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ABSTRACT 

This report discusses testing.programs undertaken. to determine 

the traqsportability of the ML-1 nuclear plant. Three transport 

media were investigated: tractor-trailer,. aircraft,, and railroad. 

  he document includes illustrations; ot3ginal data (tapes and charts 

made in the field by various recording instruments) and detailed, il- 

lustrated appendixes. 
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I. SUMMARY 

The ML-1 is the prototype, mobile, gas-cooled nuclear powerplant 
developed under the Gas-Cooled Reactor Systems Program. The military 
characteristics of the power plant specify that the unit shall be trans- 
portable by any of the several media,available to the Amy. 

. , 

.A i=omprehen~ive pkogram was yndenctaken to ta~t proposed loading and 
tiedown technique and to demonstrate that the plant' will satisfy the 
transportability requirements specified .by the customer. The tests ex- 
plored the problems of loading, cross-country transport, vibration spectra, 
switching and "humpingW.shocks, and field evaluations of the shock mount 
and tiedown.sy&tems. 

The military characteristics speeify that'primary means of trans- 
porting the ML-1 is to be the U. S. Army M-172, or M-172-A-1, low-bed 
semi-trailer. It is fqrther specified that the control cab be trans- 
ported by a U. S. b y  M-35. 2%-ton cargo truck; and that auxiliary equip- 
ment be transported either on the M-35 or on M-55 5-ton trucke. Be- 
cause mobility and rapid deployment are among the prime requisites of . 

the ML-1, it must also be capable of being transported a.ircraft. U. S. 
Air Force C-124, 6-130, and C-133 aircraft are the specified carrier?. 
In the case of.66th the C-124 and the C-130, three separate air lifts. 
are required to transport the MI,-1. (One aircraft carries the reactor; 
a second, the power conversion equipment;.and a third, the seven-man 
crew, the control cab, and the power plant auxiliaries.) The C-133 
has the capacity to transport the entire.power plant, including its 
crew, control cab, and auxiliaries; in one flight. A third tran8port 
method specified for the a - 1  is by standard railroad flatcar. When 
positioned on a flatcar, the ML-1 xpust 8atiefy.the clearance require- 
ments of United States and European main  line^. 

I 

The ML-1 plant consists of: 1) the nuclear.re~ctor package, 
. . 2) the power conversion package., 3) the control cab, and 4) the 

auxiliary package.' Full-scale mockups of the reactor and power-con- 
:' version packages were, fabricated. - . The mockups duplicated the overall 
dimensions, the weight, and center-of-gravity of the ML-1 packages. 
Mockups whre not constructed of the contrsf cab oraf the auxiliaries 
package, because the weights and sizes of these units permit handling 
by conventional. techniques. The dimensions and weights of the mockup 
paehgce are Lioted below' along with tiedown data: 
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. . .  Dimens ions Number ,of Capacity of 
L x W x H  Weight Tiedown Each F i t t i ng  

Item (In.ched .. (Pounds 1 F i t  t ings (Pounds) - 
. . 

Weae t ~ r  111 x. 108 x 93 30,008 48 20,800 

Power conv9ir- 
s ion equipment 168. x 113 x 93 30,000. 8 ,60,080 

The mockupe dup 1 i i a t ed  the skid-mount ing concept and the 
shock mount@, covsietipg of s i l i cone  rubber cores  bonded to  aluminum 
supporte, planned f o r  ih&' MI.-1. The $hock mounts, i n  conjunct i o i  ' w i t h  '- . . .., 
nylon rope tiedowns, arq designed t o  a t t ~ n u a t e  the shock loads en- 
eotintered during t ransport  and t o  r@duce these loads t o  values l e s s  
:,than the  maximum a1 lobable. 

I 

I h e  t s ~ t  results suba tan t ia l ly  confirmed theore t ica l  calSuiacluu& 
+d p k d i c t  ions. The h l lowing  eonclue ion@ are par t  i cu la r ly  e'ignif io ' . ! 

cant: . 

The dss'igned overa l l  dimensions are compatible with the  
space ava i lab le  under a1 1 specif ied modes of traneport  . ~attiefeaetory 
loading procedures were d m o n ~ t r a t e d  for  a l l  specif ied msdee of trane- 
por t  The shock mount and tiedown sy~ltepa perform as deeigned to  pro- 
t e c t  the  un i t s  from excessive shock loads. 

The ML-1 power p lan t  can be loaded i n  the f i e l d  by con- 
ventional methods, and transported by the M- 172 t r a i l e r .  

4 - 

fie a-1 can be  siti is factor illy t r a n ~ p o r t e d  ctoe8-country 
by tlia #-I72 t r a i l e r  'and M-52 t r ac to r .  

m e n  the reactor  and power conve r~ ion  packagm are asupled 
and loaded on the M-172 t r a i l e r ,  the reeul t ing tandem axle  load sx- 
eeeds the  mximum permitted on most V. 8. highways. 

W e r e e a ~  mi l i t a ry  height r e s t r i c t i o n s  can be met with the  
ML-1 loaded nn th@ M-1.72 t r a i l e r .  The h e i ~ h f  r@o&r$stion i~ cxocsdcd 
with the  load on a M-172-8-1 t r a i l e r  but the  rear  whkel t i r e e  can 
be p a r t i a l l y  def la ted,  temporarily, t o  permit c lear ing overhead 
sbs  t r u s t  ion@. 

AIRORAFT T W l P Q R T  C + 

The BE-1 package8 m y  be loadad ~ a t i e f a e t o r i l y  aboard 
6-124, 6-130 and C-133 a i r c r a f t  with equipment normally avai lable  i n  
the  f i e l d .  In  the c a ~ e  of the C-138, aide clearances e r e  l e m  than 
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the minimum specified for personnel passage. 

The tiedown.system is adequate to protect the ML-1 during 
aircraft emergency 'landings (as specified in MIL-A-8421A USAF). 

D. RAILROAD TRANSPPRT 

When loaded and tied down on railroad flatcars, the ML-1 
will meet all clearance limitations specified for both United States 
and European,qain lines. 

? .  

The tiedowns and shock mounts isolate all shocks sufficient- 
ly to eliminate any danger of damage to the ML-1 during railroad 
switching and "humping" operat ions. 

. . 
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', The power conversion package was winched aboard the  
. a i r c r a f t ,  (See Figure 111-5) and loaded i n  4 h r  and 32 min. The pack- 
age was off- loaded i n  1 h r  Ynd 49 min by using the  PI-52 winch t o  p u l l  
the package while the Euclid winch provided the backup r e s t r a i n t .  

Due t o  time Pimitat ions the r eac to r  package was not  
loaded. 

Do CONCLUSIONS AND ~ C Q ~ N D A T H B N S  . . 

The genera l  conclusions of the  t e s t s  a r e :  

1, The ML-8' ks a i r  t ranspdr table .  

2 .  The 30,008-%b package weights a r e  compatible wi th  the 
c a p a b i l i t i e s  of afB th ree  cargo a i r c r a f t ,  

3. The package lengths can be s a t i s f a c t o r i l y  accommodated 
by a l l  t h ree  a i r c r a f t ;  the  c learance  betbeen package 
and a i r c r a f t  is t o l e r a b l e  i n  a l l  cases,  although s i d e  
clearance i n  the  C-130 i s ' i n s u f f i c i e n t  f o r  r ap id -pe r -  
sonnel  evacuation, 

4. The ML-1 can be t i e d  down wi th  s tandard  USA?? chain- 
type devices, al though i t  might not  survive  an 
emergency landing i n  an operable condi t ion  under such 
an arrangement 

The foldowing s p e c i f i c  po in t s  w i l l  be ihcluded i n  the  loading 
i n s  t m c t f  ons based on the t e s t  results : 

1. Greased shor ing w i l l  be used ins tead  of the r o l l e r -  
conveyors . 

2 .  The a i r c r a f t  must be kep t  i n  a l e v e l  posf t i o n  through- 
ou t  the  loading opera t ions*  

i 
3. b a d f n g  w i l l  be made d i r e c t l y  from the t r a i l e r .  

4 .  The use of  a nylon rope tiedown system w i l l  be spec i -  
f i e d  to  i n su re  p l a n t  s e r v i c e a b i l i t y  ' a f t e r  emergency 
land f mgs i 

5. A pre- tens ion s f  approximately $000 I b  w i l l  be appl ied  
to the  nylon rope ticdown. 

6. The winch on the H-52 t r a c t o r  w i l l ,  be u t i l i z e d  f o r  
moving the  packages aboard a18 th ree  a i r c r a f t .  

7 .  Package- naisalignme.&s occurr ing  duridg:3oiding :add .off - 
loading w i l l  be correc ted  e i t h e r  by t igh ten ing  .one 

, s i d e ' o f  the winching b r i d l e  o r  by dead-ending the wineh- 
ing  cable i n  an o f f - c e n t e r  pos i t ion .  



I1 . TRAILER TRANSPORT. 
. . 

. .  . . .  . . . .  . . 

T r a i l e r  t ranspor t  t e s t s  were performed wf t h  the mockup packages . . .  ,;. :. ;.. '. . , . . 
near the  AGN plan t  a t  San Ramon Ca l i fo rn ia ,  i n  ~e~ te inber . : l959 .  ' .The . ' 

. . 
U. S. Army supplied the  M-172 t r a i l e r ,  M-52 t rac tord  and":a:.3-man crew :..: . 

, . . .  . . f o r  the  tests, . . 
. . . .. 

The purposes of the  t e a t s  were to. de ter@Be:  1) t h a t  the  ML-1 ' . . . 

packages could be loaded by standard techniques, and 2) t h a t  the  ex- . . 

perimental shock,mounts were sa . t i s fac tory  both .during loading.and whild 
i n  t r a n s i  t ,  The tests, augmented bpl time and motion s t u d i e s  .(Appendix 
A) a l s o  provided d a t a  fo r  t h e  development of loading procedure& 

A. LOADING PROCEDURES 

A trailer was prepared receive  the  packages .by covering 
the apen wheel-wells with s t e e l  channels and by shoring t h e  trailer bed 
wi th  3-in.- thick lumber, a s  ~hdwn. i n  Ftgure X l - 1 ,  The t r a f l e r  was then 
placed on rough ground; the  brakes ware set; :?.the wheels were blosked; 
and the  parking gear was dropped, The t r a c t o r  w a s  locat,ed i n  fr&t of 
the  , t r a i l e r  gooseneck, f a c i  ng the  t r a f  ler (See Figure 11-2.), 

A p a i r  of loading ramps (standard equipment with the  t r a i l e r )  was 
used i n  a l l  the loading'operat ione.  The ramps were shored with 3-in.- 
thick, lumber,  t o  mitch the  inver ted  channel on the  t r a i l e r  bed, The 
shoring was greased. A block and t ack le  arrangement powered by the  

. 

wfach on t h e  t r a c t o r ,  pulled t h e  packages up the  raplp ,;.:and onto the  
t r a i l e r  , 

1, Individual  Package Loading 

The f f r s t  u n i t  loaded w a s  t h e  reac to r  mckup, This  
loading showed t h a t  t h e  shock mounts were suEtable f o r  ramp-loading 
techniques. The package, while passing the  13-degree c r e s t  of the ramp, 
res ted  on a t  l e a s t  four shock mounts* (See Figure 11-31, The reac to r  
package was unloaded with two winches, One winch, on the  ground, pulled 
the  package down the  ramp, while athe M-52 winch res t ra ined  the package. 
These f i r s t  tests indicated  t h a t ,  t o  avoid t r a f l e r  s e t t l i n g ,  i t  was 
necessary t o  block up the r e a r  of the  t r a i l e r  during loading and an- 
loading. 
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The power conversfon moakup was loaded -taexL Again, 
the shock mounts were s a t i s f a c t o r y ,  (See Figure 11-4.) The package 
w a s  winched onto t h e  t r a i l e r  bed i n  53 minutes, During the  unhad ing ,  
an a u x i l i a r y  winch was used occasionally t o  stra'fghten the  descent path 
of the  mockup. The same e f f e c t  could be achieved by dead-endxng the  
cab le  i n  an o f f -cen te r  pos i t ion ,  o r  by using a side-load on the  same 
cab  1 e-, 

2, Complete Assembly Loading 

The two mockups w e r e  bolted together ,  on t h e  ground, 
and prepara t ions  w e r e  made t o  winch the  e n t i r e  assembly onto the  trailer. 
The r igg ing  system used gave a mechanical advantage 05 s i x ,  Figure n - 5  
shows t h e  package p a r t  way up the  ramp, The e n t f r e  weight of t h e  com- 
bined mockups (60,000 lb)  r es ted  on only four shock mounts, Ffgure 11-6 
shows t h e  ML-1 mockups balancing on the  c r e s t  of the  r u u p  a t  t h e i r  com- 
p o s i t e  cente l  of g r a v i t y ,  The e n t i r e  u n i t  was loaded i n  one hour and 
22 minutes, 

The loading t e s t s  showed t h a t  smooth, greased shor lng;  
l e v e l  ground; and ,blocking under the  t r a i l e r  ca r r i age  were necessary fo r  
s u c c e ~ e f u l  loading, T r a i l e r  and t r a c t o r  "deadmen" may be necessary i-f 
t he  u n i t s  a r e  loaded under adverse weather condit ions.  

B. STATIC MEASURWNTS 

Measurements were made of  the  coupled t r a i l e r  and t r a c t o r ,  
while they were parked on a l eve l  concrete pad, t o  diitermine how much 
t h e  t r a i l e r  s e t t l e d  under a 30-rsn load, The pad had been surveyed and 
marked with a grid p a t t e r n ,  The t r a c t o r - t r a i l e r  r i g  w a s  placed i n  t h e  
same p o s i t i o n  f o r  each measurement. A l l  measurements were accura te  t o  
wi th in  - + 1/16 inch. 

1, T r a i l e r  Bed Height 

. The f i r s t  measurement was made t o  determine t h e  height  
of t h e  unloaded tr,& l a r  bed, . The average height ; ,  a t  a t i r e  pressure '  of 

. . 00 psig, waa 36.% i n s h o s ,  . , . . 

Wish rhe power cuuversian paclcogc loaded on the trail- 
e r ,  the  average height  of the  bed was 35% inches. (The center  of gra- 
v i t y  of the  power-conversion mockup was 61 i n ,  behind the  t r a i l e r  goose- 
nerk , ) 

. . 
With t h e  reac to r  mockup on t h e  t r a i l e r  bed, the  ave- 

'rage he igh t  of t h e  t r a i l e r  bed w a s  again 35% imhes . .  (The a e n t e r  of 
g r a v i t y  of the  r e a c t o r  mockup was 85% i n ,  behind the  goosmect;) 

When both. packages were. loaded on the  trai ler:; t h e  
average bed height  was 336b inchesg . . 

The maximum height  sf t h e  l.od .{the top of t h e  power 

-6- 
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conversion package as St res td  orn the 3-fnn, &orPngJ' was 131% inches, 
Tlais height is l e s s  than ti& 132-fa. maximum height epecif fc .a t ion~for  
loads transported by vehicles overseas. 

The bed of the H-172At.l t r a i l e r  is 3 i n ,  higher than t h a t  of 
the M-172; thus, -to s a t i s f y  the  132-in. height r e s t r i c t i on ,  i t  w i  11 be 
nec@mary t o  lower the bed. 3 in ;  by def l a t ing  the  rear  wheel t i r e s ,  Thds 
procedure was' tes ted &f th the M- 172 t ra f  f e r  , Reducing the pressure In  
the rear  .tires from the normal 88 psig t o  ab0ut .m-50 ,ps ig  lowered the 
bed the required 3 inches. 

C. CROSS-COUNTRY TESTS 

The mockups were bolted together on the t r a i l e r ,  and t i e d  
down with chains and load binders. Vertical  and horizontal  acceLero- 
meters were attached to  the mockups a t  the composite center of gravi ty ,  
Accelerometers were a l so  attached to  t he  t r a i l e r  bed d i r ec t l y  below t h i s  
point. The aceelerometess were capable of measuring shock loads i n  the 
range of + 2% g, and vibrat ions  i n  the  range df O ' to  378 cps. 9"he re- 
cording e&ipment was lo$ated i n  the t r ac to r  cab, To redbee e r ro r  in; 
the recording system due t o  shock loading of the galvanometers, thd as- 
cil lograph was wrapped i n  a layer of 2-in.-thick foam rubber and theb 
mounted on the t ractBt  s ea t ,  An undamped galvanometer with a balanc@ 
factor  equal t o  tha t  of the recording galvanometer was u sed , to  detect  
e r ro r s  in t~oduced  by galvanometer shock loading, The e r ro r  was not great- 
e r  than 0.1 g at  any time during the t e s t s .  Ttaa schematic diagram of the 
inatrumentatibrb c i r c u i t  is shown i n  Figure 11-7, Figure 11-8 obws t h e  
location ok' &he instruments on  the  t r a i l e r  and mockups. 

The cross-country tests were conducted i n  a plowed f i e l d ,  b e  

The condition of the ground was dry and hard, with rows of furrows and 
cracks. The f i e l d  was surveyed, and a course was l a id  out t o  cover the 
roughest terrairp 'avai  i ab le ,  The speed of the t r a i  ler varf ed from 5 t o  
20 mph. Figure ][I-9 shows the mockups a s  they were transported across 
the f i e ld .  

Very low frequency v ibra t ions  (1-3 cps fundamental) were 
found to  e x i s t  on the t r a i l e r  bed. Apparently, these f requmcias  were- 
below the threshold i so la t ion  frequencies of the shock mounts, and were 
d i r ec t l y  t r a n s m i t t ~ d  to  the package, However, near&al-l high-frequency 
vibrat ions  ex is t ing  on the fundamental pulse were &&late8 by the s h c k  
mounts, and were not trarndt ted t o  the  packages. ~ 1 1  ;l&gh-amp 1% tude 
shock pulses were e f fec t ive ly  i so la ted  by the shock mUhts, The m a x i -  
mum v e r t i  c a l  accelerat ion on the lxai  ler bed wAs about i,5 g o  Thi s low 
value can be explained by the kf fi6lency of the urnspdg  bogfa axle  
system used on t he  H-172 t r a i l e r ,  and by the f a c t  t ha t  the&pzomidaae- 
t ua l l y  deformed under the  t r a i l e r  wheel@,, The rear bogie a d e  of the 
trailer i s - p a r t f s u l a r l y  e f fee t l8n  b ~ p l b m d  faPmows or  i n  places  where 
.the bogie can move -t%cally. 

8 

D?ta+concerning lagghway transport  were obtained wk14e the 
power conv&sion, ,z9fkup was moved em , . ,- the  - <. M- 172 , . t r a i l e r  over ,-p(lve$ bggh- 
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.. . . : .  ways from San P-n t o  Fabrfi  e ld ,  Cal i  fo rn ia ,  a d i  stance 'of a b u t  40 
miles.  Tests  with the combined reactor  and power converi4faii packages 
could not bd ca r r ied  ou t ,  because t h i s  load was i n  excess of t ha t  a l -  
I d  on Cali fornia  highways, 

h e  power eonverrsion mockup was centered om the  13- 172 bad 
and t i e d  d o h  with chains.  Accelerometers were mounted a t  the  package 
cen te r  of g r av i t y  and on the  t r a f l e r  bed. During 'h~ghway travel, fun- 
damental frequencies ranging from 2 t o  20 cps were +ed on the  t r a i l -  
er bed, with higher frequencies ranging from 40 t o  20? cp .~  superimposed 
on the  fundamental. Ver t ical  accelera t ions  exceeded l ' g  only a few 
timee during the  t r i p .  The maximum ver t ical '  accelera t ion recorded was 
2.4 g on the  t r a i l e r  bed; t h i s  value :was reduced t o  0.9 g on the pack- 
age, A v ibra t iona l  frequsney of 10-11 cps  was recorded while rravell5pg 
over a secondary blacktop road. The average vibrat ional  frequency of 
L l l e  package wlne about 8 a@@, Horisontal a cc~Lara t i on  was neg l4g3h l~  
i n  a l l  cases, 

1. Loading Procedure. 
. .  , 

The ML-1 can 'be  loaded e i t he r  a s  individual  packages; 
o r  a s  one u n i t .  The loading can be ac.compliehed within a reasonable 
time, using only standard :U. S .  Army f i e l d  equipment. 

cross-country Trangpor t 

. . 
. . The M- 172 ~ and M-52 t r a i l e r -  t r a c to r  combinationsds able  

t o  t ranspor t  the  ML-l.@i?o$e-countyy and over h i l l y  t e r r a in  a t  speeds.ub 
t o  20 mph.' 

3 ,  Shock Mount Performance 

Excellent shock and high-frequency vibrat ion i so l a t i on  
were achieved with the  experimental shock mounts, although v e r t i c a l  pack- 
age def lect ione werd t e s t r i c t e d  by the tiedowns. 

4, ' b a d  Height 

The load height on the  M-172 t r a i l e r  meets the maxi- 
mum height specif f  ca t ion.  When t h e  M-172#~-:1 t ra i . l e r  i s used, the maxi- 
mum height spec i f i ca t f  & i s  .exceedad by approximately 3 i la, , Reducing 
t i r e  pressure 11s a satisafactory 'tm$srarg expedient t o  reduce the 16ad 
height i n  t h i s  case. 





Figure 3 , : Loding WL-1 reactor mockup 

Figure 11-4 : Loading ML-I power conversion mockup 
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111. AIRCEUFT IX)ADIWG TESTS 

These tes ts  were conducted a t  Travis A i r  Force Baee, Fairf ield,  
California, during the period 15 - 23 September 1959. A 1 1  t e s t s  were 
under the supervision of Aerojet personnel. Hembers of the U. S, Anpy 
Airborne and Electronics Board, Ft.  Bragg, North Carolina, were present 
during the tes ts .  In addition, a 3-man loading crew was provided by 
Ft. Bragg. Technical assistance and ground support were provided by the 
l5Olst A i t  Transportation Wing and by Headquarters, WESTAF, Travis AFB. 

A t  the completion of each loading operation, Weight and Balaace 
Clearance Foraas (Form F, US@) were obtained from the loadmaster of each 
a i rc ra f t ,  The toadmaster cer t i f ied  that the load was properly t ied 
down and That the a i rc ra f t  was ready for f l igh t ,  

Appepdix B t~ this report contains detailed descriptions of the 
loading procedures, photographs of the aperation a t  various stages, and 
ti- s tudies of the loading operation. In addition, tiedown drawings 
(as >of April, 1960) are included for  each a i rc ra f t ,  

Prior to conducting the loading tes ts ,  a ccmpredensive 
loading manual was pmpared. This manual outlined procedbres to be 
used w i t h  the three USAF cargo a t r c r a f t  specified for ML-1. transport 
(C-124, C-130, a d  6-133) w d  presented winching and tiedown s m t e m ;  
al ternate loading techniques ; and d i  agrams for  winching, load placement 
and tiedown arrangements. The : p c d u r e s  were i n  accordance with the 
provisions of USAF General Specifications for  A i r  Transportability Require- 
ments (MIL Spec 8421-8, Appendix E) loading instructions handbooks (TO-1C- 
130A-9,,TO-lC-133A-9, and TO-1C-124A-91, and other USAF c r i t e r i a  for 
loading, load placement, weight, bearing leads, and tiedown ceaaaf  nt  . 

The ti edom sys tea e~na5stsd of fnfimn ropes used with standard 
a i rc ra f t  tiedown ,devices. 'be31,ty-fawr 1-168-i1~-d&a ropes were used fo r  
the tiedowns : Sixteen 1-ft-long mpes res trafaed the forward amt%cn .of 
the mckups, and c&ght 7-ft-long rapes restrained a f t  rmot2on. The ropes 
isolated shock, and ree trrciued a d  distr ibuted the. load, 'Whiffletree?' 
devfces farther dis tr ibated the load to the afrcrd tWmm ff t t fags.  
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The tiedown system was designed to provide dninapm in te r fe rend  'G&Weeh3 
verrf e a l  and transverse res traf nts during package displacement, Diagrams 
of the tiedown arrangements are included i n  Appendix B. 

Although the modcups could be t ied  d m  with standard USAF 
devices, th is  arrangement does not afford suff icient  protection a&nat 
severe shock loads ( for  example, the 8-g s b c k  prc~duced i n  an eaaergepcy 
landing). Furthermfsre, with the USAF tiedowm, it is d i f f i c u l t  to  dis- 
tribarte the load equally ta the many f i t t tngs  i n  an a i r c r a f t *  Improper 
load d is t r ibut icm could eaise the package to break loose dryim f l ight .  

The ti ed~wn s ys tern was des f gned to wf the tand the conditions 
li s ted be low : 

Forward 

Aft 3.0 g 

U t e g a l  ( transverse) 1.5 g 

Vertgcal (upward) 3.0 8 

Flight 

Flight 

Vertical (downward) 4.5 g Emrgency landing 

The determination a$ the prcvper lcpeation orf the packages withfa 
the a i rc ra f t  was  besed on i n f s m t i o n  from f l igh t  manuals a d  fropp appro- 
p r i a t e  loading an~duab,  quel toads were csrteulaeed, and the cawosite  . 

center of grBvfty*'was located, C $1 

1. C-130 Aircraft  

A @-130A a i rc ra f t  supplied by the Tactical Biz @ommnd, 
Seward M B ,  Tennkssee, arrived a t  Travis AFB on 15 September 1959, The 
a i r c r a f t  was prepared for  the tes ts  i n  accordance w i  t h  procedures gut- 
l ined i n  the loading manual. The =-l mockup packages, which had,ar t ivsd 
at Travis AFB on ' t r a i l e r s ,  were positioned on the a i r f i e ld  runwayo 

c- ::? >- 

. ~ ~ 9 ! 1 w r  pri&rg vinehias sg. tern to r  this md a11 r*bre@taat 
loading t e s t s  waiP Jh'bIo@tr an8 tackle arranwrment r i m d  with a sreval cable 
'9 1 I adid powered by ttie Ss ineY en tb H-52 t rae tar ,  &sT maxi l i a r y  wfn@8'2i~U used 
daring the o f f - f c ~ a d i n ~  - 

' % ah; Wllcr-CanWyot bacldiag PCchdq~te 
" I .  

Eih ehfs f i r s t  loading rest ,  attempts wexe-.made 
to  use roller-coamgos: sptenm t c ~  bad the power emmemian d ~ ~ d c a p  dato 
the af rcraf t ,  T k e e  types of roller-sopveyors we# ttded: 1). ctmuerci31 
seeell rc~ l l e r s ;  2) Ibgk-weilglbt, gL-s f ibe r  rsrPPera C p a t a f  the Cog33 
staadurd loading equipment) ; and 3) aha&mm t~lfeta f r o m  r b  C-130 fly- 
away k i t .  To f a e i l i t a t e  the loadinw a d  t o  sffer a bet ter  we$ght dis- 
tribution, wood pal le ts  were coastw,cted to  rupport the power caaversiaa 
nrockup wbile it wae on ttprc r o l l e r s ,  Figure EIE-L sbrPz#~ the paoirage pa r t i a l ly  
loaded in to  the a i r c r a f t o  
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A l l  the roller-conveyors used, because of the i r  
lim tonstructiozr, fai led to support the power conversion package. The 
r o u e r  fa i lures  apparently were due to excessive point loadings which 
cmcaxmd a t  the foot and cres t  of the ramp. The wood pal le ts  did not 
suf f i e i en t ly  dis tr ibute the load t o  the ro l l e r s  a t  these -pos.i&ions. 

It was observed that  the a i rc ra f t  f loor  must be 
kept level throughout the loading operations. Otherwise, the heavy 
packages &end t o  d r i f t  toward the lower s ide of the a i rc ra f t ,  

Only a 5-in. clearance existed on each side of the 
package when i t  waa centered on the longitudinal center l ine  of the C-130- 
This does not provide suff icient  passageway for rapid personael evacua- 
tion. However, the USAF has s tated that, although th is  s i tuat ioq is 
not wholly sat isfactory from a safety standpoint, the EfL-1 is considered 
to  be sui table for  transport by the C-130. 

b. Creased Shoring Loading TechQique 

Because of the unsatisfactory performance of the 
ro l l e r  conveyor systems, greased shoring was  used i n  subsequent loadisg 
tes ts .  The C-130 was repositioned on the runway with the s i r c r a f t  i n  a 
level  position. Wood shoring (2 x 12-in,) was placed on the treadways 
of the a i r c r a f t *  The H-172 t r a i l e r ,  with the reactor nmckup am bed, 
was positioned d i rec t ly  under the t a i l  of the C-130. (See Ftgnre 111-2). 
The a i rc ra f t  ramp was lowered, and the auxiliary loadfng ramp tocs were 
instal led,  These ramp toss, re8 t ing on the t r a i l e r ,  provided most of the 
ver t ica l  support for the ramp. 

The reactor mckup was winched from t&e t r a i l e r ,  
up the a i r c r a f t  ramps, and in to  the 6-130- The package war positioned 
and t ied  down as shown i n  the diagrams i n  Appendix B. The loading opera- 
t ion required 3 hr  and 12 min. 

It was posaible t o  apply a tension of onLy 300 - 
400 l b  to  the n$lan tiedown ropes This wit& a-lished by h a d  ttghteo- 
ihg, since the USW tfedewn devices were not satFefactory+ For; el&&@ 
reason, a mechanical tensioning device w i l l  be inclqded as a staadazd item 
i n  the 1IL-1 tiedown equipment to  apply the 1000 Ib tension re9pfmdby 
the tiedown des ign, 

TIp hand crank for  emergency apexzttf\on # &he 
a i r c r a f t  landing gear was accessible when the reactor package uaa X e d  
and t ied  down. , In additidn, i t  is possible te ehack the ac&sd. paaJLihn 
of the landipg geak. by laofding a mirror near' ghe p a c w  a d  Si$t%- - 
periscope-wiee - out a-wfndow to observe the yodfiion 04 tke  pap-, 

2. 6-133 Aircraft  

Ls- and t&edoga tests with a C-13% were coaducced 
2f. sad 22 Sep- f 9 S 0  The M u g  procedures actual,& wed were 

&ffetze~t  from those planned for three rea~~onsz L) the u x w t t 2 z ~ ~ a q  
performance of the w,I,ler-coaweyors ; 2) the demonstrated feas-jLbSEtey of 
Loadiag the padcages dsrectly from' t r a i l e r  to  aitcmP~ (aXtbmt fLrst 
' >  
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off  -loading the packages from the t r a i l e r  to  tb ground), a d  3) the 
fac t  that it was  pecesaary to use the H-52 winch, because the C-133 
cargo d n c h  .h&d been doosrlrgraded from a a m x m  draw bar artrength of . 
30,000 l b  to 3,500 lb. 

The C-1338 was positioned on the -way. The ti-ver 
sthats and a i r c r a f t  wheel chocks were s e t ,  b e d  blecks were placed uqder 
the loading ramp, and the Z F ~  was larered u n t i l  i ts  rubber bearing pad 
rested on the vood blocks. .Shering waa p.1aced on the rasp ass$ ia the 
car$@ cbmpartment. The H-172 t r a i l e r  with the ~ e r , ~ o n v e s u i o n  mukup 
a b a r d  was  backed up to  within 3 $ne of the a i rc ra f t  ramp. asti uaccnrpfd 
frop tba t ractor .  The t sa f l e r  wheels were chocked; and the re48 a f  tb 
trailer was bbcked up. These blocks, and t h e  under the aircrsff, 
ramp, supported almqt,  a l l  the weight of the paqkagee durityg t+ b@&n@ 
operat ims.  

The winching vehicle was positioped close rn the t r a i l e r  
gooseneck, facing the a i rc ra f t .  The shoring waa greased, aad the winbhing 
operation began. A dynapometer, placed i n  ser ies  with the winching cable, 
recorded a s t a t i c  torce of 4600 1b and a s l id ing  force of 28QO l b  on the 
ramp. The cable tension wae approxiaately 2300 l b  sa each nf tb two 
cables when the package was s l id ing  on the level deck. Thus, the totax 
pull ipg force was about 4600 lb. 

The power converr i~n package was succesrfally loaded 
in to  the a i rc ra f t  and remained i n  position while the reactor package ,, 
waa loaded. The reactor mockup was off -loaded dizfkctly f ram the M- l7h 
and winched in to  the a i r c r a f t  (See Figure 111-3). Both padrages were 
t ied  down with nylon rape (See Figure 111-4). Tyiw down both packagea 
required 6 hr and 25 d.n. 

3. C-124 Aircraft  

A C-124A wae eapplidkd by the Wilitary Air Transport 
Service a t  Travir AEB. Lading t e s t s  with the power conversion *up 
were carried out an 23 September 1959. 

The a i rc ra f t  was prepared for loading by se t t ing  the 
park* brakes, chocking the wheelr, and se t t ing  the t a i l  rapport 
stands. The leading ramps were lamered and adjusted stm that the center 
l ine  of each ramp wae 47 in.  f roa the longitudinal tierrtar l ine  of the 
a i r c r a f t .  This width matches the track width e f . t b  shock munts.:' 
Shoring was la id  on the ramps and deck areaa. The ramps are  a t  a 17-degree 
aagle with the runway i a f t i a l l y ;  the angle bcccpms 114 degrees partway 
inside LU a i r e r a f ~ ;  and fintally, well lurrlde the aircraft, ttre rarp 
becoma Ib r imnta l .  

Tire power conversion pack.ga war unlouied frae the 
t r a i l e r  with a crane and placed on shoring la id  on the coacrete parking 
pad. A Eoclld t ractor  w q  used 4s the p r i m r y  u&aching vehicae for 
expedidnay: . The #-52 winch was used for  contml. Safety cjables were 
attached fro8 the power waveroion package t o  the a i r c r a f t .  tiedowas to  . 
hold the package i f  a primary winching cable e b u l d  break. 



  19         20  



Report No. DO-28555 
; . 1  

Figure 1 11-2 : ~ ~ d f n g  reactor mockup aboard €*ITO 
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Figurn 111-3 : Lording reactor rnockup aboard C-133 

Figure 111-4: bckyps tied d a m  inside C-13) 
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HV. RAILROAD SHOCK TESTS 

mesh t e s t s  were performed for  two burPosee: 1,) t o  determine the 
effect iveness  of the tfedoyn system for  shock reduetion under severe 
ra i l road  switching and "humpingeq operations;  and 2 )  t o  simulate an a i r -  
c r a f t  &ergeney landing and e s t a b l i  sh the ef  fectfveness of the tiedowns 
during such a landing, 

The t e s t s  were conducted on the Saw Ramom-'spurline.of the Southern 
Pac i f ic  Railroad Company, during the l a s t  two weeks of October 1959, 

A .  SWITCHING ANID "HUMPING" TESTS 

During these t e ~ t s ,  the  reactor  moekup was coupled t o  the  
power conversion mockup, and. the  two packages were t i ed  down a s  one un i t  
on a standard f l a t c q  (See ~ % g u r e  1 Sixteen nylon ropes, each 7 
f t  long, secured- each and, of the  mckup t o  the f lataigr; Six  8hof.t lengths 
of nylon rope' r e s t r i c t ed  sideway@ &tion,  . When the packages were om the 
f l a t c a r ,  the  specif icat ions  of t he ' beme  Conference Standard Clearance 
D i  a g r m  for  European 4- f t-$$-in. -gauge r a i  l rsads  were ,satf s f i ad .  

. . 

A complete le t  of e lec t ron ic  and mechanical devices 
was i n s t a l l ed  on . the  t e s t  f l a t c a r  and on the reaetpr  mockup. Accelero- 
meters measured the  hsri%ontal ,  ve r t i ca l ,  and transverse accelerat ions  
of both the package and the f ;atcar ,. A' dgra~mometer measured the tension 
i n  a typ ica l  nylon rope. The readirngs'were recorded by a high-speed 
camera (about, 400 frames per @eeond), Scratch gauges meakured the dis-  
placement of the package along the bed of the f l a tka r  and the v e r t i c a l  
motion of the  package r e l a t i v e  t o . t h e  darb Horizontal and v e r t i c a l  mo- 
t ions  were a l so  recorded on an op t i ca l  recording oic i l lograph,  The ve - .  
l oc i t y  of the  impacting car a t  h e  moment of impact was determined by a 
s e r i e s  of 'micro-@witches mounted aloang~ide the  track, '  ac t ivated by a 
bracket on the impaeting f l a t c a r ,  See Figure, I V - 2 1 ,  Two mchanicaI  
impact meters were provided by Southern Pac i f ic  t o  co r r e l a t e  the  impact 
on thd  car and on the package t o  the impact measured by the  e lec t ron ic  
equipment. A deta i led  deser ipt fan o f '  tha  fmstmment~t ion i s g  presented 
i n  Apperadf x . C,  

2 ,  Test Procedure8 

F i f t y  runs were made f n  the first teqt ser iaa .  In 
the f i n a l  12 runs, the  number s f  nylon ropes ~ a s ~ x e d u e e d  by one hal-f 
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when i t  became apparent t h a t  the  load on the  ropes was much less than 
had been a n t i c i p a t e d  i n  the  tiedowrn ,::design. Four runs were made wfth. 
t h e  test car  moving; a l l  o the r  runs were made with the  test ca r  s t a i i anary .  

, 
Tes t s  were performed under a v a r i e t y  of condit ions a s  

speeds and weights ,  of %@acting Ioids' we're! altkred.' The .te%t' condit ions 
are summarized i n  Table IV-A-1.. a t  the  end of t h i s  ~ e c t i o n ,  

2. 

3. Tes t  Resul ts 

a . Accelerat ion Data 

Figure IT-3 i n d i c a t e s  the  shock reduction achiev- 
qd a t  varioue v e l o c i t i e s .  .The d a t a  are obtained from a:.curve drawn fo r  
Condition8 3 through 7;' . .Condition@ 1 and 2 were el iminated from conside- 
r a t i o n  because the  f l a t c a r  and the  mockup acce le ra t ions  were ,qui te  low as 
a r e s u l t  of t h e  lower .impact weights and ungreaaed shoring, I n  no case 
d i d  the  measured impact on t h e  package exceed 2.5 g, although the  measured 
value  of the f l a t c a r  a c c e l e r a t i o n  exceeded 15 g i n  severa l  runs; 

The v e r t i c a l  acce le ra t ion  on the  test c i r  .reach- 
ed a peak value a s  high a s  11.5 g, which was reduced t o  less than 1.0 g 
on the  test package by the  shock mounts. In  only one run did  the  v e r t i -  
c a l  a c c e l e r a t i o n  on t h e  package reach a . ' G l u e - a s  high as l , 4  g. 

b. ,Comparison of Greased and ~ x a ~ r e a s e d ' ~ h o r i n ~  

The f i r s t  13 test runs were performed with un- 
greased shoring (Condition.1,). Because of the  increased f r i c t i o n a l  drag, 
va lues  f o r  the  nylon rope tens ion were approximately 250 l b  less than 
those f o r  the greased condit:fan a t  a given v e l o c i t y ,  (See Appendix C 
f o r  d e t a i l e d  d iscus ions  and i l l u s t r a t i o n s  .) No packagd movement was 
noted ~ n t f l ~ t t a e  impact ve loc i ty  exceeded 4 mph (with 1000 l b  pretension 
i n  the  nylon ropes) ,  The longi tudfnal  movement of the  package was l e s s  
on ungreabgd shoring- than on the  greas&d'sh&ing. A t  6 and 1 2 - 6 f i ,  
"ungreased" movements were, respeet ively ,  213 and 113 les8 than compar- 
a b l e  "greaYedn motions. . I 

i .  ,- . * I 

Typical of the e a r l y  t e s t s  was Run 2 ,  i n  which 
t h e  r e f r i g e r a t o r  ca r  s t r u c k  the  test e a r  a t  a speed s l i g h t l y  over 5 mph, 
The maxidm hor izon ta l  acce le ra t ion  of the  test c a r  was 2 g, whilenthe 
r e a c t o r  and power conversion mckup's exper%&nced an acce le ra t ion  of 1 g o  
The v e r t i c a l ' a c c e l e r a t i o n  of the  r a i l r o a d  ca r  was 1,l g;  t h i s  was reduced 
t o  Oa25 g by t h e  ohoek mbunts. The shock load on the  moc&ups war higher 
than under the  ungreased condi t ions ,  

. . 
The p r i n c i p a l .  disadvantage of ungreased shoring 

was t h a t  the  package d i d  not  r e t u r n  t o  the  zero posi t ion .  Successive 
"humpings". might necessi:hate per iodi  c reposi  t ioning o f .  the  packages t o  
equa l i ze  tensions i n  t h e  nylon ropks, 

c .  Analysis of the Tiedown System 
. . 

