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^"his  report documents  the design and development of a fail-safe 
electro-mechanical  timer   (EMT)   compatible with  the  requirements 
of MIL-STD-1316   and suitable   for missile  and bomb   fuze  applica- 
tions.     The EMT provides the accuracy and versatility ^f an 
electronic timer while assuring the  safety of a mechanically 
out-of-line,   interrupted firing  train.     This   innovitive design 
provides  delayed mechanical  arming without  requirinq stored — 
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neryy  devices.     The  EMT employs  pulsed miniature  solenoids which 
convert electrical   power into mechanical energy   for advancing a 
ratchet wheel  and qear  train,   thus  accomplishinq  the  mechanical 
arming stroke of  a  fuze   rotor. AAU electrical   power  for  the 
arming event can bo derived  frdmvan external environmental source 
3uch  as  a plipstream,   fluidic,  or acouscic qenerator.     Models  of 
the EMT have been succeasfully powered by a  FZU-32/n Airstream 
Generator.     Provisions   for  thorm.il battery   initiation  are  also 
readily  incorporated.     The  EMT requires  appropriate electrical 
energy througho.      ♦■he entire arming period.      Interruptions of 
prime power due   u.   non-sustained environmental conditions cause 
restoration of the EMT to the safe condition,   thus  preventing 
tuze arming due   to anomalous  deployment conditions  or possible 
interference sources.     The  EMT can be  implemented  to respond only 
to external   logic commands  or codes,   and can  also be  time syn- 
chronized by an external  frequency source or  clock.     A mechanical 
time setting  feature  can also be  readily  incorporated.     The EMT 
can be exercised through  its entire cycle,  electrically powered 
externally and reset to the safe condition.     Satisfactory EMT per- 
formance has been demonstrated over the  temperature  ranqo  from 
-650F to 220OF and when subjected to aircraft  vibration  levels  and 
cycling time durations as  specified in MIL-STD-810C,  Method 514.2, 
Curves D and H  from Figure  514.2-2.     Prototype  timers have beea de- 
livered to the Sponsor  for evaluation.     The  unique  EMT devolopod 
during this  program fully complies with  all   the  requirements of 
MIL-STD-1316,  and thus  represents an  improvement  in   fuzing sta^e- 
of-the-art. 
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This  report documents  the exploratory development of an Electro- 
Mechinical Timer,   performed  from 2B January  1975  to  30 June  1976 
by  KDI Precision  Products,   Inc.,   3975 McMann Road,  Cincinnati, 
Ohio 45245  for the Air Force Armament Laboratory   (AFATL) ,  Eglin 
Air Force Base,  Florida under Contract F08635-75-C-0061. 

Technical guidance and program direction were proyided by Mr. 
Richard Mabry and Capt.  John Violini of AFATL. 

This technical report has been reviewed and is approved for 
publication. 

FOR THE COMMANDER 

William F.  Brockman,  Colonel,  USAF 
Chief, Munitions Division 
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SECTION    I 

INTRODUCTION 

This   report documents   the  desiqn  and development  ' x   an 
inherontly   fail-safe,  electro-mechanioal   timer   (EMT),    ;ompat- 
ibie with  the  requiroments  of MIL-STU-1316,  and suitable   for 
missile  and bomb   fuze  applications.     Present   fuze  tir*.r 
nechanisms  exhibit  failure  modes   that  can permit  tinr. ig  cycle 
completion earlier than  intended.     Since  fuze  timing mechanisms 
are  generally employed to prevent   initiation of an explosive 
firinn  train prior to a preselected safe arming time,  early 
functioning can  introduce  safety hazards  to personnel and  to 
the delivery vehicle.    The EMT features  an  inherently   fail-safe 
design preventing  failure nodes which cause arming prior  to an 
established minimum safe time.     This unique design offers  the 
versatility  and accuracy of an electronic timer while main- 
taining the  safety features of a mechanical timer. 

MIL-STD-1316  requires  the arming of weapon system fuzes 
to be dependent upon environments associated with their deploy- 
ment,   to insure the maximum degree of safety to personnel  and 
deli"ery vehicles.    Sustained air  flow around the munition 
projectile   represents one distinctive and measurable environ- 
mental parameter commonly employed  for  fuzing.    All power  for 
the arming event can be derived from an external environmental 
energy source such as a side-well   (slipstream),   fluidic,   or 
acoustic electric generator.     The  EMT is  therefore designed  to 
operate when powered from an alternating current environmental 
energy source.     However,  the power circuits of the EMT are 
easily modified to accept direct current voltage source  inputs 
such as  thermal batteries.    Versions of the EMT have  been 
successfully  interfaced with the FZÜ-32/B Airstieara Generator. 

The EMT,   shown in Figure   1 with and without its hermetic 
seal cover,   has been configured to  fit in the standard bomb 
fuze well.     Employing no stored energy devices,  the EMT utilizes 
pulsed miniature solenoids which convert electrical power, 
derived from the environmental power source of the in-flight 
munition,   into mechanical energy which advances a ratchet wheel 
and gear train to accomplish the arming stroke of a mechanical 
rotor.     The mechanical energy derived from repetitive  solenoid 
operation  is accumulated on a rotor spring which provides  all 
the energy  required tor arming,  provided the gear train has 
advanced to  the commit-to-arm position. 

