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摘要：本文介绍了一个运用 SMX-225CT FPD HR微焦点 X射线 CT系统对汽车 ECU的实例观察。先是对整个汽车 ECU的透视观察，
可以观察到焊点的气泡，再对整个样品进行 CT扫描，可以观察到 ECU内部是否有缺件、元器件变形，最后对连接器的插件脚焊点进
行孔隙率分析，定量检查出气泡的体积和数量。
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在汽车中安装了各种电子设备，以用于与性能和安全相关
的控制功能。电子设备的控制还支持驾驶和车辆的舒适环境。近
年来，随着诸如驾驶自动化和错误的启动抑制功能之类的安全相
关功能的复杂性日益提高，控制这些功能的电子设备中的更高性
能已成为一个问题。从环境的角度来看，还需要改善的燃料燃烧
效率和取决于车辆行驶状况的发动机的最佳控制。这些类型的控
制由电子控制单元（ECU）执行，也称为“行车电脑”。

配备有这些电子设备的汽车在运行中会不断振动，并且还
会受到由于大气温度以及发动机和道理产生的热量引起的温度变
化的影响。即使在这种恶劣的环境下，也必须进行正常操作。由
于对可靠性的要求很高，因此，在某些情况下，ECU和其他电子
几乎是封闭在外壳中，但这意味着无法从设备外观检查设备本身。
因此，通过 X射线技术检查是必须的。本文介绍使用 X射线 CT

系统观察 ECU的示例。
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 Introduction  
Various electronic devices are installed in automobiles for use 
in performance- and safety-related control functions. Control 
by electronic devices also supports driving and a comfortable 
environment in the vehicle. With the increasing complexity 
of safety-related functions such as driving automation and 
erroneous start suppression function in recent years, higher 
performance in the electronic devices that control those 
functions has become an issue. From the environmental 
viewpoint, improved fuel combustion efficiency and 
optimum control of the engine depending on vehicle 
running condition are also demanded. These types of control 
are performed by electronic control units (ECU), also called 
“car computers.”  
Cars equipped with these electronic devices vibrate 
constantly while in operation, and are also affected by 
temperature changes due to the atmospheric temperature 
and heat from the engine and road. Normal operation is 
necessary even in this severe environment. Since reliability 
requirements are high, ECUs and other electronic devices are 
almost always enclosed in cases, but this means it is not 
possible to inspect the devices themselves from their 
external appearance. Thus, nondestructive inspection by X-
ray techniques is required. This article introduces an example 
of observation of an ECU by using an X-ray CT system. 

S. Iguchi 

 

 Observation of Car Computers (ECU) 
Various sensors are installed in automobiles to enable normal 
operation even in difficult environments. ECUs contain many 
components that read information from sensors in order to 
optimize engine combustion efficiency and monitor and 
control the attitude of the automobile, temperature, tire air 
pressure and other important conditions so as to ensure safe 
travel. Control components with higher functions and 
performance have been adopted to realize higher safety and 
traveling performance. Use of stacked boards and higher 
density components by space-saving are also progressing so 
that these devices can be installed in the limited space of the 
automobile. In the past, components that were sure to 
operate were used from the viewpoint of reliability, even if 
their performance was low, but because recent compact, 
high performance components are now frequently used, 
high surface mounting technology is required, even in solder 
joints with boards. Although dedicated inspection 
equipment is used in operation-related electrical current 
tests, an X-ray fluoroscopy system has long been used to 
evaluate reliability due to changes in use conditions. Higher 
analytical accuracy is possible by using an X-ray CT system in 
these evaluations. Fig. 1 shows the Shimadzu microfocus X-
ray CT system inspeXio SMX-225CT FPD HR, and Fig. 2 shows 
an image of the external appearance of an ECU , and Fig. 3 
shows the fluoroscopic image of ECU taken with this system. 

 
Fig. 1  Microfocus X-Ray CT System  

inspeXio SMX-225CT FPD HR 

 
Fig. 2  Image of External 

Appearance of ECU 
Fig. 3  Fluoroscopic  

Image of ECU 
 

Because a 16-inch flat panel detector is used in the 
receiving section of the inspeXio SMX-225CT FPD HR, 
providing a maximum large field-of-view of 
approximately 300 × 300 mm, the entire ECU can be 
shown in a single image. This makes it possible to check 
for missing and damaged terminals and components 
and large bending of parts. The position of the board 
can also be observed, making it possible to check for 
contact between the board and parts and the ECU case.  
Observation of the interior of parts and more detailed 
observation of the solder condition of joints is also 
possible by increasing the magnification ratio. Fig. 4 is 
a fluoroscopic image of the area around an IC taken by 
magnification radiology. Here, the internal wiring in 
the IC and the solder joints can be observed. Voids in 
solder joints with the board can also be confirmed by 
further enlargement of the solder joint area (Fig. 5).  

