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1 000���
ÊuPSU16>fØå×£z´�±;���ï��Æ�O�Ø�ÿþ��"äk°

Ýp!��!¦^�B�A:"ÙS�16|p°ÝØ�Daì��¬êâæ8k§ÏL

êâæ8k?1ÓÚæ���ª/>f×£0Daì��[>ØÑÑ¼�Ø�&E"ä

N`³Xeµ

1.1 õõõUUUÚÚÚ^̂̂ååå

PSU16>fØå×£z�Ì�õUXeµ

a) ÿþ�.L¡Ør©Ù

b) �.÷+�Üÿþ6Ä�Ý��

c) �õ�íÄ&��Üÿþ6�9��

d) ^uÿþºÉ¢�ãc�Ø�?
O�ºÉ¢�º�

1.2 AAA:::���`̀̀³³³

1.2.1 ééé'''üüü+++999õõõ+++ØØØåååOOO

��Æ¢�~��Äu�ÎpÝ�Ø�ÿþ¤�é'§>fØå×£zXe`:µ

a) ÿþ©EÇp

ÊuPSUXÚ�©EÇ��0.1Pa§�uÄu�ÎpÝÿþ�©EÇ£�10Pa¤"

b) >fØå×£z�m�A¯§äkÄ�ÿþUå

�ÎØ�O�Uÿþ²þØr§PSUXÚäk�½�Ä�ÿþUå"PSUXÚS

�Ø�Daì�Ä��A�m�1 ms1"Ïd§Daìé¯�Cz�Ä�&Òä�

�½�)ÛUå"kïÄL²§�o+��u0.5m�£éA²0¿[1���ª

Ç170Hz¤§×£z�k�¼�ªÇ�100Hz±eóÄØr�Cz"

c) æ8êâþ�

PSUXÚ�ÏL��mæ�¦�²þ���{5ü$Ø�"

1Ä��A�m�ØrÑy��Cz�§Daìÿþ������60%¤I���m"
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1.2 A:�`³

d) õÏ�ÿþ

PSUXÚ8¤
16�Ø�Daì§�±�õÿþ�m16�:�Ør�ë�:Ør

��"

e) (�;n

>fØå×£zNÈ��uÄuõ+ØåO§�ØÉSC²���"�±·A¢

�¿S9�ý�£Ä²�þ¦^"

f) ¦^�B

&�I½êâ�8¤3^��S§^r�Daì8"�:Âæ8=�m©ÿþ"

ÿþ(J��w«§¿±©�©�/ª��"¦^B|Ýk²w`³"

1.2.2 ééé'''Scanivavle!!!TE���???���×××£££zzz

Scanivavle�TE£�PSI¤õÏ�Ør×£XÚÑy�@§3Ør×£ÿþ+�?

u+k/ "�ù
?�XÚ�'§ÊuPSUXÚäkXeA:µ

a) Ý]�§5d'p

ÊuPSUXÚ3d�þäk`³"¦+d��é�$§�ÊuPSU 3ÿþ°Ý9

B|5�¡äk�q�¬�§�N5d'p"

b) ¦^�B

ÊuPSU;��é�Æ��ï?1`z�O§Jø·up��r�SC9ó��

ª"^��ÎÜ�ï���ó�ö�I¦"

c) ��B��¡��r�o

·���rJø���B��¬�o"

1.2.3 éééIIISSSÙÙÙ¦¦¦���ûûû���`̀̀³³³

>fØå×£z�IS�û�õ"�éulû§ÊuPSU�`³Xeµ

a) ��ÆÚ�ï;��O"Ø=JøA^^�§�JøÎÜ�ïÚ��ó�öó�

S.��gmu�§�)Labview!Matlab!Python óä�"¦^ö��B/i

\gC�A^§S
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1.3 XÚ|¤

L 1: XÚ|¤

SÒ ¬¶ £ã êþ

1 PSU16Ì Å§

ã1a

S�ØrDaì�êâæ8k"Ï

LUSB�Cë�>M

1

2 >
§ã1b 12V§3A�6>
 1

3 USBê â �§

ã1c

ë�&Ò?nì�>M§�0.5� 1

4 U� S¹^�§�æ8!?n!©Û¿P

¹êâ

1

5 7�+§ã1d S»1mm§	»2mm§�10m 1

6 `²Ö �© 1

7 	>u� ux>u&Ò�êâæ8k§m©æ

8êâ

À	

8 �¨ÓÚ� ë�õ�æ8k§3^���Ïe�

yæ��¨�éÄ�¨ÓÚ

À	

9 �Î¢��.

|CM2§ã13

3cm�»§�Ý245mm§1w,o÷�

Î�1|,S�16 �ÿØ�,Ü¤ä�

À	

10 Ê . ¢ � �

.AM2,ãB.1

NACA0018Ê .§ u �100mm§ �

Ý245mm§,S�16�ÿØ�,Ü¤ä�

À	

11 5�&� ÿþ�þº�¥þ§�Ý��±45o À	

12 7�&� ÿþ�þº�¥þ§�Ý��±60o À	

b) &�æ^�Nz�Oµ×£zS8¤
Daì!&Ò��ì!êâæ8k!>
"

^r=IÏLUSB�òÌÅ�>M�ë§SC^��Ò�±m©ÿþ

c) Ó�5U!°Ý^�ed��k`³

d) �{�ÜÊu�íÄåÆ¢��Æ�Y

e) Jø^�|±§�B/�Êu9�º�¤!Êuúº�&�ÓÚ?1éÜÿþ

1.3 XXXÚÚÚ|||¤¤¤

ÊuPSU16>fØå×£zXÚ�)ÌÅ!>
!êâ�!ÿØ+!^�U�|¤§

äN�L 1"

a) ÌÅ§ì¡�ã1a"ÌÅS¹Daì!>
�6C�!êâæ8k"ÌÅäNë

ê�L 2§êâæ8këê�L 3"
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1.3 XÚ|¤

(a) ÌÅ

(b) >
 (c) USB�

(d) S»1mm7�+

ã 1: úº�&�XÚ��Ü�m�ì¡

7



1.3 XÚ|¤

L 2: ×£zëê

ëê

þ§£kPa¤ ±1.0 ½±2.1
ÿþ°Ý `u0.10%F.S.