The  EMT  requires  the   integration of electrical energy over 
the  entire   arming  tine   in  order  for  proper arminq  to occur. 
Inte-ruption of prime  power due  to non-sustained environmental 
conditions   retracts  the  solenoids,   releasing  the  gear  train, 
which  causes   the energy accumulated on  the  rotor  spring  to 
counter-rotate  the near  train   to  the   zero-time or start   (safe) 

1 
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TABLE   1.      KMT  PARTS   LIST 

Item i Qty Part Number Description       1 

111148 Plate No. 1                1 
2 111099 Clutch, Leset              1 
3   i 111158    ! Gear, Drive               | 
4 111158     i Gear, Drive               r 
5  I 111100 Clutch Drive 
6   | 111088 Pinion, Drive              | 
7 111157 Gear, Drive               | 

1  8  i 111076 Disc, Timing-Rotor 
!  9   ! 111092     I Shaft» Timing Disc 

10   1 111127 Block, Detonator           I 
11   | 111083     1 Spring, Rotor Arming        | 
12   ! 111124 ' P.w. Board, Rotor          i 
11 111075 Rotor 
14 111086 Shaft, Rotor              | 
U   ! 111146 Spacer 
16 111090 Pinion, Reset 
17 111078 Bellows 
18   1 111105 Retainer, Clutch Pivot      1 
19 111104 Retainer, Clutch Pivot      | 
20 111103 Rod, Clutch Reset 
21 111102 Sleeve, Reset Rod 
22  1 111118 P.W. Board Mounting Post 
23 11U47 Spacer 
24 111085 Pillar 
25 111108 Slider, Spring Mounting 
26 111154 Spring, Solenoid Return 
27 111107 Block, Spring Adjust 
23 111160 Contact, ilold Solenoid 

Switch 
! 29 111161 Contact, Hold Solenoid 

Switch                 1 
30 llllb2 P.W. Board, Hold Solenoid   I 

Switch 
31 111123 Contact Spring, Rotor      1 
32 111119 Lug, Terminal              1 
33 lllill Switch, Housing, Rotor 
14 111095 Pin, Clutch               1 

1 35 
111098 Spring, Clutch            | 

36   i 111094 Pivot, Clutch 
37 U1091 Phaft, Clutch 

1 33 111101 Bearing, Sleeve            1 
39 HUH Plate No. 2 
40 * 111120 P.W. Hoard                 j 
41 VM7/4AC.15 Connector, Electrical 

(Vikinol 
42 •1 111145 ?p.»cor                     1 

1 43 i 1111',» {'late 'in.   i                                       | 
14 



TABU: i, MT  TAFTS .ITT   (Cor.-.-liKlf-l) 

Item Oty Part Nunber Doscriot ion 

44 2 111138 Hequiator Screw   (Mod) 
45 11112H 'juidu   Uiock,   Hold  Pawl 
46 111153 Armature,   Solenoid 

i    47 111134 Pivot  Pin,  Armature 
!    48 llllJ;- Housinq,   Solenoid 

49 U1114 Coil Assembly,  Solenoid 
1    50 111113 Front Plate,  Solenoid 

51 111U6 End Pluq,   Solenoid 
52 *«.*•••• Screw,   Pan Head,   0-80x1/2 

53 111091 Pin,   Pallet Pawl 
54 111132 Pawl,   Ratchet Wheel 
55 1110 30 Insulator 
56 111031 Terminal 
57 AR Wire,  Type E  (Beiden) 

i    58 110061 Regulator,  Screw 
1    59 111164 P.W.   Board,  Limit Switch 

60 111163 Contact, Limit Switch 
61 111156 Shaft,  Ratchet Whe^l 
62 .   111155 Pinion, Ratchet Whael 
63 111036 . Ratchet Wheel 
64 111151 Plate No.  4 
65 111074 Mounting Plate,  Rotor 

1    66 111097 Locator Pin, Mounting Plate 
67 111096 Pin,  Rotor Stop 
68 111080 Shaft,  Stop Disc 
69 111081 Disc,  Stop 
70 111084 Spring,  Stop Disc Return 
71 Screw,   RH,   2-56x3/8  lg 
72 111082 Support,  Screw 
73 111130 Guide Pin,  Pawl 
74 111129 Stop Pin,  Drive Pawl 
75 111133 Guide Plate,  Drive Pawl 
76 111131 Guide Block,  Drive Pawl 
77 111140 Spring.  Pawl  Return 
78 111137 Spring Adjust Block 

■     79 llllOft Hp.irinq,   Pallet  Shaft 
80 111071 Pallet 

1     81 111110 Shaft,  Pallet 
82 111167 Limit Switch Contact 
83 2 111109 Pin,   Armature 

1    84 3 1111^2 Armature,   Solenoid 











b.       lunctional   f^pec.ition 

(1)     Armnq Sequonce 

The EMT is  desii}n«!d to opcr.itu   from an external environ- 
mental enerqy source such as a sido-well electric generator. 
The  functional block diaqram.   Figure  9,   illustrates the arming 
sequence of  the  HMT.     Sustained air  flow around the deployed 
munition activates  the airstream qonerator which provides an 
alternatinq  current voltage  to the  RMT.     This  voltage  is  full 
wave rectified and filtered  to provide the direct current 
voltaqe to arm the  timer.    An electrical switch,   located at 
the  fuze rotor,   senses the  timer safety condition.    When the 
rotor is  locked out-of-line in the safe condition, electrical 
power  is connected through the closed contacts of the rotor 
switch to the  timer.    As the rotor moves from the out-of-line 
position, electrical power is disconnected from the timer by 
opening the rotor switch contacts. 

Powering of the electronic circuits energizes the hold 
solenoid through the normally-closed contacts of the hold 
solenoid switch.     Motion of the hold solenoid armature rotates 
the balance mechanism and charges a return spring.    The hold 
pawl engages  the hold ratchet wheel, providing accurate posi- 
tioning of  the companion drive ratchet wheel,  located on the 
sane shaft.     Full stroke of the hold solenoid causes the return 
spring to open the hold solenoid switch which reduces the 
current to the hold solenoid winding. 

