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(1) CTA-049�º�¤äkVÏ�ÚoÏ�ü«Å."VÏ��±Ó�¦^2�

üj9�&�½1�Vj&�¶oÏ��±Ó�¦^4�üj9�&�½2�

Vj&�¶

(2) ÏL485�ä§XÚ�òõ�CTA-04|¤�@XÚ§�õ�|±256Ï�Ó

�ó�¶
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5kHz!1kHz!500Hz!100Hz!10Hz Ú1Hz"$ÏÈÅì�'4¶

(7) S��Åu)ì§��)^uÿÁª���Å"�ÅªÇ1-5000Hz§"��

�500Hz"

3DAQ16êæ¤9CRX�9�I½ì9CTALab^���Üe§CTA-04XÚ�µ

(1) �½9�º�¤e�>{!ó�§Ý¶

(2) N!9�XÚÄ�²ïëê¶
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2 XXXÚÚÚ|||¤¤¤

2.1 ÄÄÄ���|||¤¤¤ÜÜÜ©©©

L 1: �@CTA04Êu9�º�¤XÚ�IO��

?Ò ¬¶ êþ1 õU

1 CTA049�º�¤ÌÅ§

ã2a½2b

1 S�ð§9�>x§�9�&ÞJø

>6§¿�±Ù>{ð½¶ÑÑ�º

����'��[>Ø&Ò

2 DAQ16êæ¤§ã2c 1 æ8º�¤ÑÑ�>Ø&Ò",	§

T¤ìS�ØrDaì1q§^uÿþ

I½ìÑ��Ý

3 USB-Serial� £G � �¤§

ã2d

1 ë�9�º�¤��¡/G�10�O

�ÅG�§^5��!NÁëê

4 CB02A&Þë��§ã2e 2/4 ë�9�º�¤Probeà��9�&Þ

5 TS02ÿ § D a ì

£PT100É>{¤§ã2f

1 ë � 9 � º � ¤ /Temperature

Probe0��§ÿþ§Ý

6 CB01ê â �£BNCê â

�¤§ã2g

3/5 ë�9�º�¤ÑÑ!§ÝDaìÑ

Ñ�êâæ8k(DAQ16)Ñ\à

7 TypeC-USB�§ã2h 1 o N Ê Ï Ã ÅTypeC�§ ^ u ë

�DAQ16êæ�>M

8 HW1A üj&Þ§ã2i 2/4 5µm �»¾j!��1.5mm!�é5

6!ÿþ�Ý��Cz

9 HW2A VjX.&Þ§ã2j 1/2 5µm �»¾j!ÿþ��²¡S��

��Ý©þ

10 >
�§ã2k 2
1 //0ÎÒü>êi©OL«�Ï�XÚÚoÏ�XÚ

��;.�9�º�¤XÚã¡�ã2"��Ü�£ã�L1"Ù¥§

(1) CTA049�ÌÅµ

I��¬"9�ÌÅ©�VÏ�ÚoÏ�ü«§ã2a½2b"��>M�±ë

�õ�ÌÅ§'X§�@8Ï�XÚ�±d��oÏ�ÌÅ\��VÏ�Ì

Å|¤§�@12Ï�XÚd3�oÏ�ÌÅ|¤¶

(2) DAQ16 êâæ8¤
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2.1 Ä�|¤Ü©

(a) oÏ�ÌÅ (b) VÏ�ÌÅ (c) DAQ16&Òæ8¤

(d) USB-Serial�£G

��¤

(e) CB02A9�&Þ

�
(f) TS02§ Ý

£PT100¤Daì

(g) CB01ê â �

£BNC&Ò�¤

(h) TypeCêâ� (i) HW1Aüj&�
(j) HW2AVjX.

&� (k) >
�

ã 2: oÏ�9�º�¤ÌÅ9IO��N�
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2.1 Ä�|¤Ü©

I��¬"êæ¤S���NI USB6211êâæ8k§ã2c "äNëê�

L3"Øæ8k	§êæ¤�S���Ø�Daì§ÿØ��±2.1kPa§°

Ý�þ§�±0.1%¶

(3) USB-G��£G��¤

I��¬§�ã2d§^uë�>M�º�¤ÌÅ">MÏLT�ò·-±©

�/ªu�º�¤§�½º�¤ó�ëê§¿Ö�º�¤ó�G�¶

T��S¹USB-G�=��¡§ISC°Ä§S���~¦^"SC�{

�1B!"

(4) CB02A&Þë��

I��¬§�ã2e"&Þ��à���X#��ì£Ê��Þ¤§"à�ü

��\�ýÞ1Þ"T��;�^5ë�Êu9�º�¤c¡�Probeà�

�Êu9�&�¶

XJ^rOy3Êu9�º�¤þ¦^Ù¦úi&�§�¦^CB02C�

�"XJ^rOy3Ù¦9�º�¤þ¦^Êu&�§�¦^CB02B�

�"T����Ý�4 �"�u4 �¬K�9�ÿþ�Ä�5U"

(5) TS02ÿ§Daì

I��¬§�ã2f"TS02Daì´�|PT100É>{§ÝDaì"§��à

�o�X#��ì§ë�9�º�¤/Temperature Probe0��§ÿþ§

Ý¶

(6) CB01êâ�

I��¬§�ã2g"Têâ�üàÑ´BNC�Þ§T��½|þÊÏ/V

úÞBNC ë��0oN"T�^5ë�9�º�¤ÑÑà�êâæ8k�

[Ñ\à§±9§ÝDaìÑÑà�êâæ8kÑ\à¶

(7) TypeC-USB�

I��¬§ã2h"T��ÊÏÃÅTypeC êâ�oN£ØU¦^TypeC>


�¤§^5ë�DAQ16 êæ�>M"ÏLT�òêâlêækD�>M¶

(8) HW1Aüj&Þ
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2.1 Ä�|¤Ü©

I��¬§�ã2i"T&Þ¯aü��5µm�»¾j!��1.5mm"&�

o�Ý�90mm§Ù¥ÞÜV|e�Ý�11mm§&�ÌN�80mm!�

»2.6mm"¯aü�ÏLÅ��uü�|ekà§�é56"&��Ükü

�R5��§��20cm"���Ü��\�ýÞúÞ§ÏLCB02A ��9

�º�¤Probeà��ë"AÛº��ãA.2a¶

(9) HW2A VjX.&Þ

I��¬§�ã2j"T&Þ¯aü��ü�Õá��»5µm!��2mm¾

j§�&�ÌN¶�Y�©O�45o�−45o"ü¾j�mY��90 ± 1.0o"

&�o�Ý�90mm§&�ÌN�80mm!�»3.7mm"AÛº��ãA.2c"

ÞÜ�k4 �|e§ü�üá§�Ý©O�11mm�10mm"���á��

é§z�¾jÏLÅ��u�é|ekà"�«Oü�jéA�|eÚ��

�Þ§òÙ¥�||eÚ�Þæ¤ùÚ§,�|�çÚ"òü|�Þ©O

^CBO2A�ë��9�º�¤�ü�ØÓProbeà�"

L 2: CTA049�º�¤ÌÅëê

CTA04-Pro CTA04-Edu

0� �í �í

ÿ���(m/s) 0.1− 300 0.1− 150

ªÇ�AkHz ≤ 200 ≤ 50

&�ó�>{Ω 0.1 ∼ 199.9 0.1 ∼ 199.9

z�ÌÅÏ�ê 2!4 2!4

	/º�(°p�) mm 255x155x330 £o Ï �¤!

185x155x330£�Ï�¤

255x155x330 £oÏ�¤!

185x155x330£�Ï�¤

­þkg 2.8£oÏ�¤! 1.9£�Ï

�¤

2.8£oÏ�¤! 1.9£�Ï

�¤

ÑÑV ±5.0 ±5.0

12



2.1 Ä�|¤Ü©

L 3: DAQ16êæ¤ëê

ëê

�û National Instrument

.Ò USB 6211

�[þÑ\Ï�ê 16£üà§�)Ó^�4 �¤

æ�°Ý 16  

Ñ\�� ±10 V

��æ�ªÇ 250 kHz

�[þÑÑÏ�ê 2

	/º� 213*127*48 mm

­þ 300 g

>
 12V�6§10 W

ØrDaì�� ±2.1kPa

ØrDaì°Ý 0.1%F.S. =±2.1Pa

13



2.2 À�µCR04ÃÄI½ì

2.2 ÀÀÀ���µµµCR04ÃÃÃÄÄÄIII½½½ììì

9�º�¤�ÑÑ��[>Ø,I�²LI½L§âUò>Ø&Ò=z�6�"I

½I�3�X�®�º���¸e§P¹>ØÑÑ�þ�"Ï~�¦I½�¸ë6Ý

�§=º���mCzØ�"ÊuJøCR04ÃÄI½ì9CR05gÄI½ìü«ÀJ"

(a) CR04I½ì9ÃÄ=Ä� (b) ºÅCªì (c) ºÅ

(d) Å«^+

(e) ºÅ>
�
(f) Cªì=����

(g) ÿØ^+

ã 3: CR04I½ì�|¤Ü�

CR04ÃÄI½ì�|¤Ü©�ã3, [!�L4"§Ì�dXeA�Ü©|¤

(1) CR04MÃÄI½ì§ã3a

�6C�Ñ��»15mm§Ñ��Ý��2-60 m/s§ë6Ý�u0.5%§·Ø

n�koØæ8�"�6C����´�í\�§ÏL��Å«+£ã3d¤

ë��ºÅÑ�"�6C�e��kÿØ�§ÏLÿØ^+£ã3g§S

»2mm7�^+¤�DAQ16êæ¤�I½ìÿØ�£ã2c§Hà¤�ë"�

6C�S�k�6C�§Â ãÂ '100:1"

(2) ÃÄ=�§ã3a

ÃÄ=�Å�§��6C�SC¤�N§&�¶���6�� �(Roll) �

�±90o§&��7¶�^=�Ý(Cone)��0 − 360o"N!©EÇ5o"�Ý

�½Â�1K!¶

14



2.2 À�µCR04ÃÄI½ì

(3) ºÅ§ã3c

pØºÅ��§ø>220VAC, 500W"

(4) Cªì§ã3b

^5��ºÅ=�"�3gÄÚÃÄ½�ü��ªeó�"���{�N¹

1G!"

(5) ½�>
�§ã3e

ë�ºÅ!Cªì9>
"���ã�o�Þ§�ºÅ�ë£���Ék�

/§Ù¦ùÉçn��>Ån��Þ§Ï~®²�Ð¤¶��,�ã�8�

�Þ�Cªì§äN�13.3!¤;

(6) Cªì���§ã3f

T��à�BNC �Þ§,�à�à�"T�ë�Cªì£FV§GND��¤

�êâæ8¤�[>ØÑÑ£AO¤à�§^5��ºÅ=�"^��±Ï

LAO à�ux�[>Ø£0-10V¤5��=�§¢ygÄN!º��gÄ

I½"Cªì��±��ÃÄ�ª§ÏL=Äc¡�þ�> ìN!ºÅ=

�"äNö��N¹1G!"

15



2.2 À�µCR04ÃÄI½ì

L 4: CR04ÃÄI½ì|¤Ü©

?Ò ¬¶ êþ õU

1 CR04�6�§ã3a 1 �»10mm�6C�§Ñ��Ý��2-60

m/s§ë6Ý�u0.5%§·Øn�koØ

æ8�

2 ÃÃÃÄÄÄ=�§ã3a 1 ÃÄ=�Å�"&�¶���6�� 

�(Roll) ��±90o§&��7¶�^=�

Ý(Cone)��0− 360o

3 ºÅ§ã3c 1 220V, 500W, ü�

4 Cªì§ã3b 1 220V, 1kW§��ºÅ=�

5 ½�>
�§ã3e 1 ë�ºÅ!Cªì9>


6 Cªì���§ã3f 1 ë�Cªì�êâæ8¤�[>ØÑÑà

�§�CªìÑ\�[>Ø&Ò5��ºÅ

=�

7 ��Å«+§ã3d 1 ë�ºÅÑ��I½ì\º�

8 ÿØ^+§ã3g 1 S»2mm 7�^+§ë�I½ìe�ÿØ

��DAQêæ¤ÿØ�

16



3 MMM���ëëë���

3.1 ÌÌÌÅÅÅ!!!êêêæææ¤¤¤ëëë���

ÌÅI��>
�!G��!§Ý&Þ!§Ý&ÞÑÑ�!9�&��!9�&�

ÑÑ�§äN6§Xe

11Ú: ë�º�¤�æ8¤�>
�£ã2k¤

12Ú: ¦^G��£ã2d¤ë�>MUSB���ÌÅ��G�PORT1§�ã4

13Ú: TS02ÿ§Daì£PT100É>{§ã2f¤ë�9�º�¤/Temperature

Probe0��"ë��5¿DaìX#ë�ì£Ê��Þ¤ùÚIP���

ùÚIP�é§�Þþù:A��12:¨��£�þ�¤§�ã5"5¿µX

Jvkaú��ß�/JX0á (§Ø�^åM�§oÑ�u����Þ

SÔ��G�§´Ä®�",	§���zzzÝÝÝ///XXX###ëëë���ìììNNNooo���ooo000"

,	§^r��±�ÄòTS02§ÝDaìSC3/êâæ8¤0�¡�

þ�Temp Measurement��§ù�§§ÝDaì�ÑÑ���êâæ8k

�AI12���ë

14Ú: XJ^r¦^9�º�¤c¡��/Temperature Probe0��ÿþ§Ý§

�¦^CB01��£üÞBNC �Þ§ã2g¤ë�ÌÅc¡�/Temperature

Output0���êâæ8¤c¡�?¿�[>ØÑ\£AI¤��§'X1�

ü1��AI6��"

XJ^r¦^/êâæ8¤0�¡�þ�Temp Measurement��ÿþ§

Ý§KØ^ë�?ÛCB01��§Ï�êâæ8¤SÜ®²ò§ÝÑÑë�

3AI12��þ"

15Ú: òCB02A��£ã2e¤X#ë�ì�3ÌÅc¡�/Hot-wire Probe0��"

ë��5¿�Þ����mùÚI£�é£��ù: �Ø²w§�Þþù

:A��3 :¨��¤"X#ë�ìkg£õU§ØU^å�o"

16Ú: ¦^CB01��£ã2g¤ë�ÌÅc¡�/Hot-wire Output0���êâæ

8¤c¡�?¿AI�Þ§'XAÏ�ÑÑëAI0§BÏ�ÑÑëAI1"

17Ú: ¦^TypeC�£ã2h¤ò>M�êâæ8¤�ë

17



3.2 g�êæk

ã 4: ÌÅ��êæ¤9>M�ë��{

(a)ÌÅc¡�/§ÝDaì0�

�
(b) TS02§Ý

Daì�Þ

ã 5: §ÝDaì�X#ë�ì¦^�{

3.2 ggg���êêêææækkk

XJ^r�¦^ÊuõõUêâæ8¤
æ^¢�¿®kNational Instrumentêæ

¤§�±�Äëìþ��!�ªò9�ÑÑ��[>Ø�AI0ÚAI1�ë§¿ò§Ý>

ØÑÑ�?¿Ù¦�^�AI���ë"

XJ^r¦^Ù¦¬ýêæ¤§òÃ{¦^CTALab^�?1êâæ8ó�"

ÊuDAQ16êæ¤S�ØrDaì"XJ^rvkæ	DAQ16§KI�

O�NIêæk9ØrDaì§âU¦^CTALab^��gÄI½õU"

18



3.3 CR04I½ìë�

3.3 CR04III½½½ìììëëë���

XJ^r¦^ÊuCR04ÃÄI½ì§IUìã6ë�"äN�)µ

11Ú: ^½�>
�£ã3e¤¥�4�Þà�ºÅ£ç!ù!É©O�U!V!W§

��/¤§Ï~ù�Ú3Ñ�c®²�¤¶

12Ú: >
�6�Þ¥�7!k!�n��Cªì��Ý�ý£7�R!k�T§�

�/¤§�ã6¶

13Ú: >
�6�Þ¥�ù!É!çn�©O�Cªì��Ýmý�U!V!W§�

ã6¶

XJ¦^¥uy6��$uýÏ�§�U´ºÅ�=��"��Äò>


�6�Þù!É!çn�¥??¿ü��� �§ºÅ=��D"

