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1 .  ___ SCOPE : 

This specification establishes general design, performance and test .require- 
ments for mechanical geared rotary actuators intended to be used for applica- 
tions to position control surfaces in response to manual or automatic power 
control system inputs. 

1.1 Purpose: This specification is to be used as a guide in preparing a detail 
specification for a particular mechanical geared rotary actuator application 

1.2 Definition: Mechanical geared rotary actuators are planetary geared devices 
typically having a rotary shaft input and rotary outputs. 
may be configured to transmit torque and shear loads. 

These actuators 

1.3 Interface Definition: This paragraph should describe the actuator's function 
in the system. It should define all applicable structural, mechanical, and 
electrical interfaces. 
part and assembly identifying numbers and who is responsible for them. 

A list of associated equipment should be added using 

2. APPLICABLE DOCUMENTS: 

The following documents form a part of this specification to the extent 
specified herein: 

2.1 Spec if i c,at i ons : 

Federal : 

FF-B-185, Bearings, Roller, Cylindrical, and Bearings, Roller, Self & 

QQ-C-320, Chromium Plating (Electrodeposited) 
NN-P-530, Plywood, F1 at Panel 
TT-P-1757, Primer Coating, Zinc Chromate, Low Moisture-Sensitivity 

Al i gni ng 

Mi 1 i tary: 

DOD-D-1000, Drawings, Engineering and Associated Lists 
MIL-B-3990, Bearings, Roller, Needle, Airframe, Anti-Friction, Inch 
MIL-B-5628, Bearings, Plain, Airframe 
MIL-C-6021, Castings, Classification and Inspection of 
MIL-8-6038, Bearings, Ball, Bellcrank, Anti-Friction, Airframe 
MIL-B-6039, Bearings, Double Row, Ball, Sealed Rod End, Anti-Friction, 

MIL-H-6088, Heat Treatment of Aluminum Alloys 
MIL-1-6868, Inspection Process, Liquid Penetrant 
MIL-F-7190, Forgings, Steel, for AircFaft/Aerospace Equipment and Special 

Ordnance Appl i cations 
MIL-8-7949, Bearings, Ball, Airframe, Anti-Friction 
MIL-1-8500, Interchangeability and Replaceability of Component Parts for 

Aircraft and Missiles 
MIL-A-8625, Anodic Coatings, for Aluminum and Aluminum Alloys 
MIL-G-8837, Coating, Cadmium (Vacuum Deposited) 
MIL-S-8879, Screw Threads, Controlled Radius Root with Increased Minor 

Self-Aligning 

Diameter, General Specification for 
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M i l i t a r y  (Continued): 

MIL-Q-9858, Qual i ty  Program Requirements 
MIL-S-13165, Shot Peening o f  Metal Par ts  
DOD-P-16232, Phosphate Coating, Heavy, Manganese or Zinc Base ( for  Ferrous 

Metals)  
MIL-A-21180, Aluminum - Alloy Cast ings,  High Strength 
MIL-A-22771, Aluminum Alloy Forgings, Heat Treated 
MIL-N-25027, Nut, Sel f -Locking 250"F, 450°F, and 800°F, (125 KSI FTU, 

MIL-C-26074, Coatings, Electrolysis N i c k e l ,  Requirements fo r  
MIL-B-83050, Bol t - S e l f  Reta in ing  Impedance Type 
MIL-683142, Forgings, T i  tanium Alloys, for  A i r c r a f t  and Aerospace 

MIL-A-83444, A i rp lane Damage To1 erance Requirements 

60 KSI FTU and 30 K S I  FTU) 

Appl i cat ions  

2,2 Standards : 

MIL-STD-12, Abbrev iat ions for  Use on Drawings, S p e c i f i c a t i o n s ,  

MIL-STD-129, Marking for  Shipment and Storage 
MIL-STD-130, I d e n t i f i c a t i o n  Marking o f  U.S. M i l i t a r y  Proper ty  
MIL-STD-453, Inspec t ion ,  Radiograph1 c 
MIL-STD-454, Standard General Requirements fo r  E l e c t r o n i c  Equipment 
MIL-STD-470, Mal n t a i n a b i  1 i ty  Program Requirements (For Systems and 

MIL-STD-785, R e l i a b i l i t y  Program fo r  Systems and Equipment, Development 

MIL-STD-794, Par ts  and Equipment, Procedures and Packaging and Packing o f  
M I  L-STD-81 O, Envi ronmen t a l  T e s t  Methods 
MIL-STD-831, Test Reports, Preparat ion o f  
MIL-STD-838, L u b r i c a t i o n  o f  M i  1 i t a r y  Equipment 
MIL-STD-866, Gr ind ing  o f  Chrome P la ted  S t e e l  and Steel  Par ts  Heat Treated t o  

MIL-STD-882, System Safety  Program Requi rements 
MIL-STD-889, D i  s s i m i  1 a r  Mater i  a l  s 
MIL-STD-970, Standards and S p e c i f i c a t i o n s ,  Order of  Precedence for  the 

MIL-STD-1472, Human Engineer ing Design C r i  t e r i a  for  M i l i t a r y  Systems, 

MIL-STD-1537, E l e c t r i c a l  C o n d u c t i v i t y  T e s t  for  Measurement of  Heat 

MIL-STD-6866, Inspec t ion ,  Penetrant Method o f  
MIL-STD-45662, Cal i b r a t i o n  System Requirements 

Standards and i n  Technical Documents 

Equ i pmen t 1 

and Product i on 

180,000 P S I  or Over  

S e l e c t i o n  o f  

Equipment and Faci 1 i t i e s  

Treatment o f  Aluminum Alloy, Eddy Current  Method 

MS 15981, Fastener, E x t e r n a l l y  Threaded, Sel f -Locking Design and Usage 

MS 20995, Wire,  Safety  or Lock 
MS 21244, Nut-Castel lated, Hexagon, Counter Bored Assembled Washer 450" 
MS 24665, P in,  Cotter ( S p l i t )  
MS 33540, Safe ty  Wir ing and Cotter Pinning, General Prac t ices  fo r  
MS 33588, Nuts, Sel f -Locking, A i r c r a f t ,  R e l i a b i l i t y  and Maintenance Usage 