The drive solenoid is deenergized and the balance mechanism 
is maintained at the rest position due to the bias exerted on 
the armature by the drive solenoid return spring.    An out- 
position limit switch,  integral to the drive solenoid balance 
mechanism,  senses the at-rest position of the balance mechanism 
•Mid provides a  low logic level to the  timer electronics.    The 
timipq cycle  is  initiated by application of a high level digital 
logic command at  tne electrical connector.    When this command 
is applied,   the drive solenoid energizes and its associated 
balance mechanism rotates,  opening the out-position limit switch 
and charginq the drive solenoid return spring.    The drive pawl 
engaqcs the  ratchet wheel and strokes  the wheel for one-tooth 
advancement;  the hold pawl retaining this displacement.    The 
gear train  is  advanced and the timing disc,   integral to the 
output shaft,   rotates  from the  zero-set position.    The arn.lna 
sprii.«;,   anchored between the  timing disc and the  fuze rotor,   is 
loaded by  the  timing disc displacement,  applying force between 
the timing disc and rotor.    The timinq disc-rotor-ball  lock 
relationship is  schematically  illustrated in Fiqure 10.     Full 
stroke  of   the  drive  solenoid  closes  an   in-position  linit  switch 
which   is   integral   to  the 'Irivo  solenoid balance meclianism.     The 
in-position switch closure provides  a   low   loqic  level  to. the 
electronics which  suhsegiently dcenerqizes   the drive solenoid. 

20 
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into a mechanical output.     Two solenoid assemblies wor«.- employci, 
»:ach haviny a dynamic  counterbalance   located  diametrically 
about a pivot shaft  and packaged  in a separate  housinfj.     The 
qcariiw,   rotor,   some mechanical   linkages,   and  housing  for  the 
counterbalancing  .irmatures were  fabricated  from moldable  high 
strength plastic materials.     This  resulted  in  smaller mass 
moments of   inertia,   compared  to metal parts,   thus   requiring 
less  torque  to drive  the  gear  train and rotate  the  rotor  to 
the  in-line position.     Solenoid power consumption was  also 
minimized,   resulting in  an overall drain of 0.3 watt,  and cor- 
patibility with the FZU-32/D Sidewell Generator was  shown. 
The design concept   to achieve inherently  fail-safe operation 
was demonstrated by  two experimental models and the   fundamental 
desiyn  for an  inexpensive,  cost-effective timer was achieved. 

Lfforts during the  second phase of the program were con- 
centrated on deriving a highly reliable,  rugged EMT offering 
long shelf  life potential   for missile applications.     The   fol- 
lowirg changes  to the   initial EMT design were   incorporated: 

o    Stainless  steel  gears and parts were employed  for 
ruggedization and improved shelf life. 

ö    The gear train,   associated shafts,   and adjustments 
were made more  accessible by employinn  two  ratchet 
wheels on a longer common shaft.    This  increased  the 
overall EMT length, but provided the necessary access 
and ease of assembly. 

o    The solenoids  and their counterbalances were  incor- 
porated into one subassembly to enhance  reliability, 
ease of assembly,  and performance. 

o    A heavy-duty stainless steel  rotor was   installed to 
accommodate an electric detonator. 

o    An electrically-driven reset-to-safe   feature was 
included. 

o    Hermetic seal   techniques were employed. 

o    Leaf-type  pallet  return springs and ad)ustmi*nts 
wore developed. 

o    A simplified stroke  adjustment was  developed  for  'he 
hold solenoid  to provide proper ratchet wheel posi- 
tioning  for tho  drive  solenoid. 

o    Limit switch   fabrication  techniques worr   imrr^v^«!  t-o 
provide  reliable operation  throughout   i-onporatuiv«   imi 
vibration  environments. 

27 
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the internal rate arming command, concurrent with the applica- 
tion of the timing signal at the electrical connector interface, 
implements this feature. A negative clamp is provided by CR2 
to insure continuous operation and non-damage of the integrated 
circuit input gates should the driving signal have large nega- 
tive excursions.  Large positive voltage excursions of the 
timing signal, greater than 7 volts, cause CR1 to conduct, 
disabling the timer function.  Hence, added safety features 
are provided to accommodate fail-safe operation should the 
external driving source malfunction. 

The position switching and solenoid pulsing theory of 
operation is identical to that described previously. As the 
driving signal goes to a high logic level, Kl is energized and 
advances the timer ratchet wheel one tooth» the hold solenoid 
maintaining this displacement. At full travel of the pallet 
assenoly, the current in the solenoid is shut off via the posi- 
tion sensing limit switch, Sl-IN, and the armature and linkages 
are mechanically returned to the rest position, closing Sl-OUT. 
The ratchet wheel is advanced one tooth each time the driving 
source goes to a high level and Sl-OUT is actuated. After 200 
teeth are advanced, the timer arms. Therefore, certain fre- 
quency constraints have been imposed upon the timing signal. 
Since the timer cannot be advanced unless Sl-OUT is closed, 
attempts to pulse the solenoids will be ignored until the full 
in and out stroke cycle has been completed« Thus, the EMT 
cannot run faster than its inherent time base, and external 
driving signals with repetition rates faster than this response 
will produce erratic advancement of the gear train. The EMT 
can be armed at a rate slower than its inherent arming rate. 
An external source exhibiting a time base longer than the in- 
herent EMT operating response time will advance the timer at 
the slower rate. Hence, permissible frequencies of the exter- 
nal timing source are restricted to any value below that cor- 
responding to the inherent time base of the EMT. Therefore, a 
degree of uniqueness has been imposed on the amplitude and 
repetition rate of the driving source, enhancing system safety. 

(3) Fail-Safe Operation at Overvoltage 
• 

The timer has demor.strated inherently fail—, ife operation 
in the event of certain component failures in the electronics. 
A shorted 26-volt regulator was cf major concern since it was 
intuitively felt that this failure, permitting the solenoids 
and driver circuitry to operate at higher voltages, could cause 
the timer to arm drastically short of the set time. However, 
by allowing the mechanical components of the timer to substan- 
tially control the electrical time base, fail-safe arm times 
are achieved. 

Simulation of this failure is implemented by removing the 
anode of the voltage regulator diode, VR1, from the circuit 
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common.     The emitter of Q4 will  rise up with  the  collector 
applying the unrcqulated overvoltaqe to the drive circuits. 
High voltage components were selected and installed in the 
timer for this  test  to insure nondestructive operation of the 
solenoid drive circuits at  the higher voltage  levels. 