14Ú: BNC��£ã3f¤à�à�CªìÑ\à£ù�FV!ç�GND¤§BNC�Þ

�ÑÑæ8¤�[ÑÑàAO-0�ë§^�ÏLdë�N!º�"X^rF

"ÃÄN!º�§ë\/ÃÄN!º�0�!£N¹1G!¤¶

15Ú: ^+£ã3g¤ë�I½ìoØÿþ�(ã6�e) �õõUêâæ8¤c¡�

mþ�/H0ÿØà�£3DAQ16êæ¤SÜ§ØrDaì��[>ØÑÑ

�êâæ8kAI-13 à��ë¤¶

16Ú: ¦^Å«^+£ã3d¤ë�I½ì\��ºÅÑ�"
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3.3 CR04I½ìë�

ã 6: CR04ÃÄI½ì����{

20



3.4 mÅ

3.4 mmmÅÅÅ

�¤þ�!£ã���?Ö�§UY�¤XeÚ½

11Ú: �mº�¤!êâæ8¤�>
m'£m'lON�I¤

12Ú: òºÅ>
��Þ�\��

13Ú: Xk§�m$Ä��ìm'

3.4.1 mmmÅÅÅuuu���

�m>
�§�Xeu�

(1) º�¤ÌÅ�¡�>
m'��

(2) êæ¤�¡�>
m'��

(3) ºÅCªìc¡��§¿kêiw«

(4) $Ä��ì¡�>
m'��

(5) Ú?>Å£k§I�é�åþâUØÄ

XJ±þG�Ñ®(@§`²XÚ®²�(þ>§�?1e�Ú"

3.4.2 ÌÌÌÅÅÅGGG������

Ø
þ��!£ã�XÚ�«�±	§9�º�¤ÌÅc¡�þk�X�$1G

��«�§�ã7"ù
�«�£gþ�e¤9ïÆ^r�Aé�ª´

(1) XJx´ó�§x´ó�(Bridge on)�«��"

(2) XJÈÅìó�§ÈÅìó�(Filter on)��¬:�"

• CTALab^�/��0À�kS/$ÏÈÅ��ªÇ0ÀJ/ÃÈÅ0§

�'4d�

(3) SÜx´�ó�>Ø���0.5V-9V§exº£TOB§�ã1¤>Ø$u0.5V

�x´>Ø$(TOB low) �«��"

• Ï~�¹e§T���L9�&Þ½ö����"�u�'Åu�&Þ

>{¶

21



3.4 mÅ

ã 7: c¡�ì¡

• �O�¹e§>xØ²ï§d�¬�"I3CTALab^�/��0À�

kSN!/²ïëê0¶

• Pro���x'£Scale¤���100�§3ÿþ$�6Ä�TOB low��

U¬�§��Ñ�"

(4) e�±9�&Þð§¤I�xº>Øpu9V§x´L1(TOB overload)�«

ù�ò:�

• dux´ó�>Ø����30.5-9V§d�x´Ã{Jø��>65\

9&Þ§ïÆÏLü$L9'5ü$9�ó�§Ý"

• ProXÚ^r�±�Äòx'U�100:1§äN�14.4.1!"

(5) ÑÑ>Ø�k���µ-5V �+5V, XJx´9ÑÑ>´���ØÜn§¢

S�>Ø�Ld���§ÑÑ>Ø��(Output overload)J«ù�¬:�"

• CTALab^�/��0À�kSò/OÃ0��1§¿N�/ �>Ø0

¦ÑÑ3±5V±S

¢Só�¥§¬ÑyÙ¦�¹§�)

22



3.5 &Þ>{ÿþ

(1) TOB low�TOB overload�ÑÛ��"T�¹eXÚÑy
��§�U­½

ó�§I�­#�½²ïëê£Balance¤

(2) ¤k�ÑØ�µu�º�¤SÜ´ÄÑy£ "²r�EÂ§SÜÜ��U

£ §����¡�Øß²Ü©ñ	"T�¹e§XÚ�~¦^§�wØ�

c¡�LED�"

3.5 &&&ÞÞÞ>>>{{{ÿÿÿþþþ

XJ´Äg¦^§��±&Þ3Ýf¥§Ø��Kµ^§kÿþ>{"Êu9�&

Þ�e�>{��

• HW1A�4-6Ω

• HW2A�5-8Ω

• HW3A�7-11Ω.

e>{�Ld��§&Þ�U®²��"

&Þµ^�±���¹e§Êuò�»�&ÞJø�¤�?ÑÖ"

&Þ�e�>{§R20§´¿§�20oC^�e�&Þ>{"e�´9�º�¤$1

�­�ëê§I�O(Jø�º�¤^�§·�ïÆzg�o&Þ��Ñ�ÿþ§äN

�{´µ

11Ú: ¦^§ÝOÖ��c¿§T¶

12Ú: ¦^>{L£½�^L¤ÿþ&Þ>��Ü�\�ýÞ�m�>{R§�

ã8¶

�Õ��->&�ºÜ�ÿþ>{§&�¬���

13Ú: �ì7á>{Cz5Æ

R/R20 = 1 + αt(T − 20) (1)

O�R20§ùp7á¾�>{§ÝXê�αt = 0.0045oC−1"«~µeT =

30oC�ÿþ��R = 5.0Ω§&Þ�e�>{A�

R20 =
R

1 + αt(T − 20)
=

5.0Ω

1 + 0.0045(30− 20)
= 4.785Ω (2)
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3.6 ë�&Þ

5¿µ#&�3Ð©¦^�ã§Ù>{¬u)Cz"¤±#&Þ3Ý

\ÿþ�cI��ò»?nµI�3L9'1.8 ��¸eëYó�12 �

�±þ§&�>{â¬­½e5"ò»L§¥§Ø7^ºe%£Ù§

Ý´dL9'û½�¤"

ã 8: e�>{ÿþ

3.6 ëëë���&&&ÞÞÞ

3ÿþ&Þ>{�ò&�lÝf¥�Ñ!SC�¢��þ§¿��"5¿§Êu&

Þë��ª�û&&�k±eØÓµ

(1) Êu&Þ�Ü��é��ë��\�ýÞ§û&&��Þ��.¶

(2) Êu&ÞÏLCB02A���ëº�¤§û&&��û&|\�ë§|\2Ï

L��ë��º�¤¶

(3) Êuº�¤&������ü�X#ë�ì§û&�BNC�Þ"

3.6.1 ���ÑÑÑ&&&ÞÞÞ

9�&ÞºÜ�~yf§ýéØU>-"?Û/ª��>§Ñ¬��&Þ"Ïd^

rI�5¿±eA:

(1) ö�L§¥§ú«I�©ª·X&�ºÜ§À�ØU�ñ	

(2) VÃö�!�úö�
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3.6 ë�&Þ

(3) ïÆ^rë�XeÀª

https://www.bilibili.com/video/BV1nk4y1p7RB/

(a) Yä1
(b) Yä2

(c) Yä3

(d) CR04I½ìYä

ã 9: A«;.Yä

3.6.2 SSS���&&&ÞÞÞ

�Ñ&Þ�§^rI�ò&ÞS�3¢���Yäþ"YäI�^rg1�O9

��"�OYä¤I�&�	/º��N¹1A!"·�Øí�¦^��!Z9S��

�{§Ø���ÿþ"

SC&Þ�§&Þ�N¶�I¦þ�56��²1§±~�é6Ä�Z6"¦^ü

j&ÞHW1X���ÿ§¯aü�£¾j¤IR�u56"XJ¢���mk�§Ã

{¦^HW1A&Þ�é56§^r�±�Äæ^��&�£HW1E!HW1F¤½45 Ý�

�&�£HW1G¤±÷v�¦"�'&Þ&E�N¹1A !"

�¦^CR04I½ì?1I½§&ÞISC3CR04 I½ìYäþ"^rI�Äk

tmüýÕÚÚ1£�ã9d¤§��íY�¦Ù���m§3¥mø¥�\&��N§

�úí£Y�§��ØÄÕÚÚ1£Ø�Ø;¤§c�£Ä&Þ¦¾jål�6Ñ�1f

��m§��Ø;ÕÚÚ1"SCÐ�§^rI=ÄI½ìYä§¦&ÞÌN¶��6

Ä��­Ü"

25
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3.6 ë�&Þ

3.6.3 &&&ÞÞÞëëë���

&Þ�Üü��\�ýÞúÞ£ã7¤§�CB02A&Þ�£ã2e¤�à�ü��\�

ýÞ1Þ�ë"¯aü�(¾j)üàvk45§�ýÞë��?¿�é"�\�ýÞ�

Ü;�§ÐÏI^å�o"�Ï¦^¬Ï���
Ct§XJÑyë�Ø;���¹§

I����Þ"

�!o&Þ��½�±x´'4§ÄKN´��&Þ"
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3.7 TM02£ÿeë�

3.7 TM02£££ÿÿÿeeeëëë���

TM02£ÿe´°(��&Þ �±9Ïÿþ6|�Ý©Ù�óä§|¤Ü

©�L5"ÊuTM02�|æ^V�;jmw��Y"1§��200-500mm§½ °

Ý0.1mm/500mm"Y²K15kg§R�K12kg"�â^r�I¦�À1�3|"

Êu=Jø�|9Ä�ë��§ØKIy|SC�Y��O9¢�"

ã 10: �@;.�£ÿed3��|!��9ë��|¤

ã 11: £ÿe��

ë�L§
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3.7 TM02£ÿeë�

ã 12: Ö�£ÿeéAà�Ò

11Ú: ��ì��Þë>Å"�Þ?ÒÚ>Å?ÒØ7��éA§�ã11�ý½

ã13

12Ú: ë�24V>
£ã10 �ý¤§��ì7��

13Ú: USB��£ã10 þ�¤�>M"�\>M��3/��+nì0¥�/à

�0¥Ö��(à�§�ã12"XJvkÑy§�}ÁSCFTDI°Ä§S§

äN�N¹B.

XJ��øá§�Uì£�ã10¤

11Ú: &Ò�gþ
e´ù!ç!É£½Éç¤!�£½�ù¤

12Ú: >Å�gm��´6,7,8,9§½ùÉ�7§½A+!A-!B+!B-"äN�ã13"

28



3.7 TM02£ÿeë�

ã 13: �Ie��«¿ã9ì¡"
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3.7 TM02£ÿeë�

L 5: TM02£ÿe|¤Ü©

?Ò ¬¶ êþ õU

1 TM02�5wÄ�|9ë

��§ã10 �ã11

1-3 1§200-500mm§½ °Ý0.2mm/m§K

1:Y²5kg!R�2kg

2 Ú?>Å���§ã11 1-3 ë�=��$Ä��ì"Ü©�¬d��w

Ä�|�N

3 TypeCêâ�§ã2h 1 ë�>M����ì
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4 ^̂̂���

4.1 OOO���óóó���

4.1.1 ¼¼¼���^̂̂���

^r�lÊu(��¤¼��#CTALab1.0X�^�

http://www.hanghualab.com/nd.jsp?id=95&fromMid=468

XJsPkº�¤ÌÅ9�@�æ8ÚI½��§sI�SC

(1) FTDI°Ä§S§14.1.3!"FTDI�¡°Ä§S¢yUSB-G�=�õU

(2) CTALab 1.0Êuº�¤A^§S§14.1.4!§^�;��éÊuCTA04X

�9�º�¤!DAQ16êâæ8¤!CRX�I½ì9TMX�£ÿe?�"

Êu9�º�¤A^^�CTALab ä�XeÄ�õU

• �ÌÅÏÕ!?1m'>x!��e�>{!��L9'!��²ïë

ê¶

• ��æ8ëê!�;êâ¶

• �Ù¦Êu��ÏÕ§°ÄI½ì?1gÄI½§°Ä£ÿe3ØÓ 

�?1ÿþ�"

XJs=k9�º�¤ÌÅ§·�ïÆsSC

(1) FTDI°Ä§S§�14.1.3!9N¹B¶

(2) G�ÏÕÏÃ§�N¹1D!"

4.1.2 $$$111���¦¦¦999ÄÄÄ���õõõUUU

CTALab^�éO�Å�O�Uåk�½��¦§·�í�O�Å��Xeµ

• Intel I5 9±þCPU¶8G9±þS�§500G±þM�¶

• Windows 10 ½Windows 11§64 XÚ¶

+ Ø�u1280*960 �w«ì©EÇ§�uT©EÇÜ©^�.¡3w««��	§

Iª�öÄàI"
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4.1 O�ó�

4.1.3 SSSCCCFTDI°°°ÄÄÄ§§§SSS

FTDI§S°ÄUSB-G��S��¡§´Êu9�º�¤7LSC�Ü©"ÙSC

L§�N¹B"

4.1.4 SSSCCCÊÊÊuuuCTA04AAA^̂̂^̂̂���µµµCTALab

^r�

• 3XÚSC�Sé�setup.exe£½ÏLþ�!�Ñ���?1e1§)Ø�Ï

ésetup.exe©�¤, :Â$1£ãC.1a¤¶

• �ìJ«ÅÚ�¤SCÊu9�º�¤��§S£Ú½�N¹C¤¶

¦þ;�rSC8¹�3C�§±~�¦^¥Ñy��Øv�¯K

• §SgÄSCNI DAQmx 9NI VISA�.�°Ä^�

– NI DAQmx´{INational InstrumentúiJø��¤êâæ8k°Ä^�"

CTALabA^^�N^NI DAQmxS�¼ê�¤æ8ëê��!êâæ89

��ó�¶

– NI VISA´{INational InstrumentúiJø��¤G�ÏÕ?§°Ä^�"

CTALab A^^�N^NI VISA§)¤��·-§2²d14.1.3!¥SC

�FTDI§SN��ux�USB à�§5Ö�9��9�º�¤ó�ëê"

– SCL§��§�F%��"

�SC�.�§

• WindowsS¡¬ÑyCTALabA^§SãI£X�Ñy§�?\SC8¹§é�

��1exe ©�¤"

• SC¤õ�§3SC8¹eÑy��data8¹"T8¹e�¹±©�©�/ª�

&�I½&E!��"�$1ëê©��"^�¬N^T8¹S�©�§^rØ

���?UT8¹e©�§ÄK¬Ñy$1�Ø"

4.1.5 ÙÙÙ¦¦¦¬¬¬ýýýêêêâââæææ888kkk

êâæ8k°Ä§SK�â�r��¹ØÓ
kØÓÀJ§XJ^r
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4.1 O�ó�

• æ	
ÊuDAQ16êâæ8k

��°ÄNI-DAQmx^�9NI-VISA^�®²314.1.4!¥�¤
SC"^r�

±��?\e!£14.1.6!¤§¦^CTALab^�¶

• vkæ	DAQ16êâæ8k§�kNational InstrumentúiÙ¦�q��

^r�¦^ÊuCTALab^�"T^�S¹���°Ä§S�±°ÄNational In-

strumentúi¤kÄuO�Å�êæM�§�e¡ë�£5¿§PXI9CompactRIO

XÚØ3T^�|±��S¤

https://www.ni.com/en/shop/pc-based-measurement-and-control-system.html

• ØÓ�NIæ8kkØÓ�ó��ª9æ�ªÇ��§�^rë�14.4.4!?1�

�¶

• vkæ	ÊuDAQ16§�kÙ¦úi£�NI¤�êæ��

– ·�í��rØ¦^CTALab^�§
¦^G�NÁÏÃ5��9�º�¤§

äN�{�N¹D§¿g1muÿþ!�;!©Û�õU¶

– ^r���Ä¦^ÊuCTALab^�"�=�uXÚëê��!²ïëêN

!!ÃÄI½õU"�
;�§S��§�^rë�14.4.4!��/uxë

ê�æ8ÑÑ0À�¶

4.1.6 $$$111CTALab^̂̂���

• 3Windows¯$�ª!½S¡!½öSC8¹eé�¿$1��1©�"

+ ^àIm�:Â^�ãI§ÀJ/±+n
�°$1§S0§ù�;�Ñy��

¯K§��§SÃ{�;^r�½�ÿþëê"
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4.2 CTALabµe