The:tLedown system as o r i g i n a l l y  designed con- 
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sisted of 44 restraints: 16 fore, 16 aft, and 12 lateral (See diagrams 
in Appendix C ) .  The design load per rope was 15,000 lb. Tests of the 
rope indicated that it had a breaking s.trangth of 30,800 lb. The first 
38 test. runs showed that the numbsf of ropes 'coyld :be :reduced signkfi- 
cantly, since rope tension recorded'in'these tests nevgr exceediid 6000 '. ' . 

lb. Accordingly, the number of tiedowns was halved: 8 fore, 8 aft, and 
4 lateral (2 on each side of the package), . . .  .. . 

The only appreciable difference noted by this 
change was an increa6.e in .package displacement on t'he test car, The ' .  

tension on the nylon ropes also increased, The maximum tension recor- 
ded was 11,000 lb, slightly more than 143 of the measured breaking 
strength of the rope. The shock isolation properties .of the system were 
similar for both the full- and half-complements of tiedowris, The total 
energy absorbed by the nylon ropes was also hbout the same in both cases, 
although there was a corresponding increase in package displacement as 
the load per rope doubled, 

The tension data, as recorded by the high-speed 
- camera, are plotted in Figure PV-4 ; .  A straight-line relationship was 
noted. Points falling above.the curve by more than PO% are considered 
to- be erroneous, These points resulted from the fact that the maximum 
reading needle on the dynamometer was thrown off-scale on sharp imp 
pacts. ,The Master Data Sheet in Appendix C contains data on the ten- 
sions as they were recorded, 

db package Displacement 

The package displacement on the flatcar is ta- 
bulated in the Master Data Sheet. Fore, aft, vertical and lateral dis- 
placements were measured by scratch gauges. Time relationships were 
determined from the oscillograph charts, A detailed analysis of the data 
indicated that the package did not oscillate in the fore and aft direc- 
tions, even when the package was on greased shoring, The damping effect 
of the nylon rope and the surface friction of the bhoring combined to 
restrict the package motion, Longitudinal displacements occurred in 
periods ranging' from 8.12 to 0.25 'sec. The return to the zero posirion 
required a much longer time, general ly twice the times given above, Ifhe 
f'inal position of the package was usually 0.5 to 2-0 in, short of its ini- 
tial position, In several sf the runs, where Imp.act shoak was of short 
duration and high amplitude, the package overshot the zero position on 
its return. 

e. Impact Frequencies 

Impacting conditions caused input frequencies to 
vary over a moderate range. In addition to the large .knput shock from 
the original-impact, high frequencies (ranging from.130 to 400 cps) were 
measured. Vertical frequencf es were. found .to vary from 125 to. 220 cps, 
All high value horizontal frequencies were completely damped out. The 
vertical frequencies were damped to a range of 7 to 50 cps,, The wide 
variation in input frequencies is attributed to the friction-Cype'.draft 
gears on the railrogd flatcar. 
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B. SIMULATION OF AN AIRCRAFT EMERGENCY W I N G  

The purpose of these  t e s t s  was t o  s imulate,  a s  nea r ly  a s  
p o s s i b l e ,  the cond i t ions  encountered i n  an a i r c r a f t  emrgency landing, 
a s  o u t l i n e d  i n  MIL Spec 8421-A. (See Appendix E.) To simulate the 
mass o f  a  C-130 a i r c r a f t ,  a  r e f r i , g e r a t o r  c a r  was coupled t o  the f l a t c a r .  
S ince  the  normal ca r ry ing  capac i ty  o f ' t h e  a i r c r a f t  permits ca r ry ing  on ly  
one package, the  r e a c t o r  mockup was removed from the  f l a t c a r .  (See 
F igure  IV-6 .) Eight  tiedowns were used f o r  forward r e s t r a i n t ;  four,  f o r  
a f t  r e s t r a i n t .  This conf igura t ion  dupl ica ted  a i r c r a f t  tiedown arrange- .  
ments. Greased shor ing  was used throughout the  t e s t s  t o  d u p l i c a t e  n o 6 1  

. . . .  , .  . . j . .  . . a i r c r a f t  loading techniques.  ' . . .  ! .  

. .  . . .  . . ... 

Wood, blocks were placed betwccn the  r a i l  c a r  couplings ko 
lengthen the  pu l se  dura t ion .  These blocks f u l f i l l e d  t h e i r  purpose i n  
making the  impact -pu l ses  longer;  however, they  added an uncontro l lable  
f a c t o r  which made d a t a  c o r r e l a t i o n  d i f f i c u l t .  The wood did no t  compress 
exac't l y  the  same way f n .  apy .two runs,  and undoubtedly caused the  f l a t c a r  
d r a f t  gears  to  g ive  more v a r i a b l e  r e s u l t s  than during the  swi tching and 
humping tests descr ibed . i n  Sect ion  A. Data from the  simulated landing 
t e s t  s e r i e s  a r e  more s c a t t e r e d  than those from the  switching. t e s t s .  

To determine whether o r  not  the s p e c i f i c a t i o n s  of the  t e s t s  
were met, an equ iva len t  time was ca lcu la ted  f o r  each hor izon ta l  pulse .  
This  equivalent  time was def ined by measuring the  a r e a  under the  t r a c e  on 
the  o s c i l l o g r a p h  c h a r t  from the  moment the pulse  o r ig ina ted  t o  the  po in t  
where the  " fa i r ed  ino '  curve crossed the  hor izon ta l  a x i s .  The pulse  dura-  
t i o n  f o r  an  equivalent  v e r s i n e  cure,  ( i . e .  a  curve wi th  an a r e a  equal  
t o  the  a r e a  of the  a c t u a l  pulse)  was ca lcu la ted ,  us ing  the  peak of the  
" f a i r e d  inP'  pu l se  a s  the  amplitude of the  ve r s ine  curve,  I n  one run, 
t h i s  peak was 8 g ,  and the  equivalent  time was 0.099 sec .  Pulses of  
11 .3  g f o r  s h o r t e r  time dura t ions  (0.085 s e c )  were a l s o  recorded. The 
maximum hor izon ta l  a c c e l e r a t i o n  o f  the  package was 2.4 g. Thus, the  
s p e c i f i c a t i o n  f o r  emergency landings was s a t i s f i e d .  (See Appendix D . )  

Chains were. s u b s t i t u t e d  f o r  the nylon ropes i n  the l a s t  
four  runs of  the  s e r i e s ,  so  t h a t  the  performance of  both tiedown systems 
could be compared. The e f f e c t s  of  t h i s  s u b s t i t u t i o n  were to seduce t he  
e x t e n t  o f  the  package displacement and t o  inc rease  the amount o f  shock 
t r ansmi t t ed  t o  the  pack,age. (See' Figure IV-7 .) 

In a typ"ica1 run w i t h  nylon tiednwns, t h e  o v e r a l l  dispLace- 
ment o f  t h e  package on the  f l a t c a r  was 25.4 i n , ,  a t  an impacting-car.  
s.peed 01 13.8 mph. In  a  s i m i l a r  r u n , ( a t  l1 . l .mph)  wi th  chain  tiedowns, 
the  o v e r a l l  displacement was 3 i n ;  I n  another  run ( a t  16-6 mph) wi th  
cha in  tiedowns, the  displacement was 7.25 i n .  .The r e l a t i v e l y  l a r g e  
displacement was caused by ' the cbnd i t ion  of the  shor ing,  which had been 
crushed and s p l i n t e r e d  by the  a c t i o n  s f  the chains .  The shock t$ans- 
mi t t ed  by the  chains ,  even when buffered by t h e  wood shor ing,  was g r e a t e r  
t h  t h a t  t ransmit ted  by the  nylon ropes, twice a s  g r e a t  i n  soate cases .  
An abso lu te  comparison between the  two systems was not poss ib le  due t o  

. . t h e  conf igura t ion  of  the  f l a t c a r .  



TABLE I V - A - 1  

RR N ~ ~ ~ ~ ~ l f  m SWITCHING TEST 

RANGE OF WIGHT OF NO. 01 
NO, IMPACTING NO. OF IMPACTING CARS USZD 

CONDI- OF VEU#:I,TIES IMPACTING CARS NOe OF NYLON RESTRAINTS pop BACKUP SURFACE - - - - - - - - . . - - 
'TION RUNS .- MPH CARS LB . ON FLATCAR FORE AFT LATERAL TOTAL FOR WL-1 

1 13  5 - 1 0 - 6  1 60,000 U n g r e a s e d  16 16 6 44 N o n e  
7 . 3  - 1 2 , 5  

I - - 
W 

8 5 . 4  - 13.9 1 60,000 G r e a s e d  16 16 6 4 4 N o n e  
~ - 
a 3 4 4 , 4  = . 8 * 7  1 169,000 G r . e a s e d  16 16 6 44 4 -  24 ,000  lb. 
I 

4 4 . 5 . 6  - 10,O 5 396,000 G r e a s e d  16 16 6 4 4  4 - 2 4 0 , 0 0 0  l b .  

5 4 7 . 2  - 12-5 ML-1 I m p a c t i n g  G r e a s e d  16 16 6 41 N o n e  
4 stationary cars 

6 4 4 . 2  - 10,O 1 169,000 G r e a s e d  16 . 16 - 6 4 4  N o n e  

7 11 7 . 2  - 14 + 1 169,000 . G r e a s e d  8 8 4 24 None 
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V, COMPONENT WSTING 

Tests of both the shock mounts and the nylon rope used i n  the t ie -  
downs were conducted a t  Aerojet 's laboratories i n  San Ramon, a n d ' a t  
Stanford University, Palo Alto, California. These t e s t s  were conducted 
to determine s t a t i c  and dynamic properties under various environmental 
conditions. The t e s t s  began i n  July 1959 ( to  obtain data  on which to  
base the shock mount design) and were completed i n  February 1960. 

A. SHOCK MOUNTS 

Because limited performance data were available on the 
s i l icone rubbers proposed f o r  the shock mounts, i t  was impossible t o  
se l ec t  material of appropriate hardness without f i r s t  carrying out a 
screening program. I n i t i a l l y ,  s i x  t e s t  pieces, with hardnesses of 40, 
50, and 60 durometers, were subjected to  s t a t i c  and dynamic tests at  
an ambient temperature of 75O~. The 60-durometer specimen appeared to  
have the  best properties f o r  the shock mount application, and fur ther  
tests were made on t h i s  material. Eventually, i t  was selected f o r  use 
i n  the shock mounts. 

Test procedures and resu l t s  a re  described i n  th i s  section. 
Several .important conclusions drawn from the overall  tes t ing program 
a r e  l i s t e d  below: 

1. Sixty-durometer s i l icone rubber of fers  the best  shock 
i so la t ion  properties of the samples tested. 

2. The shock mounts withstood compressive loads up to  
50,000 lb,  and shear loads of 2,000 lb  (a t  an i n i t i a l  
compression of 1/2 in . ) .  

3. For fu l l - sca le  dynamic operation, tlae frequency respanee 
of the shock mounts var ies  from 4-13 cps. 

4. Shock mount energy diss ipat ion f o r  f i r s t  impact of the 
shock load was 65-709.; t h i s  represents an 11% equivalent 
viscous damping coefficient.  
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5 .  Throughout the  t e s t i ng  program, both i n  the  f i e l d  
and i n  the  laboratory, t he  shock mounts did not 
transmit v e r t i c a l  shock loadings over 3.4 g, a l -  
though the ac tua l  shock inputs were greater than 
ant ic ipated.  

1. Dynamic T e s k s  

a.  Procedures 

The shock mounts w e r e  f i r s t  t es ted  dynamically 
by a special  machine (see Figure V-1). A 100-lb weight, dropped from 
1- t o  10-ft heights,  simulated the  shock mount action during r e l a t i v e l y  
high shock loads. (During the f i e l d  t e s t s ,  the weight of the combined 
mackups was d i s t r ibu ted  so tha t  each shock mount experienced about 
1875 lb:) 

ir' 

I '  t: ':- \ 

ki.. 

?I 1 . - 

Tests  t o  determine the  dpamic prgper t ies  of 
the  shsek mounts i a  the performance range of -65 t o  +I50 F were con- 
ducted on the  equipment used t o  test the  nylon rope a f t e r  some modi- 
f i ca t ions  were made t o  accomodate the  shock mounts. (See discussion 
of rope t e s t s ,  below.) Since the  machinery dropped a 332-1133 weight 
(as' compared t o  the  100-lb weight used i n  the  above tests) from vardous 
heights,  it was possible  t o  co r r e l a t e  var ia t ions  i n  s t r a i n  r a t e  with 
shock transmitted through the  shock mounts t o  the  package. Teets were 
conducted t o  determine the  a q l i  f i ca t ion  of the  shock mounts. This 
amplification is  defined as the  apparent increase i n  s t i f f n e s s  of the  
shock mount from the  s t a t i c  response, when a shock is applied a t  a 
high s t r a i n  r a t e ,  The shock mount material  had a lower def lect ion a t  
high s t r a i n  r a t e s  for  the  same load; hence, the  t o t a l  energy absorption 
was l e s s ,  

Forty-six drop t e s t s  were made on tha mpexi- 
mental shock mounts, nsing a modified test f ix tu re  (see  Figure V-2). 
The tests were conducted on shock mounts a t  temperatures ranging from - 65' t o  +150°~, 

b, Test Results 

Since the dynamic charac te r i s t ics  of the mounta 
were aaslcr t o  analyze with respect t o  the  ener,-T of impact, a s t a t i c  
load def lect ion curve was integrated,  plotted,  and compared with the 
dynamic response (see Figure IT-3). This figurg shows the correla t ion 
between the 100- and 380-llb t e s t  mgchinas a t  75 F. B t h  curves are 
compared t o  the  s t a t i c  curve a t  75 F. Increased amplification for  the  
larger  maehine i s  a r e s u l t  of higher s t r a i n  r a t e s  of t es t ing .  The dy- 
nrkmic amplification ranged f r m  20 t o  70%. This means tha t  with a 
given deflection,  i n  the  lower r a n g e d  the  curve 202 more energy can be 
applied tha t  with a s t a t i c  load. Similarly, i n  the  high range of the  
curve, 70% more energy can be applied. 'The amount of shock transmitted 
would be correspondingly greater.  (These amplification ranges and 
transmissions were determined from the TOO-1b drop-weight tests dea- 
cribed above,) By comparing the amplification factors and the s t r a i n  



r a t e s  producing these factorg, a carve & B f p x  P-4) wirrs p f a t t d  
whicti package performance was predicted. bc twP f n t  f -seif e qaer%t%cm 
ranges from no-amplification a t  1cma lorrts t o  10% at kB@wr PestIs; Car- 
respanding data show the  e f fec t  of teaperatme 08 ~ I ~ ~ P & ~ ~  (sei 
Figare V-5). These data  were compared with m p e r h e n t r f  restit1ts from 
the  fu l l - sca le  mocknp t e s t s .  b t i c i p a t e d  shack faads t r a m d t t e 4  tm th2 
laockups a t  a l l  operating temperatures w e r e  prc4ietci (see F&pre  P-6). 
Data w e r e  obtained from component and fu l l - sca le  m c h p  tests. The 
v e r t i c a l  transmitted shock i s  less thahs the py~t5iama aPEaabla tmder all 
concit ians of operation and temperature, 

The resonant frequeacics of t he  dwd.rsg 
component and fu l l - sca le  tests are c v & i  w i t h  the theare~ieal carve 
in Ff gure V-7. 

Shock laaunt ampliffcetbrrs dtaigd 
inputs from fu l l - sca le  r~oclzrtp tests on ehc railread snd tzdler ark coak- 

pared t o  the  s t a t i c  curve in Fi.gpre V-8. 

2; S t a t i c  Tests 

b a d  d e f l t ~ t i -  ClcffuW, b - d  OQ C ~ & S B & ~ P  fL&SCS, 

were plot ted for the  three hadnesses  of s i l i cone  r&ber. them 
curves w e r e  campared with the thm~rtf a 1  d m Q ~  ame, the W-&apu4ter 
na t e r id l  came c loses t  t o  the  mme (see Fi.gpze B-9). 

The shear strength of the sbck muat w a s  &Bezm&md 
a t  various compressive loads. Tke results are eh- in Ffgiura: V-LO. 
A canepckrison of the  theore t ica i  asd 60-brarsreteir curves slums t h a t  tbe 
cxpc'rbental curve had properties supedm t o  thuse antfcipated. 'EPre 
shock inbunt was sof te r  , and the  curve almost linear a t  Lawer ID*&.. f i e  
slope increased rapidly at  hibher loads. The mawslf was cqezetfmg en 
shear a t  lm def Iect'ions, g iv i ig  good shack i so la t ton  and larrs-frepencp 
dataping. When high-cdmpressi~n Loads were encotantered ( e  .g. during 
the : r&p  phases 3f t he  loading opcrltttoas) the mafar shock d s a h m  
cZlanged from shear t o  camprestsion; thus; the s b c k  BIOPIE~S affer stif- 
fened res i s tence  t o  concentrated loads. 

, . B i  gare V - 1 1  shaws t h a t  approxhauly 70% of the  imp=& 
energy 'was :abssorkd ip the  f i r s t  hapact of the f a l l t n g  Irapped 
from 6 f t  onto the shock morn:. 

The shock moants were stlbeeeted ta campzession a d  
shear t e s t s  a t  ambient temperatures only. The a r a t n i a l  tcowlic8 w i t h  
the  n l i l i  t ' i ry speci'fi'cations ( M ~ - $ - 9 8 4 7 ~ ,  Class 1 )  far Im-- tempera- 
tu re  materials, The s h o ~ k  mounts were f udkged to have addquare proper- 
t ics  i n  the  -65' t o  +I50 F. r.ange. 

These t e s t s  were conductml t o  detc~mknc tke perfornrance 
charac te r i s t ics  of nylon rope, undu widely varying tmvXr0~1entnl con- 
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d i t ions .  The important conclusions derived from these t e s t s  included: 

1.  h he t e s t  resul ts  showed that,  under a l l  conceivable 
. . conditions of temperature and shock, the shock 

experienced by the ML-1 w i l l  never exceed the 5-g 
maximam a1 lowab l e  . 

- The energy dtssipation for  f i r s t  impact of a shock 
load'was 50-55%, an equivalent 8% viscous damping 
ef fec t .  

3. The ultimate strength of 1-118-in. nylon rope is 
within 25% of 30,000 lb. 

4. Dynamic amplification is independent of s t r a i n  ra te  
for  the range tested and is increased with decreae- 
itIg temperature. 

1. Dynamic Teets 

A t o t a l  of 77 t e s t  runs was lertde. Each rua conalstedc 
af droppitrg a known mass from a known height onto a platform supported 
ve r t i ca l ly  by a nylon rope. C gee Figure V-12.) 

The platform displacement was measured with scratch 
gauges and an electronic transducer. The displacement was checked by 
a high-speed camera. A clynamometer and s t r a i n  gaugeg were placed f n  
se r i e s  with the rope to  measure the load as a function of time. The 
output of a l l  transducers was recorded on a 14-chahnel oscillograph. 

The runs were conducted a t  rope temperatures which 
varied from -65' to  +150*. The data analysis indicated that the rope- 
had adequate s b c k  absorption properties over the ent i re  temperature 
range. The nylon rope was i n  good physical condition a f t e r  repeated 
cold temperature ma.. The r q s  p r r t e n s i ~ n  decreased from 1000 &o 
600 lf; with a corresponding temperature decreaee from 70' to -65 P, 
Test resul ts  showed that  the nylon tiedawns w i l l  .have adequate tension 
i f  an a i rc ra f t  should be loaded i n  temperate climates and then be fl- 
to a rc  t i c  regions. 

The f i r s t  ser ies  of impacts tested the dynamic re- 
sponse of 1-118-in,. rope, Figure 9-13 shows the amplification due 
%ti i@act  .over s t a t i c  laad def lectlon. Similarly, l i f icht ion  factors =% were determiged for  the fo l l~wing  temperatures: -65 , -3Q0, o', 25'. 
:75O,, and 150 B. 

The dynamic hysteresis curve is shown i n  Fimre  V-14. 

Dynamic amplifications as a function of ambient tem- 
perature for the nylon tiedown system are shown i n  Figure V-15. 
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1 Figure V-1 

I Equlpment used for testing 
shock mounts 

Figure V-2 

Apparatus for drop tests 
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DYNAMIC RESPONSE 
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Figure +4 , 
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SHEAR LOAD 1 NG W l  TH VERT I CAL . PRE- SET 
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STAT/C L W  EFLECT/ON OF / //B' NYLON ROPE 
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. .,.: 

; SHOCK MOUNT ENERGY ABSORPTION 
, for Successive lmpacts by Fme FoIPing 

' 

. Weight in Test Machine 

TOTAL ENERGY ABSORBED 
BY MOUNT AFTER 2 lMPAC'T$ 

ORIGINAL ENERGY (1000 i n  lbs.) 
., . .. 1.1. 

F$$f ig . e v -  1 i 
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llYN&iIC AMPLIFICATION OF 1-1/8-IN. NYLON ROPZ 
(Tested by Tmpacting with 332-1b Weights) 

I 
lm 

- - - - - knpr l f iut ion 

.- Lead DaQW4w1 

5 10 15 20 2 5 30 

DEFLECTION (INCHES) Figure v-13 
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SUTIC LOAD-DEFL€CT/ION FOR 
' Y -//8" NYLON ROPE 

;4T VAR/OUS TEMPERATURES 

STRAIN 'ON NYWN (INCHES) 

OVERALL RELAXED LENGTH OF TEST ROPE 84'" 

F i g u r e  V - i i - l .  
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SMT/C LOAD -DEFL ECTION FOR 
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APPENDIX . A , . 

, . RECAPITULATION OF .TIME STUDIES 
' ML-1MOCKUPT'RAILERLOADINGTESTS 

.Aerojet-General Nucleonics 
San Ramon, Ca l i fo rn ia  

September 1959 

C R E W .  
. . , .  

~ e r o  j e t  Representat ives.  
. . 

. 
Task Engineer 

Mechanical Engineers 

.. . 

' Time Records 

Carpenter 

Army Representatives 

For t  ~ a k e r ,  ~ a l i f o r n i a  

. . 

Commercial Drayers and Riggers 

J .  S .  ~ l c o r n  
A.  K. Shaffer  
W. S. s c o t t  

. J . K .  Mahanna 
A.  V .  Peloquin 

E .  R .  Finigan 

M/Sgt R. King, NCOIC 
2 e n l i s t e d  men ( t ruck  
d r i v e r  and helper)  t 

1 Rigger Foreman 
2 Riggers 
1 Crane Operator 
1 Oi ler .  (Crane  river) . '  
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2 ,  S.tati  c Tests 

From a correla t ion of fu l l - sca le  and laboratory t e s t s ,  
the s b c k  load transmitted to  the EaL-B i n  the environmental temperature 
range waq predicted (see Figure V-16). 

Because load def lect ion information fo r  the rope was 
available only for  ambient temperature t e s t s ,  s t a t i c  t e s t s  were made 
a t  75", 100°, and 150"~. Data firom the manufacturer were furnished 
fo r  rope with p la in  ends, i .e., no sp l ices .  It was necessary to  t e s t  
the actual  tiedown ropes to  analyze the e f f ec t  of the two sp l ices  used 
to  .form the eye on each end of the rope. The t e s t s  were conducted on 
a tens i le  machine which loaded the rope to  i t s  rupture point. Each 
rope tested f ina l ly  ruptured within 2 5% of 30,000' l b  (see Figure V-17). 

Load def lect ion curves were determined up to  the 
ult imate breaktng point a t  75"~;  a t  30% of t h i s  point a t  - l O o O ~ ,  and a t  
33% of t h i s  point a t  +150°~ (see Figure V-18). The slope of the 
-BQ)OOF s t a t i c  curve increased approximately 2.5 times a t  6000 lb  over 
tha t  of the 7 5 " ~  curve. However, no s ign i f ican t  change i n  slope was 
observed for  the 1 5 0 " ~  curve, The two ropes that  were tested fa i led  
a t  30,000 and 29,000 lb ,  respectively,  By comparing the elongation 
of the 5-f t  gauge Bength'in the center portion of the rope'with the 
elongation of the t o t a l  7 f t  length, i t  was determined tha t  40% of the 
t o t a l  rope s t r e t ch  occurred i n  the sp l ices .  The amount of s t re tching 
wqs higher than ant ic ipated.  

:. _ . ,  _ . .  
' , , .' f-: 

Five o r  s i x  cyclas of loading to  35-402 of maximum 
were required to obtain a "worked" rope. Figure V-18 indicates the 
hysteresis (energy diss ipat ion)  capacity of a "worked" rope. The 
amount of energy diss ipat ion was 3680 f t  lb ;  t h i s  accounts for  the 
high daaping r a t e  of the tiedown arrangement. 

Since the t e s t  machine capacity was limited t o  25% 
of the breaking otrength of 1-118 in .  rope, a smaller diameter rope 
(112 in.) with a simflar length-to-diameter r a t i o  was s t a t i c a l l y  tes ted.  
Results were extrapolated and correlated with t he 1-118 in .  rope. (see 
Figure V-20). Close correla t ion of s t a t i c  curves, s imilar  s i z e  re la -  
tionships, and dfmffar rope construction jusbified the use of dynamic 
data  obtained from 112 in.  d i a  r q e -  to predict  the f u l l  range of 
dynamic operation of the larger rope. 
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The fol.lowing is a recapitulation of field notes taken during 
ML-1 mockup loading tests t@'detemine methods of loading the mock- 
ups on 'an Army' M- 172 ' tra3lefi. :": . . . 

Time studies of this nature must be carefully used because they are 
functions of several factor.s, most of which can.be controlled within 
reasonable limitations; During experimental,tests, all factors cannot 
be carefully conkrolledf therefore; the use to which the elemental 
times; is put must be carefully-eons-idered, 

. . 

Operation t.imes are a function'of the method used, the crew size, 
the equipment on hand, the-layout of the equipment at the ,start of the 
operation, environmental conditions and the state of the crew's train- 
ing. A time study of experiment%l operations is .the starting point 
for establishing standard operating times. Standard times must be 
based on a good statistical sample of the operation. If any of the 
variables listed above is changed, then the time involved must- neces- 
sarily also change. 

Due to the size of the crew and the experimental nature of this. 
test, many operations were done simultaneously. With ondy one person 
recording the times, it was impossible to break simultaneous elements :.:. 

apart. 

Th.e times were recorded to, the nearest $econd; and although the.' 
reader may consider this spurious acduraey, the fact is that mgny of 
the operations which were really import'ant 'were less than one minute 
in duration; therefore, they. had ' t ~  be recorded in seconds. 'The ' final 
summary times are rounded off. 

During ~tudies for setting tide standards, the normal'practice. 
is to try to claooie elements whitih are approximately the same ,length' 
of time. ' This is not possible during experimental studies which cover 

' 

f'1rI.1 day's worlc by a large crew that fluctuates in size. 
' 1  

This report. is divided intq three parts: Part I is an elemental 
time summary listing the total times by category for 'each operation ' 

and eachpackagh in chronological order;.. Part II is a tabular list- 
ing of each element by number; ' Part I11 is the. transcription of the 
field notea, Each element is described in detail and pictures are 
referenced- for clarity. . . 
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PART' I ' - -  ELEmNTAL. TIME .SUMMARY 

,OF M-172 TRAILER LOADING OPERATIONS 

Package : Power Conversion 
Operation: Load wi th  crane 

Off - load wi th  crane 

Package : Reactor 
Operat ion:  Load.with crane 

Off- Load wi th  crane 

Load wi th  winch 
Off-load wi th  winch 

Load wi th  winch and 
ro l l e r ;  ( r i g g e r ' s  
method) . 

Package : Genaral 
( f o r  any package) ' 

Operation: Set  up 20-ton crane 

Package : Power 'conversion 
Operation: Load with winch as  

fn 1. lows : 
a) Load wi th  crane  
b) Chain down and . 

t r anspor t  
c )  O f  £-load wi th  

crane 
d) Winch aboard 

'opera t ion:  Off-load with'  winch 

Package : Combined Power Con- 
vers ion  .& Reactor : 

Operat i o n  : Load with: ,which';. 
. . 

*SU. = S e t  up and t e a r  down. 
0 I Operation - -  any element' which makes the  j u ~  progress .  . . . . 
1 = -  Inspect ion  
D = 'unavoidable'  .delays.,  due t o  method, of opera t ion .  
AD = Avoidable delays -- wai t  f o r  t o o l s ,  coffee  breaks, takdng 

p i c t u r e s ,  e t c .  

. T O T A L  

8 min 
30 min 

14 min 
7 rnin 

. 2 h r  1 min 
54 .min 

1 h r  3 min 

5 min . 

13 min 

. 8  min 

6 min . 
533 min 

- 1 h r  20 min 

*SU I 0 i I . : ' D  AD 
i . I 

! 

.. . 

i i .I 17 min 1 13 mir.. 
I 

I , 1  
I 
I . I  

14 min i i 

4 rnin 
1 

\ 3. mir. ! 

26 min 16 min 4 m i n  

4 6 m i n  

1 h r . 2 2  m i  
.- 

. 

9 minl 58 min I 29 min1 25 mini 

39 min, 22 mini 
i 
i 
I 

. . , 

49 m i r j  5 mir 
I I 
i .  

i 
/ 2 mir 
I 1' . 

I 

I 
i . .. [ . 

. h  

I 5 minl 

. 

13 min 

8 min 

6 min 
29 min 

. 

'12 mir 

T o t a l :  

12 min 
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TABULATION OF ELEMENTAL TIMES 
M-172 TRAILER LOADING OPERATIONS 

PART I1 . . .  

No. H M S No. H . M  S , N o .  H M ' S  N o .  H .M .S No. H M S 

LOAD POWER CONVERSION PACKAGE MOCKUP USING CRANE 

1 6 33 
2 1 1 2  
T o t a l  7 45 
Rounded 

T o t a l  8 - ---_- - - - - - - - -_ -__ - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - -  

UNLOAD POWER CONVERSION PACKAGE USING 'CRANE 

' 1 0  1 
T o t a l  1 7  2 5  
Rounded 

T o t a l  17 ,  - 13 - 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - . - - - - - - - . - - - - - - - - -  

TRANSPORT REACTOR PACKAGE FROM CONCRETE PAD TO .SHORING 

Load o n  M-172 U s i n g  C r a n e  

1 
2 
3 
4 
5 
6 
7 
8 
9 
T o t a l  
Rounded 

T o t a l  

11 1 2 0  3 5 
1 2  2 40  
T o t a l  4 3 5 
Rounded 

T o t a l  4 3 - 
---_----IL__-------------------------------------------------------------------------- 
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TABLTKATION OF' ELEMENTAL TIMES 
. M-172 TRAILER UIADINIG OPERATIONS 

(Continued) a 

SU 0: I D. . , AD 
op. OP. ' . OP 0 OP . OP 0 

No. H - M  N o .  H M S N o .  H M S No. H M S No. H M S 

WINCH REACTOR.PACKAGE ABOARD EMPTY M-172 TRAILER 
13 6 '10 15 5 5 
14 40 
16 4 
17 15 50 
18 7 20 
19 5 5 20 3 40 32 1 24 3 15 30 4 30 
2 7 4 2% 3 40 2 5 11 15 

2 2 6 10 .26 5 30 . 
. . 23 - 19 29 2 10 

28: 10 31 . 18 10 

I . <  : 

3 3 4 15 34 . 6 15 
35 4 10 3 6 2 40 ' 

37 1 40 ,. , - . . 

Tota l  9 5 Tota l  57 55 Tota l  1 Tota l  49 5 Tota l  5 25 
Rounded Rounded Rounded Rounded 

T o t a l  9 Tota l  . 58 Tota l  49 Tota l  5 
+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OFF-IDAD REACTOR PACKAGE USING WINCH 
38 28 30 39 24 30 
Rounded 
. T o t a l  29 .2 5 
------;------------------------------------------------------------------------------- 

LOAD REACTOR PACKAGE USING METHOD SUGGESTED BY COMMERCIAL RIGGERS 
1 - 39 3 .22 '5 2 2 17 
Wounded 

Total .  39_ 22 
-- 

2 -. 
- - - - - - - - - - - - - - - - - - 4 1 - - - - - - - - - - - I ' - - - - - . . - - -  . . . . . . . . . . . . . . . . . . . . . . .  

SEI UP 20-TON CRANE 
1 - .  5 25 . - -.. , - a  
Rounded i i-r 
. Tota l  5 .- . . 3 

WAD AND OFF-WAD POWER CONVERSION PACKAGE USING WINCH 
w a d  Aboard T r a i l e r  Using Crane -- Chain Down - 

1 3 20 
2 1 10 
3 .  10 
4 15 
5 . . s .  i ' .  I 20 
6 .  2 6 . . 

7 '  ' 2 9  
8 30 . . 

9 1 26 
10 12 
~ o t a i  12 38 
Rounded 

. . Tota l  13 , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -------c--------------------------------- 



TABULATION OF ELEMENTAL TIMES. 
M-172 TRAILER LOADING OPERATIONS 

(Continued) 

S U 0 .  I D . > . . .  AD . 

OP * OP * OP OP * OP a ,  

No. H M . S  No. H M S No. H M S No. H M ' S  N o . .  H ..M.. S 

CHAIN DOWN PACKAGE .AND TRANSPORT 50 FT TO TEST SITE 

11 4 47 
12 3 40 - .  
Total 8 27 
~ o u n d e d  8 ' .' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
OFF-LOAD FROM TRAILER TO GROUND USING CRANE 

13 4 5 
14 50 
15 55 
To ta l  5 50 
Rounded 

To ta l  6 

WINCH PACKAGE ABOARD TRAILER 

Tota l  28 37 . 
Rounded 

Tofal  29 , 12 
I 

' 12 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - -  

OFF- WAD USING WINCH 

3 1 25 25 32 1 35 33 1 40 
3 4 3U 35 1 8 36 4 2 

3 7 50 38 . 50 
39 5 10 42 30 
40 3 10 
41 4 30 . 

Tota l  25 55. 16 23 3 42 
Rounded 

Tota l  ,. 26 16 
. . 

4 
........................................................................................ 
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. . 

TABULATION OF .ELEMENTAL TIMES 
H-172 TRAILER LOADING OPERATIONS 

(Con t inued )  . . 

S U 0 I .  D :. ' 

. . 
AD 

. . 
OP 0 : Op. o p  . OP O p . .  . ' 

No. H Ea. S ..No.: H. M S No. H M S .  No. H M S No . .  H. M S 
. . . . 

WINCH COMBINED REACTOR AND POWER 
CONVERSION PACKAGES ABOARD M-172 TRAILER 

Rounded 
T o t a l  2 5  
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RECAP 1T.UUT I O N  OF T DIEj ,STUD IES 
l MOCKUP TRAILER LOADING TESTS 

PER3ORMED AT 
AERQJET-GENERAL NUCLEONICS 

SAN RAMON, CALIFORNIA 
. . 

PART 111 

Operation Bated 9 September 1959: h a d ,  take s t a t i c  d e f l e c t i o n  measurements, 
and off - load power conversion package moekup us ing crane.  

Equipment : Ma-1 Power Conversion Package Hockup (mounted on wooden runners) 
M-52 Army t r a c t o r  
M-172 Army t r a i l e r  
20-ton c o m e r c i a l  crane 
Spreader. bar  (commercial design) 

Crew: 

Setup : 

: I r igger  foreman 
2 r igger s  
1 crane opera tor  
1 o i l e r  
M-52 t r a c t o r  d r i v e r  
l NCO i n  charge of W-52 t r a c t o r  

The H-172 t r a i l e r  bed had been modified on 8 ~epte inber  1959, 
a s  shown i n  Figures A-1, A-2, A-3 and A-4. The modiffcat ions 
cons is ted  of p lac ing 3.-inch lumber on the  bed, and s t e e l  bridges 
over the  wheel we l l s .  These modificat ions were made i n  order  
t o  allow f o r  the prot rus ion of the t i r e s  through the  wheel wel ls  
s o  t h a t  the re  would be no in te r fe rence  wi th  the load. Figure A-5 
shows. the s t e e l  we l l  bridge d e t a i l .  Figure A-6 shows the f r o n t  
and f l o o r  modificat ions i n  d e t a i l .  Ffgure A-7 shows the  t r a i l e r  
looking toward the ' r e a r .  Figure A - 8  shows the  ramps wi th  3-inch 
shor ing i n  p lace .  

A t  the s t a r t  of t h i s  opera t ion  the  power conversion mockup 
was r e s t i n g  on wooden blocks, placed on a concrete padp'.as' . . 
shown i n  Figure A-9. The crane  was i n  pos i t ion  wi th  s l i n g s  
a t tached t o  the package a t  each corner and supported by the pul leys  
on the  spreader  bar .  

~ l e m e n t  1 (01% 
.: .. 

Hoist load, back t r a i l e r  under load, p o s i t i o n  t r a i l e r  (2-min conference bitween 
the  r igger  foreman and M/Sgt a s  t o  proper  p o s i t i o n  f o r  the  t r a i l e r ) ,  lower load 
t o  t r a i l e r  bed. 

Elapsed Time: 6 min 33 s e e  

1 , E g E l g :  
*SU = . S e t  up and t e a r  down. 

0 = Operation -- any element which makes the  job progress.  
I = Inspect ion  
D = Unavoidable delays due t o  method , s f  opera t ion .  : . . . . 

? AD = Avoidable delays -- wai t  f o r  too l s ,  coffee  breaks, taking p ic tures , '  e t c .  
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Element 2 (0)  

Uncouple c l e v i s  p i n s  two p e r  corner ,  one man on each co rne r .  Hoist  
s p r e a d e r  bars  and c a b l e  c l e a r .  Reference F igure  A-10,. 

Elapsed Time: 1 min 12 s e c  

S t a t i c  D e f l e c t i o n  Measurements (no time va lues  taken) 

The power conversion package was 'then t r anspor t ed  t o  t he  s i t e  which 
had been prepared f o r  s t a t i c  load d e f l e c t i o n  ,measurements. Unloaded 
t r a i l e r  bed he igh t s  had been p rev ious ly  recorded.  See Figure A - 1 1 ,  '. . 
The bed h e i g h t  measurements were i e c o ~ d e d . ; ~  See F igu re  A-12., .  

Unload 

Element 3 (0) 

Transpor t  power conversion package 60 f e e t  from s t a t i c  d e f l e c t i o n  measure- 
ment s i t e  t o  p o s i t i o n  under c r ane  spreader  ba r  a s  shown i n  F.igures:A-13 

\ 
and A-14. 

Elapsed Time: 5 min 

.., Element 4 ( 0 1  

Attach c a b l e  t o  package a t  each co rne r .  One r i g g e r  i s  s t a t i o n e d  on 
top of t h e  package. One r i g g e r  and r i g g e r  foreman a r e  s t a t i o n e d  on t h e  
ground, The top is  a t t a c h e d  f i r s t ?  One of  t he  lower c l e v i s  p ins  was 
ben t  and t h e r e f o r e  was hanmaered i n t o  p l a c e , l o s i n g  30 seconds. 

I 

Elapsed '  Time: 5 min 55 s e c  

Element 5 (AD) 

Flame c u t  c l e v i s  w i t h  bent  p i n  and r ep lace  wi th  missing l i n k .  This was 
a  s a f e t y  precaut ion .  

Elapsed Time: 1 3  min 

Element 6 (0)  

Hois t  load  and p u l l  t r a i l e r  c l o s e r .  

Elapsed Time: 2 min 6 s e c  

Element 7 (02 

P o s i t i o n  wooden suppor t  block. 

Elapsed T i m :  39 s e e  
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Element 8 (0) 

Lower load and repos i t ion  blocks. 
. . 

Elapsed T,irne: 1 min 55 sec  

Element 9 ' (.0) 

Set  load' on blocks. 

Elapsed Time: 50 sec  

Element 10 (0) 

. . Disass.emble c lev i ses  and c l e a r  cables .  

Elapsed Time: 1 min 
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Opera t ion  Dated 9 +September 1959: Transport  Reactor Package Mockup . - from 
conc re t e  pad t o  s k i d s .  Winch r e a c t o r  package aboard empty t r a i l e r .  Off 
load  r eac to r ' package  u s i n g  winch. 