When overvoltage   is applied,  a larger magnetic  field is 
induced in the solenoid producing a greater solenoid pulling 
force and decreasing the time  for the  in-stroke.     At the comple- 
tion of the  in-stroko,   a switching signal is  supplied through 
the limit switch,  Sl-TN,  that opens the solenoid conduction 
path.     The pallet return spring must now supply the  force to 
return the drive mechanism.     However,   this spring must counter- 
act a  larger magnetic  field that is slower to collapse and 
generates an increased force tending to hold the  solenoid core 
at the full-in position.    Hence,  the time for the out-stroke is 
increased.     Another  in-stroke cycle cannot be  initiated until 
the full-out stroke has been completed and the out-position limit 
switch actuated.    The  in-stroke and out-stroke  timer  are com- 
pensatory,  producing a high degree of inherent fail-safe capa- 
bility even when remote failure modes are considered.    Produc- 
tion timers would be  fabricated using component ratings con- 
sistent with the regulated voltage and reliability requirements. 
Therefore, excessive voltage to the electronics,   as  occasioned 
by a shorted regulator, will cause component burnout or other 
failure modes resulting in failure to function. 

Reliable,   fail-safe operation was demonstrated by two 
experimental timers   (B and C) when overvoltaged wirb, operational 
voltige regulators.     Fail-safe capability approaching 90 per- 
cent of nominal arm time was achieved. 

Figures  18 and  19 are graphic presentations of arm time 
as a  function of DC excitation voltage with the voltage regula- 
tor both operational and disabled for the prototype timers 
delivered to APATL.     Tables 2 and 3 tabulate the tent data for 
this measurement.     Doth timers exhibited fail-safe r perat ion 
when overvoltaged with disabled regulators.    The mechanical 
drive of timer B jammed at 40 volts of DC excitation and failed 
to function.     Deviations of less than  10 percent of nominal 
arm time were experienced prior to jarnnino.    Timer C operated 
when excited with a 50 Vdc source.    The significant difference 
between the arm time of timer C, when overvoltaae was applied, 
was traced to the  inability to reliably reset the titter to the 
zero-set position and is discussed in detail  in Section II, 
Temperature Tests. 

Full compensation of  the electrical  and tnorhaniral  r nr- 
ponents of  the KMT is demonstrated in Figure  20.     Tho dat.i Ui 
this  -jraph were obtained from a prototype tinnr and dononsintiM 
at the  Design  Review with AFATL.     The  arm lirv >h* notninal 
solenoid operating  voltage of 26  volts   is  •'..»,   ■••   •   uls.     Tliis 
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TABLK 2.  ARM TIME-TEST DATA VERSUS DC 
EXCITATION VOLTAGE, TIMER B 

Ar" Time ' A r m T i me   i 
Cmitatioi r,egi> 'at or Requ'ator  j 
• Voltage Ope^at iona1 Oisab'ed 

|   (Vdc) (s«cs) (sees) 

18 NO FUNCTION NO FUNCTION 
1   2C 8.7 10.0    | 

22 7.2 . 6.8 
••■ 2U 6.0 6.8 

26 5.6 5.9 
28 5.U 5.1 
30 5.U 5.0 

1  ■ .32 5.U U.8 
1   35 5.M U.7 

■  40 5.2 NO FUNCTION 
U5 U.9 NC FUNCTION 
50 U.9 NO FUNCTION 

TABLE 3.  ARM TIME TEST DATA VERSUS DC 
EXCITATION VOLTAGE, TIMER C 

Arm Time Arm Time 
Excitat ion Regulator i  Regulator 

Voltage Cperat ional Disabled 
(Vdc) (sees) (sees) 

18 NO FUNCTION NO FUNCTION 
20 • 10.0 10.2 
22 7.2 6.3 
2U 6.1 6.0 
26 5.0 5.2 
28 5.2 U.6 
30 5.1 U.U 

1    32 5.0 U.2 
35 5.0 4.0 
uo U.9 U.O 
U5 5.0 3.7 
50 U.8 3.»4 
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the ability  to start the gear train advancement from the same 
zero-set position,   the uniformity of  the  frictional and re- 
storing forces,   and variations to these parameters introduced 
when the timer is subjected to extreme environmental conditions. 
Design techniques- have been developed which establish the cri- 
teria in each of these areas  to realize a highly accurate 
timer. 

(1)     Solenoid Force Requirements 

The solenoid design is predicated upon  the force that the 
solenoid must generate to provide  the  torques required to 
accelerate  the gear train  for one tooth of ratchet wheel dis- 
placement and to align the  rotor while performing work against 
the pallet return spring and frictional forces.    A detailed 
analysis of the moments,  torques and forces,  and magnetic cir- 
cuit criteria is presented in the Appendix. 

The total moment of inertia of the gear train,  referenced 
to the input shaft,   is 1.24 x 10~6  in-lb-sec2.    The torque 
required to rotate the input shaft 12 degrees, one ratchet 
wheel tooth of angular displacement,   in  8 milliseconds,   is  8.1 
x 10*3 in-lb.    The rotor spring torque required to align the 
rotor with 90 degrees rotation in 0.05 second is 8.85 x 10~2 

in-lb.    The total input shaft torque required is the summation 
of the required gear train torque plus the arming spring torque 
and is equal to 1.25 x 10*2 in-lb.     The pallet return spring 
torque is  7.02 x 10*3 in-lb.    The magnetic force required of 
the solenoids,  neglecting friction,   is then determined to be 
0.231 pound or 1.03 Newtons.    The ampere-turns to supply this 
force across the required air gap is 202. 

The available ampere-turns are approximately equal to 370, 
based on 7500 turns of No.   38AWG wire having a DC resistance of 
525 ohms and operating from 26 volts.     Calculating the ampere- 
turns expended in the iron  and other air gaps, neglecting eddy 
current losses,   results in 351 ampere-turns  to supply the required 
force at the air gap. 

The magnetic  field intensity within  the  iron is calculated 
to be  1.58 Oersteds.    The saturation  level of the iron is 1.28 
(.-erstcds,   indicating that the magnetic circuit operates   i.nto 
saturation  levels.    The ampere-turns  required to realize  1.28 
Oersteds of magnetic field intensity   in  the  iron is calculated 
to be  301,   producing a solenoid force of 2.28 Newtons. 