L i m i t a t i o n s  f o r  

Requirements for  

COPYRIGHT SAE International (Society of Automotive Engineers, Inc)
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2.3 Publications: 

Military Handbooks: 
MIL-HDBK-5, Metallic Materials and Elements for Aerospace Vehicle Structures 
MIL-HDBK-275, Guide for Selection of Lubricant, Fluids, and Compounds for 

use in Flight Vehicles and Componenlis 
Air Force Systems Command Desiun Handbook 
AFSC DH 1-6, System Safety 
SAE AeFospace Recommended Practice : 
ARP 926, Fault/Failure Analysis Procedure 
SAE Aerospace Material Specification: 
AMS 241 9, P1 ati ng-Cadmi um-Ti tani um 

3. REOUIREMENTS: 
Requirements are outlined covering the designs of mechanical rotary geared 
actuators which may be integrated into a detail specification to be prepared 
by the procuring agency. 

3.1 Configurations: The geared rotary actuators may be driven by mechanical 
shafting or angle gear reduction mechanisms, or both, and may be powered by 
fluid power, pneumatic or electric motors. In some cases, the complete 
geared rotary actuator may also incorporate torque limiters, over-travel 
limiters, speed limiters, asymmetry controllers and detectors, or no back 
devices depending on the particular system requirements. 
transducers to provide position feedback may also be part of a typical 
geared rotary actuator assembly. Electrical switches may be incorporated to 
provide indicators for travel limits. 

Electrical 

3.2 Character i s ti cs : 

3.2.1 The detail specification should specify performance requirements. 

3.2.2 The detail specification should specify actuator output travel, velocit! 
and minimum efficiency and should specify efficiency under aiding and 
opposing loads at static break-away and dynamically at normal operating 
speeds. 

3.2.3 Specify actuator gear ratio (where applicable). 

3.3 Phvsical Characteristics: 

3.3.1 Dimensions: The detail specification should specify the maximum 
permissible envelope dimensions of the geared rotary actuator and related 
parts when installed and operated. 

3.3.2 Mountinq: Mounting.provision for the geared rotary actuator should be in 
accordance with the detail specification. Suitable clearances should be 
provided between the geared rotary actuator, structure, and other 
components to preclude binding or jamming due to possible combinations of  
temperature effects, loads and deflections (including structural 
deflections). 
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3.3.3 M ~ i s t u r e  Pockets: External  housing designs which cou ld  r e s u l t  i n  pockets, 
w e l l s ,  t r a p s ,  e t c .  i n t o  which water or o t h e r  l i q u i d s  can d r a i n  i n t o  or 
c o l l e c t  should be avoided. I f  such designs are unavoidable, p r o v i s i o n s  
fo r  d r a i n i n g  mois ture from these pockets should be incorporated.  

3.3.4 Wel_qht: The d e t a i l  s p e c i f i c a t i o n  should spec i f y  the  maximum wet weight 
compat ib le w i t h  s p e c i f i c a t i o n  requirements. 
g iven t o  ach iev ing  a minimurn weight i n  accordance w i t h  good design 
p r a c t i c e s ,  safety and v u l n e r a b i l i t y .  

Every cons ide ra t i on  should be 

3.4 Re1 i a b i l  i ty: 

3.4.1 R e l i a b i l i t y  Mean Time Between F a i l u r e :  
(MTBF) o f  the  a c t u a t o r  should be s p e c i f i e d  i n  the  d e t a i l  s p e c i f i c a t i o n  and 
should conform t o  the  value es tab l i shed  for  the  c o n t r a c t o r  based on 
environment, u t i l i z a t i o n ,  complexi ty,  and a l t e r n a t e  modes of  o p e r a t i o n  o f  
the system. The MTBF should be de f i ned  i n  terms o f  du ty  cyc les together  
w i t h  the confidence l e v e l .  The MTBF should be s p e c i f i e d  for  ac tua l  t e s t  
and se rv i ce  opera t i on .  F a i l u r e  i s  de f ined  as any ma l func t i on  causing 
performance degradat ion o u t s i d e  the 1 i m i  t s  de f i ned  i n  the  d e t a i  1 
spec i f i  c a t  i on. 

The mean t ime between f a i l u r e  

3.4.2 R e l i a b i l i t v  Analys is :  A r e l i a b i l i t y  ana lys i s  o f  the  geared r o t a r y  
ac tua to r  us ing  a mathematical r e l i a b i l i t y  model should be performed. The 
minimum r e l i a b i l i t y  l i m i t s  and p r e d i c t i o n  o f  MTBF should be determined i n  
accordance w i t h  MIL-STO-785, The f a i l u r e  mode and e f f e c t s  p o r t i o n  o f  t h i  
ana lys i s  should be prepared i n  accordance w i t h  ARP 926 .  

3.5 M-: 
3,5.1 M a i n t a i n a b i l i t y  C h a r a c t e r i s t i c s *  Unless otherwise s p e c i f i e d  i n  the  d e t a i l  

s p e c i f i c a t i o n ,  t he  m a i n t a i n a b i l i t y  requirements should be i n  accordance 
w i t h  MIL-STD-470. The ac tua to r  should be designed such t h a t  t he  planned 
m i  ssion can be accompli shed wi th  a minimum expendi t u r e  of  maintenance 
manhours, elapsed t i m e ,  personnel ski 11 s, Aerospace Ground Equipment 
( A G E ) ,  and techn ica l  data,  The s p e c i f i c  q u a n t i t a t i v e  m a i n t a i n a b i l i t y  
requirements should be s p e c i f i e d  i n  terms o f :  

a .  The mean elapsed t ime r e q u i r e d  t o  per form c o r r e c t i v e  maintenance (MCT) 
on the  ac tua to r  w h i l e  i n s t a l l e d .  

b. The 90th p e r c e n t i l e  maximum elapsed t ime r e q u i r e d  t o  per form 
c o r r e c t i v e  maintenance (Mmax) on the  ac tua to r  w h i l e  i n s t a l l e d .  

c. The mean elapsed t ime r e q u i r e d  t o  per form p reven t i ve  maintenance (MPT) 
on t h e  ac tua to r  w h i l e  i n s t a l l e d .  

d. The mean maintenance manhours r e q u i r e d  to  per form a maintenance task,  
i n c l u d i n g  overhaul ,  i n  the  f i e l d  and depot maintenance shops. 