Element 1 (0)  ' ' 

A t  t he  beginning o f  t h i s  element the  c rane  was loca t ed  a s  shown i n  F igure  
A-15 w i t h  cab le s  a t t a c h e d  t o  the  r e a c t o r  package. Hoist  r e a c t o r  package 
and back M-172 t r a i l e r  under  package. 

. . 

Elapsed Time: 1 min 5 s e c  

Element 2 (0)  
. .... .., 

P o s i t i o n  t r a i l e r  and lower load t o  t r a i l e r  bed, as  shown i r i  F i g u r e s .  
A-1.6 and A-17. .  

Elapsed Time: 40 s e c  

Element 3 (0)  

Remove cab le s  from r e a c t o r  package. 

Elapsed Time: 2 min 

~ l e m e n t  4. (0)  

Hois t  cab le  and sp reade r  bar  c l e a r  of load .  

Elapsed Time: 45 s e c  

Transpor t  t ruck  t o  l o c a t i o n  bes ide  wooden sho r ing  l a i d  out on the  ground 
f o r  loading  o p e r a t i o n s .  . ' 

Elapsed Time: 4 min 45 s e c  

Element 6 (0) 

P o s i t i o n  c rane  bes ide  t r a i l e r  and Lower cab le s  i n t o  p o s i t i o n  f o r  a t t s ch ing  
t o  t h e  package. 

Element 7 (0)  

Attach a l l  c ab le s  f o r  h o i s t i n g  from t r a i l e r .  

Elapsed Time: . 2 min 25 s e c  



Report No. IDO-28555 

Element 8 (0) 

,Hoist load c l e a r  of t r a i l e r .  : 
, . 

Elapsed Time: 1 rnin 

Element 9 (0) 

P u l l  t r a i l e r  c l e a r .  

Elapsed Time: 30 sec  
. . 

Element 10' ' (AD) . . 

Swing load from p o s i t i o n  d i r e c t l y  over.  shor ing  and grease shor ing as  
shown i n  Figure A-18.. . 

: '  ~ l a ~ s e d .  . T F U ~ ;  3..min 5 sec  

Element 11 (0).  
.. . 

Lower reac to r  package t o  greased shor ing as shown i n  Figure A-19.. 

Elapsed Time: 1 min 20 s e c  

Element 12 (0) 

. . 
~ e ~ o s i t i b n  reac to r  package on shoring.  

~ l a ~ s ' e d  Time: 2 rnin 40 sec  
I 

. . 
Element 13 (SU) 

Pos i t ion .  M-172 t r a i l e r  i n  f r o n t  of r eac to r  ' sk id .  

Elapsed Time: 6 rnin 10 sec  

Element 14 (SU) 

L i f t  4 M-172 t r a i l e r  ramps i n t o  p o s i t i o n  by means of crane.; 
. . 

Elapsed Time: 40 s e c  
. . 

Element 15 (AD) . . 

. , Relocate M-172 T r a i l e r  i n  l i n e  wi th  r eac to r  package. Relocate' the  4 . loading 
ramps. This took two s o l d i e r s ,  2 r igger s  and . the  crane.  ~ e f e r e n c e  Figure 
A- 20, 

. . 

Elapsed Time: 55 s e c  
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~ l e i e n t  86 (SU) '. ' 

Lower 5th .wheel i n t o  p o s i t i o n  on a . ' p i ece  of sho r ing .  

Elapsed Time: 4 ,  min 

Element 17 (SU) 

Turn M-52 t r a c t o r  around and put  i n  proper ,  l o c a t i o n .  f o r  winching. Two. 
s o l d i e r s  prepared the  winch f o r  se rvcce ;  sho r ing  was greased .  Reference 
F igu re  A-21. 

Elapsed Time: 15 min 50 s e e  . . 

. . 
Element 18 (SU) 

Rig p u l l e y s  on the  f r o n t  o f  t he  r e a c t o r  package as shown i n  Figures- A-22 and .A-23, 
and hook winch c a b l e  (518  diameter  s t e e l  cab le )  t o  p u i l e y  on r e a c t o r  ,package. . 

  lapsed Time: 7 min 20 sec 

Note: -.Name p l a t e  d a t a  ori M52 winch; 20,000. l b s  r a t e d  p u l l  a t  15 fpm on - 
a ' b a r e  drum, Ordnance #K-1411122. 

Element 19 (SU) 

Complete cable  s e t u p .  Note t h a t  no deadman was used dur ing  t h i s  ope ra t ion . .  
The s e t u p . f o r  winching aboard was completed; r e f e r e n c e  F igure  A-24s. . 
A-25, and A-26? . .  . A ,  .. A 

Elapsed Time: 5 min 5 s e c  

Winch aboard.  I?o&ard motion was s topped due t o  r i g h t  hand shock mount 
b inding  on the  i n s i d e  ramp. 

Elapsed Time: 3 min 40 s e c  

Element 21  (0)  ...,. ". ~.... 

Winch forward. 

' Element 22 (D) 

F ree  shock mount. 

Elapsed Time: 6 min 10 s e c  
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Element 23 (0) 
. . . . .  

Winch forward. 

Elapsed Time: 10 s e c  
\..-. . 

. . 
~' lemdnt  24 (D) 

Use sieclge hammer t o  knock shock mount i n t o  l i n e .  

Elapsed Time: 3 min 15 s e c  

Element 25 (Dl 

p u l l  load back t o  f r e e  c l e a t  which was catching on cen te r  ramp (recomm&ided 
no cen te r  ramps be used i n  f u t u r e  .ope ra t ions ) .  . . 

Elapsed Time: 11 ixiin 15 s e c  

Element 26 (D) 

Remove cen te r  ramps. 

Elapsed Time: 5 min 30 sec  

Element 2 7 (SU) 

Place t r i a n g u l a r  blocks on top of b o l t s  holding t r a i l e r  showing place .  

 lapsed Time: 4 &in 

Element 28 (0) 

Winch forward. 

Elapsed Time: 10 s e c  

Element 29 (Dl 

Push shoring back i n t o  p lace .  

Elapsed, Time:! 2 min 10 s e c  

Element 30 (AD) 

Discussed whether o r  not t o  remove inboard eiastomers which were b ind ing  
on shor ing and t r a i l e r .  

Elapsed Time: 4 min 30 sec  
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Element 31  (D) 

Remove inboard  e las tomers ,  

Elapsed Time : . .I$. rnin 10 s e c  

Element 32 (11 

Check c a b l e s .  

Elapsed Time: 1 rnin 

Element 33 ( 0 )  

Winch forward . 
Elapsed Time: 4 rnin 15 s e c  

. ' .  

Eleme~it  34. (D) ' 

Adjust  sho r ing .  

Elapsed Time: 6 rnin 15 s e c  

Element 35 (0) 

Winch forward. 
. . 

~ l a ~ s ' e d  Time: 4 rnin 10 s e c  

Element 36 (D) . 

Ad juo  t c a b l e ,  

Elapsed Time: 2 min 40 s e c  

Element 37 (0).  

Wii1c.h forward. 
. .. 

Elapsed Time: 1 min 40 sec 

Note: Load was i n  f i n a l  p o s i t i o n  a t  the  end. of  t h i s  element.  

Element 38 (SU) --Off Loading 

P a r t  o f  t h e  crew took a  break while  the  cab le  was re - r igged  , fo r  o f f  loading.  
Cables were a t t ached  on each  s ide '  o f  the  r e a c t o r  package f o r  s i d e  t h r u s t .  
A winc11,truck was placed on one s i d e  and the  c rane  winch was used on the  
o t h e r  s i d e .  Bo l t s  ho ld ing  the  ramp shor ing  toge the r  were reversed  s o  ' t ha t  
t h c  n u t  was  on t he  a u t s i d e  and the  b o l t  heads were on the  i n s i d e .  This 

, , . 
was done t o  avoid binding between the  nu t s  and the  load.  

Elapsed T i ~ ~ i e :  28  rnin 30 s e c  
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Element 39. (0) 

Off . l o a d  t o  the  ground. 

. . 
Elapsed Time: 24 rnin 30 sec  

. . 
. . 

. . . . . . . . 

Operation dated 10 Sep t e i b e r  1959 : Load, .Re,a,c,tor Package Using ~e.?hod, . . 

.Suggested b,y C : o c , r c i a l  .Ri_ggers. Extra equ1p.ment necessary: ., 2 'ten-ton 
jacks,  (4" d i a  .x 6 ' : long).-.oak r o l l e r s .  . . 

. .  . . . 
Element 1 (SUI . . .  

. . 

Jack up ' r eac to r  package, i n s e r t  planks and r p l l e r s  under the  shock mounts, 
pos i t ion  Army M-172 t r a i l e r .  . , 

. . 
Elapsed Time: 39 rnin 

Element 2 (AD) 
. . . . 

Take p i c t u r e s  of se tup.  P ic tu res  of  the  setup' a r e  as  follows : .Fig&es . . A-27,, . . . 
. . A-28, A-29, -A-30; A-3'1, . and A-.32 .. 

Elapsed Time: 2 rnin 17 sec  

. . 
Element 3' (0) 

Winch load aboard, p o s i t i o n  load a t  -gooseneck: Reference   ire&. A-33,. 4-34, . . 
and'A-35. .- . 

. . 
. . 

Elapsed Time: 22 rnin 5 s e c  
. . 

Operation Dated 10 ~ep tember  ' 1959 : Setup 2 0 y ' ~ o n  Crane. 
. . 

Element 1 (SU) . . 

This element begins with the:.:=kahe i n  motion 15.1 £to; pos i t ion .  The spreader 
ba r  i s  a l ready located on the  crane hook; . D r i v e  crane i n t o  p o s i t i o n  on d i r t  
i n  f ron t  o f  the concrete pad. Lower spreader bar  and a t t a c h  c a b l e s ' t o  . . load. 

. , 

P o s i t i o n  blocks under crane.  

Elapsed Time: 5 rnin 25 s e c  , 

OP e r a  t ion  Dated 10 Sep tember 19 59 .: Winch Poye,r, . C q , n , y _ e ~ ~ ~ i , ,  Pa,cka.g+ Mpckup, . . 
Aboard. v-<l,72. T,ra,f.,j_~?,r 

Element 1 (SU) 

Crane i s  iri pos i t ion  f o r  h o i s t i n g  load onto t r a i l e r .  p lace  blocks under, . '  - 
' 

crane ou t r igger s .  . . 

Elapsed Time: 3 rnin 20 s e c  
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. , . . . . 
Element 2 (SU.) . ,  . . . .  

. .. _ / ,  . . . I  . 
Lower sp reade r  ba r  t o  load .  

. . 
. . 

, . . . 
, .. 

Elapsed Time: 1 min 10 s e c  

Element 3 (SU)' . . . . .  . . .  
. . . . 

~ o s i t f o n  o u t r i g g e r s  on ' spreader  ba r .  

Elapsed Time: 10 s e c  . . 
. . 

Element 4 (SU) 
. . . . . . 

. . Raise s p r e a d e r  b a r  t o  p o s i t i o n  o.ver package. 

Elapsed Time:' 15  s e c  
. . 

. , 
Element 5 (SU) 

Elapsed Time: 1 min 20 s e c  

Element 6 (SUl 

Hois t  l o a d .  remove suppor t  blocks., , , 

. ' .  , . . ,  

Elapsed Tim; 2 min 6 s e c  

Element 7 (SU) , . .. . 

, . . .Back M-172 e r a i l e r  ur~der load .  
. . . . . , 

Elapsed Time: 2 min .9 s e c  
. . 

. EL~.rn~.nt .  8 ..ISbT) . . .  
t .  

' ~ & e r  backage t o  poa f =:ion' "n '  railer . 
. . . . . . 

I :  . . 
. . 

' , Elapsed Time: 30 ' see 

Element 9 (SU) 
.. .. 

Unhook. cables  from package.  
. . , , :  

. .- , . . 
Elapsed Time: ' l . m i n  26 s e c  
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Element 10 (SU) 

Clear spreader bars and cables .  
.: .. , 

Elapsed Time: 12 s e c  
. . 

. . . . 
Element 11".(SU) 

. . . . 

Chain down load'on t r a i l e r  t o  prevent s h i f t i n g  due, tb grease on shoring 
. on t r a i l e r  bed. . . .  , . .  . . . .. 

. . 
. . 

' - Elapsed. Time: ' 4 min'47 sec  
. . 

Transport load to  locat ion where loading i s  to  take place.  (approx. 50 f t )  . 
Note : Crane . a l s o  moved f n t o  pos i t ion  a t  the  same time t h a t  the  load was - 
reposit ioned.  

Elapsed Time.: . 3  min 40 sec  
. . .  

. . 
Element 13 (Sb) 

. . 

Attach cables to load. 

Elapsed ~ i a k  : '4 inin '5 sec  
. . .  

Element 14 (SUL . . 

' ~ o i s t  load and. p u l l  t r a i l e r  c lear . . .  . . 
. . 

. . 

  lapsed Time: , 50 s e c  
, . 

  lenient 15 (SU) 
. . 

Lower load to  ground. 

Elaps'ed Time: .'55 s e c  

. . 
.Element; 16 . (SU) : .. . . . . 

. . .  

' ', ' :Put add i t iona l  . . grease on shoring.. . , '. . . 
. . 

, , Elapsed Time:  1 2  skc 
. . 

. -.., Element ..$ 17 (SU) . . 
. ,  . . . . . . . . . . 

. . 
Back t t a i l e l r ,  ' k i t h  the  ramps a t tached;  up. . .  t o  . the  package. ; 

.. . . . 
. .  . ~ l a p , s e ' d . ~ i m e :  . ."4.min 55 s e c .  . . . . 

. . . . . . .  
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Element 18 (SU) 

Uncouple t r a c t o r ,  lower 5 t h  wheel on t r a i l e r ,  ..pos'%tion t r a c t o r  f o r  winch- 
i n g  ope ra t ion ,  back o u t  c a b l e  from winch and r i g  cab le s  f o r  loading.  
Reference F igures  ,A-36 and A-37'. 

Elapsed Time: 13 'min 5 s e c  

.. . , . . .  , . , 

Element 19 (SU) . . - .  2 

P o s i t i o n  crane on one s i d e  o f  package and a d d i t i o n a l  winch truck, on oppos i t e  
s i d e  and a t t a c h  cab le s  a t  r i g h t  angles  t o  load f o r  a p p l i c a t i o n  o'f s i d e  
t h r u s t s  dur ing  loading  o p e r a t i o n s .  

Elapsed Time: 10 min 25 s e c  
). . . . . . . . ... . 

Element 20 (0) 
. . , . 

Winch forward, t o  a p o i n t  where t h e  s t a r b o a r d  rear end o f  the load comes 
o f f  t he  shor ing .  Crane was used t o  h o i s t  load back on t o  the  shor ing .  

Elapsed Time: 6 min 

Element 21 (D)  

Repos i t ion  on t h e  sho r ing .  

Elapsed Time: 4 min 

Element 22 (0) 

Winch forward. 

Elapsed Time: 55 s e c  

Element 23 (D) 

Keposi t ion the  cab le  a t t ached  t o  the  c rane  f o r  s i d e  t h r u s t .  

~ l a ~ s e d  ' ~ i m e :  1 min 10 s e c  

- Element 24 (0)  -*-,-..---- 

Wfnch forward. 

Elapsed Time: 1 min 30 s e c  



Element 25 .(D) 
. . . . 

Change p o s i t i o n  of cable  a t tached t o  crane from the  f r o n t  of t h e '  package .'. ': ' 

. . 
t o  the r e a r  0%' the  'package. A t  t h i s  point' the  package was located  as  . . . . . .  . . .  . . .  . .  .i .., . . .  shown i n  Figure A-38:. . . . 

. . 

. . . . . . . . . . 
. . . . . . - .  - , . . . Elapsed Time: 2 rnin 20 s e c  

. . . . 
. . . . 

r "  
. . ,. . . . .  . . ' , . : ,. : : ., , Element' 26 (0) :.I . - . 

. - 

; . . :  , . . . . . . .  
% :. t .... Winch forward t o  point  shown i n  Fgiure .A-39. ::': .' . ... . 

. . . . 
. . . . . .  
. . . . . .  Elapsed Time: . I min 35 s e c  . .  

. . .  . . . . . , .. ,. . . . .  , . . . . . _ . . . . . . .  , '  . . . . . . . . . . . . . . . .  . . .  Element '27 (D),: . .' . . . . . .  . . . . .  . . . .  

Relocate crane and winch truck s o  t h a t  the  angle between the  cables and . . 
the long i tud ina l  cen te r  l i n e  of the package i s  smal ler  'than:.i;dfore. 

" ' 

. . . . . .  . i  . . .  Elapsed Time: 2 min 5 sec  . . . .  , . . . . . . . .  

. . . . . . 
Element 28 ( 0 1  

. . . . /  . . . .  . . . . .  
Winch forward t o  a point shown i n  Flgure A-401' ': . . *  

. . . . .  . .  . 
Elapsed Time: 1 rnin 15 sec  

. ! ! '  ' '. 

Element 29 (D) . . 

. . . . Reposition s i d e  t h r u s t  cables .  

. . .  . . . . Elapsed ~ i m e :  2 mid 15 s e c  . . . . .  
. . . ,  . 

Element 30 ( 0 1  

. . . . .  . . . . , Winch forward, 

. . . . .  
Elapsed.Time: 1 min . ,-.., 

A t  t h i s  point  the  power con\ieisibri2 p a d a g e  'wak..6'-'6" from' t h e  go6seneck of 
the  t r a i l e r  as  can be seen i n  Figure A-41. . .  . . 

. .  , . . . . . .  . . . . .  
. .  , . 

Element 31 (SU) - Off Loading Operations 
. . . . . . 

. . . . . . . . . .  

Rig f o r  o f f  loading.  Reattach the  4 shock.mounts which . . . . .  had been removed 
, . on Sep,te&be= .$..' , FigureS-;A-42 and 'A-43 ': .: show .;&''se'tu$ imm&&isifely 'before 

o f f  loading.. . .  See Figur.e A-44 ... which shows a ' d e t a i l  d f  "one.. of. thd ,  shock 
mounts. ~ i g b r e .  A-45. .shows the package with the  .cables t a u t  a s .  a t  the  . 

. , , :  : -. . . . > . . . . . : /  . 
beginning of the  o f f  loading opera t ions .  

Elapsed ~ i m e :  25 min 25 s e c  . . 
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. . 

. . 

Element 32 (0) . . . . .  . . . . 

Off l o a d . .  . . .  . I  , . . . 

. . 
' . .  . . . 

  lapsed Time: ' 1 mln 35 se.c - .  . 

Element 33 (Dl 

  lock ramp shor ing from .mving.  . .  
. . 

Elapsed Time:' 1 min 40 s e c  . . . . .  

Element 34 (SU) . . 

.. . . . . . . . 

Place  p l a t e s  en a f t  end of package so t h a t  they w i l l  s ' l ~ d e  on .shoring ;,'. 

more e a s i l y .  
. . 

~ l a ~ s e d  Time: 30 s e c .  . '  . . 

Element 35 ( 0 1  . . 

Off load.  

Elapsed Time':' 1 min. 8 s e c  

Element 36 (D) 

Adjust shor ing . . . 

Elapsed Time: 42 s e c  . . . . . . 

Off load.  
. . 

Elapsed Time: 50 min ' 

Element 38 (D) . . 

Apply. more p ressure  t o  hold shor ing '  i n  .place.  

Elapsed Time: 50 s e c  

Element 39 (0) . . -.- . 

. . .  . .  . 
Off l o a d  t o  ,; po ib t  about '  2 f e e t  from, the  r eac to r  s k i d  "hi ch had been re; tiiig . . 
on shoring.  on the  ground. . . . : 

. . 

El'apsed'Time: 5 min 10 s e c  . . . . . . 

. . 'A0.20 . . 
. . 



Element 40 - (0) : 

P u l l  power conversion package toward reac to r  package t o  a point  where . 

t he  holes and pins of the  two packages become l ined up. A t  t h i s  point  
the packages were appro.ximately 1/2'6 a p a r t .  

. . 
. r .  . + Elapsed ~ i m e :  3 min. 10 s e c  . 

. . . . .  . . .  Element 41 (0) . . 

Back up t h e -  r eac to r  sk id ,  s k i f t z ' t h e  power cohvers ion ' sk id '  1/8r"an'd p u l l  
power conversion skid  c l o s e r . .  . . . . . . .  . . .  

. . 

Elapsed'Time: 4 min 30 s e c  
$. . . , 

'Element 42 (Dl . . ,. . 

P u l l  power conversion package away from reac to r  package i n  order  t o  
. . . . .  ' .grind dowel p ins  which do not  f2 t .  

Elapsed Ti.me: 30 sec  

. . .  . . . . 
. . . . I .  . . . . 

. . . .  . . . . .  :, . . , .  . , '. . ' . :.: . . 

Operatio* Dated sept'ember- 11, '1959 '.-- Winch chb ined ' r eac to r . ' and  power 
conversion package mockups aboard M-172 t r a i l e r ' . .  . ., 

. . 
Element 1 (0) , . . . . . . 

Winch forward. . . 

Note : Dowel pins were .ground.; ,packages .were' bol ted  . ' together ;' the. genera l  - 
, .. . . . . . . .  se tup can 'be seen in'  F igures .  A-46 'and A-47 ;'. 

.. . .  . ' ,  . . . 
. . . . . . _ ,  . . .  - .  . . . . 

. . . .  . < . . . .. , . . . . Elapsed Time: 1 min 30 s e c  

. . .. , . . . Element 2 ( I )  . . 
. . . . .  . . . . . . .  . . . . . .  . . , . . I  . .  - . s  . 

. . . . . , . . .  , . . . .  . . 
Cheok ofde s l ippage .  : . . . .  . 

. . '4 ' . . . . . ' _  
i. 1 _ . -  . .  

~ l a ~ s e d  -Time: 30 sec  - . .  , 
. . . - . . 

Element 3 (0) 
. . : . 

Winch forward. . . . . 

Elapsed .Time: 3 min 4 s e c  . 

Element 4 (D) 

Stop forward M t i o n .  There was a loud repor t  from the  chains a t  the gooseneck 
. of the  t r a i l e r . .  Inves t iga t ion  d isc losed t h a t '  t he re  was' i ~ o  damage; the  ri.ngs had 

merely .shif ted under t ens ion ;  . . ,A t  t h i s  6 i n t  ! the f r  nt ' 0 5 t h e  piclca e'was I h l f l  
way up , t h e  ~ n c 1 . m ~ .  D u r i q g .  thgs e l ,e~@&; chelr.ew - 94 ,the paskeg? ,hat,:io: be;,.jackgd, 
up . t o  . g e t ,  one . . of the  Fear .... .shock mounts ..over:: s.he ,ed,ge , .of #,piece, . . .o f ;  shoging.. 

V '  . . 
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. . . . .  

, 
. . 

Elapsed Time: 1 rnin 21 s e c  . . 
. .  . . . 

Element 5 (.0) ,. . , 
, < 

Winch f o k a r d .  

Elapsed Time: 2 rnin 35 s e c .  

Element 6 (D) . . 

Attach crane ,  l i n e  t o  s t a rboard  end o f .  load f o r  l a t e r a l t h r u s t .  
. . 

~ l a ~ s e d  Time: 4 rnin 40 s e c  

Element 7 (0) 

Winch forward. 
. . 

EF,le.psed Time: 50 s e c  ' 

Element 8 (D) , . 

A t  t h i s  point  the f r o n t  end of  the  package was 2 f e e t  from the  top of 
the  i n c l i n e .  The r e a r  s t a rboard  shock mount on the r eac to r  package' was 
digging i n t o  the  shor ing as  can'.be seen 'in : . ,F igure .  A-48.. Crow bars 
had t o  be used t o  help the  load along. 

, ' : 

Elapsed Time: 1 rnin 50 s e c  ' ' .  

Element 9 (D) 

S l a c k  o f f  on cable  and pu t  10-ton jacks under  the  loading ramps a t  t h e ,  
po in t  where they'  connect t o  the  t i a i ' l e r .  This opera t ion  can' .be seen i n  
Figure AL49. . . ,  It i s  .recornmended t h a t  ca re fu l '  cons idera t ion  be given 
t o  keeping the  end of the  trailer l e v e l .  , 

' , 

Note: A t  t h i s  po in t .  i t  became'evident t h a t  the  channel which covered the  . , 

wheel wells  should .extend out  t o  . , the  edge of the .  t r a i l e r . . b e d .  and, t h a t  the  
channels should be bol ted  i n  pl$ce to  preveat  . s h i f t i n g .  In  ;E'igure A-50 . ' .  . .  . 

t he  ' a d d i t i o n a l  width needed on thb channel li poiAted o u t ,  
, . 

Elapsed Time : 18' rnin 50 sec  . . . . .  
, . 

Element. 10 (0) -*" ..,." ..,. 
. . . . 

Winch forward. I .  . . . . 

Elapsed Time: 45 s e c  

Element '11 (0) 
. 8 . . .  

Apply s id& p u l l ,  t o  the,' s. tarboard. 
. . 

, . 
E1apsp.d Time ;, 2' rnin 35 s.ec. . 

. : 

A- 2.2 



. . . . . .  , . . . . . .  
Element 12 (0) ....... ...' ...... - .  . . :  

r . .  

. . . . . . . .  
Winch forward. A t  t h i s  point  the  ' f r o n t  'shocks a r e  engagihg w i t h  the  ' s t e e l  
chainel  over the wheel we l l s .  . . . .  . . . .  . . . . .  . . 

3 ,  
':( . < . -  . 

. . 
' _ . I .  

Elapsed..'Time: 10 sec. . . .  . . A .  : .  

. . .  . . . . . . . . . .  ." . , :; : 

Element 13 (D) 
. . .  . . . . . . . . . .  . . .  ., ::. . 

Ten ton jack had t o  be used t o  push a shock mount up b e ;  thk edge of 
the channel.  . . 

.. .. .;. .. ' .  . . . . . .  i' . ;>., : , ;  , 
. ., , . .  

Elapsed'. Time: 2 min 45 s e c  . . . .  . . .  . . , .. . . ( .. ' I .  . . . . . . . . . .  

Element 14 (0) 
. . . . .  , .  . . . . . . . .  . . . .  , .  

, .  , " A  : . ; . . .  . . 
. . . .  . . . . . . .  . . . .  , :  . . , .  ' : ; . ' ,  .. , ... Winch forward. ..,. c 

. . .  . .  :: - . > .. 
~ l a ~ s e d  Time: 2 min 35 sec  

, . . . .  ,.. 
. . . . . . . . . . .  Element 15 (I) . . . . 

. . .  . , . . . . . .  Check alignment. , )  .: :. 
, 

. . 
Elapsed Time: 10 sec  . 

- ... Element 16 (0)  . e 

. . < .  " 

Winch forward. A t  the beginning o f '  t h i s  element the package tipped to  
. a  pos i t ion  where. i t  was p a r a l l e l . w i t h  the  bed of the  t r a i l e r ,  . i . e . ,  i t  

. . had passed beyqnd' the ' i n c l i n e  o.f the ramps. 

. . . . 
. . . . . . . .  Elapsed Time: 2 rnin 5 s e c  

. . 
Element 17 (0)  

Attach a cable  t o  the  p o r t  s i d e  of the package .it .the"'=ear i n ' 6 r d k r  t o  
apply' l a t e r a l  tension by means of winch t ruck.  . . .  . . 

. . . .  . . . . .  

Elapsed Time: 2 rnin 21 s.ec 
. . . . . . . . . . .  . . ,:. 

~ l e m e n t  18' (0) . . . ,  . ;  . . . .  . , . . 

Winch forward. During t h i s  element the'  10-.ton jack on. the, s tarboard  s i d e  
s lipped out  from under the  t r a i l e r .  Load s h i f t e d  t o  the:.stai%okrd::ild<. 

. . . . ' :  ' ) ' .  .:: . . . .  ~ l a ~ s e d  ' ~ i m e :  24 s e c  

... . . . . . . . . .  . .  Element 19 (D) -. 
: . . 

conference was held t o  determine :the.: best .way t o  s h i f t  the load back 
to  the  proper alignment. The jack'.was replaced on the  s tarboard  s i d e .  

Elapsed Time: 14 min I sec  



Report No. ID.0-28555 

Element .20 (0) ! .  . ' . .  . .  . 

Winch forward. . . . . .  . . 

Elapsed Time: 10 s e c  

Element 21 (D) . , 

. _) .. . 
, . 

Apply por t  t h ru s t  on the f ron t  of the power conversion package by means 
of the winch truck.  . . 

Elapsed Time: 5 min 5 s e c  , 

Element 22 (0) 
. . 

Applied tension both by the  M-52 ' t r a c to r  winch and the winch truck on 
the  por t  s i de  i n  an e f f o r t .  to..e.trdlphten tiheload. . . 

Elapsed Time: 4 5  s ec  . . 

Element 23 ( D l  . . 

I n s e r t  block i n  a void i n  the shoring. . . . . 

Elapsed Time: 50 sec  , 

Element 24 (0) 

Winch forward. 

Elapsed Time: 25 s ec  

Element 25 (I) 

Inspect  alignment. 

Winoh forward. , .  . . 

Elapsed .Time: 17 s ec  

c . 
Element 27 (I)  

. . 

Inspect  alignment. 
. . 

  lapsed Time : 1 min 7 s ec  
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. . . . 
Element 28 (0). 

winch forward:. 

Elapsed Time: . I  min 40 s e c  . . 

Element 29 ( I )  

Inspect  alignment. 

Elapsed Time: 5 s e c  

Element 30 (0) 

Winch forward. 
. . 

Elapsed Time: 12 sec  

Element 31 ( I )  . . 

Inspect  alignment. 

: . :, Elapsed Time: 27 se'c . . 

Element 32 ( 0 1  
. . .  . . . . .  , _  . , .  . . . . 

Winch forward. 
. . . . . . .  . . ; . .  .. . .  n .  

Elapsed Time: 1 min 32 qec . :  . ., : ., . . . 
. . . . .  . . . .  . . . ... 

. . 
:.. . , - . .  

. . 
. . . . 

. . . . . .  * . . .  . . . . .  , -  . . . . . .  , . .  
. a ,  . 

Element 33 (D) ., . . . . .  

A t  t h i s  po in t  a l l  observers a t  the  t e s t  came forward' t o  inspect  the  
op'eration. 

Elapsed Time: 5.  min 11 sec  
. . ~  . 

Element 34 (0) , . . . . .  . .  

Winch forward.. .. 
. . .  

- ElapsedTime: 1 2 s e c  
. . . . 

Element 35 (I) . , 
& .  . . 

. . > - . . . . ,. ,, . 
Inspect  alignment. : 

. . 
. . . , 

Elapsed Time: 15 sec . . 
. . 

. . . . 
Element 36 (0) . . 

. . 

. . 
Winch .forward. , .. 

. . 
Elapsed Time: 12 s c c  

. . 
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. . 

. . . .  . . . .  . . 

. . . . . . 
. . 

Element 37 (I) . . . . .  

Inspect  alignment. . . 

Elapsed Time: 23 s e c  

Element 38 ( 0 1  

Winch forward. 

Elapsed Time: 10 s e c  
. . 

Element 39 (I) 

Inspect  elignment. 

Elapsed Time :, 1 5  sec 

Element 40 (02  
. . - - . . . 

Winch forward. 
. . . . 

. Elapsed Time: . 15 s e c  I 

A t  t h i s  point  the  packege was. i n  a posit.*on which. can, be .seen i n '  Figure A-51..-:: 
, .. . . 

' , . .-: .. _. 
, . . . .  

. . .  

Note: Figure A-51 shows the'  package a f t e r ,  it. had been t i e d  down .with - 
chains p r i o r  t o  cross  country t e s t i n g  and had been t ranspor ted  over t o  the . . 

t e s t i n g  s i te  on a concre te  pad. . . 



. , 

f4-172 t ~ a i l e r  k d  lDodlfiW- 
tluns, la$!pg floor ing 

Figure k 3  

M-172 trailer bed completely 
  if fed, shdng flooring in 
place and u h e l  wet 1 channel 
detail s 
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8 M-172 t r a i l e r  wheel w11 

Figure A-6 

M-172 t r a i l e r  bed, forward, 
toward gooseneck and H-52 
tractor 



Figure k 7  

M-172 t ra i le r  bed canpletely 
modified, aft  end 

Figure A-8 

M-172 t ra l  l e r  bed canpletely 
modif led, showing ramp shor- 
ing meeting wheel well bridges 

M'L- I pcwc' dculvhr~losr a d  
reactor moth$$9 in p l a v  prlor 
to crane landing 



Figure Awl0 

Powel ~urvars ian  moclcup a f t e r  
loading onto H-172 t r a i l e r ,  
using 20-ton crane and spread- 
e r  bars 

Figure A-1 1 

Statlc, no-load t r a i l e r  bed 
height measurement; sighting 
measurlng tape 

Figure A012 

Static, loaded t r a l l e r  bed 
height measurement 
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Figure &I3 

Positioning pawar conversion 
mkpcp w&r crane 
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Figure A015 

Prepclri ng to l i f t  reactor 
mockup onto H-172 t r a i l e r  

I 

1 

Figure A016 

Hoisting reactor mockup onto 
M-172 t ra i  1st 

' *? 
. . . L 

b 

?- 

Figure A-17 

Lowering reactor mockup W I ~ V  

t ra i le r  bed 
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Figure A018 

Applying grease to  shoring 

Figure A-19 

Lowering reactor mockup onto 
greased shoring 

Figure A020 

Trai ler  and loading ramps re- 
a l  igned w l  rh reactor mockup 



Flgure A-PI 

Grease be lbnq appl led to 1 m- 
k r  on Iw$irrg ramps 

Flgure k.23 

Pulley arrmgem@nt an f o m t d  
end of remctor lockup 



Figure k 2 b  

Setup prlor to wtncttlng rrvEo 
tor nockup aboard trat  ler, 
shorting b 5 2  tractor winch 
In posi tlon 



Figure A-29 

V i e w  of forward end o f  reac- 
tor mckup on rol lers 



Flgure A-31 

- Cabla aL€w&mz~t, load1 ng ramp 
Se setup prior to winchlng ream 

tor laockup 8boa~d tral ler 

Figure A-32 

Dead end of cable 
t ra i I e r gooseneck 

attached to 
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Flgura At* 

Power ccnrvurssr'on mockug, being 
winched up lording raMp 

Piglui-s A-39 

Pomr conversion m c h p  a t  
point i W l l l r 0 1 y  befar# r l p  
ping to t ra i le r  bad leva1 

,Pawer conversion mocku~ ful lv  
supported by t ra i le r  bbd. Noke 
method of  supporting rmps and 
cable attached for lateral 
thrust a t  end of  mockup 



~i gure k 4 2  

Cable arrangement prior to 
off- 1 oad i ng 



FI gum A-45 

&art af eff-lmmiing qwstiorr 



Figure A-46 

Reactor and power conversion 
mockups bolted together and 
ready for loading as single 
unl t 

Figure A-47 

Cable arrangement prior t o  
winch I ng comb1 ned mockups 



) Figure h-49 

Placing 10-ton Jack on starboard 
board side o f  t r a i l e r  i n  e f fo r t  
t o  level r a p  and t r a i l e r  

Figure A-SO 

lays indicates where whsal -11 
channels should extend flush 
with edge o f  t r a i l e r  b d  

Figure R51 

Measurements o f  t ra i l e r  bed do- 
flectlon, a f te r  ~arblnsd m c k  
ups winched aboard t ra t  l e r  by 
the H-52 tractor winch 



This  m a t e r i a l  is  a  r e c a p i t u l a t i o n  of f i e l d  n o t e s  tel<cn d u r i n g  ML-1 mockup 
load ing  tests a t  Trav i s  A i r  Force Case, F a i r f i e l d ,  C a l i f o r n i a .  Time s t u d i e s  of 
t h i s  n a t u r e  must be c a r e f u l l y  used because they a r e  f u n c t i o n s  of  s e v e r a l  f a c t o r s ,  
most of which can be c o n t r o l l e d  r r i t h i n  reasonab le  l i m i t a t i o n s .  During & x p s r i m e ~ . t a l  
t ea t s , ,  a l l  f a c t o r s  _cannot be c a r e f u l l y  c o n t r o l l e d ;  t h e r e f o r e ,  t h e  u s e  t o  which the  
elemental.  times i s  p u t  must be carefully cons idercd .  

Operat ion t imes a r e  a  Function of t h e  method used, t h e  crew s i z e ,  t h e  
equipment on hand, t h c  l a y o u t  of t h c  equipment a t  t h e  s t a r t  of t h e  o p e r a t i o n ,  env i -  
ronmental c o n d i t i o n s  and t h e  s t a t e  of the  crew's t r a i n i n g .  A t ime s t u d y  of e x p e r i -  
mental o p e r a t i o n s  i s  t h e  s t a r t i n g  p o i n t  f o r  e s t a b l i s l ~ i n g  s t a n d a r d  o p e r a t i n g  t imes.  
Standard -times must be based 011 a  good s t a t i s t i c a l  sample of the  a p e r e t i o n .  I f  
any of t h e  v a r i a b l c s  l i s t e d  above i f i  changed, thcn t h e  t ime involved must neces-  
s a r i l y  a l s o  c l~ange .  

Due t o  t h c  s i z e  of t h e  crew and t h e  experimental n a t u r e  of t h i s  t e s t ,  many 
o; .~cr ,a t ions  were done s i m u l t a ~ ~ c o ~ . l s l y .  !,lit11 only one 1)erson. r ecord ing  the  t imes,  i t .  
was inlpossi.bl.e t o  brealc s imul taneous e lements  a p a r t .  For example, t h e  se tup  f o r  
o f f  - load ing  was p a r t i a l l y  accomplished dt~r inl :  t l ~ c  t ieda111 upcra t i o n s  i n  some i n s  t n r ~ c e s  . 

The tilccs were recordcd t o  the  n e a r e s t  sccotld, s11d a l though  t h c  reader  may 
cons ide r  t h i s  s p u r i o u s  accuracy,  the  f a c t  i s  t h a t  many of t h c  o p e r a t i o n s  rlhicli veer 
r e a l l y  important  wcrc l c s s  than one minute i n  d u r a t i o n ;  t h c r e f o r c ,  they had t u  bc 
rccorded i n  seconds.  The f i n a l  sulnnlary t imcs a r e  rounded o f f .  

During s t u d i e s  f o r  s e t t i n g  time s t a n d a r d s ,  t l ~ c  rlormal p r a c t i c e  i s  t o  t r y  t o  
cltoose ,e.len~ent-s which a r c  opproxin1atc1.y the  smne I.er~gth of t.i.nlc. 't'lris is not  possi 'ul  r! 
a : ~ r i n g  exper imental  s tu r l i e s  t~h.ich cirvcr a  f u l l  tloy's worlc by a  l a r g e  trey t h a t  f l u c -  
t u a t e s  i n  s t z e .  

'The r e p o r t  is  preserltcd i n  four  main s e c t i o n s :  

1 )  C- 130 load ing  t e s t s  wi th  the  poigcr cu:l\c.rsiotl ncrckup, 
2 )  C-130 t e s t s  w i  t11 the  r e a c t o r  ~noclcup, 
3 )  C-133 t c s t s  w i t 1 1  both  paclrages, ant1 
) C-124 t e s t s  v i  t h  t h e  por~cr  convers ion ~aoclcttp. 

Each s c c t i o ~ r  i s  Fur ther  subdivided i n t o  two 1 m 1 - t ~  : 

1) A t a b u l a r  l i s t i n g  of cach element by nc~;l:l>er, and 
2 )  t h e  t r a n s c r i p t i o n  of the  f i e l d  n o t e s .  Each eleracnt i s  

desc r ibed  i n  d e t a i l  and p i c t u r e s  a r e  re fe renced  f o r  c l a r i t y .  

TtlE LOADING TESTS 

The purposes of these  a i r c r a f t  load ing  t e s t s  were t o :  

1) prove t h a t  the  ML-1 r e a c t o r  and pager convers ion paclcages coul.tJ i.,c l onded 
. aboard C-130., C-133 and C-124 a i r c r a f t .  - .  

2) De-&ermine the  method of load ing  the  PlL- 1 .  