Although no additional  force ran be  achieved across  the 
air gap once saturation  levels are  reacheU,   it is impcraMve 
ti.at  saturated conditions be employed  to  insure  reliable opera- 
tion  and accuracy  over a wide  ranye  of  parameter variations. 
Vimer accuracy   is not degraded due  to  fluctuations in excitation 
voltage nor can   tho  timer arm drastically short of the set time 
when  overvoltaqcd,   since  the solenoid   is   force-limited  at 
saturation. 46 





TAB 1.1 TEMPERATURE  TEST   DATA,   TIMER  H 

Ten rjc at ure OC Vuli C u f r t? n : ■ Ai "• T '"t   I 

!      (QF) . (volt ; (ra) ('.•'.•.-)   | 

!    *22Q 30 31 5.3 

I          ♦'30 30 32 5.0 
♦ 75 30 33 5.2 

1    ♦50 30 33 5,2 
♦zo 30 3U 5.3 

1     0 30 3U 5.3 

1    -30 30 3U 5.1 

-65 30 3U 5.U 

TABLE  5.     TEMPERATÜRE TEST  DATA,   TIMER C 

Tetrperat ur«- ÜC Voltage Current At » T i "e   1 

1      <*F» (va'ti) ("U) (sees.)    1 

!   ^220 30 30 U.U 
1    ♦190 30 31 U.5 
1   ♦lUC 30 32 U.8 
|    ♦TO 30 33 5.0 

♦ 35 30 3U 5.1 
0 30 34 5.3 
-30 30 35 5.1    j 

|    -65 30     1 35 5 3    | 
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TABLE   7.      VIBRATION TEST   DATA,   VERTICAL  PLANE, 
TIMER A 

1 Frequency 
(Hz) 

Excitation 
Voltage 
(Vdc) 

Operat ing 
Current 
(ira) 

Arm    | 
Time 
(sees)   1 

1 STATIC 
PRE-TEST 30 66 5.6 

I   10 30 65 5.6 
25 30 65 5.6 
50 30 65 6.0 
75 30 66 5.9 
100 30 65 6.0 
200 30 65 5.8 
300 30 65 5.6 
UOO 30 65 5.8   1 
600 30 65 5.1* 

800 30 65 5.5 
1000 30 65 5.U 
1100 30 65 5.U   j 

1500 30 66 5.5   j 

2000    1 30   I 66 5.M   1 

STATIC 
|POST-TEST 

30 65 5.U 
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TABLE   8.      VIBRATION  TEST  DATA,   HORIZONTAL  PLAT.'E, 
TIMER A 

Frequency 
|   (Hz) 

Exc i tat ion 
Voltage 
(Vdc) 

Operating 
Current 
(»"a) 

1    Arm   1 
i   T i me   1 
|   (sees)  | 

STATIC 
PRE-TEST 30 65 5.6 

1    10 30 65 5.6 
1   25 30 65 5.7   i 

50 30 66 5.8   | 
75 30 66 5.7 

|   100 30 66 5.8 
f   200 30 65 5.8 

300 30 66 5.8 
UOO 30 65 5.6 

i   600 30    1 65 5.8   1 
800 30 65 5.U 
1000 3C 65 5.U   1 

|  MOO    1 30 65    1 5.5 
1500    | 30 65    ! 

5.U 
2000 30 65    | 5.U 

STATIC 
POST-TEST 

30 65 

1 

5.6 
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TABLE 9.  VIBRATION TEST DATA, HORIZONTAL, 
90-DEGREE PLANE, TIMER A 

Frequency 
1   (Hz) 

£xci tat ion 
Voltage 
(Vdc) 

Operating 
Current 
(ma) 

Arn 
T i me 

(sees)  | 

STATIC 
PRE-TEST 30 65 5.7 

10 30 65 5.9 
25 30 65 6.0 
50 30 65 6.0 

1   75 30 66 6.0 
100 30 65 5.8 
200 30 66 6.0 

\       300 30 65 5.8   1 
uoo 30 65 5.8 
600 30 66 5.5   1 
800 30 66 5.8 
1000 30 66 5.8 
1100 

1500 
2000 

STATIC 
POST-TEST 

30 
30 

30 
30 

66 
65 
65 
65 

6.0 

5.U 
6.C 
5 7 
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ARM TIME  DEVIATION 
VARIABLE FROM NOMINAL  5  SECONDS 

Functional Forces 
Zero-Set Position 
Temperature 
Vibration 
Other Forces 

t 0 11 second 
t 0 05 second 
♦ 0 05 second 
♦ 0 02 second 
♦ 0 02 second 

The sum of the arm time deviation is seen to be  10.25 
second from nominal, which corresponds to tS percent of 5 
seconds arm time   for worst case conditions.     This  accuracy 
tolerance is considered achievable in production with the pre- 
sent EMT configuration modified to include a zero-set bias 
spring on the  input shaft. 

e.      Prime Power Requirements 

The EMT is designed to operate from an isolated,  remotely 
located, AC voltage source.     Candidate power sources  include 
sidewell,  fluidic and acoustic electric generators.    Permissible 
excitation voltage  frequency range is from 1000  to 6000 Hz. 
The root-mean-square voltage of the source is  from 30  to 100 
volts. 

The prime power requirements for the EMT were measured 
using a DC voltage source  for convenience and accuracy.    The 
minimum operating power. requirements are as  follows: 

PEAK  REQUIREMENTS 

Input Voltage - 3ö Vdc 
Input Current - 130 ma 
Input Power.- 3.9 Watt^ 

AVERAGE  REQUIREMENTS 

Input Voltage - 30 Vdc 
Input Current - 32 ma 
Input Power - 0.96 Watt 

The foremost requirement for an advanced R&D program oc this 
nature is to develop and demonstrate a concept.    As  the develop- 
ment progressed,  operating features and design restraints were 
added to the original  concept to realize a prototype EMT readily 
integrated into future development efforts  for specific appli- 
cations.    The Air Force Armament Laboratory  realized the advan- 
tage afforded by continued efforts and exercised the  trade-offs 
between prime power consumption and improved performance. 