The mean elapsed t i m e  r e q u i r e d  t o  per form s e r v i c i n g  maintenance (MST) 
on the  u n i t  w h i l e  i n s t a l l e d .  

e, 
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3.5.1 

3.5.2 

3.5.3 

3.5.4 

3.5.5 

(Continued): 

f. The mean t i m e  between unscheduled removals (MTUR). 

g. The mean t i m e  between unscheduled maintenance ac t ions  (MTBUM). 

Maintenance and Repair C v c l e s :  The d e t a i l  s p e c i f i c a t i o n  should spec i fy  
the t i m e  i n t e r v a l  between preventa t ive  maintenance tasks for  ac tua tor  
opera t ing  hours. 

I n s t a l l a t i o n  and A c c e s s i b i l i t y :  The geared r o t a r y  ac tua tor  should be 
designed, i n s t a l  l e d  and loca ted  such t h a t  inspec t ion ,  r i g g i n g ,  r e p a i r ,  
l u b r i c a t i o n  and connect ion o f  such t e s t  equipment as may be requ i red  f o r  
f i e l d  maintenance, can be r e a d i l y  accomplished w i thout  removal o f  the 
ac tua tor  f rom the i n s t a l l e d  p o s i t i o n .  
w i thout  r e q u i r i n g  adjustments o f  the ac tua tor .  The design should permi t  
use o f  standard tools and t e s t  equipment. 
de f ine ,  as requ i red ,  the  method and accuracy o f  r i g g i n g  the  i n p u t .  
ac tua tor  may be c l a s s i f i e d  as a l i n e  rep laceable u n i t  w i t h  no inp lace  
maintenance/overhaul. 

L u b r i c a t i o n :  A l l  components r e q u i r i n g  l u b r i c a t i o n  should be l u b r i c a t e d  i n  
accordance w i  t h  MIL-STD-838. 
components should be provided. Lubr icants  1 i s t e d  i n  MIL-HDBK-275 should 
be used. Any use o f  specia l  l u b r i c a n t s  must be j u s t i f i e d  and approved f o r  
use by the  procur ing  agency. 
suppl ied when requ i red .  

I n s t a l l a t i o n  should be implemented 

The d e t a i l  s p e c i f i c a t i o n  should 
The 

Whenever possi  b l  e, permanently 1 u b r i  cated 

S u i t a b l e  l u b r i c a t i o n  f i t t i n g s  are t o  be 

Environmental Condi t ions:  The ac tua tor  should n o t  s u f f e r  any damage, 
d e t e r i o r a t i o n  or degradat ion o f  performance when subjected t o  any 
environment or any n a t u r a l  combinat ion o f  environments w i t h i n  the 
opera t iona l  envelope as encountered dur ing  worldwide operat ions,  as 
s p e c i f i e d  i n  MIL-STD-810 and i n  the d e t a i l  s p e c i f i c a t i o n .  The ac tua tor  
should m e e t  a l l  the  requirements l i s t e d  i n  Table I. 
s p e c i f i c a t i o n  should spec i fy ,  when app l icab le ,  the  a l lowab le  damage and 
degraded performance a f t e r  an extended l i f e  p e r i o d  for  the  ac tua tor .  

TABLE I - Environmental C r i t e r i a  

The d e t a i l  

ENVIRONMENT APPLICABLE DOCUMENT(S1 

Temperature, Ambient 
Operat ing temperature range 
A l  t i  tude 
Thermal Shock 
S a l t  Spray 
Sand and Dust 
Mechani c a l  Shock 
Acce le ra t ion  
Humidity 
Fungus 
V i  b r a t i o n  

per d e t a i l  s p e c i f i c a t i o n  
per d e t a i l  s p e c i f i c a t i o n  
P e r  MIL-STD-81 O 
per d e t a i l  s p e c i f i c a t i o n  
per MIL-STD-810 
per MIL-STD-810 
per MIL-STD-810 
per d e t a i l  s p e c i f i c a t i o n  
per d e t a i l  s p e c i f i c a t i o n  
per d e t a i l  s p e c i f i c a t i o n  
per MIL-STD-810 
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3.6 Structural Characteristics: 

3.6,l 

3.6.2 

3.6.3 

3.6.4 

3.6.5 

3.6.6 

3.6.6.1 

3.6.6.2 

3.6.6.3 

3.6.6.4 

3 6.6.+5 

Strenuth: Unless otherwise specified, geared rotary actuators should be 
designed using the material properties of MIL-HDBK-5. 

-- D a m m e  Tolerance: The structural attachment elements of a geared rotary 
actuator that are essential to safety should meet the requirements of 
MIL-A-83444. Actuators should incorporate materials, stress levels, and 
structural configurations to minimize crack initiation, and t o  minimize 
failure due to the propagation of undetected flaws, cracks, or other 
damage. The detail specification should specify magnitude, direction and 
type of all externally applied loads. If travel limiters or stops are 
incorporated, load paths resulting from bottoming should be considered and 
tested. All possible combinations of loading should be specified, 
together with the diagram of the operational geometry. 

Limit Loads: The detail specification should specify the maximum limit 
load permitted without permanent deformation of parts. 

I Outjut Ultimate Load: The detail specification should specify that the 
actuator should withstand, with the input restrained, an output load 1.5 
times the limit load specified in 3.6.3 without failure for a specified 
period of time. 

Fatigue: The actuator should be designed to withstand all loading 
requirements for its specified application without fatigue failures durin 
its specified useful life. For applications containing multiple output 
gearsets, the specification should define the load distribution along the 
length of the actuator gearsets. 

