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iTPC LV Power Failures 
Analysis, Cause & Corrective Action 

• Anderson Power-Pole connection failures (slides 2 – 10)
• iRDO FEE power open fuses (slide 11)

Report By Tim Camarda for the STAR collaboration

December 2024

Typical overheated Anderson Power-Pole connector & 
contacts (iTPC LV power cable interconnect)

Contact housing & connector removal for typical repair of 
LV interconnect (parts removed from 4x sectors shown)



The power issues for the iTPC RDO + Front End electronics were found to be from degraded connections at the power feed at the detector side 

extension cables (slide #3, fig 1). The power feeds from the rack-mount power supplies are run to each clock position of the fringe of the outer TPC 

segments. Three-foot extension cables (fig.1) are then used to carry the power to each inner RDO or in the case of the TPX sectors a wye adapter 

cable is used to bring power to 2x RDO’s. In total, there are five Anderson disconnects to each RDO.

The connections are made with Anderson Power-Pole family spring type contacts and housing assemblies (PN 1330).

The contacts & housing are rated for 30A with 12AWG wiring. With a 45 amp load each contact should typically see ~ 15ADC current with a VDROP / 

contact of 10mV  (~400mW / contact). The connector Voltage drop is derived from the manufacturers contact mating resistance.

Under the assumption that only a negligible imbalance exist between connections and that  each connection is solid (within the rated mating 

resistance specs)…The connections should be well within the rated temperature for the contacts & housing assembly (i.e. within the current rating 

of the contacts). However, there is a condition that is causing excessive heating on one or more of the contacts of the connector. 

The excessive heating is melting the polycarbonate contact housing (slides 3-4, fig.3,4,5 ). Once the housing becomes 

distorted, the connection will become totally degraded. Significant pitting is also noted on the contact plating which is either a 

sign of overheating or possibly galvanic corrosion (slide#8, fig.9).

I have also noted that the cable jacket & wiring shows signs of over-heating as well. This indicates the wire & jacket are exceeding the 75° operating 

rating (slide#3 fig. 2 & slide#4 fig.5). 

Background…
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iTPC RDO power
3.6V – 4.0V input range

16X FEE cards powered from 
RDO SAS cable connections

6” pig-tail cable to 
Anderson socket

Fig.1  3-foot segment, 14AWG, 
6 conductor 75°C cable 
extension Socket to Plug

VDROP  ~300mV  (15W)

80-foot power feed cable from 
rackmount PS (6 conductor 12 
AWG, 75°C rated cable)

Fig.3 Socket & plug ends of 3-foot extension cable & feed cable ends
Melted pin housing & overheated contacts 

iTPC damaged LV power connectors
Fig2. cable jack shows 
indications of overheating 

VDROP ~ 3.6V  (160 W)

LV Power cable diagram

PSU side
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Fig.4 Metal spring for contact mating retention
Note: part of contact housing broken off

Burnt wiring found on both the 
12AWG feed and 14AWG extension
Wire & cable jacket is 75°C rated

Damaged housing and contact from excessive 
amperage caused by heating effects
Housing is rated for 105°C

Fig.5 Burnt contacts and part of housing 
broke off due to excessive heat

Contact

Anderson power-pole connector housing & wire damage 
from excessive heating
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Corrective Action: Replace connectors 3 & 
4 (slide #3) with 14 to 12 AWG Butt-Splices



=> There are a few circumstances that can cause the issues we are seeing here, 
and are also noted by the manufacturer.

I have noted in some instances several post crimped pins that were distorted most likely by an improper crimp method. 
In these cases, the pins are bent in such a way that causing decreases mating force.

In other cases (although rare in the case of TPX and iTPC) an improper crimp was noted in that the wire pulled out of the 
contact with a force well below the rated pull test.
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Distorted contacts bent during crimping process

Crimp bent upwards causing 
insufficient mating contact

Fig. 7 Crimp bent downwards causing contact not 
locking into place. This causes the contact to 
recede too far in & will cause insufficient mating 
contact.

