 

♦ .O.rvt 

- ,' .'10 »«.ft w» (71 

.31?;-   ,3iii' 

3745-    .3m 

o.f 
In.'-., 

• .ceo 
■.'.■■ 5 

.1 . ■ 

MOUSlNfl tOH, IN 
1*. 

.S '! 

'. .4 -    .'  H 

.V:o-   .*   J -Of 

-07 

-0» 

.<     -   .<i..o 

.< ;;-   .4'i_ 

.'j ''. -     .Ml" 

" .i;45-    »'JS 

.ft-;—    6« 

.ft',' ■' 

.i'*? 

.«73 

■5»1« -   .;. .-J 

.f.lf.1 -     .('•55 

.6370-    ...■:; 

.(!'.*'-    .»'.,'  

.STC' -       ■•'.' ■■ 

-10 .<  .5 

-11 .fr?0 

-1! 

-14 

.7>;! .'«s-.   .74t! 

.K1.*',-    .r,'vi; 

I.IB'C 

l.lv,..'- l.C£l  

I.1P9J-  1   HA'' -16 

-11 

-?2 

i.rcn 

1, IMS 

.?-.:•—    v.Js 

1.174'.-  l.liJf 

—iT:«V' - I.J<JS 

1 3KP 

I.4J-S 

1.U-. ■ 

I.-:.J 

l.Ji« - 1 3r.! 

1.1.-..1- i -.:'  _ 

i. v -a - '. ■.. 5 

1.7.M". 

Kim IJMi -   1.3735 

i.4'rfr— I.*9r5 ■V 

■ a 

I.K1.1 1 7*16 _- 1 ^.... 

l.f .f.'. I.4.K5*  I *^3! i.t-r; i »7«- i i ; 

■ K 1.7515 i.;<.i - t.74tr. J.K.31 7 c it- : ri... 

-3J 2 0 IS i.s.-r- i,»«s J.!!II-..75<K        > 

© KAIN MAUMQ VIIH 0.3 I! ■' »Oil« '10 "irA (I'M AtlflO 
AH35*,(l'JillslOAD».lli GM V4,CVO CYCll S lift «i'C« 
o.mtwiAicccuis 

Q)    SHAH fINISH   <lellHt K>7 fWXIMMM (IAIING 11(1 
SKAn HASONISS > 4.50 lOP KAri».OM 5HAf 1 II.( 

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 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 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 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 distributional  for design 

for reliability usage.     Engineering strengtn data  should be 

presented  in  statistical  terms   (parameters). 
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Conunent:     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 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 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 distributional  for design 

for reliability usage.     Engineering strength data should be 

presented  in  statistical  terms   (parameters)• 
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Conunent:     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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Section 6G -  Bearing aoplication for reliability. 

1.     Parameters  for life and  reliability. 

Parameters  for calculation of  ball and roller  bearing 

performance are: 

(1) The basic   load  rating,   G, 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" 
 —I 

varies inversely to  the  "a" power of  the  load   "C"  (L^. pa    ). 

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,   Lc^ defined 

as  the life resulting  in a 50 percent  survival  rate. 

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

life  resulting  in a 90 percent survival  rate. 

Note  that  if given a  rated  load for 50 percent   survival "Lc;n" 

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

L^o tnedian  life  is that LCQ    J^^   SL-^Q. 
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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 

(1) 

Ps =  e W 
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. Q design life (absicissa).  The two ordinate 

iji^ 
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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 fi rom the 

National Bureau of Standards (3) Indicate the acceptable. 

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

curves are drawn as in Figure 1. Then the probab ility of 

survival of the bearing for which the median life of 5 

(or U.08) times the B;LO design life, d , has already been 

determined,   is given as 

J ^   (9.^9 log  Ps)  0-7Z46 

d e 
toT\--  k.08 B10 

and 

(2) 

J i  (9.49 logo  Ps) 
0.856 

for 4 =  5.00  B10 

(3) 
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Fig.    1      Weibull plot of operating life of bearings. From E. Schübe    (U ) 

The required design life B1 _ in hours is, 

d = rtTdi 
(u) 
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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 Ä.. Design Life for Varioui 
Probabilities of Survival 

l. 

^  /■ 

Probability 
of Survival 
for Time t 

Ratio of Operating Time to Design Life 

lid for median ijd for median 
» P. life - 4.08J life - 5d 

0.995 0.1030 0.0740 
0.99 0.1785 0.1395 
0.98 0.2910 0.2440 
0.97 0.396 0.3460 
0.96 0.492 0.4445 
0.9S 0.584 0.5405 
0.94 0.672 0.6341 
0.93 0.756 0.7261 
0.92 0.840 0.8191 
0.91 0.921 0.9101 
0.90 1.000 1.000 
0.8S 1.383 1.450 
0.80 1.750 1.900 
0.75 2.120 2.364 
0.70 2.435 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 
0.45 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 
0.15 8.64 11.80 
0.10 10.00 14.00 
0.05 12.40 17.55 
0.01 16.40 25.15 

■OURCE: E. Schübe ( k ], Table 1. 
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Another common requirement   is  the  re1ation 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, 

X  f 

Re    / g  \ /a        /Ln   1 \ 

~ '(") '   I       Ps/ 
'ab (5) 

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

and 0.10, 0 has been evaluated as 6.84 and b as 1.17. 

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

Then Equation (5) becomes: 

for ball bearings, 

/ ,    v    0.2 85 
Re 1.3q j /T„       I   \ (6) 
G =        0.333 

for  roller  bearings 
(Ln  "H 

,   0.257 
Re 1.780 (T„       1    \ (7) (- -b) c Ö7T 

These  relations are  plotted   in  Figures 2,   (a)   and   (b). 
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Fig.      2     L'fe curves for anti-frlclion bearings, (a) Hall bearings; (b) Roller bearings. From C. Mischke ( S], Figs. I, 2. 
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Chapter 1   -  Airframe AFSG DH 2-X 
Section IB  -  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:' 

5.1.2       Will  failure of any component  or assembly result 

in additional  failures?     If   so,  what are the 

effects:' 

5.1.3       Have  the effects of variation  in  power  supply 

on  the  system been investigated? 

5.1.^      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? 

,J8- 
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Chanter 1     -  Airframe AFSC DH 2-X 
Section IB -  Detail Design DN1B2 

5.1.3       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 P 

5.1.11 Is  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? 

5.2 Component   Installation 

5.2.1 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? 

X^' 



Chapter 1   -  Airframe AFSG DH 2-X 
Section  IB  -   Detail  Design DN1B2 

5.2.U       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 

support,   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 t o 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? 



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

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 protect 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 Is moisture  protection provided where necessary? 

5.2.19 Are all materials fungus-resistant  or inert? 

5.2.20 Are  electrically conductive finishes orovided 

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? 

OX < 



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

5.2.22     Is volume  of  air flow adequate  to cool heat- 

producing equipment? 

5.2.23     Is 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? 

5.2.2 7    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    In determining clearances between  structure 

and  equipment,   have the effects  of  airframe 

and  support deflections,  vibration,   tolerance 

build-up,  wear,   etc.,   been considered? 

6^< 



Chapter 1  - Airframe AFSC DH 2-X 
Section IB -  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? 

5.3 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? 

i.G3' 



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

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 

easily to  positive actuating and  release 

action7 

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 A Cables and Wiring 



Chapter 1 - Airframe AFSC DH 2-X 
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5.^.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.^.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? 
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