Operatinu Life: 

Total Cvcles: The detail specification should define an operating 
spectrum of output rotation and torque versus number of cycles for the 
actuator, which should be commensurate with its operational use. 

Toothwear: 
location. 
others during the actuator's life. 
specified by stipulating allowable actuator backlash after one life of 
actuator use. 

Consideration should be given to toothwear due to gear tooth 
Certain gear teeth in an actuator may incur more wear than 

Allowance for toothwear may be 

Static Fati uue Cvcles: 
total number of static fatigue cycles the actuator should be subjected 
to at the most critical output position (for example, retract or extend, 
if most critical). 

The detai 1 specification should specify the 

-- Bottoming - Out Cycles: If stops are incorporated, specify number of 
bottoming cycles, speed, input side inertia and the load condition at 
the time stops are hit. 

Useful Life: The detail specification should specify the useful life of 
the actuator which should be considered as the time of its delivery from 
the supplier's facility until its identity is destroyed. 
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3.6.6.6 Stiffness: The detail specification should specify the minimum rotary 
actuator stiffness required (in-lb per radian). Stiffness may vary with 
output positlon; specify output positions as necessary. 

3.6.6.7 Shear Load: The detail specification should specify any shear loads to 
be carried by the rotary geared actuator structure. 

3.6.6.8 Backlash: The detail specification should specify the maximum backlash 
requirements. 
difficult to achieve and adds to cost. 

Backlash less than 0.5 deg measured at the output is 

3.7 Desiun and Construction: The actuator should be designed and constructed to 
meet the operational requirements in the detail specification. 

3.7.1 Sealinq: The rotary actuator should be sealed to prevent contamination of 
lubricant, If condensation can occur inside the actuator, then all 
internal parts are to be adequately corrosion protected and provision made 
to prevent entrapping water inside. 

3.7.2 Antifriction Bearinus: Approved type ball, roller or needle bearings in 
accordance with MIL-B-6038, MIL-B-6039, and MIL-B-7949, MIL-B-3990 and 
FF-B-185 should be used except as indicated in the following paragraphs. 
Sealed bearings are preferable over shielded bearings in an atmospheric 
environment. 

3.7.3 Journal Bearinas: Where freeplay and friction are not major 
considerations, journal or plain bearings in accordance with MIL-B-5628 or 
te t ra f luoroethy lene- l ined bearings may be used. 

3.8 Materials. Processes. Assemblinu and Parts: 

3.8.1 Materials: The materials used in rotary geared actuators should be 
suitable for the service and purpose intended and should conform to the 
applicable government specifications when such specifications exist for 
the type of material being used. 
provided it can be demonstrated that their use will result in a superior 
product. 
substantiated. 
all actuator metals. Use o f  materials for critical structural 
applications should be approved by the procuring agency. 

Non-specification materials may be used 

The use of each material in its application should be 
MIL-HDBK-5 should be used as the authority for strength of 

3.8.2 Metals: All metals should be compatible with the lubricants used and with 
the intended temperature, function or service, and storage conditions to 
which the components will be exposed. 
adequate corrosion resistant characteristics or should be suitably 
protected to resist corrosion which may result from such conditions as 
dissimilar metal combinations, moisture, salt spray and high temperature 
deterioration, as applicable. Contact between dissimilar metals as 
defined in MIL-STD-889 should be minimized during fabrication, 
installation or assembly. However, where contact cannot be avoided, 
measures defined in MIL-STD-889 should be taken to avoid galvanic 
corrosion. 

The metals used should possess 
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3 . 8 . 3  

3,8,4 

318.5 

3.8.6 

3.8.7 

3.8.8 

3.8.9 

Metal  C h a r a c t e r i s t m :  Use o f  vacuum melted s t e e l s  should be encouraged, 
where cost e f f e c t i v e .  When u l t r a - h i g h  s t rength  s t e e l s  are employed, t h i s  
i s  mandatory. Heat t reatments and f a b r i c a t i o n  techniques which impar t  low 
r e s i d u a l  stresses and main ta in  maximum dimensional s t a b i l i t y  are des i rab le .  

Cast inas and Forgings: Cast ings and f o r g i n g s  should be designed t o  the 
c r i t e r i a  o f  t h e  f o l l o w i n g  l í s t e d  s p e c i f i c a t i o n s  as app l icab le .  
requirements for  design n o t  inc luded i n  the l i s t e d  s p e c i f i c a t i o n s  must 
appear on the  p a r t  drawing. 

A d d i t i o n a l  

MIL-C-6021 M I  L-A-2 1 1 80 MIL-F-83142 
M I  L-F-7 1 90 MIL-A-22771 

M a t e r i a l  O u a l i t v  Cont ro l :  S u f f i c i e n t  c o n t r o l s  over wrought, c a s t  or 
fo rged m a t e r i a l  should be exerc ised so t h a t  a i r c r a f t  q u a l i t y  i s  
maintained. Non-destruct ive and d e s t r u c t i v e  t e s t s  such as x-ray, 
penetrant ,  magnetic p a r t i c l e ,  t e n s i l e  t e s t s  and chemical a n a l y s i s  must be 
performed i n  accordance w i t h  the  a p p l i c a b l e  m i l i t a r y  s p e c i f i c a t i o n s  t o  
ensure good qual1 t y .  Minimum requirements for  i n s p e c t i o n  are:  

Forgings should be penetrant  and/or magnetic p a r t i c l e  inspected per  
MIL-STD-6866 and MIL-1-6868 as appl i cable.  

Cast ings should be x-rayed per  MIL-STD-453 and/or magnetic p a r t i c l e  
inspected and penetrant  inspected fo r  MIL-STD-6866 and MIL-1-6868 as 
appl i cab1 e I 

Wrought product  i n  the form o f  sheet, bar, t u b i n g  or p l a t e  should be 
t e s t e d  as s p e c i f i e d  i n  the a p p l i c a b l e  m a t e r i a l  s p e c i f i c a t i o n .  