Daì�A�m(ms) < 1

Ï�ê 16

�� Type-C/USB

ó�§Ý(oC) -20�80

	/º�£�°p§mm¤ 213*127*48

­þ£g¤ 300

�6ø>>Ø£V¤ 12

>
õÇ£W¤ 10

ÿØ�	»£mm¤ 1.5

L 3: êæëê£NI USB6211 www.ni.com/en-us/shop/model/usb-6210.html¤

ëê

�û National Instrument

.Ò USB 6210

�[þÏ�ê 16£üà¤

æ�°Ý 16  

��æ�ªÇ 250 kHz

^�õU æ8ÚÐÚ©ÛõU§

�Å£À�¤ CPU IntelI5§S�8G§512GM�
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1.4 $1�¦

(a) ÌÅ�¡ì¡§0à��ë�Ø§1-16�ÿ

:
(b) ÌÅ�¡ì¡"5���g��m©O´>


��!USB��!>u�!ÓÚ�¨\�!

ÓÚ�¨Ñ�

ã 2: PSU16>fØå×£zc!�¡�ì¡

+ �5¿z�PSU16>fØå×£zÑkÕá?Ò§Ï~3ÌÅL¡I\þw

«§���6 êi§'X230004"T?Ò´^�Ö�I½©��­��â§

I�3^�¥Ñ\"

• ÌÅ�¡(ã2a)k17���"Ù¥0��ÏL^+ë�ë�Ø§1-16 ��©O

ë��.ÿØ�"

• ÌÅ�¡(ã2b)kÊ���§g��m©O´>
��£�>
§ã1b¤!

USB��£USBêâ�§ã1c¤!>u&Ò��!ÓÚ�¨\�!ÓÚ�¨Ñ

�"'uÓÚ>u!ÓÚ�¨¦^�{§��12.3!"

1.4 $$$111���¦¦¦

·�í�O�Å��Xeµ

• Intel I5 9±þCPU¶8G9±þS�§500G±þM�¶

• Windows 10 ½Windows 11§64 XÚ¶

+ Ø�u1280*960�w«ì©EÇ"

9



2 åååÚÚÚ
�!0�XÛ¦^ÊuPSU16A^^�5��>fØå×£z"·��Jø
Ù¦

�{§'X¦^Matlab9Python?§�ó����§äN�{�e�!£13!¤"

2.1 ^̂̂���SSSCCC

3XÚSC�Sé�setup.exe, :Â$1£ã3a¤§�ìJ«ÅÚ�¤SCÊu9

�º�¤��§S£ã3b-3d¤"§SòSCNI DAQmx 9NI VISA�.�°Ä^�£{

INational Instrument úi�¤^�¤§SCL§��§�F5��"

• NI DAQmx°Ä�´°ÄNI USB6210êâæ8k�$�^�"

• NI VISA´KIG�ÏÕ�Æ�^�"�^�ÏLG�°ÄÊu£ÿe9§ÝD

aì����I�G�ÏÕõU

• �#�^��lXe��e1

http://www.hanghualab.com/nd.jsp?id=120&fromMid=468

�SC�.�§

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

�exe©�$1¤"

+ ^àIm�:Â^�ãI§ÀJ/±+n
�°$1§S0§ù�;�Ñy��

¯K§��§SÃ{�;^r�½�ÿþëê"

+ ¦þ;�rSC8¹�3C�§±~�¦^¥Ñy��Øv�¯K

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

&�I½&E!Daì":&E£Ãº�ÑÑ�>Ø�¤"^�¬N^T8¹S�

©�§^rØ���?UT8¹e©�§ÄK¬Ñy$1�Ø"
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2.1 ^�SC

(a) SC©�8¹

(b) m©SC

(c) ÀJSC8¹ (d) SC(å

ã 3: ^�SCL§«~
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2.2 M�ë�

(a) ÿØ+SC�{«¿ãµ0à��ë�Ø§1-16�ÿ:

(b) ¢�ã	Üû��ë

�Øÿþ�§T��0à�

(c) >
9USBêâ�SC�{«¿ã

ã 4: M�ë��{«¿ã

2.2 MMM���ëëë���

M�ë��ªë�ã 4§Ù¥z�Ü�ì¡�ã 1"

ùpI�5¿�´

• 11Ú§SCÿØ^+£ã4a¤"PSU16c¡�1-167áÿØ+I�ÏL^+ë�

��.L¡"Ï7áÿØ+	»1.5 Î�§·�ïÆ^r¦^S»�1Î��7�

+£=�|µ[7�+¤��ÿØ^+¶

• 12Ú§SCë�Ø^+"PSU16ÿþ�´��ÿ:�ë�Ø��"�
�(ÿþ

6Ä�5�Ø�§�±�ÄXe�{µ
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2.3 ÓÚÿþ

– XJÿþ4�ºÉS�.�ºØ§�ò0à��3ºÉý9�·Ø�þ§¦

ÙÿþºÉ¢�ãS9·Ø§Xã£�ã 4b¤¤«"+�Ø�

– XJ¦^m�ºÉ§½ö�6�¢�«m���¹§ë�:I���3vk

º�/�

– ë�Ø^+S»Ó�A�1Î�"

• 14Ú§¦^USB�£ã 1c¤ë�ÌÅ9>M£ã 2b¤§«¿ã�ã4c"

• 15Ú§ë�ÌÅ>
£ã 1b�ã 2b¤"ÏÌÅ���m'§¤±ë�>
�XÚ

gÄþ>"

+ 5¿µzgÿþ±c§Ñ�?1�����m�/9Å0µ�\>
9&�

�§4XÚ3Ãº^�eó����"ù��ü$Daì�":¤£�5�

K�§'u":¤£��N¹ D!"