4.2 CTALabµµµeee

4.2.1 ¬§§§SSS������«««

^�.¡�þ�«��§S��«£�ã14¤§ùp´^��/m'0µ

• õU«kü�UÜ§g��m©O�µ$1£�Þ¤�ª�UÜ£�/UÜ¤

• §S$1�§UÜG��ã15a¶

• ^r�UùÚUÜ��ª�§S$1

• §SÑ��XÚ�¬ª�$1§^rI:Â/$10­#$1§S

• §Szg­#$1�Ñ¬lM�Ö�±c�;�ëê"ïÆ^rUCëê��±

�U/;�ëê0UÜ?1��§ÄK­#$1���(Jò���&E£SC

8¹e�data8¹S���©�©�¤M#

• ^r�¤ëê��±�£����¤§�¡E�5���{§�ÏLÊ�$1!­

#$15Ö�M��;ëê

4.2.2 ­õõõUUUÀÀÀ���kkk

^��k6�õUÀ�k"^r¦^�Ig��m§U^S¦^"ù6�À�k©O

´µ

• ëê��µò¢Së��ª�à�&E¹\^�

– ����Ï�éA�&Þ«aµüj!Vj!nj

– ����9�Ï�éA�æ8kÏ�

– �½9�ÌÅéA�ÏÕà�COM�

– �½§Ý!ØrDaì&Òæ8�

– �½ë�¢��Ï�êþ

– �½=�Å�!£ÿeÅ��ÏÕà�

– �½ÑÑ>Ø£Cªì=���¤à�

• 5UNÁ

– �½��Ï�e�>{!L9'
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4.2 CTALabµe

– �½²ïëê

– �½&Ò�?n§�)���ê! �!$ÏÈÅ��ªÇ

– m'>x§m'�ÅÿÁ

– *	�ÅÿÁ(J

– *	��Ï�G�

• I½

– À½I½�ªµgÄÃÄN�!gÄÃÄÿ�

– XJ´gÄN�µ��½��ÑÑ>Ø!I½:ê

– XJ´gÄÿ�µ��½ØrDaì¯aÝXê

– *	I½L§

– u�I½(J

• ��

– )¤½Ö�£ÿe�I©�

– N!I½ìºÅ�Ý

– £Ä�Ie

– ��gÄI½ì=�

• ÿþ

– �½æ8ëê!�½êâ��©�Y!©�¶

– ÀJÿþÏ�

– *	¢�æ8êâ9ªÌ

– *	þ�!IO��ÚOêâ

– ��ÿþêâ

• 'u

�¹^����Ò�&E"
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4.2 CTALabµe

1 2

4

5

4

3

6

ã 14: ^�Ì.¡©�õ�õUÀ�k"3ëê��À�kSq©�õ�õU«§�

)µ® �Nëê��!¯�Ï�XÚ9�Ï���!°oÏ�XÚ9�Ï���!± Ï

�G�M#9w««"

(a) §S$1¥
(b) §S�$1

ã 15: ^�õU«¬µ§S��«
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4.3 CTALabÀ�k1µêâæ8ëê��

4.3 CTALabÀÀÀ���kkk1µµµêêêâââæææ888ëëëêêê������

ïÆ^rÄk*wXeÀª

https://www.bilibili.com/video/BV16u411Y7vW/

3/��0À�ke§^ré9���
Ä�á5?1�½"^rÄk�½ã14¥

1®«�êâ"äN�)

(1) �½XÚoÏ�ê"XJ¦^�´2Ï�XÚ§ÀJ2¶XJ´6Ï�XÚ§

ÀJ6"�^r�ÑÀJ�§c¡�þÜ©|�C�§=�^r�½Ï��

|�vkC�§ø^r?1��¶

(2) /gÄÿþ§Ý0§XJØ�ÀTÀ�§^r�3§Ý�9¥W\8c�¸

§Ý"^��â§ÝO��í�Ý"XJ�ÀTÀ�§§Ý9C�§/§Ý

DaìéAæ8kÑ\Ï�Ò0�9C�"

§ÝDaìéA�æ8kÑ\Ï�Ò§d�dc^r313.1!14 ÚÀJ

�à�"^r¦^9�º�¤c¡�§ÝDaì��§I�¦^CB01��

òTemperature Outputà����êâæ8¤AIà��ë§¿3^�Ñ\à

�Ò"XJ^r¦^êâæ8¤�¡�§ÝDaì��§^rØ^2ë�?

Û��§��3^�SÑ\à�ÒµAI12"

XJ¦^TS03§ÝDaì§TDaì�¯aÝXê�10oC/V§�å�0oC"

ùü�~ê�3e�?U"

XJ^r¦^e�Daì��§Ýÿþóä"ÄkÑ\e�Ï�ÑÑë��

êâkæ8Ï�§,�Ñ\Ù¯aÝXê9�å"ùü�ëê�ÏLée�

?1I½¼�"

(3) ØrDaìÏ�

• XJ^r¦^ÊuDAQ16êæ¤§TÏ�Ñ�c®²��Ð§�Dev*/AI13

£* Ò�æ8k?Ò§^rI:ÂT��mýe.ÎÒ�w�3¦^�

��?Ò¤"^rI�:Âe.ÎÒÀJÏ�ÒAI13;

• XJ^r¦^g�ØrDaì§�òDaì��[>ØÑÑ&Òë��

��AI��§¿ò��Ï�Ò3dÑ\;

• ,	§^rI�Ñ\Daì¯aÝXê§äN�14.5.1!¶
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4.3 CTALabÀ�k1µêâæ8ëê��

(4) ÀJCªì���ë��êâæ8¤�[ÑÑÏ�Ò¶

(5) ��£ÿe�ÏÕG�"^r��w/��+nì0!/à�0&E§¿ÏL

��oÑ£ÿe���5�ääNà�Ò¶

(6) £gÄI½ì¤=�Å�ÏÕà�Ò§^r�ÏLþ�^0��{�Î

(7) ���íØ"�íØ�^5O��í�Ý§éØÓ°o¢½I��Ñ�A�

½§±¼��(�Ý�

(8) �^r�½�±þëê�§�:Â/�#ëê0UÜ"XÚ¬�#S�p�

ëê§¿òëê��"§S2g�1�¬gÄÖ�

5¿µXJÑy/Ã��?U©�0&E§½ö5¿�©�¿vk�¤õ�

�£Xdata8¹e�Config Channels.txt©�9Configuration File.txt©�Ø

´�C�m�¤§KI�'4§S§¿­#±àIm�:Â¯$�ª§3e

.ü¥À�/±+n
�°$1§S0"

��Ð®«SN��§^rI��z�Ï�9�ÑÑ&Ò�½æ8kÏ�Ò"

• XJ^r3®«ÀJ
2Ï�§KI3ã14¥1¯«S©O�½2�Ï�éA�ë

ê¶

• XJ^r3® «ÀJ
4Ï�§KI��½°«S©O�½4�Ï�éA�ëê"

z�Ï��äNëê�)

(1) 9�ÑÑéA�æ8kAIÏ�Ò§ù´^r3�M�ë��ÀJ�§�

13.1!

(2) T9�Ï�ë��&Þ«a

• XJÙë��´üj&Þ£'XHW1A½HW1D¤§À/üj&ÞSingle0¶

• XJ´HW2AVj&Þ¥���j§ÀJ/X.Vj&Þ10§,��j

ë��Ï�£'XÏ�B¤�5�§�I�À/X .Vj&Þ10§ù�

XÚòrùü�Ï��&ÒéXå5O��Ý¥þ¶

• Ón§XJë��´HW3Anj&Þ§KI�À/nj&Þ10"
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4.3 CTALabÀ�k1µêâæ8ëê��

(3) I½ëêa�b"ùpI½ëê´zÏ��êI½�(J£�14.5!¤"zg

?1I½��§§S¬�âzÏ�ÿÁ(J©O[ÜÑ�|aÚb§¿gÄ�

#¯«w«�&E"�êI½(JÏ~Ø¬�X¿§!íØ��¸ëêUC§

¤±^r��±�Äæ^Ñ�I½(J2"

ã14�mý´±«"T«w«8c9�º�¤G�"T«�Ø¬gÄM#"zg^

�­é��§^rI�:Â/M#Ï�G�0§^��º�¤Ï&§¼�º�¤Ï�m

'��#&E"

2Ñ�ò»9I½´Â¤�8
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4.3 CTALabÀ�k1µêâæ8ëê��

1

2

4

5

3

6

ã 16: NÁÀ�k©�ØÓ�õU«µ¬ ÀJÏ�!­��Ï�ó�ëê!®uxë

ê!m'>x9�ÅÿÁ!¯ �cÏ�G��«�!° �cÏ�>ØÑÑÅ/ã!±

�ÜÏ�G��«�"
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4.4 CTALabÀ�k2µ9�ó�ëêNÁ

L 6: ��>{�

&Þ��Ý, m >{, Ω

2 0.15

5 0.25

20 1.2

4.4 CTALabÀÀÀ���kkk2µµµ999���óóó���ëëëêêêNNNÁÁÁ

ïÆ^rl5:28m©*wXeÀª

https://www.bilibili.com/video/BV16u411Y7vW/

^r3/NÁ0À�k£ã16¤ux9�º�¤ó�ëê!�1m/'>xÄ�¿

ÿÁë9�ó�G�"äN6§Xe"

4.4.1 õõõUUU«««¬µµµÀÀÀJJJÏÏÏ���

Äk§^r3¬«ÀJ�?1ëêN!ö��Ï�"ÀJ��§dÀ�kS¤kö

����TÏ�"

4.4.2 õõõUUU«««­µµµÑÑÑ\\\999���óóó���ëëëêêê

(1) L9'

Ï~�1.4-2.0�m���2:ê§ïÆ1.6"L9'��§&Þó�§Ý�

p§¯aÝ�p§é�¸§ÝCzZ6�-|Uå�p"�´&ÞÆ·¬ü

$"

(2) e�>{"

e�>{�SC&Þ�c§é&Þ>{�ÿþ�"ÿþ�P¹����¸§

Ý§¿W3^�¥"^�¬�â�¸§ÝÚÿþ>{O�&Þ320�¼Ýe

�>{"

(3) ��>{

XJ^r¦^2���ÊuCB02A��§��>{��0.15î0(Ù¦{��

L6)"�âe�>{!L9'9��>{§^�òO�x´SC{ìR3 �

{�§¿�Ñ�AN�"

(4) ²ïëê
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4.4 CTALabÀ�k2µ9�ó�ëêNÁ

• ²ïëê���0-5�Ãþjê�"ê���§{Z�p§XÚ�­½"

�ê�L�¬��XÚÄ�5Ueü¶

• �`��&Þ{�!º��Ï�k'§I�ÏL�ÅÿÁ?1ÀJ¶

• ²ïëêí���0.5-1.5�m£ïÆ��1.0¤§��æ3.5-10î0>{

&Þ350m/s ±e��~ó�"Tëê3¢Sö�L§¥�À��{�

ë�14.4.3 !¥1(7)^9N¹F¶

• ²ïëê�3Äg¦^�cN��g=�¶

• Ï�3��#�&Þ±�§I�­#N�²ïëê"

(5) &ÒN�

,
�¹eI�éÑÑ�xº>Ø?1N��âU�(æ8"N�SN�)

��! ��$ÏÈÅµ

• ÑÑ&ÒOÃ£gain¤

Ï~�¹e9�ÑÑ&ÒrÝv
�§ØI����?n"��OAÏ

�¹exº&ÒÑÑ�f§I�ÏL��&Ò5~�æ�Ø�"�ÀJ

����ê�)1£�©&Ò§Ã��¤,2,4,8,16"Ï~�¹e§ïÆ�

±�1"

• ÑÑ&Ò �£offset¤

–  �>Ø^uN�>x²ïG�e�ÑÑ>Ø§¦Ù��CÑÑ�

�(-5∼5V) �¥m�§l
�yÿþL§¥>´��A6�Cz�

)�>ØÅÄØ�ÑÑÑ��¶

–  �>Ø�����0-5§ü �V"� �>ØØ�0�§ÑÑ>

Ø�uxº>Ø~ �>Ø¶

– ~µXJ �>Ø�0V�xº>Ø�4.2V§� �>Ø��3.0V§

xº>Øü�1.2V"

• $ÏÈÅ��ªÇ£Low-pass filter¤"

º�¤S���ªÇ�1,10,100,1k§10k$ÏÈÅì"^r�Àfilter off

'4ÈÅì"
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4.4 CTALabÀ�k2µ9�ó�ëêNÁ

4.4.3 õõõUUU«««®µµµ>>>xxx999���ÅÅÅmmm'''

(1) 3��Ð­«ëê±�§^rI�3mé/x´m'0�c§:Â/uxë

ê0òëêux�º�¤"

e�ux#�ëê§
´���mx´m'§>xò¦^Î&E��&Þ

ó�>{§&Þk��¤�ºx"

(2) :Âux±�§mþ�J«9¬w«/&E®²¤õux�º�¤0"ux

L§¥�¬f�º�¤uÑ���U>ì���tita (Ñ"

(3) ¤õux&E�XÚ��"�:Â/x´m'0�m>x"

(4) >x¤õ�m��µ

(a) ^�þ/x´m'0UÜ��¶

(b) ¶4¯«S�Bridge On ��¶

(c) ^�mþ�/Ï�G�01�ü�¥���£XJ´A Ï�§K´11

�¤��¶

(d) º�¤c¡�TÏ�éA�1���«�Bridge On��

(5) XJXÚ3�~ó�G�e§Kµ

(a) ¯«Bridge Status�¶

(b) ^�mþ�/Ï�G�01�üTÏ�éA��«��¶

(6) XJ±e�«��§`²º�¤xº>ØL$"/¤�Ï�VÇ´&Þ½&

Þ�®ä"I�­#ÿþ&Þ>{§±(½´Ä��

(a) º�¤c¡�TÏ�éA�1n��«�£TOB Low¤�

(b) ^�¯«�ê1n��TOB Low�

(c) ^�mþ�/Ï�G�01nüTÏ�éA��«��"

(7) �ÅÿÁ

�ÅÿÁ´ÏL3>x¥Ú\���±»�>x²ï��Å&Ò§¿*	X

ÚXÛ¡E²ï5(½XÚª���«ÿÁ�{"T�{ÏL*	>x¡E

²ï�Uå§�â¡E²ï�L§­�5O�>x�A��A�m"äN�

N¹F"ö�L§Xeµ
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4.4 CTALabÀ�k2µ9�ó�ëêNÁ

(a) ^rò&Þ�³3¢�ïÄ¥¦^���º�e

(b) :Â/�ÅÿÁ0�mS��Å&Òu)ì§�)ªÇ500Hz!Ì

Ý100mV��Å&Ò\13x´e1 �£ã1¤§±Ï5»�x´²ï¶

(c) �m�Å�§^̂̂rrrIII���222ggg:::ÂÂÂ///uuuxxxëëëêêê000§XÚuxëê�¬æ8

ÑÑ>Ø¿w«3°«ãS"Ù¥�þ�ke�XÚ3�Åþ÷íÄe

 l²ï:�gÄ¡E²ï�(J§
�ekeK��Åe÷K�¤

�¶

(d) N¹F�Ñ
x´3��²ï�¡E²ï�L§ã"TL§�XÚ��

AUåEE�'µª�p§¡E�¯"XÚ¡E²ï��m�¡�A�

�m"NNN¹¹¹F���000���


XXXÛÛÛµµµdddXXXÚÚÚ´́́ÄÄÄ²²²ïïï999XXXÚÚÚAAA������mmm"

(8) �ÅÿÁ(å�§^rI:Â/�Åm'0§'4ÿÁ&Ò"

(9) �ÅÿÁ=I3#&ÞÄg¦^�?1"Ø7zg¢�Ñ?1�ÅÿÁ"

(10) 3uxëê!mx´!�ÅÿÁ�§�3¬«ÀJe��Ï�?1��"

(11) �¤¤kÏ�����§�?\e�À�k/I½0

4.4.4 õõõUUU«««±µµµggg���æææ888kkk������

zg^r:Â/uxëê0±�§^�¬|^êâæ8kæ8�½êþ9�ÑÑ&

Ò§ø^rë�ëêN!�J"XJ^rg�Ù¦úiêâæ8k§^�Ã{|±ù�

õU"�^r:Â±«/uxëê�æ8&Ò0À�§'4TõU"

XJ^rg�NIúiêâæ8k§^r��±/uxëê�æ8&Ò0:�G�"

�^rI�ë�gkæ8k��I§é/æ8ªÇ09/æ8kó��ª0?�ÀJ§

'Xµ

• I��NI USB6211æ8k���æ�ªÇ�250000Hz§/æ8kó��ª0

�RSE

• íd�NI USB6009���æ�ªÇ�48000Hz§/æ8kó��ª0�â���ª

ØÓ
ØÓ

• NI USB4431���æ�ªÇ�100000Hz§/æ8kó��ª0�Pseudo-differential"
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4.4 CTALabÀ�k2µ9�ó�ëêNÁ