Qoid-u-ctivi t y  Tests: When aluminum a l l o y  m a t e r i a l s  are employed, use of  
c o n d u c t i v i t y  t e s t i n g  fo r  a l l o y  temper i n s p e c t i o n  i s  d e s i r a b l e .  When 
s p e c i f i e d ,  measurement should be i n  accordance w i t h  MIL-STD-1537 t o  the 
l i m l t s  re ferenced i n  MIL-H-6088, 

S o t  Peea: S t e e l s  heat  t r e a t e d  above 220 O00 p s i  (1520 MPa) u l t i m a t e  
l e v e l s  are t o  be subsequently s a t u r a t i o n  shot peened for  200% coverage 
us ing  MIL-S-13165 shot as the  f i n a l  opera t ion .  S p e c i f i c  areas fo r  
bear ings and bores and gear p r o f i l e s  are exempt as approved by the 
p r o c u r i  ng act1 v i  t y  I 

Use o f  Standard Par ts :  Use o f  standard p a r t s  n o t  s p e c i f i e d  h e r e i n  should 
be se lected f rom es tab l i shed standards and s p e c i f i c a t i o n s  and i n  the  orde 
o f  precedence s p e c i f i e d  i n  MIL-STD-970. 

Processes :  Unless otherwise s p e c i f i e d  here in ,  processes or specia l  
t o o l i n g  used i n  a r o t a r y  ac tua tor  should conform t o  the  f o l l o w i n g :  
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3.8.10 

3.8.11 

3.8.12 

3.8.13 

3.8.14 

3.8.15 

3.8.15.1 

3.8.15.2 

Metal Coatings: Ferrous al loys heat t r e a t e d  t o  200 O00 p s i  u l t i m a t e  
t e n s i l e  s t reng th  and above should u t i l i z e  p r o t e c t i v e  coat ings which 
minimize or e l i m i n a t e  hydrogen embr i t t lement .  
l i m i t e d  to, vacuum deposi ted cadmium (MIL-C-8837), aluminum t i t a n i u m  
cadmium (AMs 241 91, or chromium appl i e d  i n  accordance w i t h  QQ-C-320. 

External  surfaces o f  f e r r o u s  a l l o y  p a r t s  need not be coated i f  the 
chromium content  o f  the  a l l o y  i s  g rea te r  than 12%. 
should be i n  accordance w i t h  MIL-A-8625, e l e c t r o l e s s  n i c k e l  i n  accordance 
w i t h  MIL-C-26074. 

These inc lude,  b u t  are no t  

Anodized coat ings 

Staking, Peening and Swaqinq: 
swaging, or any o t h e r  means o f  permanent deformat ion for  l o c k i n g  
purposes, should be sub jec t  t o  p rocu r ing  agency approval .  

Safetv inq:  
i f  a reasonable a l t e r n a t i v e  i s  a v a i l a b l e .  Threaded p a r t s  should be 
s a f e t y  wi red when necessary i n  accordance w i t h  MS 33540. 

Grinding: Gr ind ing  o f  h igh  s t reng th  s tee l  should be i n  accordance w i t h  
MIL-STD-866. 

Each a p p l i c a t i o n  o f  s tak ing,  peening, and 

Use o f  s a f e t y  w i r e  on threaded connections should be avoided 

Low s t ress  g r i n d i n g  i s  recommended on h i g h  s t reng th  s tee l  s .  

Assembling: 

Mechanical Jo in inq :  I n d i v i d u a l  p a r t s  may be mechanical ly j o i n e d  w i t h  
removable fas tene rs ,  or threaded connections, or by o t h e r  q u a l i f i e d  
methods f o r  permanent j o i n i n g .  

J o i n i n g  w i t h  Removable Fasteners: Unless otherwise s p e c i f i e d  i n  the 
d e t a i l  s p e c i f i c a t i o n ,  a l l  removable fasteners should be se lected and 
used as follows: 

(a> B o l t s  smal ler  than 1/4 i n  (6  mm) should n o t  be used t o  make s i n g l e  
b o l t  connections, or connections e s s e n t i a l  t o  the  s t r u c t u r a l  
performance o f  the ac tua to r .  

(b) Bo l t  j o i n t s  should use a p o s i t i v e  method o f  r e t e n t i o n  such as 
s e l f - l o c k i n g  nuts ,  p l a t e  nuts or c o t t e r  p i n s .  
should be i n  accordance w i t h  MIL-N-25027 and MS 33588. However, a 
s i n g l e  fas tene r  j o i n t  requ i res  use o f  a s e l f - r e t a i n i n g  fas tene r  
w i t h  a second l o c k i n g  or r e t a i n i n g  method such as MIL-B-83050 
b o l t ,  MS 21244 n u t  and MS 24665 c o t t e r  p i n .  

S e l f - l o c k i n g  nuts 

Threaded J o i d s :  A l l  threaded j o i n t s  should be prov ided w i t h  adequate 
wrenching and h o l d i n g  p r o v i s i o n s  f o r  assembly and disassembly o f  the 
j o i n t  before and a f t e r  se rv i ce  use. I n t e r n a l  screw threads and 
ex te rna l  r o l l e d  threads should be i n  accordance w i t h  the  thread form 
requirements o f  MIL-S-8879. 
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3.8.15.2.1 

3.8.15.2.2 

3.8.15.2.3 

- Ret-ention o f  Threaded J o i n t s :  A l l  threaded j o i n t s  which c a r r y  
c r i t i c a l  loads should be p o s i t i v e l y  locked i n  .the assembled p o s i t i o n  
so t h a t  load  r e v e r s a l  a t  the  threads i s  prevented. The use of jam 
locknuts  i s  n o t  a p o s i t i v e  l o c k i n g  means unless otherwise r e s t r a i n e d .  

Retent lon of Removable Fasteners: Removable fas teners ,  unless 
r e s t r a i n e d  f rom moving by the  attachment of  a d j o i n i n g  p a r t s ,  should 
incorpora te  a p o s i t i v e  l o c k i n g  means or be s a f e t y  wi red w i t h  MS 20995 
lockwire. Cotter p ins  and s a f e t y  w i r i n g  should be i n s t a l l e d  i n  
accordance w i t h  MS 33540. S e l f - l o c k i n g  e x t e r n a l l y  threaded fasteners 
may be used w i t h i n  the  l i m i t a t i o n s  s p e c i f i e d  i n  MS 15981 and MS 24665. 