The trade-off*;   *o  improve performance   involved  a dynamically 
balanced system to  insure  oporation under high gravitational 
forces,  a 40; 1   force-to-fri -Lion  ratio for accuracy  and 
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repeatability of arm tirae;   and realizing prototype hardware 
which performed satisfactorily over the temperature range   from 
-650F to 220oF and while subjected to aircraft vibration  levels. 
Hence,   a reliable, environmentally resistant,   inherently  fail- 
safe EMT concept easily adapted to specific munition  applica- 
tions has been demonstrated. 

C,       Mechanically Selectable Timing 

A concept was evolved  to mechanically select arming times 
while maintaining all  the   features of the existing EMT design, 
including fail-safe operation.    This concept,   illustrated in 
Figure 24, employs a constant mesh gear train to advance a 
timing gear that is engaged with the timing disc when  the 
minimum time is selected.     Arming times greater than the mini- 
mum are achieved by rotating the timing gear away  from the 
timing disc,  thus increasing the rotational travel required for 
arming.    This is accomplished by incorporating the timing gear 
on a threaded shaft integral with the timing disc,  affording 
the neces' >ry rotational displacement. 

The timing gear is positioned on the threaded output 
shaf*: by the time-set gear,   integral to the time-set knob, 
via the time-set pinion.    A calibrated arm time dial  is pro- 
vided with graduations corresponding to the detented time-set 
positions.    At the minimum set time,  in this case 5  seconds,  the 
timing gear is rotated down the output shaft until the relief 
engages the timing disc drive pin.    Hence,  ratchet wheel rota- 
tion immediately results in timing disc displacement through 
the ratchet wheel pinion,  idler gear, and timing gear.    When 
the timing disc is displaced 120 degrees, the rotor snaps to 
the armed position. 

When longer arming times are selected,  the timing gear is 
appropriately positioned on the output shaft requiring a pre- 
determined rotation of the timing gear prior to engagement of 
the gear relief to the timing disc drive pin.     Further advance- 
ment of the ratchet wheel initiates the required 120 degrees 
of timing disc rotation for fuze rotor arming.    A time-set pin 
is provided to engage a relief in the timing gear to accurately 
position the gear for the maximum set time.    Therefore,  a wide 
range of arming times are available constrained only by the 
size of the mechanism,  specifically the length of the  threaded 
output shaft and idler gear thickness. 

The set-time mechanism also provides a return to the zero-set iwsition 
when prime power is interrupted as occassioned by non-sustained environmental 
requirements.   A zero-set spring is anchored between the bottom plate and the 
intermediate shaft that supports the zero-set Rear.    The idler rear is 
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positioned on this shaft but  is not integral with it.    Therefore, rotation of 
the tii-ie-set gear, during arm time selection, charges the zero-set spring 
providing the required force to reset the entire gear train, including the 
timing gear, when the hold solenoid pawl disengages the ratchet wheel, 
liirthermore, the ratchet wheel is identically returned and held at the zero- 
set position due to the small bias introduced to the zero-set spring, re- 
sulting in accurate, repeatahle timing cycles. 

Fail-safe cycles are insured at any selected time settings, 
since the operating time base of the electro-mechanical   systen 
is independent of gear train displacement and is  identical to 
that employed in the  fixed delay timer.    Therefore,   fail-safe 
operction,  85 to 90 percent of the set time,  is readily 
achievable for any selected time setting. 

s? 



SECTION   III 

CONCLUSIONS 

The  concept of an  inherently   fail-safe,  electro-mechanical 
timer has been demonstrated,   achieving program objectives.     Two 
fundamental timer designs were  developed during this program. 
The  first design  features a small,   lightweight,   inexpensive 
timer compatible with presently available environmental power 
generators and suitable  for munitions produced in large quan- 
tities,   such as general purpose bombs.    The second design 
embodies a highly reliable,   rugged timer  for sophisticated 
guided weapon applications.     Prototype timers were  fabricated 
and tested,  demonstrating a high degree of arminq time  repeata- 
bility  and accuracy.    Arming time,   as  a  function of excitation 
potential, was nearly constant over the specified range of 
input voltages and environmental conditions.     Fail-safe opera- 
tion was demonstrated with simulated electronic and mechanical 
failures. 

The mechanical design simplicity and the unique qeneration 
of the electrical time base offers  a high degree of  flexibility 
for numerous applications.    Options such as synchronization  to 
an external electrical timing source,   command initiation,   and 
remote  timer reset have been  readily incorporated into the 
fundamental design.    Mechanical  time  set  features can also be 
Incorporated.    The simplicity of the design insures high perfor- 
mance  reliability,  repeatability,   and system cost-effectiveness. 

The EMT has been designed  for external  resetting after 
operation,  thus permitting complete exercise of all units.     No 
one-shot components are employed to accomplish the timing or 
arming  functions.    Failures within  timer or with external 
power sources result in either restoration of the EMT to the 
safe condition or lengthening of  the arm time. 

The electro-mechanical  timer concept demonstrated on  this 
program offers the versatility  and accuracy of an electronic 
timer while affording the safety of a mechanical timer and 
rotor assembly,   including an out-of-line   interrupted safe 
firing train.    This unique,   inherently  fail-safe,  Exectro- 
Mechanical  Timer concept proir.iscs   to   fully  comply wit!»  all   the 
requirements of MIL-STD-lilM.     Compliance witn the proposed 
MIL-STD-131bB requirement of  dual   rotor  locks can be accom- 
plished by a simple modification  to  incorporate a second  rotor 
lock   to be  activated by  the  ho 1.1  so'enoid.     The  resulting 
versatility,   accuracy,   ,UK1  s.if.ty   rcprosonts  .in  improver^nt   in 
the   fu^irq stat^'-ot-the-.u*t   tor many weapon  systems  applications, 
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SOLENOID DESIGN ANALYSIS 

ARMATURE:    Volume » Cylinder plus cone 

V «       ird2f/4  +  ifd2h/12  «   (£ + h/3)   nd2/4 

I       «      Mr2  - Md2/4,  but M » V5/g 
» 

I      «      d2V«/4g substituting for V 

I      »       U + h/3)   ird^/lög 

6 - 0.28? lb./in.1   , g «  386.4 in./sec* 

t « 0.80    in., h ■ 0.162  in., d » 0.187 in. 