I n  g e n e r a l ,  t h e  crew operated i n  the  fo l lowing  manncr: 

M r .  Blakley and Colonel Snodgrass a c t e d  a s  s u p e r v i s o r s  ,of the  load ing  e f f o r t .  
The a i r c r a f t  load master  a c t e d  a s  an A i r  Force t e c h n i c a l  r e p r e s e n t a t i v e  g i v i n g  adv ice  
and d i r e c t i o n  on t h e  load ing  of t h e  a i r c r a f t  i n  h i s  charge.  The Army e n l i s t e d  men 
under Colonel Snodgrass a c t e d  a s  load ing  crew, and g e n e r a l  l a b o r e r s ,  moving lumber, 
nctjus t i n g  cab1 e ,  performing tiedown o p e r a t i o n s ,  e t c .  A l l  necessa ry  mcchanic;~l  work 
was performed by t h e  A e r o j e t  mechanical eng ineers  and mecllnnic. Carpentry  horli was 
i>erforn~ed by t h e  Aero je t  c a r p e n t e r .  The Army personnel  fror11 F o r t  Ralcer, C a l i f o r n i a ,  
opera'ted the  M-52 t r a c t o r  wi th  i t s  20,000 l b  winch and t h c  1.1-172 t r a i l e r  used f o r  
t r a n s p o r t i r ~ g  t h e  pacliages t o  and from t h e  a i r c r a f t .  A conunercial 20 ton c rane  WAS 011 

f u l l  tinlc standby during t h i s  operat ior . .  Thc crew f o r  the  co~m~lerc ia l  c r a n e  c o n s i s t e d  
of a  c rane  o p e r a t o r ,  and an o i l e r ,  who a l s o  a c t e d  a s  the  d r i v e r  f o r  the  v e h i c l e .  
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PART I 
. . 

SUMMARY - . '  
~ r n  nrr 

C-124, C-130 AND C-133 AIRCRAFT 
. . . . 

. . . . . , l ! .  . .. ... . . .. . . .  . 

Package 
. . . . 

Opera- . - . .. .. , 

. . 
Sub 

t i o n  SW 0 .  I . D Total  AD ' . '. Total  Plane 
. . . . . . . .. 

't . 
Power Load , 3 h r  1 9  min Binin 3 h r  7 h r  26. min . 7 h r .  : C130 
Conv. , 49 min 10 min 26 min 52 min 

. . a 
11 

. . 
'off  dad 2 0  b in '  6 min '25 min : '49 m i t i  . . .  . '49 inin C130 

Logd Reactor 2 h r .  .' I 

18 inin 9 min . 26 . min 1 9 m i n  3 h r  3. ' hr; 
. . . . 

, . 12 'min ' 12 min . i ~ 1 3 0  i 

11 Tie Down : 1 h r  . . i .  . 
54 min 

. . . . . ,  . 

I I Off Load 45 min 45 min 45 min C130 - ..................................................................................... 
Power Conv. 
& Reactor Load 5 h r  28 min 35 min 1 h r  7 h r  7 h r  

- - 44 min 48 min 55 min 55 min C133 

' S  . II Tie Down . 6 h r  6 h r  6 h r  ' 

. . 25 min 25 min . . 
25 rnin (2133 

.I I Off ~ o a d -  38 min 18 min 6 min 25 min 1 h r  1 h r  .-.. 

25 min .25 min GI33 
- - - - - - - - - - - - - - - - - - -9---- - - - - - - - - i i i i -ai i i i=a-=a----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Power. Load' . . 2  hr 1 h r  . 1 min 1 h r  4 h r  4 h r  C124 
Conv. ' ' l m i n -  7'.min . - 23 min 32 min , 32 min 

11 Tie Down 2.  h r  ' 2 h r  2 h r  
17'  min , 1 7  min 17  min C124 

I I Off Load 1 h r  . 9 min ' 2 min 32 min .l h r  4 'min l h r '  . ,  

. . 2 .min * . 45 min .49 min . . ..- 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - & - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

*SU = Set ,  up and t p a r  down. 
0 = Operation --; any element which makes t h e  job progress.  

. . 
I = Inspect ion . . .  
D = Unavoidable delays  due t o  method of operat idn.  
AD = Avoidable delays --..,wait' f o r  ;tools, coffee  breaks, taking 

pictures, e t c .  . 



. . . . 
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PART I1 
TABULATION OF. ELEMENTAL TIMES 

C - 130 POWER ' CONVERSION PACKAGE' MOCKUP 

LOADING OPERATIONS 

I SU 0 D AD 
op .. OP . OP . op .  OP 
N o .  *H M S N o .  H' M S N o .  'H' M S N o .  H M S N o .  H M s 

6 1  5 
T o t a l  3 48 33 18 5 7  -...----.- 7 50 ---- 3 9 48 25 50 
R o u n d e d  

O f f  3 49 1 9  8 3 10 2 6  - 

OFF-LOADING OPERATIONS (%'RoM STATIUN 600) 

Total.. 2 0  2.1 6 2 0  2 3  2 5  
Rounded 

O f f  2 0  6 2 3 

W = hours 
M = m i n u t e s  
S = seconds 
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C-130 AIRCRAFT 
LOADING TESTS WI.TH POTJER CONVERSION MOCKUP 

ELEMENTAL DESCRIPTION AND ELAPSED TIME 

. 8 September 1.5, 1959 

Operations began a t  ' 1415 hours. Equipment was . located  near  the  
a i r c r a f t ,  i n  pos i t ions  s i m i l a r  t o  those shown i n  Figures B-1  and B-2. 

The remainder of the  af ternoon of 9/15/59 was spent  i n  the  crew 
f a m i l i a r i z i n g  themselves with the  opera t ion  a t  hand. The gea r  was spot -  
ted  a t  t h e  s i d e  of the  a i r p l a n e ;  excess gear  was removed from i n s i d e  the  
a i r c r a f t .  I n s t a l l a t i o n  of r o l l e r  conveyors on the  i n s i d e  of the  p lane  
was begun. Plans were made f o r  on-loading the  next  morning a t  0800. 
Operations ceased f o r  the  day a t  approximately 1700 hours,  

September 16, 1959 

Loading crew a r r i v e d  a t  the  a i r p l a n e  a t  0830, Loadmaster and 
th ree  s o l d i e r s  had prepared a i r c r a f t  by opening the  r e a r  cargo door and 
laying shoring and r o l l e r  conveyors on the  cargo door. Thus, the  a i r -  
p lane  was i n  the  same condi t ion  a s  i t  had been a t  1700 hours the  previous 
day, 

F i r s t  opera t ion:  Load and off - load ML-1 power conversion pack- 
age mockup. 

Equipment involved: ML-1 power conversion mockup 
C-130 a i r c r a f t  
M-172 Army t r a i l e r  
Army jeep 
M-52 Army t r a c t o r ,  equipped wi th  20,000# winch 
Comnercial 20- ton crane equipped wi th  10,000# winch 

x  10 i n ,  wood shoring 
4 x 8  i n ,  plywood 
Tools: hammer, ha tche t ,  hand saw, s k i l l  saw, 
carpen tes ' s  square, carpenter  ' s l e v e l ,  wood 
c h i s e l  and ml1,et. 
Mechanics too l  c h e s t  conta in ing genera l  hand t o o l s .  

The M-52 t r a c t o r  winch w a s  equipped with 5/8 i n .  diameter steel cable .  
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Element 1 (SU)* 

Lay C-133 type Doug1as:Aircraft Co. magnesium-glass fiber: r o l l e r  con- 
veyor ins ide  of plane and down r ea r  cargo loading ramp. A i r  Force p a r t  
number on t h i s  conveyor is  5585909-1 ( t h i s  r o l l e r  conveyor'is shown i n  
Figure.B-3, which shows the  break i n  shoring a t  the  hinge of the  r e a r  
cargo loading door of the C-130.) During t h i s  operation the crane, which 
had been parked i n  f r o n t  of the a i rp lane  wern igh t ,  was s e t  up. 
(See Figure B-7 f o r  conveyor setup).  

Elapsed Time: 6 min 

Element 2 (SUI 

The 20 ton crane was re located fo r  off-loading the  power conversion pack- 
age from the M-172 trailer. It mwed i n t o  position as shawn i n  Figure 
B-5, with the b o k  high and no spreader bar ,  using long cable s l ings .  
I t  was noted a t  t h i s  point  tha t  the C-130 a i r c r a f t  has twelve 25,000# 
f i t t i n g s .  (Ear l ie r  models had only 8) .  

Elapsed Time: 7 min 

LEGEND : 

*SU = Set  up and t e a r  dam,  
0 = Operation -- any element which makes the job progrese. 
I = Inspection. 
D = Unavoidable delays due t o  method of operation. 
AD = Avoidable delays -- wait f o r  tools ,  coffee breaks, taking 

p ic tures  , e t c  . 
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A piece  of x 10 wi th  beveled ends was placed on the r o l l e r s  a t  the  
beginning of  the i n c l i n e  i n  order  t o  pick u p , t h e  nose of the  sk id  and 
avoid high po in t  loadings on the  r o l l e r s .  This p iece  of wood i s  c a l l e d  
a "bogie". (See Figure B-6); .. , . .  . . . , .  

Elapsed Time: 5 min 
. . 

Element 4 (SU) 

Skate-wheel type r o l l e r s  ( a s  shown i n  Figure ' B-7) , '  were i n s t a l l e d  i n  
two layers  o f '  10 ' long by 1 ' wide, 3-318." high.  . . 

~ l a p s e d '  ~ i m e :  9 min 

Element 5 (SU) 

Carpenter aided by three  s o l d i e r s  measured plywood, sawed the proper 
widths,  and placed them on, , the  r o l l e r '  conveyors, as .  shown i n  Figure 
B-7;.' . - Note :  he bar r o l l e r s  shown i n  ' .F.igure .B-8.: have the f0.110~- 
i n g  irimensions: ' 27" wide x 10" long x 4" high, l a i d  on 2 x 12 shoring;  
the  bar  r o l l e r s  a r e  2-'114" i n  diameter and 23" long. 

Elapsed ~ i m e :  2 1  rnin 

Element 6 (SU) . .. 

. . 
Move 172 t r a i l e r  i n t o  pos i t ion  as  shown i n  Figure B-5. ;;i:...+: ':.. .. ;.- :I.:.:. 

 lapsed Time: 48 rnin 

Hook crane s l i n g '  t o  power conversion package. 

Elapsed t ime:  23  rnin 

Element' 8 (SU) 

M-52 t r a c t o r  put  i n  winching pos i t ion .  , ~ o i s  t power conversion package 
o f f  of M-52 t r a i l e r ,  swing around t o  p a l l e t ,  and p o s i t i o n  on p a l l e t  a s  
shown i n  Figure B-.10. , : .  , . - Note: The M-172 t r a i l e r  can be seen 
i n '  i t s  winching p o s i t i o n  i n  Figure B-9. . The cable i s  shown passing 
through a pu l l ey  i n s i d e  the  p o r t  forward cargo door. 

1 . ~ l a ~ s e d  Time: 7 rnin 
, . '  

I Element 9 (SU) 

Stop opcrat iqna -- remove power conversion package from p a l l e t  on 
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. . 

r o l l e r  ;conveyors, r e c u t  the  p a l l e t  t o  proper s i z e ,  p a l l e t  having been " 

c u t  too wide previously.  ' Reposition the  p a l l e t s  on the  r o l l e r  conveyor. . 
. . a s  shown i n  Figure R-7 ;. . . ,  

. . . . .  . . .  

. . 
Elapsed Time: '18 min . . 

Element 10 (SUl . . 
I _ " 

Lower power conversion package t o  p a l l e t ,  (See'  Figure BtlO);. ;, , 
. . . . . ,  

Elapsed Time: 1 min 30 ,sec 

Element 11 (SU) 

. . 
Raise and repos i t ion  power conversion package on p a l l e t .  

Elapsed Time : 3 min 

Rig two 10" 1410 ~ l c ~ i s s i c k  15 ton pulleys on the f r o n t  end of  the power con- 
vers io*  package ( t h i s  ' r e q u i r e s  two men) ., These pulleys may be noted'  i n  , . 

. . . . 
. Figure  B-11, 

Time Elapsed: 3 min 3 s e c  

Element 13 (SU) 

. , .  
Rig cable  end snatch  blocks f b r  winching aboard. ca rpen te r  covered the  
conveyors wi th  plywood s o  the  :cable would s l i d e  f r e e l y .  . (See F i g u r e  : 

, , 

B-,121. j The hook end o f  the  M-52 winch cable  i s  hooked i n t o  
a 24,00011 f i t t i n g  a t  the  forward end of  the a i rp lane  as  shown i n F i g u r e  
13-13. : .The riggirdg of  ' the snatch  ..b lock throiigh'whSch ; the  c a b l e  ' . 

; . :  .'. . ' 

passes  from the power conversion skid  i n t o  the M-52 winch isjllhown i n  , 

Figure B-9. :, 

Time' Elapsed: 13 min 

Elesaew 14 

. . 
Took p i c t u r e s  o'f the  se tup .  

. . .  ' 
. ,> 

Elapsed 'Time : ' 12 min".' ' 

. . , . . .. I '  

Element .15 (0) 

P u l l  power conversion package toward.. a i r p  lane . .  .~his.:.element::.wis ve ry  .smobch, 
no s tops  u n t i l  the  power conversfon. s k i d  a r r ived  a t  the f i r s t  inc l ine . .  as  , 

ssown i n  Figures. Br14; B-15, and B-:f6,, 

Note:,  Port;.and s tarboard ,  wi th  r e spec t  t o  the  a i rp lane ,  a r e  used 
ins tead  of  l e f t  and r i g h t .  

,. . 
._.I _.. . . 

B-8 
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Figure. B-6 showed' t h q t  the  - f i r s t  i n c l i n e  was a c t u a l l y  
the  l a s t  r o l l e r  conveyor r e s t i n g  on the  ground 'jue t before'  the loading ' 

ramp was reached. This was about a 4' i n c l i n e .  . This'e.lement ends a t  
a point  j u s t  before we reach the  second i n c l i n e  which i s  the beginning 
o f  the  loading ramp. 

Elapsed Time: 3 min 

Element 16 (D) . . 

The v e r t i c a l  c lea tance  a t  t h i s  time was measured'and found t o  be adequate. 
A t  t h i s  point  'it' was determined t h a t  a s tarboard  l a t e r a l  p u l l  on the  . . .  
cable  was' necessary. A D - 1  t i e  down f i t t i n g  :was u s e d ' t o  p u l l  the  cable  .. . 

t o  the  s tarboard ,  a s  shown i n  ' Figure B-17 .. . . 

~ l a ~ s e d  Time : ,I0 min 10 s e c  

Element 17 (0) 

Winch load aboard to a point  where the  base -channel h i t s  the  wooden 
.".bogie!' . ' . , 

.. . . . 

. . Elapsed Time,: 30 s e c '  

Element 18 (Dl 

Check ' s ide  c learance  and r e - r i g  f o r  s i d e  t h r u s t .  

Elapsed Time: 8 min 25 s e c  
. . 

Element 19 (0) . . 

.Pul l  t o  c l e a r  s tarboard s i d e .  

Elapsed Time: 20 s e c  

Element 20 (D) 

Re-rig f o r  s t r a i g h t  pull, '  pul leys  rigged as  shown i n  ~ i g u r i  B0.14. . - 

Elapsed Time: 4 rnin 30 

Element 21 (0) 

Winch load aboard , u n t i l . p o i n t  reached a s  shown i n  Figure B-18,. whe$&. . ::, 

the  magnes:ium conveyors .began t o  break .due . , to  heavy point  loading. 
. . 

Elapsed Time : 45. s e c  

\, 
Element 22 (I) 

Inspect  broken r o l l e r s .  

Elapsed Time: , 2  nLn 15 sec  
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.. . 

. . . , 

' Element 2 3  (D) . .  . 
. . .. . 

Back Amy :jeep ' ih  p lace  : for  & l l i n g  load o u t .  of ? i r c r a f t  and r i g  chain  ' ;. 
t o  r e a r  end o f  power conversion skid .  

. . 
Elapsed Time: 2 min 

. . . . '. 
i .. : . Element 24  (D) , ,  . . . .  . . .  . 

. . 

. . P u l l  load back bu t  of  a i r p l a n e .  t o  a p o h t  a s  shown i n  .Figure 3-8.. , . . .' I 

Inspec t .  and replace  conveyers on ramp and door " i th  r o l l e r  ska te  wheel 
, ,  : 

type conveyors shown i n  figures B-19 and B-20. . . (At.  thi,s.@.oint moat 
of  the  crew. went ' to  lunch, r e tu rn ing  t o  the a i r p l a n e  a t  '1320' hours ; however, 
two' men remained i n '  o rde r  t o  c d q i l e t e  rep lacement of  the ,  r o l l e r s  w i t h  
aluminum s k a t e  wheel ~ y p e .  . Lunch ,took approximately 1 . hou'r.., ) . . . , '. . . 

. . . . . .  
Elapsed Time : 2 3  min 

.. . , . 

Element 25  (0) 
' . ' I  

Pu ll load aboard ' u n t i l  s t a r b o a r d ,  c learance  i s  too , small;  check c learance .  
This c learance  ineasured on the  p o r t  s i d e  5", on the  s tarboard  s i d e  5/8": .. 

. . 

Elapsed Time : , '3  min . . . . 

. .  . 
Element 26 (D)  : 

. . 
. . 

Tie  down the  r e a r  end of  the  power conversion sk id  t o  a tie.dowk f i t t i n g  
on the  loading ramp using'  a D - 1  f i t t i n g  and a chain i n  a n  e f f o r t  t o  s t r a i g h t i n  . . 

. . 
o u t  the  load,  

s lapsed T h e ;  3 min 20 sec '  - .  
. . . .  . . 

. .  . . . 
Element 27 (D) 

Change the  bethod &f purchase an the two corners o f  the power c o n ~ e r s i o n  
package from 2 pu l l eys  t o  the  use of one ..pu'l':~y:.tn:.'theicanter::.arid.~2~..D-l. . ' . 

a i r c r a f t  type : f i t t i n g s  a s  shown i n  '.Figure.'B-8. . '  ; 

. . 
Elapse! Time: 3 m i n  50 s e c  

. . 
. . 

Element 28 (D)  . . 
.* 

Bring 'jeep to  rear and p u l l '  load . c l e a r  of  plane.  
, , 

. . , . ~ l a ~ s e d  Time: "3 min ' 50 '  s e e  
. . 

. . 

~ l e k n t  79 (D) . . 
. . . . 

Change cab le  t o  s t r a i g h t e n  load. 

~ l a ~ s e d  Time: 3 min 1 0 s e c  
, .,. 

' . . ,  
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' Element 30 (Dl 

P u l l  wi th  cable  on s tarboard  s i d e  only.  

Elapsed Time: 20 s e c  ' 

Element 31 (D) 

Back odt  load, a t t a c h  crane winch, p u l l  completely o u t  to a t t a c h  crane 
cables .  

Elapsed Time: 18 min . , 

Element 32 (SU) 

Put  crane i n  pos i t ion  ( t r ansverse  t o  plane cen te r  l i n e ) .  Attach cables 
t o  power conversion sk id ,  h o i s t  s k i d  from the  conveyors, swing load around 
and s e t  down on runway. Front ends of  the  p a l l e t  were beveled. The empty 
p a l l e t s  were run up the  ramp i n s i d e  the  a i r c r a f t  t o  check the  edge d is tance ,  
i . e . ,  the d i s t ance  from the  c e n t e r l i n e  of the  a i rp lane  t o  the  o u t e r  edge 
o f  each of  the  p a l l e t s .  (This d i s t ance  had t o  be 4'8").  Then the  two 
p a l l e t s  were run back ou t s ide  the  a i r c r a f t  and n a i l e d  together  wi th  ply-  
wood on top of  the  p a l l e t s  ins t ead  of on the  bottom. 

Elapsed Time: 52 rnin 30 s e c  

Element 33 (SU) 

Place pbwer conversion s k i d  on p a l l e t  s o  t h a t  the  shock mounts a r e  2" 
from the ou t s ide  edge o f  the p a l l e t .  ) 

'Elapsed Time: 3 rnin 50 sec  

Element 34 (SU) 1 

. . 

Adjust: D - 1  f i t t i n g s  connected t o  chain and McKi.ssick lot1, /,419, 50 ton 
pul leys ,  a s  shown i n  Figure B-8. . . ,  ..+,tf,.ji, 

E1,hpsed Time: 7 rnin 40 occ 

Element 35 (AD) 

Take p i c t u r e s  of  setup.' 

Elapsed Time: 3 min 50 s e e  

Element 36 (0) 

P u l l  power conversion towa=d a i r c r a f t  . . Stop before reachiqg i n c l i n e .  
(Time a t  t h i s  point  was 1455, hours).  

ElapsedTime: 2 m i n 4 0  s e c  
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. . 
. . Element 37' (D) 

. . 

Power conversion s k i d  was s l i p p i n g  to  the .  s tarboard ' ;  therefore, .  the  s tarboard  
D - 1  f i t t i n g  a t t ached  t o  the  f r o n t  end o f  the  power conversion package was 
t ightened.  . . . , I . .. 

Elapsed Time: 55 sec 

Element. 38. (0). - . 
. . 

P u l l  load t o  t h e '  beginning o f  the  f i r s t  i n c l i n e .  

Elapsed Time: 50 sec. 

E lemen t_.3.9-. . (IQ 
, , ' 

. .  . . ., , 

Tight sned . s t a rboard .  P- 1 : f i t t i n g  s i n c e  the  load was s h i f t i n g  to  s tarboard .  
, . .. . . 

 lapsed Time.: 1 'min 50.  s e c  . . 

Element 40 (0) . .. ..: . . 
. . 

, . .  . . . . . 

p u l l  l o i d  t o  wi th in  4 (  of  the  beginning of  the  ramp extens ions .  

  lapsed Time: 30 s e c  
. . . . . . 

Element 41 (D) 
. . 

Remove the  .por t  s i d e  D'-1. f i t t i n g ,  s o  . tha t . .  the  p u l l e y  i s  exe r t ing  fo rce  on 
I the s t a rboard  of  the  f r o n t  end of  the power conversion sk id .  

Elapsed Time: 1 min' lO s e c  

Element. 42 (02 : 

P u l l  only  on s t a rboard  s i d e  'applying crowbar t o  s t r a i g h t e n  load. 

~ l a ~ s e d  Time: 10 i e c  

Uiement 43 (I) 
. * . .  . 

Check c learance  between a i r c r a f t  and power conversion package on both 
. . .  

s i d e s .  . . . . 

Ulapsed ''time : 1 inin 10 oco 

Element 44 (0) . . .  
: , 

P u l l  load on ly .on  s t a rboard  b i d e ,  . . 

> .  

Elapsed. Time: '15 s'ec . 
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1 

Element 45 (Dl 

R e - a t t a c h ' t h e ' p o r t  s i d e  D - 1  f i t t i n g s  s o  t h a t  the  pu l l ey  e x e r t s  force  
equa l ly  on e i t h e r  s i d e  of the power conversion sk id  f r o n t  end. '. 

. . 

Elapsed Time:' 2 rnin 45 s e c  

Element 46 (0) 

P u l l  load s o  t h a t  r e a r  end i s  a t  the :beginning of  the  extension.  This 
p o s i t i o n  i s  shown approximately i n  Figure'-B-21.' ' , , : i 

~ l a ~ s e d  Time,: 1' rnin 25 dec 

Element 47 (D) 

Remove r e a r  "bullnoses" from power conversion sk id .  Note: As  seen i n  
Figure B-21 these  "bullnoses" a r e  pieces of  pipe which a r e  a t tached 

t o  the  ends of  the  support  channel. These pipes began t o  d i g  i n ,  r e s u l t -  
i n g  i n  heavy point- loading on the  conveyor. 

Elapsed Time: 46 rnin 

Element 48 (AD) 

Ten minute break f o r  the  crew. 

Elapsed Time : 10 rnin 

Element 49 (0) 

Winch ahead. 
. . 

Elapsed ~ i m e  : 2 rnin 

E lement 50 ' ( I) 

Cheek c learance  by measurements both s i d e s .  

Elapsed Time: 4 min 25 s e c  

Element 51 (0) 

P u l l  load t o  po in t  where i t  i s  almost l e v e l  i n  a i r c r a f t ,  a s  seen i n  
F f  gure B- 2.2. through the  s tarboard  r e a r  

. - 
Elapsed Time : 1 mln 20 s e c  . . . .! 

Element 52 (D) 

Cheek c learance  then attempt t o  &ve r e a r  end of load t o  the  p o r t  s i d e ,  
us ing  a jeep a t tached t o  the  power conversion package by chain and us ing 
a "come-a-long:' 

Elapsed Time: 35 rnin '15 s e c  

B"-13 
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Element 53 (D) 

\\ .. y' . . P u l l  t o .  p o r t  s i d e  us ing jeep and come-a-longs . . . 

.. . . 
' Elapsed Time :. 4. min 54 s e e  

Element 54 (0) 

Winch aboard. . . 
. . 

.. . 

Elapsed Time: 4 s e c  

' Element 55 (D) ., . 

Change loca t ion  o f  cables  t o  s tarboard  s i d e .  

Elapsed Time : . 3 min 32 sec 
' . ,  . . 

: Element 56 (.D) 

P u l l  load on s t a rboard  s i d e  only.  

Elapsed Time: 2 s e c  

Element 57-(0) 

- Winch aboard. , 

Elapsed Time: 43 s e c  

Element 58 (D) 

Re-connect cables t o  both corners of  power conversion skid  as  shown i n  
, r .  

Figure  . : .  .. .. . -.. . ~.~.!,...,, 

Elapsed Time: 6 min 30 s e c  . . 
, : 

Winch aboard, 

. ElapsedTime: l m i n  25 s e c  

Element 60 (D) 

Attempt t o  replace  r o l l e r s  under f r o n t  end by'.using =rowbar. Attempt f a i l e d .  

Elapsed Time: 6 min 15 s e e  

Element 61 (D) ' 

Take up s l a c k  on r e a r  cab le ,  . . . 

Elapsed Time: ,5 s e c  
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~ l e m e n t  62 ( s U ~  -- Off Loading - Power Conversion Package Hockup 
. . 

Hook up the jeep t o  p u l l  load back out  of  a i r c r a f t .  Re-adjust r e a r  
conveyors f o r  o f f  loading. Note: A t  t h i s  point  the f r o n t  end of the . 
power conversion sk id  was located a t  s t a t i o n  600 i n  the a i r c r a f t .  A t  t h i s  
point  i t  was noted t h a t  the  shock mounts must be moved a t  l e a a t  1' c l o s e r  
inboard on each s i d e  i n  order  to  have the  weight of the power conversion 
skids  d i s t r i b u t e d  proper ly  over the  treadway of the  a i r c r a f t .  

Elapsed Time: 16 min 35 sec  

Element 63 ( 0 1  

Pull s tarboard  af t end of  power .conversion package wi th  a' crane winch i n  
, . .  an e f f o r t  t o  s t r a igh ten .  

. , 

Elapsed Time : 59 ' sec  
. , 

Element 64 (SU) 

. . . . 
Re-rig crane winch fo r  o f f  loading. 

' Elapsed Time: ' 46 sec  
. . 

Element 65 ( 0 ) .  
. . 

Off load. 

~ l a ~ s e d  Time: ' ,  2 min 20 s e c  

Element 66 (I) 

check' clearance.  

,Elapsed'Time:' 55 sec  . ' 

Element '67 (0) 

Off h a d e  

  lapsed Time: 1 min, 25 sec. 

.! .' Element 68 (I) . 

Check clearance.  

Elapsed Time: 50 sec  

. .. 
. . 

* 
see  tiedown diagrams ( ~ i g u r e s  8-27, B-52, 8-118, and B-119). ' .  

' .. . . 
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Off load.  

. . . . . . 
Elapsed Time : 20 ,  seC 

. .. . . , . . .  . . . , . .  . . . .  
.. . .- . . . . Element 70" (I)' !. . ' : '  '. . . 

. . ,  . .  . .  . . .. , .. . .. . . .. 
. . . . ,  . . 

Check c learance  and show by p i c t u r e s  how load.  i s  s l i p p i n g  t o  s ' tarboard. 
Hook up crane winch f o r  p u l l  to  p o r t .  This s l i p p i n g  t o  s t a rboard  can' 
be seen:, i n  Figures B-23 and B.-24,. ... :::. . . 

Elapsed Time: 21  min 40 s e c  
. , . . . . . . . ,  . . . 

. . . , .  . Elemcnt 71 (SU) 

. . 
Re-position crane f o r  p u l l i n g  a f t  t o  o f f  load.  

Elapsed Time: 3 min 

. . 
Element 72 (0) 

. . 

The o f f  loading was accomplished. a t  6 : 10 pm. The crew' locked up ' f o r  the  day. 

Elapsed Time: 1 min 16 s e c  

This ends the  time s tudy  recap i tua la t ion  f o r  loading and o f f  loading tke  
power conversion s k i d  C-130 a i r c r a f t .  The power convers'ion skid  w a s n o t  . 
used again  because of  two reasons: ( l j  Time l imi ta t ions  and ( 2 ) '  Shock 
mounts would have t o  be moved inboard, a s  noted above, i foot  on each s i d e  
i n , o r d e r  t o  d i s t r i b u t e  the  load proper ly  on the  treadways; therefore ,  on ly  
t h e  r e a c t o r  package was proper ly  loaded i n t o  the  C-130 a i r c r a f t ,  t i e d  down 
and o f f  loaded. 



Figure PI 

General equ i p a n t  layout, show- 
ing C- 130, ti-52 tractor, M- 172 
t r a i l e r  with pawer conversion 
mockup loaded, and camerci r l  - Polton crane 

Figure 0-2 

Equipment arrangement pr ior  t o  
loading power conversion mock- 
up Into a i rc ra f t  



Figure B-3 

Magnesium/glass f iber ro l  l e r  
conwyor (Dwglrs Ai  rcraf t  Co.) 
carried by C-133 

- < 



Wood w b  ~t th b ~ l b d  ends 
In plmm sn .rollrer convepr. 

Ftguro B-7 

0.tirll of a p a l h t .  Erch 
rollor soetl~on Is 19 ft 
long, 1 ft wth, md 3-3/8 
Inoh.% high 
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Figure 0-1 l 

Wood bogie I n  use. Note 
15- ton pul leys attached to  
forward end of mckup 

Figure B-12 

I interior of C-130. R U ~ U  

plywood under cable, 

Hook 4 of cable from M-52 
winch; cable attadad to 
24,00b-lb tiedown f i t t i n g  a t  

forward end of C-I30 



Figure 5 1 4  

View of  porJ.sr conversion 
meckup frun Insids mtraraft 

Figure 5 1 5  

Prior to  loading power con- 
version mockup 

Figure &t6 

Hackup near end of r'er load- 
ing door ramps 



Figure 8-17 

0-1 tiedown f i t t ings used to 
pull cable to s t a r h r d  

Figure B-18 

Power convarslon mookup on 
loading ramp exte~siuns. Note 
broken rol l e r  conveyors, 

I misad by heavy point loading 



Figure * 8-19 

Roller-skate-wheel typa 
conveyors 

Figure B-20 

being loadad with r o l l ~ r -  
skate-wheel typa conveyor 



- . .. 
- - , I., 
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Mockup s l lpplng tn starharrrd 
on r o l l e r  conveyors; Inside 
C-130 rlraraft  
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TABULATION OF ELEMENTAL TIMES 
. .  , 

. . C - 130 REACTOR PACKAGE ,MOCKUP . .  . 

. . . . . , 

WADING OPERATIONS ' . .. . .  . ' 

. . 
:SU 0 I D AD 

OP. j . .  ." op . , ": . . OP 0 . op : OP 
No. ' H: M S No.. H M .  S No. H.',.. M S No. H M S No. H M S ..,. . . . . . 

1 .  . .  78 6 1'. 50 7 45 . 9. 2 44 
2 ' 1 4 .  8 22 11 . 1  2 12 1 27 

15 . . l o  13 L4 55 16 3 32 3 . . i. . 

4 15 13 3' 18 . , .37 2.0 1 53 
2 40 5 5 15. 2 22 ,. 26 28 

52 , . ' 10 30. , 17 16 24 .3 122' ' 41 . 6 20 
1 20 55 39 19 5 26 

21 ' .. 14 27 2 40' 
2 3 13 32 ' 2  58- . 

2 5 . . 10 34 47 
2 9 L 10 1.36. . '  . 1 .53 

3 ..55 39 30 ' .  " .  45 
' 31 , .  5 43 1 22 
33 ' .7 45 1 50 
35 . . 5 4 7  " " 41 
37.,. . 3  29 49 1 
38 ' , 16 5.1 1. 34 

. . 
40 15 54 5 2 

1' 34 42 . . 40 57 
' 12. 44.  , '  

, . 

, 12 46 
. ..? , . .. 

48 . 55 . . 
17 50 

53 ' . 13 
56 12 
58 1 12 

.Total-  2 - 17 : 30 . 8 :  43 : 2 6 1 3  " ' 1 9 1 5  .. - 
~ o u n d e d  

'26 : .19 Off 2 18 9 l  

s i g . & m ; ,  opEuT&S~ 

6 3 33 35 
To ta l  1 53 48 

OFF-LOADING OPERAT IONS 
. . 

6 5 4 5 . .. 
I ' 

' . . .  
4 5 , . .. Tota l  . , 
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September '17, 1959' 

The crew a r r ived .  a t  the  a i rp lane :  a t  0845. hdurs . : . . 

. ,  . . . 

. .. 

Element 1 (SU) 
. . 

The plane was re located  so  t h a t  the f r o n t  end was higher.  This was done 
t o  avoid the  l a t e r a l  s l i p p i n g  experienced with the  power conversion mockup. 
The M-172 t r a i l e r  was backed up t o  the  t a i l  door; ramp toes were used be- 
tween the  r e a r  loading ramp door and the  M-172 t r a & l e r ,  a s  seen i n  
Figuren B-26 and B-27. . I n  some of these  p i c t u r e s  the re  a r e  many A i r  
Force personnel  shown observing the  opera t ion .  The A i r  Force used t h i s  
opera t ion  as  a t r a i n i n g  a i d  f o r  t h e i r  newly assigned load masters .  The 
t r a i l e r  was put  i n t o  p lace  and shor ing was being l a i d  i n s i d e  the  a i r c r a f t  
during t h i s  element. Refer t o  Figure 13-28 f o r  t r a i l e r  support  d e t a i l .  
F i g u r q  B-29 shows a s i d e  view of the  t r a i l e r .  

9 

Elapsed Time: 78 min 

Element 2 (SU) 

" Cable r igged '  f o r  winching aboard -- shor ing being na i l ed  together  i n  plane -- 
shor ing being greased. Reference. Figures B-31 and B-32.. . . . 

Elapsed Time: 14 min 

Element 3 (SUl 

Two jeeps t o  r e s t r a i n  the  r e a r  end of the r e a c t o r  package, one on e i t h e r  . 
s i d e ;  reference  Figure  B-16% The l e v e l  of  the ai.rp lane had 
been checked a t  t h i s  point  and i t  was found to. be o f f  1/4" i n  two f e e t ,  
the  low s i d e  being the  p.at t  s i d e  of the plane.  . . 

Elapsed Time : 15 min 

Element 4 (SU) 
I 

Pic tu res  being taken -- continue t o  inspec t  l e v e l  of  a i r c r a f t .  Carpenter 
i s  chipping corners of  a l l  shor ing  as  can be noted by inspec t ing .c . lose ly  

'. . the  end of  the  shor ing i n  ' .!%Wre B-2.7:. . '  . These small  bevels . a r e  extremely ,. 

important i n  enabling the  shock k u n t s  t o  t r a v e l  e a s i l y  over d i s c o n t i n u i t i e s .  

Elapsed Time: 15 min 

. . . . 
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Element 5 (SU) \ 

I n s t r u c t i o n s  given t o  the  loading crew as  follows: One man i n  each of I 

the  two jeeps on the  r e a r  end of the reac to r  package. A winch opera tor  
i n  the  M-52 t r a c t o r  s t a t i o n e d  on the  forward por t  s i d e  of the  a i rp lane .  
Figure BL34 shows the  winch t r a c t o r .  The sergeant  i n  charge of the  
winch was the key man i n  the  opera t ion and took h i s  ins t ruc t ions  from 
t h e  men observing c learance  a t  the r e a r  cargo loading doors on e i t h e r  
s i d e .  Some of the  prepara t ions  t h a t  have been made f o r  t h i s  loading can 
be noted i n  Figure B-35, which indicates  small a i r c r a f t  snap-lock 
f i t t i n g s  t h a t  were used as  r e s t r a i n t  f o r  two pieces of 2 x 4 na i l ed  to  the  
s i d e  of the  shoring.  This 2 x 4 was put  there  i n  an attempt t o  keep the  
shock mounts from r i d i n g  o f f  the shoring i n s i d e  the a i r c r a f t .  Precautions 
were taken t o  hold theneeds of the shoring down i n s i d e  the a i r c r a f t ,  as  
can be seen i n  Figures B-36,and B-37, . Due t o  the  form of motion of 
the  package, the  shor ing has a tendency to  s l i p  forward ar~d even though 
the  shor ing i s  greased, the re  i s  a r e l a t i v e  motion between the f loor ing  
and the  shoring,  unless  chain i s  applied as  shown i n  these pic tu res .  
Figure B-38 shows the separa tors  used i n  the center  of the 
a i r c r a f t  between the shor ing i n  an attempt t o  keep the shoring i n  pos i t ion  
dur ing loadings . Figure B - 3 1  shows the  reac to r  package 
immediately before winching aboard, 

Elapsed Time: 5 win 

Element 6 (02 

Winch forward. 

Elapsed.Time: P min 50 s e e  

Element 7 (I) 

Rear cen te r  shocks were noL r i d i n g  up on the sharing, This s i t u a t i o n  was 
inspected ,  

Elapsed Time: 45 s e e  

Element .. . 8 (0) 

Winch fnrward u n t i l  f ron t  end swings to  s tarboard .  

  lapsed Time: 22 sec  

Element 9 (D) 
, . 

S t r a i g h t  load Ft i ing  ~ohrnson ba r ,  Johnson bar dan be seen i n  ' ~ i g u r e . 6  B-38 
and B-39, . .  

. . 
Elapsed Time: ' , 

*" . 2 min 44 see  
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Element 10 (0) 

Winch forward. 

Elapsed Time: 13 sec  

Element 11 ( I )  

Check clearance on top and -s ides .  

Elapsed Time : 1 minl 2 sec  

Element 12 (D) 

Slack o f f  tension on cable.  Put 15,000 l b  snatch  block on one s i d e  t o  
r e s t r a i n  t h a t  s i d e  i n  an e f f o r t  .to keep 1oad.moving s t r a i g h t .  This 
snatch  block can be seen i n  Figure B-40. . 

Elapsed Time: ' 1 <mtn 27 sec  

Element 13 (-0) 

Winch forward, 

Elapsed Time: 3 sec  

Element 14 (11 

Inspect  load. 

Elapsed Time: 55 sec  

Element 15 (0) 

Winch forward. 

Elapsed Time: 2 sec  

Adjust shoring a t  ramp t o e s .  This adjustment was made a t  the  .point  shown 
i n  P ic tu re  N5-323. It was made i A  order  t o  enable the  shock mounts t o  
r i s e  smoothly over t h e  end of the  ramp toes and on the  shoring on the  ramp 
sur f  ace. 

.? 

Elapsed Time : ,3 '  min 32 sec  

- Element 17 (0) 

Winch forward. 

Elapsed Time: 16 sec  
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.':: , Element 18 (1) 

Check .clearance.  

Elapsed Time: 37 s e c  

Element 19 (0) 

Winch forward. . . 

Elapsed Time: 5 s e c  . . 

Element 20 ( D l  
. . 

Adjust D - 1  f i t t i n g  a t  r e a c t o r .  A s  caxi be seen i n ,  . jEigure. . .~-30,  , -. 
.L.. ' 1 

two D - 1  a i r c r a f t  f i t t i n g s  have been a t tached t o  the  sna'tch block which i s  
a t  the  r e a c t o r .  . When the  load s h i , f t s  e i t h e r  t o  p o r t , o r  s tarboard ,  the  
D - 1  f i t t i n g s  on the  s i d e  o f  the  d i r e c t i o n  of the  s h i f t  i s  shortened so. 
t h a t  the  next time t ens ion  is appl ied  the  load w i l l  s t r a i g h t e n  o u t .  