4

3

5

2

1

ã 17: I½.¡©�ØÓ�õU«µ¬ÀJÏ�9I½�{!­�½I½ëê¿*	I

½L§¥ÑÑ�þ�!® m©I½U�!¯I½L§¥9�¢�êâ!° ü«ØÓ�

I½(J"
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4.5 CTALabÀ�k3µI½

4.5 CTALabÀÀÀ���kkk3µµµIII½½½

3^r�¤ëê��!mé9�Ï�¿?1
NÁ��§e�Ú�?1&ÞI½"

�¤I½L§�±(½9�º�¤�ÑÑ>Ø�íN6��éA¼ê'X"I½À�

k.¡�ã17"�â^rÀ	���9¦^I¦§ÊuCTA04Jøõ«ØÓI½�ª

£�L7¤§�)µ

(1) �gÄI½µ^�gÄN!ºÅº�!gÄÿþº�!P¹9�º�¤ÑÑ

>Øþ�§gÄ[Ü­�¿��[Ü(J"T�{·^uæ	
�@Êu�

��$�£�Ý�u120m/s¤ÿþ^r§�[£ã�14.5.1 !¶

(2) Ø �íI½µT�{·^uæ	
�@Êu���¥!p�£�Ý�

u120m/s¤ÿþ^r§�[£ã�14.5.2!¶T�{|^Ø í´�g,�

íL§§�XI½ìÑ��Ý�ü$§^�gÄÿþº�!P¹9�º�¤

ÑÑ>Øþ�§gÄ[Ü­�¿��[Ü(J¶

(3) ÃÄN�!gÄÿþº�!gÄÿþ>Øµ^rI�ÃÄN!ºÅ=�£½

Ø �í+´z�mÝ¤§¦&Þ�³3�X�ØÓº�^��e§^�g

Äÿþº�¿éº�ÚÑÑ'X?1[Ü¿��"T�{·^uvk	ïÊ

uI½ì��r§�[£ã�14.5.3 !¶

(4) ÃÄN�!ÃÄÿþº�!^�ÿþ>Øµ^rIÃÄN!º�§¿¦^g

�¤ìÿþº�¿òÿþ(JÑ\>M"^��âº�¤�>ØÑÑÚ^r

Ñ\�º�êâ?1[Ü§¼�I½­�"T�{·^uvk	ïÊuI½

ì��r§�[£ã�14.5.4 !¶

(5) ÃÄÿ�!ÃÄÑ\º�!ÃÄÿþ>Øµ^rIÃÄN!º�§¿¦^g

�¤ìÿþº�¿Ñ\>M^�§¿¦^g�¤ìÿþº�¤ÑÑ>Ø��

þ�"��§^r¦^>ØÚº�êâ?1[Ü§¼�I½­�"T�{·

Ü�kÊu9�ÌÅ�^r§�[£ã�14.5.5!¶

^�éæ8£½^rÑ\¤�º�U�ÑÑ>ØE�'X?1[Ü"CTALab^�

Jøü«ØÓ�[Ü�{§©O´

(1) og­�I½{

46



4.5 CTALabÀ�k3µI½

L 7: ØÓ^r+Ní��I½�ª£4:æ	§6:�æ	¤

� r

+N

CTA04Ì

Å�

DAQ16

½NI k

CR04I

½ì

í
 I½�ª Ù!

1 4 4 4 ºÅ �gÄI½ 4.5.1

2 4 4 4 Ø í´ Ø �íI½ 4.5.2

3 4 4 6 ºÅ <óN�!gÄÿ

þº�9ÑÑ>Ø

4.5.3

4 4 4 6 g�Ù¦�

�

<óN�!<óÑ

\�Ý!gÄÿþ

ÑÑ>Ø

4.5.4

5 4 6 6 g�Ù¦�

�

�<ó 4.5.5

6 4 6 6 ÃI �I½ÿþ{ 4.5.6

^�ÏLéU − E'X¦^��og­�?1[Ü§¼�5�~ê§¿ò5 �

~ê���©�©�"3¢S¦^L§¥§ù
~êò�^5r>Ø=�í

6�Ý§äN�{�N¹H¶

(2) �êI½{

^�Ø��é>ØÚ�Ý?1[Ü§
´¦^ÑÑ>ØEO�D9þ§?


¼�L��9rÝ�Nus ê¿[ÜNu�XìêRe�m��5'X§äN�

N¹I¶

(3) ü��{�k`":§äN�N¹I.2"

I½L§§�â^r���ØÓ©�±eA��Y§z��Y���!"ö�.¡

�ã17"

4.5.1 gggÄÄÄIII½½½

ïÆ^r*wXeÀª

https://www.bilibili.com/video/BV14N411k7D3/

gÄI½��´^�XÚ3Â�/m©I½0�-�gÄUCº�!gÄÿþº

�99�ÑÑ>Ø�þ�!gÄ[Ü¼�I½(J§¿ò(J���L§"^rI3

ã17S¬«?1XeÀJ
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• ÀJ�I½�Ï�"XJ^rOy�gI½õ�&Þ§�U4ctrl�^àI:Âe

��Ï�¶

• :Â/gÄÿ�0Ú/gÄN�0À�§r�öÑ�m"

/gÄÿ�0Ú/gÄN�0ü����UÜ

^r3­«£Ú«�¥Ñ\

(1) Oy?1I½�:ê§Ï~�8-12¶

(2) Cªì��>Ø§ü �V§ïÆ4-5"ÊuCR04I½ì§XJ¦^10mm�

6��§4VéA�Ý�30m/s§5VéA�Ý40m/s�m§10VéA120m/s�

m"

5¿§�L5V±�§�U¬éØrDaìE¤�³§�ng�1"

(3) Ør¯aÝXê§ü �[Pa/V ]"^�|^TXêòØrDaìÑÑ>Ø=

�Ør"^�XÚ¦^ØrO�I½ìÑ�º�"

• XJ^r¦^ÊuDAQ16 êâæ8¤§�lc¡�I\Ö�TXê"

• XJ¦^g�ØrDaì§�kI½§¿òI½(J�dÑ\"

(4) ­«�Ú«�Sw«µw«I½L§¥ÿþ�56§Ý!56�Ý!9�Ñ

Ñ>Ø±9^5O�56�Ý�56oØ"I½L§¥§z�º�ÿþ(å

��#êâ"

3�Ð±þ��±�§^rI�u�M�´Ä�I½�ÐO�§�)

(1) DAQ16êæ¤c¡�ØrÑ\H�´Ä®²ÏLÿØ^+�I½ìoØ+�

ë¶

(2) DAQ16c¡�AOà�´Ä®²ÏLBNC ���CªìFv9Gndë�§äN

�ã6¶

(3) CªìëêP-003��´Ä®²���002§�CªìRUN�´Ä®²Ue

£Ue�§c¡��e�¬kÉ�ðc¤§äN�N¹G¶
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±þuÿÑÏL±�§^r�:Â®«/ºÅI½0"XÚ36ÊA¦¨��§m

©ux�[>Ø&Ò��½AOà���ºÅ=�§¿ÅÚUCº�"zgUCº��§

^�æ8ØrDaì99�º�¤�ÑÑ>Ø"��¤¤k�½º�e�æ8�§^

�'4ºÅ§¿O�I½­�"3I½L§¥

(1) XÚæ8�9�ÑÑ>Ø&Ò3¯«w«¶

(2) ­«S�Úw«µw«I½L§¥ÿþ�56§Ý!56�Ý!9�ÑÑ>

Ø956oØ¶

(3) mþ�G�9¬®��cI½?Ý"

I½(å�§ºÅÊ�=Ä"^��â�Ý-ÑÑ>ØêâO�z��ÀÏ��I

½ì­�

(1) zÏ��Ý-ÑÑ>Ø�©êâw«3°«�ýã¥§og[Ü­��¢�§

[Ü(J£5�~ê¤w«3Tãe�¶

(2) ±�©êâO��?���Nu�Re0.45êâ:±�¬�/ªw«3°«mý§

�5[Ü(J£a�b¤w«3ã�e�¶

(3) �5[Ü(J£a�b¤Ó�w«3/��0À�k¥TÏ�éA�a�b¥"

'uùü�Xê�0�§�14.3!¶

(4) ü«I½(J±©�©���3SC8¹e�data8¹¥§2g$1^�¿

À�TÏ��¬gÄN�"

(5) XJ�cI½�´AÏ�

• og­�I½(J��3coef1.txt©�¥

• I½�56�²þ§Ý��3coef1 temp.txt ©�¥

• XJI½�´BÏ�§þã©�¶�êiò�2

• �êI½(J£a�b¤��3power coef.txt�12�¥
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4.5 CTALabÀ�k3µI½

4.5.2 ØØØ   ���íííIII½½½

Ø �íI½�{´�«�gÄI½�ª§��14.5.1!¦^ºÅ��í
ØÓ§

��{¦^Ø �í��í
"T�{Ì�ÑÖ®²æ	
DAQ16êæ¤!CR04 I½

ì±9kp�ÿþ£�Ý�u120m/s¤I¦��r"ö��{Xeµ

(1) �rÄk¦^�ë�Ø �íí´�CR04I½ì�à�O�K�ë�Å«

+�à�§¿¦^Ø �í^+ë�Ø �íí´ÚI½ì�í\�¶'4

z�£í´�I½ì�mI���ÃÄ��z1�¤§¦í´ÚI½ì�mØ

ëÏ¶

(2) ¦^�ØÅ�í´\Ø�¤I��Ør§\ØL§¥�±z�'4§\Ø(

å�'4�ØÅ>
£½'4�ØÅ�í´�m�z�¤¶

(3) u�DAQ16êâæ8¤S�ØrDaì��þ§´Ä3Ün��"ØrDa

ì��þ§��©�n«: 1kPa2.1kPaÚ5.5kPa"XJ^rI�I½Ø �

í§ïÆ¦^g��þ§350kPa±þ�ØrDaì

(4) u�CTALab^�§u��Ï�´Ä®²�m¶

(5) �ìã??§òx'scaleN�100:1§¿ux�º�¤§¦Ù?\�>6ó�

�ª¶

(6) :Â®«/Ø �íI½0UÜ§^�J«�±z�'4§æ8ØrDaì

":§�ã18a§(½z�'4�:ÂOKUY;

(7) Ñyã18bJ«"�k�mz�§3I½ìÑ�/¤p��6"/¤�6�§

:ÂOK UY¶

(a) J«�±z�'4 (b) J«�mz�§�mz��

:ÂOKm©æ8

ã 18: Ø �íI½L§¥Ñy�J«µ
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4.5 CTALabÀ�k3µI½

(8) ^�m©æ8I½ìoØ9º�¤ÑÑ>Ø"z¦æ8�|§¿¦�þ�¶

(9) �Xí´Ørü$§I½ìÑ��Ý��mÅì~�"�Ør�u1Pa�§

I½gÄ(å¶

(10) ^�ÏL[Ü�þ6���þ>Ø�'X§�ÑI½(J§¿��"

4.5.3 ÃÃÃÄÄÄNNN���!!!gggÄÄÄÿÿÿ���III½½½

ÃÄN�õU·^u	ï
ÊuDAQ16æ8¤§Oy¦^®kI½��
�	ï

ÊuCR04I½ì��r"ù«�¹e§ØI�ë�æ8¤AOà���rºÉ���C

ªì£XJ^rÝºTEâ§�g1}Á¤"�rI�1Xeö�µ

(1) ò®kºÉXÚ£Â ãc�¤ÿØ+�DAQ16æ8¤c¡��ØrÑ\

àH 9L �ë¶

(2) :Â¬«/gÄN�0�/UÜ§¦Ù'4§Ó��y/gÄÿ�0��§

�ã19a¶

(3) ëìþ!£14.5.1 !¤�ÐÙ¦���§:Â/ºÅI½0UÜm©I"

m©I½�

(a) ÀJÏ�Ò9N�!ÿ

��{

(b) J«'4ºÅ (c) J«�±ºÅ'4

(d) J«O\º� (e) J«UYO\º� (f) J«I½�¤

ã 19: ÃÄN�!gÄÿ�I½L§¥Ñy�J«µ
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4.5 CTALabÀ�k3µI½

(1) ºÅ¿Ø¬gÄN�"^�¬�ÑJ«I§��^r<óN�§�ã19c¶

(2) ^r�3^��Úe§Äk'4ºÅ!�±º��"!ÅÚO\º���I

½(å§�ã19d-ã19f¶

(3) æ8¤kêâ�§º�¤?1[Ü§�ÑI½(J§¿��"���{�

14.5.1!��"

4.5.4 ÃÃÃÄÄÄNNN���!!!<<<óóóÿÿÿ���!!!^̂̂���æææ888>>>ØØØIII½½½

ïÆ^r*wXeÀª

https://www.bilibili.com/video/BV1Dk4y1p7VP/

dI½�{·^u�	ïÊuCR04I½ì9DAQ16êâæ8¤��r"�rIò

�&�S�3��g��ÿÁ�¸¥?1I½"T�¸�º��C§&Þ¤3 ��

ÛÜº��ÏL.÷+��{ÿþ"�r�

(1) ò.÷+S�3&�NC§�Ð¿ü��§pØZ6"3�yØ��&Þ�

cJeål�C�Ð

(2) �Ä¦^��Ã±ÿØL5��Ö�.÷+º�

(3) 3^�/I½0À�kS§:Â/gÄN�09/gÄÿ�0�/UÜò�

öÑ'4§�ã20a¶

(4) ºÅ¿Ø¬gÄN�"^�¬�ÑJ«I��^rÃÄN�§�ã20b�20c

(5) N!º�±�§^��Ø¬gÄÿ�§
¬aÑ�I§J«^rÑ\�Ý§

�ã20d

(6) ^r�3^��Úe§Äk'4ºÅ!�±º��"!ÅÚO\º���I

½(å

(7) æ8¤kêâ�§º�¤?1[Ü§�ÑI½(J

(8) ��I½:�âI½�{�ØÓ
ØÓ

• �êI½µ��3�æ8:§1�"º�§1�$�,1�p�"

• og­�I½µ��8�æ8:§1�"º�§7�g$�p�º��"
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(a) ÀJÏ�Ò9N�!

ÿ��{

(b) J«'4ºÅ
(c) J«O\º�

(d) J«Ñ\º�
(e) J«UYO\º�

(f) J«I½L§

(å

ã 20: ÃÄN�!ÃÄÿ�I½L§¥Ñy�J«µ

4.5.5 ���ÃÃÃÄÄÄIII½½½µµµÃÃÃÄÄÄNNN���!!!<<<óóóÿÿÿ���!!!<<<óóóæææ888>>>ØØØ

¦^¢�¿yk�óä§<óÿþ¿P¹º�9>ØÑÑ�þ�§òÙ�\�

�excelL¥§<ó[Ü"·�ïÆæ^�^L!«Åì!NI�	Ù¦¬ý�æ8kæ

8º�¤ÑÑ�>Ø"N¹H�Ñ
��äN~f"

4.5.6 ���III½½½ÿÿÿþþþ

�^rvkI½��!½öéJ²~I½£'X&Þ�î�3+�S�«�¤§^

r��Ä¦^÷I½ÿþEâ"TEâ�n�N¹I§Eâ�:Xeµ

(1) ·^uT�{�&Þ9��IÊu��Ñ¬§&Þ®²3Ñ�c²L24��

ò»?n§¿?1
I½"I½�w¥®²²(�Ñ
I½(Jµ�é~

êa�b¶

5¿§Ñ�c�ò»?n�I½þ�Â¤ÑÖSN"

(2) ¢�¥7L¦^TS02§ÝDaìi�56§Ý¶

(3) ¦^c3/ëê��0À�k¥W\Ñ�I½��Ñ�a§b�
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4.6 CTALabÀ�k4µ��

(4) ÿþL§¥ÀJ/�êI½0

4.6 CTALabÀÀÀ���kkk4µµµ������

��À�k.¡�ã21"T.¡�)XeA�õUµ

4.6.1 ¬«««µµµïïïááá£££ÿÿÿeee���III©©©���

(1) TM02£ÿe

£ÿed��$Ä��ì9eZ�Ú?>Å°Ä�£Ä�||¤"^r

3¬«��£ÿe£Ä�|��I��¶

(2) ùp�½��I��´����å�"^r��x§y§zn¶�å©!ª

�:�I§¿�½må"^r:Â/)¤0��§^�/¤�����[3§

N]���ê|£=3 1N �¤§N �ÿ:êþ"¿òÙ��3SC8¹e

�data8¹S©�©�motor positions.txt¥"

(3) º�æ8L§¥§�^rÀJ
/£ÿe0æ8�{�§XÚÖ�T�I©

���âê|��êgÄ�½ÿ:êþ"£ÿel[0,0,0] �Ñu§�g£

Ä�©�Sz�n�êi/¤��I �§¿��9�º�¤ÿþº�§ÿ

þ±Y�m�/z:æ���0"�Üÿþ(å�§£ÿe£�Ð© �"

(4) XJ^rF"ÿþ¥kÿþ��xy ²¡êâ2§£Ä�e��xy²¡"À

Jÿþ^S�x-y-z"XJÅÚÿþz�xz²¡§ÿþ^SÀx-z-y

(5) XJ^r�ÿþ1���²¡§��½1n�å:Úª:�Iþ�0 £må

�Ø�"�?¿ê¤§�ã21§1«

(6) £ÿe�I©�=3Xe�¹eâ¬�Ö�µ^r3/ÿþ0À�k¥/e

�|mé�ª0ÀJ9¥ÀJ
/£ÿee0"XJÀJ/gÄ0§½/Ã

Ä0§^�Ø¬Ö£ÿe�I©�

(7) ^r��¦^Ù¦óäg1ïá£ÿe�I©�

• X¦^Matlab§�ò�I©������3*Nê|pos§¿±Xe·-

���motor positions.txt ©�

dlmwrite(’motor_positions.txt’, pos, ’delimiter’, ’\t’)
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4.6 CTALabÀ�k4µ��

• X¦^Excel§�ò�I©���31§N�êâ§31©O�x§y§z 

�êâ"ïáÐêâ©��§,��/±�LÎTab ©��©�©�0

• ïáÐ©��§:Â/�\L�©�0�\�I§L§�N¹J.