I       -       (0.801 + 0.J 0.187)v(0.283)/16   (386.4) 

I      •'■■■      1.50 x 10*7 sec. 

PALLET SHAFT:     Volume « 3 cylinders 

V -       ird  zt /A + i»d 2t /A ♦ wd  2t /A 
II 2       2 1        ) 

V -      (d 24    ♦ d *i    ♦ d U )   ir/4 
I        l 2       2 J       J 

I  «  Mr2/2 - Md2/8, but M » V6/g 

substituting for M 

I  «  V«d2/8r 

substituting for V 

I      -       (d ht    + d "t    + d  "t  )6w/32g 
It 2       2 It 

d    - 0.06,  d    « 0.045,  d    ■ 0.031 
12 3 

0.47,   I    - 0.212,   I    - 0.1 

I 

[12 1 -» 

(0.06),,(0.47)   ♦   (0.045)*(0.212)   ♦   (0.031) ^ (0. nl 

x   (0.283)   n/32   (386.4) 

5.07 x  lO'10   in.   lb.   sec.2 
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PALLL'T:  Volume = roctanqular prism 

V  ■   <wh 

I   =   (f ♦ h )m/12 ♦Mr' 

where  r is  the distance  from the  rotational center to the center 
of gravity and is 0.043  in. 

substituting VVg for M 

I       »       (t-   + h*)VV12g ♦ V'SrVq 

I       -       {t'/U * h:/l2 ♦ r^Vf/g 

substituting  for V 

I      »       it- /U + hVl2 ♦ r')   fwvVg 

t *  0.375,   h - 0.092, w - 0.031 

f> » 0.283,  g -  386.4 

I       »        1(0.375)'/12  ♦   .0.092)'/12  ♦   (0.043)' 

/ x   (0.375)(0.092)(0.031) i0.283)/386.4 

' I      -      1.12 x 10" • in.   lb.  sec.: 

PAWL:     Mass determined by weight 

M       =      W/g 

I      ■      Mr'   « WrVg 

w ■  1.06 x  10"'  pounds,   r » 0.187 

I       -        (1.06  x  10-J)(0.187)I/386.4 
i 

I      •      9.59 x lO-*  in.   lb.  sec.' 

3ATCIT.T WllLiiL:     Volume  « disc «   -d-h/4 

1 I       «      Mr'/2 « Md?/8 and M « V'V/q 

substituting   for M 

I        =        Vvd-  'Rq 

♦ I 





No. 3 PINION k  SHAFT: Volume ■ 2 cylindere 

V  -   (d *i    + d *(  )n/4 
II 7       2 

I     ■      Mr2/2 - Md:/8 - V«d2/8g 

I     -       {d "t    * d "t )«ir/32g 
11 2       2 

d    - 0.15«,  d    - 0.071 
1 2 

i.  «0.331,  t_  - 0.545 

I 

I      -      1.5 x 10'* in.  lb.  eec.2 

^        l     ■■0.331,   t     •  0.»4S 

(0.156)^(0.331)  ♦   (0.07) ^ (0.545)1    (0.283)   ir/32   (386.4) 

No. 4 Gear • No. 5 Geer - No.  7 Gear • No.  2 Geer - 4.34 x 10~7 

in. lb. eec.2 

V     •      {d U   * d U )ir/4 
ii        it 

CLUTCH, ORXVEt    Volume « 2 cylindere 

{d H   ♦ d U )ir/4 
it        it 

id "t    * d^t  )«ir/32g 

d    - 0.204,  d    - 0.3 
l 2 

t    m 0.104,  t    • 0.159 

1(0.204) "(0.104)  ♦   (0.347)N0.159)     (0.283)w/32   (386.4) I      - 

X     -      1.79 x 10"' in.  lb.  eec.2 

NO.  4 PINION 6 SHAFT»    Voluae • 3 cylindere 

V     •      id *t   * d H    * d li )w/4 
II 2       2 It 

X       •        Id  "l    * d  "l    * d  "l   )fr'i2<9 
II 2       2 t        I 

d    - 0.435,  d    - 0.168,   d 
I 2 I 

t    m 0.075,  I    - 0.252,   t    m 0.54 I —  -   —    .   —  r - <--   v w w w  r - w  w   -■  -w 

|(0.435),(0.075)   ♦   (0.1«8)%(0.252»   ♦   (0.07)•(0.54) 

x   (0.283)*/32   (386.4) 

2.08 x 10"' In.   lb.  eec.7 
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CLUTCH, RESET: Volume ■ 2 cylinders 

V  -  (d 2f ♦ d 2« )n/4 

I  «  MrV2 » Md2/8 » V5d2/8g 

I  «   id "l    * d "t  )^n/32g 
II 2        2 

d    « 0.275,  d    « 0.347 

0.157,   t    « 0.212 
c ' 

1 

I      *      2.86 x  10~T  in.   lb.  sec.2 

t      «  0.157,   C     ■   0.212 

1(0.275) ^ (0.157)   +   (0. 347) ^ (0.212)      (0.283P/32   (386.4) 

TIMING DISC:    Volume ■ 2 cylinders 

V      -       [d *(     + d :t )n/4 ii i     a 
I      -      id "(    * d ht )öii/32g ii a    i 

d    - 0.66, d    - 0.22 
i i 

0.12,  t    * 0.06S 
r*        ' 

I 

I     -      1.65 x 10"* in. lb. sec.2 

C     »  0.12,   C     «   0.065 

(0.66) ^ (0.12)   ♦   (0.22)%(0.065)      (0.283)ir/32   (386.4) 