Fig. 4  Fluoroscopic Image of  
IC Part 

Fig. 5  Fluoroscopic Image of 
Solder Joint 

Voids
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■实验部分
1.1 仪器
SMX-225CT FPD HR微焦点 X射线 CT系统
1.2 分析条件 

X射线 CT检查分析条件：
测试电压：210KV

测试电流：150μA

图像尺寸：1024pixels*1024pixels

扫描时间：10min

SDD：800mm

SRD：178.019mm

Number of Views：2400

Number of Averages：1

Voxel Spacing：0.022mm/voxel

Exposure(ms)：250.000

Acquisition Mode：Fine 

■结果与讨论
2.1 行车电脑（ECU）的观察
汽车中安装了各种传感器，即使在恶劣的环境下也能正常运

行。ECU包含许多组件，这些组件从传感器读取信息，以优化发
动机燃烧效率，并监视和控制汽车的姿态、温度、轮胎气压和其
他重要条件，以确保安全行驶。如今采用功能和性能更高的控制
组件，以实现更高的安全性和行驶性能。通过节省空间来使用堆
叠的线路板和不断发展的更高密度的组件，使得这些装置可以安
装在汽车的有限空间中。过去，即使性能低下，也要从可靠性的
角度考虑使用可以确保正常工作的组件，但是由于最近经常使用
紧凑、高性能的组件，因此即使在带有焊点的板中都需要使用表
面贴装技术。尽管在与操作有关的电流测试中使用了专用的检查
设备，但是由于使用条件的变化，X射线透视系统长期以来一直
用于评估可靠性。通过在这行评估中使用 X射线 CT系统，可以
提高分析精度。图 1显示了 ECU的外观图像，图 2显示了使用
Shimadzu微焦点 X-ray CT系统 inspeXio SMX-225CT FPD HR拍
摄 ECU的透视图像。

作者：黄军飞，广州分析中心 
邮箱：sszhjf@shimadzu.com.cn 
 

                 
 



图 1  胶囊外观图                     图 2  胶囊透视图

由于 inspeXio SMX-225CT FPD HR的接收部分使用了 16

英寸的平板检测器，因此最大的可视视野约为 300X300mm，
因此整个 ECU可以显示在单个图像中。这样就可以检查端子和
组件是否丢失和损坏以及零件是否弯曲变大。还可以观察电路
板的位置，从而可以检查电路板与零件和 ECU外壳之间的接触
情况。

通过增加放大倍率，也可以观察零件内部并更详细地观察
接头的焊接状态。图 3是通过放大倍率拍摄的 IC周围区域的
透视图像。在此图片中，可以观察到 IC和焊点中的内部布线。
也可以通过进一步扩大焊点面积来确认板上的焊点气泡（如图
4所示）。

接下来拍摄整个 ECU的 CT图像，并生成多平面重建 (MPR)

图像，如图 5所示。MPR是将记录的 CT图像排列在虚拟空并
显示任意截面的图像的功能。如图 5所示，可以显示如（1）
所示的 CT图像，如（2）和（3）所示的与（1）正交的横截面
的图像，以及任意角度的横截面的图像，如（4）所示。

由于也可以显示必要的剖面图像，因此可以进行详细的检
查和观察。在这些 MPR图像中，（1）表示 ECU中心附近的横
截面。（2）和（3）是从（1）的横截面垂直和水平正交的横截面。
（4）表示从（2）截面中的横截 ECU板表面的部分。也可以
放大任意截面图像，如（5）所示。由于 CT成像显示白色的是
密度较高的区域，因此焊点、电子元件和电路板的 布线显得更
白。因此，可以从这些图像中确认零件和焊料是否存在与否。

可以使用 3D 处理软件 VGSTUDIO MAX（Volume Grap-

hics GmbH）显示 CT图像的立体渲染图（VR），并且通过观
察更接近实际物体的形状的 3D图像，可以在板的背面观察零
件和端子的弯曲以及是否存在零件。通过放大的 CT图像（图 6）
达到检查 IC内部端子和小零件的绑定线和焊点的目的。

接下来，图 7示出了连接汽车布线的连接器的放大VR图像。
尽管许多端子偶读使用了焊点，但是焊料中的空隙如果存在，
由于振动和热膨胀的影响，可能会聚结并发展成裂纹。
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Fig. 6  MPR Images of ECU 

 

