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            Abstract
          
        

        
          For bleeding or disease treatment, a blood product is often received. According to the storage regulation of a blood product using platelets, a blood product should keep its temperature at 22±2°C and stir continuously. In particular, if its temperature fails to remain, cells are so influenced that they are dead or change their properties. Therefore, this study designed and developed a transfusion cooling system using thermoelement in order to maintain a storage temperature during the transfusion of a blood product and analyzed the characteristics of temperature and voltage-current. The cooling system for a transfusion can control switching to continuously change if the voltage-current polarity of thermoelement reaches a setup temperature. As a result, the internal temperature of the transfusion cooling system and the temperature of saline solution pack were able to remain at 22±2°C constantly.

        

        
          
            초록
          
        

        
          출혈이나 질병의 치료를 위해 혈액제제를 수혈 받는 경우가 많이 있다. 혈소판을 이용한 혈액제제의 보관 규정을 보면 22±2°C를 유지하며 지속적인 교반이 필요하다. 특히, 온도가 유지되지 않으면 세포에 영향을 끼쳐 세포가 사멸하거나 특성이 변하게 된다. 따라서 본 연구에서는 혈액제제를 수혈하는 동안에도 보관 온도를 유지 할 수 있도록 열전소자를 사용하여 수혈용 냉각장치를 설계·개발하고 온도 및 전압-전류 특성을 분석하였다. 수혈용 냉각장치는 열전소자의 전압-전류의 극성이 설정온도에 도달하면 지속적으로 변화될 수 있도록 스위칭 제어를 하였다. 그 결과 수혈용 냉각장치의 내부 온도 및 생리식염수 팩의 온도가 22±2°C의 온도를 지속적으로 유지할 수 있었다.

        

      

      
        Keywords: 
Thermo-element, Biological safety, Blood temperature maintenance, Temperature sensing, PT 100Ω sensor, Peltier effects
키워드: 열전소자, 생물학적 안전, 혈액온도유지, 온도감지, PT100Ω센서, 펠티어효과

      

    

    

  
    
      Ⅰ. Introduction
      If a transfusion is needed for severe bleeding or a disease, a transfusion using homologous blood is mainly given. However, an enough amount of blood is not supplied since it is very hard to secure blood through donation and to meet storage and transfer conditions. Therefore, a diversity of research on artificial blood[1]-[3]. and artificial blood vessels[4]-[7]. have been conducted. In particular, a HBOC product that can replace red blood cells was developed and is about to be applied to the human body[8]. Blood is segmented in various forms for storage. A storage temperature can influence the functional activation of blood. A platelet product is dead at a low temperature because of its failure to keep cytoskeleton[9], and changes cytoplasm at a high temperature. For this reason, the development of a device for keeping a temperature at the time of extracting PRF from blood has been researched[10]. To transfer or use blood and a blood product, it is very important to keep a temperature. In particular, when a blood or platelet product transfusion is given in an operating room, it is hard to keep a temperature. In case of a transfusion of platelets, the transfusion should be given within 30 minutes. Although the platelet transfusion is shorter than transfusions of other blood products, it is sensitive to temperature. For this reason, it is necessary to come up with a plan for keeping a temperature. Therefore, this study developed a small temperature maintenance device which is available in an operating room and analyzed temperature characteristic. To develop the temperature maintenance device, thermoelement was utilized. Thermoelement uses the inter-conversion of heat and electricity and produces various effects[11]. The temperature maintenance device makes use of Peltier effect. In terms of Peltier effect, when a current flows in P-N thermoelement, exothermic reaction occurs in one side, and endothermic reaction occurs in the other side [12],[13]. Since thermoelement has a simple structure and high reliability, it is researched a lot and is applied to real life[14]-[17]. In particular, thermoelement is utilized to make a cooling device which is often applied to homes or industries which need temperature control [18],[19]. This study developed a temperature maintenance device to keep a temperature when a transfusion is given in an operating room and analyzed its characteristics. 