Elapsed Time: 1 min 53 s e c  

Element 21 ( 0 1  

Winch forward. . . 

Elapsed Time : . 1 4  s e c  . . . . . 

Element 22 (12 , . 
. . 

Che=k alggnment , and c learance .  

Elapsed Tinie: 26 sec 
. . 

, . 
Element 23 (0) 

. . .  

Winch forward. 

Elapsed Time : 13 .set 
1 .  

Element' 24 (I) . 

Check alignment,, use two Johnson bars .  i n  an e f f o r t  ' to  guide sho'ck mounts . . 
up on shoring.  

~ i a ~ s e d  Time : . 3  min .12, ,set 

Element 25 (0) 

Winch forward. , 

Elapsed T i m e : ,  10 sec 



Element 26 (I) 
. . 
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. 
Cheek alignment. , ' 

Elapsed Time: 1 min 20 s e c  

Element 27 (I) 

Slack o f f ,  check t ransverse  l eve l ,  us ing  ca rpen te r ' s  l e v e l .  The l e v e l  was 
about 112 a degree o f f .  ' This i s  considered t o  be very good. 

Elapsed Time: 2 min 40 s.ec 

Element 28 (D) 

A t  t h i s  point  the  a i rp lane  not iceably  creaked, probably due t o  the  hydraul ic  
strut  a t tached t o  the  r e a r  cargo door, o r  due t o  a  s h i f t  i n  the  wheel struts. 
Nei ther  the  p i l o t  o r  the  load master could t e l l  what had a c t u a l l y  s h i f t e d .  
The l e v e l  of the  a i r p l a n e  was measured and est imated t o  be the  same as before, 
s l i g h t l y  o f f  by 112 a degree. However, the  s tarboard  jeep was repos i t ioned 
t o  a  point  c l o s e r  t o  the  a i rp lane  wi.th the  chain t a u t  between the  r e a c t o r  
and the  jeep. 

Elapsed Time: 2 min 40 sec  

Element 29 (0) 

Winch forward wi,th s tarboard  jeep as  a  deadman. 
. . . .  . . .  . . . .  # 

Elapsed Time: 10 s e c  
Element 30 (0) 

Jeep p u l l i n g  a t  r i g h t  angles t o  c e n t e r l i n e  o f  plane t o  s t r a i g h t e n  load. 

Elapsed Time: 3 min 55 s e c  

Element 31 ( 0 )  

Winch forward. 

Elapsed Time: 5 eec  

Element 32 (I) 

Cheek alignment, put  i n  a d d i t i o n a l  shoring.  The p o s i t i o n  of  the  r e a c t o r  
a t  t h i s  point  i s  such t h a t  the  r e a r  end of the  package is  40 inches from 
the  end of  the  ramp. (See Figure B-41). ' . 

PPapsed T i m e s  2 mfn 58 sec 
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. . 

Element 33 (01 . 
. . 

Winch forward. 

Elapsed Time: 7 . s ec  

, Element. 34 ( I )  

Check alignment. 

Elapsed Time: 47 sec 

Element 35 (0) 

Winch fo.rward. 

Elapsed ~ i m e :  5 sec , , 

Element, -- . 

Ins t ruc t  crew and discuss alignment. 

- Elapsed Time: .l min 53 sec  

Element 37 (0) 

Winch forward. 

 lapsed Time: 3 min 29 sec 
I 

Element 38 (0) 

Elapsed Time: 16 sec  

. . 
Element 39 ( I )  

Check alignment, 

Elapsed Time: 45 sec 

Element .40.. (01 - 

a witich forward. 

Elapsed Time: 15 sec . . 

. . 
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. . 

Element' 41 (D). 

Chop o f f  top of the p o r t  s i d e  2 x 4 r a i l  a t  t h e  r e a r  jump door .which . . 

was ' i n t e r f e r i n g  wi th  the  supp.oyt. channel of the reac to r  package.. ' That 
i s ,  the  height  o f  . this, . r a i l  had t o  be c u t  down. This r a i l . ' c a n  .be seen i n  

: "  , , '  pigure' Bz35. ' ; " . , . .,: . ... . .. I . 
. . 

E1apse.d Time: 6 min 20 sec  

Element 42 (0) 
. . 

. . 
Win~h forward'. 

Elapsed Time: 40 sec  . . 

Element 43 (I) . . . . .  
. . 

Check alignment. 

,Elapsed Time: 1 min 22 sec  

'Element 44 (0) 

Winch forward. 

~ l a ~ s e d  Time; 12 . sec  

Element 45 (I)  

Check alignment. 

. . . . . . . . .  
. Elapsed Time : 1 min 50 sec  . . .  

I 

Elment 46 ( 0 1  
I 

, .  . 
Winch. forward. 

Elapsed Time: 12 s e c  

Check .alignment .' ' 

Elapsed Time: ; 4 1  s e c  

Elment ' 48 ( 0 1  

Winoh forward. 

Elapsed .Time : 55 sec  
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Element 49 (I) 

Check alignment. . . 

Winch forward. \. 

Elapred Time: 17 .  s e c  ...: . % 

Check alignmeae. 

~ l a p s e d '  Time: 1 min 34 s e c  

A t  1145' hours the  'crew knocked o f f  for '  lunch and returned a t  1305 hours. 

Element 52 (SU) 

Cut necessary a d d i t i o n a l  shor ing to  c a r r y  the  package .so t h a t  .the cen te r  
o f  g r a v i t y  of the  package 'would reach s t a t i o n  510. Grease the  'shoring and 
chain  down as shown i n  .Figure B-40. .'., . ' ., 

Elapsed Time:. 10 min 30 s e c  

Element. 53 (0) 

Wlnch forward. 

Elapsed Time: 13 sec  

s e m e n  t 54 '(I) 

Check ali811gent. 

Elapsed Time: 52 s e c  

Element 55 (D) . .  . 
. . 

A d j u s t  the D-1 f i t t i n g  on po.rt s i d e  a t  the snatch' block connected t o  the  
r e a c t o r  package, 

. . 
. . Elapsed Time: 39 s e c  
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Element 56 (0) 

Winch forward. 

.Elapsed Time: 12 see  
. . 

Element 57 (1) 

I n s p e i t  and.adjug ' t .cable  and snatch  bldck. 
. . .  , 

. . 
. . 

Elapsed TI&: l .& 34 s e e  
.... 

., Winch fornard  : to poi*t where cen te r  9 f  g r a v i t y  of  r eac td r  package is  a t  , 
, s t a t ~ & n  510 as  prescr ibed i n  the  loading procedures. A t  t h i s  po in t  the  
r e a c t o r  package was considered t o  have been winched aboard and prepara-  
t ions  f o r  t i e  down were begun. 

Elapsed Time: B min 12 s e c  

Element 59 (0) -- a e  Down Operations 
I 

Began t i e  down s f  forward end of  r eac to r  package; two. men d e t a i l e d  ' t o  
t h i s  job, . Remove shor ing and expose t i e  down f i t t i n g s .  

Elapsed Time: . 27 gain 48 ,see. 

S t a r t  two men and a crew on .the a f t  end of the r eac to r  package. Two addi- 
t ion81  men,passed , the  nylon t i e  down rope through the  a f t  jump door.*'- 
Elapsed Tinae: ' . 3  min . . :. . 

I 
E lement 6 1 '( 0). 

S t a r t  p u t t i n g  the  D-rings i d  the  a f t  end of  the a i r c r a f t .    he crew a t  the  . .  

forward .end s t a r t  p u t t i n g  i n .  on the c r o s s - t i e s  . . . . -Nq,te . ,.Figure. B'-42 
a t  the  point  where the  screwdriver is located .  The procedure f o r  p u t t i n g  
t h e  ?-r ing i s  as  fon'lows: The cover Bcbews must be removed by the  screw- 
d r i v e r  and then the D-ring s tuds  have t o  be screwed i n t o  the  ho'1e.W 

Elapsed Time: 24 ,min . . 
- - - - - - - - - - - - - o - - - , - - - - - - - - - - - - - - o - - - - - - - - - - - - - - - - , - - - - -  

* ~ i g u r e  ~ ~ 4 3 )  . shows the  two men working on the  tiedown a t  the  .forward end 
of  the  r eac to r  package. Figure,  B-44 . shows two men working on the  t i e  
downs a t  the  a f t  end of the package. 

**The crew a t  the  forward end began p u t t i n g  on cross  t i e s  during; t h i s  element. 
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Element 62 (0) 

Anchor, shackles were placed on the  forward end o f .  the  r eac to r  package - 
and the  a f t  end of  the  r e a c t o r  package, two crews working s i i u l t t a n e o u s ~ ~ .  
'See Figure  Bb45. , . . . . 

Elapsed Time.: 2 5  min 25 s e c  

Element 63  (0) 

The a f t  end t ie  downs were completed during t h i s  element and the  cross  
t i e s  were being put  on. The cross t i e s  on the  a f t  end can be seen i n  

F igure  B-46. . Cross t i e s  on the  forward end can be seen i n  Figure B-47. 

Elapsed Time: 33 min 35 s e c  
The t i e  down opera t ion  waEt coapleted ac 1339 hours. Figure B-48 ~ l ~ o w s  
t he  a f t  and t i e  down system. Figure B-49 shows the  forward and t i e  
down system. Figure  B-50 shows the  nylon rope, ( r a t ed  a t  15,000 Ibs 
working tens ion) .  P i c t u r e  N5-343 shows the  whi f f l e  t r e e s  used t o  d i s t r i b u t e  
t h e  load,  the D - 1  and C - 1  a i r c r a f t  f i t t i n g s  connected t o  the  chains which, 
i n  tu rn ,  were connected t o  the  f l o o r  t i e  down po in t s .  

Element 64 ( SU) 

Remove t i e  down f i t t i n g s  and c l e a r  from a i r c r a f t .  . . 

Elapsed Time.: *36 min 
. . 

Element 65 (0) -- Off Loading Operat'ion 

Off loading was accomplished i n  e x a c t l y  45 minutes, went very sploothly, 
and the  opera t ion  was completed a t  1700 hours. 'Figure,,B-51 shows the  
o f f  loasding 

~ l a p s e d '  Time : 45 min 

This is  the  end of  opera t ions  performed on C-130 ' a i r c r a f t .  



Figure 8-36 

Figure CD 

Rmp toe extsnsions bridging 
gap betw6sn a l r c n f t  anal 
trai lor 

Figure 8-28 

Wood shoring m r t l n g  end 
of  t r a i l e r  
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Ftgure B-ZY 

Chain connect ions t o  reactor 
morklrp pr  l ~ t  t o  load I ng; 
chr in a t  r i gh t  for  l a te ra l  
thrust  I s  attached t o  a Jeep 

Figure 6-30 

0-1 a i r c r a f t  tiedown f i t t i n g s  
used t o  adjust side motion; 
attached t o  oentral 15,000-Ib 
pul ley 

Figure b->I 

View from inside C-130, s h e  
ing shoring, cables, and post-, 
t ions foof t r a i l e r  and mockup 
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Figure B-35 

Tape polnts to a l r c r a f t  snatct 
block f i t t ing ,  used to hold 
shoring In  place 





Figure 8-40 

Snatch block (15,000 Ib) In 
plat% for side restraint+ 
Chaln I s  safety prsmutlon 
in  care a b l e  should break 

Reactor lnockup, 40 inches 
from end of loading r a p  



Scrcrwdrlvar pafnts to one of  
the c a w  screws hi cb had to 
bet. mmmd to f i t  in b r i n g  
studs prtotr t o  tl.dorm 

Figure Br43. 



Flgura 0-46 

Reretar raackup rhalnd dawn 
Iasfde C-130 

~tedower a r r r m w n t .  f o w r d  
and of  C-I30 
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Figure u-w 

Tfedomr a r r a n g m t ,  a f t  end 
o f  0130 

Figure B-49 

Nylon rope clevices on 
reactor mockup 



Figure &SO 

Reactor mockup t i edown S ~ S T ~ I I I ,  
showing swhl f f l e  trees and 
C-1 a i r c r a f t  f i t t ings  (open 
and closed) 

Figure B-51 

Cable hookup and ramp shor lng. . . prior t o  off-loading 







. . .  
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LOADING TESTS WITH BOTH THE REACTOR AND POWER CONVERSION MOCKUPS 
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TABULATION OF ELJIMEVAL. TIMES 

.C-133 REACTOR AND POWER CONVERSION PACKAGE MOCKUPS 

IBADING OPERATIONS -- POWER CONVERSION PACKAGE MOCKUP 

I 

S U 0 I D AD 
UP - OP b O P ~  * Op .. Op b 

N o .  H M S N o .  H M S N o .  H M S N o .  H M S N o .  H M S 

1 27 45 10 5 9 50 11 10 60 3 7 
2 5 1 16 1 1 5  17 10 12 7 1 0  67 13 
3 4 25 18 40 19 2 20 13 7 10 
4 43 50 20 20 23 8 14 20 10 
5 24 2 2 32 25 2 15 2 40 
6 23 45 24 15 29 . 1 7  21 50 
7 4 35 26 8 , 31 5 37 27 10 27 
8 1 45 28 8 33 45 53 3 3 
4 3 9 16 30. 6 35 48 57 8 
4 5 5 1 32 1 10 37 3 18 75 9 45 
49 6 30 34 7 39 3 57 76 5 5 
55 8 17 36 I7 41 1 20 78 54 
59 15 38 1 13 47 1 17 80 3 3 
61 5 10 40 5 51 1 6 83 9 10 
6 2 11 50 42 2 30 66 8 10 85 59 
63 10 25 44 34 70 30 88 2 25 
6 4 29 45 46 2 82 3 20 90 3 0 
6 5 14 40 48 2 7 9 2 2 4 
7 1 5 15 50 15 9 4 5 
7 3 3 20 52 5 9 G 10 35 
9 8 1 10 54 3 1 
100 11 43 56 13 
102 8 23 58 15 
104 17 10 88 

72 
%a 
42 

74 18 
7 7 2 21 
7 9 2 
8 1 30 
8 4 34 
8 6 1 27 
0 7 15 
8 9 42 
91 2 
9 3 2 
95 5 5 
97 1 5  
9 9 3 17 
10 1 35 
10 3 2 2 
105 20 

T o t a l  5 44 28 16 34 45 1 48 15 5 0 
R o u n d e d  
, Off 5 28. 3 5 1 48 50 
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. . 

6-133 REACTOR AND POWER CONVERSION PACKAGE MOCKUPS 

. . 
. . . . 

.' .SU 0 . . I D AD 
. . .  

0I)eration OP 0 Op . O p . .  . OP . 
I. . . ..Number . H  M ' S  ' N O .  H M ' S  N o .  H M S N o ;  :.H M S:No. H M ' S  

. . 

\ 10 7 4 45 . , 

TOTAL .. .'. 6 25 
' , -  

OFF-LOAD OPERATIONS 
. . . . . . . .  . . . . .  

111 , 12 20 108 5.30 109'. 2 30 11'3 .4:20 ' . 

119 . . . -  5 110 ,301 .I32 . ' 2 10 115 8 ,40 
i22 1 10 ,112 . 20 .. 136.. 15 ,117 i 55. 
i24 1 ,35 114 138 ' 45 130 ' 2 45 
126 ' 14 55 116 .15 131 . 5  
128.' 6 2 3  118 15 134 ' 5 5 
140 1 27 . .  120 .2 .lo 

12 1 2 5 
12 3 30 ' 
.12 5 1 .35 
127 3 5 0  : .  

129 47 
133 35' ; 
135 10 
137 10 
139 .4 3 

Total , 17  . :.55 '$8 .20 . 5 40 .. . . . ... . 22 . . :50 ' 9 

*r 

B p u n d e d O f f  38 18 6 :  . '  2 3 . . . . . . . . . 
. .  . 
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ELEMENTAL DESCRIPTION AND ELAPSED TIME 
FOR OPERATIONS ON 6-133 AIRPLANE 

September 21, 1959 - -  Loading of the  Power Conversion Package 

The crew is the same as  f o r  the  C-130 a i r c r a f t .  The equipment i s  the  same, 
except  where noted. The C-133 , a i rp lane  can be seen i n  ' Figure B-53. " . . '  

A t  9045 t h e  shoring,  the  power conversion the  crew and the equip- -- 

ment were a l l  s tanding by a s  shown i n  . .Figure B-54.. . Shoring was l a i d  ' 
i n  the  p lane  from the  loading ramp t o  s t a t i o n  399 i n s i d e  the  plane, a s  
can be seen from .Figure .  B-55. ' . 

Element ..Id SU) . . . 

Lay i n  crqss  p ieces  of  2 x 1 2 . t o  keep shor ing i n  p lace .  Use shingles  t o  
wedge i n  place.  These separa to r s  can be seen i n  .Figure E-56 and 
B-57; . Snap i n  f i t t i n g s  were used t o  hold the  shor ing i n  p lace  l a t e r a l l y ,  
as pointed  out i n  Figures  .B-56 and 'B-58. .<.- 

Elapsed Time : 27 ,min 45 s e c  

Element 2 (SU) 

Raise the  r e a r  loading ramp door, back t r a i l e r  i n  pos i t ion  f o r  p lac ing 
shor ing  t o  bridge the  gap between the t r a i l e r  and the  plane.  (Took th ree  
passes  t o  pos i t ion  the  t r a i l e r . )  -. 

Elapsed Time: 51 min .: 

Element 3 (SU) 

Take ano the r 'pass  a t  pos i t ion ing  the t r a l l e r -  iuaking a t o t a l  ,o'f 4 passes ,  
-. 

Elapsed Time,: 4 ,min 25 s e c  

,Element -4  (SU) 

Place  wooden blocks under the  loading ramp fo r  support  of the  package as  
i t  leaves the t r a i l e r ,  as  seen i n  'Figure B-59, ' .  The bridge of the  shor ing .... 
between the t r a i l e r  and airplarie  can be seen i n  Figure 8-60. The c a r p e n t e r .  
had t o  chip bevels  on the  end of  the  shor ing u s i n g  a ha tche t .  The bevels.  

- , 

can be seen b y .  looking c l o s e l y  i n  .Figure B-60,. . Next, the  method of  r igging 
was determined ar!d at 3,140 hour6 the 'c.rew knocked ~ f f  f o r  lunch, r e tu rn ing  
a t  1310 hours. \ 

Elapsed Time: 43 min 50 s e e  

Element S ( S U l  

Rig chain  and D - 1  devi'ces on'power conversion s k i d  wi th  15 ton snatch  block, 
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a s  seen .in Plgures B-60 and B-610 . P o s i t i o n  the  M-52 t r a c t o r  a f t  of the  
p lane  on the  p o r t  s i d e .  Run cable through the  shieve  on the  p o r t  s i d e  
a t  s t a t i o n  580 as  shown i n  Figure B-62, then back through the  snatch  
block a t  the  load as  shown i n  Figure B-60, and up t o  the  deadman on the  
s t a rboard  s i d e  located a t  s t a t i o n  778, a s  shown i n  Ftgure B-63. . The 
end of the  cable  connected t o  the  wknch on the  M-52 t r a c t o r  i s  hooked i n t o  
a 25,0008 t i e  down f i t t i n g .  

~ l a ~ s e d  'Time : .24 m i t i  
. . . . . . 

Element 6 (SUl , . 

. ) ,. 
. . . . 

. , .  
Grease shor ing as  .show6 i n  . bigurea ... ;8,:58,., . ' -!.;". . . .,.-r.. .fake :p.i ctvrga of ..the ' .  

e n t i r e  se tup,  r e - r i g  the  p o r t '  sna tch  .block a t  s t a t i o n  .58, which .was f o r  
some reason .improperiy .fastened. 

Elapsed Time: 23 min 45  s e c  

Element 7 (SU) 

Rig a cable  dynamometer a t  the  deadman s t a t i o n  7'78, a s  shown i n  ~ . i g u r e  B-64. . 
Take a p i c t u r e . o f  the  se tup.  The ends of the shor ing a t  t h e  forward .end 
of  . the a i r p l a n e  were. :held f n  p lace  bY,:nylon s t r a p s ,  .as shorn .in F..qgure.B-65. 

. . . 
. . 

Elapsed Time: 4 min 35 s e c  

Element 8 (SU) 

Take up tens ion 'on the  cable.  

Elapsed Time : 1 min .45 s e c  

Element 9 ( I )  

Check a l l  cables .  

Elapsed Time: 50 s e c  

Element 10 (0) 

Winch .forward; , .Plane had s h i f t e d  .si . t h a t  the  r e a r  loading ramp door 
, engaged the t r a i l e r .  

Elapsed Time: 5 s e c  

Element 1.1 (D) 
. . 

Inspection d isc losed t h a t  the  =hocks inder the  a i r p l a n e  had not  been propezly 
sea ted ,  and the  plane had moved i n t o  the  t r , a i l e r .  This was c o t i f i c e d  by 
the  a i r c r a f t  loadmaster. The chocks .had been placed under t h e  wheels . the  
n igh t  before and had not  been. resea ted  f o r  . the  mbr,ning loading .operat tons.  
The t i r e s  had 10s t ' pressure .  due t o  ' change i n  temperature. 

. . 
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Elapsed ~ i m e :  PO rnin 
. . 

. . 

Element 12 CD) 
. . 

Uncouple the  cable ,  . r e e l  i t  back 6n the M-52 winch, $046 the  M-52. back and 
' , . 

h i t c h ' i t  up t o  the  M-172 t r a i l e r ?  

Elapsed -Time: 7 min 10 s e c  
. - 

Element 13 (D) , . 

Reposit ion the  t r a i l e r  and put  blocking under the  t r a i l e r  as shown i n  
.Figure ~ ~ 6 6 ,  

Elapsed ~ i m e :  7 min 10 sec 
I 

Element 14 (D) 

Uncouple the  t r a c t o r  and t r a i l e r ,  Reposition ' fo r  winching as  shown i n  . . . ' 

I 1 . .  
Figure ,3467, .' Reattach cable  f o r  p u l l i n g  aboard. Make sure  the plane 
and t r a i l e r  a r e  chocked proper ly ,  Cable i s  reeved through the  d i f f e r e n t  
snatch  blocks up to  the .deadman a t  s t a t i o n  778,, as shown i n  the p ic tu res  . . 

l i s t e d  above, . 

Elapsed Time: 20 rnin 10 sec  

. . r? 

Element 15 (D) 

Take up s l ack  on cable .  

Elapsed Time: 2 rnin 40 scc  
-- 

Element 16 (0) . r 

Winch forward, The plane 'moved about 1" before the power conversion package . , 

s t a r t e d  t o  move. A rough gage had been s e t  up between the  t r a i l e r  and ,. 
t h e  r e a r  loading ramp load t o  see  jus t exact %y what the s h i f t  was. 

Elapsed Time: 1 min 15 sec  ! 

Element 17 (I) 

Check t h e  alignment of the , load with respect  t o  the,ai . rplane c learances ,  . 

Elapsed Time: 10 s e e  I 

Element 18 (0) 

Winch folward . 
Elapsed Tima: 40 sec 
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Element 19 (.I) . . 

Check alignment. The readfng on the  dynamometer was as  .fo,llows: 

S t a t i c  Reading: . -4600 lbs  !Kkne:ti.c .Reading : .2.7.0.0 lbs  . . 
. .. 

. . 

.. . E,laps.ed Time :: .2 min: 20 .s.ec . . 
, . .  . . ... , 

, . . . 
.Element 20 (0) . . 

Winch fa iyard .  

Elapsed Time: 20 sec  

Move snatch  block which was h i t t i n g  shoring a t  the  locat ion indicated .  
The snatch  block w'as h i t t i n g  the cross piece shown on the r i g h t  hand s i d e  
of Figure Bd56. I ,  

Elapsed Time: 50 see  ) 

Element 2,2 (0) , 

Winch forward, 
I 

Elapsed Time: 32 sec  

Element -23 (I) ' .  ." 

Check al ignuknt.  . 

Elapsed ~ i m e :  8 s e c  . . 

. .  . 

. . Element 24 (0) 

. Winch .forward. 
. . 

Elapsed Time,: 1-5 aec 

Element 25' ('I) . . . . 

- 'Check ali.gnnnent. .' 

Elapsed T,irne : . 2  .sec 

Element 26' (0) 

Winch forward. 

Elap,sed Time: 8 sec  
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Element 27 (Dl 

The .rear of the power conversion sk id  i s  a t  t h i s  point  approximately 5' 
from the  end 'of the  t r a i l e r  ramps as  shown i n  .Figure. B-550 ':,, ' ..(? . 
The rear- end of t h e  load has :moved to  the por t  s ide .  , '  Adj'ust the shoring 
on the  p o r t  s i d e  a t  the  end of the t r a i l e r .  

Elapsed Time: 10 min 27 sec  

Element. 28 (0) 

Winch forward. 

Elapsed Time': 8 s e c  

Element 29 (I) 

Check alignment. 

Elapsed Time: 1 min 7 sec 

Element 30 (0) 

Winch forward. 

Elapsed Time: 6 s e c  

Element 31 (I) 

Check n l i  gnment, 

Elapsed Time: 5 min 37 s e c  

Element .- 32 (0) 

Winch forward. 

Elapsed Time: 1 min 10 sec  

Element 33 (I) 

Check alignment, 

Elapsed Time: 45 s e c  

Element 34 (0) 

Winch forward. 

Elapsed Time: 7 s e c  
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Element 35  (I) 

Check ali'gnmei.lt. 

Elapsed Time: .48 sec 

Element: 36 (0) 
, . . . . . . . . .. . . .' . . . :; . I _  

Winch forward". 
EIapsed.:2ime,:'. 17 s e c  

Element 37 (I) 
. . 

. . 

Check alignment. 

Elapsed Time : ' .3 ,  rnin 18 sec' 

Element. 38 (0) . 

Winch ' fo'mard. A t  t h i s  point  :the load pivoted,  the  r e a r  t o  the  ' p o r t  s i d e .  
. . 

~'lapsed;.~$mte: 1 rnin 13 s e c  

Check alignment. Readjust the  pul leys  t o  p u l l  the  load t o  the  s tarboard .  
This meant t h a t  the D - 1  f i t t i n g  on the  e tarboard  s i d e  was t ightened i n  
order  to  e x e r t  more p u l l  on t h a t  s i d e  and s h i f t  the  load. The D - 1  f i t t i n g  
can be seen i n  Figur,e B-60,. $ I  . 
Elapsed Time: 3 rnin 57 s e c  

. . . . .  
Element 40 (0). 

P u l l  load t o  s t r a i g h t e n .  
I . . 

Elapsed Time: 5 s e c  
. . 

Element 41.  (I) 

Check alignment. 

Eldpsed Time: 1 min 20 s e e  . . '. . ' 

. . . . Element 42 (0) . . 
. . 

winch f o A a r d .  ~t t h i s  moment t h e .  cable  dyrummeter r e i d  . 2300 . i b s  f o r  
the  s t a t i c  p u l l  .and 1950 lbs  f o r  k i n e t i c  ; 

. . . . 

..; ' Elapsed Time: 2 rnin 30 s e c  . . . . -  

. . 
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. . 
Element 43 (SU) . . 

Re-rig the  snatch  block and the  deadman t o  s t a t i o n  372. Note: The s t a t i c .  
dynampmeter p u l l  var ied  between 4300 lbs and 4500 lbs  on the l e v e l  f l o o r  
o f  the  a i rp lane .  

Elapsed Time: 9 min 16 s e c  

Element 44 (0)  

Wineh forward. 

Elapsed Time: 34 s e c  

Ke-seat p i n  in the snaLch block on the p o r t  s i d e .  

Elapsed Time : 5 m4.n 1 see . . 

Element 46 (0) 

Wineh forward. Cable dynamometer readings: 3,000 s t a t i c ;  2200 to  2500 lbs  
k i n e t i c .  

Elapsed Time: 2 min ' , ' 

Element 47 (I) 
1 

Cheek alignment. A t  t h i s  po in t  i t  was noted t h a t  2 x 4 s i d e r a i l s  should 
have been put  on the  s i d e s  of the shoring a s  were used i n  .the C-130 a i r -  
p lane  loading of t h e  r e a c t o r  package, Reference back t o  . t h i s  loading 
recap -- Figure B-35 ind ica tes  the locat ion of these 2 x 4 
s i d e r q i f s  by the r e a r  jump door of the (2-130 a i rp lane .  : . . .  
Elapsed Time: l min 1 7  s e e  

~ k e m e n t  48 (0) . . 

Winch forward. Gable dynamometer reading 3,0008, maximum on a s t a t i c  'pul l .  

Elapsed Time: 27 s e c  

Element 49 (SUL 

Adjust cable and chain t o  s t r a i g h t e n  load, 

Elapsed Time: 6 min 30 s e c  

Element 50 (0) 

Winch ahead t o  s t r a i g h t e n  load. 

Elapsed Time: $5 sec  
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. . 

Element 51 ( I )  
... 

Check alignment. 

Elapsed Time: 1 min 6 s e c  

. Element 52 (0) 

Winch forward. 

Elapsed..Time: 5 s e c  

~lement"  53 (D) 

Readjust cables and chain f o r  s t r a i g h t  pull..   his adjustment, was performed 
by p lac ing a snatch  block about midway between the  deadman and the  load. It 
was.engaged with the  cable,  . fas tened by a D - 1  chain and f i t t i n g  t o  the  f l o o r ,  
so,, t h a t  i t  would exe r t .  a t ransverse  p u l l  on the  cable,  thus moving the  package 
more t o  one s ide .  than the  o the r  . 
Elapsed Time: 3 min 3 s e c  

Element 54 (0) 

Winch forward. 

Elapsed Time: 31 s e c  

. . Element 55 (SU) 

' .~heck"al ignment ,  put  snatch  block back t o  s t a t i o n  301. 

. .  lapsed Time: 8 min 17 ' sec  . . 
: 6 . . 

Element 56 (0) 
. . 

Winch forward, f r o n t  end o f  head twisted t o  s tarboard .  
, . .  

Elapsed Time: 13 s e c  . . . . 

Element 57 (D) . .. 

Slack, o f f ,  a t t a c h  chain to: s t r a i g h t e n  out'. P u l l  forward, s t r a i g h t e n  ou t  , 

l o  ad. 
, . 

. Elapsed Time: 8 min' 

Winch forward t o  po in t  where cen te r  o f  g r a v i t y  of ' t h e  power conversion is  
located . exac t ly  opposi te  s t a t i o n  680. This i s  ' the  po in t  predetermined : 
' to  be the' Zinal  . l oca t ion  o f .  t h e  'power conversion 'package i n .  the  ,C-,133 . . 

. .  . . . 
a i r p l a n e ,  . . . . . . . .  

, . . . 
Elapsed Time: 15 s e c  
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Element 59 (SU) . . 

Tied down 4 corners wi th  chain f o r  the  n ight  a s  shown. i n  Figure B-68. . . 
This tredown was performed simply i n  case the  a i r c r a f t  had to  be moved 
from, t h a t  loca t ion  dur ing the  n igh t .  

Elapsed Time: 15 minutes 

Note: With the  c e n t e r  c f  g r a v i t y  of  the  package located a t  s t a t i o n  680, 
the  r e a r  end of the  power conversion package i s  located approximately a t  
s t a t i o n  605 as  can be seen i n  Figure. B-69.. . 

September 22, 1959 - -  Loading of  the Reactor Package 

The power conversion package and the shor ing were 1 e I ~  in the plane over-  
n i g h t .  The same crew and equipment were used as on 9/21/59, except as  
noted below. Operations began a t  0833 hours. 

Element 60 (AD) 

Wait f o r  too l s  to  be de l ive red .  Wait t o  f ind  out  i f  a i rp lane  has t o  be 
moved to  another  p o s i t  i on  on the  base. Tools a r r i v e d . .  No t i f i ca t ion .  t h a t  
a i r c r a f t  d i d  not have t o  be moved was received.  

Elapsed Time: 37 min 

Element 6 1  (SU) 

Put  blocks under ramp door of plane as shown i n  Figure B-70. . Back 
172 t r a i l e r  up t o  the  r e a r  loading ramp, p lace  blocks under the  r e a r  of 
t h e  t r a i l e r  f o r  support ,  when load i s  moved over the end, as  shown i n  
Figure  R-66. . * .,, Lower 5 th  wheel on the  t r a i l e r .  

Elapsed Time: 15 min 10 s e c  

Element '62 (SU) 

Lay shor ing i n s i d e  plane f o r  support  of the  inboard shock mounts on the  
r e a c t o r  package. The amount of  shor ing involved can be seen i n  -Figure 
B-71. . Shoring can a l s o  be seen i n  Figure B-72. Note t h a t  the  tape 

i s  po in t ing  t o  s a f e t y  s t r a p  t o  p r o t e c t  personnel i n  case of cable  break. 
It has been recommended f o r  the  f i n a l  r eac to r  package t h a t  these  inboard 
shock mounts be removed, s i n c e  they i n t e r f e r e d  cons tan t ly  wi th  the  shor ing 
dur ing loading and unloading opera t ions .  

Elapsed Time: 11 min 50 s e c  

Element 63 (SU) 

Rig sna tch  block, p lace  p ieces  of wood t o  separa te  the  shor ing i n  the 
p lane .  The snatch  block can be seen i n  . .Figures B-72 and.B-73. . : .  The 
deadman can be seen located  i n  the r i g h t  hand s i d e  of .?Figure B-72. and 
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i s  a l s o  shown i n  Figure 'B-74: The ends of the'.sho.ring near  the  power. 
conversion package were blocked and held i n  by snap-locks as  can be seen 
i n  "Figure B-75. . .  This again was t o  prevent the  shoring from s l i d i n g  
t o  the  forward end of the a i r c r a f t  as  the  r eac to r  package moved on the  
shor ing.  

Elapsed Time.:. LO min 25 sec  

Element 64 (SU) 

Continued t o  put  the  separa to r s  between the shoring;  Threaded the  :cable 
through the  pulleys up t o  the  deadman. The method .of: purchase on the  
r eac to r  package consis ted  of two snatch  .blocks, one i n  each. corner. o f .  
the  f r o n t  end, a s  indica ted  i n  Figure B-76%, , A close-up of 'one of the  
snatch  blocks. i s  shown i n  .F igure  B+77. . . The setup a t  the  r e a r  of  the  
a i r c r a f t  p r i o r  t o  r e loca t ing  the  M52 t r a c t o r  f o r  winching opera t ions  can 
be seen i n  ' Fkgure B-78, . 

Elapsed ~ i d e :  29 min 45 sec  

Element 65 '(SUl 

Grease shoring.  Take p i c t u r e s ,  comp Pete p u t t i n g  separa tors  between the 
shor ing.  #,  

Elapsed Time: 14 min 40 s e c  

Element 66 (I) 
. .. 

Check wheel chocks, shor ing and the support  s t r u t s .  A support  s t r u t  and 
a 10,000 l b  t i e  down f i t t i n g  a r e  shown i n  F.i.gure B Q ~ ~ . . '  . 

Elapsed Time:' 8 min 10, s e c  

Element 67 (AD) , 

Coffee break f o r  the  crew. 

Elapsed Time; 13 mfa 

Element 68 (0) 

Winch forward, f r o n t  end of  the  r eac to r  package pul led  t o  the: s tarboard .  

.Elapsed Time: 4 5 , s e c  

Element 69 (0)  

Winch forward, a f t  end pul led  t o  the  p o r t .  

Elapsed Time: 48 s e c  
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Element 70 ( I )  

Ingpeet the  load. 

 lapsed Time': 30 s e e  . . .  

E Pemen t 7 1 ( SU) 
1 

Slack o f f ,  p u t  the deadmn on a 25,000 l b  t i e  down f i t t i n g  a t  s t a t i o n  778. 
The p i c t u r e  taken a t  t h i s  po in t  i s  Figure B-80. 

Elapsed Time: 5 min 15 s e e  

Element 72 (0) -.".- 

Winch forward. 

Elapsed Time: 42 s e e  . . 

~ l e m e r k  73 [SU) 

Slack o f f ,  move t ruck t o  new locat ion;  moving .p ic ture  taken of new locat ion .  
The crane was s e t  up a s  a deadman f o r  the  t r a i l e r  and the  M-52 t r a c t o r  was 
re- located  t o  ge t  a d i f f e r e n t  angle on the  p u l l  i n  an' e f f o r t  t o  s t za igh ten  
t h e  load.  This was a simple r epos i t ion ing  from the  general '8etup. :  

Elapsed Time: 3 onfn 20 s e c  ;" 

Element 74 (0) 

Winch fo.rward. Rear inboard shock was caught o n  sho t ing  which should have . . 
been beveled,  Ref': . ~!gaare. B-81 ,, which p i c t u r e s  t h i s  s i t u a t i o n  but  
does not show it a s  ~ . l e a r l y  as the motion p i c t u r e s  of the  se tup do. 

Elapsed Time: 18 se& 

Element 75 (D') 
. . 

c a r p e n t e r  beveled shor ing wi th  a-  ha tchet .  Note : The chain holding the  ' 

s n a t c h  b locks .on each s i d e  of the package must be the  same length  f o r  
is t r a i g h t  p u l t .  When the  u n i t  f  i s h t a i  1s t o  one s'i de o r  the o the r ,  the  
chain  must be shortened on the  s i d e  t o  which t h e v n f t  moved. 

Ellapsed Time?: . )' mfn 4.5 see 

Element. 76 (D) . . 

. . 

Crew resumed 'ope ra t ing  p o s i t i o n s ,  Note : The opera t ing  pos i  t ions  were . . 

a s  follows : Two observers . i ,nsfde plane,  one near  deadman,one.near snatch  .I. . 
block.  These observers s ignaled  the  se rgean t  i n  charge of  the  winch 
'stationed a t  the r e a r  of the  t r a i l e r  who' i n  tu rn  s ignaled  :the winch .operator  
i n ' t h e  t w c k .  . ,  

Elapsed Time: 55 s e c  
.. . 



.:Element 77 (0) 

Winch f,orward. . ' .. . 
. . 

'Elapsed Time: 2 min 2 1  s e c  

'Element 78 

'Adjust shoring.  
. . 

. .  'Elapsed T i m ;  54 s e c  

element 79 

'Winch forward. ' Shoring a t  t h e .  top of  the  .ramp moued. It 'ihod.ld be  fastened 
. . 

. down i f  pos'sible. . . 

Elapsed Time: . 2 sec  

Element 80 (D)' . . .  . .  . 
' 6  

. . 
. . 

Slack o£f ,  recheck shoring.  , , 

Elapsed Time: 3 min 3 s e c  

Element 81  (0)  . \ 

Winch forward. h a d  a t  t h i s  ,poin t  onij. about 50' o f f  . : ' .  s ' t r a igh t  wi th  respect  
. . . . t o  the cen te r  l i n e  of  the  a i r p l a n e .  . . 

. , 

. . 
Elapsed. Time : 30 s e c  

Element 8 2  (I) 
. . . . 

. . . . 
.Inspect shoring and di'scuss the  problem of .keeping shoring1 from ,b inding '  ; 
on the  inboard shocks, . . . . . , . . 

. . 

Elapsed Time: 3 min 20 sec  

Element 8 3  (D) 

Slack o f f  on the  cable.  Change the' deadman t o , a  Y t i e  down::as shown . i n  
' , 

' . Figure 13-82, . Lay add i t iona l  shoring - i n  the a i rp lane  f o r  , the .  inboard 
shocks t o  r i d e  on, Grease the newly l a i d  shor ing (carpenter  sawed one 

. . add i t iona l  piece of shoring).  
. . 

. . . .  Elapsed Tine-: 9 m i n  10 ses . . 
, . 

. . 
. . ~ f e m ~ n t  84  (0) 

. . 

Winch forward. 

Elapsed, Time.: 34 s e c  
. . .  ... . I . .  . . 

. . 
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Element $5 (D) 

End of shor ing  a t .  t he  top of  the  ramp is  l i f t i n g ,  t h i s  must be pushed 
down, 

Elapsed Time: . 59 s e e  

Element $6 (0) ., 

Winch forward. Shoring for inboard shocks i s  not  beveled a t  each succeed- 
i n g  board and should have been. 

Elapsed Time: 1 min 27 s e c  

Element 87 (0) 

Winch forward. 