• ^r��ò©���ö\SC8¹e�data8¹¿CX�©�"

1

2

4

3

ã 21: ��À�k©�ØÓ�õU«µ¬£ÿe�I)¤«!­ºÅ=��½«!® �

Ie£Ä«!¯=�Å�=Ä«"

4.6.2 ­«««µµµÃÃÃÄÄÄUUUCCCCR04/CR05III½½½ìììºººÅÅÅ===���

�
ÑÖ�r3XÚNÁL§¥I¦§^��¹ÃÄNºÅ=�õU"^r�Ï

LÃÄ��AOà�ÑÑ>Ø5UCI½ì�6Ñ��Ý£äNà�3/��0À�k§

�14.3!¤"

^r�±ÏLöÄ½öÑ\êi/ª3/CªìÑÑ>Ø0�9¥Ñ\0-10V>

Ø"CR04I½ì§5V��40m/s§ïÆ��35V ±S§±���ØrDaì"��Ð

±�:Â/ÑÑ0§ºÅm©=Ä"

I�5¿�´§Cªì�ó��ªI��3/gÄ0G�§äN���{�N

¹G"

55



4.6 CTALabÀ�k4µ��

XJI�°(ÿ½6�§ïÆ3:Â/ÑÑ0�c§k:Â/ØrD

aì8"0§�8"±�2:Â/ÑÑ0

4.6.3 ®«««µµµÃÃÃÄÄÄUUUCCCTM02£££ÿÿÿeeewww¬¬¬   ���

^r�3®«��x,y,zn¶£Äål§¿:Â/£Ä�Ie05UC£ÿew¬ 

�"ü �Î�"£Ä�Ýí�5-20mm/s�m§�âK1ØÓ?1ÀJ"

£ÿe��ìà�Ò£äNà�3/��0À�k§�14.3!¤I�(��"£

Ä(å��§0�Iew«�0�"

�IevkSC� m'§^rI��'5w¬ �"

4.6.4 ¯«««µµµÃÃÃÄÄÄUUUCCCCR05III½½½ììì===���ÅÅÅ������ÝÝÝ

XJ^r¦^�´CR05I½ì§�3¯«��I½ì:�Å��=Ä�Ý5��

UCI½&�^�"ü �Ý"£Ä�Ýí�5Ý/¦"��ìà�Ò£äNà�3/�

�0À�k§�14.3!¤I�(��"��=Ä�ÝÚ�Ý��§:Â/=Ä&Þ0"

£Ä(å��§0�Iew«�0�"

�IevkSC� m'§^rI��'5w¬ �"
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4.7 CTALabÀÀÀ���kkk5µµµÿÿÿþþþ

ÿþÀ�k�ã22"ÏL3TÀ�keö�§^r�±�1�½ÿþëê!ÿþ¿

���õU"

4.7.1 ¬«««µµµÀÀÀJJJÿÿÿþþþÏÏÏ���¿¿¿������æææ888���{{{

ïÆ^r*wXeÀª

https://www.bilibili.com/video/BV1gz4y1u7yy/

^rÄk�ÀJÏ�"ÀJ�{�^àI:Â�¦^�Ï�"XJÓ�ÿþ�Ï

�ê�L1§IU4ctrl�:Âe��Ï�"ÀJÏ��^rI�½æ8ëê"ù
ëê

�)µ

æ�Ç æ�ªÇ�z¦¨æ8���ê§ü �â[Hz½��êz¦Sample/s"æ�

Ç�ïÄ8IEE�'µ

1

2

3

5

4

ã 22: ^�æ8À�k.¡©�ØÓ�õU«µ¬��æ8ëê!­��êâ©�ëê

9æ8ö�!G�w««!® ¢�êâ9õÇÌw««!¯üj&Þÿþ(Jw««!

° õj&Þÿþ(Jw««"
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• XJïÄ�´�Î76¥�ºÝ^µ�uÐ5Æ§æ�ªÇA3µøª

Ç10�±þ"

• XJïÄ�´pXì^�e�KolmogorovºÝ§ïÆæ^20kHz±þæ�ª

Ç§$��p"^r�ÏL*	ªÌÌ�´ÄÑy$:�Ñ�ä´ÄAT¦

^��æ�ªÇ

• 5¿§DAQ16oæ�ªÇ�250kHz§XJÓ�¦^6�Ï�æ�§z�Ï�

��ªÇ�250/6=41.6kHz"æ�ªÇ��ØU�Ld�

• ,	§�
\¯Ì©Û�Ç§æ�ªÇÏ~�2�ng�§~^�êi

k1024,2048,4096,8192�

z|æ�ê �
O\��mæ��S�5£;�S�Øv¯K¤§Ï~òoæ���

©�eZ�êâ|§©Oæ8¿©O��"z|æ�ê=æ�Ç*z|æ���"

XJz|æ����1 ¦§æ�ªÇ�8192Hz§z|oæ�êKA��8192�

æ�|ê æ�|ê�z|æ����åû½
æ��o��µæ��o��=æ�|

ê*z|æ���"XJz|æ����1¦§æ�|ê�64§o���64¦"

e¡§·�±æ�ªÇ8192Hz!z|æ���1 ¦!æ�|ê64�~0�ØÓ/æ8�

{0�«Oµ

(1) ^r3/æ8�{0¥ÀJ
/ÊÏ0�{§¿3/ÊÏ0À�k¥/?\

e�|0�ª¥ÀJ/gÄ0£ã23aÚ23b¤µ

XÚæ8�z�|1¦êâ£zÏ�8192 �¤¿���§6Ê�0.1¦§��

gÄm©æ8e�|êâ"�gÌ�§��æ8�¤k64|êâ"æ8L§

¥§mþ�©�«J«?§¶

(2) ^r3/æ8�{0¥ÀJ
/ÊÏ0�{§¿3e¡/?\e�|0�ª

¥ÀJ/ÃÄ0µ

XÚm©æ8z�|êâ�c§XÚ�IÏ�^r£ã23c¤§�^r:

ÂOK�§m©æ8êâ£zÏ�8192 �¤§��æ8�¤k64|êâ"L§

¥§mþ�©�«J«?§"

3zg:ÂOk�c§^r�|^���m<ó£Ä&Þ"
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(3) ^r3/æ8�{0¥ÀJ/ÊÏ0�{§¿3e¡/?\e�|0�ª¥

ÀJ/	>u0£ã23d¤µ

XÚm©æ8z|êâ�c§æ8k�PFI0 êiÑ\à�×£Ñ\&Ò

£Ü©DAQ16æ8¤c¡���meà�BNC��ë��æ8kPFI0à��

ë§TBNC��e�kPFI0i�Êb¤§��uy��TTL �Å&Ò�þ,

÷§á=m©æ8£zÏ�8192 �¤§æ8�¤�¿�����e���Å

&Ò�þ,÷§��æ8�¤k64 |êâ"L§¥§mþ�©�«J«X

Úwaiting trigger signal"

(4) ^r3/æ8�{0¥ÀJ/£ÿe0�{£ã23e¤µ

XÚæ8�z|êâ��£zÏ�8192 �¤§ò�â^r���£ÿe�

IÅÚ£Ä �"£Ä(å�§gÄm©æ8e�|êâ£zÏ�8192�¤§

��æ8�¤k �"XJ�I©��¹9��I:&E"z� �æ��

��1¦§oæ����9*1=9 ¦"L§¥§mþ�©�«J«?§"

'u£ÿe�¦^§^rë�XeÀªµ

https://www.bilibili.com/video/BV1594y1r7ig/

1¬õU«,��­�ëê´/999���0�/oooggg­­­���0ü�À�"ùü�À�û½


æ^�o�{?1ÑÑ>Ø�6��=z"XJ^r:�
/999���0À�§^�ò

Ø?1=z§��w«¿��9�º�¤�ÑÑ>Ø"3/999���0À��«�cJe§

XJ^r:�/og­�0À�§XÚò¦^og­�I½(J?1>Ø-º�=z§

ÄKò¦^�êI½(J"ü«�{�`":9ÀJïÆ�N¹I.2"'u/999���0�

/oooggg­­­���0ü�À��ÀJ§ïÆ^r*wXeÀª

https://www.bilibili.com/video/BV1T44y1F7au/

4.7.2 mmm©©©ÿÿÿþþþ

^r:Â/m©æ80§XÚ?\ÿþG�­«�ý/æ8¥0��§z|æ�(

å�?§L�#�g"

4.7.3 êêêâââ999UUUÌÌÌ¢¢¢���www«««

ã 221®õU«þãw«�´XÚæ8�¢�êâ§z|ÿþ(å���#

• XJ^r¦^üj9�&Þ, ã¥w«�´z�&Þÿþ�z|êâu1(t), ..., un(t)

§ü [m/s]§
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4.7 CTALabÀ�k5µÿþ

• �ýî¶��mt§ü �[s]¶

• XJ^r¦^Vj9�&Þ§ã¥w«�´¢��Ý3ÿþ²¡S�ü�©

þu(t), v(t)§ü [m/s]"�Ý©)�ª�N¹K¶

• XJ^r¦^nj9�&Þ§ã¥w«�´¢��Ý�n�©þu(t), v(t), w(t)§

ü [m/s]"�Ý©)�ª�N¹K"

(a) ^r3æ8�{¥ÀJ


/ÊÏ0

(b) ^r3/ÊÏ0À�k

¥ÀJ/gÄ0

(c) /ÃÄ0�ªe§�I

J2^r?\e�|ÿþ

(d) ^r3/ÊÏ0À�k

¥ÀJ
/	>u0

(e) ^r3æ8�ª¥ÀJ


/£ÿe0

ã 23: /ÿþ0À�k¥�1«µÿþëê��
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4.7 CTALabÀ�k5µÿþ

ã 221¯õU«eãw«�´¢�êâ�õÇÌ�Ý©Ù£Power Spectral Densi-

ty¤

• e���Ý©þu�õÇÌEuu§ü �[(m/s)2/Hz]

Euu = |fft(u− U)|2/N (3)

ùp§fft�¯�Fp�C�§N�æ�êþ§U�u ��þ�µU = ū"

• e�î¶�ªÇf§ü �[Hz]"

ã 221¯!°õU«w«�´ÚOêâ£,�ã24¤

• XJ^r¦^üj9�&Þ§z|ÿþ(J�þ�£�ý¤ÚIO�£mý¤3

1¯õU«w«"gþ�e©O�11!2!3.. Ï�§�ã24a"

• XJ^r¦^Vj9�&Þ§z|ÿþ��Ý���þ�|~V |£�ý¤!56�Ý

�&�¶�� �31°õU«w«£mþ¤§�ã24b"

• XJ^r¦^nj9�&Þ§z|ÿþ��Ý���þ�|~V |£�ý¤!56�Ý

�&�¶��alpha-beta�31°õU«w«£mþ¤§thetaÚpsi�3mew«"

�Ý½Â�äN�N¹K"

(a) üj9�&Þÿþ(J�Ú

Oþ

(b) VjÚõj&Þ(J�ÚO

þ

ã 24: ÿþ(J�ÚOþ
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4.7 CTALabÀ�k5µÿþ

4.7.4 ÀÀÀJJJ©©©������������{{{

ïÆ^r*wXeÀª

https://www.bilibili.com/video/BV13j411z7MU/

3­«§^r�3/êâ8¹0S����êâ©��8¹"XJT8¹Ø�3§

XÚ3m©æ8c¬�IJ2^r§X^rÓ¿§^�¬gÄïáT8¹"^r��3

/�8¶¡0S�½êâ©�¶cM§±�yzgæ8�êâ©�ÑkØÓ�©�¶"

äN�Xe«~µ

a) êâ�;3^r�½�8¹c:\test datae§�ã 22"©�þ±�8¶�©�¶c

M£�~�hw01¤

b) �kü«©��;�µÚOêâ©�£©�¶=�8¶ stats.txt§±e{¡ÚO

©�¤±9¢�êâ©�£©�¶= �8¶+ÿ:Ò.txt§±e{¡êâ©�¤§

\ã25¤«"e¡éü«êâ©���[0�

c) ÚO©�

(a) XJ´üÏ�ÿþ§ÚOêâS¹�����[ÿ:êþ§8]���ê|"

8�êâ�kc4 �´k��§©OéASÒ!º�²þ�[m/s]!º�IO

�[m/s]!ÿþ��§Ý[�¼Ý]"�o��Ã�êi

ã 25: nj&�33�ÿþ:æ8�êâ©����3^r�½8¹e
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4.7 CTALabÀ�k5µÿþ

(b) XJ´A!BVÏ�ÿþ§�üÏ���HW1Aüj&Þ£Ø´HW2AVj&

Þ¤§ÚOêâS¹�����[ÿ:êþ§10] ���ê|"10�êâ©Oé

ASÒ!Ï�Aº�²þ�[m/s]!Ï�Bº�²þ�[m/s]!Ï�Aº�IO

�[m/s]!Ï�Bº�IO�[m/s]!ÿþ��§Ý[�¼Ý]"�o��Ã�ê

i

(c) XJ´A!BVÏ�ÿþ§�üÏ�©Oë��|HW2AVj&Þ�ü�¾

j§ÚOêâS¹�����[ÿ:êþ§10] ���ê|"10�êâ©Oé

ASÒ!º�Y²©þ²þ�U[m/s]!º�ç�©þ²þ�V[m/s]!º�Y

²©þIO�[m/s]!º�ç�©þIO�[m/s]!ÿþ��§Ý[�¼Ý]"�

o�êi¥11!3�êi�Ó§þ� �§12!4�êiÃ�

(d) XJ´A!B!CnÏ�ÿþ§�nÏ�©Oë��|HW3Anj&Þ�n�

¾j§ÚOêâS¹�����[ÿ:êþ§12] ���ê|"c8�êâ©O

éASÒ!º�Y²©þU²þ�W[m/s]!º�ç�©þ²þ�V[m/s]!º

�Ð�©þ²þ�W[m/s]!º�Y²©þIO�[m/s]!º�ç�©þIO

�[m/s]!º�Ð�©þIO�[m/s]!ÿþ��§Ý[�¼Ý]"�4�êi¥

11!2�ê�LalphaÚbeta�§3!4��LthetaÚpsi�§Xã25"�Ý½

Â�äN�N¹K

(e) X^rØ�U�8¶¡¿2g$1§S§#�ÚO&EòN3Î©��Ü§

Ø¬CX®k&E"

d) êâ©�

(a) z�ÿ:þæ8�¢�êâ�üÕ��"XJæ�|ê�10§K¬Ñy10�

Õá�©�©�§©�¶= �8¶+|Ò.txt"

(b) XJ´üÏ�ÿþ§z�êâ©��¹�����[N§1] ����ê|

£=N 11 �§N �z|æ�ê¤"êâ�9�ÿþ(J§ü �[m/s]"5

¿§3ÿþÀ�kS§XJ^r:�
/9�0À�§�����ÿþ�©

>Ø§ü �[V ]

(c) XÚvk���m©�§XJ^rI�§��âæ�ªÇ1024Hzg1)¤"