Use o f  Reta iner  Rinas: 
r e t a i n  p a r t s  unless the  r i n g s  are p o s i t i v e l y  conf ined. They should 
not a l  low f r e e p l a y  which could r e c u l  t i n  s t r u c t u r a l l y  d e s t r u c t i v e  
a c t i o n  or f a t i g u e  f a i l u r e  o f  the  r e t a i n e d  p a r t s .  Where used, 
r e t a i n e r  r i n g s  should be commercial ly a v a i l a b l e  types which can be 
i n s t a l l e d  and removed w i t h  standard t o o l s .  The i r  use i s  sub jec t  t o  
procur ing  agency approval 

Retainer r i n g s  or p i n s  should n o t  be used t o  

3.9 Corros ion P r o t e c t i o n :  I n  a d d i t i o n  t o  the r e q u i r e d  metal cor ros ion  
p r o t e c t i o n ,  a l l  ex te rna l  p a r t s  are t o  be pa in ted  w i t h  a pr ime coat and 
f i n i s h  coat o f  epoxy or o t h e r  approved m a t e r i a l  as s p e c i f i e d  by the  d e t a i l  
s p e c i f i c a t i o n ,  
be adequately p ro tec ted  by p l a t i n g  must rece ive  an approved cor ros ion  
p r o t e c t i o n l  

Holes i n  shaf ts  and gears which are too small  or too long t o  

3.9.1 Faylna Surfaces. Bearinu. Bo l ts .  Metal Seal Cases, e t c . :  A t  assembly, the 
mat ing surfaces, O.D. 's ,  I . D . ' s  e t c . ,  should be coated w i t h  w e t  pr imer  per 
TT-P-1757 for  corros ion p r o t e c t i o n .  

3 , lO I d e n t i f i c a t i o n  and Marking: 

3.10, l  

3.10.2 

I d e n t i f i c a t i o n :  The i d e n t i f i c a t i o n  requirements fo r  the a c t u a t o r  should 
be as s p e c i f i e d  i n  MIL-STD-130. 

Markinu and S e r i a l i z a t i o n :  
s e r i a l i z e d .  Placards should be the  engraved or chemical ly  etched type 
and mechanical ly secured t o  the  component p a r t s .  Adhesive f o i l  p lacards '  
use should be approved by the procur ing  a c t i v i t y  and should be overcoated 
w i t h  a s u i t a b l e  c l e a r  m a t e r i a l  no t  sof tened by o i l s ,  grease or c lean ing  
so lvents .  Placards and data p l a t e s  should be loca ted  such t h a t  they can 
be read when the component t o  which they are at tached i s  i n s t a l l e d  i n  the 
a p p l i c a t i o n .  

Each ac tua tor  should be marked and 
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3 1 1 Workmanshi p : 

3.11.1 Qulkky: The s u p p l i e r  should e x e r c i s e  extreme care i n  f a b r i c a t i n g ,  
assembling, handl ing,  and packing ac tua tor  u n i t s  t o  assure t h a t  ' the 
components are c lean and f r e e  o f  i n t e r n a l  and ex terna l  contaminants. A l l  
p a r t s  should be f r e e  from p i t s ,  r u s t ,  scrapes, s p l i t s ,  cracks, burrs ,  
sharp edges, and d i s c o n t i n u i t i e s .  

3.11.2 Ph-vsical Defect  Inspec t ion :  A l l  magnetic, h igh-st ress p a r t s  should be 
sub jec t  t o  magnetic p a r t i c l e  inspec t ion  i n  accordance w i t h  MIL-1-6868. 
A l l  non-magnetic, h igh-st ress p a r t s  should be sub jec t  t o  f l u o r e s c e n t  
penetrant  i n s p e c t i o n  i n  accordance w i t h  MIL-STD-6866. Cracks o r  o ther  
i n j u r i o u s  de fec ts  d isc losed by the inspec t ion  should be cause for  
r e  j ec ti on. 

3.11.3 I n t e r c h a n g e a b i l i t y :  Par ts ,  components, sub-assemblies, and assemblies 
having the  same p a r t  number should meet  the requirements o f  MIL-1-8500 
and be interchangeable i n  form, f i t  and f u n c t i o n  w i t h  o t h e r  p a r t s  bear ing 
the  same p a r t  number. 

3.12 

3.13 

3.14 

Safety :  The ac tua tor  and i t s  components should be designed t o  prov ide a 
maximum o f  s a f e t y  t o  personnel d u r i n g  the  course o f  i n s t a l l a t i o n  and 
maintenance. 
a f f i x e d  t o  components when considered necessary fo r  s a f e t y  o r  t o  prevent 
needless damage. An example i s  a component w i t h  a compressed spr ing .  
Special  attachment or l i f t  p o i n t s  should be designated when the weight o f  
the a c t u a t o r  r e q u i r e s  specia l  handl ing prov is ions .  Actuators  should meet  
the  sa fe ty  requirements o f  AFSC DH 1-6 and MIL-STD-454. App l icab le  
paragraphs o f  MIL-STD-882 should be r e f e r r e d  t o  fo r  guidance. 

Adequate precaut ionary warnings and i n f o r m a t i o n  should be 

Human Performance/Enuineering: When app l icab le ,  the  design should consider 
and apply  the  p r i n c i p l e s ,  ana lys is ,  c r i t e r i a  and phi losophies o f  Human 
Engineer ing as de f ined i n  MIL-STD-1472. This should inc lude the  
a p p l i c a t i o n ,  dur ing  a l l  phases o f  the ac tua tor  design, of  knowledge as t o  
man's unique c a p a b i l i t i e s  and l i m i t a t i o n s  regard ing  the i n s t a l l a t i o n ,  
opera t ion  and maintenance o f  the ac tua tor  package. The f o l l o w i n g  general 
requirements are es tab l i shed t o  reduce the p o s s i b i l i t y  o f  human e r r o r s  
d u r i n g  assembly and maintenance o f  the ac tua tor  package: 

a. When reversed o r  r o t a t e d  mounting of an i n t e r f a c i n g  component cannot be 
t o l e r a t e d ,  nonsymmetrical mounting arrangements ( i n c l u d i n g  keyways or 
p i n s )  should be used. 

b. "Stacked" assemblies should use f langed arrangements which prevent 
assembly i f  a p a r t  i s  omi t ted,  or i n d i c a t o r  markings which are exposed 
when the p a r t  i s  missing. 

