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ABSTRACT 

This paper summarizes two most important verification tests performed in the design of reactor of Qinshan 
NPP Phase II: seismic qualification test of control rod drive line (CRDL), flow-induced vibration test of reactor 
internals both in 1:5 scaled model and on-site measurement during heat function testing (HFT). Both qualification 
tests proved that the structural design of the reactor has large safety margin.   
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1. INTRODUCTION 
600MWe reactor of Qinshan NPP Phase II (called Qinshan II hereafter) was designed by Nuclear Power 

Institute of China. For assuring the safety of the reactor, some very important tests had been performed to verify 
the design. CRDL, the only motive component of reactor and closely relative to the safety of reactor, is classed as 
first category (1I) for seismic design. According to Chinese nuclear safety regularity HAF0102, CRDL must 
maintain its function to shut down reactor safely and structural integrity when subjected to SSE. So, the seismic 
qualification test on CRDL was performed, which produced the measurement results of drop time and 
displacement of control rods when delayed by seismic load. As far as structure of internals is concerned, there are 
no significant component differences, but only some hydraulic differences, the Qinshan II internals have been 
conservatively classified as non-Prototype Category II, based on the valid Prototype Daya Bay NPP reactor 
internals. Analysis (which may include model test) and limited measurement (during HFT) are necessary. 
Therefore, the flow-induced vibration (FIV) tests on reactor internals were performed both in Laboratory of NPIC 
by using 1/5 scaled mockup and in Qinshan NPP during HFT.  
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2. SEISMIC QUALIFICATION TEST ON CRDL 
In PWR, CRDL is supported at different locations, generally at least four of them are need to be considered in 

seismic tests, which are upper head of pressure vessel, support plate of upper support assembly, upper core plate 
and lower core plate. Correct simulation for all seismic inputs at those locations is extremely difficult by using 
shake table. So, a special multi-point excitation device was designed. 

2.1 Test Mockup and Facility 
The test CRDL mockup consists of a engineering control rod drive mechanism (CRDM), a thermal sleeve, 

control rod assembly, a guide tube, a fuel assembly, a cylinder full of water. The test facility is a pit (15m deep, see 
figure1) with four electro-hydraulic actuators as well as its′ control system (S-59 and L-cat) and oil loop. The 
CRDM had been experienced 8 million steps of endurance test under heat condition (the same temperature and 
pressure of rector operation) before seismic test. The mockup was installed in the pit vertically. The excitation was 
applied simultaneously by means of electro-hydraulic actuators at following four locations: 

a. at intersection location between CRDM and vessel head 
b. at the support plate of upper support assembly 
c. at the upper core plate  
d. at the lower core plate 
The sketch map of exciting method is shown schematically in Fig 2, where symbol g refers to accelerometer, y 

means strain gauge. 1#, 2#, 3# and 4# are numbering of actuators. 

2.2 Seismic Excitation and Tests 
The seismic excitations to be imposed were calculated by the detailed seismic response analysis of the reactor 

structure. In order to control easily, the displacement response time histories at above four locations were used to 
excite the CRDL. The dynamic properties of CDRL were e plored by frequency sweeping way. Different levels of 
seismic loads, including OBE (five times) and SSE,

x
2 SSE, 1.6SSE were employed for qualification and 

development of computer code. Scram time, displacement, strain and acceleration were recorded. 

2.3 Main Results 
The effect of exciting load levels on scram time of control rod is shown in figure 3.  
The time of control rod assembly dropping from the highest position to inlet of necked section of guide 

thimble in fuel assembly is less than design limit value even excited by 1.6 SSE displacement signal. The scram 
time in still water has nearly no change before and after seismic tests. The Qinshan II CRDL can operate normally 
during OBE and fall into the bottom of reactor core even under an earthquake load larger than SSE, the scram time 
is less than required value of reactor shut-down for SSE. The components of CRDL under an earthquake can 
sustain a good integrity. 

2.4 Development of Computer code 
Computer codes for the calculation of drop time of control rods in reactor core had been developed by many 

researchers [1-8]. However most work was based on some factors drawn from CRDL scram test. A FEM program, 
CRFD for calculating reactor control rod drop and time history, are also developed by our laboratory, adopting 
direct restrain method to deal with contact problem, force function method to cope with impact force, combining 
FEM with empiric formula to calculate fluid resistance. Compared with other software of control rod drop time, 
CRFD has a good function in simulating the behavior of control rod dropping. CRFD does not need any parameter 
as input, which takes uncertainty of seismic response and are available from a lot of seismic tests of CRDL. This 
software can give drop time and displacement very consistent with seismic test results. Applying CRFD, designer 
can pre-evaluate the rationality of CRDL design in initial design phase. 
 

3. FLOW-INDUCED VIBRATION TESTS OF REACTOR INTERNALS 
The Qinshan internals are based on the technology of the Daya Bay internals. An in-depth investigation into 

the similarities and the differences in arrangement, design, size, manufacturing and operating conditions between 
the two reactors shows that: 
—the Daya Bay internals can be considered as the mechanical reference for the Qinshan II internals(no substantial 
difference) 
—there many similarities, but also some hydraulic difference (downcomer annulus, lower and upper plenums), 
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due mainly to the 2-loop versus 3-loop effect. 
Daya Bay can be considered as a prototype for Qinshan II. Daya Bay itself based on prototypes Doel 3 (for the 

upper internals) and Tricastin 1(for the lower internals). All these reactors are valid prototypes. Qinshan II 
internals could be conservatively classified as non-Prototype Category II. 