+ XJ²~¦^§���ÄØ'4×£z>
§-ÙëYó�"

• 16Ú§u��«�"

– �ë�ÐUSBêâ��§�¡�£�ã 2b¤ÉÚ�«�ðc£ u>
��

ÚUSB���m¤§�Læ8k�3ó�"

+ 5¿µÉ�ðc§=�Læ8k�±ó�"d�XJ�ë�>
§Daì¿

��~ó�"�½��>
þ>±�§XÚâU�~$1"

2.3 ÓÓÓÚÚÚÿÿÿþþþ

3,
�¹e§^rkÓÚÿþ2�I¦"PSU16I�^�¥Øä�ÓÚõU§�

M�þ�Ð
O�§�r�ÏL�gmu¢yù�õU"^rI��äN&E�)µ

• �{1µ=�æéÄ�mÓÚ§�Ñ�æ8k�¨�É

ù«�{¦^	>u&Òà�·-æ8km©æ8ó�"3ÌÅSÜ§	>u&

Òà��æ8kPFI 0 êià��ë"	>u&ÒI�TTL �Å&Ò"�æ8k

�æ8�ª���/	>uéÄ0�§XÚ¬i�PFI 0à�§�Tà�>Øl0V

���5V �§XÚ¬éÄæ8"T�{b��æ8kSÜ�¨�É�±�Ñ"

2ÓÚÿþ´õ�æ8¤�Nó�§3�Ó��méÄ§±�Ó��m��æ8Daìêâ"
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2.3 ÓÚÿþ

• �{2µ�æéÄ�m�æ��¨ÑÓÚ

¦^	Ü>u&Ò=U�yõ�æ8kÓ�m©æ8"Ï��æ8k��¨�U

�3���É§=Ó�m©ØU���ææ8ÓÚ"XJ^réõDaìÓÚæ

8�ÓÚ5�¦�p§'XI��¦?�ÓÚ°Ý§^r�±�Äòõ�æ8k

��¨�ë"

äN�{´

– ¦^�¨ÓÚ�Géõ�æ8k§�ã5"

– �½��æ8k�Ìk§3æ8§S¥��Ùæ��¨�SÜæ��¨

£Sample Clock¤

– ÌkÑÑæ��¨£Sample Clock¤�PFI 14,PFI 15,PFI 16¥�?¿��§

'X·�ÀJPFI 14

– ÌkÑÑéÄ>u£Start Trigger¤�PFI 14,PFI 15,PFI 16 ¥��þ�ÚÀ

J�!ü�¥�?¿��"'X§PFI 15

– �Ìk�ë£ÏLÓÚ�¤�k�1�Bk

– �½1�Bk�æ��¨�à�PFI 11"Ï�ÓÚ�òÌk�PFI 14�Bk

�PFI 11�ëµÌkòg��æ��¨&ÒÏL��ux�Bk�PFI 11"

²Lù��½±�§BkØ2·^g��SÜ�¨§
¦^ÙPFI 11à��

	Ü�¨&Ò"l
¢y
ü�k�æ��¨ÓÚ

– �½1�Bk�éÄ�ª�	Ü>u£Start Digital Edge¤§à��PFI 12"

¿��½1�BkkuÌkéÄæ8"ù�BkéÄ���ÌkuxéÄ>

u£Start Trigger¤&Ò�Bk�PFI 12§l
¢yü�k�éÄ�¨ÓÚ"

– Xk1�Bk§?n�ª�1�Bk�Ó"^�¥§��òÌk©��ü�

�¨ux�1�!1nBk"

• ¦+·��3
ù�õU§�Øí�^r�1dö�§cÙ´�{2"×£zDa

ì��A�m�Î¦?§+��L1�±��A�mü�¦?"Ïd§3Daìg

��Éã��^�e§¡¡J¦æ8k�¦?��mÓÚ´vk¢S¿Â�"
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2.3 ÓÚÿþ

ã 5: 	>u&Ò9ÓÚ&ÒSÜ��«¿ã§ÓÚ�òÌk�PFI 11-13 êià�©

O�Bk�PFI 14-16�ë"3^��|±e§�ææ��¨�éÄ�¨ÓÚ"

2

4

3 5

6

1

ã 6: ^�Ì.¡©�ØÓ�õU«µ¬§S��«!­æ8��«!®©���«!

¯æ8ëê��«!°��w««9±�þ�w««"
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2.4 $1^�

(a) §S$1¥ (b) §S�$1

ã 7: ^�õU«1µ§S��«

2.4 $$$111^̂̂���

3Windows¯$�ª!½S¡!½öSC8¹eé�¿$1��1©�"äN�{

�àImÂãI¿ÀJ±+++nnn


���°°°$$$111T§S"§S$1�Lk��ëê§äN�

{�12.5 !"