Ground SupportEauipment:  The ac tua tor  should be designed t o  be i n s t a l l e d ,  
tes ted ,  serv iced and maintained us ing standard GSE and hand t o o l s .  
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3.15 Documentation: 

3'15'1 Analysis Regulrements: The detall specification should indicate the 
general analysis approach and analysis procedures that are appl icable to 
all actuator designs for the specific application. As a minimum, the 
fol lowing areas should be considered: 

3.15.2 Performance: Substantiation of actuator performance and liml ts thereof. 

3.15'3 h i n u  Parts Clearance: Demonstration o f  adequate clearance of all 
moving parts under all combinations of environments and loads. 

3.15.4 Seleçtlon of Materials and Minimum Size of Structural Members: 
Justiflcation should be provided for materials and processes employed and 
for all operational stress levels anticipated. 

3.15.5 Ouallflcation AnaTVsis: When items, components, or complete actuators 
are qualified on a similarity basis, sufficient data, (that i s ,  test or 
analytlcal, or both) should be furnished to the procuring activity to 
demonstrate that those part(s> can be fully qualified. 

3.16 Drawinas: Drawings applicable to parts, components, subassemblies and the 
complete actuator assembly should be in accordance with DOD-D-1000. 

4. 

4 .  

OUALITY ASSURANCE PROVISIONS: 

general: The quality assurance provisions should be in accordance with the 
detail specification. The supplier should have a quality system which 
conforms to the requirements of MIL-Q-9858. Except as otherwl se specified, 
the supplier may utilize his own or any other inspection facilities and 
services acceptable to the procuring agency, Inspection records of the 
examination and tests should be kept complete and available to the procuring 
actlvlty as speclfied In the contract. 

4 , 2  Test Require ments and Options: 
should be conducted during the development and production of actuators to 
Insure proper design and performance, continuing quality and the degree of 
unit reliability (expected in service). 

At the option of the procuring organization, any of the test requirements 
speclfied herein may be waived, or modified, owing to design experience or 
operatlng considerations, 
requlrements should be accompanied by complete detailed information and 
j us t I f I cat i on. 

demonstratlng compliance of actuators with the requirements of this 
specification, should be classified as follows: 

Appropriate tesing, as outlined herein, 

Request for waiver or modification of test 

4.3 QLassiflcation of Tests: The following test programs, for the purpose of 

4.3.1 &teptance Tests: These tests are performed on each actuator to 
demons trate base1 i ne performance. 

I 
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4.3.2 Preproduct ion T e s t s :  These t e s t s  are performed on the i n i t i a l  u n i t ( s >  t o  
prov ide a bas is  for  p r e l i m i n a r y  design approval t o  proceed wi€h the 
product ion program. 
as n e a r l y  as p r a c t i c a b l e  the intended product ion u n i t s  i n  design 
c o n f i g u r a t i o n ,  m a t e r i a l ,  processing and product ion techniques. 
assurance t e s t ,  i n  a d d i t i o n  t o  the acceptance t e s t s ,  should be as 
s p e c i f i e d  i n  the d e t a i l  S p e c i f i c a t i o n  and should inc lude t e s t s  as o u t l i n e d  
i n  4.7. 

The preproduct ion t e s t  specimens should apprgximate 

An 

4.3.3 Q u a l i f i c a t i o n  T e s t s :  These t e s t s  are performed on product ion 
c o n f i g u r a t i o n  ac tua tors  t o  conf i rm f u l l  compliance w i t h  the  requirements 
o f  the  d e t a i l  s p e c i f i c a t i o n .  Each t e s t  specimen should i n i t i a l l y  and 
p e r i o d i c a l l y  throughout the q u a l i f i c a t i o n  t e s t s  be subjected t o  the 
Acceptance T e s t s  per 4.3.1. The number o f  q u a l i f i c a t i o n  ' t e s t  u n i t s  should 
be s p e c i f i e d  by the procur ing  agency. 

4.4 Test Procedures: 

4.4.1 

4.4.2 

4.4.3 

Acceptance T e s t :  
which each ac tua tor  should s a t i s f a c t o r i l y  complete as a c o n d i t i o n  f o r  
acceptance. 
accepted m e e t s  the bas ic  dimensional and performance requirements. I t  
should descr ibe t e s t s  i n  d e t a i l  i n d i c a t i n g  the  environmental cond i t ions ,  
s p e c i f y i n g  the t e s t  f i x t u r e s ,  equipment and ins t rumenta t ion ,  the format o f  
the  i n d i v i d u a l  u n i t  t e s t  data sheet or t e s t  log ,  and the measurements and 
observat ions which should be recorded. The procedure should be updated 
when subsequent t e s t i n g  or usage i n d i c a t e s  a d d i t i o n a l  or mod i f ied  t e s t s  
should be incorporated.  

The acceptance t e s t  procedure should s p e c i f y  those t e s t s  

The procedure should insure  t h a t  each ac tua tor  which i s  

Preproduct ion T e s t  Procedure: 
should s p e c i f y  those t e s t s  which are necessary t o  demonstrate t h a t  the 
ac tua tor  i s  s a t i s f a c t o r y  for  l i m i t e d  l i f e  usage p r i o r  t o  formal 
q u a l i f i c a t i o n '  t e s t  completion. 
expected cond i t ions .  