'X§ez|æ�ê�2048§æ�Ç�1024Hz§3matlab ¥�ë�Xe·-

)��mCþt
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4.7 CTALabÀ�k5µÿþ

t=[1:2048]*(1/1024)

(d) XJ´A!BVÏ�ÿþ§¢�êâ©�S¹�����[N§2] ���ê|"

XJüÏ���HW1A üj&Þ£Ø´HW2AVj&Þ¤§ü�©OéAü

�Ï��æ��Ý[m/s]"XJüÏ�©Oë��|HW2AVj&Þ�ü�¾

j§ü�©OéA6��Y²Úç�©þ§uÚv[m/s]"

(e) XJ´A!B!CnÏ�ÿþ§¢�êâ©�S¹�����[N§3] ���

ê|"XJnÏ���HW1A üj&Þ§n�©OéAn�Ï��æ��

Ý[m/s]"XJnÏ�©Oë��|HW3A Vj&Þ�3�¾j§n�©Oé

A6��Y²!ç�Ú!Ð�©þ§u§vÚw[m/s]"

(f) X^rØ�U�8¶¡
2g$1§S§¢�êâ©�S�&Eò�CX"

4.7.5 êêêâââ©©©������ÖÖÖ���ÚÚÚ¦¦¦^̂̂

^r�¦^õ«�{Ö�êâ©�9ÚO©�§?1?�Ú?n¿±ã"·�í

�¦^Matlab½Python?1?n"XJ^rI�¦^Matlab5Ö�¿?nêâ§��

�?\êâ8¹$1

cd C:\measurements

t=[1:1024]*(1/1024);

data=load(’Cobra_probe1_data1.txt’);

figure,plot(t,data(1:1024,1))

PythonK�$1

import numpy as np

import matplotlib.pyplot as plt

data = np.loadtxt("C:\measurements\Cobra_probe1_data1.txt", delimiter="\t")

fig, ax1 = plt.subplots(1, 1, sharey=True, figsize=(8, 6))

ax1.plot(data[range(1,1024),1])
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4.8 ¦^õj&Þ

4.8 ¦¦¦^̂̂õõõjjj&&&ÞÞÞ

üj&Þ�Uÿþ�Ý���Cz"ÿþ�Ý��9��§I�¦^õj&Þ§�

!0�HW2AÚHW3A�¦^�{"

4.8.1 VVVjjjX...&&&ÞÞÞ

X.Vj&�kü�¾jÚo�|\£prong¤

• o�|\©�üé§üé©OæØÓôÚ§�éæù§�éæç§�ãK.1¶

• ��¾jÅ�3ü|æùÚ|eºà§e¡ùj§3ã26a ¥^ùÚIÑ"|e

�Ü�ü�ùÚ�\�ýÞ�ë¶

(a) x&Þ«¿ã

(b) HW2AVjX.&Þì

¡

(c) x&Þ5�ÀJ

ã 26: HW2AVjX.&Þ¦^�{
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4.8 ¦^õj&Þ

• ,��¾jÅ�3ü|æçÚ|eþ§e¡çj§3ã26a ¥^çÚIÑ"|e

�Ü�ü�çÚ�\�ýÞ�ë¶

• �ÓôÚ��é|\¥�)�!á��||\"�á|\��¦¾j�|\/

¤45oY�§�á|evk45«O"üé|\9¾j/¤ü��p²1�²¡

£=ùÚ²¡�çÚ²¡¤"ü²¡må�1mm"

• ÿþ²¡�ã26a"ã¥§ùÚ²¡3c!çÚ²¡3�"Ï�ål��§ùçü

�²¡��À�Ó�²¡§=ÿþ²¡"X.Vj&��±)ÛT²¡S��Ý

¥þ"

X.Vj&��ö��{Xeµ

^r�ë�XeÀª��Vj&Þµ

https://www.bilibili.com/video/BV1Xu4y1v7kj/

• ÄkÿþùjÚçj�e�>{

• çj�\9�º�¤Ï�A£½^r�½�?ÛÏ�¤§ùj�\Ï�B£½ØÓ

uùÚ�?ÛÏ�¤

• 3/��0À�kS§òü�Ï�éA�5�ÑÀ�/Vj&Þ10£½öÑÀ�

Vj&Þ2�¤§�ã26c

• ëìüj&Þ¦^L§§©O�A!BÏ��½e�>{!L9'!²ïëê!&

ÒN�ëê�§�m>x

• =ÄCR04I½ì=�¦çj�é56§�m>x§¿?1�ÅÿÁ

• ëì14.5.1!éAÏ�9çj?1I½£L§�üj&Þ�Ó¤

• ùjI½(å�§�����=Ä=�90Ý§¦ùj�é56§éBÏ�9ùj

?1I½

5¿§z�Ï�?1N!ÚÿÁ�§TÏ�éA�¾jIR�u56"

��(å±�§�3/ÿþ0À�kem©ÿþó�"�5¿µ

^r�ë�XeÀª¦^Vj&Þµ

https://www.bilibili.com/video/BV12P411s7Wi/
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4.8 ¦^õj&Þ

• I�ÀJA!Bü�ÿþÏ�§ÀB�I�U4ctrl�:ÂBÏ�

• ã 221¯õU«w«�´�Ý©þuÚv§äNë�14.7.3!

• ã 221°õU«w«�´�Ý��|~V |§±9 �£alpha¤

4.8.2 nnnjjj&&&ÞÞÞ

nj&Þ�±ÿþ6|¥���m:þ�Ý�n�©þ"ÊuHW3A&Þë

ìTSI-1299&��O§d3�p����¾j|¤µ

• n�¾j©OÅ�3né|eþ§|eôÚ©O�æ¤
ç!ù!�nÚ§¿©

OÏL1é�ÓôÚ��\�ý�ÞÚÑ"±e§n�¾jò�©O¡�çj!ù

jÚ�j"

• ©Oÿþn�¾j>{§ÿþ�òç!ù!�nj�g�\A!BÚCÏ�

• nj&Þ�I½I�éz�j©OI½§dL§�±òn�jÀ�n�üÕ�ü

j&Þ

• ò&ÞS�3CR04I½ìþ§ �C���£½�m¤ =35Ý�

• c�£Ä&Þ§´¾jål�6Ñ�1 f��m

• UC=Ä�§¦çjR�u56£8ÿ�é=�§±5Ý�S9�ÑÑ�CzØ¬

�L0.5%¤§

• ^�/��0À�kS§Ï��5�þÀ�/nj&Þ10£½Ñ´2§njI�±

��¤

• ëìüj&Þ¦^L§£14.4!¤©O�A!B!C Ï��½e�>{!L9'!

²ïëê!&ÒN�ëê�§�m>x§¿?1�ÅÿÁ"

• XJØ´Äg¦^§�þgI½��¿���&Þ§�m>x=�

• ë�üjI½L§£14.5.1!¤éAÏ�9çj?1I½

• UC=Ä�120Ý§´ùjR�u56§éBÏ�9ùj?1I½

• UC=Ä�120Ý§´�jR�u56§éCÏ�9�j?1I½
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4.8 ¦^õj&Þ

I½�¤�§äN¦^�{XeµUìã 30Sü&� �"3:Àãe§çÚ�

�\Ø¥£z�ôÚ|\Ñk���á¤§�é56"ùÚ�\3Ùm§�Ú�\3�"

�kù�Ù�§^�®��u!v!wn�©þâUÎÜ�IX�¦"

��(å±�§�3/ÿþ0À�kem©ÿþó�"�5¿µ

• I�ÀJA!B!Cn�ÿþÏ�§ÀB!C�I�U4ctrl�:Â�AÏ�

• ã 221¯õU«w«�´�Ý©þu!v Úw§äNë�N¹K

• ã 221°õU«w«�´�Ý��|~V |§±9 �Ú:�£α − β¤" �Ú:��

�=��roll-cone�I£θ − ψ¤"�Ý½Â9=��{�äN�N¹K"

ã 27: CR04I½ì�6�=�Å�H�!îE�«¿ã
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4.8 ¦^õj&Þ

ã 28: X.Vj&ÞI½«¿ã"þµ1�ÚI½çj£|eæ�ùÚ¤¶eµ1�Ú§

I½ùj"

ã 29: nj&ÞI½1�Ú«¿ã"
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4.8 ¦^õj&Þ

ã 30: HW3A&Þ§:Àã
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5 ööö���666§§§¢¢¢~~~

^r�ë�XeÀªµ

http://www.hanghualab.com/nd.jsp?id=123&fromMid=470

5.1 ···kkkÌÌÌÅÅÅ!!!æææ888¤¤¤!!!III½½½ììì

5.1.1 1|||üüüjjj&&&���¢¢¢~~~

11Ú: ÿþe�>{§Ro=5î0

12Ú: ÿþ¿§§�âúª1O�e�>{

13Ú: ë�T&Þ�Ï�A§òÏ�AÑÑë�3æ8¤AI0

14Ú: u�§Ý&Þ§ò§Ý&ÞÑÑë�3æ8¤AI5

15Ú: òæ8¤AO0Ï��Cªì����ë

16Ú: ¦^ÿØ+ë�æ8¤c¡�ÿØ�Hà�CR04I½ìÿØ�

17Ú: u�Cªì��§ëêP003��I�2§URun§u��«�´ÄðÄ

18Ú: ^�/��0À�k§��9�º�¤ÌÅ1Ï&�µCOM3§9�Ï�Dev1/AI0§

5�µ/üj0§oÏ�êµ2§§ÝDaìæ8Ï�Dev1/AI5§ØrDaìDev1/AI13"

:Â/��ëê0

19Ú: ^�/NÁ0À�k§ÀJÏ�A§W\e�>{§L9'µ1.6§²ïëêµ1.5§

OÃµ1§ �µ0V§$ÏÈÅ��ªÇµÃ§:Â/uxëê0

110Ú: mº§^�/NÁ0À�k§:Â/�Åm'0§2g:Â/uxëê0§*	æ

8&Ò"ë�N¹F?1²ïëêN!"N!�§'4/�Åm'0

111Ú: /I½0À�k§ÀÏ�A§ÀgÄN�§ÀgÄÿ�§oI½:êµ12§��

>Øµ5V"

112Ú: læ8¤c¡�À�Ør¯aÝXê§W\L¥

113Ú: :Â/ºÅI½0§(å�m©ÿþ

71

http://www.hanghualab.com/nd.jsp?id=123&fromMid=470


5.1 ·kÌÅ!æ8¤!I½ì

114Ú: /ÿþ0À�k§ÀÏ�A§æ�Ç10000§z|æ�ê2000§æ8�{µÊÏæ

�|êµ10§?\e�|�{µgÄ¶�8¶µhw §êâ8¹µ�¿�½

115Ú: :Â/m©æ80§¿*	¢�&Ò9�þ�

116Ú: u�êâ©�"¢�(å

5.1.2 1|||x...VVVjjj&&&���¢¢¢~~~

11Ú: ÿþe�>{§çjRo1=7î0§ùjRo2=8î0

12Ú: ÿþ¿§§�âúª1O�e�>{

13Ú: ë�ùj�Ï�A§òÏ�AÑÑë�3æ8¤AI0

14Ú: ë�çj�Ï�B§òÏ�BÑÑë�3æ8¤AI1

15Ú: u�§Ý&Þ§ò§Ý&ÞÑÑë�3æ8¤AI5

16Ú: òæ8¤AO0Ï��Cªì����ë

17Ú: ¦^ÿØ+ë�æ8¤c¡�ÿØ�Hà�CR04I½ìÿØ�

18Ú: u�Cªì��§ëêP003��I�2§URun§u��«�´ÄðÄ

19Ú: ^�/��0À�k§��9�º�¤ÌÅ1Ï&�µCOM3§9�Ï�Dev1/AI0§

5�µ/üj0§9�Ï�Dev1/AI1§5�µ/üj0§oÏ�êµ2§§ÝDaì

æ8Ï�Dev1/AI5§ØrDaìDev1/AI13":Â/��ëê0

110Ú: ^�/NÁ0À�k§ÀJÏ�A§W\e�>{§L9'µ1.6§²ïëêµ1.5§

OÃµ1§ �µ0V§$ÏÈÅ��ªÇµÃ§:Â/uxëê0

111Ú: mº§^�/NÁ0À�k§:Â/�Åm'0§2g:Â/uxëê0§*	æ

8&Ò"ë�N¹F?1²ïëêN!"N!�§'4/�Åm'0

112Ú: ­Eþ¡üÜ§éB?1��§¿ÏL�ÅÿÁN²ï

113Ú: /I½0À�k§læ8¤c¡�À�Ør¯aÝXê§W\L¥

114Ú: /I½0À�k§ÀÏ�A§ÀgÄN�§ÀgÄÿ�§oI½:êµ12§��

>Øµ5V":Â/ºÅI½0§(å�m©ÿþ
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5.2 ·kÌÅ!æ8¤!vkI½ì

115Ú: ÀÏ�B§ÀgÄN�§ÀgÄÿ�§oI½:êµ12§��>Øµ5V":Â

/ºÅI½0§(å�m©ÿþ

116Ú: /ÿþ0À�k§ÀÏ�AÚB§æ�Ç10000§z|æ�ê2000§æ8�{µÊ

Ïæ�|êµ10§?\e�|�{µgÄ¶�8¶µhw §êâ8¹µ�¿�½

117Ú: :Â/m©æ80§¿*	¢�&Ò9�þ�

118Ú: u�êâ©�"¢�(å

5.2 ···kkkÌÌÌÅÅÅ!!!æææ888¤¤¤!!!vvvkkkIII½½½ììì

XJskÙ¦�I½��½���±UCº���±ÿþ�º|§'XºÉ§s

�±�Ä¦^ÃÄI½�Y£�14.5.5!¤"XJsØ��I½§
ÀJ�I½�ÿþ

�ª£�14.5.6!¤§±e�6§

11Ú: ÿþe�>{§Ro=5î0

12Ú: ÿþ¿§§�âúª1O�e�>{

13Ú: ë�T&Þ�Ï�A§òÏ�AÑÑë�3æ8¤AI0

14Ú: u�§Ý&Þ§ò§Ý&ÞÑÑë�3æ8¤AI5

15Ú: òæ8¤AO0Ï��Cªì����ë

16Ú: ¦^ÿØ+ë�æ8¤c¡�ÿØ�Hà�CR04I½ìÿØ�

17Ú: u�Cªì��§ëêP003��I�2§URun§u��«�´ÄðÄ

18Ú: ^�/��0À�k§��9�º�¤ÌÅ1Ï&�µCOM3§9�Ï�Dev1/AI0§

5�µ/üj0§oÏ�êµ2§§ÝDaìæ8Ï�Dev1/AI5§ØrDaìDev1/AI13"

19Ú: ^�/��0À�k§Ï�A�ëêa�b§W\Ñ�I½ê�"5¿§Ñ�ò»

\I½´Â¤�8§¤^�&Þ��Èd��§�üVÀ^d�ÑÖ

110Ú: ^�/NÁ0À�k§ÀJÏ�A§W\e�>{§L9'µ1.6§²ïëêµ1.5§

OÃµ1§ �µ0V§$ÏÈÅ��ªÇµÃ§:Â/uxëê0
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5.3 ·�kÌÅ

111Ú: mº§^�/NÁ0À�k§:Â/�Åm'0§2g:Â/uxëê0§*	æ

8&Ò"ë�N¹F?1²ïëêN!"N!�§'4/�Åm'0

112Ú: /ÿþ0À�k§ÀÏ�A§æ�Ç10000§z|æ�ê2000§æ8�{µÊÏæ

�|êµ10§?\e�|�{µgÄ¶�8¶µhw §êâ8¹µ�¿�½

113Ú: :Â/m©æ80§¿*	¢�&Ò9�þ�

114Ú: u�êâ©�"¢�(å

5.3 ···���kkkÌÌÌÅÅÅ

^r==æ	
ÌÅ"�´�±mÐ�ÆÚ�ïó�"^rI�

a) ���±G�ÏÕ�>M"ÏLG�^©�/ªux·-�9�º�¤§m'x

´!�½L9'!N!²ïëê!m'�ÅÿÁ�"^r�ëì1D!SCG�

ÏÕÏÃ§ÏL·-1�/ª��°Äº�¤"^rÀJÙ¦G�ÏÕóä"Ä

��{�N¹"

b) ��êâæ8C�"�±´?¿��U�~ó��êâæ8k!��«Åì½�

��^L

c) ^r�Ig����±N!¿ÿþº����§'XºÉ�"