2.5 ^̂̂���000���

^�.¡�âõU�±©�6�«�§�ã6"©O´µ¬§S��«!­æ8��

«!®©���«!¯æ8ëê��«!°��w««9±�þ�w««"

2.5.1 §§§SSS������«««

^�.¡�þ�«��§S��«§ùp´^��/m'0µ

• õU«kn�UÜ§g��m©O´µ$1£�Þ¤!ëY$1!Ê�UÜ£�/

UÜ¤"�§S¥ä�§^r�S/$10UÜ­#$1§S"$1L§¥§��

±U/Ê�0UÜ¥ä§S"

• §S$1�§UÜG��ã7a¶

• ^r�UùÚUÜ��ª�§S$1§Ê��UÜG��ã7b

• §SÑ��XÚ�¬ª�$1§^r�:Â/$10­#$1§S

• §Szg­#$1�Ñ¬lM�Ö�±c�;�ëê"^rUCëê��±�X

J�U/;�ëê0UÜ?1���{§­#$1���(Jò�M#

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

#$15Ö�M��;ëê
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2.5 ^�0�

ã 8: ^�õU«2µæ8ö�«

(a) J«^ròm©8" (b) J«^r8"(å

ã 9: Daì8"J«I�

2.5.2 æææ888ööö���«««

æ8ö�«S�)o�U�£ã 8¤§©O´

• /8"zero0U�

– Ø�Daì�":£ÃØ���>ØÑÑ¤¬É�§Ý!�íØ�õ�Ï�

K�
u)��Cz§=":¤£§�N¹ D

– ":¤£é$�ÿþ¬�)�½K�"TK��ÏLÿþcÖ�":�?1

?�

– Êuúº�&��¦^r��zn��?1�g8""^r3Ãº^�eU

/Daì8"0�"XÚò�I�^r(@§(å��¬�IÏ�^r8"

(å§�ã9

– (å�§3SC8¹e�data8¹S§©�©�zero cobra.txt¬��#"T

©�����Daì":>Øêâ"

• /æ8Sample0U�"

^rSe/æ80U��§XÚm©æ8"æ8c§XÚÄkÖ�I½©�9"

:©�"XJ8"�mål�c�L3���§XÚ�òJ2^r­#8"§±J

pæ��þ"

• /M#Refresh0U�"

^rzg�U?Û���§�U/M#0�òÌ�ëê��"�2g$1§S�§

§S¬gÄÖ�ù
ëê§^rØ7­#��"
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2.5 ^�0�

,	§æ8ö�«S��)n�w«�§©O´

• æ8ó�w«�µæ8¥§T��¶��§K«¶

• æ8|êw«µw«y3�3æ8�|ê§J«^ræ8?§¶

• æ8?§^µJ«^ræ8?§"XJæ8|ê�100|§8c�3æ8110 |§

?Ý^w«�10%"zæ8��|��#�g?Ý^"

2.5.3 ×××£££zzz???ÒÒÒ999êêêâââ©©©���������

^r313õU«��×£z�&E9XÛ;�êâ©�£�ã 10a¤§�)

• ×£z?Ò

?ÒÏ~�6 êi§'X230008"^rLl×£zÌÅI\Ö�?Ò§¿3^�

/×£z?Ò0µSÑ\T?Ò"XÚ$1�ò�â&�?ÒJ�I½©�

• êâ8¹

XÚòrêâ©��;3^r�½�êêêâââ888¹¹¹

• �8¶¡

�8¶¡�XÚ���êâ©�¶�cM"��yêâ©�Ø¬u)CX§^r

I���TcM§±�yzgæ8�êâ©�ÑkØÓ�¶i"

– z�êâ|Õá�����üÕ�©�©�"'X§XJ|ê�100"XÚ

ò­E100 g¢�§��100�êâ©�"§Sòræ8�Ørêâ;�3±

/�8¶+ æ�|Ò.txt0�©�¶�©�©�¥"

– 3z�êâ©�¥§XÚò��/z|æ�ê0�½���ê£z�Ï�¤"

Têâ©�kN*M���|¤§Ù¥N�/z|æ�ê0§M�^r�½�Ï

��ê"

– Ø
êâ©�±	§XÚ��z|êâ¦þ�§¿òT|þ�V\3/�8

¶+ avg.txt0�©�¶�©�©�¥"

• WÐ±þëê�§:Â12õU«S/M#Refresh0�#XÚCþ§Ó�?1�

�"2g$1�§XÚgÄÖ�± �;êâ"

+ /;�ëê0�ò��¤kÌ�ëê§Ø�u13õU«ëê
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2.5 ^�0�

• ^�Ö�×£z?ÒéA�I½©��§¬3õU«3�e�w«TI½©��M

ï�m"

(a) õU«®µêâ©��� (b) «¯µæ�ëê��

ã 10: ^�õU«®�¯��

2.5.4 æææ888ëëëêêê������«««

^r314õU«��êâæ8ëê£�ã 10b¤§äN�)

• æ8k��Ò

– ��Ò�NIêâæ8k�?Ò"31�g�\>M�§>MD�Tæ8k�

�Õá�?Ò"

– XJ^r=k��æ8k§��ÒÏ~�Dev1"

– ^r�:Âæ8k��ÒÀ�mýe.ÎÒ§2:ÂBrowse�wXÚ¤kæ

8��§¿�ÑÀJ"

– XJ^rSC
NIúi�DAQmx^�§�±$1ÙN��NI MAX§é®k

�æ8k��Ò?1?U

• æ8Ï�
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2.5 ^�0�

XÚ"����æ8¿��¤k1-16Ï�êâ"^r�±éd?1�U§äN�

{�µ¦^=©/-0½ö/,05£ãÏ�§�{�01-160, /2,3,4-140, /1-4,

7-160"XÚ¬æ8¤kÏ�§�=��^r�½Ï��êâ"

• æ�ªÇ

æ�ªÇ�z¦¨æ8���ê§ü �â[Hz§=��ê/¦"

• z:æ�ê

z:oæ�ê�æ���k'µoæ�ê=æ���×æ�ªÇ"XJæ�ê

�1000�§æ�ªÇ�100Hz§æ��mK�1000/100=10 s

• ÿ:êþ

ÿ:êþ�XÚ­Eæ����gê"'X§ÿ:êþ�8§z:æ����10

¦"XÚò­Eÿþ8g§oOæ��m�80¦

2.5.5 æææ888êêêâââwww«««

15õU«Sw«�´XÚæ8�þ�|êâ£�ã 11¤§z|æ8�¤��#"

• �ýµ�ý�æ8êâ�L§ü �[Pa]"

– �L1ê�/z:æ�ê0£�õU«3¤"