The preproduct ion or s a f e t y  t e s t  procedure 

Cycle t e s t i n g  may be abbrev iated t o  meet  

û u a l i f i c a t i o n  T e s t  Procedure: The q u a l i f i c a t i o n  t e s t  procedure should 
s p e c i f y  those t e s t s  which are necessary t o  demonstrate t h a t  the  ac tua tor  
i s  s a t i s f a c t o r y  for  i t s  intended use. A s  a minimum, the  q u a l i f i c a t i o n  
t e s t s  should inc lude a l l  the  app l icab le  t e s t s  s p e c i f i e d  i n  4.8 and i t s  
subparagraphs. These t e s t s  should demonstrate t h a t  adequate margins e x i s t  
with respect  t o  a l l  c r i t i c a l  parameters associated w i t h  the  intended use 
o f  the  ac tua tor .  A d d i t i o n a l  t e s t s  should be added t o  t h e  p l a n  whenever i t  
appears t h a t  the s p e c i f i e d  t e s t s  do no t  measure a l l  o f  the  parameters 
which may be c r i t i c a l  i n  a p a r t i c u l a r  a p p l i c a t i o n .  The q u a l i f i c a t i o n  t e s t  
procedure should p rescr ibe  the format f o r  the t e s t  l o g  and d e t a i l  
i n s t r u c t i o n s  for  main ta in ing  the t e s t  log .  Also, p r o v i s i o n s  should be 
inc luded i n  the t e s t  procedure for  c e r t i f i c a t i o n  by a representa t ive  of 
the  procur ing  a c t i v i t y  a t  s ta ted  per iods dur ing  t e s t i n g .  
procedure should e s t a b l i s h  the procedure t o  be f o l l o w e d  when the t e s t  
specimens do n o t  meet  the i n d i v i d u a l  t e s t  requirements. 

The t e s t  
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4.5 Test Condi t ions:  

4.5.1 Environmental Condi t ions:  Unless otherwise s p e c i f i e d  i n  t h e  d e t a i l  
s p e c i f i c a t i o n ,  the  ambient temperature to le rance should be lr 5°F (-t 3°C) 
fo r  t e s t  values s p e c i f i e d  here in.  I f  environmental c o n d i t i o n s  are n o t  
s p e c i f i e d  or i f  "room cond i t ions"  are s p e c i f i e d ,  t h e  ambient temperature 
should be 73 k 18'F (23 k 10°C). 

4.5.2 L e s t  Instruments:  The instruments used to  measure and record  r e q u i r e d  
t e s t  parameters should be c a l i b r a t e d  i n  accordance w i t h  MIL-STD-45662 ant 
should meet the  accuracy requirements of  MIL-STD-810. These instruments 
should be r e c a l i b r a t e d  as necessary t o  insure  accuracy o f  t e s t  r e s u l t s .  

4.5.3 Test F i x t u r e s :  The ac tua tors  should be mounted i n  appropr ia te  t e s t  
f i x t u r e s  d u r i n g  t e s t i n g  o u t l i n e d  here in .  The d e t a i l  s p e c i f i c a t i o n  should 
s p e c i f y  the  degree t o  which the  f i x t u r e  w i l l  s imulate the  i n s t a l l a t i o n  
i n c l u d i n g  s t r u c t u r a l  compl lance. 

4.6 Acceptance T e s t s :  

4.6.1 

4.6.2 

4.6.3 

4.6.4 

4 . 6 . 5  

4.6.6 

4.6.7 

-- Genera': Each ac tua tor  should be subjected t o  t h i s  acceptance t e s t  and 
any other t e s t s  s p e c i f i e d  i n  the  d e t a i l  s p e c i f i c a t i o n .  
supplemented by i n d i v i d u a l  component t e s t s  when requ i red .  

Examination o f  Product: The a c t u a t o r  should be c a r e f u l l y  examined to  
determine conformance w i t h  t h e  requirements o f  t h i s  s p e c i f i c a t i o n  and the  
d e t a i l  s p e c i f i c a t i o n  f o r  workmanship, marking, conformance t o  a p p l i c a b l e  
engineer ing drawi ngs, conformance to  appl i cab1 e s p e c i f  i cat ions  and 
standards, and fo r  any v i s i b l e  defects .  

Backlash: With the  i n p u t  locked, measure t o t a l  backlash w i t h  a p l u s  and 
minus nominal torque a t  t h e  ou tpu t  as s p e c i f i e d  i n  t h e  d e t a i l  
s p e c i f i c a t i o n .  
f r i c t i o n ,  measure angle, re lease slowly and measure angle, repeat  for each 
d i r e c t i o n  of  ou tpu t .  

These t e s t s  may be 

Apply a s p e c i f i e d  torque s u f f i c i e n t  t o  exceed ac tua tor  

BackTash i s  the  d i f f e r e n c e  o f  the  two readings. 

No Load Torque: Operate ac tua tor  w i t h  no ou tpu t  load  to  check t h a t  the  
p a r t s  are n o t  b ind ing .  I n p u t  torque should n o t  exceed a value as 
s p e c i f i e d  i n  the  d e t a i l  s p e c i f i c a t i o n .  

Operat ion Under Load: Operate a c t u a t o r  w i t h  ou tpu t  loaded. Operate 
throughout the  s p e c i f i e d  opera t ing  range. Measure torque a t  t h e  i n p u t  i n  
opposing and a i d i n g  d i r e c t i o n s .  Opposing and a i d i n g  torque should be 
w i t h i n  d e t a i l  s p e c i f i c a t i o n  values. (These measure ac tua tor  e f f i c i e n c y . )  

- Weigh--: Check and record.  Value n o t  t o  exceed d e t a i l  s p e c i f i c a t i o n  
weight.  

Re jec t ion  and R e t e s t :  
acceptance t e s t s  should be cause for  r e j e c t i o n  of  t h a t  assembly. Actuator  
assemblies which have been r e j e c t e d  may be reworked or have p a r t s  rep laced 
t o  correct the  de fec ts  found i n  the o r i g i n a l  t e s t  ac tua tors  and then 
resubmi t ted fo r  acceptance, Replacement p a r t s  should be i n  accordance 
w i t h  re leased d e t a i l  design drawings. 

S u i t a b l e  al lowance for  l u b r i c a n t  should be incorporated.  

F a i l u r e  o f  any ac tua tor  t o  conform to  any of  t h e  
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