Elapsed Tisnea 15 scc 

Element 88 (D) 

Added wedges f o r  inboard shoc.ks. 

Elapsed Time: 2 min 45 s e c  

Element 89 (0) 

Winch forward, 

Elapsed ~ i i e :  42 s e c  

Element 90 (01 

Adjust shor ing under package, 

Elapsed Time: 30 s e e  

E l ~ . m ~ . n t  3 L( Q) 

Winch. forward. 

Elapsed Time: 2 s e c  

Adjust shorf  ngo 

Elapsed Time: .24 oee 

Winch forward, 
. . 

 lapsed Time:' 2 sec '  



. . .  

. .. ' 

. . 

. . . . 

'Element 94 (D) 

Adjust, shoring.  . . 

. ~ l a p s d .  Time: 5 s e c  

. . a .  

. . . . 
. . . . 

~ e p 0 . r  t ' No. 
' .  .. 

Element 95 (0)  

Winch ' forward. . . 
.. .. . 

Elapsed Time: 55 s e c  ' . 

Element 96 (D) . . 

Slack o f f ,  bevel shor ing f o r  a f t  inboard shock. Carpenter a t  t h i s  point  
had to  work . ins ide  the  r eac to r  .package as i s  indica ted  by.  the  s o l d i e r  
shown on the  i n s i d e  of the  package i n  Figure B-81.  . , '.":. - . This 
w i l l  no t  be posSible with the f i n a l  package, s ince  t h i s '  void w i l l  be f i l l e d  
up on the  f i n a l  design. The deadman a t  the  end of  the  winch cable.was 
changed from the  Y conf igura t ion  t o  an i n - l i n e  conf igura t ion ,  as  shown i n '  

. . ... Figure B-80. . ' , . 
Elapsed Time: 10 niin '35 sec  

Element 9 7  (0) 

Winch forward, a f t  end moved t o  p o r t .  

Elapsed Time : . 1 min 5 s e c  

Element 98  (SU) 

Remove s a f e t y  s t r a p  over cable,  s l ack  o f f ,  change deadman t o  a Y. (See 
Figure B-83) ,.. 

, Elapsed Time: 1 'min 10 sec  

Winch forward. 

Elapsed Time : 3 min .17 s e c  

Element PO0 ( S U l  

Rerig . for .  p u l l i n g  the  r eac to r  package t o  wi th in  28 inches of the  power. 
conversion s k i d .  This meant rer fgging the  snatch  blocks as  c lose  t o  the  

. . 
power conversion sk id  as  poss ib le ,  shown i n  Figure B-7.3.. ' .  . ,,. . . .  

Elapsed Time: 11 mfn 43 s e c  
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.Winch forward. 

. . 
Elapsed Time: 35 :see 

. .  . 
Element PO2 (SU) . 

s l i c k  o f f ,  r e s e t  sheave and deadmanb Reset snatch  b.locks and deadman. 

Elapsed Time: 8 rnin 23 s e c  

Element 103 (0)  
" . 

Winch forward b 

Elapsed Time: 22 sec 

Element ,104 (SU) 

Reset deadman forward of  power conversion package. 
. . 

Elapsed Time: 1 7  min 10 s e c  

Element 105 (0) 

Winch forward to f i n a l  p o s i t i o n  wi th in  28 inches of  the  power conversion 
s k i d .  

Elapsed Time: 20 s e c  

Element 106 (0) - -  --... ~ i e d s ~ m  --- ,- opera t ions  

Begin performing tiedown of the  Load f o r  a i r  f l ig t i t .  'The crew s i z e  ,dur.lag 
t h i s  opera t ion  va r i ed  from 2 t o  6 men. . . 

Elapsed Time : , .I ' h r  40 niin 

Element 107 (0) 
-. 

Coinplete t i e  down of both packages f o r  a i r  f f i g h t .  This opera t ion  ended 
a t  1700 hours. 

Elapsed Time; 4 h r s  45 win 

The fol lowing p ic tu res  i n d i c a t e  the  r e s u l t s  of the t i @ d o ~  opera t ion .  . The 
port,  s ta rboard ,  f r o n t  'and r e a r  a r e  with respect  t o  the  a i rp lane  i t s e l f .  . . 

Begfnning wi th  the  f r o n t  end o r  forward end of the a i rp lane ,  the.power con- \ .  

vers ion  package tkedown.. system i s  shown i n  Figures B-84 and B-85. , . The . . 
s t a rboard  a i d e  r e a r  end o f  the  r e a c t o r  package wi th  the  power conversion 
package seen beyond i n  .the p i c t u r e  is  shown i n  Figure B-86. . . A d e t a i l  
of  the  f r o n t  end of  t h e . s t a r b o a r d  s i d e  of  the  power. conversion package i s  



. .  . 
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shown i n  :Figure: B-87 .. '. . The r e a r  end, p o r t  s i d e  of  t h e  react0.r  package 
t i e  down 's.ys.tem i s  shown i n  "Figure B-88'!:.. and the  r e a r  . t i e d m  f o r  t h e  
r e a c t o r  are::.shown i n  F igure  .B.-89: . . , These . .  tiedowns a r e  hooked i n t o .  t i e  
down f i t t i n g s  r i g h t  a t  t he  hinge of  t he  r e a r  loading ramp door.  

Element 108 (0 )  - -  Reactor Package Off-Loading Operat ions 

Off load,  s t r a i g h t .  through pul l . .  Note : Prepa ra t ions  f o r  of  £-loading 
,were made whi te  t h e  f r o n t  ' .' ' ,  . I  . : were being p u t  i n  p l ace .  .. . 

Elapsed Time: 5 min 30 s e c  . . 

Element 109 (I) : 

One shock . i s  d igging  i n ,  (an inboard shock) .  
I 

. . 

Elapsed Time:. 2  min 30 s e c  

Element 110 (0)  

Off load .  

Elapsed Time: 30:.see. . .  ..; 

Element 111 ( S U l  

Remove cha in  which was holding sho r ing  from s l i d i n g  o u t  of  a i r p l a n e .  .Th i s  
cha in  was loca t ed  on the  a f t  end of  t h e  sho r ing  i n  a  manner s i m i l a r  t o  t h e  
s t r a p  shown i n  F igure  "B-.65;, ' .  f.+ri.:: ,and was used f o r  the  same .purpose;. . '. 

Elapsed Time: 12 min 20 s e c  

Element ,112 (0 )  

Off load.  

Elapsed Time: 20 s e c  

Adjust sho r ing .  . One shock was d igging  i n t o  the  shor ing .  

Elapsed Time: 4 min 20 s e c  

Element 114 (0)  

Off load.  

Elapsed Time: 20 s e c  

I : .  

8-71 
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Element 115 (D) 

Put  D - l  f i t t i n g  and c h i i n  on each f ron t  corner ,  Note here the moving 
p i c t u r e s  w i l l  have t o  .be r e f e r r e d  t o  i n  order  t o . s e e  the  exact  method of 
purchase on the  reac.tor"paekage durf ng o f f  loading., 

Elapsed Time: 8 rrnfn 40 s e c  

Element 116 (0) 

Elapsed Time: 15 s e e  

Element B 17 '(D) . . 

Put  longer chains on the  D - 1 ' s  a t taehed a f t .  Pound shoring down i n  f r o n t  
s o  t h a t  the  f ron t  sb&k% w i l l  not  d i g  i n t o  the  shoring,  A s ledge hammer 

. . was used a t  fhfs p o i i ~ t  t o  pound the shrine down. , . .  . , ,  . 

Elapsed Time: 1 mfn 55 sek 

Element P I 8  (0) 

Off-load. 

Elapsed Time: 15 s e e  

Element 189 (SU) 

Remove chain  holding down shoring.  

Elapsed Time: 5 see. 

Off -Isad. 

Elapsed Time: 2 win 10 see '  

Element 121 (0) 

Off -load, 

1 i l a p 3 ~ d  TLLW-I 3.5 SCC, . 

Element '122 (SIB) . . 

Slack o f f .  Remove chain from s tarboard  s ide ,  a t t a c h  sheave to  s t r a i g h t e n .  
The @heave was a t tached on the  cable between the reac to r  package and the .  
M-52 winch .drum i n  an e f f o r t '  t o  s t r a i g h t e n  .the load. 

Elapsed Time: l min 10 s e e  
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Element 123 (0) 

Off load. The load'  is' now s t r a i g h t .  

Elapsed Time': 30 s e c  

Element 124 (SU) 

Reattach chain t o  s tarboard  s i d e  f o r  s t r a i g h t  p u l l .  

Elapsed Time: 1 min 35 sec  

Element 125 (0) 

Off load. Remove cable  from r e a c t o r  package. 

Elapsed. Time: 1 min 35 s e c  

Note: The M-52 t r a c t o r  was hooked up. t o  the  t r a i l e r  and the  load taken . 
t o  the  s t ag ing  a r e a  o f f  the  a i r  s t r i p .  The reacto'r package was o f f  loaded 
by the  crane and then the  crane and the  M-52 and M-172 returned t o  the a ' i r-  
plane a t  1925 hours, a t  which time prepara t ions  were made f o r  o f f  loading 
the  power convers.ion package, 

Element 126 (SU) ' - -  Power Conversion Package Off Loading Operations 

Set  up f o r  o f f  loading, p o s i t i o n  the truck and the  winch, e t c .  

Elapsed Time; 14 min 55 s e c  

Element 127 (0)  

bff  load thepower conversion package, one continuous s t r a i g h t  p u l l .  Things 
went r a t h e r  we l l  during t h i s  element. 

Elapsed Time: 3 min 50 s e c  

Element 128 (SU) 

P o s i t i o n  snatch  block on M-172 f o r  por t  p u l l  t o  the  cen te r  of  the  power 
conversion sk id .  

Elapsed Time: 6 min 23 s e c  

. . 
Element 129 (0) 

Off load. A t  the  end of t h i s  element the c e n t e r  of load wao a t  the  top 
of  the ramp. The. r e a r  of the pover conversion package had f i s h t a i l e d  
t o  the p o r t  s i d e .  

Elapsed Time: 47 s e c  
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Elenaent 130 (D) . . . . .  
. . 

S t r a i g h t e n  load,  put on a chain a t  'the. r e a r  of the power cqnversion pack,- 
age i n  an  ' e £ f o r t  to  s t r a i g h t e n .  . : ' 

. . . . . . . . .  . . .  . . 
: . ,. Elapsed Time: . . .  . 2 . nain . 45 s e c  

. . 

Element 13 1 :' (D) . ' 
. . 

. . .  . . . . ~ p p l y  t e n s i b n t o  s t r a i g h t e n  l o a d ; ,  , .. 

Elapsed Ti'meb. 5 ; ' s . e ~  

Element 132 (I) 
. . 

Inspect  alignment. 

Elapsed Ti*: 2 min 10 s i c  

Element 133 ( 0 1  
. . 

, . 
Off load,  ' 

Elapsed Time: 35 s e e  

Element 134 ( D l  

Remove broken shoring a t  the  point  where the shoring meets ' the channel 
covering.M-172 wheel we l l s .  ' P u t  a snatch block on the  t r a i l e r .  

Elapsed Time: 5 min 5 s e e  . . 

Elekerat 135 .([I) -,... . . 

0£f  load; 

Elap'sed' Time : 10' sec  

Element 136 (I) 
' i 

Check alignment. 

Elapsed .Time:. 15 sec  

Element 137 90) 

Off load. 

Elapsed Time: 10 sec  

. . 
. . . .  . . . . _I 
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Element 138 ( I ) .  
. . -  

I Inspect  load, inspect  alignment, remove snatch  block which was a t tached 
t o  the  . t r a i l e r .  

.Elapsed Time:' 45 s e c  

Element 139 (0) 

Off load.  

Elapsed Time : . 43 s e c  
. . 

~ l e m e n t .  140 (SU) 

Rerig the  winch cab1.e s i n c e  the  chain a t  the  end o f ' t h e  cable had been 
reached. 

Elapsed Time: 1 min 27 s e c  

Element 141 (0) . . . . . . 

Off load to  po in t  where the  power conversion package is pos i t ioned proper ly  
on the t r a i l e r  . 
Elapsed Time: 35 s e c  

.At t h i s  time the  a i r p l a n e  was completely swepF and cleaned wi th  so lven t .  
The area,'was cleaned and the  equipment was removed t o  the  s t ag ing  a rea  o f f  
the  a i r  s t r i p .  

The crew .worked s t r a i g h t  through, no-t'knocking o f f  f o r  dinner u n t i l  the  
power conversion package was completely o f f  loaded and the  plane was com- 
p l e t e l y  cleaned ou t  and swabbed down. 

~ h e ' j o b  was completed a t  2030 hours. 
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Flgure €4-53 

C- 133 a i rcra f t  

Figure B-9 

C-133, H-I72 t t ~ ~ i ' l e s  ~ 1 1 t h  
power conversion m ~ h p  

Separators used betwen 
shoring; power conwwsi'an 
mckup remd>y for laaclirrg 



Figure 8-56 

;10t@-up of  rrrparatars be- 
tween shoring 

Figure 8-57 

Snap-on f i t t i n g  used to hold 
shoring I n  place 



Figure B-58 

1 Applying grease to  shoring; 
tape points to  snap-lock 
f i t t i n g  holding shoring i n  
place 

Figure B-59 
I 

Wood blocks supporting rear 

I door loading ramps, e-133 

'Chains and 0-1 E E e d u m  dewiurr 
attadtad t o  power c01)ubcsh 
lnockup 
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Figure 9-61 

Chain, D-1 devfcas, and 15- 
tori snatch block on polder 
conversion mockup 

Figure 6-62 

Inside C-133 a i r c r a f t  



Figure 8-63 

. Deadman end o f  cable attached 
to 25-lb tied- f i t t i n g  in  
C- 133 

Figure 564 

Dynamometer on . end 
of  cable 1 .< 

Figure 8-65 

Nylon safety strap used to 
prevent shoring longitudinal 
mot ion 
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Blocking under t r a i l e r  

Figure B-67 

Tractor re-pos 9 11 uned to  re- 
,sume winching operat ion a f t e r  
interrupt ian t o  move t rat  ler  



figure B-68 

Power conversion mockup t ied 
down i n  C-133 for safety, 
overnight, pr ior to  loading 
reactor mckup 

Figure 8-69 

Af t  end o f  power conversion 
mockup inside C-133 

Figure 8-70 

Support t hg b tuck ' rwrder 
loadfng r m p  o f  GI33 

rear 
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Figure 5 7 1  

Shorlny la id  to support 
inboard shock moullLs on 
reactnr moskur 

Figure l3-72 

Taps points to safety strap 
for personnel protection i f  
a b l e  should break 

Snatch block used during 
loading operstions;tape points 
to f i t t i n g  which prnvanted 
lateral  motion ol: Sharing 



Figure 574  

Tape indd W e s  dad d of 
winchimg cable, lroalasd into 
tied- f i t t i n g  

Figure 8-75 

Tape points t o  map lock 
f i t t i n g  t h e  holds Sfmwfrtg 
i n  pJPace 



Figure 8-77 

Snatch block connected to 
reactor mockup prior to load- . ing0nt0c-133 

Figure 8-78 

Setup a t  rear o f  G I 3 3  prior 
to rolosding H-52 tractor 
for wlnchlng operation 

Close-up o f  10,000-lb 
- t i d m  f l t t i n g  on C-133 



Figure 6-80 

Desdman re loa tad  near cea te r  
o f  a l  rcraf t 

Figure 8-81 

Inboard shock mounts on reac- 
tor mockup binding on shoring 
during loading 



Figure B-83 

Deadman re-pos i t i oned ; tape I ns, 
d f a t e s  snap lock f i t t i n g  



Figure 8-84 

Figure 8-85 

Ti  edowns at port, , forward 
end of power conversion 

, -*P 

Figure 8-86 

Tiedowns a t  starboard, a f t  
end o f  reactor mockup 



Figure B-87 

Tiedown a t  forward, starboard 
side o f  power conversion mock- 
up, i n  C-133 

Figure 8-88 

Tiedown System - a f t  end, 
p6t t  a ide o f  reactor meckup 

Figure 8-89 

Tiedown system - also a t  
a f t  end. port side o f  
reactor mockup 





. . 
\ 

Militmy Charac te r i s t i cs  (Cont'd) - 7 -  
. . . . . . 

E. ~ a d i o a c t i v e  waete from the plant  w i l l  be kept t o  a minimum. 
: Msponal of radioactive waste w i l l  be in accordancd with 

f i e l d  procedure. approved by the  Chief Chemical o f f ice r .  
'(NWE: Dieposal w i l l  -be subject  t o  AEC approved prdceduree 
.at. NRTs). 

T. The plant  vfll b e  comy~etely  ee l f - suf f ic ien t  t o  permit s teady  
.e ta te  operation without the need ' for aux i l i a ry  equipn~ent, 
For startup and shutdown operations, the plant should r e  quire 
no more than a 45 KW d ie se l  and necessary constrlicti.on 
equipment f o r  e rec t ion  of the supplemental expedient shield.  
Equipment for e ~ p e d l , s n t  shial'd conetruction eha l l  not be part 
of overa l l  p lan t  equipment. 

a. The p n w r  plant  i h r l l b o  equipped with all special. purpoec 
too la  required f o r  normal mint.enancc and +artup, b u t  not 
f o r  refueling.  Specid. equipment and procedures r a i l ~ . i r e d  
f o r  f i e l d  refuel ing s h a l l  be specified.  The plant shall  be 
equipped with co'mplete'operating manuals (AR 310-3') defining 
de ta i led  operati.ng, moi.c~l;smce, i n e t a l l a t i o n ,  pnd relocati.on 
procedurom. 
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TABULATION OF ELEMENTAL TImS 
C - 12 4 LOAD INLOPE RAT IOVS - 
POWEK CONVERSION PACKSA 

- 
SU 0 I D AD 

OP OP OP 0,' . 02.. 
No. H M S No. H M S No. H M S No.. H M 3 No. H M .  S 

2 5 3 20 
Total 2 5 1  . 10 16 6 3 5 1 12 59 
Round- 

0 i . t .  51 . 16 ,. I. 13 
_I_- 

TIEDOWN OPERATIONS 
'i 

-..* ---- 
OFF-WADING OPEHATIONS 

.- 
Total 1 2 8 -9 24-- 1 45 31  2.8 
Round. 
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. . 

. . . ELEMENTAL DESCRIPTION AND ELAPSED TIME 
FOR ML-1 PPOCK-UP WADING TEST 

ON C-124 AIRPLANE. . . . . 
. . . . .  

. . . . . . 
. . September 23, 1959 -- poker ConGers ion  .Package Mockup ,. 

The c r e w  was the  sanie a s  f o r  the  two previous a i r c r a f t .  The too'l  l 5 s t  
. . . , was the  same except a s  follows : : 

. . .  . . 
. . . . .  . . 

Due t o  i t s . a v a i l a b i l i t y  on a i r f i e l d s ,  a EucPid tow ' t r a c t o r . w a s  used t o  
p u l l  the  power 'conversion i n t o  the  C-124. This t r a c t o r  has a ,  27,000 l b  
drawbar p u l l  capaci.ty. 

, . A t  0953.hours. the  shoring a r r ived  v i a  t r a c t o r  and t r a i l e r .  

Element 1 (SU) .% 

/ 

The C-124 Globemaster has a forward cargo loading door of the  clam s h e l l  
type. The a i rp lane  can be seen i n  Figure B-91. . The cargo door and 
loading ramp can be seen i n  Figure 13-92. . This element cons is ted  of 
prepara t ion  of  the  a i r p l a n e  f o r  loading the  power conversion package. 
2 x 12 shor ing was c u t  and placed 3 pieces wide on the  ramp as shown i n  
Figure.  3-93. The 15,000 l b  t i e  down r ings  were placed i n  t h e i r  threaded 
holes  i n s i d e  the  a i r p l a n e  before shor ing was l a i d .  The shor ing i n  the  plane 
can be seen i n  Figures,B-94 and B-95. Approximately 40 f e e t  of  
shor ing was l a i d  ou t  from the  end of  the  ramp on the  runway as  seen i n  
Figure  B-96. 

Elapsed Time: 1 h r  37 min 

Element. 2 (SU) 

P o s i t i o n  M-172 t r a i l e r  s t r a d d l i n g  the  shor ing on the  ground, a s  shown i n  
Figure BA97, . The 20 ton crane was placed a t  r i g h t  angles t o  the  C-124 
loading ramp on the p o r t  s i d e .  S l ings  from the  crane were a t tached t o  
t h e  package. This se tup can be seen i p  Figures B-98 dnd B-99. ' . The 
p i c t u r e s  show the  se tup a f t e r  the  crane has removed the  power conversion 
package from the  M-172 t r a i l e r .  

Elapsed Time: 6 min 50 sec  

Element 3 (SU) 

Hoisf, ,power conversion package from t r a i l e r .  P u l l  t r a i l e r  ou t  from under 
load tQ. 'posi t ion seen i n  Figure B - 9 9 6 ' .  . . 

:. . . - 
. . 

Elapsed Ti9e: . 11 min.10 s e c  . . .  . 
- .  

~ n L h a c k l e  the  crane s l i n g s .  Back the  crane t o  p o s i t i o n  s'hown ' in Ffgures: 
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- .  

, . B-100, and B-111. . A t  t h i s  p o i n t  the  'crew took time off  f o r  . lu&h. . The : . ' ' ' 

t ime was 1845 hou'rs . . . 
, 

.Elapsed Time.: 3 min 30 s e c  
. .  . 

- The crew re turngd.  from lunch a t  1300 hours. '  The general  se tup can b t  
seen  i n  . ~ i g u r e s  : B-10.2.. land :B-103.. . . The ~ u c b i d  ,tow t r a c t o r  is  shown i n  
p o s i t i o n  i n  these p i c t u r e s .  . It w i l l  a l s o  be noted ' that  the  crane '  as seen 
i n  Xigure BL.103 is  i n  p o s i t i o n  to  e x e r t  a p o r t ,  r e s t r a i n i n g  force and 
t h e  M-52 t r a c t o r  winch is  i n  p o s i t i o n  on the oppos.ite s i d e .  The.M-52 
can ba re ly  be seen i n  , the l e f t  hand . s i d e  o f .  the  Figure.  ..Br102. . The,. M-52 
was i n  p o s i t i o n  t o  e x e r t  a r e s t r a i n i n g  force ori the s tarboard  s i d e  o f - t h e  
power conversion package. Note : . P o r t  'and s tarboard ,  a r e  taken with .respect 

. . 
t o  the  a i r p l a n e  only .  

: : 

Element 5 (SUl 

Grease the  shciring, thread the cable f o r  ~Jnch ing .aboard  the a i r c r a f t  and 
p o s i t i o n  the  equipment. The cable was a t tached t'o . the  f ron t  end of 'the . , ' 

.. power 'conversion s k i d  us ing D-1 f i t t i n g s  .and a, chain a t  the corners.  These . 
chains .ran t o  a c e n t r a l  purchase point  along the cen te r l ine  of the  power , 

conversion skid .  However, no snatch  block was; us:ed a t  . t h i s  cent.ra1 p u l l  
p o i n t .  The cable was run back through the  a i r c r a f t  and' through tyo snatch  
blocks a t  the r e a r  end of  the  a i r c r a f t  a s  shown i n '  Figure B-104.'.. It 
was run back out  through the a i r c r a ' f t  and hooked on t o  the'.Euc.lid :tow 
t r a c t o r .  . . 

~ i a ~ s e d  Time: 50 min 40 s e c  . .  
. ,  . 

. . . . 

Glement 6 (0) - 
WS nch, forward. 

Elapsed Time: P min 2U.sec 

Element 7 ' (I) 

lnspect  alignment. 

Elapsed Time: 35 s e e  . 

Element 8 (0) 
r .  

Winoh forward, 

Elapsed Time:" 30 s e c  
. . 

Element 9 (D) . .  . . . . 
. . 

Tighten s a f e t y  and s .horing 'which hid  s l ipped.  An explanation of . the 
s a f e t y  1ine.s i s  -as  fs l lows~.  A t  . the top of t h i s  very s t eep  loading .ramp 
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. . 

a s  can be seen i n  ~ igure -B-94 , .  , D - l  f i t t i n g s  and chains were run around 
the  ends of the shor ing i n  an e f f o r t  t o  r e s t r a i n  the  t h r u s t ,  i n  the  d i -  
r e c t i o n  ind ica ted ,  a s  the  power conversion package was dragged up t h e  
ramp. b o t h e r  s a f e t y  precaution is  shown i n  Figure B-93, , , where nylon 
s t r a p s  were used a t  the  ends of  the  shoring.  This ,  i n c i d e n t a l l y ,  shows the  
se tup  during o f f  loading. This was simply t o  keep the shor ing from buckling 
up as the  f r i c t i o n  forced the  shor ing together .  Af ter  t h i s  loading t e s t  i t  . was decided t h a t  the  very longest  length of shor ing poss ib le  should be used, 
and t h a t  because an attempt was made t o  f i l l  i n  every l i t t l e  void r a t h e r  
than simply over-lapping long pieces  of shoring,  much time was l o s t .  
Every time the  shor ing moved (one p iece  r e l a t i v e  t o  another) ,  and bound up, 
the  only way t o  smooth i t  ou t  was e i t h e r  t o  saw i t  o f f  o r  chip i t  o f f  wi th  
a hammer and c h i s e l  o r  ha tchet .  It was a very time consuming process.  

Elapsed Time: 10 min 45 s e c  

. . . .. : ., . : 
' . ... '. . : - ~ l e i e n t  10' (0).  . .' . , . .  . . , . . 

. . . . .  
. .  . 

Winch forward. 

Elapsed Time: 1 nain 10 s e c  

. . ' 
' ~ i ~ h ; e n .  s a f e t y  chain,  reference Figure B-94, remove web s t r a p s  h o l d i n g  

. . 
down shoring,  r&ference ~ i g u r e  B-103. ., ' . .  ., . 

. .  . . . 

. . "  :Efapsed .Time:,'. 2"min 50 s e c  . ' . ' 
' .  . .. . . . 

. . .  

Element 12 (0) 

Winch forward. 
. . 

. . . .. E'laps&d ~ k e :  55 s e c  . . '  I 

Element 13 (D) 
. . 

. .  . . . 
. . .  . . .  ' . . . ;Shoring. buckl'eh a t  i n t e r f a c e  between two l eng ths  of  shoring.  This had to  

. . 
' .b&.pushed down f l a t .  . ( 

Elapsed Time: ., 25 s e c  .: . 
. . 

Element 14 ' (0 )  

Winch forward. . ,  At .  t h i s  . po in t  - the  ' r e a r  of thg conversion package . . 
. . 

. . :.- f s."haff  way 'up the  ramp'. ~ e f e r e n c e  Figure B-105 +nd B-106 ' for s i d e  c learance .  \ 

. . . ,  
.. . 

. . 
, . 

. .  . 
. I .  . : .  

. . .. 
. . 

Elapsed Time::. 25 s e e  

. . 'Element 15 (D) 
. . .  

R i g .  snatch.. b&ck i n s i d e  plane on s&tbpard s,ide,.  hi$ was done i n  an e f f o r t  
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to. s t ra igh ten  mt the load and Eorce the cable to pu l l  toward the 
s tarboard sf de . , . . . 

. , 
. . 

. . . .  . .. Ebapsed rime.: 7, d n  10 sec . . . .. . . . 
, . 

. . : .Element i6- ( D ) .  . '  

. . 

Release chains b . l d i n g . t h e  end of the shoring a t  the top of the ramp. The 
f ron t  end of i he  power conversion .package' i s  now a t  tha t  p.oint. Put sa fe ty  

. . .. chains across :?able and grease shoring.' , A man i s  stationed a t  the t a i l  
. .. 

. ..,: stand i n  case .  the center of gravi ty  o f .  the airp.lane s h i f t s .  and the tai l .  
' ' drops -dawn. This t a i l '  stand caA be seen i k e d i a t e l y  under the t a t 1  of the 

a i rplane , i n  Figure B-102. . . , -  . .-. - .  It is very kmportant tha t  a man, be 
s tatioved a t  t h i s  point on the C- 124; otherwise' the plane may drop down on 
its t a i l  and be Jamagcd. 

 lapsed Time: 6 min 40 sec 

slemene 17 ( 0 )  

Winch forward. 

~ l a ~ s e d  Tipne,: 59 sec  

Element 18 (D) 

Push shoring back.'into place,  
. . ..' 

 lapsed Time: 17 min 6 sec 

Element 19 (D) 

Fix shoring, 

Elapsed T i e :  18 min 3U sec  

'Element 20 (D) , . . .  

F1.x ohoring. and fas ten down. 

8 ,  

elapsed Tiunc: 1'4' min 15 sec 

Elemeat 21 (01  

Pu 11 load forward to  . s traigheen . 
.'  ' 'Elapsed Time :-.' 8 min .2 see  

. . . .. 
. . 

: . ~ l e * e n t  22 (Dl 

Remove enatch block inside: 6n starboard. 

. . .. . 
Elapsed Time:' 5 min 18 sec 
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Element 2 3 ' ( 0 )  . . 

Winch forward. 

Elapsed Time: . 20 s e c  

Element 24 (0).  
. . 

. . . . 

Adjust shor ing .  

.Elapsed Time: 6 min 5 s e c  
. . 

Element' '25 (0)  
. . .  

Winch forward: ' to f inal :  p o s i t i o n  i n  p lane ,  a s  shown i n  ~ i g & e . . : ~ - 1 0 7  .... . 

Elapsed Time: 3 min 20 s e c  . .,: 

Element 26 (SU) 
1 

, u n h i t c h  cables  and r e e l  cab le  'back on the  drums. 

: , E l a p s e d  Time: 2 min 0 s e c  

Element 27 (0) 

proceed wi th  the  tied*. of  t he  power conversion package. 

Elapsed Time : 1 h r  7 ' min 

A t  1645 hours the  'crew knocked o f f  f o r  the  day a i d  s t a r t e d  aga in  a t  9010 
hours .on  9 124159. 

The tied-..[ was performed us ing  t h e  diagram i n  the  C-124 a i r c r a f t  loading .. 
t e s t  manual .as a guide.  

Element 28 (0)  

The ':tiedown ope ra t ion  was f i n i s h e d  a t  1040 hours .  This included 20 
minutes . for  a co f f ee  break.  

Elapsed Time: 1 h r  10 min 

Element 29 (AD) 

Take p i c t u r e  of  the  se tup .  

Elapsed Time: 25 min 

Note: For purposes of explana t ion  Lhe s r i e n t a c i o n  i s  p o r t  and s t a r b o a r d  
wi th  r e spec t  t o  the  a i r c r a f t .  Reference F igure  B-108 shows the  forward 
end of the  power conversion package t i e d  down f o r  l ong i tud ina l ,  l a t e r a l  
and v e r t i c a l  r e s t r a i n t .  Proceeding a long  the  s t a r b o a r d  s i d e  of t he  power 
conversion package, F igures  : B-109 and 5.B-110 show the s t a r b o a r d  d ron t  
end. Proceeding around t o  the  r e a r  of the  power conversion package, Figtire 
B-111 shows the  r e a r  s t a rboa rd  top s i d c  t i e  down connect ions t o  t he  power 
conversion package. Proceeding around t o  the  r e a r  of t he  power conversion 
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package, Figure B-112.' s.hows some of the  tiedowns:.: . connected ;to the 
f l o o r  add shows the  w h i f f l e  t r e e s  and D-1 devices i n  f a i r  d e t a i l .  . . 

The p o r t  r e a r  s i d e  d e t a i l  of the .  tiedowns:; a r e  shown' i n  ~ i ~ u r e  B-1'3 : 
and +Blk; . 

, , 

Flgure  .B-15 . shows the  p o r t  r e a r  tiedikans; . ' .F igure  B-116 shows the  
po,rt f r o n t  end t i e d  do&. These same chains can be seen a l s o  ' i n  the  . ' 

r i g h t  - hand s ide; d f  ;Figure B- 108. 
' 

.. . ' The, reader has now completed 
c i r c u i t  of  the  power conversion package t i e d b n  -. sys  tem. 

( .  1 

Element 30. (SU) 
( 

Remove the  ' tied;own f i t t i n g s  and ' s t o r e  the  . chains,  D- 1 and C - 1 devices 
i.n the  ' r ecep tac les  a t  the  r e a r  of  the  a i rp lane .  

*: . , :.,, 
I . - _  . .. 

. . . . , .  : ., Elapsed Time: 10 mfn. I;..-.. . .  
. . 

Element 31 (SU) 
I 

Replace shor ing i n  the  a i r p l a n e  -- rig .the cable  -- p o s i t i o n  the  M-52 
f o r  o f f  loading. ' . . 

Elapsed Time: 20 min 

Note : . ' The crew took o f f  f o r  lunch a t  1'135 hourb. Crew returned from 
lunch a t  131 5 hours. 

Element 32 (SU) . . 

Element cons is ted  of completing shoring and r igging f o r  o f f  loading. 

Elapsed Time: 11 min 

~ l e m e n t '  33 (AD) . , 

Take p i c t u r e  . 
Elapsed Time: 3 inia 55 s e c  

Element 34 (SU) -- .- 

G e t  s i g n a l s  s t r a i g h t  wi th  the  crew and pos t  the guides a t  ehe Iollowing 
pos i t ions .  Two men were posted i n s i d e  the  a i r p l a n e  a t  the  r e a r  of the 
povcr conversion package; one man was posted on the  s tarboard  wing o f  
t h e  a i r p l a n e  g iv ing s i g n a l s  t o  anoeher uaan od tht! grnund at the foot  of 
the  ramp and t o  a man out  by the  M-52 t r a c t o r  who gave f u r t h e r  i n s t r u c t i o n s  
to  the  winch o p e r a t o r ,  

Elapsed Time; 1 min 
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Element 35 (0) 

Off --load. 

Elapsed ~ . ime :  1 min 12 s e c  

Element 36 (SU) 

Tie down shor ing f o r  longi tudinal  and s i d e  movement ins ide  of a i rp lane  
. as  can be seen i n  Figure B-117 with the  power conversion package a t  the  

brink .of the  ramp duriog o f f  loading op.erations. It can a l s o  be seen t h a t  
f o r  o f f  loading, a snatch  block was used, 

Elapsed Time: 20 min 8 s e c  

Element 37. ( D l  

of'£, load. Two outboard pieces of shor ing on each s i d e  moved sideways 
a t  the  top of the  ramp. 

Elapsed Time : 2- s e c  

Element 3.8 (D) 

Re-position shoring.  

.Elapsed Time: . 20 min 53 s e c  

Element 39 (0) 
. . 

Off load. :... 5 ., . . 

Elapsed Time: 5 s e c  

Element 40 (D) 

Rig plane winch a t  the  back of the  power conversion package. It was 
foupd a t  t h i s  po in t  t h a t  the  r e a r  end of the  power conversion package 
had t o  be hois ted  up i n  order  to  reduce the f r i c t i o n a l  t h r u s t  on the  
shoring so  t h a t  the  o f f  loading could be performed much more smoothly 
up t o  the  po in t  where the  power conversion package t ipped t o  a pos i t ion  
p a r a l l e l  wi th  the i n c l i n e  of the  ramp. 

Elapsed ~ i m e :  2 min 40 s e c  

Elkment 41  (D) 
.. . 

Adjust shoring wi th  plane winch. 

Elapsed Time: 4 min.25 s e c  
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Elemeat 42 (0) 

Off-load.' " 

: : ~ i a p s a d  Time : 1 mia 20 S ~ C  ' 
. . . .. .. . 

. Inspect  alignment. . . .  . 

Elapsed Time: 1 min 45 sec  
.. . . . 

Element 44 ( 0 ) '  . 

Off-load. . 

Elapsed :Time : 4 min '30 sec . . 

Element 45 (D) .' 

~ d j u s i  shoring on ramp, lap shoring.' 
. . 

Elpased Time: , 2 ,  mtn 

Element. 46 (01  . 

Off-load. .Re-checked ground. 

Elapsed Time: ' I  min 5 sec  

Element 47 (0) 

Off -1oarl. 

..Elapsed ~ i m e :  0 min 55 sec  
. . 

. . 
Element 48. (D) 

Adjust shoring. 
. , 

Elapsed Time: 1 min 30 sec  

Complete off  loadi.ng, . . 

Elapsed Time: 0 .min 10 sec  
. . 

1500 hours: Jo! completed --.comm&nce cleanup. 
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C-124 loading ramp (note clam- 
she1 l doors) during preparations 
for  loading power conversion 
mockup 

Figure 0-92 

I Nylon safety straps used t o  
1 prevent s l  ippage o f  the shor- 
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Figure B-94 

Shoring in place on ramp 

Shoring h e l d  III plsce against: 
longitudinal movement 



Figure 8-97 

Figure 8-98 
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Power conversion rnockup on 
M-172 t r a i l e r ,  pr ior  to be- 
ing hoisted by crane 

Genera 1 arrangement o f  equ i p- 
ment during loading 

FOQU~C 8-99 

Ansthr vlew of equtpnrent 
during conversion 
mockup loading ~ p ~ r a t l e n s  
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Figure 8-100 

Equipment read ied for loading - 
power conversion mockup 

Figure &1Q1 

Mockup a t  end of loading rmp, 
ready for winehtng 
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1 Figure 8-102 

View o f  preparations for 
loading pow& conversibn 
mockup 

View from top o f  loading 
ramp. Note 20-ton crane 
(upper l e f t )  for  applying 
rear restraint  

I 

Figure 8-103 

Snatch blocks used a t  a f t  I end of  a i rcraf t  for reversing I cable direction 
- 
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Figure B-105 

rl~br&n(;g I-t*twcnn power 
~ c m v e r s i ~ n  mockup Ind a i r -  
 raft, Starbwrd side, 
halfway up loading ramp 

I Figure 8-106 

Clearance on port  side. alsr, 
halfway up laadir~g ramp 

$ 
I- 
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I Mockup i n  f ina l  position 
inside C-124 

3 Figure 8-108 

Tiedwn arrangement, forward 
end o f  a i rc ra f t  

I Figure B-109 

Tiedowns a t  forward end o f  
a i rc ra f t ,  starboard side 
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Figure 8-110 

Tiedowns, starboard, forward 
end o f  mockup 

Figure 8-111 

Tiedowns, starboard, a f t  eo-d- 
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I Figure 5112 

Tiedown connections to floor 
of aircraft, af t  , port side 

I , 
Figure 8-113 

Tidown connoctiws, eft, port 

Figure &I14 

Tied- connactions, aft, I port side 
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Figure B-115 

Tiedown connections to  
floor, a f t ,  port side 

Figure 8-116 

Tiedown connections' to  
floor, forward, port 

Figure 8-117 \ .  

\: 
Cable rigged for off - lai4ing 
power conversion mockup. 
Note chain for restraining 
shoring from longitudinal 
movement . 
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APPENDIX C . # 

RAILROAD SHOCK TESTS 

I.  DISCUSSIONcOF THE MASTER DATA SHEET 

The Master bata Sheet a t  the end of t h i s  appendix summarizes d a t a  
obtained i n  the  r a i l r o a d  switching and humping tests and i n  the  tests 
simulat ing an  a i r c r a f t  emergency landing. The t a b l e  i s  l a rge ly  s e l f -  
explanatory, but  some c l a r i f i c a t i o n  may be needed. 

Column 1 is  a p i c t o r i a l  desc r ip t ion  of the  t e s t  condit ions.  A l l  
c a r s  not  s p e c i f i c a l l y  labeled a r e  r e f r i g e r a t o r  c a r s  having an average 
weight of 60,000 l b  . Columns 2 and 3 g ive  the  run number and d a t e  on 
which the  tests were performed. Note t h a t  some tests were not  run consec- 
u t i v e l y  i n  the  f i r s t  s e r i e s ;  f o r  ins tance ,  Run 28 took place  e a r l i e r  than 
Run 10. 