Next, a CT image of the entire ECU was taken, and Multi Planar 
Reconstruction (MPR) images were generated as shown in Fig. 
6. MPR is a function that arranges recorded CT images in virtual 
space and displays the images of arbitrary cross sections. As 
shown here, it is possible to display the CT image, as seen in (1), 
cross-sectional images orthogonal to (1), as in (2) and (3), and 
also cross-sectional images from any arbitrary angle, as in (4). 
Since enlargements of the necessary section images can also 
be displayed, detailed checks and observation are possible. In 
these MPR images, (1) shows a cross section near the center of 
the ECU, and (2) and (3) are the vertical and horizontal 
orthogonal sections from the section in (1). (4) shows the board 
surface from the section in (2). It is also possible to enlarge 
arbitrary section images, as shown in (5). Because CT imaging 
shows higher density areas in white, solder joints, electronic 
components, and the wiring of the board appear whiter. Thus, 
it is possible to confirm the presence or absence of parts and 
solder from this general image. 

 
Fig. 7  Enlarged VR Image of IC 

 

A Volume Rendering (VR) of the CT image can be displayed 
by using the 3D software VGSTUDIO MAX (Volume Graphics 
GmbH), and bending of parts and terminals and the presence 
or absence of parts on the back side of the board can be 
observed in 3D by observing a shape closer to that of the 
actual object. It is also possible to check the wiring and solder 
joints of terminals and small parts inside ICs by partially-
enlarged CT imaging (Fig. 7). 
Next, Fig. 8 shows an enlarged VR image of connectors 
connecting automotive wiring. Although solder joints are 
used at many of the terminals, voids in the solder (if present) 
may coalesce and develop into cracks due to the effects of 
vibration and thermal expansion. 

 
Fig. 8  Enlarged VR Image of Solder Joints 

 
Fig. 9  Analysis of Voids in Solder 

Individual voids can also be visualized, and their positions, volumes, 
and surface areas can be quantified by using an optional function of 
VGSTUDIO MAX (Fig. 9). While this feature can be used to check for 
the occurrence of voids, it is also useful also for improving production 
efficiency, for example, improvement of yield, by ascertaining the 
condition of defects from various types of quantified information and 
adjusting the reflow conditions accordingly.  
Because the X-ray CT system is a nondestructive technology, it is 
possible to perform vibration tests, thermal shock tests, and other 
cycle tests with the same product and observe the internal state in 
each stage of the test. It is also possible to reduce the number of tests 
and the number of units of each testing device. Moreover, since the 
X-ray CT system is useful in analysis of the destruction process and 
reduces development time and the number of samples required, it 
is also effective for reducing costs and speeding up work. 
 

 Conclusion 
The inspeXio SMX-225CT FPD HR enables observation and 
analysis of assembled products without disassembly. Because it 
is possible to change production conditions and compare 
products before and after various types of tests, it is useful not 
only in production processes, but also in development processes. 
Various types of analysis are possible by using software suited to 
the purpose, and applications are not limited to investigation of 
product defects, but also include study of production processes 
and comparison of the same samples before and after tests. 
 

VGSTUDIO MAX is a registered trademark of Volume Graphics GmbH. 
Third-party trademarks and trade names may be used in this 
publication to refer to either the entities or their products/services, 
whether or not they are used with trademark symbol “TM” or “ ”. 
 

 

(1) (5)(2) 

(3) (4) 

Bent part

图 3 IC元件透视图                     图 4 焊点透视图

图 5 ECU的 MPR图像
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也可以使用 VGSTUDIO MAX 的选配功能（图 8）可视化
单个空隙，并量化其位置、体积和表面积。尽管此功能可用于
检查是否出现空洞，但也可以通过从各种类型的量化信息中确
定缺陷的状况并相应地调整回流条件来提高生产率，例如提高
产量。

由于 X射线 CT系统是一种无损技术，因此可以对同一产
品执行振动测试，热冲击测试和其他循环测试，并观察测试每
个阶段的内部状态。此外，由于 X射线 CT系统可用于分析破
坏过程并减少显影时间和所需样品数量，因此对降低成本和加
快工作效率也很有成效。

图 8 焊锡孔隙率分析

■结论
inspeXio SMX-225CT FPD HR无需拆卸即可进行对组装产

品的观察和分析。因为可以在各种类型产品的测试之前和之后
更改生产条件并比较产品，所以它不仅在生产过程中有用，而
且在开发过程中也很有用。

通过使用适用于此目的软件，可以进行各种类型的分析，
其应用不仅限于检查产品缺陷，还包括研究生产过程以及在测
试之前和之后比较相同类型的产品。

VGSTUDIO MAX是 Volume Graphics GmbH的注册商标。
在本出版物中，无论是否与商标符号“TM”或者“®”一起使用，
第三方商标和商标名称都可以用于指代实体或其产品 /服务。
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