Contact mating force spring

Fig. 6 Cutaway view of correct mating 
position of contacts inside of housing
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Proper Vs Improper post-crimped pins



Third return contact pulled out possibly 
due to distorted or bent crimp

Over-heated LV return connections either due 
to increased mating resistance or from third 
contact not seating correctly…causing these 
2x pins to carry a 33% increase in load. 

RETURN #1

RETURN #2

RETURN #3

Fig.8  LV Return housing melted

Typical failure analysis of over-heated Anderson Power-Pole connectors
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Fig.9 New contact on top Vs contact removed from the field

Contact on bottom shows signs of pitting & excessive heating
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Conclusion

As we can see from slide #5 from the manufacturer, there are several conditions or circumstances that could cause the contacts and connector housings to 
overheat.

If any one of the stated issues are present, then we could expect to have this condition occur.  In other words, any small deviation in the assembly process  could 

cause a compromised connection.

NOTE: For the repairs for Run24: ~44% were failures at the LV interconnect…

Improper Crimp:

I have noted in the case of Anderson Power-Pole connectors used in other detectors, that the condition of bent contacts (slide 7, figure 7) caused similar 

overheating. I am not 100% certain if this condition exist here for the TPC, but I have observed while removing the connector for the splice replacement…that a 

contact would fall out. On slide #8 (figure 8) we can see this condition where a contact pin for the LV return fell out (upper left corner pin) while the other contact 

pins remained intact.

Also, in other detectors that use the Power-Pole series, loose crimps were noted. This is where the crimping force on the conductor was not enough to properly 

crimp the contact to the wire. This was noted by the wires pulling out of the contact crimp when just pulling by hand. It should also be noted that too much crimping 

force or “over-crimping” can cause similar failure do to the mailability of copper wire and the contact. However, I have not noted this issue with the TPC LV 

connections.

Dirty or pitted contacts (maybe galvanic corrosion?):

I have observed even looking at pins from housings that did not melt, that it appears that the contact finish was worn off. On slide eight, figure 9 I compare a new 

silver-plated contact on top with one removed from the field. It could be possible that the contacts used on the feed side Vs the three-foot extension side contacts 

use different plating (Tin Vs Silver). If this is true, then the discoloration and pitting on the contacts could be due to electrolysis caused by galvanic corrosion and 

would cause overheated connections over time.

 



Polycarbonate pin housing

30AMP contact (12 AWG wire) crimp
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Anderson Power-Pole Connectors…mechanical specifications 



(1) 1.3A Load from FEE card
RL = FEE digital load

(3) 2x 28AWG conductors from SAS cable
+ 3.3V power to FEE card. Fuse 1 and 2 are inline w/ each 
28AWG wire.

(2) 2x 28AWG conductors 
from SAS cable 3.3V return 
power to FEE card

LV digital power from RDO

Blown Fuse Condition…Loss of FEE power
iTPC RDO digital LV power distribution to FEE card (effects of parallel fusing)

(2) R1A, R1B, R2A, R2B includes cable resistance + 
contact mating resistance variations 

Fuse & contact resistance can vary as much as 20%
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In this example: Due to the imbalance caused by 
placing the fuses in parallel, f2 will see a greater power 
drop. This will cause a gradual but steady climb in 
operating temperature which can eventually cause the 
fuse to open.

Power on surge current can also cause this condition, 
due to in imbalance in voltage drop. 

It is typically better & accepted to tie both connections 
at PCB and use a single fuse for both conductors.

Note: f1 and f2 are 1.0A rated fast blow fuse

Corrective action:  Bridge connection at RDO PCB (left 
side of f1 & f2) & replace with single 2.5A fast fuse or 
2A slow blow.

Fig. 1A RDO to FEE card SAS LV cable model simulation 

Another issue exist where the fuses on the RDO 
that distribute power to the FEE cards are 
blowing. This condition occurs due to placing a 
separate fuse for each of the two LV positive 
wires from the SAS cable which essentially 
places the fuses in parallel… 

28AWG wire #1

28AWG wire #2
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