    

    

  
    
      Ⅱ. Materials and Methods
      The cooling device for a transfusion is comprised of Micro Controller Unit (MCU) that controls the cooling device for a transfusion, the thermoelement part that helps to keep a temperature of a transfusion pack, and the power supply part that supplies power to the cooling device for a transfusion. Micro Controller Unit plays a role to control the whole cooling device for a transfusion. MCU sends a drive signal of thermoelement(TEC1-12706, YUXIANG electronics China) to keep a proper temperature. The MCU can also control the switch (NW3-TS-D005, NW3 corp, China) to drive the vibration motor (SZH-GNP131, SMG corp, China) and the pan (DA12025S12LA, Shenzhen huaxia hengtai electronic corp, China). The drive voltage of the MCU(MG82FG5B16, MEGAWIN corp, China) is 5V and its current is 6A. The transfusion cooling device supplies power with the use of the adaptor (SWpp-12604000-w, Hongkong power-tek international corp, China). For temperature control of the transfusion cooling device, the temperature sensor (NTC-103F397, SAMKYUNG corp, korea) was used. The detected temperature data was transmitted to the MUC with the use of ADC(Analog to Digital Converter). The screen display utilized FND(S-5363ASR1, DAKWANG corp, Chin) to display up to three digits of the current temperature. 

      
        
        

        Fig. 1. 
				
        

        
          System architecture the cooling device for a transfusion
        
        

        

      

      The MCU of the transfusion cooling device has the structure of 8-bit RISC so that it has simple commands. Also, it has low power consumption, since pull-up resistance is selectable. The display of the transfusion cooling device is designed with the use of FND. In FND, the internal temperature value is presented in real time. It is possible to select thermoelement operation, vibration motor operation, and pan operation with the use of three switches. As a temperature sensor, the NTC(Negative Temperature Coefficient)-thermistor temperature sensor is used. The NTC temperature sensor utilizes its characteristic of a resistance value changing depending on a temperature. It calculates a resistance value with the use of its temperature table in the principle of voltage distribution and then finds a temperature on the basis of the resistance value.
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          MCU and FND display circuit diagram of the transfusion cooling device
        
        

        

      

      Figure 3 illustrates the circuit diagram of the vibration motor of the transfusion cooling device. A platelet product needs to stir in case of storage. In a transfusion of a platelet product, instead of stirring, the vibration motor was used to shake the platelet product. The vibration motor was turned on or off with the use of 2N2222 transistor, and its switching control was made with the MCU.
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          The circuit diagram of the vibration motor of the transfusion cooling device
        
        

        

      

      Figure 4 illustrates the circuit diagram of the thermoelement control of the transfusion cooling device. The transfusion cooling device was designed in rated control with the use of a relay, since its internal space was narrow. The drive current of one Peltier device is about 6A. For this reason, a relay with 10A of the maximum allowable current was utilized to drive the thermoelement in a stable way. Q6 transistor was turned on and Q7 transistor was turned off so as to supply +12V and give cooling control to the thermoelement. On contrary, it was possible to supply –12V and give heat control to the thermoelement by turning of Q6 transistor and turning on Q7 transistor. In order to emit the internal air of the transfusion cooling device quickly and cool the thermoelement, a heatsink and a pan were attached. With respect to the blood product transfer system, thermo-elements that could provide cooling and heating control according to the variation of the polarity of the current were used to maintain a specific temperature in a variable external temperature environment.
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          The circuit diagram of the thermoelement control of the transfusion cooling device 
        
        

        

      

      Figure 5 illustrates the structure of a thermo-element. This is comprised of thermo-element semiconductors with p-type and n-type, a ceramic plate for electric insulators, and a two-way connector. The thermo-element has a type of pn joining. Therefore, by connecting multiple p-type and n-type semiconductors, it is possible to make a variety of devices with a different size depending on use purposes[14],[15],[19]. The thermo-element has Seebeck effect, Peltier effect, and Thomson effect[20]. This study made use of the Peltier effect in which one side of a thermo-element absorbs heat and the other side emits heat in order to control the temperature of the blood product transfer system. Table 1 presents the specification of the thermo-element (TEC1-12706, Hebei IT corp., China) used in this study.

      
        
        

        Fig. 5. 
				
        

        
          Structure of thermo-elements
        
        

        

      

      
        Table 1. 
				
        

        
          
						Performance specification of thermo-elements.
        
