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I. INTRODUCTION
COMOPTEVFOR issued his report on the Operational Evaluation (OPEVAL) of the Solid State Frequency Changer (SSFC) Family and concluded that the SSFC is operationally effective except during 5"/54 gun shoots and has the potential to be operationally suitable upon correction of reliability, maintainability, availability and compatibility deficiencies. COMOPTEVFOR recommended that the SSFC not be approved for service use (now referred to as Approval for Full Rate Production). The story of what happened illustrates several very important T&E "lessons learned". The predominant factors resulting in the OPEVAL failure were installation, hardware, and quality control discrepancies. These would have been discovered in TECHEVAL if much more operating time had been put on the system before OPEVAL. 

A. SYSTEM DESCRIPTION 

The SSFC is electric power conversion equipment that converts 60-Hz ship service Type I power to 400-Hz Type III power. The equipment family consists of six frequency changers having different ratings (25, 40, 63, 100, 160, and 250 kW) of which one 63 kW unit and one 160 kw unit were tested during OPEVAL aboard USS JOSEPHUS DANIELS (CG 27).
B. TECHEVAL 

The Naval Surface Warfare Center, Carderock Division conducted the TECHEVAL on both the 63 kW and 160 kW converters aboard USS JOSEPHUS DANIELS. The units were installed in the helo hangar area. The elapsed time indicators on both converter units registered 120 hours each at the completion of TECHEVAL. There were no heat exchanger leakage problems or power interrupts during the one-week TECHEVAL.

C. OPEVAL 

OPEVAL was also conducted aboard USS JOSEPHUS DANIELS. As described below, there were consistent and repetitive problems throughout the OPEVAL resulting from leaking salt water-cooled heat exchangers. Additionally, the water-cooled heat exchanger was installed directly above the electronics cabinet (contrary to standard practice) - and this was a significant factor causing the OPEVAL failure. Another factor that resulted in significant OPEVAL limitations and problems was the installation of the system in the helo hangar vice the intended location - a below decks auxiliary machinery space, which is representative of the production configuration. Important events were as follows:

 (1) OPEVAL Placed in Deficiency status for First Time 

(a) The 63 kW unit could not provide 400-Hz power. Ship load was greater than it could handle due to loss of the 160 kW unit. The 63 kw unit ran in overload for a short time and then shut itself off. This overload, shut off, and reset repeated until it was decided that unit could not provide adequate 400-Hz power alone. 

(b) The input transformer failed on 160 kw unit. A thermocouple wire which was installed during factory tests (which is not a normal production item and should have been removed prior to delivery) extended out of the transformer. The wire was coiled and held together by wire wraps. During OPEVAL, the wire coil, which was tied to a post of the transformer, loosened, and the wire shorted out causing carbon deposits on the transformer. 

(c) Excessive failures of the fault detector boards. These failures were caused by a reverse bias during the SSFC start-up and shut- down (a design deficiency). Modified boards were installed in the frequency changers aboard USS JOSEPHUS DANIELS before certification to reenter OPEVAL. 

(d) Inaccuracy of the automatic test cassette tapes. The automatic test cassette tapes were found to have incorrect fault indications. All cassette tapes for both the SEM modules and the drawers were modified and verified by the Field Activity.   

(e) Minor leakage in heat exchangers. Five heat exchangers were replaced. 

 (2) Heat Exchangers Failure 

  

(a) Heat exchangers of both units developed major leaks. The failure of the heat exchangers was due to improper operation of the seawater system. It was found that the pressure regulator valve was incorrectly by-passed, resulting in a high flow rate, causing erosion of the heat exchanger tubes. 

(3) OPEVAL Placed in Deficiency Status for Second Time   

(a) Both units experienced repeated tripping of circuit breakers in SSFC output bus. The circuit breaker trip problem was caused by momentary interruptions of a Current Time Sensing (CTS) device 60-Hz input voltage which was improperly wired to a darken ship door switch. To correct this, the 60-Hz input power was rerouted from lighting circuit to an available receptacle circuit. 

(b) Repeated blown fuses and subsequent 160 kw converter shut down during 5"/54 gun firings. The output circuit breaker was tripped and the 400-Hz power was lost to the load equipment. It was only the 160 kW unit that was having this problem during gun shoots. The 160 kW unit had not yet been shock tested as required. Before the shock requirements could be met, the connector pins in the unit had to be changed from a silver-plate type to a gold-plate type. The 160 kW unit undergoing OPEVAL testing did not have this fix because TECHEVAL had not uncovered the problem. 