– �ê�16§©OéA16�Ï�

• mý�16Ï�Ørÿþ(Jã

– î¶�êâ:§Ãü §����/z:æ�ê0£�õU«3¤"

– mýp¶�Ør§ü �[Pa]

2.5.6 ÚÚÚOOOþþþwww«««

16õU«w«�´�Ï�z|êâ�²þØr£�ã 12¤§�16�êâ§g��

méAz�Ï�"êâ3z|ÿþ��#§±êiÚ?Ý^ü«/ªw«§ü þ

�[Pa]"
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2.6 ^�ö�6§

ã 11: ^�õU«°µæ8(Jw«

ã 12: ^�õU«±µÚOþw«

2.6 ^̂̂���ööö���666§§§

�!·�±��¢å0�XÛ¯���^�ëê"b�sOy¦^1�PSU16>

fØå×£z£?Ò230008¤æ8ÊuAM2�Î�.£�ã13¤16�ÿØ:Ør©

Ù"æ8ªÇ100Hz§æ8o��60¦"Tæ8k?Ò/Dev10"sOyrêâ��3

/c:\measurement08¹e§¤kêâ©�¶Ñ±/pressure0mÞ"

• XJsF"r�©êâ3�������êâ©�§ö��ª�2.6.1 !¶

• XF"r�©êâ©ã���eZ���êâ©�§ö��ª�2.6.2!"

• Ø
�©êâ©�±	§XÚ��z|êâ¦þ�§¿òT|þ�V\3±

/pressure0mÞ!±/avg.txt0(��êâ©�¥§äN�2.6.3 !"

2.6.1 üüü���êêêâââ©©©���

zÚ½äNö��{Xe

a) ë�ÐÌÅ!��§u�ÌÅ�¡��´Ä�å

3/�©êâ0�æ8�¤kêâ
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2.6 ^�ö�6§

b) SC�.§T�.�k16�ÿØ�"��ÿØ�må�22.5o"

c) ë�16�ÿØ^+"×£zÏ�I��.ÿØ�IÒ£�ã13¤�±��"

d) ë�ë�Ø+µ×£z0à��ºÉ¢�ý9ÿØ��ë

e) ±+n
�°$1§S

f) £õU«®§±e�Ñ/õU«0¤W\×£z?Ò/2300080

g) ®ÀJêâ8¹µc:\measurement, ¯W\�8¶¡µpressure

h) ¯ÀJæ8k?ÒµDev1

i) ¯W\Ï�Òµ1-16

j) ¯W\æ�|êµ1

k) ¯W\z|æ�êµ6000

l) ¯W\æ�Çµ100

m) ­:Â/M#0§��ëê

n) ­'4ºÉ§:Â/8"0

o) ­8"�¤�§$1ºÉ§­½�:Â/æ80§��¢�(å"

þ¡ù�¢�§z�Ï�oæ�ê´6000�§êâ;�3c:\measuremente

�pressure1.txt©�¥§�ã14"T©�S¹�����[ÿ:êþ§16]���ê|"�

~�[6000,16]£6000116�¤"êâ�ã11w«��L�Ó"

2.6.2 õõõ���êêêâââ©©©���

XJæ8�mL�§í�^r¦^õ|©ãÿþ¿����ª"'X§þ��~f

¥§·�F"z6¦���gêâ§oO?110gÿþ§o��Ó�´60¦"·�?1

Xe��µ

a) ¯W\æ�|êµ10

b) ¯W\z|æ�êµ600
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2.6 ^�ö�6§

ã 13: ÊuCM21w�Î�.ì¡9ÿØ� ã

ã 14: �Ü6000êâ:���31�êâ©�S"
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2.6 ^�ö�6§

c) ¯W\æ�Çµ100

²Lþ¡ö�£ü|&�35�ØÓ �ÿþ¤±�§

a) êâ�;3^r�½�8¹c:\measurementse§�ã 15"êâ©�£©�¶=�

8¶+ÿ:Ò.txt¤

b) z�êâS¹�����[600,16]���ê|

c) XÚvk���m©�§XJ^rI�§��âæ�ªÇ100Hzg1)¤"'X§

3matlab ¥�ë�

t=[1:600]*(1/100);

ã 15: êâ�©�10ãæ8�©O��"z�©���600êâ:"

2.6.3 zzz|||²²²þþþ���

Ø
�©êâ©�±	§§S�O�z|êâ�þ�§¿��3/�8¶+avg.txt0

©�S"z|æ8±�§§S¬ò1x16�êâ£éAz�Ï�¤V\3T©����

1§Ø¬CX®kêâ"
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2.6 ^�ö�6§

(a) 3Excel¥ÀJ/¤k©�0±BèAtxt©�

(b) ÀJ/©�ÎÒ0 (c) ©�ÎÒ��LÎ/Tab�0

ã 16: ¦^ExcelÖ�êâ©�L§

2.6.4 ÖÖÖ���êêêâââ©©©���

^r�±¦^ExcelÖ�êâ©�"�m���g:Â/©�0!/�m0!/èA0§

¿ÀJêâ8¹"�ÀJ/¤k©�0£ã16a¤±BèAtxt©�©�"ÀJ��m�

êâ©��§3�\��SÀJ/©�ÎÒ0±9�LÎ/Tab�0§:Â/�¤0§=

�Ö\êâ©�"
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2.6 ^�ö�6§

XJ^rI�¦^Matlab5Ö�¿?nêâ§���?\êâ8¹$1

cd C:\measurement

t=[1:600]*(1/100);

data=load(’pressure1.txt’);

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

PythonK�$1

import numpy as np

import matplotlib.pyplot as plt

data = np.loadtxt("C:\measurement\pressure1.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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3 ,,,���^̂̂´́́µµµMatlab½½½Python???§§§
12�!0�
XÛ¦^ÊuA^^���!æ8PSU16>fØå×£z"^rX