OUTPUT SHAFT:    Volume - 2 cylinders 

V      -      (d 2e    ♦ d 2f )7i/4 
II a    a 

I      -       id ht    * d "t )Äir/32q 
ii a     a 

d    - 0.215, d    « 0.1 
l 7 

€. - 0.343. t    - 0.289 

I 

I  •  5748 x lO-* in. lb. sec.2 

C  « 0.J43, t  « 0.289 

(0.215)*(0.343) *   (0.1)<>(0.289)  (0.283)r/32 (386.4) 
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ROTOR: Volume - 3 cylinders 

V (d 2£    - d 2£    - A H    * d 2t  )ff/4 
11               7        2              II              %        »       ' 

I (d V'     - d  "t    - d "t    + d "l  )«n/32g 
.1               7        2              11              ..        «          ' 

d    - 1.0, d   - 0.875,  d    - 0.36,  d 
it                       i                     * 

0.245 

I    -  1.075,   I    - 0.160,   t    - 0.18,   £    - 0.095 
ii i •> 

(iru.i 
^  (0.245)"(0.095)     (0.283)^/32   (386.4) 

,075)   -   (0.875)*(0.16)   -   (0.36)^ (0.18) 

7.04 x 10'* in.  lb. eec.2 

The «ear train consists of an input shaft, an intermediate shaft, 
an output shaft,  and reset shaft.    A 20.25:1 step down ratio 
exists between the Input and both the output    and reset shafts. 
A 4,5iI step down ratio exists between the input shaft and the 
intermediano shaft.    A 32.5446:1 ratio exists between the input 
shaft through the reset shaft to the output shaft. 

The input shaft supports two ratchet wheels and the No. 1 pinion. 
The intermediate shaft supports the No.  2 gear and the No.  3 
pinion.    The output shaft supports the No.  4 gear with drive 
clutch. No.  7 gear with reset clutch, and the timing disc.    The 
reset shaft supports the No. 5 gear and the No. 6 pinion. 

Therefore, the moments of inertia of the shafts referenced to the 
input shaft can be determined. 

Z       ■    Moment of inertia of reset shaft referenced to the 
kl input shaft. 

I       •     (I    ♦ X )/20.25 

•     2.08 x 10"V20.25  ♦  4.34 x  10-7/20.25 

lhl    •    3.17 x lO'1 in.   lb.  sec.2 

I        ■    Moment of inertia of the reset clutch and gear 
*' referenced to the input shaft. 

1 ■(!,♦• 1RC)/32.5446 

-     (4.34 x  l0-,  ♦  2.86  x  10-T)/32 .S44«i 

l$l    •    2.21 x lO"» in.   lb.  sec.2 
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■   Moment of inertia of the output shaft referenced 
to the input shaft. 

»    (ITD ♦ I    ♦  lDC)/20.25 

»     (1.65 x ID"*   ♦ 4.34 x 10-T  ♦ 1.79 x 10-7)/20.25 

1.12 x lO-7   in.  lb. sec.2 

Monent of inertia of the intermediate shaft  ref- 
erenced to the input shaft. 

(I    ♦ I  )/4.5 
2 1 

<4.34 x  lO"7   *  1.5 x I0-*)/4.5 

9.98 x 10-•   in.   lb.  sec* 

Moment of inertia of the input shaft. 

2(4.86  x  lO"7)   ♦ 5.59 x lO"' 

9.78 x 10-T   in.  lb. sec.1 

Total moment of inertia at the ittput shaft. 

I-     »I      ♦!      +1      ♦!      ♦!. 

ITOTAL    "     J." X  lO-'   ♦ 2.21 X lO"1   *•  1.12 X  lO"7 

♦ 9.98 x lO"1  ♦ 9.78 x lO"7 

ITOTXL    "     l*24 X  10**   ln*   lb*   ■•C,i 

Torque required to rotate the input shaft 12 degrees or 0..109 
radian    or one ratchet wheel tooth in 8 x lO'1  second is: 

T        ■ r» but  » -  20/f 

T        « 21^/^ 

- 2(1.24 x  10"*)   (0.209)/(8 x  lO'V 

T        • 8.1 x lO"1   in.   lb. 

Calculate the rotor aprinq torquo required t:o alian the rotor 
90 degrees rotation  in 0.0S  second. 

11 
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. J T = Ix    and  i =  2'*/t' 

T = 21^/t2 

T » 2(7.04  x  ID"5) (IT/2)/(5 x lO-2)2 

T » 8.85  x  10"J   in.   lb. 

Total input shaft torque  is the gear train torque plus the rotor 
sprinc torque referenced to the input shaft. 

rT      «     8.1 x  10-'   ♦   8.85  X  10-V20.25 

Pr,      »    1.25 x 10"2   in.   lb. 
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INITIAL oisntinmcN 

2 

HQUSAF/RDQRM 
HQ USAF/SAMI 
HQ USAF/XOXm 
AFIS/IVTA 
AFSC/DLCA 
AFSC/IGFC 
ATSC/SDZA 
AFAL/HO 
AFNAiyTech Üb 
ASD/ENFEA 
FTD/IIÄA-2 
A»IL/LTM l 
AUL (AU/LSE-70-2S9) 2 
DDC 2 
0|denALC^M«M 2 
TAC/DKA 1 
6S10 AK/SSO 1 
11} UStfE/DQQ 1 
II) PACAF/IPO 1 
SARRI-Uir 1 
SARPA-TS-S#59 1 
RtdstoM Sei Info Center 2 
HAVAIR SYS CXM)/Air-954 1 
NAV SURFACE WPN CENTER/Tech Lib 2 
NAV GRENANCE SBI/Tech Lib 1 
NAV AIR TEST CEKn!R/CT-176 TID 2 
USNMC (Code S33) 1 
Sendia Ub/Div 3141 1 
TANC/HUDOCLO 1 
AOTC/SES 1 
AFATL/DL 1 
AFATVDLOSL 9 
AFATL/DU 1 
AFATVDUF 6 
USAF/AFRD 1 
SAFRD 1 
NAV WTNS EVAL FAC/Wwponf Dept 1 
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