(4) Final OPEVAL Report 

The following discusses the operational suitability deficiencies which resulted in the OPEVAL failure: 

(a) The required reliability (MTBF) for SSFC (Requirement: At least 4,000 hours) was not achieved. OPTEVFOR calculated the demonstrated MTBF as 1,205 hours, based on two frequency changer failures and four salt water cooling system failures. The two frequency changer failures consisted of a spike suppressor failure (major) and seven fuse failures during 5"/54 gun firings (collectively considered a major failure). 

The salt water cooling system failures were caused by the improper operation of a bypass valve on the piping station. The heat exchangers operated without failures for nine months after the high flow rate was corrected. The heat exchangers continued to have water circulation regardless of whether the SSFC were being operated or not and demonstrated an MTBF of 6,480 hours. 

The MTBF requirement for each CTS device specifies that it must be at least 30,000 hours. Each of the 3 installed CTS devices operated for 11,145 hours (total of 33,435 hours) with no failures. Therefore, the CTS devices met their MTBF requirement. 

(b) The TEMP specified maintainability requirements (for corrective maintenance), mean time to repair (MTTR) and maximum time to restore power (MAXTTR), were not achieved in OPEVAL. In OPEVAL, the demonstrated MTTR was 30.7 minutes (requirement: 10 minutes) and the demonstrated MAXTTR was 120 minutes (requirement: 25 minutes). The TEMP called out a further break down of maintainability requirements (for replacement of drawers and for replacement of circuit boards and parts within the drawers) as shown below: 

(i) Replacement of drawers: 

MTTR -- 10 min 

MMAXCT -- 25 min 

(ii) Replacement of circuit boards and parts within drawers: 

MTTR -- 2 hours 

MMAXCT -- 5 hours 
There was no breakdown in the OPEVAL report indicating the number and type of corrective actions done (i.e., the number of corrections for drawer versus part replacement). Most of the repairs were for parts within drawers. It is therefore, highly possible that if the MTTR and MAXTTR were calculated and reported on properly, then the maintainability requirements would have been met. 

(c) The SSFC system's Ao requirement of 0.9999 was not achieved. The SSFC system demonstrated an Ao of 0.9934, based on 6783 clock hours with 45 hours of down-time (of this total, 40 hours were for salt water cooling system repairs). Since the time of the OPEVAL, SSFC family systems have been air cooled thus eliminating the down-times attributable to the use of salt water cooling. Improvements were also made to later SSFC family systems' connector pins to preclude fuse failures. It became apparent that the Ao of the TEMP, 0.9999 (to four decimal points) was not a realistic threshold and was probably intended to reflect the inherent availability (Ai) and not the Ao value. In any case, the achieved Ao is still a very high number and would probably satisfy the operational need. 



II. DISCUSSION
The following are the SSFC OPEVAL lessons learned. 

A. TECHEVAL AS A REHEARSAL FOR OPEVAL 

This OPEVAL reinforces Navy policy that the TECHEVAL should be a good rehearsal for the OPEVAL, particularly taking into account, the environment, test scenarios, training, and spares, in order to reduce the chance of failing the OPEVAL. Because of schedule problems, the SSFC TECHEVAL was conducted in port and lasted for one week out of a TEMP scheduled two week period; the OPEVAL was scheduled for six months. 

Many of the hardware deficiencies, which occurred during OPEVAL and which contributed to decisions to place the system in deficiency status, were not and could not have been caught in the short TECHEVAL test period. The TECHEVAL test, performed in port, did not adequately simulate the operational use of the system. The shipboard installation of the system in the helo hangar vice machinery spaces below decks was not "fleet representative". The TECHEVAL must be an operationally representative rehearsal for OPEVAL, and it must be of sufficient duration to "ring-out" all of the early-life failures and to demonstrate system reliability. 

B. INSTALLATION AND CHECK-OUT 

Some of the test problems were caused by installation errors that a better quality control process would have prevented. The program manager must carefully plan the installation and check-out of the TECHEVAL/OPEVAL system. There must be a good hands-on preliminary trial run which demonstrates most, if not all, of the modes of operation. Check-out should include at-sea operation. 

C. TRAINING 

One factor contributing to the failure, was the inadequate training received by replacement operators. The two EM-3 sailors who had been assigned to the system through TECHEVAL had received their discharge early during OPEVAL. Their replacements did not receive the two-week course in accordance with the Navy Training Plan. Instead they received approximately six hours of training on the system at port side. 

Their training on the system was part of their overall on-the-job training. An improper operation/operator error (improper operation of a bypass valve) resulted in a catastrophic failure in the system before the ship got underway. It is therefore important that back-up operator personnel who have been adequately trained, be made available throughout the TECHEVAL and OPEVAL testing to step in, if necessary.