JkXÚ8¤�I¦§F"muA^§S§��Ä¦^Matlab½Python����×£

z£5¿ùpØ==´Ö�©�©�§´3matlab½python�¸eÏL©�·-���

�!æ8¿±�ãL¤§äN�{Xeµ

3.1 SSSCCCêêêâââæææ888kkk°°°ÄÄÄ999������^̂̂���µµµNI-DAQmx

5¿§XJ®²�1
12.1!¥�PSU16A^^�SCó�§XÚ®²SC
NI

DAQmx ¥�Ø%Ü©£Ø�)NI MAX¤§^r�±Ø^2üÕe1SC
�

�NI-DAQmx"

NI-DAQmx ´NIúiJø�!°ÄNIêâæ8k��¤^�"�lXe��e1

https://www.ni.com/en/support/downloads/drivers/download.ni-daq-mx.html#288277

T��Jø�#�9± ��"·�ïÆ^re118.0§½ö�#���"ïÆe1�

¦^�ëê�17"T^���§�1.8G§�F%e1"e1¿¤õSC±�§­é>

M"

NI-DAQmx^�SC¤õ±�§æ8k?\ó�G�"Ù°Ä§S��Laview!

Matlab!Python!C��óN^§¢yêâæ8"SC�§^r��Äk$1NI-

DAQmxN��NI MAX ^�"T^�´���~k|�óä§^r�¦^T^�éNI

êâæ8k?1G��Î!ëê�½!õUNÁ�"äN�N¹S�ãA.1 �ãA.2"

3.2 Matlab

3.2.1 SSSCCCMatlab999data acquisition toolboxóóóäää���

3SCkData Acquisitionóä��Matlab��§�3·-1Ñ\daqlist·-"T

·-¬N^NI-DAQmx Jø�$�¼êÖ�æ8k&E"XJÑyã18�(J§`²

®²SC¤õ§�±m©¦^PSU16>fØå×£z
"

3.2.2 |||^̂̂Matlab§§§SSSÖÖÖ���¿¿¿���;;;""":::>>>ØØØ

¦^PSU16?1ÿþ�c§·�I�²~5�£z2���¤Ö��e":§=0º

�e�DaìÑÑ>Ø"§S�N¹1E!"$1T§Sc§IòI½©���u§S

¤38¹�dataf8¹S"'uI½©��N¹1C!"
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3.2 Matlab

ã 17: 3NIúi�Õe1NI DAQmx^�°ÄNIêâæ8k

ã 18: 3�kData Acquisitionóä��MatlabS$1daqlist·-òw«XÚSC

�NIæ8k&E
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3.3 Python

3.2.3 |||^̂̂Matlab§§§SSSæææ888¿¿¿���;;;¢¢¢���êêêâââ

§S�N¹1F!"T§SÄkl^�Ö�":>Ø©�9I½©�"3æ8Da

ì>Ø�Äk~�":>Ø§3�âI½©�?1�^��¼�Ør�¿ÑÑ"

3.3 Python

XJ^r¦^Python5ö�PSU16§·�ïÆ¦^Anacondau1�4"^re1¿

SC�.±�§3Anaconda Prompt·-ISÑ\Xe·-5SC�DAQmxÏÕ�|

±�

python -m pip intalll nidaqmx

�w�/Successfully installed nidaqmx-***0i�±�

• �¦^Spyder5Ö�N¹1G !§S¿$1§æ8PSU16 ":

• $1N¹1H!§S5æ8¿�;¢�êâ"T§SÄkÖ�":9I½©�§

æ8DaìÑÑ>Ø¿òÙ=��Ør§����"

þ¡ü�!J��Matlab�Python§S�ÏL:Âe¡�ó�§?\Êu(��

e1PSU16 Matlab Python.rar©�

http://www.hanghualab.com/col.jsp?id=128

4https://www.anaconda.com/
5Anaconda|���§®SCÐ"https://anaconda.org/anaconda/spyder
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N¹

A ¦¦¦^̂̂NI MAX

ã A.1: �DAQmxSC�NI MAX^�§�éNIêâæ8k?1��

ã A.2: �DAQmxSC�NI MAX^�§�NÁNIêâæ8k
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B ÊÊÊuuuAM2 NACA0018ÊÊÊ...¢¢¢������...

ã B.1: ÊuAM2£NACA0018¤Ê.¢��.9� ã

L B.1: ÊuAF�.� £ü mm¤9��£ü Ý¤§NACA0018

�?Ò x y {��Ý
1 90.72 2.04 100.67
2 70.04 5.49 98.31
3 51.32 7.81 95.65
4 36.69 8.86 92.28
5 24.11 8.87 87.39
6 13.69 7.8 80.11
7 7.58 6.33 71.85
8 2.83 4.15 56.45
9 0 0 0
10 2.83 -4.15 -56.45
11 7.58 -6.33 -71.85
12 13.69 -7.8 -80.11
13 24.11 -8.87 -87.39
14 36.69 -8.86 -92.28
15 51.32 -7.81 -95.65
16 70.04 -5.49 -98.31
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C III½½½©©©���
z�×£zkü�I½©�§��~f�ãC.1"ü�©��)

a) cali input pressure + ×£z?Ò+ .txt

T©���I½:Ør§ü [Pa]"S������[1,N]ê|"N�I½:�êþ§´��Û

ê§Ï~´3!5!7½9�"��ü�êi±�LÎ£Tab¤©�"

• êil���ü�£lK��¤§CX£½A�CX¤ÿþ��

• ¥m�êi�0 [Pa]§�LÃ	\Ø���¹

b) cali output volt + ×£z?Ò+ .txt

T©���Daì3I½:Ør�^e�>ØÑÑ�§ü �ÏAV"

• T©�S¹���[N§16]�ê|"N�I½:êþ§16�ÿØÏ�ê

• 11��5�>Ø�§gþ�eéAl$�pØÓI½Øre�>ØÑÑ

c) ^�3Ö�^rÑ\�×£z?Ò�§ldataf8¹eÖ�ü�I½©�"2��âÿþ�

>ØÏL�^��¼�Ør"