According to RG 1.20, non-prototype category II internals must be submitted to analysis, limited 
measurements and full inspection as well as endurance testing. The analysis (which may included tests) and the 
limited measurements (during hot functional testing) are therefore made on those reactor internals important to 
safety that may be impacted by the hydraulic differences: the core barrel (downcomer annulus), the most-loaded 
control rod guide tube (upper plenum) and the bottom-mounted instrumentation columns and the secondary core 
support ( lower plenum). The model test was performed by NPIC, the limited measurements during HFT were 
carried out by Framatome and NPIC.  

3.1 Mockup Test 

3.1.1 the Scope of the Test 
the loop tests of FIV on mock-up include: (1) steady-state operation (single pump and two pump operation); 

(2) transient operation (pump open-shutdown, valve open-shutdown) and (3) endurance test (60 hours). 

3.1.2 Model Design 
Considering difficulties of simulating small connect pieces, restriction of loop flow rate, manufacturing cost 

and many transducers installation, so 1/5 scaled model is used in the test. 
The core barrel, baffle, thermal shield, upper core plate, lower core plate, upper support assembly, hold-down 

spring etc. in model have been simulated and manufactured by geometrical similarity. All the main geometric 
configurations of reactor have been carefully scaled down on the model including the joint condition. For the fuel 
assembly, only mass and stiffness were simulated, the reactor pressure vessel shell thickness has been reduced a 
little compared with 1/5-prototype size, the support of vessel has been simulated prototype to assure its rigidity. 
The size and shape of downcomer annulus between vessel and core barrel has been simulated. The deformation of 
hold down spring and the hold force that applied to core barrel flange have been simulated. The scaled model is 
shown in figure 4. 

3.1.3 Main Results 
a. Different length signal on different duration have been analyzed. The r.m.s. value is always the same. The 

probability distributing functions are all typical normal distribution. The FIV of core barrel is ergodic steady 
random vibration caused by fluctuating flow. Statistical analysis method has been used to deal with the signal. 

b. The r.m.s. values of measured signal by statistical analysis were obtained. The response values of barrel in 
single pump operation are less than two pumps operation. Acceleration of vessel is less than core barrel. Vertical 
vibration of upper internal structure is very small. 

c. Fatigue analysis was performed based on the maximum stress obtained from model measurement by using 
scaling laws. The core barrel of Qinshan reactor will not be damaged by fatigue due to FIV in 40 years of 
operation.  

d. After endurance test of 60 hour two pumps operation (in this period, core barrel vibrates 7×106 cycles 
greater than specified value 1×106 in R.G. 1.20), removing head vessel and hanging out upper internal, wear in 
hold spring and barrel flange was not found. Lifting up barrel assembly, bolts and link pieces at shield, former and 
baffle were not loosened. 

e. The mock-up tests shows that the Qinshan II internals are safe for FIV design. 

3.2 On-site FIV test during HFT 

3.2.1 Objectives 
The on-site FIV test includes limited measurements during HFT relative to steady state and anticipated 

transient conditions for normal operation, and 240 hours of endurance test. The objectives are measuring the 
significant natural frequencies and the amplitude or strain levels during HFT, and finally supplying results for the 
comparison with theoretical computation and synthetic assessment on FIV safety of internals. 
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3.2.2 Test Description 
The instrumented components are core barrel and one of most-loaded control rod guide tube (CRGT). There 

are four accelerometers located 90o apart, installed at the surface of the middle part of core barrel, marked by 
symbol AC1, AC2, AC3 and AC4 as shown in fig. 5. There are also four strain gauges located 90o apart, installed 
at the flange area of core barrel, marked by code SG1, SG2, SG3 and SG4. 

There are four strain gauges installed near the intermediate flange of CRGT marked by code SG5, SG6, SG7 
and SG8 as shown in fig.6, where the maximum membrane and bending strains exist in the CRGT. The total 
number of sensors is twelve. 

38 test cases including 60oC (2.5MPa), 177 oC (2.5MPa), 230 oC (9MPa), 290.8 oC (15.4MPa) temperature 
and pressure conditions and two pump operation, single pump operation, pump start-up, pump coast-down 
conditions have been recoded and analyzed. 

The hot functional test was performed at 290.8 oC, 15.4MPa in 18 days which is much more than specified 
minimum of 240 hours (10 days). 

3.2.3 Test Results 
Natural frequencies, displacements and strains are derived from measurement and fall inside the predicted 

ranges made before by Framatome. 
Based on test results, conservative fatigue analysis has been done. It is concluded that the safety factor of core 

barrel against high-cycle vibratory fatigue is 6.95. 
Full inspection before and after endurance test indicates that no crack on welding surface, no loosen 

phenomenon, no damage on fitting surface has been observed. 
 

4. CONCLUDING REMARKS 
Two important qualification tests are introduced simply in this paper. It is concluded from them that Qinshan 

II reactor can be shut down safely in a specified time when subjected to SSE and internals will not be damaged by 
high-cycle fatigue due to FIV in 40 years of operation. 
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Fig. 1 Skech map of CRDL mock-up and seismic pit 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2  CRDL mockup and actuator system 
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Fig.3  Effect of exciting load level on scram time of control rods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.4  1/5 scale model of FIV 
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Fig. 5  Location of vibratory instrumentation on core barrel  

Fig. 6  Strain gauge location on control rod guide tube H12 
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