^rSCÐG�NÁÏÃ��§�ëìXe«~�¤üj&Þ�ö�µ

11Ú: ¦^�^Lÿþ&Þ>{£�½�5¿§ÏL&Þ�Ü�\�ýÞÿþ>{§�

Õ��-ÞºÜ¤§e¡·�±

12Ú: ÿþ¿§§�âúª1O�e�>{§e¡·�±Rwo = 6Ω�~

13Ú: 3¢�C�þ£ºÉ�¤SC9�&Þ§¿ë����AÏ�

14Ú: �mº�¤>


15Ú: $1G�NÁ§S

16Ú: �½L9'±L9'OR�1.5�~§

R3 = (OR ∗Rwo) ∗ 10 = (1.5 ∗ 6.0Ω) ∗ 10 = 90Ω (4)

ÏLG�NÁ§S�\
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5.3 ·�kÌÅ

cta 1 overheat 90

17Ú: �m>x

• ÏLG�NÁ§S�\

cta 1 bridge_on

• *	Ï�A�«�´Ä�(µXJþ¡ü��§�(¶1n��§�Ø§&

Þ�U��

18Ú: N!ºÉ6��¢��U^����6�¶

19Ú: ��ÅÿÁ§*	�ÅÿÁ(J©ÛXÚª�¶

• G�NÁ§S�\

cta 1 square_wave_on

• ¦^«Åì½êâæ8k*	ÑÑ&Ò§N�balance�5N�XÚ�AA

5§Ù���§XÚSÜ{Z��§k|uXÚ¼�²ï§�XÚ¯��A

Uå¬k�Aeü

• ¦^«Åìæ8&Ò§¿��XÚª�

• '4�Å§G�NÁ§S�\

cta 1 square_wave_off

110Ú: ò9�&Þ�u�UCºÉ�¢��S§O�Ð.÷+�Ù¦�±Ö�56�Ý

�¤ì

111Ú: l$�p©�gJpº�§3z�º�^�eP¹ºÉ¢�ã6�±99�º�

¤ÑÑ>Ø¶

112Ú: |^og­�[Üº�Ú>Øêâ§/¤I½­�"§äN�{�N¹***

113Ú: '4>xÏLG�NÁ§S�\

cta 1 bridge_off
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5.4 ·�mÐ�L120m/s¥!p6�ÿþ

5.4 ···���mmmÐÐÐ���LLL120m/s¥¥¥!!!ppp666���ÿÿÿþþþ

CTA04 ProXÚ�±Jø1.0A±þ>6§v±�?êâê�L1��Ø 6Äÿþ"

�´§^rI�5¿

• ÊÏÊuHW1A&Þ�¾j�Ý�1.5mm§rÝØv±�?120m/s±þ�­½ÿ

þ§N´��"�rI�·�éX½�¾j�Ý�á�&Þ"

• p�ÿþI¦^Ø �í��í
?1I½£�u120m/s�$�ÿþ§�±¦^

ºÅ��í
9?1I½¤

• p�ÿþI�òx'(Scale)U�100:1§�kù�§º�¤âUJøv
�>6

äNö�6§Xe£�14.5.2!”Ø �íI½”­U¤µ

(1) ��CR04I½ì�à�§¦^Ø �í+ë�Ãz9í´¶

(2) ò&ÞS�3�6Ñ�¶

(3) ¦^�ØÅ�í´\Ø�¤I��Ør£eOyI½1M§�Ä�+´��§

Ï~I�0.5MPa±þ¤§\ØL§¥�±z�'4§\Ø(å�'4�ØÅ

>
£½'4�ØÅ�í´�m�z�¤¶

(4) u�DAQ16êâæ8¤S�ØrDaì��þ§´Ä3Ün��µïÆ

350kPa ±þ¶

(5) u�CTALab^�§u��Ï�´Ä®²�m¶

(6) òx'scaleN�100:1(ã??)§¿ux�º�¤¶

(7) �mz�§3I½ìÑ�/¤p��6¶

(8) :Â/Ø �íI½0UÜ(ã17)§^�m©æ8I½ìoØ9º�¤ÑÑ

>Ø§(å�^��ÑI½(J¶

(9) �±m©ÿþ"
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6 ¶¶¶ccc)))ººº
e�>{Rwo e�>{��´&Þ3¿§e¦^�^Lÿþ�>{�§ü î0"

L9'OR L9'��´&Þ�ó�>{�e�>{�'

OR = Rw/Rwo, (5)

Ï~OR��31.5�1.8�m"�â¾�§Ý>{A5§&Þ�ó�§Ý'¿§p

�110-180oC"�g¢�¥§·�ÏL�½x´¥C{ìR3£�ã1¤��5�½

&Þ�ó�>{§?
�½L9'µ3x´²ï�G�e§>xS>{A÷v

R2/R1 = R3/Rw (6)

¤±

Rw = (R1/R2)R3 (7)

Ï�ÊuCTA04º�¤�R2/R1 = 10 £T'~�¡�>x',�ã1¤, ¤±Rw =

R3/10. Ï�Rw = OR ∗Rwo§¤±R3 = 10(OR ∗Rwo) .

�g¢�¥§·�ò��·-9�º�¤UCoverheatëê��§T�=�R3�

>{�"

x' Scale§´º�¤x´¥2�'�>{{��'µR2/R1 £T'~�¡�>x'§

�ã1¤§"���10§·u$�£�u120m/s¤¦^"XJ?1¥!p�ÿþ§

IòT�N�100§�14.4.1!

²ïëê ²ïëê´>´¥�"²ï��ì�­�ëê"§û½
�"XÚ´ÄU3

Ün�G�e$1"3¦^G�ÏÃ��9�º�¤ÌÅ�§²ïëêbalance´

����0�65536�vkü �þ"Ù���§�"XÚp¡�{Z��""�

��37500"3¦^CTALab^���ÌÅ�§²ïëê��30-5�m§·�ïÆ

²ïëê���0.5-1.5�m"

�ÅÿÁ �ÅÿÁ´ÏL3>xS�\�6Ä§5*	XÚ�A�¹§?
�ä

²ïëê´ÄÜn�óä"XJ¦^G�NÁÏÃâ�º�¤§�©O¦

^square wave on Úsquare wave off ·-5�mÚ'4�Å
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xº>Ø xº£TOB¤>ØEt´>
\13>xþ�>Ø"T>Ø�º�����é

A"XJxº>Ø$u0.4V£TOB Low¤§�L&Þ�U®²��"XJxº>

Ø�L9V§�LXÚ®²ÄÑ"

&Ò�?n �¡ÑÑÑÑÑÑ&&&ÒÒÒNNN���"3,
�¹e§xº>ØÑÑ�U¬�æ8�5

]Ô"·��±�Äéxº>Ø?1N�"N�SN�)��£gain¤! �

£offset¤�$ÏÈÅ£filter¤"�>xÑÑ&Ò�f´§^r�ògain��2-16¶

�xº>Ø�L5V�§�
êâæ8��ØU�~æ8"^r�±�Ä���

�offset�§���0-5§ü �V¶,	§^r�±����ªÇ�1Hz-10kHz�

$ÏÈÅ

æ�ªÇ æ�ªÇ�zÏ�3z¦�mSæ8����ê§ü �Sample/s, ½Hz

z|æ�ê z�êâ|�¹���êþ

æ�|ê ^r�gæ8�Õáêâ|ê"XJæ�|ê�10§^r3æ8/z|æ�

ê0�êâ��§��§3æ8e��êâ|

£ÿe �@Ú?>Å��ìÚÚ?>Åw�|¤�$Ä��Å�§^5�Ä9�&Þ

36|ØÓ �ÿþ

Ï&à� >MG�Ò"^�ÏLG�ux©�·-�9�º�¤ÌÅ§�ÏLG�Ö

�ÌÅG�",	§^��ÏLG�é��£ÿe"äNà�Ò�ÏL>M/�

�+nì/?1�Î

9�&� =999���&&&ÞÞÞ"gc��d¾j!|\!&��N!��±9�\�ý�Þ|

¤"9�&�ÏL��£CB02A¤�9�º�¤ÌÅ�ë§ÏL¾ju9�Cz

5a��ÝCz"

9� 6Äÿþ¥9�(hot film)Daì3ü�ØÓ�¹eÑy"11¨´3��R5Ä

.�þ�7áÛ�§Ï~�q½É"ù«DaìÏ~�Êb3�ÿL¡§ÏL>

6��5íÿ9¡�Aå��"12«´Û3���»100���m!p©fá�

�ÎL¡�7á�"�Î�9�¾j���Ê�3�é|eþ"Ï�(��(¢§

¤±ù«9�Daì�^5O�¾j9�&Þ5ÿþ6�Cz"12«Daì²~

�^53Y¥¦^"
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ª� ªÇ�AA5�{¡§Frequency Response§£ã��¤ìéuØÓªÇ�&Ò

�AÌÝ�©Ù�¹"n��¤ìéØÓªÇ&ÒATk�ÓÌÝ��A"Ï~

¤ìé$ª&Ò�A�Ð§pª&Ò�A��"�pª&Ò�ÌÝÅìü$§¿

�u$ª&Ò3dB9±þ�§TªÇÏ~�@�´¤ìªÇ?n�þ�"ó§¢

�¥§ó§�Ï~¡ù�þ��¤ì�ª�"
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N¹

A ÊÊÊuuu999���&&&ÞÞÞ
ÊuJø
õ«9�&Þ5÷v�r�ØÓÿþI¦"Ù¥§é�~^�HW1AÚHW2A&

Þ�£ã�L1"ýé�õê�r¬ÀJùü«&Þ"¤k�À&Þ�LA.1"Ü©ì¡

�ãA.1"

Ü©~^&Þ�lÊu=�û¢��æ	§���µ

https://shop184358989.taobao.com/

ã A.1: Ü©Êu&Þì¡
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L A.1: A±~^�Êu&Þ

?Ò ¬¶ êþ õU

1 HW1A üj&Þ I� 5µm �»¾j§�1.5mm°§¾jI

�é56ÿþ�ÝCz§·^uý�

õê�ï�ÆA^§�ãA.2a

2 HW1B üj&Þ À	 2.5µm �»¾j§�0.5mm°§ª�

ép§Ì��éïÄë6�ºÝ(�

�r

3 HW1C üj�&Þ À	 5µm�»¾j!1.2-1.5mm°§ÞÜ�

=90Ý�

4 HW1D >.�üj&Þ À	 5µm�»¾j!1.2-1.5mm°!ÿþC

9«�ÝCz§�ãA.2b

5 HW1E üj��&Þ À	 5µm�»¾j!1.2-1.5mm°!¾j�

&�¶�R�!·^u�m;Ü§J

±S�HW1A�|µ

6 HW1G üj��&Þ À	 5µm�»¾j!�2mm°!45Ý��§

Ì��éÄåÆ��rI¦

7 HW1H p�üj&� À	 5µm�»¾j!�1mm°!ÿþ�Ø

 6Ä�Ý��Cz

8 HW2A VjX/&Þ À	 5µm�»¾j!�2mm°!ÿþ��

²¡S���Ý©þ§�ãA.2c

8 HW2B Vj²1&Þ À	 5µm� » ¾ j! 1.2-1.5mm°! m

å0.5±0.02mm!ÿþ�ÝFÝ

10 HW2H p�.VjX/

&Þ

À	 5µm�»¾j!�1mm°!ÿþ�Ø

 6Ä��²¡S���Ý©þ

11 HW3A nj&Þ À	 5µm �»¾j!�2mm°!éITSI-

1299 &�§ÿþn��Ý©þ

12 HF1A ü�9� À	 ü�q�Daì!Ä.º�19x14mm§

q�º�6.0x1.2mm§q�þ1µm §

DaìþÝ0.1mm
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(a) HW1A

(b) HW1D

(c) HW2A

ã A.2: Ì�A«&ÞAÛº�
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B FTDI^̂̂���µµµGGG������°°°ÄÄÄ§§§SSS
FTDI^�´°ÄUSB-G�ÏÕ�´�­�^�"^r�3Xe��e1§

http://www.hanghualab.com/nd.jsp?id=95&fromMid=468

e1�)Ø§¿$1CDM v2.23.00 WHQL Certified.exe ©�§sò�gw�XeJ«µ

ÀJExtract!(½!$1§S!Extract!e��!·�É!e��!�¤"äNL§

�ãB.1"

ã B.1: SCFTDI^�L§«~
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FTDI°Ä§SSCÐ��,�ÐUSB-G��§�m>M�������+++nnnììì�±w�9

�º�¤ÌÅéA�GGG�����ÒCOM3£T?Ò1�g�½�§Ø¬2C¤§�ãB.2"

ã B.2: FTDI^�SC�3/��+nì0¥u���COMÒ
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C CTALab^̂̂���SSSCCC
CTALab^�´9�º�¤�­�|¤Ü©§ÙSCL§�ãC.1"T^�Ì�õ

U�)µ

• ÏLG��9�º�¤ÌÅÏ&§��ó�ëê!mé'4>x!Ö�ÌÅG
�¶

• ��I½ìé9�&ÞÚ9�Ï�?1I½¶

• �êâæ8¤Ï&§��æ8ëê§æ8��êâ§w«Ì�ÚOþ¶

• �£ÿe9=�Å�Ï&§��£ÿe �9=�Å��Ý"

(a) SC©�8¹

(b) m©SC

(c) ÀJSC8¹ (d) SC(å

ã C.1: ^�SC«~
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D GGG���NNNÁÁÁÏÏÏÃÃÃSSSCCC999¦¦¦^̂̂
D.1 GGG���NNNÁÁÁÏÏÏÃÃÃSSSCCC

G�NÁÏÃ´O�ÅuxG�·-!Ö�G���G��­�óä"^r�±

ÀJ¦^Tóä��9�º�¤"G�NÁÏÃSC§S�3Xe��¼�µ

http://www.hanghualab.com/nd.jsp?id=95&fromMid=468

G�NÁÏÃSCL§�ëìãD.1"

ã D.1: /G�NÁÏÃ0^�SCL§
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D.2 ��Ï&ëê

D.2 ������ÏÏÏ&&&ëëëêêê

SCG�NÁÏÃ�§òG�NÁÏÃ�ÏÕëê��±eëê

G�Ò ÀJG�&EéA�?Ò

ÅAÇ 57600

êâ  8

��  None

Ê�  1

6� None

�Â�� ASCII

ux�� ASCII

��Ð�G�NÁÏÃ.¡XãD.2¤«"d�.¡�e�ùiw«COM3 CLOSED§

TG�?u'4G�"

ã D.2: G�&E���.

D.3 mmméééÏÏÏ&&&ÏÏÏ���

�mG�£:ÂG�NÁÏÃ¥�Â�U�§ãD.2¤"d��±w��e�G�

�m�J«Ú�'�ÏÕëê��&E"
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D.4 ux·-

ã D.3: :Â/Â��0éÏG�

D.4 uuuxxx···---

ã D.4: Ñ\/cta 10·-�§XÚw«�ÎAÏ�G�(J

ïáG�ë���§�ÏLG��9�º�¤ux·-5�Î&E½��ëê"u

x·-��{´3G�NÁÏÃ�Ñ\µSÑ\�'·-¿:Âux"�Â��êâ
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D.4 ux·-

ã D.5: ¦^x´m'·-�mAÏ�

¬3þ¡��ÂêâµSw«Ñ5"

5¿��·-±�Ø�3��§�Ø�£�"

·-�{9ëê�LD.1"·-©n«§�ª©OXeµ

a) �Î·-µcta [º�¤Ï�?Ò]§cta�?Ò�m¦^���m§º�¤Â�·-

�¬á=ÏLG�£E¤këê"Ù¥Ï�?Ò�1-4�êi§�£�êâ��c

Ï�º�¤��'��§äN¹ÂXãD.4¤«"ã¥�1Ï�&E�Î�~f"

b) �m½'4x´9�Å�·-£�ãD.5¤§º�¤Â�·-�¬á=£E¤kë

ê"

cta [º�¤Ï�?Ò] bridge_on

cta [º�¤Ï�?Ò] bridge_off

±þ·-^uº�¤x´m'§cta�?Ò�k?Ò�bridgeoffmþ¦^���

m"&Þë��ë�9ämI�3x´'4�G�e?1§±�>6ÀÂé&Þ

E¤��"

cta [º�¤Ï�?Ò] square_wave_on

cta [º�¤Ï�?Ò] square_wave_off

±þ·-^u���ÅÿÁ�&Ò´Ä�\"
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D.4 ux·-

L D.1: G�·-��{9ëê®oL

ëê¶¡ ëêê���£þ��ê¤

overheat 0-1999§Ø±10�&Þó�>{§2Ø±

&Þe�>{(J�L9'overheat ratio"

~µ&Þ>{�4.8 î§L9'�½�1.4§

Koverheatê�A�4.8*1.4*10=67"

balance 0-65535§ � � 330000-40000"

�CTALab^ �balanceë êB� � � {

�µ6553.4*B+32767

offset 0-65535§��320000�m"�CTALab^

� �>ØEo���{�µEo ∗ 13107

gain 1,2,4,8,16Ê�

filter 0-7§Ù¥0�Ø¦^$ÏÈÅì§ 1é

A10kHz§ 2é A5kHz§ 3é A1kHz§ 4é

A500Hz§ 5éA100Hz§ 6éA10Hz§ 7é

A1Hz"

square wave period 1-20000§ü �us§�����2000§éA

�Å�ªÇ�500Hz

scale 10½100§�u120m/s�ÿþ^10§Ù¦100

c) ?Uëê�·-§º�¤Â�·-�¬á=£E¤këê¿ò?UL�ëê��

å5§��ëêI��V�¦¨��m§ëê��Ð�¬£Eparameter saved"

cta [º�¤Ï�?Ò] [ëê¶¡] [ëêê�] £¥m¦^���m¤
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E LLL999'''������
9�&Þ�L9'£overheat ratio§OR¤´Ï>�&Þ�ó�>{Rw�e�>

{R20�'

OR = Rw/R20 = 1 + αt(Tw − 20). (8)

ùpTw�ó�§Ý§αt = 0.0045oC−1�á¾�§Ý>{Xê"e�>{R20 �&Þ

320oCe�>{§3¢�m©cÏLÿþ¼�"�âþª§·��±¼�L9'�ó

�§Ý�'X§�LE.1.