Column 4 l ists  the . -veloci ty  of the  impacting, car; in. the  case  where 
the  package was m o v j n g , ' t h e ' v e l o c i t j ~  of t h e  t e s t  ca r .  Columns 5 and 6 
l i s t  the  ~ e i ' ~ h t  and number of the.  impacting,-cars. Column 7 gives the  con- 
d i t i o n '  of the  shoring.  Note t h a t  Runs 28, 29 and 30 preceeded Run 10, s o  
t h a t .  the  greased 'shoring used f o r  t h i s  l a t t e r  run could be used f o r  subse- 
quent runs. .  column 8 gives the  condf t i o n  of the  brakes on the  t e s t  ca r .  
I n  the  case where 'the moving c a r  s t ruck  the  four s t a t i o n a r y  re . f r ige ra to r  
c a r s ,  the  brakes on a l l  four ca r s  were f u l l y  set. Column 9 l ists tension 
of a typ ica l  nylon t iedown.at  the  beginning of the  run (upper f i g u r e )  and 

. a t  the  end of the. run (lower f igure ) .  A l l  a r e  d i r e c t  readings obtained . 
from a dynamometer placed i n  s e r i e s  with one of the  ropes. 

Column 10 gives  two values f o r  the  maximum rope t e n s i o n  reached.,  
during a run. The upper value was obtained from the  f i n a l  p o s i t i o n  of' 
the  maximum ind ica to r  hand. (Film records from the  high-speed camera 
showed t h a t  the  maximum-indicating hand of the  dynamometer was thrown 
p a s t  the  po in t  of maximum tension during most runs having impact veloc- 
i t ies  g r e a t e r  than 8 mph.) The lower value  (sh .kn i n  brackets)  i s  e i t h e r  
t h e  value read from the  f i lm,  o r  an es t imate  of the  maximum tension made 
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from Figure C-1'. The values  based on Figure,C-1 were marked with an 
a s t e r i s k .  The est imated values, a r e  more accur,ate than the  upper values,  
bu t  not  a s  .accura te  a s  the  r a c k e t e d  numbers. 

, .  . . . 

Column 11 gives  the  s c r a t c h  gauge readings f o r  hor izonta l  displace- 
ment. Scratch gauges were no t  added u n t i l  Run 10. Pos i t ive  nymbers 
represen t  the maximum d i  s tance the  package mwed from i t s  rest p o s i t i o n  
toward t h e  "plower conversion package" end of the c a r ;  negatiye numbers 
i n d i c a t e  the  d i s t ance  the  p a ~ k a g e  mwed toward the "reactor" end of the  
c a r .  Column 12 l i s t s  the  dispacement readings from Visicorder char t s .  
These readings a r e  probably less accura te  than t h e  s c r a t c h  gauge read- 

. ings .  (See d iscuss ion of e r r o r s ,  P a r t  111 of t h i s  appendix). The f i r s t  
reading i g  the maximum package displacement i n  the  d i r e c t i o n  opposite  
t h a t  of impaot. The secnnd reading Lists the  maximum package displace-  
ment i n  the  o ther  d i r e c t i o n .  

Column 13 gives  the'  delay,  i n  mfll iseconds , from the  moment of 
impact t o  the  po in t  where. the  package'.begins t o  move.. Column 14 l ists  
the  time i n t e r v a l  between impact and the  po in t  of maximum package dia-  

Column . I5  g ives  s c r a t c h  gauge readings f o r  the  v e r t i c a l .  , '  '.. 

displacements. The p o s i t i v e  value is  an upward displacement ;' the  nega- 
' t i v e  value,  dbwnward disp.lacement. Two v e r t i c a l  sc ra tch  gauges were 
used. qolumn 16 gives  the  frequency, i n  cycles  per  second, of the  ve r t i c , a l  
motion. Column 17 gives  s c r a t c h  gauge readings from the  power con- 
ve r s ion  end of the  combined packages. Columns 18 and 19 g ive  t ransverse  
displacements r e c 0 r d e d . b ~  s c r a t c h  gauges m both ends of the  combined 
mockups. The maximum displacement was recorded i n  every case. 

Data f o r  the  hor izon ta l  acce le ra t ion  of the  test c a r  a r e  l i s t e d  
i n  Columns 20through 24. 

The pulse  dura t ion  of the  hor izonta l  acce le ra t ion  (Column 20)  was 
derived a s  fol lows:  

I 

A smooth, averaged curve was drawn through the  a c t u a l  
recorded t r a c e  (see diagram below). The time dura t ion  
was measur&d &t a po in t  one-half the  amplitude of the  
average curve. The magnitude of t h i s  t i m e  dura t ion is  
one-half of t h e  pulse  dur&ticjn., 
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The delay t o  the peak i s  defined a s  the  t i m e  i n t e r v a l  from the  
i n i t i a l  impact t o  the  maximum of the'av,eraged curve (Column 21). 
Column 22 gives the  maximum peak of the  curve as i t  was recorded on 
t h e  ~ i s i c o r d e r  char t .  Column 23 gives the  maximum value of the  average 
curve ( i .  e. the height  i n  the diagram above). Colump 24 gives the  
frequency of the acce le ra t ion  pulse  i n  cycles per  secohd. 

. . 

Columns 25 through 28 give  the  v e r t i c a l  acce le ra t ion  of the  test 
c a r .  Three e n t r i e s  (marked with a "TU)are data  f o r  t ransverse  acceler -  
a t i o n s  'on the  runs where they were measured. Column 25 lists shock 
durat ion,  i . e .  the  time from the  i n i t a l  impact u n t i l  the  time the  
v ib ra t ions  died out .  ,Note t h a t  t h i s  i s  not  the. same a s  the  pulse  dur- 
a t i o n  recorded i n ' t h e  preceding columns. The p.,,eak v e r t i c a l  acceler -  
a t i o n  (Column 26) and the  average acce le ra t ion  ( C o f m  27) a r e  defined 
i n  the  same manner, using the  average curve, Colunp 28 gives  the  f r e -  
qrtency of the  ' v e r t i c a l  shock impulses, i n  cycles ~ e r  'second. 

Columns 29 through 32 l ist  da ta  f o r  the  hor izonta l  acce le ra t ion  
of the  package. .Column 29 g ives  the  delay from the  moment of impact 
u n t i l  the package:experieuced an accelera t ion.  The dura t ion of the 
pulse  (Column 38) i s  defined a s  the  time i n t e r v a l  from the  moment of 
impact u n t i l  the  hbr izonta l  acce le ra t ion  of the  package r e t u r n s  t o  zero. 
Column 31 g i v e a s t h e  C i m e  i n t e r v a l  from the  moment of impact u n t i l  the  
at tainment of the  maximum hor izonta l  acce le ra t ion  on the package. The 
amplitude of the  l a r g e s t  hor izonta l  acce le ra t ion  .$s given i n  Column 32. 
Column 33 gives  + the  ve loc i ty  of the package r e l a t i v e  t o  the  test car .  
This is o b t a i n e d ~ b y  dividing t h e  value i n  Column 11 by the  time i n t e r v a l  
s h a m  i n  Column 14, 

. ..' 
Columns 34'through 37 'g ive  the  v e r t i c a l  acce le ra t ion  of the  pack- 

age. (Entr ies  -marked "TI1 ase  t ransverse ,  not  v e r t i c a l  acce le ra t ions .  ) " 
Column 34 l i s ts  the  time i n t e r v a l  from the  moment of impact u n t i l  the  
package experienced a v e r t i c a l  acce le ra t ion .  Column 35 gives the  dur- 
a t i o n  of the  v e r t i c a l  shock on the  package, i . e .  the t i m e  from the  
i n i t i a l  impact u n t i l  the  v e r t i c a l  acce le ra t ion  returned t o  zero. The 
maximum ver t ica l lpackage acce le ra t ion  i s  given i n  Column 36. The f r e -  
quency of the  v e r t i c a l  package v i b r a t i o n  is  given La Column 37. 

Column 38  lists the number of tiedowne used i n  each run. 
The columns.in Table C-2, ( the  por t ion  of the  Master Data Sheet 

covering the simulated emergency landing t e e t s )  a r e  the same a s  those 
f o r  Table C - 1  wi th  two e x c e p t i ~ n ? :  I n  Columns 11 and' l2,two' scr'ak'ch gage 
readings a r e  recorded. Column 24 g i  e s  an t lequivalent  period" f o r  the  
hor izonta l  a i r c r a f t  acce le ra t ion ,  d e equivalent  period f a  deILned a s  
the  period s f  a v e m l n e  pulse  having the  same amplitude a s  the  average 
curve drawn through a recorded t r ace ,  and wi th  the  same a rea  under i t  a s  
the  a r e a  under the recorded t r ace .  

11. .PATA ANALYSES 

Typical Visicordeh char t s  from the  test runs have been se lec ted  
f o r  reproduction a s  Figures C-1 thru  C-9, Each v e r t i c a l  d i v i s i o n  
represents  0.5 g f o r  a l l  acee le ra t ion  t r a c e s ,  The longi tudinal  
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displacement, n o t  l i n e a r ,  is  obtained by the  use of the  co r rec t ion  
f a c t o r  noted on each c h a r t  and from t h e  c a l i b r a t i o n  graph. (See-Figure 
C-10.) V e r t i c a l  displacements were no t  read from the  osc i l lograph c h a r t s ;  
s c r a t c h  gauge d a t a  were used ins tead ,  Sharp peaks on some of the  longi-  
tud ina l  displacement curves,  such a s  those i n  Run 18D, r e s u l t e d  from 
the  e r r a t i c  a c t i o n  of the  contac t ing  a r m  i n  the  potentiometer  used i n  
recording t h i s  measurement. Af te r  a per iod  of 50 t o  60 mieroseeonds, 
t h e  contac t ing  arm remained i n  s teady con tac t ,  and the  measurements were 
i n  no way a f f e c t e d  by i t s  a c t i o n ,  None of the  o the r  measurements given 
on the  Master Data Sheet was a f f e c t e d  by t h i s  instrument behavior. 

Approximate impact v e l o c i t i e s  were recorded by an "impact meter" 
suppl ied  by the  Southern P a c i f i c  Company. Figure C - 1 1  shows the  values 
obtained from t h i s  meter i n  coinpariaon t o  the  v e l o c i t y  obtained from 
the Vis icorder  c h a r t s .  Apparently, the  "impact meter" u n d e r e s t i m t e d  ' 

t he  v e l o c i t y - o f  impact in near ly  QVQPY cane, This i s  e s p e c i a l l y  t r u e  
when the  t e s t  c a r  w a  impacted by a r e l a t i v e l y  small  mass, such a s  an 
empty r e f r i g e r a t o r  car .  Only when the  loaded sand c a r  was used d id  the  
va lues  from the  r a i l r o a d  "impact meter" roughly correspond t o  the  
Vis icorder  va lues .  , .  

Figure C-12 shows nylon rope tens ion p l o t t e d  a g a i n s t  the  impact 
v e l o c i t y .  Because the  dynamometer maximum recording hand was thrown 
we l l  beyond the  t r u e  maximum pos i t ion ,  i t  i s  t o  be expected t h a t  many 
p o i n t s  w i l l  l i e  above the  l i n e s  a s  drawn, These l i n e s  agree q u i t e  we l l  
wi th  dynamometer readings obtained from the  f i lms,  and wi th  the  unperturbed 
readings from the  instrument i t s e l f ,  Note t h a t  the  i n i t i a l  tens ion i n  
t h e  rope was 750 t o  1500 l b  and t h a t  the  l i n e s  do no t  pass through the  
o r i g i n ,  Since t h e  i n i t i a l  tens ion in t he  nylon ropes is a t  l e a s t  750 l b ,  
the  c h a r t  Ind ica tes  t h a t  the  impacting v e l o c i t y  must be g r e a t e r  than 
2.4 mph t o  move the  package when the  shoring is  greased,  and g r e a t e r  
than 3.6 mph when rhe  olloring i o  ungreased, 

Figure C-13 shows the  displacement of the package on the  t e a t  car 
p l o t t e d  a g a i n s t  the  impact v e l o c i t y ,  Although the re  i s  no reason t o  
expect  t h a t  t h i s  i s  a l i n e a r  r e l a t i o n s h i p ,  the  po in t s  seem t o  f i t  t h ree  
s t r a i g h t  l i n e s  b e t t e r  than they f i t  any o ther  curve. This g igure  i n d i c a t e s  
t h a t  when a f u l l  tl.edown system i s  used, no package displacement w i l l  
occur i f  the  v e l o c i t y  of the  impacting c a r  i s  less b112111 4,7 mph w i t h  
ungreased shoring,  o r  less than 3.3 mph wi th  greased shoring: When h a l f  
the  tiedowns were used and the  package was on greased shoring,  the  pack- 
age began t o  move a t  impacting v e l o c i t i e s  of 3.7 mph. 

The threshold  v e l o c i t i e s  f o r  the  package motion givan above do no t  
agree .  There a r e  two reasons f o r  t h i s :  1,) I f  the  tens ion i n  the  nylon 
ropes is  increased above 1000 l b  (but t o  l e s s  than 1500 l b )  the  impact 
v e l o c i t i e s  w i l l  be i n  c lose  agreement wi th  those f o r  the  displacement 
curves;  and 2) the re  is no reason t o  expect  t h a t  e i t h e r  of these  r e l a t i o n -  
s h i p s  i s  e n t i r e l y  l i n e a r ,  and the  n o n l i n e a r i t y  is  probably most evident  
through the  hor izon ta l  a x i s .  

Figure C-14 s h m s  the  a c c e l e r a t i o n  of the  test c a r  a s  a funct ion  
of the  v e l o c i t y  of the  impacting ca r .  The da ta  f i t  f a i r l y  wel l  on two 
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exponential curves. One curve represen t s  da ta  taken from 'runs i n  which 
' 

the  s a d -  f i l l e d  c a r  was used f o r  impacting and 'the test c a r  'moved, The 
other  curve shows the  r e s u l  ts of - runs  i n  which a. ' .s i igle:  f e f r&ga ta to r : . c i r  
was used f o r  impacting. The v a r i a t i o n  between the  two curves is  explained 
by ,noting the  d i f fe rence '  i n  impacting masses. The mass of the  sand ca r  
was 84% tons;  t h a t  of the ref rPgera tor  c a r ,  about 30 tons. . . 

The.cscceleration of the  ML-1 package and the  acce le ra t ion  of .the 
t e s t  ca r  a r e  compared i n  Figure C-15. I n  both caees the  curves. have . 
been p lo t t ed  againgt  the v e l o c i t y  of the  impacting c a r ,  me curve:. f o r  
the  MI,-1 i s  drawh above the  experimental po in t s ;  hence, shock reductions 
ea lcul&ted from t h i s  c h a r t  a r e  conservative,  

Figure C-16 gives the  v e r t i c a l  acce l6 ra t ion  on t h e  f l a t c a r  and on 
the  package a s  a function of the  ve loc i ty  of the impacting ca r .  The 
da ta  a r e  more sca t t e red  and do not  f a l l  i n t o  a p a t t e r n  'a8 wel l  as the  
hor izon ta l  acce le ra t ion  da ta ,  These curves i n d i c a t e  t h a t  a t  higher 
fmpac t ing 'va loe i t i e s  (10 mph and over) the  v e r t i c a l  ehock reduction has 
about the  same magnitude a s  the  hor izon ta l  shock reduction ( i , e . ,  about 
10 t o  1). 'These reductions a r e  displayed graphical ly  i n  Figu.re C-17.- 
The da ta  f o r  t h i s  f i g u r e  were taken frqm the  curve f o r  the  impacting 
sand ca r  from Figure 16, 

. . 

Figure C-18 shows da ta  from simulated a i r c r a f t  emergency landing 
tests. The maximum acce le ra t ion  of the  package is  p l o t t e d  a g a i n s t  the  
acce le ra t ion  of the  test ca r ,  a s  shown i n  a n  "averaged curve," This 
averaged curve is  a smooth curve drawn through the  Visicorder t r a c e  
(see Figur,e.C-4)"'  Since &iny uncontrol lable  f a c t o r s  a f fec ted  these  
re la t ionsh ips ,  (e,g. d i f f e r e n t  a c t i o n  by d r a f t  gears  on d i f f e r e n t  c a r s ,  
and the  way i n  i ih ich . the  wooden blocks sha t t e red  which a f fec ted  the  
magnitude and d i r e c t i o n  of impact) it is  no t  f e a s i b l e  t o  represent  the  
re la t ionship . .by  a s i n g l e  curve, It i s  only poss ib le  t o ' s t a t e  t h a t ' f o r  
c e r t a i n , a c c e l e r a t i o n s  of the  test car ,  the  package acce le ra t ion  w i l l  l i e  
between the  l i m i t s  defined by dot ted  l i n e s  on Figure C-18. 

Although the  high-speed camera w a s  used f o r  recording dynamometer 
readings and f o r  checking shock mount motions, i t  was poss ib le  in one 
run (Run 31B) t o  obta in  shape of the  displacement curve from t h e  f i lm. 
The da ta  from t h i s  run a s  w e l l  a s  data  obtained from the  Visicorder 
c h a r t s  of the  same run a r e  shown i n  Figure C-19. S$nce the  camera 
swung around t o  follow the motion of the  c a r  ( a b o ~ t ' ~ 0 . 3  s e c  a f t e r  the  
impact) the  camera da ta  cannot be cor re la ted  with the  Visicorder da ta  . 
a f t e r  t h i s  time. The coincidence of the  two curves up t o  t h i s  p o i n t  
ind ica tes  the accuracy of the  shape of the  Visicorder curves f o r  hor i -  
zontal  displacement. 

Figure' C-20 shows. package displacement, a s  a funct ion of t i m e ,  
r e l a t i v e  t o  the test c a r ,  The upper curve is  typ ica l  f o r  greased shoring;  
the  lower curve, f o r  ungreased shoring. The upper .curve i s t y p i c a l  of .  
runs made with the  f u l l  complement of tiedown ropes. The lower curve 
shows t h a t  wi th  ha l f  t h e  tiedowns the  amplitude of the  pulse  was greater ,  
bu t  the shape remained about the  same. 

\ 
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111. DISCUSSION OF ERRORS 

A. VELOCITY MEASUREMENTS 

Any e r r o r  made i n  measuring the ve loc i ty  of impacting ca r  
j u s t  before the; moment of.. impact was small .  The g r e a t e r  p a r t  of t h i s  
e r r o r  was caused by mistakes i n  measuring elapsed t i m e .  The t o t a l  e r r o r  
from a l l . s o u r c e s  i s  less than 2%- Thus, e r r o r s  i n  even the  f a s t e s t  runs 
do not:.exceed.O.k mph. . 

B. DYNAMOMETER READINGS .-,- 
'I x ' 

The.dynamometer readings f o r  the  i n i t i a l  tension on the  
nylon ropes may be i n  e r r o r  dpproximately 100 l b .  About the same 
magnitude of e r r o r  was poss ib le  i n  reading the  high-speed f i lm. However, 
t h e  maximum-recording hand reading i s  no t  dependable t o  wi th in  + 3000 l b .  .\ 

Ttle f i l m  shows t h a t  t h i s  hand can be thrown beyond the  t r u e  valie by as 
much as 2200 l b  'during runs made a t  impacting v e l o c i t i e s  over 8 mph. 
Est imates were made f o r  a l l  those runs nor e w e r e d  by f i lm records. 
These values a r e  lower than those recorded by the  maximum recording hand, 

C. PACKAGE DISPLACEMENTS 

The s c r a t c h  gauges used t o  measure both hor izonta l  and 
v e r t i c a l  package displacement consis ted  of bal lpoint-pen-type cores 
held r i g i d l y  i n  p o s i t i o n  i n  contact  wi th  s t r i p s  of recording paper. The -.- 
paper was secure ly  fas tened t o  the  shoring on the  f l a t c a r .  The e r r o r  i n  
package disPlAcement is  not  over 1/4 i n , ,  s ince  t h i s  i s  the  maximum disk 
tance t h a t  the  b a l l p p i n t  pen could have been def lec ted .  The package 
displackment traced on t h e  Visicorder char t ,  on the  o ther  hand, was sub jec t  
t o  a numhor Q€ e r r o r s  and i s  no t  a s  accura te .  Apparently, the  wire  used 
t o  t ransmit  the displacement ir~formt\tion olipped on the  potentiometer 
pu l ly ,  because i n - a  number o t  cases the t r aoe  on the c h a r t  d id  not reeurn 
t o  i t s  o r i g i n a l  pos i t ion .  The sc ra tch  gauge shows c l e a r l y  t h a t  i t  should 
have returned t o  wi th in  one inch. 

 he^ instruments used f o r  recording hs r i zo&ta l ,  v e r t i c a l ,  
and t ransverse  acce le ra t ions  a r e  accura te  t o  wi th in  f 5%. Errors in 
reading the d a t a  should not  add more than 2 o r  9 t o  t h i s  Figure.  Thus, 
the  maximum e r r o r  is about 8%. 

I V .  INSTRUMENTATf ON 
" ,  

The instrumentat ion system d e s i g d  h r  the  ra i l rbad,  t e s t s  w&s 
interconnected a s  shown i n  Figure @-21. The system consisted of the  
lol lowing equippent: 

1 ,  1- Oscillograph, Heiland Visicorder Model 906B1 
2. 1- Pulse genera tor ,  Berkeley Model 4904 
3. 4- Accelerometers, Statham Plodel A501. TCa-25-350 
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4 ,  3- Potentiometers, Heli.pot Model A 
5.  ,4- Microswitches 
6 *  1- Bridge balance u n i t ,  Baldwin-Lima-Hamilton 
7 .  8- S t r a i n  gauge, Baldwin-Lima-Hamilton Model SR4-A7 
8. 1-Loaddynamometer, Dil lon 
9 .  1- O$cillossope, Tektronix W e 1  531 

10. 1- Power generator ,  Zeus Model GBt25 
11, 1- S t a b i l i z i n g  tran$former, Sola Model 20-13-210 
12. 1- ~ o n t r o l  u n i t ,  AGM 0-408285 
13. . 2- Impact meters, Southern Pacific,Company 

Since t h i s  syetem had t o  opera te  under f i e l d  condi ticms, e impl ic i ty ,  
r e l i a b i l i t y  and the  power requirements of $3xdividual components and 
associa ted  c i r c u i t r y  were the  c r i t e r i a  used f o r  component se lec t ion .  

Sys t e m  e r r o r  due t o  shock. loading of the., galvandmeters was considered, 
s ince  the Instrumentat ion system was t o  be tranbported i n  a s t a t i o n  wagon 
during p a r t  of the  tests. A dummy galvanometer c i r c u i t  was inse r t ed  t o  
read spurious responses received by the  instrument under those condit ions.  

A fourteen-ch&nel, miniature galvanometer, opt ica l - type  o s e i l l o -  . 
graph was se lec ted  t o  record a l l  dynamic data .  'Be osci l lograph was a 
convenient s i z e  and less suscep t ib le  t o  shock loading than pen-type systems. 

To achieve s impl ic i ty  and to' eliminate d r i v e r  ampl i f i e r s ,  galva- 
nometers having the  b e s t  compromise between s & n s i t i v i t g ,  frequency response 
and balance were used. 

A pulse  genera tor  with a t r i angu la r  peak output  waveform was 
se lec ted  f o r  thp t h e  c a l i b r a t i o n  t o  allow t h e  de tec t ion  of non-uniformity 
i n  the  c h a r t  d r i v e  speed, A time c a l i b r a t i o n  base of 10 mil l iseconds was 
se lec ted  t o  g ive  as..pqlse peak spacing of . ,50 in. art'. th.e f a s t e s t  char ts  
speed (50 in , / sec )  add 10 i n .  pulse  spacing a t  10  in. /sec.  

I 

. Time c a l i b r a t i o n  was checked periodically--on-;an osci l loscope by 
comparing the pulse  - r s p e t i  tion. r a t e  bagains t . .  the  power l i n e  frequency. 
Strain-gauge type accelerometers were arranged i n  a four-aptive-leg 
balanced b r i d g e , . ' l % e . t y p e  s e l e s t e d  had a s a t i s f a c t o r y  output  l e v e l  and 
a frequency c t t  l e a s t  twice a s  great a s  the  maximum v i b r a t i o n a l  frequencies 
expected. The gauges qllowed simple c a l i b r a t i o n  by a r e s i s t i v e  unbalance 
of the  bridge. The accelerometers were arranged in.,-two c lus ters : .of  two 
each and were mounted i n  a s tu rdy  bracket -  t;o eliminlafe loca l f  zed v ib rd t ions  
i n  the  mountings. ... The brackets  were r i g i d l y  bolted 6rl the  mockups and on . 
the r a i l r o a d  f l a t c a r  i n  a d i r e c t i o n  such thaf the  s e n s i t i v e  a x i s  of thk 
accelerometers c o i  neided wi th  tho aomponents of accelera  t f  on. The mounting 
locat ions  a r e  s h m n . i n  Figure C-22, 

~&d-,thrti potentiofdeters wete used t o  d e t e c t  r e l a t i v e  dynaiiife .displace= 
ments. One was used t o , d e t e c t  adation irl  the  f o r e  and a f t  d i r e c t i o n  ad:..:. :.- 
one a t  each end of the  system detected  v e r t i c a l  motion. 

The ro tary- type  potentiometer used had the disadvantage t h a t  t h e  
l i n e a r  motion of the  mass urider t e s t  had t o  be  couverted t o  r o t a r y  mdtiljn 
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a t  t h e  potentiometer .  This conversion was accomplished by a wire and 
pu l l ey  system. Some e r r o r  was introduced by s l ippage between the  wire 
and the  pul ley .    ow ever , d i r e c t ,  l inear-mot ion.  potentiometers would 
have been damaged by the  high shock b . a d s  produced %n these  t e s t s .  TRe 
potentiometers were incorporated i n t o  one l e g  of a bridge whose output 
was inheren t ly  non-l inear ( the  output was cor rec ted \by  a curve i n  :Figure 
c-10,) 

Impact v e l o c i t y  was measured by mounting a s e r i e s  of spring-arm- 
ac tuated  microswitches alongside the  r a i l r o a d  t rack.  These switches were 
'connected s o  t h a t  an arm mounted on t h e  undercarriage ,of the  leading im- 
p a c t  c a r  operated the  switches sequent ia l ly ,  thereby turning off  a b i a s  
c u r r e n t  i n '  one galvanometer. The spacing of the  switchcs~'was accura te ly  
measured and the impact po in t  was adjus ted  f o r :  every test run s o  t h a t  
impact would occur immediately a f t e r  thc l a s t  switch had been t r ipped.  
A toggle uwi.tch was included s'o t h a t  a d i f fepent .  switch spacing could be 
used whenever a slower c h a r t  speed wao needed t o  record a run, 

A s t r a i n  gauge switching and balancing u n i t  was used t o  con t ro l  
e igK s t r a i n  gauges. The'switchfng allowed a selecefoq of d i f se ren t .  
s t r a i n  gauge loca t ions  f o r  each t e s t  run. I n  general ,  the  s t r a i n  gauges 

, were used t o  determine stresses i n  the  v i c i n i t y  of the  tiedown locat ions .  

A load dynamometer was placed in .  s e r i e s  with a typ ica l '  tiedown 
rope and was read undek dynamic condit ions wfch a high-speed, camera. 
This mq,thod was used s o  t h a t  s t r a i n  da ta  c o u l d b e  cor re la ted  with cable  
tens ion and a c c e l e r a t i  on records.  

The e n t i r e  instrumentat ion system was powered by a gasoline-engine- 
dr iven generator .  This generator  incorporated a vol tage  s t a b i l i z i n g  
transformer . 

A con t ro l  u n i t  was designed t o  accept. the ..output s ignal .  o f .  a11 . . . 

t ransducers and present  the, s igna l  t o  the osc%llog~aph;gal~aa&$ters a t  , ' 

the  proper l e v e l  and impedance, This un i t . a l lowed  f u l l  control  and c a l i -  , 

bratiori  of t h e  sys tem.. S t a t i c  c a l i b r a t i o n  and the .  zero-reference pos i t ion  
of each channel were recorded on the  okcil lograph before and. a f t e r  each' 

. . .  . 
run. 

. . 

V. TIDOWN, DIAGRAMS 

Figures C-23 thro=h 27 show the  mockups t i e d  d m 1  oa A ctolnrlard :.:. 
ra i l road , '  f l a t c a r .  , Figures C-26 ,And C-27 a r e  df agrams o f .  the' tPedom:.ar-.. . :  

rang'ement used faa thb nim,nla'teQ::aPar.craft emergency LaaaQf~ag t e b t ? ,  
.. 
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PACKAGE DISPLACEMENT vs IMPACT V E L O C I T Y  

VELOC l J Y  (MPH) 
F i g u r e .  C -13 .  
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VELOC l TK ( M ~ H ) .  Figure C-15 
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V E R T I C A L  ACCELERATIDN vs IHPACT V E L O C l l Y  

VELOCITY OF IMPACT I NG CARS (HPY) - . 
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COMPAR I  SO^ OF MAX I MUM . VERT I CAL ACCELERAT . .  . .  . I ONS 

'TEST CAR AND ML-1  HOCKUPS . . . . . . '  . . 

. VELOC I T Y  OF , IMPACT I NG , CAR'. , .NPH . . " . . ' 

" ~ i ' ~ u r a  C-17 



Six  - r g i r i  g ~ y a t o r  
:srS ,in.;:?.ci I ?g 
Chains for t I edovin ,, 



PACKAGE D I'SPLACEMENT (RELAT I VE T O  FLATCAR) L s  T I  ME. AFTER l MPACT 
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SHOCK h?Ot/Nir ENERGY ABSORP 77ON 
for Succ~.ss~ve Impocts by Free Fu///#g 

bY8ight /# Test MucPt/ne 

TOTAL ENERGY ABSORBED 
BY MOUNT AFTER 2 IMPACT 

ORlGlNAC ENERGY (1000 in lbs.) 
l?.i.;<t.i,r-e <;-2g 

C -  26 
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T A B L E  C - 1  

M A S T E R  D A T A  S H E E T  

RAl LROAD SUITCHI NG AND "HUMPI N6" TESTS 

L E 6 E . N  D 

k 
R .  p-c Both mockups (s) Sand-f i 1 led 

on f l a t c a r  , re f r igera tor  car P-c Pawarconversion 

,, D i r e c t i o n o f  X  Refrigerator car mockup on car 

i impact 
L 
"l 

.. . . . Package Di s p 1 a d n t  fta!lrocad ~r Acceleration. Package ' ~ c c d l e r a r i o n .  
Horizontal, V w t l c a l  

' 

' 

..;, 

,.::., . 

. 

' 

c a k ~  

. R P-C 4- X  

'Brakes Set 

R P-C - X  

<No Brakes 

c X  

x x x x R P-c 

x x x x R P-C + x ( S )  X X  X  X  + A1 l Brakes Set 
I . . 

X X X X C  R F-c 
? 

A1 i Brakes 
Set 

R P-t %(S) 

.--.:--..*. , -.,. ..-, . . 

R P-C 4 - X  

? 
Brakes Set 

PConv 
Scratch 

Gauge 
, in. 

( l 7 )  
. 
. 

Reactor End 
No. 
Tie- 
?an. 
(38) 

l f ~ r l z o n t a i  . . Transverse @r izonte l  
Scr Gauge 

ime msec A-ccelerat ion Inches 
3 4 - 
3'2 
dk' : ,O 
(33) 

' 

Run.' 
No. : 

(2) . 

Ver t lca l  o r  Transverse 

TI* - msec 
Pulse 

DeI Dur. Peak 
(29)1 (30) 1 0 1 )  

.End k l s e ~ e l a  g 
Leac Ptonw Our. Peak Avg. 
8 )  ( I q  0 ( 1 )  ( 2 )  1 3 

1 1 0 / 1 9  7.1 55.6 1 I z 1550 2450* - 1 .0  80 170 - 60 1.6 0 . 5  - 20 175 135 1.1 - 30 - 0.3 - - 116 88 2.8 2 1 

2 5.1 
0 1550 2450 - - 

1400* - - 120 90 2.0 1.25 - - 1 . 0 .  0.25 - 40 150 108 1.0 - - - 2 

3 8.2 1550 1700 3300 3000* - 1.5  65 180 - 106 90 5 .6  4 - 180 2 0 .5  - - 25 175 120 1.5 - - - 0.4  - 1 

3 

Shock 
Dur. 

msec 
(25) 

Peak 
Acie! 

9 
(32) 

Pic tor ia l  Description 
o f  Conditions 

Freq. 
c p s  
(24) 

4 10.6 

5 10/20 5.7 

6 7.7 

7 10.2 

8 10.5 59.0 

9A 8.0 

9B 10.0 . 

10 10121 5.4 58.6 

11 7.1 

1.2 8.2 

13 12.9 

14 3.1 

15 7.4 

16 9.0 

17 13.9 

18A 4.5 169.0 

180 6.7 

18G 8.5 

' 18D 8.7 

169.0 
1 9  10122 5.4 226,9 

' t ime - msec 

Ver t ica l  or ~ r a n r v ~ r s c  

Nylon Tenslon , inches 
ScratcJ- v i s l -  

O i ig  hx Guge cord. 
(9) 1 (10) 1 (12) 

Delay t o  Ga9ge 
Star t  Mai In. 
(13) I ( i 4 )  (15) 

Ti? - mssc 
Pulse 

De!ay Dur. 
(34) 1 0 5 )  . 

Accelerat Ion 

'loo 6000 - 4.6 45 120 1 2500 4150* 
- 70 60 15.8 6.8 - 250 4 .8  1 . 0  - 10 220 130 2.0 - 50 - 250 0.5 - 

Freq. 
CpS 

(16) 

9 
, Peak Av9- 

(26) 1 (21) 

v 
$ 
Q L 

m 
3 

Freq. 
CPS 
(28) 

Peak 

4 

looO 1750 - 0.6 80 160 
1300 1750* 

- 100 105 2.0 1 .6  - - 1.3  0.5 - 28 180 120 1.0 - 130 100 0 .3  - 5 

O 'loo 2750 - 2.0 60 80 
"l 1650 2759* 

- 116 98 3 . 3  2..5 - 150. 1.5 0 .5  - 20 200 160 1 . 3  - 60 110 0 . 3  - 6 

% looO 1900 4000* 4000 - 3 . 3  60 190 - 40 76 8 .5  7.5 - 160 2 0.8 - 30 220 150 1.5 - 40 160 0.6 - 7 

* 1000 5500 - 5.0  40 110 
1600 4100* 

- 24 46 21.5 15.4 - , 395 3.5 1 .0  - 1'5 180 160 2.0 - 30 350 0.9 - 8 

1500' 4000 - 2.5  80 170 . - 
1600 3400* 

- 28 80 7.5 6.3 - 270 2.5 0 .8  - 30 220 170 1 .6  - 60 240 0.6 - 9A 

1600 5600 - 3.8 70 180 z 1700 4300* 
- 25 68 17.0 12 - 30 2 .5  1 . 0  - 40 250 130 1.8 - 40 300 0.6 - 9B 

O 850 2000' 

1000 3600 
19 

2.6 2;2 40 136 ::;: - +. 10 0.1 0.2 25 56 12.0 11.8 - 390 4.8 - - 10 250 120 .l.1 2.1 40 204 0.3 - . 0 1000 - 
1000 5800 8 7 +.20 

20 

850 (4500) 5.6 4.4 30 170 1:;: 32:3 0.1 0.3 25 - 20.0 19.1 . 107 460 5.3 32.3 l5 
143 300 140 1.5 3.6 30 -18.4. 0.9 3 z ;  

800 6500 
21 

(4800) 6.4 ' 4.8 30 156 : 14.5 I::: - 0.4 19 62 21.0 19.8 - 412 4.5 - - 5 290 110 1.6 4.9 - - 

Ac-1 
g . 

(36) 

- 
. . 

6.8 20 

21 9.9 
+,-- . . 

Freq.. 
c p  
(37) 

1 

v 

. 

PACKAGE 
23 7 '2  MOVING 

24 8.5 

25 8.4 

26 12.5 

22 10 .O 

750 2000* 2.0 1.6 80 180 - 19 - - - 86 97 3.4 2 270 1.5 0.5 40 200 170 1.0 0.7 50 200 0.3 19 LO 

6 2 750 2700* 3.0 2.6 65 190 - 750 2700 - 0.2 72 90 4.6 2.9 - 265 2.3 0.5 25 280 170 1.2 - 40 200 0.3 - 11 

V 

t 

Y 

Y 
m 

"l 
0 '  

L 
, w  

1000 3600 - 2o +.03 -.14 - 0.2 96 55 - 750 (3500) 4.1 3.3 45 190 2.8 174 260 3.5 0.5 180 25 250 120 1.2 2.5 10 300 0.3 20 12  
750 650 5500* 5500 8.1 5.6 40 180 +:!: 8.3 - 0.5 46 5211 .7  7.4 195 300 7.5 1.0 154 10 280 170 1.6 4.8 30 280 1.0 8.3 13  

8oo 650 10oO* 1000 0.7 0.6 80 170 - 2 0 -  - 0.2 100 72 14.9 0.75 131 35 0.8 - 132 10 200 110 0.4 0.7 30 100 0.2 20 14 

,, 800 (2800) 2800 3.6 2.8 60 180 40 +'05 - 0.2 124 120 4.3 2.7 - 18 4 20 -.05 
20 0.7 . - 10 280 180 1.0 2.6 - 180 0.3 15 

750 4400 9.1 +.20 
600 (4200) 6.2 4.6 50 190 - 2ga4 -.20 - 0.4 32 65 13.9 9 - 285 2.7 0.7 - 10 280 140 1 . 3  3.7 15 300 0.7 2 16 

600 600 (5500) 7250 9'6 6'2 40 - 0.5 36 65 17.4 11 158 280 3.5 1.0 145 10 300 185 1.8 5.7 30 275 1.0 3g.5 17 . 
700 2000 . .  8oo 2.1 1.6 80 160 i 34.4 - - 80 90 3.0 3.0 210 300 - - 158 30 180 150 0.9 1.7 30 300 0.4 34 ltk 
800 2500 . 

(2200) 2.2 1.8 60 160 1 :  6.l - - 8 0 1 0 o  8.9 13 - 400 6.0 - - 30 118 130 1.0 1.7 40 310 0.5 21 . ,  
- 46: 18B 

800 4500 t.2 - = - - - - 800 (3500) '" - - +.2* i 0.1 - - 
6 18 -. i4 

-- 133.5 - - - 4.1 - - . -  7 ' .  
17 18C 

800 6000 4.9 .4.6 48 135 f:i6 1:: 0.1 0.2 24 - 20+ 20 . 290 5.8 - ,, - 15 230 90 1.4 4.1 20 250 0.6 18 18D 
800 2250 2.3 2.5 80 +.06 4.1. +.I5 

1000 2250* -.06 15.4 0.1 0.2 40 100 6.1 5.6 :zoo 400 5 - 125 10' 200 170 1.0 1.6 50 280 '0 .4  15 

m 
c .  - 
4 
ii 
C, 
01 

I- 

2 7 ~  10123 7.0 169.0 

27B 9.1 

- 14.5 
1000 - 22 

650 - -2.9 -4.0 18 276 1:;; 6.4 f::: 0.1 - 25 60 10.0 9.2 124 330 4.3 - 138 10  240 150 -1.1 1.4 20, 0 6  0.5 - '  

650 - +.I8 
23 

-4.8 -4.2 34 166 't'13 - -.08 0.1 - 20 52 20+ 12.5 , - 450 7.5 - 600 - -.I3 - 15 290 144 -1.4 . 36 226 0.6 40.: 
600 - 24 

-4.9 -4.2 22 166 : 40 +'I5 ' -  - 20 4 6 2 0 +  14 600 - -.I5 - 408 5.8 - - 15 280 160 -1.3 3.1 - 248 0.7 - '.. 
650 - 25 

-8.8 -7.5 56 198 1 :  - -.08 - +'29 - 0.1 20 35 20+ 15 ' 
650 - - 444 11 - 15  355 220 -1.9 - 30 312 1.0 - . 26 

r 

1 + 10 212 
850 5200 7.3 9.8 40 250 1:;; - 350 - 0.2 0.2 30 . 70 10.0' 9 375 350 5.3 156 30 350 1% -1.1 2.3. 30 330 0.4 %.), mi:4 - om .*i 

6750 10.6 13.0 55 263 f:;: - +.05 MO - 0.1 0.2 30 
17-0  15 bM 5.5 - 180 20 

710 1.3 3.5 390 0.8 43 .:. 
. . lq.5 27B 

700 2700 6.5 2.6. 55 180 - - -- - - 120 80 4.9 2 230 2.8 - 140 
1500 - 220 20 la, 1-2  2.9 50 2 0.3 45,,q, 22:' ., . 

