
Evolution of Margin Requirements

� Factors of safety changed during program

Initial set 
of factors

Final set of 
factors



Torque Margin Trending -MDH

Hinge Type Rev - Rev A Rev B Rev C
Pre S/C 
Integrati

on

Pre-Ship 
Torque Margin

Pre-
Ship 

Torque 
Ratio

MDH 0.306 0.780 0.439 0.780 0.09 -0.22 1.48
MDH Torque –
known (in-lbs)

12.33 11.37 11.37 11.37 7.87 7.85

MDH Torque –
variable (in-lbs)

7.62 13.1 13.1 13.1 16.60 33.1

MDH Available 
torque (in-lbs)

54 77 77 77 49 60.5

FS known 1.5 1.5 1.25 1.5 1.5 1.5
FS unknown 3.0 3.0/2.0 3.0 2.0 2.0 2.0



Evolution of Available/Resistive Torques
� Initial hinge characterization was done using torque watches and did not 

have refined torque versus angle characterization
� In-situ measurements of the hinge lines found that the torque versus 

angle generated a minimum available torque that was different than 
characterized during hinge level testing and led to a lower level of 
available torque

� NASA requested that a “Zero-Neutral” harness characterization test be 
performed

� This resulted in a summing of the resistive torque in both the deploying 
and stowing direction

� This lead to a significant increase in the variable torques the hinges had 
to overcome.



Post-Storage Hinge Inspection
� S-NPP required storage of the 

bus and solar array while 
awaiting final delivery of the 
observatory instruments

� Take up roller axle found to be 
missing dry lube

� Leaf springs were seen to be 
gapping

� 601EF was applied to both the 
axle and the spring to minimize 
resistive torque

Gapping leaf spring

Missing Lubricant



Post-Storage Hinge Inspection
� Wear marks found 

between washer and 
cotter pin suggested 
unplanned source of 
drag torque

� Additional washer 
included to prevent 
unwanted drag



JPSS-1 Requirements Drive Change

� Inclusion of TDRSS antennas drove change to interface 
between solar array and bus – pushing array away from bus

� New cell technology increases current being passed and 
increases wire count



Incorporation of NPP Lessons Learned - MDH

� Components redesigned to 
prevent repeat of spring issues 
found on NPP and reduce 
chance of harness damage

� Take Up roller diameter increased
� Modified design of take up drum
� Redesign of Negator spring to 

limit number springs per stack
� Removed cotter pins from 

interior portion of hinge



Incorporation of NPP Lessons Learned - IPH

� Similar changes to IPH design as MDH
� Major change was in profile of cam
� Eliminated variation in drag torque over range of motion of hinge
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