L9'§OR &Þ§ÝTw§oC

1.2 64

1.4 109

1.6 153

1.8 198

2 242

L E.1: 9�º�¤L9'�&Þ§ÝéìL

'uXÛÀJL9'�ïÆ:

• pL9'µ&Þ�6N�m�D9þ�§ÿþ�¯a§ª��Ð

• pL9'µ��>6§6�ÿþ����§&ÞÆ·�á

• Ï~1.5-1.8

– 30m/s±S�ë6ïÄ§À1.8

– 100m/s �m�A^.ïÄ§À1.5
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F ���ÅÅÅÿÿÿÁÁÁ999XXXÚÚÚ²²²ïïï
F.1 XXXÚÚÚ²²²ïïï���äää

¢�m©±c·�Ï~I�ÿÁ9�º�¤XÚ´Ä?\­½�ó�G�"Êu

9�º�¤S��ÅÿÁõU"�XÚ?\ÿÁG��§S��Å&Òu)ì�)Ì

Ý100mV��Å&Ò\13x´e1  �£ã1¤§»�x´²ï£e1 − e2 6= 0¤"²ï�

»�±�§XÚXU¯�¡E²ïG�£e1 − e2 = 0¤K`²XÚ3­½G�eó�§

�mÐ¢�"LF.1�Ñ
;.�­½ó�G�9Øn�G��xº>Ø�Aã"

L F.1: N!XÚ²ïëê�{

òº�N!�¢S¢��¦^�����§u

x”cta 1 square wave on” ·-�m�ÅÿÁ£X

J¦^CTALab^�§:Âã16�/x´m'0¤§

¦^«Åì½êâæ8k*	xº>ØÅ/"n

�Å/��ã§XÚ­½ó�"

¯Kµ>xØ²ï§ØU¦^"�Ä�ÌO\½

~�balance��2*	Å/

¯Kµ>xØ­§XÚS{åL�§�ÄO

\balance�

¯Kµ{ZÑ�"��ÄÑ�O\balance�

¯Kµ{ZL�§>xL­§º�¤ªÇ�A$§

I·�~�balance�"
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F.2 XÚª�ÿ½

F.2 XXXÚÚÚªªª���ÿÿÿ½½½

ÏL*	xº>Ø&Ò�iÀXÚ¡E²ïL§",	§�âXÚ¡E²ï�

­�§�±éx´ª��Ñ�O"8c�3õ«ÿ½ª���{§e¡0�LomasÖ

¥£C.G. Lomas, Fundamentals of Hot Wire Anemometry, Cambridge University Press;

Reissue edition, 2011¤�Ñ��{µXÚA��mτ´ �>Ø��º¸±�£ÑÑ>

Ø l²ï>Ø�þ¤¡E��� l>Ø£Vmax¤�37%¤^��m"
XÚª�K

�A��m��ê1/τ"±ãF.1�~§��5���»¾j�HW1A&Þ35620m/s

^�e§τ ≈ 32µs§ª��32.3kHz"

�Lomas�{�'§,��~^�Bruun�{K�~�Å£H.H. Bruun, Hot-Wire

Anemometry: Principles and Signal Analysis, Oxford University Press, 1995¤"T�{

@�τ´l�Åþ,÷m©� �>Ø¡E�¸�3% ��m§2¦S�Xê1.3"±

ãF.1êâ�~§±Bruun �{�ä�A��mτ ≈ 65µs§ª��15.4kHz"

ã F.1: ��;.��ÅÿÁ(J§τ�XÚA��m"
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G CCCªªªììì���������{{{
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L G.1: I½ìCªì/gÄ0�/<ó0N����{

Cªìó�G�e§�UPROG�£�þ¤

?\��G�§P001ðÄPress PROG but-

ton (up left) a few second, until P001 blinks,

Frequency drive enters setting mode

¦^þ!e�§N�P-003ëê§UEnter?

\��T�Press UP and DOWN button,

until P-003 shows up. Press ENTER button

N!P-003���002§UEnterÑ\"Cª

ì?\/gÄ0�ªPress UP and DOWN

button, until the value becomes 002. Press

Enter button. Frequency drive enters the

’Auto’ mode: it runs according to the voltage

applied to the BNC cable

¦^þe�N!P-003���001"Cªì?

\ÃÄ�ªPress UP and DOWN button,

until the value becomes 001. Press Enter

button. Frequency drive enters the ’Manu-

al’ mode: it runs according to the setting of

the potentiometer in the front panel

�UPROG�§Cªìl��G��£ó�

G�Press PROG button a few second, un-

til frequency drive comes out of the setting

mode and enters back to the working mode

URun�§�e�É�ðc"XÚ®²O�

Ð"Press RUN button, a green LED blinks,

frequency drive is ready to work
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H ���<<<óóó!!!oooggg­­­���III½½½{{{¢¢¢~~~
��{Ì��é�kÊu9�º�¤ÌÅ§vkÙ¦õUN���r"

9�º�¤�ÑÑ�±5.0V��S��[>Ø&Ò"T&ÒI�²LI½±�âU

��6Ä�Ý"I½Lò&Þ��u��®�6���¸¥§T�¸�Läk���

ë6Ý"��5`§ºÉ¢�ã½öäkì Ñ���6´�Ð�I½�¸"I½L§

¥Lò1�&Þ�¾jR�u56��§3ºÉ£½Ù¦I½�§�<�UC�Ý¤º

Å,�=�^�eæ89�ÑÑ&Ò§¿¦^�|.÷+�Ü��ØrDaìÿþº

���þ�U"2é9�ÑÑ&Ò?1²þ��²þ�E"äNÚ½Xe

11Ú: =ÄºÅ=�N�0¶

12Ú: Ö�º�¤ÑÑ>Ø�§æ��m10 ¦±þ§æ�êþ10000±þ§¦ÑÑ

�²þ�E1;

13Ú: Ö�.÷+ÿþ��Ý�U1¶

14Ú: N!ºÅ=ÄªÇ§�º�­½±�­Eb!cÚ½§¼�1�|>ØE2Ú�

��éA��ÝU2;

15Ú: ÅÚJpºÅ=ÄªÇ§ÿþ��±þØÓ�ÝéA�XÚ>ØÑÑ�¶

16Ú: 3EXCEL½öMATLAB�^�¥§¦^o�õ�ª­�[Ü>ØEÚ6

�U�'X¶

U = a4E
4 + a3E

3 + a2E
2 + a1E + a0 (9)

17Ú: I½(å�m©¢�§¢�¥§æ8¿��º�¤>Ø�E§¿¦^ª9O

�U"

ã H.1: og­�[Ü�I½�{«~
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I ���êêêIII½½½{{{999���III½½½���{{{
I.1 ���êêêIII½½½{{{

¤¢�êI½{´|^9�&�u9þQ�6Ä�Ýu�m����ê'X/¤�

I½�{"T�{�nXeµ

���l!�»d����Î�é56��§�ãI.1"�Ï>\9�§£ãé6D9

�ÃþjÝF�Aê�Lã�

Nu =
hd

k
. (10)

ùp§k��í�9Ç§h�é6�9Xê

h =
Q

(Tw − To)A
. (11)

¾jL¡ÈA = πdl§Tw�To©O�&Þó�§Ý�56§Ý"Q�7áj��í�m

D9þ§�¦^xº>ØEt9x´p¡�>{O�µ

Q =

(
Et

Rw +RL +R1

)2

Rw. (12)

ùp§Rw&Þó�>{, RL���>{Ï~30.1î0±S, R1�>x¥����½{

�>{£�ã1¤"

ãI.2�¢�(JL²§��Nu²L§Ý?�(Tm/Tref )0.16±�§Ù(J�Re0.45¥

�5'X§�[Ü(JØÉ�¸§Ý!ó�§Ý�Ï�K�§==�&Þg��AÛA

5�':

Nu

(
Tm
Tref

)0.16

= aRe0.45 + b. (13)

ùpTm = (Tw + To)/2�&Þ�¿§�²þ�§Tref�ë�§Ý§�20�¼Ý§Xì

êRe = Ud/ν§ν��í�ÄåÊ¢Xê§U ��þ�Ý"ùpν!kÚc��íÔ5§þ

UìTm �Î"

¤±§·��±ÏL¦^I½¢�êâ§�
�éA��þEt��þ�ÝU§ÏL

[Üª135¼��êI½(Ja, b"

I.2 oooggg­­­���{{{ÚÚÚ���êêê{{{`̀̀""":::ééé'''

og­�I½{Ú�êI½{´^�ò9�º�¤ÑÑ�>Ø&Ò=��Ý&Ò

�ü«�{"ùü«�k`":§^r��âg�^�9I¦?1ÀJ"äN`²X

eµ

og­�{ XÚò¦^og­�I½(J£Ê�~ê§�14.5.1 !¤5ò>Øe(t) =

z��Ýu(t)"T�{�`:´

• ÑÑ>Ø�º���þ�§E�U§'X��éA§{ü�*§Ø7�ÄÏ
���!íNÔ5�õ«ëêK�¶
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I.3 �I½ÿþ�{

• 3�±�¸Ï�ØC��¹e§og­�=z{äk�~p�°Ý"

og­��{Û�5��~²wµ

• I½(J�Ï���!���>>{!�¸§Ý�õ«Ï��'é"�ù

ëêÑy�fCzéI½(JÑ¬/¤²wK�§$�¦I½(J��"

·�ïÆ^ryIy^µI½��á=?1ÿþ"¿¦þ��

• �±�¸§ÝØC
XJ¢�¥�¸§ÝTo�I½��¸§ÝTc�L1�¼Ý¿33oC±S§�Ä

¦^§�?�ÿþ(J"XJ§��L3oC§á=Ê�¢�¿­#I½¶

• Ø��o&ÞÚº�¤�m���£ØØ´Äþ>§ÑØ��o¤§¦þØ
�->§±~��Þ�>>{Cz¶

• I½�Ø��U?Ûëê"?Ue�>{!L9'!&ÒN�ëêÑ¬UC
ÑÑ(J¶

XJ¿	?U§U£��=�§ÃI­#I½"

• ��m¢�£'X�L2���¤§¢�m©Ú(å±�Ñ?1I½§¿é'

I½(J"Xc�I½(J�É��§��Ä¦^ügI½­��¥�"X

JL�§�ï¢�(J¶

• XJÃ{�y���ÿþ�¸§�Ä¦^�êI½(J?1>Ø-�Ý=�"

�ê{ XÚr>Øe(t)=��&Þu9þQ(t)§O�é6�9Nuê§¿¦^�êI½

�(J£I½~êaÚb¤5O�XìêRe§¿�âReO��Ýu(t)§��N¹I"

T�{�`:´

• é�¸§ÝCz!&ÞëêCzØ¯a§AO·uÃ{²~I½!�¸§Ý
Cz��!&Þëê��u)
Cz��¹"

T�{�Û�5�)

• T�{¦^
�íÔ5�.!¾jÔ5�.5O�Nu êÚReê§z��.
ÑÚ\Ø�

• $�«�£�u1m/s¤ l�5«£Ég,é6�K�¤§Lyfuog­

�

I.3 ���III½½½ÿÿÿþþþ���{{{

/�I½0��´ØI�^rI½§
´3Ñ�cI½"¤¢�I½�ÿþ�{§

´|^ÿþ¤��xº>ØEtO�Nu§2�âÑ�I½(Ja, b5O�Re§?
¼�

6�u��{"
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I.3 �I½ÿþ�{

Ï�ª13¤Lã�D9Ú6�'Xé�¸§Ý!ó�§Ý�Ï�CzØ¯a§=

=�&Þg��AÛA5"3ØÓ�¸eõgI½�(J­EÝép§�ãI.2"¤±§

�±=?1Ñ�I½§�r<�Ñ�I½(J���¦^"äN¦^�{�14.5.6!"

ã I.1: üj9�&ÞD9«¿ã

ã I.2: �I½ÿþ�{�Ä:
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J ���\\\£££ÿÿÿeee���III©©©���
^r�±¦^/�\0õU§òÙ¦excel)��£ÿe�I©��\�CTALab¥"

äNL§�ãJ.1"

(e) ExcelMï2*N���ê| (f) ����L�©��©�©�

(g) ���?¿8¹

(h) 3/��0À�k:/�\L�©�0§

¿ÀJ

(i) u��\�Iêâ

ã J.1: ¦^ExcelMï£ÿe�I©�¿�\CTALab
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K ���!!!nnn���ººº���©©©þþþOOO���
K.1 ������X///&&&ÞÞÞ������ÝÝÝ©©©þþþOOO���

XJ^r¦^Vj9�&Þ§ã¥w«�´¢��Ý3ÿþ²¡S�ü�©

þu(t), v(t)§ü [m/s]"©)�ª�£�ãK.1¤

u = |~V | cos(α) (14)

v = |~V | sin(α) (15)

ùp§¢��Ý¥þ~V = u~i+ v~j, ¢��Ý��|~V |"

ã K.1: x&Þ«¿ã
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K.2 nj&Þ��Ý©þO�

ã K.2: n�6|��Ý©þ��Ý'X«¿ã"

K.2 nnnjjj&&&ÞÞÞ������ÝÝÝ©©©þþþOOO���

XJ^r¦^nj9�&Þ§ã¥w«�´¢��Ý�n�©þu(t), v(t), w(t)§ü

 [m/s]"�Ý©)�ªë�ãK.2§äN�

u = |~V | cos(β) cos(α) (16)

v = |~V | sin(β) (17)

w = |~V | cos(β) sin(α) (18)

ùp§¢��Ý¥þ~V = u~i+ v~j + w~k, ¢��Ý��|~V |"�õ`²�14.8.2!"

�Ý=��{�

θ = cos−1(cosαcosβ) (19)

φ = tan−1

(
sinα

tanβ

)
(20)

Ú

α = tan−1(tanθsinφ) (21)

β = sin−1(sinθcosφ) (22)
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L lvanlys.dll���ØØØ
3¦^AMD?nì�>M¦^^���ÿ¬��µ”LabView: Resource not found

lvanlys.dll ”"ù´�^��mu²�éAMD?nì|±Ø
�õE¤�§?E�{X

eµ

• \\��#�Cþ"äN�{�/��¡�0!/XÚ0!/p?XÚ��0!/^
r��©�0!/p?0!/�¸Cþ0!/#ï0XÚCþ

• Ñ\#Cþ¶MKL DEBUG CPU TY PE,

• ¿D�4½5

• :ÂOK§¿'4¤kI�

• ­éwindows

ã L.1: /��¡�0!/XÚ0!/p?XÚ��0§½ö��|¢/p?XÚ��0
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ã L.2: /^r��©�0!/p?0!/�¸Cþ0

ã L.3: /#ï0XÚCþ
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ã L.4: Put MKL DEBUG CPU TY PE as Variable name, then put 4 or 5 as

Variable value§Ñ\#Cþ¶MKL DEBUG CPU TY PE, ¿D�4½5
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