ã C.1: ?Ò�230006×£z3data8¹e�I½©�

ã C.2: þãI½©�±��ØrÑ\->ØÑÑã
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D """:::§§§¤¤¤
PSU16òêâæ8k�Ø�Daì8¤3�å§ùO\B|5§��E¤
9¯Kµêâæ8

k�>fì��)�9éDaì�":£ÃØ��Daì�>ØÑÑ�¤E¤K�§/¤":§

¤"ãD.1���;.�PSU16§¤�¹ã"3XÚþ>����±S§�p§¤��
5Pa§�\

>����±�§��§¤30.25[Pa/h]"äNêi�NLD.1"

ã D.1: ?Ò�230006×£z":¤£
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L D.1: ?Ò�230006×£z":���mTCzêâ§ü [Pa]

�m,h 0.0 0.4 0.7 1.0 1.9 2.1 2.2 2.7 3.1
Ï�#1 -0.4 -1.1 -1.1 -1.2 -0.9 -0.9 -0.9 -0.7 -0.7
#2 -0.2 0.1 0.5 0.9 1.3 1.3 1.4 1.4 1.5
#3 -0.1 1.4 1.9 2.2 2.5 2.5 2.5 2.5 2.6
#4 -0.1 0.7 1.2 1.6 2.2 2.2 2.2 2.4 2.5
#5 -0.2 0.2 0.5 0.8 1.2 1.3 1.3 1.3 1.5
#6 -0.2 0.4 0.8 1.1 1.5 1.5 1.6 1.8 1.8
#7 -0.3 -1.6 -1.8 -1.9 -1.6 -1.5 -1.5 -1.4 -1.4
#8 0.3 3.6 4.5 5.0 5.5 5.5 5.6 5.6 5.7
#9 0.1 2.0 2.7 3.0 3.4 3.4 3.5 3.8 3.8
#10 0.0 2.9 3.9 4.4 5.1 5.1 5.2 5.4 5.5
#11 -0.2 0.0 0.4 0.9 1.6 1.7 1.7 1.6 2.1
#12 -0.2 0.1 0.5 0.9 1.7 1.8 1.9 2.1 2.3
#13 -0.5 -1.8 -1.8 -1.7 -1.5 -1.5 -1.5 -1.5 -1.4
#14 -0.1 0.7 1.3 1.6 2.2 2.3 2.4 2.8 2.6
#15 -0.3 -0.7 -0.5 -0.4 0.1 0.2 0.3 0.4 0.5
#16 -0.5 -3.3 -3.7 -3.8 -3.3 -3.2 -3.2 -3.0 -2.9

34



E Matlab ÖÖÖ���¿¿¿PPP¹¹¹""":::§§§SSS
% Hanghua Inc. Dalian China www.hanghualab.com

% coded by N.Gao, gaonum@126.com or nangao@yahoo.com

% work with PSU16 pressure scanner, 16 pressure sensors + a NI USB 6211

% data acquisition card

% make sure you run this program while the wind tunnel is off, so that what

% saved are the zero values

clear all

close all

%%%%USER INPUT%%%%%%%%%%%%%%%%%%%%%

Channel_IDs=[0:15]; %Channels to acquire data

SamplenNumbers=1000; %Number of samples to acquire

SampleRate=1000; %Sample rate, Samples/second

DaqDeviceName="Dev1"; %Default DAQ device ID. if you dont know your device ID: make sure there is only 1 NI card connected + leave this at the default value

Scanner_ID="220019"; %ID of the pressure scanner

%%%%%%%%%%% USER IMPUT ENDS %%%%

TableDev=daqlist("ni"); %List all the devices

temp2=size(TableDev); %read the number of devices:the row number of this array

if temp2(1)==1 % if the row number is 1: there is only 1 device connected

DaqDeviceName=TableDev.DeviceID; % read its ID name

else

end

dq = daq("ni"); %create a data acquisition object

ch = addinput(dq, DaqDeviceName, Channel_IDs , "Voltage"); %link this object to the device, and channnel IDs specified above

dq.Rate=SampleRate; %set the sample rate, it does not matters for a pressure scanner, which has almost no frequency response to fluctuating signals

for i=1:length(ch)

ch(i).TerminalConfig = "SingleEnded"; %set every channel

end

dq.Channels % print channel information for user to read on screen

%addinput(dq, "Dev14", "ai1", "Voltage")

%addoutput(dq, "Dev14", "ao0", "Voltage")
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%%%% acquire data %%%%

full_data = read(dq, SamplenNumbers); % reads a certain amount of data

t=full_data.Time; %put time information to variable t

E=full_data.Variables; %put voltage information, an array of [SampleNumbers*NumberChannels], to variable E

%display the voltages

figure

plot(t,E);

ylabel("Voltage (V)")

xlabel("Time (s)")

E_zero=mean(E); %mean value of the voltages

%save the mean values, for ther program to load

save([’data/press_scanner_zeros’ num2str(Scanner_ID) ’.txt’], ’-ascii’, ’E_zero’);
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F Matlabæææ888ØØØrrr§§§SSS
% Hanghua Inc. Dalian China www.hanghualab.com

% coded by N.Gao, gaonum@126.com or nangao@yahoo.com

% work with PSU16 pressure scanner, 16 pressure sensors + a NI USB 6211

% data acquisition card

clear all

close all

%%%%USER INPUT%%%%%%%%%%%%%%%%%%%%%

Channel_IDs=[0:15]; %Channels to acquire data

SamplenNumbers=1000; %Number of samples to acquire

SampleRate=1000; %Sample rate, Samples/second

DaqDeviceName="Dev1"; %Default device ID. if you dont know your device ID: make sure there is only 1 NI card connected + leave this at the default value