, 

700 2600 2.8 2.5 60 200 - - - - 200 
1500 - 27".>, - 85 5 0 280 2.3 5 3  30 200 190 1.1 1.3 30 8 0  0.3 

9:i: 29 
650 5100 7.0 5.0 45 180 - - - - 111 

28 101ii 7.3 59.0 

29 7.6 - 

30 12.5 t 1300 - - 65 51 11.0 7.9 220 2% 4-0 - 175 2 0 , 2 6 0  180 1.8 3.1 30 180 0.8 i$#j,y; , 3 0 .  
(C 0 N T  I #  U E D) .. .. .. .*. 

' ::?;;, . 
-; ... . , 

o - 
"l Y 

2 
.k m 
C ' 3 



T A B L E  C - I  ( C O N T I N U E D )  

P l c t o r l a l  D e s c r l p t l o n  
o f  Condl t lons 

??- 
6 X  '(Sand Car) 

Brakes Set 

P l c t o r l a l  D e s c r l p t l o n  
o f  Cond i t l on r  

w, WUPI brakes i t u t  Sat 

CX(~)  X X X 3 Brakes 

R P-C - X (5) 

3 Brakes Set  

(2) (12) 

p-c 4 - X X X X X X  

7 3 1 4  Brakes 

31A 10/21 4.2 169.0 1 X X X ( )  2.4 2.5 60 170 fg:; XXX f:;:. 0.1 0.2 80 74 2.3 2 . 2 '  250 0.2 - 10 240 170 0.8 - 20 220 0.2 31A 

310 7.6 4900 6.0 4.4 40 170 : 1:; 400 2.5 - 15 320 160 1.5 - 10 280 0.5 31B 
+. 15 

600 -.15 0.2' 0.2 72 72 8.5 8 

31C 11.0 600 5500 0.5 5.3 50 200 :::: + -:20 15 0.2 0.6 24 52 21.0 20 320 11 
500 15 355 150 1.7 - 30 280 0.7 31C 

10.0 
500 7700 450 (6200) 10.7 6.4 48 200 1 1;; + 19 

31D -:06 0.2 0.7 25 53 19.0 17.5 300 8 10 370 160 2.0 - 30 260 8.8 31D . 

32A 10/23 7.2 1500 5700 7.3 12.4 35 230 :::: -.08 0.3 , 0.1 48 50 - 7.7 
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APPENDIX D 

MIL-A-8421A(USAF) 
6 November 1956 -- --- 
S u p e r s e d i n g  
PiIL-A-842 1 (IJSAF) 
10  November 1955 

MITATTAW ' SPKCIFICAT I O N  

, AIl :  TRANSP0H:TAUXLI'L'Y REQU JT:EPlENTS, 
GENEKATA Sl'i<CIFT(.:~~ION FOK 

1.1 T \ ~ . i s  s p e c i f i c a t i o n  c o v e r s  t h e  g e n e r a l  r e q u i r e m e n t s  . f o r  
a i r  t r a n s p o r t a b i l i t y  o f  mi1ita1:y equipment .  

2 .  APPT,ICABT,E DOCUMENTS 

2 . 1  The £01 lowing s p e c i f i c a t k o n s '  end p u b l ' i c a t i o n ,  o f .  t h e  
i s s u e  i n  e f f e c t  on d a t e  of'invi.tntion'for.bids, form a p a r t . o f  
this s p e c i f i c a t i o n :  

Pl i  l i t a r y  

MIL-T-7271) Tiedown, Cargo ,  A i r c r a f t ,  Type D - 1  
N I L - E l - 8 0 9 0  Mob i l i t y  Requil-erncnf s , Ground Suppor t  

Equipmect , Generill  S p e c i f i c a t i o n  F o r  
h1I~-T-8652 T i e  gown; Cargo,  A i r c r a f t ,  5,000-Lb 

C a p a c i t y ,  'Type MC-I, 

A i r  Force-Navy A e r o n a u t i c a l  B u l l e t i n  

143 S p e c i f i c a t i o n s  and S t a n d a r d s ;  Use o f  

(Copies  o f  sp -ec i f  i c a t i 0 . n ~  , s t a n d a r d s  , d r a w i n g s ,  and 
p u b l . i t a t i o n s  r e q u i r e d  by ~ o ~ t r a c t b r s  . i n  c o n n e c t i o n  w i t h  
s p e c i f i c  . f u n c t i o n s  shou ld  b,.. o b t a t n e d  from 
t h e  p r o c u r i n g  a c t i v i t y  o r  as. d i r e c t e d  by t h o  c o n t ~ . a c t i n g  
o f f i c e r . )  

3.1 SPECIFIC,.ITIONS AND S'C&DAXDS. - S p e c i . f i c n t  lo& . and . s tanda . rds  
iol- a l l  m a t e r i a l s ,  p a r t s ,  and Government c e r t i f i c s t i o n  xnd"approval  
o f  p r o c e s s e s  and equipment ,. which' a r e  n o t  s p e c i f i c a l l y  d e s i g n a t e d  
h e r e i n  and which are ,  necrssa i ry  for: t h e  exec1,ltion o f  t h i s -  s p e c i f i -  
c a t i o n ,  s h a l l  be  s e l e c t e d  i n  acco'rdan,ce ..with ~ u i l e t i n  143.'' 

. . .  

D - 1  
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3:2 GENERAL.- O r d i n a r i l y ,  equipment s h a l l  be capable bf 
sh ipm&nt  bjr ,ai. r .  . The eiz ,e  and c q n f i g u r a t i o n  'of  'equipment ' i t ems  
s h a l l  be  'such. t h a t  t hey  can be loaded i n t o  t h e  a i r . c r a f t  'as a 
u n i t .  . I.£ neces sa ry ,  p a r t i a l  ,d ieassembly and '  packag.i.ng.. . . s h a l l .  be 
pc':m"isible. . .  . . 

. . 

3.2.1 ' ;l'o f a c i l i t a t e  hand1 Lng , compactness and l i g h t  we'ight 
s h a l l  .be .  dertign @b j e c t  i v e s  .provLdcd ease of  maintenance 'a.nd 

, . 
servic.ea)ril i . ty arc not i m @ i  red, . .  

3 . 2 . 2  ' Equiplnent, s t ~ i l l  he cgpiab1.e of  being loqded . i n to  
a t r c r a f t  ancl . rdatli  ly pos i t i oned  without  damage t o ,  t h e  . a i r c r a f t  
s t r u c t u i e  and' wl.ih,  t h e  use ef a..m&nimum nmount af trandllng 
cqu ipm~ntr . 

3 . 2 . 3  Equipment . sha l . l  be c;-ipabl.e o f ' -  being s.ecurec-1 a g a i n s t  . 

;I 1 l . loads encountered dur ing  f l i g h t ,  t a x i i n g ;  and gxor.lnd ha l ld l i r~g  
6 f  i ~ l . r c r a f t  b r i t l ~ o ~ t  darnage t o  6h.e . ? i r c r a f t  o r  .equipment. 

. . . . 

' 3 ;3  1IESTGN.- IIesXgn feal:ur.cs of equipmetlt s11ol.l. b e  such 
t h a t  they : n e B t  t h e  fol lowing genarall. requirements:  : 

3 . 3 . 1  i1IRCKAF'r PLOOK LOADING. - Izquipment i nco rpo ra t  in# . 
~ j ~ , e ~ ~ x , , a t i c  .td.~:es rr18y'be r egu i r cd  t o  reduce ' : 5 ~ !  ::ire. pres su re  t o  
35 p s i  f o r  a i r  t r a n s p f i r t .  I n  addition, i n d i v i d u a l  wheel. o r  
ax3.e load6 and geneqal  f l o o r  I .~adini; ,  a s  determined from t h e  
p lan  view a £  t h e  equipraent , s h u l l .  'cnnfnrm t o  t h e  . fuselage Am::! . 
and cbmpa~tment  l i r n i t n t i o n s  for the. a i r c r a f t  concerned. Such. 
l i r n i t a t i q p s  a r e  conta ined  i n  t l je  cnsi;o. load ing  hay\dbool<; t h a t  i s  
tll'e -9 s e c t i o n  o f  t h e  t e c h n i c a l  o r d e r  f o r  t h e  appli .cabl.e a i rc - ] ra f t .  

. . 
. . 

3 . 3  ,$ LOADTNG RAMP N E G O T I & ~ ' ~ O N .  -  heel-ed' equipment shr11l he 
capable  o f .  q e g o t i a t i n s  a load ing  vamp a t  l e a s t  as long as t!le '1 ,  
wheelbase .aqd h a v i n g . a  , s lope  of  20° with t h e  and a i r c r a f t  
ElooL plqns 'wi thout  i n t e r f e r e n ~ e  ~ 4 t h  equipment s t r u c t ~ i , r e .  

3 .  FLICIdT AND TAXI XNG LQADQ. - .  The equf pme~it sh 'a l  l be 
designed .es w i t h s t a n d ,  without l qRP ,  o f  s e r v i e e a b l l i k . ~ ,  ail 
iiccrl.erat$oq oE .3k  f6r a minimum q f  0.1 second a p p l i e d  
dyn;~ in icn l ly  snd independent ly  i l a k b ' . e a c h '  of  t h e  l ~ n g i t u d i n ~ a l .  . ' 

and v c r t i c e l  axes  i d  each d i r ec t i n in ,  and 1.,5g f o r  a  rplnirnmim , . . 

of  0. I. second a p p l i e d  dy t~amica l ly  .end i n d k p e n d e n ~ l  y a long  t h e  
l a t e r a l  ax45 i n  each directyion. (see 6.5ii.5 . ,., 

3 . 3 . 4  , EMERCEN~Y LANDING I.OAQ4.- ~qulpmhnt:  s h a l l  b e .  . . 
desigtted t o  withstat id  the  f01lo;il)~ loads  @ncbuntered  in  = r a s h  . . ,.. 
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landings, without any of the maj~r components of it.ems being 
transported breaking loose. The item need not be serv'iceable 
after being subjected to such accel.erations. 

a. A minimum of 8g in either direction applied 
independently along each horizontal axis for a minimum of 
0.1 second. When the equipment is of such size or configuration 
that it can be loaded only into cargo aircraft with a particular 
axis parallel to the longitudinal axis, the 8g requirement need be 
met only along thia axis and in only the forward direction 
when the loading position is fixed or specified. 

I 

b. A minimum of 4-1/2g vertically downward for d 
minimum of 0.1 second in euch a direction that (1) equipment 
carried in a cargo compartment imposes a load on its wheelstor 
supports in a downward direction, and (2) equipment hung in a 
bomb buy imposes a load in an upward direction on attachment 
point8 located on the equipment. 

3.3.5 ATTACHMENTS 

3.3.5.1 ATTACHMENT DEVICES.- Equipment shall be provided 
with attachment points which will accommodate both ends of the 
standard tiedown devices specified in 3.3.5.1.1, and shall be 
marked in accordance with 3.4. Theae attachment points shall 
be suitable for use in conjunction with the attachment points 
on the aircraft floor, which, in general, hove a capacity of 
10,000 pounds and are placed on 20-inch centers. The attachment 
points shall permit the application of addquate restraint to the 
equipment when subjected to the accelerations specified in 3.3.3 
and 3.3.4 during flight, taxiing, and emergency landing. 

3.3.5.1.1 If the configuration of the equipment permits the 
use of the following standard tiedown devices of the appropriate 
rated capacity and provides adequate etrength in a particular 
tiedown location without the uee bf standard attachment fittings, 
provieions fgr the attachment fitting specified in 3.3.5.l.i.n 
such locations may be deleted: . 

Item Nomenclature 

Tic Dam, Carg~, Aircraft, 
Type MC- 1 

Tie Down, Cargo, Aircraft 
Type MB-1 

Tie Down, Cargo, Aircraft,, 
Type D-1 

Specification 

MIL-T-8652 

(see 6.4) 

Rated.Capacity (Lb.) 
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3.3.5.2 LOCATION OF ATTACHMENTS.:- The locaf ion  of provis ions  
f q r  attachment f i t t i n g s .  s h a l l  be determined a f t e r  considering t h e  
£0 1 lowing : 

a , ,  'Tiedown g r i d  p a t t e r n s  f o r  t h e  p a r t i c u l a r  a i r c r a f t  , 
i n  which. ' the equipment i s  t o  be t r anspor ted ,  inc luding t h e  number 
and l o c a t i o n  of  higher capac i ty  tiedown po in t s  

b .  The a c c e s s i b i l i t y  of attachment po in t s  on t h e  
a i r c r a f t  i n  vi.e~y of requ.ii?ements fo r  personnel escape c learances  
and f l i g h t  aisleway c learances  

c. P o s i t i o n  of  attachment po in t s  around t h e  
h o r i z o n t a l  p e r t p t ~ e r y  of t h e  equipment 

d.  P o s i t i o n  o f  attachment po in t s  with reference  
t o  t h e  v e r t i c a l  cen te r  o f  g r a v i t y  of t h e  equipment 

e .  .Angle of  tiedown wi th  hor izon ta l  p lane  

f .  A c c e s s i b i l i t y  of  attachmznt p o i n t s  on both 
equipment being t r anspor ted  and a i r c r a f t  i n  which equipment i s  
t r anspor ted  

: g. Typical  loading diagram of the equipment t o  be 
t r anspor ted  i n  each a i r c r a f t  providing a i r  t r anspor t  c a p a b i l i t y  

3.3.5.3 NUMBER OF. ATTACHMENTS. - The number of  loca t ions  . . f o r  
attachment f i t t i n g s .  s h a l l  be not l e s s  than four.. 

, 3.4 MARKING 

3.4.1 EQUIPMENT. - Equipment s h a l l  be s u i t  ably marke:d t o  
provide  t h e  information n e c e s s a r y , t o  f a c i l i t a t e  loading i n  t h e  
a i r c r a f t .  . . Unless o therwise  s p e c i f i e d ,  t h e  marking s h a l l  be 
s t e n c i l e d  i n  an appropr ia t e  l o c a t i o n  on t h e  e x t e r i o r  of t h e  
equipment; Marking s h a l l  . i nc lude  a t  l e a s t  ' t h e  fallowing: . 

3.4.1.1. TIEDOIJN FITTINGS.- ' Tiedown attachments o r  f i t t i n g s  
. s h a l l  b e  iden t . i f i ed  and t h e  al lowable load s h a l l  be indica ted .  

'3.4.1.2 GROSS WEIGHT AND CENTER OF' GRA\I~TY LOCATION.- The 
gross.  weight' of  t h e  equipment . , in  a i r  t r anspor tab le  condi t ion  s h a l l  
be  marked i n  a  conspicuous loca t ion .  The loca t ion  of  t h e  cen te r  
of  g r a v i t y  along each a x i s  inf luedctng t h e  method o f  tiedown 

. - 
. s h a l l  be  spec i f i ed ,  

3.4.1.3 HOISTING FITTINGS.- H o i s t i n g , f i t t i n g s  s h a l l  be 
i d e n t i f i e d  and. t h e  requi red  h o i s t i n g  capac i ty  marked. The 
l oca t ions  where fork  l i f t s  may be appl ied  s h a l l  be i d e n t i f i e d .  



Report No. IDO-28555 

3.4.1.4 OTHER MARKINGS.- Other markings s h a l l  be provided 
t o  cover t h e  followi.ng, where appl icable :  

a. Reduction of t i r e  pressure  t o  meet f l o o r  ' , 

loading l i m i t a t i o n s  . 

b. I n s t r u c t i o n s  fo r  r e t r a c t i o n  of  wheels o r  
c a s t e r s  t o  provide g r e a t e r  bearing su r face  o r  c learance  

. . c: I n s t a l l a t i o n  of s p e c i a l  s t r u t s  or . 'b races  t o .  
meet f l i g h t  loads 

d. Or ien ta t ion  i n  a i r c r a f t  when c r t t i ' c a l  

a.  I n s t r u c t i o n s  $ o r . s p e c i a l  se rv ic ing  or. o the r  
prepara t ion  f o r  a i r  shipment 

f .' Other precaut ions  t o  h e  observed dur ing,  loading,  
f l i g h t ,  .or unloading 

4. QUALITY ASSUllANCE PROVISIONS 

4.1 ACCEPTANCE TESTS.- A i r  t r a n s p o r t a b i l i t y  acceptance t e s t s  
s h a l l  be performed on developmental t e s t  i tems,  preproduction t 6 s t  
i tems,  q u a l i f i c a t i o n  t e s t  i tems,  o r  sample items as  provided f o r  
i n  t h e  d e t a i l  spec i f i ca t ion .  

4.1.1 EXAMINATION OF PRODUCT. - The i tem of equipment, drawings, 
o r  o t h e r  d a t a  de f in ing  the  item s h a l l  be examined t o  determine 
conformance t o  the  requirements of  t h i s  s p e c i f i c a t i o n .  Any devi- 
a t i o n  from these  requirements not s p e c i f i c a l l y  permitted by t h e  
d e t a i l  s p e c i f i c a t i o n  s h a l l  be cause f o r  r e j e c t i o n .  

4.1.2 RAMP TEST.- For mobile equipment, the  ramp t e s t  spec i f i ed  
i n  MIL-M-8090 s h a l l  be performed. 

. . 

4.1.3 ACCELERATION LOAD TESTS.- The 'following t e s t s  s h a l l  b e  ' 

perfomed t o  determine compli~ince with the  acce le ra t ion  load 
requirements spec i f i ed  here in :  

4.1.3.1 FLIGHT AND TAXIING LOAD TESTS.- The equipmcht s h a l l  
be at tached t o  a  p a l l e t  i n  the  manner spec i f i ed  f o r  loading i n  an 
a i r c r a f t .  The p a l l e t i z e d  i tem s h a l l  be s l i d  o r  r o l l e d  down an 
inc l ined  plane o r  otherwise accelera ted  and stopped i n  such a  
manner a s  t o  produce t h e  acce le ra t ions  spec i f i ed  i n  3 . 3 . 3 ,  a s  
measured by an accelerometer mounted on t h e  p a l l e t .  Following 
these  t e s t s ,  t h e  equipment s h a l l  be examined, opera ted ,  and 
subjec ted  t o  yet.-formance tests spec i f i ed  i n  t h e  d e t a i l  s p e c i f i -  
ca t ion .  Evidence of permanent deformation of  s t r u c t u r a l  members 
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o r  f a i l u r e  t o  opera te  and meet t h e  performance requirements of t h e  
d e t a i l  s p e c i f i c a t i o n  s h a l l  be cause f o r  r e j e c t i o n .  I f  app l i ca t ion  
o f  t h e  dynamic load t o  equipment along t h e  v e r t i c a l  axi.s imposes 
undue compl ica t ions~on  t e s t  equipment, the  v e r t i c a l  acce le ra t ion  

be applied s t a t i c a l l y .  

4.1.3.2 EMERGENCY LANDING LOAD TEST.- Upon successf61 
complctisn of tlte t e s t s  spec i f i ed  i n  4.1.1, 4.1.2, and 4.1.3.1, 
the  equipment s h a l l  be  subjec ted  t o  t h e  acce le ra t ions  l i s t e d  
b c l s w . i n  t h e  o rde r  spec i f i ed .  Following these  t e s t s ,  t h e  equip- 
ment s h a l l  be examined. Breaking loose of t h e  equipment from t h e  
tiedowns, or separa t inn  of a componcnt from t he  n~uiri  body o f  rho 
equipment s h a l l  be cause f o r  r e j e c t i o n .  The item need not be  
se rv iceab le  a f t e r  being subjec ted  t o  these  acce le ra t ions .  I f  i t  
can be shown by computation t h a t  t h e  equipment and a l l  components 
w i l l  conform t o  t h e  requirements specified here in ,  t h e  computation 
may be s u b s t i t u t e d  f o r  t h e  t e s t .  

.a. 4-1/2& a s  s p e c i f i e d  i n  3.3.4(b) 

b. 8g a s  speci f ied '  i n .  3.3.4(a) . 
4.1.3.2.1 I f  app l i ca t ion  of t h e  dynamic load t o  equipment. 

along t h e  v e r t i c a l  a x i s  iinposcs undue complications on t e s t  
equipment, t h e  v e r t i c a l  a c c e l e r a t i o n  may.be applied s t g t i c a l l y .  
(See 6.5.1 and 6.5.2) 

4.1.4 LOADING DEMONSTRATION.- The equipment s h a l l  be loaded 
Lnto an a i r c r a f t  t y p i c a l  6f those  i n  which i t  could normally be 
c a r r i e d  and i n  the  manner dpeci f ied  by t h e  loading handbook f o r  t h e  
a i r c r a f t .  Any d i f f i c u l t i e s  encountered i n  t h i s  loading opera t ion  
s h a l l  be  noted wi th  p a r t i c u l a r  reference  t o  i n t e r f e r e n c e  with 
a i r c r a f t  s t r u c t u r e ,  damage t o  cargo f l o o r ,  o r  unusual pos i t ion ing  
opera t ion  required.  The equipment s h a l l  then be  t i e d  down i n  
accordance with t h e  r e s t r a i n t  c r i t e r i a  spec i f i ed  i n  t h e  loading 
handbook of t h e  a i r c r a f t .  Fur ther  d e t a i l s  on t h e  arrangement of 
tiedown attachmentsi t o  t h e  a i r c r a f t  fl.nar s h a l l  te intzludcd i h  
t e s t  i n s t r u c t i o n s .  

s h a l  
ment 

4.1.4.1 ,Any d i f f i c u l t y  i n  achieving a s a t i s f a c t o r y  tiedotm 
1 be noted. Following the  tiedown demonstration, t h e  equip- 

i t e m  s h a l l  be unloaded and arpy d i f f i c u l t i e s  encountered' 
during t h e  ope,rat ion s h a l l  be noted. When an a i r c r a f t . c a n n o t  
r e a d i l y  be secured i n  t h e  case sf .oontractor-conducLed tests, 
demonstrations of  s a t i s f a c t o r y  loading,  tiedown, and unloading 
c h a r a c t e r i s t i c s  may be made by means of s c a l e  models o r  
comprehensive' s c a l e  d r a w i n ~ s  showfng each s t a g e  of  operat ion.  
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5. PREPARATION FOR DELIVERY 

5.1 Not a p p l i c a b l e  t o  t h i s  s p e c i f i ~ a t i o n  

6. NOTES 

6.1 USE,.- This .  s p e c i f i c a t i o n  i s  in tended  t o  e s t a b l i s h  uniform 
. requirements  and t e s t s  f o r  a i r  t r a n s p o r t a b i l i t y  c h a r a c t e r . i s t i c s  t o  

he i nco rpo ra t ed  in t h e  d e s i g n  of  A i r  Force equipment. 

6.2 GENEliAL APPL1CAT'ION.- Pr:ior t o  u se  of  t h i s  s p e c i f i c a t i o n ,  
t h e  r equ i r ed  o p e r a t i n g  c o n d i t i o n s  o f  t h e  p a r t i c u l a r  i t em of  
equipment should be reviewed t o  determine t h e  a i r  t r a n s p o r t a b i l i t y  
c r i t e r i a  which a r e  app l i cab l e .  The t e s t s  o f  t h i s  s p e c i f i c a t i o r l  
may be  m d i f i e d  o r  supplemented t o  meet t h e  i n d i v i d u a l  a i r  
t r a n s p o r t a b i l i t y  ri?qu.ircments o f  t h e  ccquipment; f o r  i n s t a n c e ,  
bomb bay t r a n s p o r t a b i l f  t y ,  mod i f i ca t i on  of  a i r c r a f t ,  o r  s p e c i a l  
handl ing  methods which must be  app l i ed .  

6.3 OI'T1ONS.- The fo l lowing  opt.i.ons should be. i n d i c a t e d  i n  
(:he d e t a i l  spec i . fLca t ion  t o  fu1:ther de f ine  t h e  degree  and type  
o f  a i r  t r a n s p o r t a b i l i t y  r equ i r ed :  

a. I nd iv idua l  a i r c r a f t  t y p e ,  or  t y p e s ,  or  g e n e r a l  c l a s s ,  
such a s  l a r g e  cargo  a i r c r a f t  i n  which equipment wi l l .  be t r a n s p o r t a b l e .  

b. S p e c i a l  load ing  c o n d i t i o n s ,  such as t r a n s p o r t i n g  i n  
bomb bay o r  ca r ry ing  e x t e r n a l  t o  t h e  a i r c r a f t  s t r u c t u r e ,  

c. Amount and kind o f  disassembly pe rmis s ib l e  t o  ach ieve  
loading  i n  p a r t i c u l a r  a i r c r a f t ;  f o r  example, removal of wheel 
assembly t o  load a  van-type s e m i t r a i l e r  i n  Type C-119 a i r c r a f t .  

d .  S p e c i a l  p r o v i s i o n s ,  such a s  a u x i l i a r y  wheels o r  f u l l -  
swive l ing  c a s t e r s  neces sa ry  t o  meet a  p a r t i c u l a r  load ing  con- 
f i g u r a t i o n  o r  p o s i t i o n i n g  requirement .  

e. .Loading and unloading  t i m e  a l lowable  t o  ach ieve  a  
p a r t i c u l a r  a i r c r a f t  turn-around time. Also ,  t ime r equ i r ed  f o r  
equipment t o  be o p e r a t i o n a l  a f t e r  a i r  l and ing ,  i n  t h e  cave o f  
asaaulr  or e rag ing  ope ra t i ons .  I 

f . ,  ~ e t a i l e d  s t , r u c t u r a l  l i m i t a t i o n s  o f  t h e  a t  t ach~nent  
p rov i s ions  on t h e  ,i ' tem be ing  t r a n s p o r t e d  f o r  equipment designed 
t o  t r a n s p o r t  o t h e r  i t ems .  

g. Ove ra l l  weight and s i z e  l i m i t a t i o n  imposed by a i r c r a f t .  . 
Also, weight and e i z e  l i m i t a t i o n s  imposed by a i r  ca rgo  ground 
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hand l ing  equipment should be considered.  L imi t a t ions  of i n t e r n a l  
a i r c r a f t  cargo handl ing  p rov i s ions  should a l s o  be considered i f  
t h e s e  a r e  t o  be  used. 

6 . 4  TYPE M B - 1  TIEDOWN .- When required.,  a $ample Type MB-i . ' 

tiedown o r  a p p l i c a b l e  d a t a  may be obta ined  from t h c  
a c t i v i t y  o r , a s  d i r e c t e d  by t h e  c o n t r a c t i n g ~ o f f i c e r . -  

6.5 DEFINITIONS 

6.5.1 DYNAMIC LOAD.- Dynamic load refers t n  the applFcatLon 
and r e l e a s e  o f  load  w i t h i n  n s h o r t  t ime i n t e r v a l ,  such a s  0.1 second. 

6.5.2 STATIC LOAD. - S t a t i c  load i s  def ined  as o lo,?d t h a t  i s  
s lowly  appl ied  and he ld  f o r  a t  l e a s t  3 minutes.  

Notice: When Government drawings,  specifications, o r  o t h e r  
d a t a  a r e  used f o r  any purpos'e o t h e r  than  i n  connecti.otl wi th  
a  d e f . i n i t e l y  r e l a t e d  Government procurelncnt o p e r a t i o n ,  t h e  
United S t a t e s  Government thereby  i n c u r s  no r e s p o n s i b i l i t y  nor 
any o b l i g a t i o n  what soever ;  and t h e  f a c t  t h a t  t h e  Government 
may have.  fornlulat.ed, fu rn i shed ,  o r  i n  any way .supplied t h e  . 

s a i d  .drawings, s p e c i f i c a t i o n s ,  o r  ot l ler  d a t a ,  i s  not  t o  be 
regarded by i m p l i c a t i o n  o r  otherw.ise as  i n  any inannpr 1 i w n s i n g  
t h e  ho lde r  o r  any o t h e r  person o r  co t .pora t ion ,  o r  .conveying 
any r i g h t s  o r  permiss ion  t o  manufacture,  u s e ,  o r  s e l l  any 
inven t ion  t h a t  may i n  any way b e ,  r e l a r e d  t h e r e t o .  

. K % , M / B L w / ~ ~  
WCLE WADC 
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A P P E N D I X  E 

MILITARY CHARACTERISTICS 

November' 9, 1959 

I. Tit le :  Mobile Nuclear Power Plant,  300-500 KY, #tl 

11. Security Claeeification: 

A. Exietence of project: Unclassified 

B. Military Characterietico: Unclaeeified 

C. Reactor Deeign and Performance: Unclassified . . 

IV. 

Propoeed Uee: There a re  requiremente within the mili tary eervicee f o r  
general purpose portable nuclear power plants  with 
e l e c t r i c  power outputs i n  the range from 300 t o  500 KV. 
The M k l  is the prototype of f i e l d  uni t s  which wi l l  be 
procured t o  meet these requiremente. Examplee of m i l i -  
t a ry  operations requiring a power eource without dependence ' 

on continuoue fue l  or  cooling water supply are: support 
of t a c t i c a l  missile systems, air head operations includlag 
f i e l d  hoepitals,  remote lacatione, e tc ,  

Environmental Characteristics:  The plant shall have the inherent capa- 
b i l i t y  for  acceptable performance under the Baeic Operat- 
ing Conditions, Extreme Cold Weather Operating Conditions, 
and Extreme Hot Weather Operating Conditions a s  established 
i n  paragraphs 7a, 7b, and 76 of AR 705-15; and s h a l l  be 
capable of safe  storage and transportation under conditions 
as eetablished i n  paragraph 7d of AR 705-15. 

V. Power .Charac'terietice : 

A. Nominal Output a t  IvDeeign Cond. t ionen ( ~mbient  temperature 
- 6 5 0 ~  t o  1000F) 

(1) E lec t r i ca l  power output in the range of 300-500 KY, 
.8 Power   actor 

( 2 )  2400/4le0 vol ts ,  3 phaee, 60 cyclee per eecond 

B. Output at 'Of0 Design Conditiom" 

1) Net output of the eystem i n  the event of hot weather 
(> 100°F or  high a l t i t u d e  operation shall be limited only 
by preoooler performance a n u o r  underator coolant heat 
exchanger performance, 
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(2) .  operation shall be possible up t o  500 KW net  output except . . 
. ae limited.. by precooler 'performaace. 

C. Power Quality 

(1)  Objective: Steady s t a t e  and t ransient  frequency and 
voltage control charac ter i s t ics  as specified by MIL ~t-14609 (cE)'. 

(2) Minimum requirement: Steady s t a t e  and t r a m i e n t  frequency 
and voltage control character is t ice  as specified bg MIL . 

a-10328~ (CE) 0 

D. Other Requiremente: 

(1) Automatic power leve l  control is required 

( 2 )  The power plant s h a l l  operate s a t i s f i c t o r i l y  i n  pa ra l l e l  
with other units of similar rating. 

3 The power plant shall. be capable of 50 cycle operation 

(4) The power plant 'shall be t reated for  the elimination of 
interference with radio communication i n  ac~osdance with 
applicable Signal Corpe specifications.  

V I .  F ie ld  Operating Characteristics:  

A. The plant  e h r l l  be aase~ublad on a standard mili tary semi-trailer 
(#-172 o r  M-172~1) and a l l  preparations completed fo r  relocation 

. . t o  pa operating s i t e  wi-thin s i x  (6) hours a f t e r  unloading from 
+ .a i r c ra f t .  

B. The plant eha l l  be capable of being ine ta l led  and delivering 
rated power within twelve (12) hours a f t e r  a r r i v a l  a t  ap 
operating e i te .  

C. The plant ehall be capable of relocation t o  a new e i t e  beginning 
twenty-four (24) hour8 a f t e r  reaotor &hut down followiug opuration 
f o r  extended perlode at full.power. 

D. Nuclear Radiation allowed: 

(1) Allowable radiatiatl, twenty-four (24) hours af tor shutdown 
at tumnty-fiva (25) f t .  from the reactor in the direct ion 
of the cab (without water mhield), l a  t iftsen (15) mr/hr. 

( 2 )  NO : pereonnel. ehall rmceiva greater  - 3 renC/qUarter. 
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Mili tary Charaater is t ice  (Cont'd) 

E. ,Equipment may be operated i n  any plane within f i ve  degrees 
(5O) from level ,  

F. Control of the power plant w i l l  be from a separate s h e l t e r  
which s h a l l  be transportable as a uni t  on a standard ton 
truck (M-35) which, during plant  operation, s h a l l  be 
connected t o  the power plant by quick d i e c o ~ e c t  e lectr ical .  
cables of su f f i c i en t  length (up t o  500 f t . )  t o  permit f lexi- .  
b i l i t y  i n  the  r e l a t i v e  locat ions  of the  power plant  and 
control  ehel ter .  

a. Plant design s h a l l  include necessary sa fe ty  features  fo r  
protection of personnel i n  the immediate a rea  from reeu1t.s 
of reasonably conceivable mechanical, e l e c t r i c a l ,  o r  nuclear 
malfunctione. 

H. During plant  operati.on, radiat ion shielding i n t e g r a l  t o  the 
plant  may be ,supplemented by f i e l d  expedient materiais 
(ear th ,  gravel, wood, water) su f f i c i en t  t o  reduce rad ia t ion  
level6 outside the combined sh i e ld  t o  within dosage l.&els 
preecribed by the Surgeon General, D/A. .The in t eg ra l  plant  
sh ie ld  (excluding supplemental expedient shielding) sha1.1 be 
adequate t o  reduce the reaidual  rad ia t ion  l eve l  following 
f u l l  power operation fo r  extended periods t o  sa fe  l e v e l s  i n  
time t o  permit re locat ion twenty-four (24) hours a f t e r  
reactor  ehutdown. 

I. The operating crew fo r  three-shif t  operation of the f i e l d  
un i t  s h a l l  consis t  of no more than seven (7) men (one 
uperator per s h i f t  p lus  mechanic-electrician, radiol.ogiea1 
safe ty  technician and o f f i ce r  o r  NCO i n  charge). The crew 
w i l l  be special ly  t ra ined for  operation, maintenance, and 
plaiit I na t a l l a t i on  at the site. 

V I I .  Trmepor tab i l i ty  Characterist ice:  

A. Objective: Capability of being transported ove.rl.and (highway 
and croee-country)., by rail,  by water, and by a i r c r a f t  i n  

' 

accordance with AR 705-8, Transportabil i ty.  

B. - Requiremeate: The ML-1 plant  s h a l l  be consis tent  with the 
following traneportatioh Pequirementsb 

(1) General: The tlpower plant unit" is defined f o r  tram-. 
por t ab i l i t y  a6 the  complete i n t eg ra l  power. 
plant Including reactor ,  ehutdown shielding, 
power conversion equipment and skid mounti.ng. 
Control uni t ,  auxi l ia ry  power unit, auxiliary 
equi@ment package and t r a i l e r  a r e  not included 
in this def ini t ion.  Required modes of ' t rans-  
por t  a r e  indicated below. 



Report No. IDO-28555 

a The primary mode of t r u u p o r t  of tha power plant unit 
m h a l l  be overland on otandard milit- memi-trailer. 
Powor plant  uni t  i n t eg r i ty  i m  required. 

(b) The control .unit s h a l l  be one pat- which can be 
transported in t ac t  and whiah i o  muitable f o r  both 
operation m d  transport  on a standard mili tary 
ton truck. 

(3) Secondary modeo of trmoportation: ( p o n r  p lur t  unit . .  . 
i n t eg r i ty  required). 

(a) Becondary modsa uf  trtxiluport l o r  the power p l r h t  uni t  
where unit in t eg r i ty  ie required includer 

1 Normal railway f re ight  eervice 0. 8 .  urd foreign. - 
2. Water f re ight  by ehip or  bug . .  
I, 

(b) I n  addition, when necessary and where sa t i s fac tory  
clearances can be arranged, the power plant unit shall 
be transportable trailer-mounted on the above t r ane i t  
type.. 

(c) Similarly,  when truck-mounted, the truck and control 
unit s h a l l  be transportable ae one package when neceseary 

.and where eatiefactory olearanoao oan be arranged f o r  
the above t r a n s i t  typee. 

(4) Secondary modes of transportation:(power plant unit i n t eg r i ty  
8 not required) . 

(a) The power plant unit m4g be a e p u r t s d  i n t o  two paokages 
f o r  traneport  by: 

1. USAF C-130 ' 
0 

(b) Tra l l e r  mounting i m  not required f o r  (a) above. 

a The control un i t  e h d l  be tranmportable int+ot. Truck 
nounting is not required f o r  (a) aboro. 

(d) The complete power plant i n o l u w  the control unit md 
auxil iary oqulpunt  &all be tranmportable i n  om U8U C-133. 
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Military Characterlotic8 ( ~ o n t  @d) - 5 - 

( 5 )  Other ~equlre'mntm: 

(a) The power plant shPll tr traneportablo in Phame I11 
of airborne operations. 

(b) Deaign fo r  air transport  ohal l  conform t o  require- 
ments of USAF Specification MIL A-8421~ f o r  trans- 
portation of mslterigJ i n  mil i tary cargo a i r c ra f t .  

(c)  Provieions s h a l l  be made t o  permit rapid loading 
and unloading of each unit by etandard w e i ~ h t  
handling techniquee. 

(d) Shock and vibration protection eha l l  be provided 
in tegra l  with the plant consistent with each 
transport  type as indicated below: 

1. Shock loading i n  transit by r a i l ,  oemi-trailer, - 
or  ship without loes  of eerviceabili ty:  

Direction Load Factor, g Duration of versed s ine pulse, 

Fore & Aft 
Lateral 
Vertical 

The maxinnan shock load tranondtted to  componente i n  e i the r  direct ion w i l l  be f? 
reduced t o  86, fore  and a f t ,  by ehock mounts provided on the sMd. . pJ 

' .  
2. Emergency l a d i n g  shock load@ during t r a n s i t  by air, - 

with questionable plant serviceabi l i ty:  

Horizontal -- 8g fo r  .1 aec. 
Vertical -- 4.5gfor  *lsec. 
Lateral -- 1.5g f o r  .1 sec. 

2. Emurgency landing shock loads during transit by air, 
without lo se  of plant serviceabi l i ty:  

Horizontal -- 5g f o r  .1 sec. 
Vertical -- 4.58 f o r  .1 eec. 
Lateral  -- 1.58 f o r  .1 sec. 

4. Steady vibrations in t r a n s i t ,  without l o s s  of - 
serviceabi l i ty:  

B e d - t r a i l e r  
. SUP 

Aircraft  ' .  

Peak Amplitude, Inchee Frequency, cp8 

012 20-30 
. 005 > 20 

005 15-20 
05 > 20 
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1. Heaviest package fo r  air traneport is l5T - .  
2. Tre i l e r  load 04-172 o r  M-172~1), i m  30T 
I 

( f )  Size: 

1. Largest package shall be transportable on C-124, C - 1 9 ,  - 
and C-13) a i rc raf t4  and on rai l road with l imi to  am 
prescribed by the Borne Internat ional  Clearance 
Magram. 

2. Reactor and power converoioa eMdm shall be t r w p o r t a b l e  - 
as a uni t  on the N-172 o r  M-172A.1 semi-trailer. 

2. Maximm height when trailer-mouuted i8 150 inchem. 
Power plant  height when trailer-mounted may be 
reduced t o  132 inches for  the purpose of paeeing 
low clearance obetacleo outside COKOS. 

4. Length and width shal l  be compatible with a etandard - 
mil i ta ry  aemi-trailer (M-172 or  M-172~1). 

(g) Vhen trailer-mounted a d  in t r a n s i t ,  the plant s h a l l  have 
the capabi l i ty  of shallow fording i n  f resh  o r  salt water, 
as defined I n  SR 705-125-10. Extreme caution m e t  be 
taken t o  avoid a nuclear accident due t o  core flooding. 

VIII. Logietical Characteristias:  
f 

A . .  .The plant s h a l l  operate with no more than periodic f i e l d  mainte- 
nance eervice fur b0.000 hr. between mjoP oitbrhaul. 

. B. The plant  eha l l  have 50,000 hr. t o t a l  l i f e .  

C. The plant  s h a l l  be capable of f u l l  power operation f o r  10,000 
hour& between r b f u e f b g   operation^. Refubling may be accomplished 
i n  the f ie ld.  

D. The plant  eha l l  be capable of operation without a eontinuoue watds 
supply. Any initial quantity of water ( fo r  shielding or  reactor  
moderator) will be kept t o  a minimum and of a quality which can be 
eupplied by standard mil i tary water 'purif icat ion equipment capable 
of d e l i v e r i w  600 




