
Carsan Engineering 1``\YSQdY_^�>_dU�! 

HU^_^�<YWXd�C_ebSUc�Q^T�dXU�5eb_`UQ^�E^Y_^

CdUfU�BUQ]Uc

9^db_TeSdY_^
CU\\Y^W� \YWXd� c_ebSUc� Y^d_�5eb_`U�XQc�SXQ^WUT�_fUb� dXU� \Qcd� VUg�iUQbc�gYdX

dXU�V_b]QdY_^�_V�dXU�5eb_`UQ^�E^Y_^��5E���9b_^YSQ\\i��dXU�5E�gQc�TUcYW^UT�d_�]Q[U
Yd� UQcYUb� d_� cXY`� `b_TeSdc� Y^d_� 5eb_`U�� 2i� RUS_]Y^W� Q� ]U]RUb� _V� dXU� 5E�� UQSX
S_e^dbi�QWbUUc�d_�]Q[U�^_�\Qgc�bUcdbYSdY^W�dXU�VbUU�dbQTU�_V�W__Tc�Q]_^W�]U]RUb
S_e^dbYUc�

D_�]Q[U� dXU� YTUQ� _V� VbUU� dbQTU� Q� `bQSdYSQ\� bUQ\Ydi�� Yd� RUSQ]U� ^USUccQbi� d_
TUfU\_`�Q�e^YV_b]� cUd�_V� bUWe\QdY_^c� bUWQbTY^W� ceSX� dXY^Wc� Qc�`b_TeSd� cQVUdi� Q^T
U\USdb_]QW^UdYS� Y^dUbVUbU^SU�� @bY_b� d_� dXU� 5E�� UQSX� S_e^dbi� XQT� Ydc� _g^� be\Uc�
gXYSX� ]QTU� cXY``Y^W� Y^d_� 5eb_`U� ^UQb\i� Y]`_ccYR\U� V_b� Q\\� Red� dXU� \QbWUcd� _V
S_b`_bQdY_^c��>_g�dXU�5E�XQc�Q�cUd�_V�bUWe\QdY_^c�SQ\\UT�5eb_`UQ^�>_b]c�d_�gXYSX
Q\\� `b_TeSdc�]ecd� QTXUbU�� DXUcU� Q``\i� d_� R_dX�`b_TeSdc�]Q^eVQSdebUT� Y^� 5eb_`U
Q^T�`b_TeSdc�Y]`_bdUT�Vb_]�_dXUb�S_e^dbYUc�

DXYc�`Q`Ub�XYWX\YWXdc�dXU�5eb_`UQ^�>_b]c�dXQd�eceQ\\i�Q``\i�d_�hU^_^�\YWXd
c_ebSUc� ecUT� Y^� ]UTYSQ\� Q``\YSQdY_^c�� GXQd� V_\\_gc� Yc� Q� ]eSX� cY]`\YVYUT
Y^dUb`bUdQdY_^� _V� 5E� be\Uc� Q^T� bUWe\QdY_^c�� 1\dX_eWX� Q^� Uh`Ubd� Y^� dXU� VYU\T� ]Qi
QbWeU�_fUb�dXU�TUdQY\c��dXU�RQcYS�S_^SU`dc�QbU�QSSebQdU�

8_g�4_�9�7Ud�Q�35�=Qb[/
DXU� 35� ]Qb[� Yc� dXU� ci]R_\� _V� Q``b_fQ\� dXQd� Q\\_gc� i_eb� `b_TeSd� d_� RU

cXY``UT�Y^d_�5E�]U]RUb�S_e^dbYUc��1�VbUaeU^d\i�Qc[UT�aeUcdY_^�Yc�²8_g�T_�9�WUd�Q
35�]Qb[/³�DXU�Q^cgUb�Yc�cY]`\U*�i_e�`ed�Yd�_^�i_ebcU\V�

DXYc�Q^cgUb�TUcUbfUc�Q�\Ydd\U�]_bU�Uh`\Q^QdY_^��9^�dXU�E�C���dXU�E<�]Qb[�Yc�Q
dbQTU]Qb[�_g^UT�Ri�E^TUbgbYdUbc�<QR_bQd_bYUc�� 9^�_bTUb� d_�ecU� dXU�E<�]Qb[�i_e
]ecd�`Qcc�Q�cUd�_V�dUcdc��`Qi�Q�\YSU^cY^W�VUU��Q^T�dXU^�E^TUbgbYdUbc�<QR_bQd_bYUc�gY\\
WbQ^d�i_e�`Ub]YccY_^�d_�`ed�dXUYb�dbQTU]Qb[�_^�i_eb�`b_TeSd��9V�i_e�`ed�dXYc�]Qb[
_^�i_eb�`b_TeSd�gYdX_ed�dXUYb�`Ub]YccY_^��i_e�QbU�WeY\di�_V�dbQTU]Qb[�Y^VbY^WU]U^d
Q^T�SQ^�RU�`b_cUSedUT�QSS_bTY^W\i��DXYc� Yc�X_g�dXU�E<�]Qb[� Yc�S_^db_\\UT� Y^� dXU
E�C�

CUddY^W� e`� dXU� cQ]U� [Y^T� _V� S_^db_\� V_b� dXU� 35� ]Qb[� g_e\T� XQfU� RUU^
TYVVYSe\d� S_^cYTUbY^W� dXU� S_]`\UhYdYUc� _V� Y^dUb^QdY_^Q\� \Qg�� C_� dXU� 5E� d__[� Q
TYVVUbU^d� dQS[°cU\V� SUbdYVYSQdY_^�� 5QSX� S_]`Q^i�TUSYTUc�gXUdXUb� _b� ^_d� dXUi�]UUd
dXU�Q``b_`bYQdU�c`USYVYSQdY_^c�Q^T�dXU^�dXUi�`ed�dXU�35�]Qb[�_^�dXUYb�`b_TeSd��DXU
5E�XQc�WeYTU\Y^Uc�V_b�X_g�dXYc�cX_e\T�RU�T_^U�

DXU� `b_SUcc� Yc� S_^SU`deQ\\i� cY]`\U�� 6Ybcd� i_e� bUQT� dXb_eWX� Q\\� _V� dXU
5eb_`UQ^�>_b]c�Q^T�TUSYTU�gXYSX�_^Uc�Q``\i�d_�i_e��I_eµfU�`b_RQR\i�cUU^�dXUcU



1``\YSQdY_^�>_dU�! 

Carsan Engineering `QWU�"

RUV_bU+�Q\\�_V�dXU�5eb_`UQ^�>_b]c�cdQbd�gYdX�²5>³�Q^T�eceQ\\i�XQfU�VYfU�TYWYdc��6_b
UhQ]`\U�� 5>& & !�� 5>%% !!�� Q^T� 5>&!   �#�"�� =Q[U� Q� \Ycd� _V� dXU� Q``\YSQR\U
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TYT^µd�XQfU�U^_eWX�dY]U�d_� Y^fU^d�Q\\�[Y^Tc�_V�^Ug�cdQ^TQbTc��C_� dXUi�UccU^dYQ\\i
cd_\U�cdQ^TQbTc�Vb_]�bU`edQR\U�_bWQ^YjQdY_^c�Q^T�`ed�dXUYb�_g^�^e]RUbc�_^�dXU]�
DXUi� ecUT� Q� \_WYSQ\� bU^e]RUbY^W� cSXU]U� c_� i_e� SQ^� dU\\� gXUbU� dXU� cdQ^TQbT
_bYWY^QdUT�� DXU� _\T� 953� & !� c`USYVYSQdY_^� RUSQ]U� 5>& & !�� DXU� 39C@B�!!� Q^T
39C@B�""�cdQ^TQbTc�gUbU�deb^UT�Y^d_�5>%% !!�Q^T�5>%% ""�bUc`USdYfU\i�

6_b� dXU� \Qcd� VUg� iUQbc�� Q\]_cd� UfUbi� S_e^dbi� Y^� dXU�g_b\T� XQc� ^_dYSUT� dXU
`b_R\U]�gYdX�TYVVUbY^W�cdQ^TQbTc��D_�QTTbUcc�dXYc�YcceU��]_cd�S_e^dbYUc�XQfU�RUU^
bUfYcY^W� dXUYb�_g^� cdQ^TQbTc� c_� dXUi�]QdSX�gXQd�_dXUb� S_e^dbYUc� QbU� T_Y^W�� <Udµc
\__[�Qd�dXU�]UTYSQ\�cQVUdi�cdQ^TQbT�Qc�Q^�UhQ]`\U��DXU�_bYWY^Q\�E�C��cdQ^TQbT�gQc
E<%$$��DXU�5E�d__[�dXU� 953�& !�cdQ^TQbT�Q^T�deb^UT�Yd� Y^d_�5>& & !��D_�]Q[U
dXU� E�C�� c`USYVYSQdY_^� ]QdSX� dXU� 5eb_`UQ^� _^U�� E<� SbUQdUT� E<"& !�� 3Q^QTQµc
UVV_bd�d_�cdQ^TQbTYjU�bUce\dUT�Y^�3C1�""�"�

DXUcU� dXbUU� cdQ^TQbTc�� 5>& & !�� E<"& !�� Q^T� 3C1� ""�"� QbU� SQ\\UT
²XQb]_^YjUT�³�DXYc�Yc�Q^_dXUb�gQi�_V�cQiY^W�dXQd�YV�i_e�]UUd�_^U��i_e�]UUd�dXU]
Q\\��Ce``_cU�i_eb�`b_TeSd�XQc�RUU^�SUbdYVYUT�V_b�E<"& !��4_�i_e�^UUT�d_�bU�SUbdYVi
d_�]UUd� 5>& & !/�>_�� BU]U]RUb� dXQd� RYd� QR_ed� cU\V� SUbdYVYSQdY_^/� 9d� Yc� `UbVUSd\i
fQ\YT� V_b� i_eb� S_]`Q^i� d_� `ed� i_eb� E<"& !� TQdQ� Y^d_� i_eb� dUSX^YSQ\� VY\U� Q^T
TUS\QbU� dXQd�i_e�]UUd� 5>& & !��DXQdµc� dXU�RUQedi�_V�XQb]_^YjUT� cdQ^TQbTc��2ed
gXQd�YV�i_e�SUbdYVYUT�d_�E<%$$�Y^cdUQT/�D_eWX�\eS[��i_e�gY\\�XQfU�d_�bU�SUbdYVi� d_
_^U� _V� dXU� XQb]_^YjUT� cdQ^TQbTc� Y^� _bTUb� d_� S\QY]� QTXUbU^SU� d_� 5>& & !�
BU]U]RUb�dXQd�[Ui�g_bT*�XQb]_^YjUT��5YdXUb�E<%$$�_b�E<"& !�Yc�VY^U�YV�i_e�`\Q^
d_�_^\i�cU\\�i_eb�`b_TeSd�Y^�dXU�E�C��9V�i_e�Qc`YbU�d_�cXY`�i_eb�`b_TeSd�d_�5eb_`U�
i_e�gQ^d� d_�]Q[U� cebU� dXQd�Q\\�_V�i_eb� dUcdY^W� Yc�T_^U� d_�_^U�_V� dXU�XQb]_^YjUT
cdQ^TQbTc��E^TUbgbYdUbc�<QR_bQd_bYUc�g_e\T�RU�`UbVUSd\i�XQ``i�d_�dUcd�i_eb�e^Yd�d_
E<%$$��Red�dXU�V_bgQbT�\__[Y^W�TUcYW^Ub�gY\\�Y^cYcd�_^�E<"& !�Y^cdUQT�

8UbU�Yc�Q�\Ycd�_V�dXU�]_cd�S_]]_^�5eb_`UQ^�>_b]c�dXQd�Q``\i�d_�hU^_^�\YWXd
c_ebSUc� V_b�]UTYSQ\�Q``\YSQdY_^c�� 9^S\eTUT� Yc�Q�RbYUV�TUcSbY`dY_^�_V� dXU� Y^dU^d�Q^T
UhdU^d�_V�dXU�cdQ^TQbT�

5>& & !� °� DXYc� Yc� `b_RQR\i� dXU� RUcd� [^_g^� _V� dXU� cdQ^TQbTc� Y^� dXU� ]UTYSQ\
Y^Tecdbi�� 9d� Y^S\eTUc� dXU� bUaeYbU]U^dc� V_b� ReY\TY^W� Q� cQVU� `b_TeSd�� 6b_]� dXU
fYUg`_Y^d� _V� dXU� cdQ^TQbT�� cQVUdi� W_fUb^c� Q^idXY^W� dXQd� S_e\T� SQecU� Q� XQjQbT� d_
UYdXUb�dXU�`QdYU^d�_b�dXU�_`UbQd_b��9^S\eTUc�QbU�c`USYVYSQdY_^c�V_b�]QhY]e]�\UQ[QWU
SebbU^d�� Y^ce\QdY_^� RbUQ[T_g^� f_\dQWU�� V\Q]]QRY\Ydi� dUcdY^W�� Q^T� ]QhY]e]� SQcU
dU]`UbQdebU�
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5>%% !!� °� DXYc� cdQ^TQbT� S_fUbc� dXU� bUaeYbU]U^dc� V_b� U\USdb_]QW^UdYS
S_]`QdYRY\Ydi� �5=3��� DXYc� Yc� Q� WU^UbQ\� dUb]� dXQd� S_fUbc� X_g� ]eSX� U^UbWi� i_eb
`b_TeSd� Yc�`Ub]YddUT� d_� bQTYQdU�� Q^T�Q\c_�X_g� bUcYcdQ^d� i_eb�`b_TeSd� Yc� d_� U^UbWi
Vb_]�c_]U_^U�U\cU��DXUbU�QbU�cUfUbQ\�ceR�Wb_e`c�Y^�dXYc�cdQ^TQbT*

3\Qcc�1�°�@b_TeSd�Yc�ecUT�Y^�UcdQR\YcX]U^dc�_dXUb�dXQ^�T_]UcdYS�QbUQc�
3\Qcc�2�°�@b_TeSd�Yc�ceYdQR\U�V_b�ecU�Y^�T_]UcdYS�UcdQR\YcX]U^dc�
7b_e`�!�°�<QR_bQd_bi��]UTYSQ\��Q^T�cSYU^dYVYS�UaeY`]U^d�
7b_e`�"�°�9^TecdbYQ\�Y^TeSdY_^�XUQdY^W�UaeY`]U^d�

=_cd�hU^_^�]UTYSQ\�\YWXd�c_ebSUc�VQ\\�Y^�dXU�5>%% !!��3\Qcc�2��7b_e`�!�SQdUW_bi�

5>&!   �#�"�°�DXYc�cdQ^TQbT�S_^db_\c� dXU�Q]_e^d�_V�XQb]_^YSc� dXQd�Q�`b_TeSd� Yc
Q\\_gUT�d_�`ed�_^�dXU�`_gUb�\Y^U��9d�UccU^dYQ\\i�TYSdQdUc�dXQd�dXU�`b_TeSd�]ecd�XQfU
Q�`_gUb�VQSd_b�^UQb�e^Ydi�

5>&!   �#�#� °� DXU� V\YS[Ub� cdQ^TQbT� bUWe\QdUc� dXU� Q]`\YdeTU� Q^T� VbUaeU^Si� _V
SebbU^d�`e\cUc�dXQd�Q�`b_TeSd�Yc�Q\\_gUT�d_�TbQg�Vb_]�dXU� \Y^U��=_cd�`U_`\U�XQfU
^_dYSUT�X_g�dXU�\YWXdc�V\YS[Ub�gXU^UfUb� dXU�XUQdUb� Y^cYTU�Q� \QcUb�`bY^dUb� deb^c�_^�
DXU� W_Q\� _V� dXYc� cdQ^TQbT� Yc� d_� bUTeSU� dXU� Q^^_iQ^SU� VQSd_b� dXQd� S_]Uc� Vb_]
V\YS[UbY^W�\YWXdc�

D_�@63�_b�^_d�d_�@63
DXU� SbUQdY_^� Q^T� U^V_bSU]U^d� _V� ^Ug� bUWe\QdY_^c� gYdXY^� dXU� 5E� XQc

WU^UbQ\\i� `b_SUUTUT� Y^� Q^� _bTUb\i� ]Q^^Ub�� 2ed� !))&� ]Qb[UT� dXU� RUWY^^Y^W� _V
bUWe\QdY_^c�dXQd�XQfU�S_^VecUT�dXU�Y^Tecdbi��DXU�YcceU�bUf_\fUc�Qb_e^T�5>&!   �#�
"*�<Y^U�8Qb]_^YSc��DXU�`b_R\U]� dXQd� dXU�5E�gQc� dbiY^W� d_�QTTbUcc�gQc� dXU�^_^�
cY^ec_YTQ\� SebbU^d� gQfUV_b]� dXQd� fYbdeQ\\i� Q\\� U\USdb_^YS� TUfYSUc� TbQg� Vb_]� dXU
`_gUb�\Y^U��1^i�TUfYSU�dXQd�XQc�Q�Ve\\�gQfU�RbYTWU�Q^T�Q�VY\dUb�SQ`QSYd_b�Yc�WeY\di�_V
TbQgY^W�SebbU^d�c`Y[Uc�Qd�dXU�`UQ[�_V�dXU�f_\dQWU�gQfUV_b]��DXU�_^\i�`bQSdYSQ\�gQi
d_�c_\fU�dXYc�`b_R\U]��Q^T�d_�]UUd�dXU�cdQ^TQbT��Yc�d_�QTT�@_gUb�6QSd_b�3_bbUSdY_^
�@63�� d_� dXU�`b_TeSdµc�`_gUb� ce``\i��5\USdb_^YS�@63� Yc� UccU^dYQ\\i� Q�`bU�bUWe\Qd_b
dXQd�`bUSUTUc�dXU�]QY^�bUWe\Qd_b�Y^�Q�cgYdSXY^W�`_gUb�ce``\i�

9^�CU`dU]RUb��!))%�� dXU�5E�f_dUT� d_� Y^S\eTU�5>&!   �#�"�Qc� Q� cdQ^TQbT�
DXYc�g_e\T�UccU^dYQ\\i�bUaeYbU�Q\\�`b_TeSdc�RUdgUU^�% �GQddc�Q^T�&  �GQddc�d_�QTT
@63�� DXU� U^V_bSU]U^d� TQdU� gQc� cUd� Qc� :Q^eQbi� !cd�� !))&�� DXU� `_gUb� ce``\i
Y^Tecdbi�cdb_^W\i�_RZUSdUT��cdQdY^W�dXQd�dXUbU�gQc�^_�gQi�d_�`ed�@63�Y^d_�Q\\�_V�dXUYb
`b_TeSdc�Y^�_^\i�dXbUU�]_^dXc�

DXU� 5E� TYT^µd� dQ[U� Q^i� QSdY_^� e^dY\� \QdU� !))'� gXU^� dXUi� `_cd`_^UT� dXU
Y]`\U]U^dQdY_^�_V�5>&!   �#�"�e^dY\� :Q^eQbi�!cd��"  !��DXU� Y^Tecdbi� Yc� cdY\\� c`\Yd
_^� dXU� bUQ\Ydi� _V� dXYc� cdQ^TQbT�� C_]U� _RcUbfUbc� `_Y^d� _ed� dXQd� dXYc� [Y^T� _V
`_cd`_^U]U^d�Yc�^_d�e^eceQ\� V_b� dXU�5E��Red� dXQd� Yd� Yc�fUbi�e^\Y[U\i� dXQd� dXUi�gY\\
TU\Qi� Y]`\U]U^dQdY_^� Q� cUS_^T� dY]U��?dXUbc� X_\T� _ed� V_b� dXU� X_`U� dXQd�]UTYSQ\
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Q^T�TU^dQ\�`b_TeSdc�]YWXd�WUd� c_]U�[Y^T�_V�UhSU`dY_^�RUV_bU� dXU�"  !�TUQT\Y^U�
CdY\\�_dXUbc�RU\YUfU�dXQd�dXU�cdQ^TQbT�Yc�Y]`bQSdYSQ\�Q^T�gY\\�^UfUb�RU�U^V_bSUT�

4YVVUbU^d� S_]`Q^YUc� QbU� dQ[Y^W� TYVVUbU^d� Q``b_QSXUc� d_� dXU� YcceU�� C_]U
S_]`Q^YUc� `_Y^d� _ed�� bYWXdVe\\i� c_�� dXQd� @63� Yc� Q� fUbi� Uh`U^cYfU� QTTYdY_^� Y^� Q
S_]`UdYdYfU�g_b\T�]Qb[Ud��DXU�`_gUb�ce``\YUc�Y^�@3µc�cU\\�d_�?5=c�V_b��!$�d_��"%�
1TTY^W�@63�g_e\T�T_eR\U�dXUYb�S_cd�Q^T�]_cd�\Y[U\i�QTT��!  �d_�dXU�\Ycd�`bYSU�_V
UfUbi�@3�c_\T�Y^�5eb_`U��<QcUb�`bY^dUbc��VQh�]QSXY^Uc��Q^T�`X_d_S_`YUbc�QbU�Q]_^W
dXU� \Ycd� _V� S_cd� S_]`UdYdYfU� `b_TeSdc� dXQd�g_e\T� RU� QTfUbcU\i� QVVUSdUT� Ri� QTTY^W
@63��DXYc�VQSdY_^�QbWeUc�dXQd�]Q^eVQSdebUbc�gY\\�`ecX�RQS[��Q^T�5>&!   �#�"�gY\\
RU�bU`UQ\UT�RUV_bU�Yd�Yc�Y]`\U]U^dUT��?dXUb�S_]`Q^YUc�QbU�QSSU`dY^W�dXU�cdQ^TQbT
Q^T�e`TQdY^W�dXUYb�`b_TeSdc�d_�RU�S_]`\YQ^d�

DXYc� YcceU� Yc� SbUQdY^W� Q� XYWX�cdQ[Uc� WQ]R\Y^W� cYdeQdY_^� Y^� dXU� Y^Tecdbi�� 9V
3_]`Q^i�1�TUSYTUc�d_�QTT�@63�d_�Q\\�dXUYb�`b_TeSdc��Q^T�5>&!   �#�"�Yc�bU`UQ\UT�
dXU^�dXUi�QbU�`ed�Qd�Q�S_cd�TYcQTfQ^dQWU�d_�dXUYb�S_]`UdYdY_^��?^�dXU�_dXUb�XQ^T��YV
3_]`Q^i� 1� TUSYTUc� ^_d� d_� Y]`\U]U^d� @63�� Q^T� dXU� 5E� TUSYTUc� d_� U^V_bSU
5>&!   �#�"�cdQbdY^W�Y^�:Q^eQbi��"  !��dXU^�dXUi�gY\\�^_d�RU�QR\U�d_�cXY`�d_�5eb_`U
Q^T�_^SU�QWQY^�QbU�Qd�Q�S_]`UdYdYfU�TYcQTfQ^dQWU�

=Q^i�`_gUb�ce``\i�S_]`Q^YUc�QbU�`ecXY^W� dXU�`b_R\U]�_VV�_^d_� dXU�U^T�
`b_TeSd�]Q^eVQSdebUbc��DXUi�QbU�]Q[Y^W�R_dX�@63�Q^T�^_^�@63�`b_TeSdc�QfQY\QR\U
Q^T� \UddY^W� dXU� cicdU]� Y^dUWbQd_b� TUSYTU�gXYSX� `QdX� d_� dQ[U�� DXYc� T_Uc� ^_d� XU\`
cicdU]� TUcYW^Ubc� RUSQecU� @63� ce``\YUc� QbU� Y^fQbYQR\i� \QbWUb� dXQ^� dXUYb� ^_^�@63
S_e^dUb`Qbdc��DXU�`b_R\U]�Yc�S_]`\Uh��Q^T�Qc�_V�dXYc�TQdU��e^bUc_\fUT�
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