        

      

      
        
          
            	Size
            	40 x 40 x 3.75mm
          

        
        
          	internal resistance
          	2.1 - 2.4 Ω
        

        
          	max temperature difference
          	67°C
        

        
          	operating current
          	4.3 – 4.6A (12V)
        

        
          	rated voltage
          	DC 12V
        

        
          	Cool down capability
          	QCMAX 60-72W
        

        
          	Working temperature range
          	-55°C ~ 80°C
        

      

      

    

    

  
    
      Ⅲ. Results
      Figure 6 was the Printed circuit board (PCB) designed to control temperature change of the transfusion cooling device. Figure 7 presents the temperature change of the transfusion cooling device. A temperature sensor was attached to the top and bottom in the transfusion cooling device, its vibration motor, and its saline solution pack in order to analyze a change in the internal temperature of the transfusion cooling device. An outside temperature was set to more than 30℃. To check that the internal temperature of the transfusion cooling device was uniform, the temperature sensors were attached to the top and bottom of the device sion, and a temperature was measured. For temperature measurement, the data logger (GL240, Graphtec corp, Japan) and the K-type temperature sensor (TP-K01, Lab&Tools corp, Korea) were used for one hour after transfusion cooling device was operated. The temperature of transfusion cooling device should remain at 22±2°C, the storage reference of a platelet product. Since the outside temperature was very high, or more than 30°C, its internal temperature was more than 30°C even if the transfusion cooling device was initial operation. However, the temperature remained at 22±2°C. It was found that the transfusion cooling device was smoothly operated in a space with a high outside temperature. If the temperature of a platelet product fails to remain in a certain level, cytoplasm changes and it is impossible to keep the properties of the product. Therefore, it is required to keep a uniform temperature. 
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          The temperature change of the transfusion cooling device
        
        

        

      

      
        
        

        Fig. 7. 
				
        

        
          The temperature change of the transfusion cooling device
        
        

        

      

      Figure 8 presents the voltage-current change of the transfusion cooling device when a thermoelement runs for temperature maintenance. For voltage-current measurement, the data logger was used through the power unit connected to thermoelement. If the transfusion cooling device starts to run, a thermoelement also begins to run to keep a temperature at 22±2°C. If an outside temperature is high, cooling starts; if lower than a setup temperature, cooling stops. After cooling stops, the thermoelement changes the polarity of a current and starts to heat in order to maintain a temperature. The device was designed to keep a temperature at 22±2°C as a setup temperature through repeated process. In other words, depending on a setup temperature of the transfusion cooling device, thermoelement repeatedly makes switching control to keep an internal temperature stable. As the thermoelement starts to run, voltage-current changes in a certain pattern due to the switching control of thermoelement. It means that the polarity of voltage-current changes continuously to find a setup temperature. The thermoelement had heating-cooling operation continuously and was able to keep a temperature at its target internal temperature ‘22±2°C’ about six minutes after the transfusion cooling device was operated. After about 10 minutes, the saline solution pack also kept a temperature at 22±2°C. A platelet product needed about 30 minutes of transfusion. Therefore, if a transfusion starts 10 minutes after the operation of the transfusion cooling device, it is judged that the transfusion is able to be given at a stable temperature.
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          Voltage-current change of the transfusion cooling device
        
        

        

      

    

    

  
    
      Ⅳ. Conclusion
      A blood product is sensitive to a temperature change. Therefore, if such a product is not influenced by an outside temperature change and keeps a constant temperature, it is possible to give a blood product transfusion to a patient safely. This study designed and developed the cooling device for a transfusion with the use of thermoelement, and analyzed changes in internal temperature and voltage-current. The thermoelement was installed in the inside of the case of the transfusion cooling device, and a pan was installed in the outside of the case in order to cool and heat an internal temperature quickly. In order to keep a temperature at 22±2°C no matter how high an outside temperature was, the transfusion cooling device was designed for cooling and heating with the use of thermoelement. When an outside temperature was more than 30°C, an initial internal temperature was high. With the cooling operation of thermoelement, the internal temperature went down to the target temperature or 22±2°C and remained. To do that, the thermoelement had cooling and heating operation continuously, and the switching operation of the thermoelement continuously changed the polarity of voltage and current. It is expected that the thermoelement based cooling device for a transfusion is not influenced by an outside temperature change, keeps an internal temperature in a certain level, and helps to give a blood product transfusion to a patient safely.
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