Scanner_ID=’220019’; %ID of the pressure scanner

ProjectName=’Press_’; %data file will be saved with file names beginning with this word

DataDir=’’; %directory to store data files

%%%%%%%%%%% USER IMPUT ENDS %%%%

zeros=load([’data/press_scanner_zeros’ num2str(Scanner_ID) ’.txt’]);

Press_Cali=load([’data/cali_input_pressure’ num2str(Scanner_ID) ’.txt’]);

output_volt=load([’data/cali_output_volt’ num2str(Scanner_ID) ’.txt’]);

TableDev=daqlist("ni"); %List all the devices

temp2=size(TableDev); %read the number of devices:the row number of this array

if temp2(1)==1 % if the row number is 1: there is only 1 device connected

DaqDeviceName=TableDev.DeviceID; % read its ID name

else

end

dq = daq("ni"); %create a data acquisition object

ch = addinput(dq, DaqDeviceName, Channel_IDs , "Voltage"); %link this object to the device, and channnel IDs specified above

dq.Rate=SampleRate; %set the sample rate, it does not matters for a pressure scanner, which has almost no frequency response to fluctuating signals

for i=1:length(ch)

ch(i).TerminalConfig = "SingleEnded"; %set every channel

end
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for loopid=1:1 %acquire data in different blocks

%%%% acquire data %%%%

full_data = read(dq, SamplenNumbers); % reads a certain amount of data

t=full_data.Time; %put time information to variable t

E=full_data.Variables; %put voltage information, an array of [SampleNumbers*NumberChannels], to variable E

for i=1:length(Channel_IDs)

Volt_Cali=output_volt(:,Channel_IDs(i)+1);

P(:,i)=interp1(Volt_Cali,Press_Cali,E(:,i)-zeros(Channel_IDs(i)+1),’spline’);

end

figure

bar(Channel_IDs,mean(P));

ylabel("Pressure (Pa)")

xlabel("Channels")

title(["Mean values of the data block " num2str(loopid)])

%save data file

save([DataDir ProjectName ’block’ num2str(loopid) ’.txt’], ’-ascii’, ’P’);

end
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G Python§§§SSSæææ888""":::
d§S�:Âe¡�ó�e1PSU16 Matlab Python.rar

#http://www.hanghualab.com/col.jsp?id=128

@author: Nan Gao, Hanghua Inc. www.hanghualab.com

import nidaqmx

import matplotlib.pyplot as plt

import numpy as np

from nidaqmx.constants import LineGrouping

from nidaqmx.constants import Edge

from nidaqmx.constants import AcquisitionType

chans=np.linspace(0,15,16)

sampling_rate = 1000

sample_numbers= 1000

scanner_ID=’220019’

Dev_ID="Dev14"

with nidaqmx.Task() as task:

task.ai_channels.add_ai_voltage_chan(Dev_ID+"/ai0:15")

task.timing.cfg_samp_clk_timing(sampling_rate, source="", active_edge=Edge.RISING, sample_mode=AcquisitionType.FINITE, samps_per_chan=sample_numbers)

a=task.read(sample_numbers)

b=np.asarray(a)

zeros=np.mean(a,axis=1)

fsize=10

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

ax1.bar(chans,zeros)

ax1.set_xlabel(r’$Channels$’,fontsize=fsize+2)

ax1.set_ylabel(r’$Zero voltages, V$’,fontsize=fsize+2)

plt.title(’ouput at 0 Pa’)

plt.show()

np.savetxt(’data/press_scanner_zeros’+str(scanner_ID)+’.txt’, zeros, delimiter=’ ’) # X is an array
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#http://www.hanghualab.com/col.jsp?id=128

@author: Nan Gao, Hanghua Inc. www.hanghualab.com

"""

import nidaqmx

import matplotlib.pyplot as plt

import numpy as np

from nidaqmx.constants import LineGrouping

from nidaqmx.constants import Edge

from nidaqmx.constants import AcquisitionType

#####User input area#####

sampling_rate = 1000

sample_numbers= 1000

scanner_ID=’220019’

number_chans=16

number_blocks=2

project_name=’Press_’

Dev_ID="Dev14"

########################

chans=np.linspace(0,number_chans-1,number_chans)

zeros = np.loadtxt(’data/press_scanner_zeros’+str(scanner_ID)+’.txt’, comments="#", delimiter=’ ’, unpack=False) # X is an array

PressCali= np.loadtxt(’data/cali_input_pressure’+str(scanner_ID)+’.txt’, comments="#", delimiter=’\t’, unpack=False) # X is an array

output_volt= np.loadtxt(’data/cali_output_volt’+str(scanner_ID)+’.txt’, comments="#", delimiter=’\t’, unpack=False) # X is an array

press_signal=np.zeros((number_chans,sample_numbers), dtype=float)

for j in range(0,number_blocks,1):

with nidaqmx.Task() as task:

task.ai_channels.add_ai_voltage_chan(Dev_ID+"/ai0:"+str(number_chans-1))

task.timing.cfg_samp_clk_timing(sampling_rate, source="", active_edge=Edge.RISING, sample_mode=AcquisitionType.FINITE, samps_per_chan=sample_numbers)

a_list=task.read(sample_numbers)

40



signal_in_volts=np.asarray(a_list)

for i in range(0,number_chans-1,1):

VoltCali=output_volt[:,i]

press_signal[i,:]=np.interp(signal_in_volts[i,:], VoltCali, PressCali)

P=np.mean(press_signal,axis=1)

fsize=10

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

ax1.bar(chans,P)

ax1.set_xlabel(r’$Channels$’,fontsize=fsize+2)

ax1.set_ylabel(r’$Pressure, Pa$’,fontsize=fsize+2)

plt.title(’pressure measurement’)

plt.show()

np.savetxt(project_name+’block’+str(j)+’.txt’, press_signal, delimiter=’ ’)

41


